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5 The present invention relates to a DNA molecule-

. containing intron sequences and encoding a human .
protein which is, depending on the site of action,
‘called Bile Salt-Stimulated Lipase (BSSL) or Carboxyl
Ester Lipase (CEL).-The DNA molecule is advantageously

10 used in the production of recombinant human BSSL/CEL,
preferably by means of production in transgenic non- '
human mammals. The recombinant human BSSL/CEL can be
used as a constituent of infant formulas used for
feeding infants as a substitute for human milk, or in

15 = the manufacture of medicaments against e.g.'fat
malabsorption, cystic fibrosis and chronic
pancreatitis.

20 BACKGROUND OF THE INVENTION

Hydrolysis of dietary lipids
Dietary lipids are an important source of energy. The
energy-rich triacylglycerols constitute more than 95%
25 of these lipids. Some of the lipids, e.g. certain fatty
acids and the fat-soluble vitamins, are essential
- dietary constituents. Before gastro-intestinal
absorption the triacylglycerols as well as the minor
components, i.e. esterified fat-soluble vitamins and
30 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.
35
- In the human-adult the essential lipases involved are
" considered to be Gastric Lipase, Pancreatic Collpase—
Dependent Llpase (hydrolysis of tri- and
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| cholesteryl- and fat soluble vitamin esters). In the
S breast-fed newborn, Bile Salt-Stimulated Lipase (BSSL)
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 occurs.

10
Bile Salt-Stimulated Lipase
The human 1actating mammary gland synthesizes and
secretes with the milk a Bile Salt-Stimulated Lipase
(BSSL) (Blackberg et al., 1987) that, after specific
15 activation by primary bile'salts, contributes to the
breast-fed infant’s endogenous capacity of intestinal
fat digestion. This enzyme, which accounts for
| approximately 1% of total milk protein (Blackberg &
~ Hernell, 1981), is not degraded during passage with the
20 milk through the stomach, and in duodenal contents it
is protected by bile salts from inactivation by
pancreatic proteases such as trypsin and chymotrypsin.
It is, however, inactivated when the milk is
pasteurized, e.g. heated to 62.5°C, 30 min (Bjorksten
25 et al., 1980).

Model experiments in vitro suggest thSt the end
products of triacylglycerol digestion are different in
the presence of BSSL (Bernback et al., 1990; Hernell &

30 Blackberg, 1982). Due to lower intraluminal bile'salt
concentrations during the neonatal period this may be
beneficial to product absorption.

Carboxylic Ester Lipase
35 The Carboxylic Ester Lipase (CEL) of human pancreatic

- juice (Lombardo et al., 1978) seems functionally to be
identical, or at least very similar, to BSSL (Blackberg
et al, 1981). They also share common epitopes, have
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5 the cDNA structures from both the milk lipase and the
pancreas lipase have been characterized (Baba et al.,
1991; Hui et al., 1991; Nilsson et al., 1990; Reue et
al., 1991) and the conclusion is that the milk enzyme
and the pancreas enzyme are products of the same gene
10 (in this application referred to as the CEL gene, EC
3.1.1.1). The cDNA sequence and deduced amino acid
sequence of the CEL gene are described in WO 91/15234
(Oklahoma Medical Research Foundation) and in WO~
91718923 (Aktiebolaget Astra).
15
CEL is thus assumed to be identical to BSSL, and the
polypeptide encoded by the CEL gehe is in the present
context called BSSL/CEL.

20 - Lipid malabsorption
Common causes of lipid malabsorption, and hence

malnutrition, are reduced intraluminal levels of

Pancreatic Colipase-Dependent Lipase and/or bile salts.

Typical examples of such lipase deficiency are patients
25 suffering from cystic fibrosis, a common genetic
disorder resulting in a life-long deficiency in 80% of
the patients, and chronic pancreatitis, often due to
chronic alcoholism. '

30 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. However,
Colipase-Dependent Pancreatic Lipase is inactivated by

35 the low pH prevalent in the stomach. This'effect cannot

- be completely overcome by the use of large doses of
enzyme. Thus the large doses administered are
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inadequate for mqst patients, and moreover the 09 -06- 1993
preparations are impure and unpalatable.
Certain tablets have been formulated which pass through

5 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 in those cases the tablets may fail to discharge

10 the enzyme.

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
15 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 BSSL/CEL-activity.
20 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 acids.

25 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

30 lipolytic enzymes. Products that can be derived from
the use of the present invention fulfil this need by
themselves, or in combination with preparations
containing other lipases.

35 Infant formulas
- It is well known that human milk-feeding is considered
superior to formula-feeding for infants. Not only does
human milk provide a well-balanced supply of nutrients,
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S the digestion thereof, including components involved in

the defense against infection and components
facilitating the uptake of nutrients from human milk.

In spite of the great efforts which have been invested
10 in preparing infant formulas, it has not been possible
to produce a formula which to any substantial extent
has the advantageous properties of human milk. Thus,-
infant formulas, often prepared on the basis of cow
_ milk, is generally incompletely digested by the infant
15 and is lacking substances known to have effect on the
- physiological functions of the infant. In order to
obtain an infant formula with a nutritional value
similar to human milk, a number of additives including
protein fragments, vitamins, minerals etc., which are
20- normally formed or taken up during the infant'’s
digestion of human milk, are included in the formula
with the consequent risk of posing an increased strain
on and possible long-term damage of important organs
such as liver and kidney. Another disadvantage '
25 associated with the use of cow milk-based formulas is
the increased risk for inducing allergy in the infant
- against bovine proteins.

As an alternative to cow milk-based infant formulas,

30 human milk obtainable from so-called milk banks has
been used. However, feeding newborn infants with human
milk from milk banks has in the recent years to an
increasing extent been avoided, because of the fear for
the presence of infective agents such as HIV and CMV in

35 human milk. In order to destroy the infective agents in

- human milk it has become necessary to pasteurize the
milk before use. However, by pasteurization the
nutritional value and the biological effects of the
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Addition of lipases to infant formulas

5 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

10 bile salt concentrations. However, because of BSSL,

such malabsorption is much less frequent in breast-fed
infants than in infants fed pasteurized human milk or
infant formulas (Bernback et al., 1990).

15 To avoid the above disadvantages associated with
pasteurized milk and bovine milk-based infant formulas,
it would thus be desirable to prepare an infant formula
with a composition closer to that of human milk, i.e. a
formula comprising human milk proteins.

20 '

BSSL/CEL has several unique properties that makes it

ideally suited for supplementation of infant formulas:

. It has been designed by nature for oral
administration. Thus, it resists passage through

25 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.

30 . 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.

o BSSL/CEL may be superior to Pancreatic Colipase-

35 Dependent Lipase to hydrolyze ester bonds

- containing long-chain polyunsaturated fatty acids.

o In the presence of Gastric Lipase and in the

absence of, or at low levels ofHColipase-Depeﬁdent
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epi topes, have - salt levels are low such as in newborn infants. In
the presence of BSSL/CEL the end products of

5 triacylglycerol digestion become free fatty acids
and free glycerol rather than free fatty acids and
monoacylglycerol generated by the other two lipases
(Bernbdck et al., 1990). This may favour product
absorption particularly when the intraluminal bile
10 salt levels are low.

The utilization of BSSL/CEL for supplementation of
infant formulas requires however access to large
_ quantities of the product. Although human milk proteins
15 may be purified directly from human milk, this is not a
realistic and sufficiently economical way to obtain the
- large quantities needed for large scale formula
production, and other methods must consequently be
developed before an infant formula comprising human
20 milk proteins may be prepared. The present invention
provides such methods for preparation of BSSL/CEL in
large quantities.

Production of proteins in milk of transgenic animals
25 The isolation of genes encoding pharmacologically

active proteins has permitted cheaper production of

such proteins in heterologous systems. An appealing

expression system for milk proteins is the transgenic

animal (For a review see Hennighausen et al., 1990).

30 Dietary compositions comprising bile salt-activated
lipase derived from e.g. transgenic animal technology,
is described in EP 317,355 (Oklahoma Medical Research
Foundation).

35 In the transgenic animal, the protein coding sequence
- " can be introduced as cDNA or as a genomic sequence.
Since introns may be necessary for regulated gene
expression in transgenic animals (Brinster et al.,
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pancreas enzyngreferaibbducdsusé the ganemgentorm rather than the cDNA
' form of the structural gene. WO 90/05188
(Pharmaceutical Proteins Limited) describes the use in
5 " transgenic animals of protein-coding DNA compriéing at
least one, but not all, of the introns naturally
occurring in a gene coding for the protein.

10 PURPOSE OF THE INVENTION

It is an object of the present invention to provide a
means for producing recombinant human BSSL/CEL, in a
high yield and at a realistic price, for use in infant
15 formulas in order to avoid the disadvantages with
pasteurized milk and formulas based on bovine proteins.

BRIEF DESCRIPTION OF THE ‘INVENTION
20
The purpose of the invention has been achieved by
cloning and sequencing the human CEL gene. In order to
improve the yield of BSSL/CEL, the obtained DNA
_molecule containing intron sequences, instead of the
25 known cDNA sequence, of the human CEL gene has been
used for production of human BSSL/CEL in a transgenic
non-human mammal.

Accordingly, in one aspect the present invention
30 relates to a DNA molecule shown in the Sequence Listing
as SEQ ID NO: 1, or an analogue of the said DNA
molecule which hybridizes with the DNA molecule shown
in the Sequence Listing as SEQ ID NO: 1, or a specific
part thereof, under stringent hybridization conditions.
35

The procedure used for isolating the human BSSL/CEL DNA
molecule is outlined in the Examples below.
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according to an ordinary laboratory manual such as

5 Sambrook et al. (1989).

In another aspect the present invention provides a
mammalian expression system comprising a DNA séquence
encoding human BSSL/CEL inserted into a gene encoding a

10 milk protein of a non-human mammal so as to form a
hybrid gene which is expreséible in the mammary gland.
of an adult female of a mammal harbouring said hybrid
gene so that human BSSL/CEL is produced when the hybrid
gene is expressed.

15 . _
In yvet a further aspect, the present invention relates
to a method of producing a transgenic non-human mammal
capable of expressing human BSSL/CEL, comprising
injecting a mammalian expression system as defined

20 above into a fertilized egg or a cell of an embryo of a
mammal so as to incorporate the expression system into
the germline of the mammal and developing the resulting
injected fertilized egg or embryo into an adult female
mammal .

25

- DETAILED DESCRIPTION OF THE INVENTION
The DNA molecule shown in the Sequence Listing as SEQ

30 ID NO: 1, which has an overall length of 11531 bp, has
.the following features:
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Exon 1 1641 1727

5 Translation start 1653 1653
Exon 2 - 4071 4221

Exon 3 4307 4429

- Exon 4 4707 4904
Exon 5 6193 6323

10 Exon 6 6501 6608
Exon 7 6751 6868

Exon 8 8335 8521

Exon 9 8719 8922

Exon 10 10124 10321

15  Exon 11 10650 11490
3’-Flanking region 11491 11531

In the present context, the term "gene" is used to

indicate a DNA sequence which is involved in producing
20 a polypeptide chain and which includes regions

preceding and following the coding region (5’'-upstream

and 3’'-downstream sequences) as well as intervening

sequences, the so-called introns, which are placed

between individual coding segments (so-called exons) or
25 in the S5’-upstream or 3‘’-downstream region. The S5'-

— upstream region comprises a regulatory sequence which
controls the expression of the gene, typically a
promoter. The 3’'-downstream region comprises sequences
which are involved in termination of transcription of

30 the gene and optionally sequences responsible'for
poiyadenylation of the transcript and the 3‘
untranslated region.

The DNA molecules of the invention explained herein may
35 comprise natural as well as synthetic DNA sequences,
- . the natural sequence typically being derived directly
from genomic DNA, normally of mammalian origin, e.g. as
described below. A synthetic sequence may be prepéred
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by conventional methods for synthetically preparing D&k? ‘0&“393
molecules.. The DNA sequence may further be of mixed
genomic and syfthetic origin.

5 In a further aspect, the present invention relates to a
' replicable expression vector which carries and is
capable of mediating the expression of a DNA sequence
encoding human BSSL/CEL.

10 In the present éontext, the term "replicable" means
that the vector is able to replicate in a given type of
host cell into which it has been introduced. Immedi-
ately upstream of the human BSSL/CEL DNA sequence there
may be provided a sequence coding for a signal peptide,

15 the presence of which ensures secretion of the human
BSSL/CEL expressed by host cells harbouring the vector.
The signal sequence may be the one naturally associated
with the human BSSL/CEL DNA sequence or of another
origin.

20
The vector may be any vector which may conveniently be
subjected to recombinant DNA procedures, and the choice’
of vector will often depend onlthe_host cell into which
it is to be introduced. Thus, the vector may be an

25 autonomously replicating vector, i.e. a vector which

exists as an extrachromosomal entity, the replication

of which is independent of chromosomal replication;
examples of such a vector are a plasmid, phage, cosmid,
mini-chromosome or wvirus. Alternatively, the vector may
30 be one which, when introduced in a host cell, is
integrated in the host cell genome and replicated
together with the chromosome(s) into which it has been
integrated. Examples of suitable vectors are a
bacterial expression vector and a yeast expression
35 vector. The vector of the invention may carry any of
- the DNA molecules of the invention as defined above.

) This Sheet Has Been Rep

T




Certaintabl ets have been fornul ated which pass through the aci ¢ THSgSHEET &AS BEE
the st¥naeh and dischargé the enzynme only in the relatively alkallne REPLACED

envi ronnment of the jejunum However patients sufferi
-pancreatic disorders have an abnornally_égld j €j unum and kﬂgk 5;g§5&§%§15he

tablets may fahls gooﬁdéyesrgé;%[rgﬁe Cof PP Eher SOTRMLIo S WAL Ne 09 -06- 1993

preparations pres are o ufran source re
ri sk of i nmundvesdmsiming tmmewmeemmmomwcsr tas td@fmcﬂents or

result in redyged, éh%rﬁlfﬁ’rﬁ{éiﬁién%’l? gF.] it}géycg@vg)@% it Apd Nee present

preparations is that thelr content tic act|V|t|es t han
cell, i.e. a prokaryotic cell a unlcellular eukaryotic

5 organism or a cell derived from a multicellular
organism, e.g. a mammal. The mammalian cells are
especially suitable for the purpose and are further
discussed below.

10 In another important aspect, the invention relates to a
method of producing recombinant human BSSL/CEL, in
which a DNA sequence encoding human BSSL/CEL is
inserted in a vector which is able to replicate in a
specific host cell, the resulting recombinant vector is

15 introduced into a host cell which is grown in or on an
appropriate culture medium under appropriate conditions
for expression of human BSSL/CEL and the human BSSL/CEL
is recovered.

20 The medium used to grow the cells may be any
conventional medium suitable for the purpose. A
suitable vector may be any of the vectors described
above, and an appropriate host cell may be any of the
cell types listed above. The methods employed to

25 construct the vector and effect introduction thereof

into the host cell may be any methods known for such

purposes within the field of recombinant DNA. The
recombinant human BSSL/CEL expressed by the cells may
be secreted, i.e. exported through the cell membrane,

30 dependent on the type of cell and the composition of
the vector. '

If the human BSSL/CEL is produced intracellularly by
the recombinant host, that is, is not secreted by the
.35 cell, it may be recovered by standard procedures
- comprising cell disrupture by mechanical means, e.g.
sonication or homogenization, or by enzymatic or
chemical means followed by purificq;ion.
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fultil tr%S nefga9¥ a significant proportion of the human BSSL/CEL
expressed is secreted into the culture medium and
recovered.

The presently preferred method of producing recombinant
10 human BSSL/CEL of the invention is by use of transgenic
non-human mammals capable of excreting the human
BSSL/CEL into their milk. The use of transgenic-non—
human mammals has the advantage that large yields of
recombinant human BSSL/CEL are obtainable at reasonable
15 costs and, especially when the non-human mammal is a
cow, that the. recombinant human BSSL/CEL is produced in
milk which is the normal constituent of, e.g., infant
formulae so that no extensive purification is needed
when the recombinant human BSSL/CEL is to be used as a
20 nutrient supplement in milk-based products.
Furthermore, production in a higher organism such as a
non-human mammal normally leads to the correct
processing of the mammalian protein, e.g. with respect
to post-translational prbcessing as discussed above and
.25 proper folding. Also large quantities of substantially
pure human BSSL/CEL may be obtained.

Accordingly, in a further important aspect, the present
invention relates to a mammalian expression system
30 comprising a DNA sequence encoding human BSSL/CEL
inserted into a gene encoding a milk protein of a non-
human mammal so as to form a hybrid gene which is
expressible in the mammary gland of an adult female of
a mammal harbouring said hybrid gene.
35
- - The DNA sequence encoding human BSSL/CEL is preferably
' a DNA sequence as shown in the Sequence Listing as SEQ
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analogue thereof.

The mammary gland as a tissue of expression and genes
5 encoding milk proteins are generally considered to be

particularly suitable for use in the production of
heterologous proteins in transgenic non-human mammals
as milk proteins are naturally produced at high
expression levels in the mammary gland. Also, milk is

10 readily collected and aﬁailable in large quantities. In
the present connection the use of milk protein genes in
the production of recombinant human BSSL/CEL has the
further advantage that it is produced under conditions
similar to the its natural production conditions in '

15 | terms of regulation of expression and production
location (the mammary gland).

In the present context the term "hybrid gene" denotes a
DNA sequence comprising on the one hand a DNA sequence

20 encoding human BSSL/CEL as defined above and on the
other hand a DNA sequence of the milk protein gene
which is capable of mediating the expression of the
hybrid gene product:. The term "gene encoding é milk
protein" denotes an entire gene as well as a

25 subsequence thereof capable of mediating and targeting

- the expression of the hybrid gene to the tissue of
' interest, i.e. the mammary gland. Normally, said

subsequence is one which at least harbours one or more
of a promoter region, a transcriptional start site, 3’

30 and 5’ non-coding regions'and structural sequences. The
DNA sequence encoding human BSSL/CEL is preferably
substantially free from prokaryotic sequences, such as
vector sequences, which may be associated with the DNA
sequence after, e.g., cloning thereof.

35 '

- . The hybrid gene is preferably formed by inserting in

vitro the DNA sequence encoding human BSSL/CEL into the
milk protein gene by use of techniques known in the
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- 5- bun4|t Ls also-easily digested by the infant. Thus, seyeral REPLACED

bioIoBféley active conponents which are known to have ph¥ -3

functions in the infant are either a congfsituent of human ﬁﬁ?§%§?§238bééé%

“during the digestion thereof, including conponents involved in the defense

ﬁgai nst : Ef eclaran At exarymineslys, fidee | DNAL$aguénes upicddimg muhailbdt s0f-rogy
uman m | k. spite of the forts.whigch invested in

prepari ng inf§#%H4§#%ﬂ€%§ 4% #ﬁéﬁ%&§ébgénéb%ggﬁﬁﬂgﬂﬁééﬁé)uce a fornul a

whi ch to any s@esombimagit ion ent

5 Normally, the DNA sequence encoding human BSSL/CEL will
be inserted in one of the first exons of the milk
protein gene of choice or an effective subsequence
thereof comprising the first exons and preferably a
substantial part of the 5’ flanking sequence which is

10 believed to be of regulatory impqrtance. .

The hybrid gene preferably éomprises a sequeﬁce '
encoding a signal peptide so as to enable the hybrid
gene product to be secreted correctly into the mammary
15 gland. The signal peptide will typically be the one -
normally found in the milk protein gene in question or
one associated with the DNA sequence encoding human
BSSL/CEL. However, also other signal sequences capable
- of mediating the secretion of the hybrid gene product
20 to the mammary gland are relevant. Of course, the
various elements of the hybrid gene should be fused in
such a manner as to allow for correct expression and
processing of the gene product. Thus, normally the DNA
sequence encoding the signal peptide of choice should
25 be precisely fused to the N-terminal part of the DNA
sequence encoding human BSSL/CEL. In the hybrid gene,
the DNA sequence encoding human BSSL/CEL will normally
comprise its stop codon, but not its own message
cleavance and polyadenylation site. Downstream of the
30 DNA sequence encoding human BSSL/CEL, the mRNA
processing sequences of the milk protein gene will
normally be retained.

A number of factors are contemplated to be responsible
35 for the actual expression level of a particular hybrid

gene. The capability of the promoter as well of other

regulatory sequences as mentioned above, the .

e

integration site of the expression system in the genome
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has the.advamt ageous properties of human ml|k. Thus, infant f¥#§nJHﬁ§I tﬁen
prepaped,pn the basis of “cow mlk, is generally inconpletelydi

the infant and is |acking substances known to have effect t

_physi ol ogi-cal functions of the infant. +héerder to obtain Fglr/iég%ﬁt/?g?rgu a
with a nutritional value simlar to human mlk, a nunber of additives

i ncl udi ng probéi kheragmends, thiet dmtegratiiesr slideeod. thehPiR seguendml |y
formed or takefuaidy hithabBsshl/RRL 3 of1lds Widlk YrobWIan elicdainy ©
included in the formila with the consequent risk of posing.an increased
strain on and9g88si Blemests- CONReFAHAGe POSHTRFGNSSAFEPEAGRAS such as |iver
and ki dney. Appigiahtdiona@ndndtRrasiatiliretadtdrs ayude of &dwal | k- based

Formulas s the Jortaati®dor the Yxprantial vel Boealned ol e
basis of the knowledge of the various factors
influencing ‘the expression level of the hybrid gene,
the person skilled in the art would know how to design
an expression system-useful for the present purpose.

10
A variety of different milk proteins are secreted by
the mammary gland. Two main groups of milk prdteins
exist, namely the caseins and the whey proteins. The
composition of milk from different species varies

15 qualitatively as well as gqguantitatively with respect to
these proteins. Most non-human mammals produces 3
different types of casein, namely 0-casein, B-casein
and x-casein. The most common bovine whey proteins are
o-lactalbumin and f-lactalbumin. The composition of

20 milk of various origins are further disclosed in Clark
et al.(1987).

The milk protein gene to be used may be derived from
the same species as the one in which the expression
25 system is to be inserted, or it may be derived from
- another species. In this connection it has been shown
that the regulatory elements that target gene
expression to the mammary gland are functional across
species boundaries, which may be due to a possible
30 common ancestor (Hennighauéen et al., 1990).

Examples of suitable genes encoding a milk protein or
effective subsequences thereof to be used in the
construction of an expression system of the invention
35 are normally found among whey proteins of various
mammalian origins, e.g. a whey acidié protein (WAP)
gene, preferably of murine origin, and a B-
lactoglobulin gene, preferably of ovine origin. Also
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‘agai nsfy figyi ne proteins. As an alternative to cow mlk-bage '”ﬁﬂﬂ%ﬁgD

formul as, human nil k obtainable fromso-called m |k banks h A—HSet-
However, feeding newborn infants with hurafi—nilk from nil IPCBASED HES G B lthe
recent years to an increasing extent been avoi ded, because of the feﬁggfqr”
the presence ofFasefiacglenesagdntvarsiots asiginsampyCie ifoundmo md k. In
order 1o destray;ithBiEniees! it Aeshddy HYRSEddod e dunErOMe egessary

to pasteurize the mlk before use. ver, by pasteurization the ~06- 1993
nutritional vaPSEL4RELvhe -Gi-olkRyiing «3kweaseliss ansk rabbit P-casein.

The presently preferred gene is a murine WAP gene as
5 this has been found to be capable of providing a high

o~

level of expression of a number of foreign human
proteins in milk of different transgenic animals
(Hennighausen et al, 1990).

10 Another sequence preferably associated with the
expression system of the invention is a so-called
expression stabilizing sequence capable of mediating
high-level expression. Strong indications exist that
such stabilizing seguences are found in the vicinity of

15 and upstreams of milk protein genes.

The DNA sequence encoding human BSSL/CEL to be inserted
in the expression system of the invention may be of
genomic or synthetic origin or any combination thereof.

20 Some expression systems have been found to require the
presence of introns and other regulatory regions in
order to obtain a satisfactory expression (Hennighausen
et al., 1990). In some cases it may be advantageous to
introduce genomic structures, rather than cDNA

25 elements, as polypeptidg encoding element in wvector
constructs (Brinster et al.). The intron and exon
structure may result in higher steady state mRNA levels
that obtained when cDNA based vectors are used.

30 In a further aspect, the present invention relates to a
hybrid gene comprising a DNA sequence encoding human
BSSL/CEL inserted into a gene encoding a milk protein
of a non-human mammal, the DNA sequence being inserted
in the milk protein'gene in such a manner that it is

35 expressible in the mammary gland of an adult female of
a mammal harbouring the hybrid gene. The hybrid gene
and its constituents have been discussed in detail
above. The hybrid gene constitutes an important .
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nentigggg7above: Additfon of |ipases to infant fornmul as
and liver functions are not fully devel oped at birth, nosPCHoSBBI3// 00515

i nfants born before -18—

intermediate in the construction of an expression
: . . 09 -06- 1993
system of the invention as disclosed above.

In another aspect, the present invention relates to a
5 . non-human mammalian cell harbouring an expression
system as defined above. The mammalian cell is
preferably an embryo cell or a pro-nucleus. The
expression system is suitably inserted in the mammalian
cell using a method as explained in the following and
10 specifically illustrated in the Example below.

In a further important aspect, the present invention
relates to a method of producing a transgenic non-human
mammal capable of expressing human BSSL/CEL, comprising
i5 injecting an expression system of the invention as
defined above into a fertilized egg or a cell of an
embryo of a mammal so as to incorporate the expression
system into the germline of the mammal and developing
the resulting injected fertilized egé or embryo into an
20  adult female mammal. |

The incorporation of the expression system into the
germline of the mammal may be performed using any
suitable technique, e.g. as described in "Manipulating
25 the Mouse Embryo"; A Laboratory Manual, Cold Spring
- Harbor Laboratory Press, 1986. For instance, a few
hundred molecules of the expression system may be
directly injected into a fertilized egg, e.g. a
fertilized one cell egg or a pro-nucleus thereof, or an
30 embryo of the mammal of choice and the microinjected
eggs may then subsequently be transferred into the
oviducts of pseudopregnant foster mothers and allowed
to develop. Normally, not all of the injected eggs
will develop into adult femaies expressing human
35 BSSL/CEL. Thus, about half of the mammals will from a
- statistically point of view be males from which,
however, females can be bred in the following
generations. '
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term Fat malLabsorption, for physiological reasons, is a cgmmon RERAOEY and
t hough¥%d result fromlow intral uninal Pancreatic Colip 'Gﬁf d 7h

Li pase and bile salt concentrations. Howgyer, because ofqﬁgéL, igdﬁ' 515
mal absorption is much less frequent in breast-fed infants than in infants
fed pasteuri zegcauRk efdde e it frHy Jé¥ﬁnﬂﬁﬁéﬂﬁﬂﬁﬂﬂﬂﬂksﬁq&ﬁnce1990ﬂ09 ~10. 1o

avoi d the above di sadvant ages associated with pasteurjzed.n .k and bovi ne
mi | k-based i nPRFOHFEIMAURSN BEHlGRE (R B SESSRRG At eSS | nf ant
formula with gocpipdudd @GN ddrassst Iy grodesdediarah fiurldtidnad leurfam nul a

conpri si ' ; i i
pri sing hu%@%ﬂ?&éﬁ'%ﬂné%égie lines of the mammal in question.

5
Of further interest is a method of producing a
transgenic non-human mammal capable of expressing human
BSSL/CEL and substantially incapable of expressing
BSSL/CEL from the mammal itself, comprising
10 (a) destroying the mammalian BSSL/CEL expressing

capability of the mammal so that substantially no
mammalian BSSL/CEL is expressed and inserting an
expression system of the invention as defined above or
a DNA sequence encoding human BSSL/CEL into the

15 germline of the mammal in such a manner that human
BSSL/CEL is expressed in the mammal; and/or (b)
replacing the mammalian BSSL/CEL gene or part thereof
with an expression syétem of the invention as defined
above or a DNA sequence encoding human BSSL/CEL.

20 )
The mammalian BSSL/CEL expressing capability is
conveniently destroyed by introduction of mutations in
the DNA sequence responsible for the expression of the
BSSL/CEL. Such mutations may comprise mutations which

25 make the DNA sequence out of frame, or introduction of
a stop codon or a deletion of one or more nucleotides
of the DNA sequence.

The mammalian BSSL/CEL gene or a part thereof may be
30 replaced with an expression system as defined above or

a DNA sequence encoding human BSSL/CEL by use of the

well known principles of homologous recombination.

In a further aspect, the present invention relates to a
35 transgenic non-human mammal prepared by a method as
- described above.
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BSSL/ CEls has«several uni que properties that nakes it ideal

-supplﬁgﬁg;ation of infant formulas: * It has been designe

or al adm nistration. Thus, it resists passage throughpeyy Ig% £8
and is activated in contents of the —-30&l | intestine. * S speciftic
activation nmechani sm shoul d prevent hazar dous |i polysis of food or

ti ssue |ipi dswiiilienghe transgandcambrpdssege Maxnals off ttheofinwenitaon *  Due
toits broad bstra peGif i Gl i ts : jal.fo, on its own,
medi ate conpl ék&eitt:s' %%iogag%t%itoﬁ%g%%r?ogtéqg}%e% ral%ysﬁﬁlﬁg%g%fdn%na}di ng the fat
sol ubl e vi t anbParsdcular typepgd) rermaday Bie siagmalowitld merdaddiy e

Col i pase- selected from the group consisting of mice, rats,

5 rabbits, sheep, pigs, goats and cattle. For large scale
production of human BSSL/CEL the larger animals such as
sheep, goats, pigs and especially cattle are normally
preferred due to their high milk production. However,
also mice, rabbits and rats may be interesting due to

10 the fact that the manipulation of these animals is more
simple and results in transgenic animals more quickly
than when, e.g. cattle, are concerned.

Also progeny of a transgenic mammal as defined above,
15 capable of producing human BSSL/CEL is within the scope
of the present invention.

In a further aspect the present invention includes milk
- from a non-human mammal comprising recombinant human
20 BSSL/CEL. '

In a still further aspect, the present invention
relates to an infant formula comprising recombinant
human BSSL/CEL,. in particular a polypeptide of the

25 invention as defined above. The infant formula may be

—~ prepared by adding the recombinant human BSSL/CEL or

polypeptide in a purified or partly purified form to
the normal constituents of the infant formula. However,
normally it is preferred that the infant formula is

30 prepared from milk of the invention as defined above,
especially when it is of bovine origin. The infant -
formula may be prepared using conventional procedures
and contain any necessary additives such as minerals,
vitamins etc.

35
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Dependent Lipase to hydrol yze ester bonds contai ni ng | ofg- charpp A
pol yut¥t4frated fatty acids. * In the presence of Gastr@%r's LACED
t he absence of, or at low levels of,ﬁ@ilpase-tbpendent
Li pase, BSSL/CEL can ascertain a conplete

EXAMPLES :

039 5. 144,
EXAMPLE 1: GENOMIC ORGANIZATION, SEQUENCE ANALYSIS AND
CHROMOSOMAL LOCALIZATION OF THE CEL GENE

5
Standard molecular biology techniques were used
(Maniatis et al., 1982; Ausubel et al., 1987; Sambrook
et al., 1989) if nothing else is mentioned.

10 Isolation of Genomic Recombinants

Two different human genomic phage libraries, ADASH
(Clonentech Laboratories Inc., Palo Alto, Ca, USA) and
AEMBL-3 SP6/T7 (Stratagene, La Jolla, CA, USA), were
screened by plaque hybridization using wvarious

15 subcloned ¢cDNA restriction fragments (Nilsson et al.,
1990) as probes, labeled with [a-32P]dCTP by the
oligolabeling technique (Feinberg et al., 1983).

Mapping, Subcloning and Sequencing of Genomic Clones
20 Positive clones were digested with various restriction

enzymes, electrophoresed on 1% agarose gels and then
vacuumtransfered (Pharmacia LKB BTG, Uppsala, Sweden)
to a nylon membrane. The membrane was hybridized with
various cDNA probes. Restriction fragments, hybridizing

25 with the probes, were isolated using the
isotachophoreses method (Ofverstedt et al., 1984).
Smaller fragments, <800 bp, were directly inserted into
M13mpl8, M13mpl9, MI3BM20 or M13BM21l vectors and
sequenced, using E. coli TGl as host bacteria, whereas

-30 larger fragmenﬁs were subcloned into pTZ18R or pTZ19R
vectors, using E. coli DH5¢ as host bacteria, and
further digested. (The plasmids pS309, pS310 and pS451
used in Example 2 below were produced accordingly.)
Some of the isolated fragments were also used as probes

35 in hybridizations. All of the nucleotide sequence was
determined by the dideoxy chain termination method
(Sanger et al., 1977) using Klenow enzyme and either
the M13 universal sequencing primer. of specific

This Sheet Has Been Replaced

(LT




THIS SHEET HAS BEEN
I eveR@P{gAlc pl ow

triacyl glycefol digestion in vitro even if the bile sal

such asx i1 newborn infants. In the presence of BSSL/ CEL
products of triacyl gl ycerol digestion becone free fat §
free glycerol rather than free fatty acidd2and nonoac [‘d? é|/00

generated by the,other two,l i pases Ber nback et al 1990),. Thjs may
f avour product°$lg°§H§$FBFF8ﬁ paﬁﬁﬁ&ﬁqgé EHLHEN] HASaFGREREVES | e
salt levels arerbmm/autofhdlbgrhmabyoml—m‘ uBSSldfClEhef ebfswaabemmwsw of .
i nfant formul a L o] cess t r ti f. th product
Al t hough humangﬁiﬁ%g F§§5?n§§n§96§% %Urlf% dqﬁgg? b?o%?ﬁﬁ %i this
is not a were analyzed_using the programs obtalned from the

5 UWGCG software package (Devereux et al., 1984).

Primer Extension
Total RNA was isolated from human pancreas, lactating
mammary gland and adipose tissue by the guanidinium

10 - isothiocyanate-CsCl procedure (Chirgwin et al., 1979).
Primer extension was performed according to (Ausubel et
al., 1987) using total RNA and an antisense 26-mer
oligonucleotide (5'-~AGGTGAGGCCCAACACAACCAGTTGC-3’), nt
position 33-58. Hybridization of the primer with 20 ug

15 - of the total RNA was performed in 30 Ml of 0.9 M NacCl,
0.15 M Hepes pH 7.5 and 0.3 M EDTA at 30°C overnight.
After the extension reaction with reverse
transcriptase, the extension products were analyzed by
electrophoresis through a 6% denaturing polyacrylamide

20 = gel.

Somatic Cell Hybrids
DNA from 16 human-rodent somatic cell hybrid lines,

obtained from NIGMS Human Genetic Mutant Cell
25 Repository (Coriell Institute for Medical Research,
Camden, NJ) were used for the chrbmosomal assignment of
the CEL gene. Human;mouse somatic cell hybrids GM09925
through GM09940 were derived from fusions of fetal
human male fibroblasts (IMR-91), with the thymidine
30 kinase deficient mouse cell line B-82 (Taggart et al.,
1985; Mohandas et al., 1986). Hybrids GM10324 and
GM02860 with the HPRT and APRT deficient mouse cell
line A9 (Callen et al., 1986), while hybrid GM10611
resulted from a microcell fusion of the retroviral
35 vector SP-1 infected human lymphoblast cell line
- GM07890 with the Chinese hamster ovary line UV-135
(Warburton et al., 1990). Hybrid GM10095 was derived

from the fusion of lymphocytes from a female with a
/ .
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realigtj e and sufficiently econonical way to obtain the | gr e REMACED es
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_consequent|y be devel oped before an i nf-a®3—f ormul a conpri'sing human m |k
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_ ( S perm cheaper production of such
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Eggg?ins I S theckrainganby Wicdjendtdlc anlyisEy see wddiiniaghdysen et al .
' Southern blot analysis and in situ hybridization

analysis, are shown in Table 1. High molecular weight
DNAs isolated from mouse, Chinese hamster and human
parental cell line and the 16 hybrid cell lines were
digested with EcoRI, fractionated in 0.8% agarose gels,

10 and transferred to nylon filters. A [a-32P]dCTP-labeled
CEL cDNA probe‘(a full-length cDNA) was prepared by -
oligolabeling (Feinberg and Vogelstein, 1983) and
hybridized to the filters. The filters were washed for
60 min each at 65°C in 6xSSC/0.5%SDS and in

15 2xSSC/0.5%SDS.

Polymerase Chain Reaction
Total human genomic DNA isolated from leukocytes, DNA
from somatic cell hybrids and from some of the positive
20 genomic recombinants and total RNA from human lactating
mammary gland and human pancreas were amplified for
exon 10 and exon 11. Two pg of DNA were used. The
primers used are listed in Table 2. Thirty cycles of
PCR were performed in 100 pl volume [10 mM Tris-HC1l, pH
25 8.3, 50 mM KC1, 1.5 mM MgCl,, 200 uM of each ANTP, 100
ng/ml gelatin, 100 pmol of each primer, 1.5 U Tag DNA
polymerase (Perkin-Elmer Cetus, Norwalk, CT, USA)] and
the annealing temperature 55°C for all the primer
pairs. The RNA sequence was amplified by the use of
30 combined complementary DNA (cDNA) and PCR
methodologies. cDNA was synthesized from 10Hg total RNA
in 40 pl of a solution containing 50 mM Tris-HCl, pH
8.3, 50 mM KC1l, 10 mM MgCl,, 10 Hg/ml BSA, 1 mM of each
dNTP, 500 ng of oligo(dt)qy.1gr 40 U ribonuclease
35 inhibitor, and 200 U reverse transcriptase (MoMuLV),
- (BRL, Bethesda Research Laborataries, N.Y., USA) for 30
min at 42°C. The cDNA was precipitated and resuspended
'in 25 pl H,y,0; 2 pl of this was amplified, as described
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Medi cal " Research Foundati on). In the transgenic ani nmal, [
codi ng sequence can be introduced as cDNA4Dr as a genonicpéﬂgagﬁgé?og]%éé
i ntrons may. be necessary for regul ated gene expressiqn in, transgen

ani mal s (B%/i n$Sveat que.y,ampllfel%d fragmgents wepre analyzed on a gZ% =

agarose gel. Some of the fragments were furtheﬁg -0&”@93
subcloned and sequenced.

5 Gene Structure of the Human CEL Gene
' In each genomic library, 10% recombinants were screened
and the screenings yielded several positive clones,
which were all isolated and mapped. Two clones,
designated ABSSL1 and ABSSLS5A, were further analyzed.
10 Restriction enzyme digestions with several enzymes,
Southern blotting followed by hybridization with cDNA
probes, indicated that the ABSSLS5A clone covers the
whole CEL gene and that the ABSSL1 clone covers the 5'-
half and about 10 kb of 5’-flanking region (Fig. 1).
15  Together these two clones cover about 25 kb of human
' genome.

After subcloning and restriction enzyme digestion,
suitable fragments for sequencing were obtained and the

20 ) entire sequence of the CEL gene could be determined,
including 1640 bp of the 5’-flanking region and 41 bp
of the 3’-flanking region. These data revealed that the
human CEL gene (SEQ ID NO: 1) span a region of 9850 bp,
containing 1l exons interrupted by 10 introns (Fig. 1).

25 This means that the exons and especially the introns

- are relatively small. In fact, exons 1-10 range in

sizes from 87-204 bp respectively while exon.ll is 841
bp long. The introns range in sizes from 85-2343 bp
respectively. As can be noted in Table 3, all

30 exon/intron boundaries obey the AG/GT rule and conform
well to the consensus sequence suggested by Mount:et_
al. (1982). When the coding part of the CEL gené was
compared with the cDNA (Nilsson et al., 1990), only one
difference in nucleotide sequence was found; the second

35 nt in exon 1, a C, which in the cDNA sequence is a T.

- Since this position is located 10 nt upstream the
translation start codon ATG, this difference does not
influence the amino acid sequence. ' '

-
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elements-are present in the sequenced region, labeled
Alul-Alu7(5’-3‘)(Fig. 1), one in the 5’'-flanking region
and the six others within the CEL gene.

Transcription Tnitiation Sites and 5‘-Flanking region

To map the human CEL gene transcription initiation
site(s), primer extension analysis was performed using
total RNA from human pancreas, lactating mammary gland

10 and adipose tissue. The results indicated a major
transcription start site located 12 bp, and a minor
start site located 8 bases, upstream of the initiator
methionine. The tranécription initiation sites are the
same in both pancreas and lactating mammary gland

15 whereas no signal could be detected in adipose tissue
(Fig. 2). The sequenced region includes 1640 nt of 5’-
flanking DNA. Based on sequence similarities a TATA-
box-like sequence, CATAAAT was found 30 nt upstream the
transcription initiation site (Fig. 4). Neither a CAAT-

20 box structure nor GC boxes were evident in this region.

The S5’-flanking sequence was computer screened, in both
strands, for nucleotide sequences known as
transcription factor binding sequences in other mammary
25 gland- and pancreatic-specific genes. Several putative
recognition sequences were found, see Fig. 4.

Chromosomal Localization of the CEL Gene

In human control DNA the CEL cDNA probe detected four
30 EcoRI fragments of approximately 13 kb, 10 kb, 2.2 kb

and 2.0 kb, while in the mouse and hamster control DNAs

single fragments of about 25 kb and 8.6 kb,
respectively, were detected. The presence of human CEL
gene sequences in the hybrid clones correlated only
35 with the presence of human chromosome 9 (Table 1). Only
- one of the 16 hybrids analyzed were positive for the
human CEL gene; this hybrid contained chromosome 9 as
the only human chromosome. No discordancies for '
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localization to this chromosome were found, whereas
there were at least two discordancies for localization
to any other chromosome (Table 1). To further
sublocalize the CEL gene we utilized a human-Chinese
hamster hybrid (GM 10095) retaining a der(9)
translocation chromosome (9pter — 9g34:Xgl3 — Xgter) as
the only human DNA. By Southern blot we failed to
detect any CEL gene sequences in this hybrid,
indicating that the CEL gene resides within the 9qg34-
gter region.

EXAMPLE 2: CONSTRUCTION OF EXPRESSION VECTORS

To construct an expression vector for production of
recombinant human CEL in milk from transgenic animals
the following strategy was emploved (Fig. 5).

Three pTZ based'plasmids (Pharmacia, Uppsala, Sweden)
containing different parts of the human CEL gene,
pS309, pS310 and pS31l1l were obtained using the methods
described above. The plasmid pS309 contains a SphI
fragment covering the the CEL gene from the 5’
untranscribed region to part of the fourth intron. The
plasmid pS310 contains a SacI fragment covering the CEL
gene sequence from part of the first intron to a part
of the sixth intron. Third, the plasmid pS311 contains
a BamHI fragment covering a variant of the CEL gene
from a major part of the fifth intron and the rest of
the intron/exon structure. In this plasmid, the
repetitive sequence of exon 11 that normally encodes
the 16 repeats was mutated to encode a truncated
variant having 9 repeats.

Another plasmid, pS283, containing a part of the human
CEL cDNA cloned into the plasmid pUC1l9 at the HindIII
and Sacl sites was used for fusion of the genomic
sequences. pS283 was also used to get a convenieﬂt
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the human CEL gene. In order to inprove the yield of BSSL“Qﬁy d
DNA nol ecul e containjng intron sequences, Q? Tstead of the knom—ézweb%‘ s

f the h has, been, used.f d f h
BoeL oy i a TR € oM IR AL RarrAPAL ARERE RSy ERBnSane 0 pagt g

pr esent |nventmmtram$ha93dtbeadémwseqhenabeofhcﬂn |Bl&bﬂlSegHéaéewhsst|ng
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wi th the DNA nolec equence
specific part abeileo?; 7uhhewa§tiﬁﬁééh?dhyﬁﬂﬁémzdt953080W€$tdég§sted

5 with Ncol and BspEI and a fragment of about 2.3 kb
containing the 5’'-part of the CEL gene was isolated.
Plasmid pS310 was digested with BspEI and Sacl and a
fragment of about 2.7 kb containing a part of the
middle region of the CEL gene was isolated. These three

10 ffagments were ligated and transformed into competent
E. coli, strain TG2, and transformants were isolated by
ampicillin selection. Plasmids were prepared from a
number of transformants, and one plasmid called pS312
(Fig. 6), containing the desired construct was used for
15 further experiments.

To obtain a modification of pS311, in which the BamHI
site located downstream of the stop codon was converted
to a Sall site to facilitate further cloning, the |

20 ° following method was used. pS311l was linearized by
partial BamHI digestion. The linearized fragment was
isolated and a synthetic DNA linker that converts BamHI
to a Sall site (5'-GATCGTCGAC-3’), thereby destroying
the BamHI site, was inserted. Since there were two

25 potential positions for integration of the synthetic
linker the resulting plasmids were analyzed by

- restriction enzyme cleavage. A plasmid with the linker

inserted at the desired position downstream of exon 11
was isolated and designated pS313.

30
To obtain the expression vector construct that harbours
CEL genomic seqguences and encodes the truncated CEL
variant, the plasmid pS314 which was designed to
mediate stage and tissue specific expression in the

35 = mammmary gland cells under lactation periods was used.

- Plasmid pS314 contains a genomic fragment from the
murine whey acidic protein (WAP) gene (Campbell et al.
1984) cloned as a NotI fragment. The genomic fragment

—_—
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The proeedure used for isolating the human BSSL/ CEL DNA nol ecll e i SREPLACED
outllugqmgn t he Exanpl es- bel ow. 09 -06-

—28— PCI/ SE93/00515

has approximately 4.5 kb upstream regulatory sequences
(URS), the entire transcribed exon/intron region and
about 3 kb of sequence downstream of the last exon. A
unique Kpnl site is located in the first exon 24 bp
§ - upstream of the natural WAP translation initiation
codon. Another unique restriction enzyme site is the
Sall site located in exon 3. In pS314, this Sall site
was destroyed by digestion, £ill in using Klenow and |
religation. Instead, a new Sall site Was introduced
10 directly downstream of the KpnI site in exon 1. This
was performed by KpnI digestion and introduction of
annealed synthetic oligomers SYM 2401 5’-CGTCGACGTAC-
3’, and SYM 2402 5'-GTCGACGGTAC-3', at this position
(Fig. 8) The human CEL genomic sequence was inserted
15 between these sites, KpnI and Sall, by the following
strategy. First, pS314 was digested with KpnI and Sall
and a fragment representing the cleaved plasmid was
electrophoretically isolated. Second, pS312 was
digested with KpnI and BamHI and a approximately 4.7 kb
20 fragment representing the 5 part of the human CEL gene
was isolated. Third, pS313 was digested with BamHI and
Sall and the 3'-part df the human CEL gene was
isolated. These three fragments were ligated,
transformed into competent E. coli bacteria and
25 transformants were isolated after ampicillin selection.
- Plasmids were prepared from several transformants and
carefully analyzed by restriction enzyme mapping and
sequence analysis. One plasmid representing the desired
expression vector was defined and designated pS317. |
30
In order to construct a genomic CEL expression vector
encoding full-length CEL pS317 was modified as follows
(Fig. 5). First, a pTZ18R plasmid (Pharmacia)
containing a 5.2 kb BamHI fragment of the human CEL
35 gene extending from the fifth intron to downstream of
- the eleventh exon, pS451, was digested with HindIII and
SacT. This digestion generated a fragment of about 1.7
kb that extends from the HindIII site located in intron

This Sheet Has Been Rep,

B T/ — —

[




. T e | i Uy - 40
-9- Thé ,stripgent hybridization condition sT"u\QéfsﬁgEL%gAsoLg%N e area?o’ge
under#tiodd in their conventional neaning,|.i.e, yhri-ddzation is

carried out according to an ordinary |abpfatory nanual suRCT/aSE 33nbBadk1 Bt
al. (1989). I n anot her aspect the present invention provides a mammali an

Xpr essi on Sy5! £ CAUPLhSEND; e DN aEGUCBGe cqBF0dh 10sBUIRA, BERL CEL

inserted i nto’ a gehRé enco rotein of a non- so as to
forma hybr|d@b@ﬁ@ldhpﬁﬁl3swé§p¢é§§ﬁﬁﬁé Wﬁtph§aﬁﬁnﬁﬁgysﬁﬁgnda 3n T3dul t

femal e of a nﬁ§ﬂa abReReuEbABasai ghyhel d ‘pare 9@ ekoh humandBBRe/ CEL is
produced when the h?ﬁ g o
genera ed SalI site was isolated. Third, the rest of

5 the WAP/CEL recombinant gene and the plasmid sequences
was isolated as a SalI/HindIII fragment of about 20 kb
from pS317. These three fragments were ligated and
transformed into bacteria. Plasmids were prepared from
several transformants. Thé plasmids were digested with

10 various restriction enzymes and subjected to sequence
analysis. One plasmid containing the desired
recombinant gene was identified. This final expression
vector was designated pS452 (Fig.7).

15 To remove the prokaryotic plasmid sequences, pS452 was
digested with NotI. The recombinant vector element
consisting of murine WAP sequence flanking the human
CEL genomic fragment was then isolated by agarose
electrophoresis. The isolated fragment was further

20 purified using electroelution, before it was injected
into mouse embryos.

The recombinant WAP/CEL gene for expression in mammary
gland of transgenic animals is shown in Figure 8.

25
_  DEPOSITS
The following plasmids have been deposited in
accordance with the Budapest Treaty at DSM (Deutsche
Sammlung von Mikroorganismen und Zellkulturen):
30 Plasmid Deposit No. Date of'deposit
pS309 DSM 7101
12 June 1992
pS310 DSM 7102
pS451 DSM 7498
26 February 1993
pS452- DSM 7499
- 35
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gene i s eexpressed. - In yet a further aspect, the present |AdSnbHERT HAD REEY -
tjjod of producing a transgenic non-human mammal cap
expressi ng human BSSL/ CEL, conprising injecting a mamal i
system as defined above into a fertilized80egg or a cell o

toarmtl

hbl e REPLACED

mammal so as to I ncorporate the expression systeminto the gernline of the
manmmal and deBXAMALEY 3t:h SENERNTLON) O | TRANSGENLG iANEMASqgg or eﬁtg* y_%ﬁ_ g3

an adult femal e manmmal .
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A Notl fragment was isolated from the plasmid pS452
according to Example 2. This DNA fragment contained the
murine WAP promoter linked to a genomic sequence
encoding human BSSL/CEL. The isolated fragment, at a
concentration of 3 ng/ul, was injected into the
pronucleus of 350 C57B1/6JxCBA/2J-f, embryos obtained
from donor mice primed with 5 IU pregnant mare’s serum
gonadotropin for superovulation. The C57Bl/6JXCBA/2J—f1 '
animals were obtained from Bomholtgdrd Breeding and
Research Centre LTD, Ry, Denmark. After collection of
the embryos from the oviduct, they were separated from
the cumulus cells by treatment with hyaluronidase in
the medium M2 (Hogan et al., 1986). After washing the
embryos were transferred to the medium M16 (Hogan et
al., 1986) and kept in an incubator with 5% CO5-
atmosphere. The injections were performed in a
microdrop of M2 under light paraffin oil using
NarishiQi-hydraulic micromanipulators and a Nikon
inverted microscope equipped with Nomarski optics.
After injection, healthy looking embryos were implanted
into pseudopregnant C57Bl/6JxCBA/2J-f recipients given
0.37 ml of 2.5% Avertin intraperitoneally. Mice that
had integrated the transgene were identified with PCR
analysis of DNA from tail biopsy specimens obtained

" three weeks after birth of the animals. Positive

results were confirmed with Southern blot analysis.

EXAMPLE 4: EXPRESSION OF BSSL/CEL IN TRANSGENIC MICE

Transgenic mice were identified by analysis of DNA
which has been prepared from excised tail samples. The
tissue samples were incubated with proteinase K and
phenol/chloroform extracted. The isolated DNA was used
in polymerase chain reactions with primers which
amplify specifié fragments if the heterologous
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Sequence Listing as SEQ ID NO 1, which ha of 11531 bp,
has the follow ng features: -31- 1/ SE§.3 005?5

10

15

20

25

30

35

introduced DNA representing the expression vector 09 ~06- 1993
fragment .is present. The animals were also analyzed by

DNA hybridizatién experiments to confirm PCR data and

to test for possible rearrangements, structure of the
integrated vector elements and to obtain information

about the copy number of integrated vector elements.

In one set of experiments, 18 mice were analyzed with
the two methods and the results demonstrated that 1
mouse was carrying the heterologous DNA vector element
derived from pS452. The result from the PCR analysis
and the hybridization experiments were identical (Fig.
9). '

The mouse identified to carry vector DNA element
(founder animal) was then mated and the Fl litter was
analyzed for transgene by the same procedures.

Female lactating animals were injected with 2 IU
oxytocin intraperitoneally and 10 minutes later
anaesthetized with 0.40 ml of 2.5% Avertin
intraperitoneally. A milk collecting device was

- attached to the nipple via a siliconized tubing and

milk was collected into a 1.5 ml Eppendorf tube by
gentle massage of the mammary gland. The amount.of milk
varied, dependent on the day of lactation, between 0.1
and 0.5 ml per mouse and collection.

Analyze for the presence of recombinant human BSSL/CEL
was done by SDS-PAGE, transfer to nitrocellulose
membranes and incubation with polyclonal antibodies
generated against native human BSSL/CEL. The obtained
results demonstrated expression of recombinant human
BSSL/CEL in milk from transgenic mice. Figure 10
demonstrates presence of recombinant human BSSL/CEL in
milk from transgenic mice: the band at about 116.5.

Stable lines of transgenic animals are generated.
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Feat ure. ) : from base to bagiSSHEER n%EEre 59' -06- 1993
1 Wx 1147 1640 TATA box 1611 REPLACE on 1

1641 1727 Transl ation start 1653 Exon '
4071 4221 Exon 3 - =32— 4307 PCT/4&EQ356<8@5415
4707 4904 Exon 5 6193 6323 Exon 6
6501 Inga08imbar /manner, other tranggsmnic animals sggbsasxon 8
?g§g4 co?%%%EEgﬁéeﬁ tapable of expres8{i¥ human BSSL/8®822nmExon 10

be prepared.
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. H
t he DNA nol eeul es of the invention as defined above.

THIS SHEET HAS BEEN
REPLACED

harbour

.-12- ﬂ%.present I nventton further relates to a cel
repllc e expression vector as defined above. In principle, this cell may
be of any type of . =38—"

FIGURE LEGENDS

Figqure 1

PCT/ SE93/00515
09 -06-1993

The CEL gene locus. Localization and restriction enzyme
5 map of the two partly overlapping clones, ABSSL1l and:
ABSSLS5A are shown. The exon-intron organization and

used restriction enzyme site are shown below. Exons are

represented by boxes numbered 1-11. Asp=Asp700,

B=BamHI, E=EcoRI, S=Sacl, Sa=SalI, Sp=Sphl and X=XbaI.
10 Positions and orientation of Alu repetitive elements

are shown by bold arrows. a-h represent different

subcloned fragments.

. Figure 2

15 Primer extension analysis of RNA from human lactating
mammary gland, pancreas and adipose tissue. An end-
radiolabeled 26-mer oligonucleotide, which is
complementary to nt positions 33 to 58 of the CEL gene,
was used_to prime reverse transcription of the RNA.

20 Lane A is a molecular size marker (a sequencing

ladder), lane B pancreatic RNA, lane C adipose tissue

RNA and lane D lactating mammary gland RNA.

Figure 3

25 Dotplot analysis of the human CEL and rat CEL gene 5'-

— flanking regions. The homology regions are labeled A-H

and the sequences representing these parts are written,

upper is human and lower is rat.

30 Figure 4

Analysis of 5’-flanking sequence of the human CEL gene.

The putative recognition ‘sequences are either

highlighted underline or underline representing the

cohplementary strand. Bold letters show the locations
35 of the homologies to the rCEL (regions A-H). The TATA-

-- box is underlined with dots.

‘“-—~—__________“_
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. REPLACEL)
cell, i.e_ a, prokaryotic cell, a unicellular eukaryotic orgarf 5 t
deri vé'B( f‘Vom a nulticellular organism e.g. a manmal. The ma 0€eT°I

are especially suitable for the purpose _ayl are further dlmyg}:_e9|3tye¢g\g15
I n anot her inportant aspect, the invention relates to a nmethod of producing

recombi nant hurrwrassﬁbé% s@qwémcésatﬁale BogHesheweacslingifirariBgSL/ CEL
is inserted |qia vect or i,fic host cell,

the resulting %c%m% ﬂ%ﬂ?eQ%%?o?eggePﬁFrSEU élca%P8°3°ﬁ5§€8§g which is
grown in or onramepm@rdbxméiBQCﬂitereGG@HCaNNNWG@TCQppKBpatateMbonditions

for eXpreSSiin§§9hyngﬁeB§§}éEE$néngntEﬁehﬂgﬁﬁléﬁéhégg§ strand at nt
5 position -231 (1A) and the second one at nt position
-811 (1B). Moreover, at nt position -861 (2) there is a
sequence that shows 87% similarity to the consensus
sequence of the estrogen receptor binding site,
AGGTCANNNTGACCT, (Beato, M., 1989).
10
Lubon and Henninghausen (1987) have analyzed the
promoter and 5‘-flanking sequences of the whey acidic
protein (WAP) gene and established the binding sites
for nuclear proteins of lactating mammary gland cells.
15 One of them, an 11 bp conserved sequence, AAGAAGGAAGT,
is present in a number of milkprotein genes studied
e.g. the rat o-lactalbumin gene (Qasba et al., 1984)
and the rat o-casein gene (Yu-Lee et al., 1986). In the
CEL gene’s 5’-flanking region, on the complementary
20 ~strand at nt position -1299 (3) there is a sequence
that shows 82% similarity to this conserved sequence.

In a study of the B-casein.gene's regulation, a tissue
specific mammary gland factor (MGF) was found in
25 nuclear extracts from pregnant or lactating mice and
its recognition sequence was identified (ANTTCTTGGNA) .
In the human CEL gene’s 5’-flanking region there are
two sequences, one on the complementary strand at nt
position -368 (4A) and the other at nt position -1095 .
30 (4B), they both show 82% similarity to the consensus
sequence of the MGF binding site. Beside these two
putative MGF binding sites in the 5’-flanking region
there is a sequence on the complementary strand at nt
275 in intron I, AGTTCTTGGCA, which shows 100% identity
35 to the consensus sequence of the MGF binding site.

Furthermore, there are four sequences which all show
65% similarity to the consensus sequence of rat

This Sheet Has Been Replaced
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THIS SHEET HAS BEEN

i s recovered. The -nedi um used to grow the cells nmay be any convenhEﬁgﬂkD
medi umygwut abl e for the purpose. A suitable vector nay be anyiskthe

vectors descri bed above, and an appropriate host cell may f
cell types listed above. The nethods enpté¥ed to construct@ﬁggt,oghg’nhs

effect introduction thereof (into the host cell may be any nehﬁpdaekqgmm for
such purposes RRRRFR2ENEPRFRFUCOLNRBRSREI FASMEPRA. The recondinant hunan

BS|S|L/ CEL expresgefcoycrbertetitectey heowreteietdall.,198%P0r ba@ Bty eitgh the
Ce L orerane, dependsnts 8y (8% YRR kettna 317nk 053 MRER! Lhqg of the
(5B), the third at nt position -1140 (5C) and the last

5 at nt position -1277 (SD).

Fiqure S5
Method for production of the plasmid pS452. For further
details, see Example 2.
10 . :
EFigure 6
Schematic structure of the plasmid pS312.

~ Figure 7 :
15  Schematic structure of the plasmid pS452.

Figure 8
Physical map representing the physical introduction of

human BSSL/CEL genomic structure in the first exon of
20 the WAPigene as described in Example 2.

Figure 9
A. Schematic representation of the localization of

PCR-primers used for identification of transgenic:
25 animals. The 5‘/-primer is positioned within the WAP
sequence starting at the position -148 bp upstreém of
the fusion between the WAP and BSSL/CEL. The 3'-primer
is localized in the first BSSL/CEL intron ending 398 bp
downstream of the fusion point.
30 B. The sequences of the PCR primers used.

C. Agarose gel showing a typical analysis of the PCR

| analysis of the potential founder animals. M: molecular

weight markers. Lane 1l: control PCR-product generated

from the plasmid pS452. Lanes 2-13: PCR reactions done
35 with DNA preparations from potential founder animals.

This Sheet Has Been Repla
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| f fhe human «BSSL/ CEL i s produced intracellularly by the reconfji nant

THIS SHEET HAS BER}
PSCED

t hat dysis7 S not secreted-by the cell, it nay be recovered qé “ﬁfﬂ
procedures conprising cell disrupture by nechanical meansP §ﬁ9§bhm&ﬁ15n

or honogeni zation, or by enzymatic or ch&krcal means follomed[Py
purification. -06- 1993

Figure 10
Immunobldt analysis of milk from a mouse line
transgenic for the recombinant murine WAP/human CEL
gene of pS452. The proteins were separated on SDS-PAGE,
5 transferred to Immobilon membranes (Millipore) and
visualized with polyclonal rabbit antibodies generated
using highly purified human native CEL, followed by
alkaline phosphatase labelled swine anti-rabbit IgG
(Dakopatts). Lane 1, Low molecular weight markers, 106,
10 80, 49.5, 32.5, 27.5, and 18.5 kDa, respectively. Lane
2, High molecular weight markers, 205, 116.5, 80 and
49.5 kDa, respectively. Lane 3, 25 ng purified non-
recombinant CEL from human milk. Lane 4, 2 pl milk
sample from a CEL transgenic mouse diluted 1:10. Lanes
15 S and 6, 2 Ml milk samples from two different non-CEL
transgenic mice, diluted 1:10, as control samples.
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of whic

I.nw order to be secreted,

l'east a significant proportion of the hungn-BSSL/ CEL expr ggg9dd §3S t
into the culture medi um and recovered. The presently prefer%eédgwgg’g?

produci ng reconbi nant human BSSISBQEUENCE thESTINGNtion IS by use o
transgeni c non- human nmanmmal s capabl e of excreting the human 9 -

{1) GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: AB ASTRA
{B) STREET: Kvarnbergagatan 16
(C) CITY: Sodertalje
{E) COUNTRY: Sweden
(F) POSTAL CODE (ZIP): S-151 85
{G) TELEPHONE: +46-8-553 26000
(H) TELEFAX: +46-8-~553 28820
(I) TELEX: 19237 astra s

(ii) TITLE OF INVENTION: New DNA Sequences
(iii) NUMBER OF SEQUENCES: 1

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFIWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(vi) PRIOR APPLICATION DATA:
(aA) APPLICATION NUMBER: SE 9201809-2
(B) FILING DATE: 11-JUN-1992

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: SE 9201826-6
(B) FILING DATE: 12-JUN-1992

(vi) PRIOR APPLICATION DATA:
{(3) APPLICATION NUMBER: SE 9202088-2
{B) FILING DATE: 03-JUL-1992

(vi) PRIOR APPLICATION- DATA:
(A) APPLICATION NUMBER: SE 9300902-5
(B) FILING DATE: 19-MAR-1992

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11531 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens
(F) TISSUE TYPE: Mammary gland

(ix) FEATURE:
(A) NAME/KEY: CDS
{B) LOCATION: join(1653..1727, 4071..4221, 4307..4429, 4707
..4904, 6193..6323, 6501..6608, 6751..6868, 8335
..8521, 8719..8922, 10124..10321, 10650..11394)

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: join(1722..1727, 4071..4221, 4307..4429, 4707
..4904, 6193..6323, 6501..6608, 6751..6868, 8335

- ..8521, 8719..8922, 10124..10321, 10650..11391)

This Sheet Has Been
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the DNA sequence encodi ng hunar] BSSL/pgh:
shoul d,hb6,,0r eceded by a sequence coding for a signal peptide,
ensures secretion of human BSSL/CEL fromthe cells so that at
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BSéL/&Iilﬁ,,i nte their mlk. The use of transgenic non- human manmal s REPLACED

| THIS SHEET HAS BEEN

advantage that |arge yietds of reconbi nant human BSSL/ CEL are obtarabte—at
reasonabl e costs and, especially when t+3-aon- human mamaPCl/sS& 90 & has
"the reconbi nant human BSSL/ CEL is produced in mlk which is the nornal

constituent of, (B) PTHER fRERRME % P /F&_Berkenat 3 dolekt epsi ve A fidpatih@n is
needed when the recomPTAME HU ggB@E/’fﬁﬁmiﬁt%ingp@sﬁéed aspygnu'f@?gw
suppl enent (i Fehtodzmsed products. Furthernore, production in a higher
organi sm such adaAp NaB/kEXvah'UmRmal normally | eads to the correct
processing of tH8 FRRBEF®NNIpri§tein, e.g. .with respect to

post-transl(g{)! %g}?ﬁ:ocessi ng as di scussed above and proper folding. Also

| arge quantitl egapfnasmpetvanti®l_lsygiar e human BSSL/ CEL may be obt ai ned.
: - (B) LOCATION: 1611..1617

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 1641..1727

(ix) FEATURE:
(A) NAME/KEY: exon
{(B) LOCATION: 4071..4221

(ix) FEATURE: .
{A) NAME/KEY: exon
{B) LOCATION: 4307..4429

(ix) FEATURE:
{(A) NAME/KEY: exon
(B) LOCATION: 4707..4904

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 6193..6323

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 6501..6608

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 6751..6868

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 8335..8521

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 8719..8922

™ (ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 10124..10321

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 10650..11490

(ix) FEATURE:

(A) NAME/KEY: 3'UTR
(B) LOCATION: 11491..11531

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GGATCCCTCG AACCCAGGAG TTCAAGACTG CAGTGAGCTA TGATTGTGCC ACTGCACTCT 60
AGCCTGGGTG ACAGAGACCC TGTCTCAAAA AAACAAACAA ACAAAAAACC TCTGTGGACT 120
CCGGGTGATA ATGACATGTC AATGTGGATT CATCAGGTGT TAACAGCTGT ACCCCCTGGT - 180

This Sheet Has Been R

T



Accbrdihgly,-in a further

to a
BSSL/
manmal

| mpor t ant

aspect,

har bouring said hybrid gene.

t he present
I an expressi on system conprising a DNA sequence en

[ inserted into a gene encoding a mlk protein of a non- human

-so as to forma hybrid gene whi ch-44—expressible i RCThSERIADG515

gl and of an adult fenale of a nammal

i nvent i

1 JIILL Y

The DNA

sequenceCEFESTFTR) CATIHERCBESRFBHICCAS THOEFEPMS! JCATADRIR s AYTRIGECTASs shatth in
the SeqUERCGCLISE hRBrASoRE Beancerarn

TGGGGCCTTC
TGCCTCCCCT
TCTGAGGCAA
TGGCCGAGCT
TCCTGAATTG
TCCACTCGGT
AAGCACAGGC
CCCTGTTCCC
TGAGGGTGAC
TTCTTTCACT
GAGTéGCCTC
TCCCTCCCCT
TCCACAGGGA
TGAGéCTCTA
TGAGTGGGAC
GGGCCCCAGG
GCTGCCCTTT
TAGGGGACAA
CACCAAGCCC
TCCCCCTTAC
ACAGGTGCAC
A&EGAGTGCC

CGAGGCCCAG

CAA
Gln
-15

GCG
Ala
1

Lys

CTTTCCCTCT
CTéCCCTCCC
ATGCCTTTGC
CCTCCTCCCA
CTGGCACCGG
CCCTGGCACC
CCCAGTGTCT
ATCACTGCAG
CTCACACTGG
TCTCAGAGCC
CTCCTCCACA
TCTGTCACTC
AACCTACATG
GTCCTCCCTC
TGCCTTGTGC
AAAAGCTCGT
CTGTCCCAGA
GCAGGGCATG
TGTGAACAAA
CACCCGCCAC
TGTGGGTTIG
TGAGAGCTCA
GGGGAGGGCC

GCCCTGCCCC
CTTTCCTCéT
CCTGGGGCGC
CCCTCCAGTC
CTGTGGTCGA
GGCCGCAGGG
CCTGGGGGAC
AGGGCTGTGC
CTGAGCTTAA
TTTCCTGGCT
ACCTCACACG
TGCCTGGGCA
GTTGGGCTAG
CCAGGACACA
TGCTCTGGGA
ACAGATAAGG
AGTCACGTGC
GAGACATGGA
CCAGAAGGCA
CTTGCCACCT

GGGAAAACTG

TGAACAAGCA

ACCCAGAGGC

CTG GTT GTG TTG GGC CTC ACC TGC:
Leu Val Val Leu Gly Leu Thr Cys

-10

GCTGCTCTAA
AGCCCTCCCC
TAGCCACTGT
CCCAGCCACC
CTTTCCCCAG
CAGACAGAGG
GTGGCAGAAC
TGTTGGGTGG
GGTGGCTGGA
AGGCCCCATC
CCAGGATTAA
ACCTTCTCCC
TGCCCCAGGG
ATGCCTCCGC
TCAGGCTGGA
TTCGCACCCA
TCAGCCACAT
TCGGTCCCCT
GACAAAGTAT
GGdCACTGTG
GCCTCTGCTC
GATCTCCCTG
TGTGACCTTG

TG ATG

Met
-23

CTC
Leu

TGC
Cys

TGG
Trp

AAATGTACAT
CACCTCCTTC
AAATGACACT
TGCAGGCCCC
CCTCCCTCGC
GACAGACGTG
GGGAGTGTGG

'GAAGGCTCTG

GCTGCCACTG
TGAAGACTTT
TACCTGTTCA
TTCCCTCCCG
CCTCGGCTGG
ACCCCCCCAC
TGGTGACACT
GCTTGGACTA
GAGTGGAGGG
CTGAAGCCCC
GCCCTTTTCT
CACCCTGCCC
CCAGGTAAGT
CACCTGAGGG
GATCCAGCTC

AGATATAAAC
CTCTCCCTGC
GCAGCAAAGG
TTATTTCCTG
CCACTAGGCC
GCTCTGCAGG
TTGGTGTGGG

GCTGCCCTCA

AGTGTCTCGG
GTTCGTGGTG
CAGAAAATAC
CTGGCCTCTT
GCCCTTTGTT
CCACACCCCC
TCCACACCCT
CCCGCTCCAC
CCTGCAGCAT
TTTGGGGACC
CTGACAGTGA
GGCCCCACCA
GGTAACCTGC
GGTAGAGGGG
CATAAATACC

ACC ATG GGG CGC CTG
Thr Met Gly Arg Leu

-20

GCA GTG GCG AGT GCC
Ala Val Ala Ser Ala

-S

AAG GTAAGAGCCC AGCAGAGGGG CAGGTCCTGC TGCTCTCTCG CTCAATCAGA

TCTGGAAACT TCGGGCCAGG CTGAGAAAGA GCCCAGCACA GCCCCGCAGC AGATCCCGGG

CACTCACGCT CATTTCTATG GGGACAGGTG CCAGéTAGAA CACAGGATGC CCAATTCCAT

TTGAATTTCA GATAAACTGC CAAGAACTGC TGTGTAAGTA TGTCCCATGC AATATTTGAA

ACAAATTTCT ATGGGCCGGG CGCAGTGGCT CACACCTGCA ATCCCACCAG TTTGGGAGGC
-—

300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1673

1721

1777

1837

1897

1957
2017
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EPLACED

« e _ R
-14- W NO €1 or a-genom ¢ human BSSL/ CEL gene or an anal ogueL[]'M@i 103

The mammary gl and as a tissue of expression and genes encoding m |k

proteins are generally considered to be—@#articularly sui tPAIV SE DB /GBS 15
t he production of

CGAGGTGGGT
CCCCGTCTCT
AGCTACTCGG
AGCTGAGATC
ATAGAAAAAG
ATGTAACTGG
TCTGTTGTIC
GGCAGACGGG
CTATTCCTGT
GAAAGAGAGC
TGTGAAGGAG
CAGTCCCTGC
CTGCCTGCGG
CACTCCCTGG
AGAGGTCACC
ATCACGACCC
GATCACGCCA
ATGTGTTGCT
GACAGGGGGC
GTGTAGGGCC
ATGACCTGGT
GTGGCACTGG
GCCTCAGTTC
GngAéAGCT
AGGTGTGGTC
CATGGGGCCA
GAAAAGCAGG
TGAGCATTGG
CCGACAGGAG
AGCTGGGCGG
TGGGAACACT
AAGGAGAGGA
TCTCCTGTGC

CTTGCCTTGC

GGATCACTTG
ACTAAAAATA
GAGGCTGAGG
ACGCTACTGC
AAAAAAATGA
GCCTCTTGAA
CCATTTTACA
TGGAGAGAAG
GCAGGAAGCT
CGGCAGGCAG
AAGCCACAGA
CCCCAGCAGG
TGTCTCAGGC
CCCTGGGACC
TTCTTCTTGG
CTCCCCATTT
CTGGCACAAG
TCTGGTTCCT
CCATCACCCT
ACCCTGCCCT
CCCACCATGC
GGCAGACAGC
CGTCAGGGAC
TGGTGCACAG
CCTAGGGGGT
TCGACTTTGT
CCCCACCCCT
GTACACTCCT
ACACGGCTGT
CCATAGCCAG

GGTTGAACCA

ACAGGAATCC

AGAGCTGTCC

CCCCTCCGGA

AGGTCAGGAG
CAAATATTAA
CAGGAGAACC
ACTCCAGCCT
AACATACTAA
TTTACATTTG
GAAGGGGAAA
CAGGCAGGCA
GAAAGCCGGG
GAGCTCTCTC
AACCCCAAGC
AGTCACACAG
CCTGGGGACT
GGGAGGTTTG
GCGAGCTCTT
CCCCACCCTG
GAGACACAGA
TTCCTCCAGT
AGACTTCAGA
TCCCCACCTG
ACCACGGGAA
TGCTTCTCAA
AGAGGGTGGA
AGGCCATTTT
TCTTTACCAG
GCCCAGCCAG
CAGAAAGGAG
CCCGGGAGCT
TGCTCGTCTT
AACCCAAACC
GTTTCCTCTA
TARAGCCCTG
TGCTTTGAAG

TTCAGGCCGA

TTGGAGACCA
TCGGGCGTGG
GCTTGAAGCT
GGGTGACAGG
AAAACAATTC
CTAATCCTGG
CGGGCCCAGG
GTTTGCCCAG
CTACTCCACA
GAGGCATCCA
CCCACAGGAA
GGGACCCCAG
CCTGTCTCCA
GGCAGTGGTC
CTTGGGGTGC
AGGCCCTCTG
TGCCTCGCAG
TCCAACCGCC
GGGCTGCTGG
GAACCTGGCA
GAGGGAGCTG
CAGGGTGACT
TGAGCACCAA
CATGGCACAG
CAGGGGGCTC
CTAGGCCCTG
GAAGGTTGGT
GGACAGGCCT
CCACATGGGG
TCCATCCCAC
AGATTCTGGG
AGCATTGCAG
CTGTCTTTGC
TGGGGCTTGA

GCCTGGCCAA
TGGTGGGTGC
GGGAGGTGGA
GCGAGACTCT
ACTGTTTACC
TGATTCCACC
GGCAGGGAGT
CATGGCACAG
CCCGGGTCCG
TAAATTCTAC
GCCGGTGTCG
ATCCCAACCA
CCTCTGCTGC
TTGGGCTCCT
TGAGAGGCCT
GCCAGTCTCA
GGGATGCCCA
GCACTCTCCC
GACCCTGGCT
CAGGTGACAG
CTGCCCAAGA
TCAAGCCCAA
CCTCCAGGCC
GGAAGCGTGG
AGGAACTGTG
TGCAGGGAGA
GTGAAACATC
CCCATGTGAT
AAACTGAGGA
CTCTTGGCCG
AGCAGGACAC
GGCAGGGGGT
CTCTGGGCAC

GCCCCCCTGA

CATGGTGAAA 20717
CTGTAATCCC 2137
GATTGCGGTG 2197
GTCTCAAAAA 2257
TGAAATTCAA 2317
TACCAACCTC 2377
GTGGAGAGCA 2437
CTGCTGCCTC 2497
GGTCCCTCCA 2557
CCTCTCTGCC 2617
GTGCCCGGCC 2577.
CGCTGTTCTG 2737
CTGCTCTCCA 2797
GACTCAAAGG 2857
TCGGCAGGTC 2917
ATTGCACAGG 2977
CGATGCCTGC 3037
ACACCAGTGT 3097
GGGCCTGGGG 3157
CCAGCAAGCA 3217
TGGACAGGAG 3277
AAGCTGCCCA 3337
CCTCGTGGGG 3397
CGGGGGTGGG 3457
GGGACTTGGG 3517
TGGGAGGAGG 3577
CCGGGTACAC 3635
GGCAAACAGG 3697
TCGGAGTCAA 3757
GCTTCCCTAG 3817
CCCCAGGGAT 3877
GCTGCCTGGG 3937
GCGGAGTCGG 3997
CCCTGCCCGT 4057
heet Has Been Replaced
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JHIV WVl Tlele t 5200 &

REPLACED

het'er ol’agous.protei ns in transgeni ¢ non-human mammals as mlk

nat urﬁgf produced at high expression levels in the mammary Q}Banﬂﬁ" o,
mlk i Ladi | y collected and available in large quantities. In the present
connection the use of mlk protein genesggn the productio f gqomor?pg

human BSSL/ CEL has the further advantage that it is produ

condi t | cmsTICHCE ANAGt OTd Bec idce GEt raal Aqar ealdl G osGec ol iIGTG AB?s | N t ermss oOf
regul ati on of expreskioRlafdapYddder i By Coe &Ly ofty( Phre Vel y gl and) . In
the present context the term” hybri d gene” défotes a DNA sequence

conpri sicag @ic hNe Aa8eazatte acbNAres et ecan@edidie dadmaic BBSL/ CEL 4284
def i ned Gipdisd. Asnd Lys mﬂsebgg Gly Leu Leu Gly Asp Ser Val Asp Ile Phe
15

25 30 .
AAG GGC ATC CCC TTC GCA GCT CCC ACC AAG GCC CTG GAA AAT CCT CAG 4202
Lys Gly Ile Pro Phe Ala Ala Pro Thr Lys Ala Leu Glu Asn Pro Gln
_ 35 40 45
CCA CAT CCT GGC TGG CAA G GTGGGAGTGG GTGGTGCCGG ACTGGCCCTG 4251
Pro His Pro Gly Trp Gln
50
CGGCGGGGCG GGTGAGGGCG GCTGCCTTCC TCATGCCAAC TCCTGCCACC TGCAG GG 4308
" Gly
ACC CTG AAG GCC AAG AAC TTC AAG AAG AGA TGC CTG CAG GCC ACC ATC 4356
Thr Leu Lys Ala Lys Asn Phe Lys Lys Arg Cys Leu Gln Ala Thr Ile
55 60 65
ACC CAG GAC AGC ACC TAC GGG GAT GAA GAC TGC CTG TAC CTC AAC ATT 4404
Thr Gln Asp Ser Thr Tyr Gly Asp Glu Asp Cys Leu Tyr Leu Asn Ile
70 75 80 85
TGG GTG CCC CAG GGC AGG AAG CAA G GTCTGCCTCC CCTCTACTCC 4449
Trp Val Pro Gln Gly Arg Lys Gln
20

CCAAGGGACC CTCCCATGCA GCCACTGCCC CGGGTCTACT CCTGGCTTGA GTCTGGGGGC 4509
TGCAAAGCTG AACTTCCATG AAATCCCACA GAGGCGGGGA GGGGAGCGCC CACTGCCGTT 4569
GCCCAGCCTG GGGCAGGGCA GCGCCTTGGA GCACCTCCCT GTCTTGGCCC CAGGCACCTG 4629

CTGCACAGGG ACAGGGGACC GGCTGGAGAC AGGGCCAGGC GGGGCGTCTG GGGTCACCAG 4689

CCGCTCCCCC ATCTCAG TC TCC CGG GAC CTG CCC GTT ATG ATC TGG ATC 4738
Val Ser Arg Asp Leu Pro Val Met Ile Trp Ile
95 100

TAT GGA GGC GCC TTC CTC ATG GGG TCC GGC CAT GGG GCC AAC TTC CTC 4786
Ty=- Gly Gly Ala Phe Leu Met Gly Ser Gly His Gly Ala Asn Phe Leu

105 110 115 120

AAC AAC TAC CTG TAT GAC GGC GAG GAG ATC GCC ACA CGC GGA AAC GTC 4834
Asn Asn Tyr Leu Tyr Asp Gly Glu Glu Ile Ala Thr Arg Gly Asn Val

125 130 135.
ATC GTG GTC ACC TTC AAC TAC CGT GTC GGC CCC CTT GGG TTC CTC AGC 4882
Ile Val Val Thr Phe Asn Tyr Arg Val Gly Pro Leu Gly Phe Leu Ser
140 ’ 145 150
ACT GGG GAC GCC AAT CTG CCA G GTGCGTGGGT GCCTTCGGCC CTGAGGTGGG 4934
Thr Gly.Asp Ala Asn Leu Pro
155

GCGACCAGCA TGCTGAGCCC AGCAGGGAGA TTTTCCTCAG CACCCCTCAC CCCAAACAAC 4994
CAGTGGCGGT TCACAGAMAG ACCCGGAAGC TGGAGTAGAA TCATGAGATG CAGGAGGCCC 5054

TTGGTAGCTG TAGTAAMAATA AAAGATGCTG CAGAGGCCGG GAGAGATGGC TCACGCCTGT 5114

AATCCCAGCA CTTTAGGAGG CCCACACAGG TGGGTCACTT GAGCGCAGAA GTTCAAGACC =~ 5174

This Sheet Has Been Replaced




fiHe ot nAYc DCCKN
g a*DNA sequence of the mlk pro[e|n d§ﬁ§A9ﬂ3ch |5164pah

ot her éﬁ |

nedlatlng t he expreSS|on of the hybrid gene product. The 8 1 3
.encoding a mlk protein" denotes an ent+A8-gene as wel | é éﬁéﬁ% G8R &5

t her eof capabl e of nediating and targeting the expression of the brid

geg e t 0AGERTGAAAL (REASTCGGAE AGESECATCTe CTARE APAATAMGRER ACCREHGPAL v, éF d

subsequ h onot

T eor o, TaeRe e AR B o e e e T2k

struct ucetcmnusrmas'r'rffme RIAGSETRAC ATEAPAMGEK] IGABACOTORT (BETAJTARR | S 5354

pr ef er abl substantla free frorn&)%okar%zé h as vector
D quancadiAGHReh Mg aseta EehiE } GREREER R eagiap %0 S48
C|0r“|19Ab8@idéREA ATCGCTTGAA CTCAGGAGGC GGAGGTTGCG GTGAGCCGAG ATCATGCCAC 5474
TGCACTCCAG CCTGGAGAAC AAGAGTAARA CTCTGTCTCA AAAAAAAAAA AAAAAADAAD 5534
ATAGCCAGGC GTGGTATCTC ATGCCTCTGT CCTCAGCTAC CTGGGAGGCA GAGGTGGAAG 5594
GATCGCTTGA GCCCAGGGGT TCAAAGCTGC AGTGAGCCGT GGTCGTGCCA CTGCACTCCA 5654
- GCCTGGGCGA CAGAGTGAGG CCCCATCTCA AAAATAAGAG GCTGTGGGAC AGACAGACAG 5714
GCAGACAGGC TGAGGCTCAG AGAGAAACCA GGAGAGCAGA GCTGAGTGAG AGACAGAGARA 5774
CAATACCTTG AGGCAGAGAC AGCTGTGGAC ACAGAAGTGG CAGGACACAG ACAGGAGGGA 5834
CTCGGGCAGG GGCAGGAGAG GTGCATGGGC CTGACCATCC TGCCCCCGAC AAACACCACC 5894
CCCTCCAGCA CCACACCAAC CCAACCTCCT GGGGACCCAC CCCATACAGC ACCGCACCCG 5954
ACTCAGCCTC CTGGGACCCA CCCACTCCAG CAACCAACGT GACCTAGTCT CCTGGGACCC 6014
ACCCCCTCCA GCACCCTACC CGACCCAGCT TCTTAGGGAC CCACCATTTG CCAACTGGGC 6074
TCTGCCATGG CCCCAACTCT GTTGAGGGCA TTTCCACCCC ACCTATGCTG ATCTCCCCTC 6134
CTGGAGGCCA GGCCTGGGCC ACTGGTCTCT AGCACCCCCT CCCCTGCCCT GCCCCCAG GT 6194
Gly
160
AAC TAT GGC CTT CGG GAT CAG CAC ATG GCC ATT GCT TGG GTG AAG AGG 6242
Asn Tyr Gly Leu Arg Asp Gln His Met Ala Ile Ala. Trp Val Lys Arg
165 170 175
AAT ATC GCG GCC TTC GGG GGG GAC CCC AAC AAC ATC ACG CTC TTC GGG 6290
Asn Ile Ala Ala Phe Gly Gly Asp Pro Asn Asn Ile Thr Leu Phe Gly
180 185 190
GAG TCT GCT GGA GGT GCC AGC GTC TCT CTG CAG GTCTCGGGAT CCCTGTGGGG 6343
Glu Ser Ala Gly Gly Ala Ser Val Ser Leu Gln
— 195 200
AGGGCCTGCC CCACAGGTTG AGAGGAAGCT CAAACGGGAA GGGGAGGGTG GGAGGAGGAG 6403
CGTGCGAGCTG GGGCTCTGGT GCTGGGGTGT CCTTGTCCCA GCGTGGGGTG GGCAGAGTGG 6463
GGAGCGGECCT TCGTGACGGG ATTTCTGGGT CCCGTAG ACC CTC TCC CCC TAC AAC 6518
Thr Leu Ser Pro Tyr Asn
205
AAG GGC CTC ATC CGG CGA GCC ATC AGC CAG AGC GGC GTG GCC CTIG AGT 6566
Lys Gly Leu Ile Arg Arg Ala Ile Ser Gln Ser Gly Val Ala Leu Ser
210 215 220 225
CCC TGG GTC ATC CAG AAA AAC CCA CTC TTC TGG GCC AAA AAG 6608
Pro Trp Val Ile Gln Lys Asn Pro Leu Phe Trp Ala Lys Lys
230 235
GTAAACGGAG GAGGGCAGGG CTGGGCGGGG TGGGGGCTGT CCACATTTCC GTTCTTTATC 6668
CTGGACCCCA TCCTTGCCTT CAAATGGTTC TGACCCCTGA GCTCCGGCCT CACCTACCTG 6728

_
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the DNA sequence encodi ng human

—48~—

The' hyb.ri d gane is preferably fornmed by i nsert-ﬁ'-irllS SHEET HAS BE%I\(IE

encodu&glgunan BSSL/CEL tnto the m |k protein
known

CTGGCCTTGG TTCTGCCCCC AG GTG GCT GAG AAG GTG GGT TGC CCT GTG GGT
Val Ala Glu Lys Val Gly Cys Pro Val Gly

240

245

GAT GCC GCC AGG ATG GCC CAG TGT CTG AAG GTT ACT GAT CCC CGA GCC
Asp Ala Ala Arg Met Ala Gln Cys Leu Lys Val Thr Asp Pro Arg Ala
255

250

260

CTG ACG CTG GCC TAT AAG GTG CCG CTG GCA GGC
Leu Thr Leu Ala Tyr Lys Val Pro Leu Ala Gly

GCTCGGGTTG
TCCGGAGGAG
TCTCCCCTCG
GATGGAGTCT
CTCCACCTCC
GCACATGCCA
TGTTAGCTAG
GTGCTGGAAT
GAGTTACAGA
GCATTCATAT
GCCTTTGTGC
CCGTAGCACT
CCCATTCCAC
TCACTCATTC
T¢AGCTCAAC
AGCAAAACCT
GGGTCCTCTA
Gé;éATGGAC
GGCTTCTAAG
GCTGCCGCTG
GCAGGGCCTG
TGGGTCGAGG

AGAATCAACC

- CCCTGAGAGG

TGGCTCTCCC

270
GCCCATGGGG
AGAGGAAGGT
AAGGCCCCAG
CACTGTTGCC
TGGGTTCAAG
CCATGCCCAG
GATGATCTCG
TACAGGCG?G
CTCCCCTTTG
GCAGTCATTT
TAGATGACCG
GGGGCCCAGC
AAACACCTCT
TTCTATGGCA
TGCACGGGCT
GCTGTGCTGG
GGGGCCCGTC
TGGAACCCAG
TTTCCTCCTT
AAGAGGACAG
GAGACATCTG
CCGGGGATGC
CTGCCCCAAG
CAAGGGGCGG

ACCCAG AC
Tyr

TCTCGAGGTG

GCCAGAGCTG

CTGTAAGGGA
CAGGCTGGAG
TGATTCTCTG
ATAATTTTTC

GTCTTGGGAC

AGCCACTGTG

AGAAGCTGAT

GCATATAATT

TTCATTCATT.

CTCCAGCTCC
GCATGTCAGC
ACATGCCATG
GGACAAGCCC
GCCCAGTGAC
CAGGGGTCTG
CCCTGAGAGA
CCTGCTTCAG
ATCTGGCCCT
TGATTGTCAC
TCTAAACATC
TGTCCATAGA

CTCAGGGGAA

275
GGGGTTGAGG
CGGTCTTGTC
GAGGGGGTGC
TGCAGTGTCA
ACTCAACCTC
TGTGTGTTTA
CTCATGATCT
CCCGGCCCCT
GAACATTTGG
TTAGGGAGAC
CGTTCATTCA
ACTATTCTGT
CTTACCAGCT
AAGCCAAGTC
AAACAAAGCA
AGCCAGGCCC
GAGTACAATG
GGGAGCTCCT
GCCCAGCAAA
AGACAGTGAC
AGCTGGGGAG
CTACAGGGCA
TCAGAGAAGG

ACTGGGAGGT

CTG GAG T
Leu Glu

GGGGTACTGC
CTGTCACCAA
CGTTTCTTCT
CGATCTCAGC
CCATGTAGCT
GTAGGGATGG
GCCCACCTCG
TCTTTATTCT
GGCCCCCTCC
TCATAGACCT
TTCAGCAAAC
ACCCCGGGAA

TGCTACGCTA

ATCTGCACGT

ACCCCCACGG
CGCCTGCCTC
CAGACCTCCC
TCTCCATCAG
GAGAGAGAGG
TCTCAGCCTG
GGGGTGCTCC
CAGGATGCCC
GAGGACATAG

ACAAGAACCT

265

GTGAGTAGCT

CAGGGAGTAC
CTAGCTGGTG
TTTTTTTTGA
TCACTGCAAC
GGGACTACAG
AGTTTCATCG
GCCTCCCAAA
TATCTCCCAT
CCCACCTCAT

CAGACCAAGA

ATTTACTGAA

GGCCTGGGGA
AGGCTGTC&C
TTACCTGACA
CCCbGCTAGA
AGCAGCCACT
ACCATTTTTG
TTCCCTCAGT
AGAGGGAGGG
GGGACGTGTG
TGGCACCTCG
CTGATGGTGC
CCAATTCCAG

GCTAACCTGC

CCC ATG CTG CAC TAT GTG GGC TTC GTC CCT
Pro Met Leu His Tyr Val Gly Phe Val Pro
285

280

GTC ATT GAT GGA GAC TTC ATC CCC GCT GAC CCG ATC AAC CTG TAC GCC
Val Ile Asp Gly Asp Phe Ile Pro Ala Asp Pro Ile Asn Leu Tyr Ala
295

290

This Sheet Has Been Rep,
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300

305

chRpi S

6828
6878

6938
6998
7058
7118
7178
7238
7298
7358
7418
7478
7538
7598
7658
7718
7778
7838
7898
7958
8018
8078
8138
8198
8258
8318
8366

8414

DNA sequence



BSSL/ CEL can:be inserted in vivo by honol
t he DNA1¥équence encodi ng human BSSL/ CEL

THIS_SHEET HAS BEEN
I8 S T

nanyl

19 0608

first. exons of the mlk protein gene of _ghoice or an effe%ﬁy%Esyg)?qg@?qci
of the

t hereof conprising the first exons and préferably a substanti al

5!

so as to enable the h3id gene producil® o be secreted

MBMTAI'Y p aTc TTC GCC AGC ATC GAC ATG CCT GCC ATC AAC AAG GGC AAC AAG
His Ile Phe Ala Ser Ile Asp Met Pro Ala Ile Asn Lys Gly Asn Lys
315

AAA GTC ACG
Lys Val Thr

325

Glu

340

330

GA GTAAGCAGGG GGCACAGGAC TCAGGGGCGA CCCGTGCGGG

AGGGCCGCCG GGAAAGCACT GGCGAGGGGG CCAGCCTGGA GGAGGAAGGC ATTGAGTGGA

GGACTGGGAG TGAGGAAGTT AGCACCGGTC GGGGTGAGTA TGCACACACC TTCCTGTTGG

CACAGGCTGA GTGTCAGTGC CTACTTGATT CCCCCAG G GAG GAC TTC TAC AAG
Glu Asp Phe Tyr Lys

CTG
Leu

GTC
val

ACC
Thr

TTT
Phe

AGT GAG
Serx

GAT
Asp

Glu
350

Phe

GTC
val

TAC
Tyr

365

AAT
Asnh

AAG
Lys
380

GTG
Val
395

cCcC
Pro
GTGAGGATCT
CGAGGCCTCG
TCCCCACCTG
TTTACCTCCC
CACéCCATGG
GCACTGAGAG
CCCATAATTT
AAMDAATAAG
GTGGGAGGAT
ATCTCTACTA
ACTCAGGAGG

GAGATTACGC

AGTAAATAAA

AGTATACCTA
AGCCTCCTTT
AATTGAAGAA

AAG
Lys

ACC
Thr

AAG
Lys

ACT
Thr

GAG
Glu

ATT
Ile

TTC ACA
Thr

ACC
Thr

GTG
val
GCC
Ala

ATC
Ile

ACC
Thr

GAG
Glu

TCC
Ser
370

GTG
Val
385

GAC
Asp

CTA
Leu

GCC
Ala

400

GGGCAGCGGG
CTGTGGGTGG
TGCCTGCCTG
AGCCTACAGG
TCCTTCCCAC
AACACTGGAC
CAGCCCACCA
GCCAGACACA
CACTTGAGGT
AAAATACAAA
CTGAGGTAGC
CACTGCACTC
TAATAARAAT
GAAGTCTAGG
CAGTCAAGGC

TGCACATTCA

This Sheet Has Been Replaced
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TGGCTCCTGG
CTCTCAGGTG
ATCCACTTTG
GCTTTACAAA
TGGAGAGTTC
AATAGTTTCT
CCACATTAAA
GTAGCTCATG
CAGGAGTCTG
ARTTATCCAG
AGAATTGATT
CAGCAGGGGC
AAAAAATAAG
ATGAAAGCTT
AAAAAGGGAA
CTTGGAGAGC

AAG
Lys
355

TGG
Trp

TTT
Phe

CAG
Gln

GGG
Gly

CTC
Leu

GCC
Ala

CAG
Gln

GAG
Glu

ACC
Thr

CAC
His

AGA
Arg
405
GGGCCTTCCT
TCTGGGTTGT
CTGAGGCCTG
CCCTATGATC
TTGAGCTACC
ATCCACTGAC
AATCTTCATG
CCTGTAATCC
AGACTAGTCT
GCATGGTGGT
GACCCAGGGA
AACAGAGTGA
TTAGGAATAC
TGCAGCAACT
ACAGTTGAGG
AAAATATTTC

AGA

Arg Gly

GAC
Asp

CCA
Pro
375

GAT
Asp
390

GTC
Val

GCC
Ala

AAT
Asn
GGGGTGCTGC
CTGGGAAAGT
GCAAGACTTG
CTCTGCCCTG
TTCCATCCCC
TCTTATGGGC
TAATAATAGC
CAGCACATTG
GGCCAACATG
GCATGCCTAT
GGTGGAGGTT
GACTGTGTCT
GAAAAAGATA
AAGCAGTACA
GCCTATACCT
TTGAT@CTGA

GGC GCC

TCC
Ser

CTC
Leu

GCC
Ala

345

AAG ACG

Ala Lys Thr
360

CAG GAG
Gln Glu

TTC CTG
Phe Leu

ax

Lys
ACCTTCCAGC
GGTGCTTGAG
AGGGCCTCTT
CTCAGCCCTG
CATGCTGTGT
CTCAACTTTG
CAATTATAAT
GGAGGTCAAG
GCAAAACCCC
AATCCTAGCT
GCAGTGAGCC
CGAATAAATA
GGAAGATAAA
TTTAGCTGTG
TGTCCAATCT

ATTCTAGAAG

mgpaslsri gnal
328rrectly into the

\ ! . . . part
fl ankhRoz@eadeae M eRc iMAThRkd @¥80sdc0Abe 1t KRINPAIAEYeddTPOr t @268 -
The hybmsfl menalprepelkbhyp ayrpllsadasclyequerice XncHel

pepti de

8510

8561

8621
8681

873¢ |

8782

8830

8878

8922

8982
9042
8102
9162
9222
9282
9342
9402
94862
9522
9582
2642
9702
9762
9822
9882



gl and. "The si,gnal peptide will typically}GHIiS SHEGIh &AS oBGRM yg Bou06- 1993t he
m | kd rg'gﬁl n gene in question or one ass¢ci at eREPUACBEDt he sequence
encodi uman BSSL/ CEL. However, al so ot sTgrar—seque | e of
.medi ating the secretion of the hybrid gemg—product to the?ﬁm%‘;?gl%g@re
rel evant. O course, the various elenents of the hybrid gene should be
fused i rcA2GGTGCETNEAMAATGTRS TGTGHALGIG AAGTATAAAT CICAGXTRARAS STTISHIGGARECPr 0c%948i ng of

bt | do GRERHSE roMiRredt AR R MRS R RRRE MRl = EBe |
DNA sequeafc®iaa otiioagc et achSsttéEccattocche denbetatcgermactdwmeDNAL megquence

encodi ng human BSSL/CEL will normally conprise its stop codon, but not its
own mes RETETEHEE GHRSESHIRE BAFIRGEHY CETPTAGT (BCCRMRS L TISARTBICA het0122

G G AGT GCC AAG ACC TAC GCC TAC CTG TTT TCC CAT CCC TCT CGG ATG 10169

Ser Ala Lys Thr Tyr Ala Tyr Leu Phe Ser His Pro Ser Arg Met

410 415 420
CCC GTC TAC CCC AAA TGG GTG GGG GCC GAC CAT GCA GAT GAC ATT CAG 10217
Pro Val Tyr Pro Lys Trp Val Gly Ala Asp His Ala Asp Asp Ile Gln
425 430 E 435 440

- PTAC GTT TTC GGG AAG CCC TTC GCC ACC CCC ACG GGC TAC CGG CCC CAA 10265 .
Tyr Val Phe Gly Lys Pro Phe Ala Thr Pro Thr Gly Tyr Arg Pro Gln
445 : 450 455
GAC AGG ACA GTC TCT AAG GCC ATG ATC GCC TAC TGG ACC AAC TTT GCC 10313
Asp Arg Thr Val Ser Lys Ala Met Ile Ala Tyr Trp Thr Asn Phe Ala
460 465 470
AAA ACA GG - GTAAGACGTG GGTTGAGTGC AGGGCGGAGG GCCACAGCCG 10361
Lys Thr Gly
475

AGAAGGGCCT CCCACCACGA GGCCTTGTTC CCTCATTTGC CAGTGGAGGG ACTTTGGGCA 10421
AGTCACTTAA CCTCCCCCTG CATCGGAATC CATGTGTGTT TGAGGATGAG AGTTACTGGC 10481
AGAGCCCCAA GCCCATGCAC GTGCACAGCC AGTGCCCAGT ATGCAGTGAG GGGCATGGTG .10541
CCCAGGGCCA GCTCAGAGGG CGGGGATGGC TCAGGCGTGC AGGTGGAGAG CAGGGCTTCA 10601

GCCCCCTGGG AGTCCCCAGC CCCTGCACAG CCTCTTCTCA CTCTGCAG G GAC CCC 10656
Asp Pro
AAC ATG GGC GAC TCG GCT GTG CCC ACA CAC TGG GAA CCC TAC ACT ACG 10704
Asn Met Gly Asp Ser Ala Val Pro Thr His Trp Glu Pro Tyr Thr Thr
480 - 485 490
GAA AAC AGC GGC TAC CTG GAG ATC ACC AAG AAG ATG GGC AGC AGC TCC 10752
Glw- Asn Ser Gly Tyr Leu Glu Ile Thr Lys Lys Met Gly Ser Ser Ser
49S 500 505
ATG AAG CGG AGC CTIG AGA ACC AAC TTC CTG CGC TAC TGG ACC CTC ACC 10800
Met Lys Arg Ser Leu Arg Thr Asn Phe Leu Arg Tyr Trp Thr Leu Thr
510 515 520 525
TAT CTG GCG CTG CCC ACA GTG ACC GAC CAG GAG GCC ACC CCT GTG CCC 10848
Tyr Leu Ala Leu Pro Thr Val Thr Asp Gln Glu Ala Thr Pro Val Pro
530 835 540
CCC ACA GGG GAC TCC GAG GCC ACT CCC GTG CCC CCC ACG GGT GAC TCC 10896
Pro Thr Gly Asp Ser Glu Ala Thr Pro Val Pro Pro Thr Gly Asp Ser
545 550 555
GAG ACC GCC CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GTG 10944
Glu Thr Ala Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val
560 565 570
CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT GAC 10992
Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp

575 580 585

This Sheet Has Been Replaced
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DNA seciu»enceaencodi ng human BSSL/CEL, the n“iﬂl@\ E SIRE]ENSPQUEHCES of the
mlk protein gene-wi |l nermally be retaingd. r_.of t
conterﬁﬁ’é?ed to be respansible for the actual expression Ie\@ﬁ -mﬁiaﬁ%

particular hybrid gene. The capability ofsjthe pronoter asPGE SE &3 HOWSE 15
“regul atory sequences as nentioned above, the integration site of the

expr essimt sgstieEm ¢at the GFenTaBe CCC ACG GGT GAC TCC GGG GCC CCC CCC 11040
Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro
590 595 600 605
GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT 11088
Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly
610 615 620
© GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGC GCC CCC 11136
Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro
625 630 635
CCC GTG CCG CCC ACG GGT GAC GCC GGG CCC CCC CCC GTG CCG CCC ACG 11184
Pro Val Pro Pro Thr Gly Asp Ala Gly Pro Pro Pro Val Pro Pro Thr
640 645 650
GGT GAC TCC GGC GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC 11232
Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala
655 660 : 665
CCC CCC GTG ACC CCC ACG GGT GAC TCC GAG ACC GCC CCC GTG CCG CCC 11280
Pro Pro Val Thr Pro Thr Gly Asp Ser Glu Thr Ala Pro Val Pro Pro .
670 675 €80 685
ACG GGT GAC TCC GGG GCC CCC CCT GTG CCC CCC ACG GGT GAC TCT GAG 11328
Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Glu
690 695 ' 700
GCT GCC CCT GTG CCC CCC ACA GAT GAC TCC AAG GAA GCT CAG ATG CCT 11376
Ala Ala Pro Val Pro Pro Thr Asp Asp Ser Lys Glu Ala Gln Met Pro
705 710 715
GCA GTC ATT AGG TTT TAGCGTCCCA TGAGCCTTGG TATCAAGAGG CCACAAGAGT 11431
Ala Val Ile Axg Phe -
720

GGGACCCCAG GGGCTCCCCT CCCATCTTGA GCTCTTCCTG AATAAAGCCT CATACCCCTG 11491

TCGGTGTCTT TCTTTGCTCC CAAGGCTAAG CTGCAGGATC 11531

/ .
cet Has Been Replaced
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-16-  Hfagphegreaageats filet he | tiQn site 51‘“@#‘1’@ icierNeence encadin .
human SQ'E'F‘&*“W fthe m I'Hkphgg){-gi thnr‘ndi ny—gene. Ld f‘:tjs‘l’ g:‘;r‘:ﬁ]‘g. T‘.Gg

—post-transeriptional regulation and othes2similar factors may bETHIS SHEET HAS BEE
PLAEED

'EE‘O tance geg atgee:expressi on |l evel obtained. On the basis of the kn
of ctors influencing the expression |evel of the Rybe—g :
Lgﬂ " |HE I d |UB1EARIGNS RERUTINGRO ADEECSIFED MMICROCRGASISMON system

esent purpose.

(PCT Rule 13bis)

A. The indications made below relate to the microorganism referred to in the description

, line 30

on page 29
B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet D

Name of depositary institution

Deutsche Sammlung von Mikroorganismen (DSM)

Address of depositary institution (including postal code and country)

Mascheroder Weg 1b
D-3300 Braunschweig
Federal Republic of Germany

Date of deposit Accession Number

12 June 1992 DSM 7101
C. ADDITIONAL INDICATIONS (leave blank if not applicable)  This information is continued on an additional sbeet []

In respect of all designated states in which such action is possible and to

the extent that it is legally permissible under the law of the designated state,
it is requested that a sample of the deposited micro-organism(s) be made
available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g. EPC Rule 28(4), U.K. Rule 17(3),
Australian Regulation 3.25(3) and generally similar provisions mutatis
mutandis- for any other designated state.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (lcave blank if not applicable)

Theindications listed below will be submitied to the International Bureau later (specify the general nature of the indications e.g., *Accession
Number of Deposit”)

For receiving Office use only For International Bureau use only

This sheet was received with the international application D This sheet was received by the International Bureau on:

Authorized officer Authorized officer

Lotta Hjalmarsson
Form PCT/R0/134 (July 1992)




A vari gt o T TN T K Protel NS ar € S RAmkrhakisndl abhY: ;,m r a WO
mai n grqﬁggf 5 Ar.réi F‘lzﬁ%r ot éthd16%+sMW0 nanel y|t he cas?gdl(ﬁs arcl,d %l%g§ P610515

—ptroterns. The conposition of mIK fromdifferent Species variée
QﬂﬁJShEahhMR@&chell as quantitativefy with respect to these|p Srﬁtjﬁ SHEET HAS BEEN

HH M“ﬂm mral s produces 3 différent types of casein, damel yREPLACED .
a- asein and K- se n. Qnmon _bovi roterns '
ar INRIGATIQNS gﬁ‘rﬁ E.% AFI‘?J'IP“ PO MFG%Ogﬁ“ﬁgﬁis vari ous

origins are further disclosed in ar&cei.tRu?e 1'3£§)987)'

A. The indications made below relate to the microorganism referred to in the description
on page 29 , line 30

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet D

Name of depositary institution

Deutsche Sammlung von Mikroorganismen (DSM)

Address of depositary institution (including postal code and country)

Mascheroder Weg 1b
D-3300 Braunschweig
Federal Republic of Germany

Date of deposit Accession Number

12 June 1992 DSM 7102
C. ADDITIONAL INDICATIONS (leave blank if not applicable)  This information is continued on an additional sheet [ |

In respect of all designated states in which such action is possible and to

the extent that it is legally permissible under the law of the designated state,
it is requested that a sample of the deposited micro-organism(s) be made
available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g. EPC Rule 28(4), U.K. Rule 17(3),
Australian Regulation 3.25(3) and generally similar prov131ons mutatis

mutandis for any other designated state.

D.: DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are hot for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

Theindications listed below will be submiited to the lmemauonal Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit”)

For receiving Office use only For International Bureau use only — s—eemmmemmey

This sheet was received with the international application D This sheet was received by the International Bureau on:

Authorized officer _ Authorized officer
Maud Andersson ' '

Form PCT/RO/134 (July 1992)
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The ni Kpphicadis@t dgengietile t 0 be, yse y be ddiey@gndapgligticie- sa '

t he onLﬁmeﬁYthe Pxpﬁquﬂiﬁqc‘@irﬁm islto be inser : TPLI7RE9 5y 60515
“derived fromanother species. In this connection it -has been shown that the
ThRGHARBYenHpIRAL S that target gene eﬁ)[?essi on to the marpgEYyYSE® 3O amset 5

f - Ss speci es boundaries, which may be due to a possible common

; HMH ﬂl]gha‘ﬁﬁﬂ&ﬂloﬂs- ReL2PNG To RPEPOSETHS MILRGRDk eaBases encodi ng

a or effective subsequences thereof to be used in IS SHEE HAS BEE]
I

construction of an expression systempérRiieisgyention are normgf Iy f?{‘ﬁﬁ A
anong whey proteins of various mammalian origins, e.g. a whey aeldic CED .
protein (WAP) :
A. The indications made below relate to the microorganism referred to in the description
on page 29 ,line 30
B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet [ ] |.

Name of depositary institution
Deutsche Sammlung von Mikroorganismen (DSM)

Address of depositary institution (including postal code and country)

Mascheroder Weg 1b
D-3300 Braunschweig
Federal Republic of Germany

Date of deposit Accession Number

26 February 1993 DSM 7498

C. ADDITIONAL INDICATIONS (leave blank if not applicable)  This information is continued on an additional sheet [ ]

In respect of all designated states in which such action is possible and to

the extent that it is legally permissible under the law of the designated state,
it is requested that a sample of the deposited micro-organism(s) be made
available only by the issue thereof to an independent expert, in. accordance
with the relevant patent legislation, e.g. EPC Rule 28(4), U.K. Rule 17(3),
Australian Regulation 3.25(3) and generally similar provisions mutatis

mutandis for any other designated state.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., “Accession
Number of Deposit”)

For receiving Office use only For International Bureau use only e

& This sheet was received with the international application D This sheet was received by the International Bureau on:

Authorized officer Authorized officer
Maud Andersson

Form PCT/RO/134 (July 1992)
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casein genes of various origins may be found to be suitable fo 1AS BEEN
iy Shet Py Been Ruplackdct i on of human BSSL/ CEL, %g‘.’ bovi ne aSl -casei ]Tﬁﬁﬁsgﬁ’fﬂagé‘[f -

RN

Il IIII INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 13bis)

A. The indications made below relate to the microorganism referred to in the description
on page 29 , line 30

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet D

Name of depositary institution

Deutsche Sammlung von Mikroorganismen (DSM)

Address of depositary institution (including postal code and country)

Mascheroder Weg 1b
D-3300 Braunschweig
Federal Republic of Germany

Date of deposit ' Accession Number
26 February 1993 DSM 7499
C. ADDITIONAL INDICATIONS (lcave blank if not applicable)  This information is continuved on an additional sheet D

In respect of all designated states in which such action is possible and to

the extent that it is legally permissible under the law of the designated state,
it is requested that a sample of the deposited micro-organism(s) be made
available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g. EPC Rule 28(4), U.K. Rule 17(3),
Australian Regulation 3.25(3) and generally similar provisions mutatis

mutandis for any other designated state.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

Y-

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of theindications e.g., "Accession
Number of Deposit”)

For receiving Office use only For International Bureau use only ===

m This sheet was received with the international application D This sheet was received by the International Bureau on:

Authorized officer Authorized officer

Maud Andersson

Form PCT/RO/134 (July 1992)



The presently pref i rine WAP gene as this has BH1SH SHERT HAS BEEN |
-be capahle of provﬂ"l "ﬂﬁmﬁ“mﬁm of expression of a nunbe} of fREREAGED
uman proteins in m*l kcoftdifferent transgenic ani mals (Henni ghausen et al

1990).  Another sequence preferably assos agsl with the &EHf ST 3 &G 5tldm
‘of the invention is a so-called expression stabilizing sequence capabl e of
medi ati ng hi gleLl2d¥S expression. Strong indications exist that such

stabilizing sequences are found in the vicinity of and upst r@8re0bof 1993 «
protein genes. i
_ 1 A DNA molecule encoding for biologically

functional BSSL/CEL and containing intron -
5 sequences.

2. A DNA molecule according to claim 1 which is
shown in SEQ ID NO: 1 in the Sequence Listing.

i0 3. 2n analogue of the DNA molecule according to
claim 2 which contains intron sequences and which
hybridizes with the DNA sequence shown in SEQ ID
"NO: 1 in the Sequence Listing or a specific part
thereof under stringent hybridization conditions.
15
4, A replicable expression vector which carries and
is capable of mediating the expression of a DNA
molecule according to any one of claims 1-3,
encoding human BSSL/CEL.
20 |
5. A vector according to claim 4 capable of encoding
biologically funtional BSSL/CEL and containing
regulatory elements directing expression to the
mammary gland of a non-human mammal. |
25 _
- 6. A vector according to claim 4 which is the wvector
pS452 (DSM 7499).

7. A cell derived from a multicellular organism and
30 harbouring a vector according to any one of
claims 4-6.

8. A process for production of human BSSL/CEL,
comprising (a) inserting a DNA molecule as
35 defined in any one of claims 1-3 in a vector
which is able to replicate in a specific host
cell; (b) introducing the resulting recombinant
vector into a host cell; (c) growing the

This Sheet Has Been Replaced
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< Ed T HAS EER
The .DNA..sequence“m l"'n SSL/CEL to be inserted in thj gﬁ%r%’é&gi'ﬁ% BEEN
syst enwofiazt he i nu@ at genom gibr synthetic origin any LAGED -
conbi nation thereof. Sone expression systers have been fopﬁ.@ T IqHI rse ghe
presence of introns and other regul at oryx’r4egi ons in order % Pgﬁ;n %331&
satisfactory expressio [ se : I i
be advant ageous to iﬂﬁ%%gggggd%%ggi%Es$%u§+u?eé??$%¥%é@e§ﬁgﬁ C elenengs,
as pol ypepti de encodéxpressihemtof nthecpolyrepcidact andBf@hsreeoverang). The

intron and exon str & SoHYe esgdt in higher steady state nRNA | evels
t hat obtai ned when ¢ égsed:éectors are used. In a further aspect, the
present invention relates to a

5 9. A mammalian expression system, comprising a

hybrid gene which is expressible in the mammary
gland of an adult female of a non-human mammal
harbouring said hybrid gene, so that human
, BSSL/CEL is produced when the hybrid gene. is

10 expressed, said hybrid gene being produced by
inserting a DNA molecule according to any one of
claims 1-3 into a gene regulating a milk protein
gene of a non-human mammal.

15 10. A hybrid gene as defined in claim 9.

11. A mammalian cell harbouring an expression system
as defined in claim 9.

20 i2. A non-human mammalian cell according to claim 11
which is an embryo cell.

13. A process of producing a transgenic non-human
' mammal capable of expressing human BSSL/CEL,
25 comprising {(a) introducing an expression system
as defined in claim 9 into a fertilized egg or a
cell of an embryo of a non-human mammal so as to
incorporate the expression system into the
germline of the mammal and (b) developing the
30 resulting introduced fertilized egg or embryo
into an adult female non-human mammal.

14. A process of producing a transgenic non-human
mammal capablé of expressing human BSSL/CEL and
35 substantially incapable of expressing BSSL/CEL
from the mammal itself, comprising (a) destroying
the mammalian BSSL/CEL expressing capability of
the mammal so that substantially no mammalian

This Sheet Has Been R,
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hybrld gene conp
a gene_enco

bei ng PREEY

t he hybrid gene.
I n detail

10

15

20

25

30

35

di ng

above.

ted in*thé ntlk¥prdtein gene | such a manner t |

expressible in the mammary gl and of an $t female of a p§§a$é9§3
The hybrid gene and its constituents have ﬂébﬁﬂ&rémﬁised
TheBﬂSh/tELgEseexanSSEdtasdamnsepbnnenan expression

15.

16.

17.

18.

19.

20.

21.

22.

. 23.
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I T o sne e Bt ol AL

AS BEEN
nto

system as defined in claim 9 into the germline of
the mammal in such a manner that human BSSL/CEL
is expressed in the mammal; and/or (b) replacing
the mammalian BSSL/CEL gene or part thereof with
an expression system as defined in claim 9.

A transgenic non-human mammal harbouring in its
genome a DNA molecule according to any one of
claims 1-3.

A transgenic non-human mammal according to claim
15 in which the DNA molecule is present in the

" germline of the mammal.

A transgenic non-human mammal according to claim
15 or 16 in which the DNA molecule is present in
a milk protein gene of the mammal.

A transgenic non-human mammal prepared by the-
process of claim 13 or 14.

A transgenic non-human mammal according to any
one of claims 15-18 which is selected from the
group consisting of mice, rats, rabbits, sheep,
pigs and cattle.

Progeny of a transgenic non-human mammal
according to any one of claims 15-19.

Milk obtained from a transgenic non-human mammal
according to any one of claims 15-20.

An infant formula comprising milk as defined in
claim 21.

A process for production of an infant formula by
supplementing an infant food formula with a

har‘ﬁ&?r? ?16




~-18- intermddi ate
i nventWxomzas di scl o

IR0 oftbk1 MAg BEEN'

T T A e e o

relates to a non-human manmal’l an cél | rbouring an-expressi S
“defined above. The mamualian cell is pref§e€ably an enbryo ceiﬂrb ‘pﬁ' ﬂg@:—?‘
pro-nucl eus. The ex

cell using a nethod

%o %{Lal ed %gnéf%&%% %lé‘m&nﬁgﬁ d1s N #@& lian

speC| rcally

illustrated in the mmmeqmm claims 1-3.

10

15

20

- 25

30

35

24.

25.

26.

27.

28.

29.

30.

31.

Use of a DNA molecule according to any one of -
claims 1-3 for the production of human BSSL/CEL.

The use according to claim 24 for production of a
transgenic non-human mammal expressing human
BSSL/CEL.

The use according to claim 24 for production of
milk, containing human BSSL/CEL, derived from a
transgenic non-human mammal.

The use according to claim 24 for production of
an infant formula comprising milk, containing
human BSSL/CEL, derived from a transgenic non-
human mammal.

The use of a DNA molecule according to any oneof
claims 1-3 in the manufacture of a medicament for
the treatment of a pathological condition related
to exocrine pancreatic insufficiency.

The use according to claim 28 {h the manufacture
of a medicament for the treatment of cystic
fibrosis.

The use according to claim 28 in the manufacture
of a medicament for the treatment of chronic
pancreatitis.

The use according to claim 28 in the manufacture
of a medicament for the treatment of fat

" malabsorption.

______ﬂ_______;__————
et Has Been Replaced
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In a furthersi npor, present i nvention rel at e TS SHEET HiAD BEEN
pr oduci ng a transg”nml Imim I“:N capabl e of expressing hurmﬁPLACED

BSSL/ CEL i sing Ien) €Ct Wngs ars expres 6 6n systemof th gL §

defi ned above |nto a fertilized egg or a Il of an enbryg'cgf °§ ﬂ% do

as to incorporate the expression systeminto the gerniine o83 Hab | and
devel opi ng the32 esulTheaqusa ecterdimgttdi ckdmggsoxnetrheymannfecanredul t

femal e mammal . The ¢r§%&g{g&hg§|‘: Ofo{-hEhSXPESQtSJnQHtS% teminto the

germine of the ma med usrng any surtable technique, e.g.
as described in "hmumqiab§¢rgplon of fat soluble vitamins.

S 33. The use according to claim 28 in the manufacture
of a medicament for the treatment of fat
~ malabsorption due to physiological reasons.

This Sheet Has Been Replaced
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t he I\/buse Enbryo";- A Laboratory Manual, Cold Spring Harbor Lagﬂgaﬁ'ﬁE HAS BEEN
Press,H4946. For instancé, a fem/hundredb | ecul es of the e pressﬁ&ﬁ

-gg or a pro-nucleus thereof, or an enbryd of the mammal of 'C

m croi nj ected gEgPRrAGY t hen subsequently be transferred |nto

of pseudopregnant foster nothers and allowed to develop. Normally, not al
of the injected eggs will develop into adult fenales expressing human
BSSL/ CEL. ThusnEwbona $ebOEREEShe mammals will froma statistically point
of view be males fromwhich, however, fenales can be bred in the follow ng

gener ati ons.
5 The present invention relates to a DNA molecule

nmay be di rectly injected into a fertiliz egg, e.g..a ferf;”Tl'Szﬁegé%ells

containing intron sequences and encoding a human
protein which is, depending on the site of action,
called Bile Salt-Stimulated Lipase (BSSL) or Carboxyl
Ester Lipase (CEL). The DNA molecule is advantageously

10 used in the production of recombinant human BSSL/CEL,
preferably by means of production in transgenic non-
human mammals. The recombinant human BSSL/CEL can be
used as a constituent of infant formulas used for
feeding infants as a substitute for human milk, or in

15 the manufacture of medicaments against e.g. fat
malabsorption, cystic fibrosis and chronic
pancreatitis.
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-19- Onte integrated in the germ I ine, the DNA sequence encodliThiS BHERH HAS BEEN{
BSSL/ CET* Hﬁ@/ be expressed at high levels to produce a correctly proREﬂsu\eaD j

and functional human BSSL/CEL in stable | EL??(?. of the mamual | T QUESTTOM
PCT/ SE93/00515
FIGURE 1 pg -06- 1933
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. s  THIS SHEET HAS BEEN
OfF fudder interest is a nethod of producing a transgeni ¢ rfjon- huRBPLAGEBM I
capabl e of expressing human BSSL/ CEL and _substantially i 2] f
expressing BSSL/ CEL fromthe mamal i t <41, conpri si ng (g ?Eggtﬁg’/ion%sth?e
manmal i an BSSL/ CEL expressi ng capabi lEJ;ItGXJ t he manmal so that
substantially no manmmal i an BSSL/ CEL i &sed and i ns%%a@

expressi on systemof the invention as defined above or a q g%ce
encodi ng human BSSL/CEL into the germine of the mammal in such a manner

t hat hurman BSSL/CEL is expressed in the mammal ; and/or (b) replacing the
mammal i an BSSL/ CEL gene or part thereof with an expression system of the

I nvention as defined

‘A BCD

This Sheet Has Been Replaced




N | THIS SHEET HAS BEEN
above por a DNA semeﬁb&etm ﬁ Human BSSL/CEL.  The manms|ian BGSLAGE.

expressing capabi Hm ntly destroyed by introduct oR—ef
mutations in the ponsi bl ®/ior the expressi of

BSSL/ CEL. Such nutations nmay conprise mutations which rralig?Fﬁé q)*\lz%s?eﬁ&énce
out of franme, or introduction of a stapIGORBPn3or a deletion of one or nore

nucl eoti des of the DNA sequence. The mammal i an BSSL/ CEL gene Bs_ iggg,art
thereof may be replaced with an exgjessi on system as defi ne@ ®dWe *6r a DNA

sequence encodi ng hyyman BSSL/ CEL bygse of the
Iy
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-20- W18 the transgeni.c non-human manmmal of the invention iW@t%'EET HAS BEEN.
broadest aspect is not restricted to any #’ucul ar type of pamal RERLASED
manmal will normally be sel ected fromthen"g p consisting of nmce, rats,
Tabbits, sheep, pigs, goats and cattle. EFI‘HUdoﬁg@e scal e pr cRﬂlIttSE_(msgfomgrfgn
BSSL/ CEL the | arger aninmals such as sheep, goats, pigs and ejsplﬁgl i%g..y]ggg
cattle are normally preferred due to their high mlk productionh. wever,

al so mce abb and rats may beAMNierssting due to the Qat t he

Digest with Ncol Digest with Ncol Digest with BspEl
and BspEl and Sacl. and Sacl.
Isolate 2.35 kb. Isolate 2.7 kb. Isolate 1.1 kb.
Neol BspEl Ncol Sacl BspEl Sacl
[l i L | | S ]

/

Ligation and transformation.

Digest with Kpni Partial digestion with
and BamHI, BamHI.
Isolate 4.7 kb. + Isolate linearized fragment.
Kpinl Bar'nHl Ba.mHI BalmHl
Linker insertion
Y Ligation and transformation
Digest with Kpnl ' Digest with BamHI
and Sall. and Sall.
Isolate 11.9 kb. Isolate 5.2 kb.
Kpnl Sall . BamH! Sall
L. ] Lo ]
- Ligation and transformation.
This Sheet Has Been Rep
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Al'so prBHUAY of a transgenic manmal as defined above,
human BSSL/CEL is within the scope of theiépresent
i nvention includes m |

f4lom a non- humeg. .
i r r / ﬁ 15
(e o0 3 sl furthd QB%?P Phe

aspect the present
conpri sing reconbi nant human BSSL
present invention relates to an i
- BSSL/ CEL,

I n particular a pol ypeptide of the

capabl e| SHISHSHERIC HAG BEEN
i nventi on. | n REPULACERr

oRtdaad)si ng reacgwb_gga%gfurmn

lam%e;ta l}wth Sacl Digest with Sall Digest with Hindlil
Isl;l o and Hindlil. and Sacl.
s ate 71bp. Isolate 20 kb. Isolate 1.7 kb.
aLi S'all Saﬂ Hil}dlll Hi{ldlll Salcl
Y LUigation and transformation.
This Sheet Has Been Replaced
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g THIS, SHEET HAS BEEN
d by -

I nventi on as*defined above. The infant fornula may be preparg
t he reclfbfhant human BSSL/ CEL or pol ypeptide in a purified br_par

purified formto the normal constituents of the infant fornula. Howe
.normally it is preferred that the infant flddtul a i s prepaféd’ ﬁﬁdﬁ$ﬂﬂﬂk566
the invention as defined above, especially when it is of bovine origin. The
i nfant formul a may be .prepared using coR¥EHRE0Gal procedures Tﬂg QBDHQQ?
any necessary additives such as mnerals, vitam ns etc.

Hindll
Kpnl
Ncol

This Sheet Has Been Replaced




. . THIS SHEET HAS BEEN
REPLACBMENF SHEET - ' | REPLACEfL 8
MAR 1997 i -21- EXAWPLES EXAMPLE IT™CENOMT
.ORGANI ZATI ON, SEQUENCE ANALYSI S AND CHROMDBQVAL LOCALI ZATPCN 8E I9IHEOCER 15
GENE  Standard nol ecul ar bi ol ogy techni ques were used (Maniatis et al.,

1982; Ausubel et al., 1987; Sanbrook etFEGURE 1089) if nothing Ueése 6 S

ment i oned. . : -06- 1993

BamHl

Kpnl

21.8kb

Sal |

- This Sheet Has Been Rep
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ol ati | THO.GRHEET HAS BEEN

| sol ati on of *Genomi c Reconbi nants Two di fferent human genom g
| i brariwxsia7[ err] DASH (C onentech Laboratories Inc., Palo Altq, Ca, RFEAQCE@nd

[err] EMBL-3 SP6/T7 (Stratagene, La Jolla, CA USA) were sc aque
hybridi zation using various subcloned cDN&/L&striction fré’&%ﬁtEs‘)%NlQ& HS
et al., 1990) as probes, |labeled with [[err]-[err]P]dCTP byt _5_ 93

ol i gol abel i ng techni que (Feinberg et al FIGUBE33. Mappi ng, Subcl oni %

Sequenci ng of Genonmic Clones Positive clones were digested with various
restriction enzynes, ‘el ectrophoresed on 1% agarose gels and then
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THIS SHEET HaS BEF,
'vacuum X.g‘“sfered (Pharmaci a LKB BTG, Uppsal a, Sweden) to a nylon mﬂgﬁ% BEEN

The menbrane was hybri.di zed with vari ousa‘g?glA probes. RestriCtTon
..fragnments, hybridizing with the probes, i sol ated usi RGIABES3 /00515

| sot achophoreses net hod (O ver st edt etgaﬂ R;.:l Smal | er fragrrents <800
bp, were directly inserted into M 3npl ﬁ\% m%fgg ML3BM2O OI’OlﬁlS-BBQJoqq
vectors and sequenced,. using E. coli TGL as host bacteria, whereas |arger
fragnents were subcloned into pTZ18R or pTZ19R vectors, using E. coli

DH5[ err] as host bacteria, and further digested. (The plasn ds pS309, pS310
and p$451 use%i n-Exanpl e 2 bel ow were produced accordingly.) Sone of the
| sol ated fragrments were al so used as probes in hybridizations. Al of the

nucl eotide sequenggeyas deter rﬁ'pnqd by the di deoxy ﬁrﬁai n term nﬁtt)hon met hod
l — J |

— P Ay
WAP p 7 \hBSSL VARIANT GENOMIC DNA
/ \
Z —
i 1 -2
- -—
-148 +398
Primer _ Sequence ( 5°-3°)
5°-primer CTGTGTGGCAAGAAGGAAGTGTTGT
3°-primer CAACTCCTGACCTCAAGTGATC
M 12 3 456 78 91011 1213M
2.0
1.0
0.5
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human panc manmar y glan atrt—atT poSTE tlssua y the
guani di ni u e-CsC procedure _(Chl rgwin et al 19179)\40\)3@939r

were anal yged usiabHech ggcpgrarrg SIﬁHEETHH\SUBEiﬁG r :
(‘Dever eux imﬁiﬂﬁu Pri menl I n ﬁgp@CEBNA was i MENT SHEET
r _

“ extension was perfornmed accord| ng to (Ausubel et-al., 198 7) usi ng total™ RNA
and an anti se %QEE il eotide - (5" - AGGTGAGGCCCAACACHACEASTTHEE—3-) |
nt position 3 8 bri |zat|on of the primer with 20 [efr]g of the total

RNA was perforrred in 30 [err]l of 0.9 MNaCd, 0.15 M Hepes pH 7.5 and U.3™N
EDTA at 30[ er pgcapmerati gt ter the extension reaction with reverse

The present invention relates to a DNA molecule
containing intron sequences and encoding a human
protein whiéh is, depending on the site of action,
called Bile Salt-Stimulated Lipase (BSSL) or Cafboxyl
Ester Lipase (CEL). The DNA molecule is advantageously
used in the prbducﬁion of recombinant human BSSL/CEL,
preferably by means of production in transgenic non-.
human mammals. The recombinant human BSSL/CEL can be
used as a constituent of infant formulas used for
feeding infants as a substitute for human milk, or in
the manufacture of medicaments against e.g.'fat

. malabsorption, cystic fibrosis and chronic
pancreatitis.

BACKGROUND OF THE INVENTION

Hydrolysis of dietary lipids

Dietary lipids are 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
dietary 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 specific group of enzymes called
lipases.

. In the human adult the essential lipases involved are
" considered to be Gastric Lipase, Pancreatic Colipase-
. Dependent Lipase (hydrolysis of tri- and

L3



t r ans Chis SheaCias BedaReglack®Nsi on product s wer earatyzed-—by el LroahﬁﬂéﬂCéMENTSHEEf
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t hr ough ng pol yacryl am de gel i Hybf i
16 humnsl Willi c cell hybrid |ines, {obtai RERLAGEDM NI G NGV 199
" CGenetic epository (Coriell Insttture Tor Medical Re earcﬁ 6

Canden, NJ) were used for the chronosonmal a%signnent of the CH

Human- nouse sonmatic cell hybrids GW9925 t hrough GW9940 were derived from
fusi ons of fetaldimaydIlaEFiDroFRTLETF MR- @1‘331’%%1‘9%% A4y mrdrme—kirase——

defi ci ent nouse (Q@Adrdﬂybeiﬁ&? diggBshosphat i dy 19Breeddhandasd et al .,
Hybri ds %@n%%%§llc Ester Lipase (CEL) (hydrolysis of

cholesteryl- and fat soluble vitamin esters). In the
breast-fed newborn, Bile Salt-Stimulated Lipase (BSSL)
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 occurs.

Bile Salt-Stimulated Lipase
The human lactating mammary gland synthesizes and

secretes with the milk a Bile Salt-Stimulated Lipase
(BSSL) (Blackberg et al., 1987) that, after specific
activation by primary bile salts, contributes to the
breast-fed infant'’s endogenous capacity of intestinal
fat digestion. This enzyme, which accounts for
approximately 1% of total milk protein (Blackberg &
Hernell, 1981}, 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.
It is, however, inactivated when the milk is
pasteurized, e.g. heated to 62.5°C, 30 min (Bjdérksten
et al., 1980).

Model experiments in vitro suggest that the end
products of triacylglycerol digestion are different in
the presence of BSSL (Bernback et al., 1990; Hernell &
Blackberg, 1982). Due to lower intraluminal bile salt
concentrations during the neonatal period this may be
beneficial to product absorption.

Carboxylic Ester Lipase
The Carboxylic Ester Lipase (CEL) of human pancreatic

juice (Lombardo et al., 1978) seems functionally to be
identical, or at least very similar, to BSSL (Blackberg
et al, 1981). They also share common epitopes, have
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GwW2860 with the HPRT and APRT deficient ,7-%%% GREET IHAlgeBM | lrefr—et—et—

1986), while hybrid GVL0611 resulted from r usi on} off fhe
retroviral vector SP-1 infected human | ynphahl acﬁmﬁbﬁﬁl he- 78 901%'\!@/ 1996

the Chinese hanster ovary line UV-135 ( burton et al., 1990)}{ Hybrid
GML0095 was derived fromthe fusion of |'ynphocytes froma fenalle with a

identical N-terminal amino acid sequences (Abouakil et
al., 1988) and are inhibited by inhibitors of serine
esterases, e.g. eserine and diisopropylfluoro-
phopsphate. In recent studies from several laboratories
the c¢cDNA structures from both the milk lipase and the
pancreas lipase have been characterized (Baba et al.,
1991; Hui et al., 1991; Nilsson et al., 1990; Reue et
al., 1991) and the conclusion is that the milk enzyme

- and the pancreas enzyme are products of the same gene
(in this application referred to as the CEL gene, EC
3.1.1.1). The cDNA sequence and deduced amino acid
sequence of the CEL gehe are described in WO 91/15234
(Oklahoma Medical Research Foundation) and in WO
91/18923 (Aktiebolaget Astra).

CEL is thus assumed to be identical to BSSL, and the
polypeptide encoded by the CEL gene is in the present
context called BSSL/CEL.

Lipid malabsorption
Common causes of lipid malabsorption, and hence

malnutrition, are reduced intraluminal levels of
Pancreatic Colipase-Dependent Lipase and/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 80% of
the patients, and chronic pancreatitis, often due to
chronic alcoholism.

- The present treatment of patients suffering from a
deficiehcy of pancreatic lipase is the oral
administration of very large doses of a crude
preparation of porcine pancreatic enzymes. However,
Colipase-Dependent Pancreatic Lipase is inactivated by
the low pH prevalent in the stomach. This effect cannot
be completely overcome by the use of large doses of
enzyme. Thus the large doses administered are
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| ine CHWM t al., 1979). The h w one cphftent of the
hybrid Ii det erm ned by cytogenet.i sis Wil [T ANOY 1994
Sout hern I nd in situ hybridization analysis, arg ghown in

Table 1. High nol ecul ar wei ght DNAs isol a#ed from nouse, Chi npse mamster
and human parental cell line and the 16 hybrid cell lines werk_digested
with EcoRl, frisafeauaes fAromessiagarasetiel 3ndaparer¥REf ERed to nylon

filters. A [[eprépheatlBhdCdPe! abphed &kt aRPAIREabee(a full-1ength cDNA)
was prepared by oligol abeling (Felnberg and Vogel stein, 1983) and

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 in those cases the tablets may fail to discharge
the enzyme.

Moreover, since the preparations presently on the
market are of a non-human source there is a risk of
immunoreactions that may cause hérmful 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 BSSL/CEL-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 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. Products that can be derived from
the use of the present invention fulfil this need by
themselves, or in combination with preparations
containing other lipases..

Infant formulas

It is well known that human milk-feeding is considered
superior to formula-feeding for infants. Not only does
human milk provide a well-balanced supply of nutrients,
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hybridized to the filters. The filters wer ° TMIRS BREET ©IAS GBEEN

n {eg

65[err]Cin 6xSSC/ 0. 5%6DS and in 2xSSC/ 0. 5p6DS. rase aln Reactl
Total human genonic DNA isol ated from | eukbeytes: Hﬁfgg??uulo ti ‘§96
hybrids and from sone of the positive gengnic reconblnants and t taI RNA
from human | actating nmammary gl and and huran pancreas were a iTred for

e o a8l e T0oh 867 bas 0Ly CHiaURE " BE Rl enPRRET BrisgecRte
[10 mM Tris- HCsevpERS. B;osogmkuf agtsvnwlcwg\gpp@nt]s whogh[ are] kneWneach
dNTP,” 100 [errig/ gbv@ebatkio1499cRIPEuAEL2BAE R #BE, iheAnt d2@ DNA

either a constituent of human milk or produced during

the digestion thereof, including components involved in

the defense against infection and components

facilitating the uptake of nutrients from human milk.

In spite of the great efforts which have been invested
in preparing infant formulas, it has not been possible
to produce a formula which to any substantial extent
has the advantageous properties of human milk. Thus,
infant formulas, often prepared on the basis of cow
milk, is generally incompletely digested by the infant
and is lacking substances known to have effect on the

- physiological functions of the infant. In order to
obtain an infant formula with a nutritional value
similar to human milk, a number of additives including
protein fragments, vitamins, minerals etc., which are
normally formed or taken up during the infant’s
digestion of human milk; are included in the formula
with the consequent risk of posing an increased strain
on and possible long-term damage of important organs
such as liver and kidney. Another disadvantage
associated with the use of cow milk-based formulas is
the increased risk for inducing allergy in the infant
against bovine proteins.

As an alternative to cow milk-based infant formulas,
human milk obtainable from so-called milk banks has
been used. However, feeding newborn infants with human
milk from milk banks has in the recent years to an
increasing extent been avoided, because of the fear for
the presence of infective agents such as HIV and CMV in
human milk. In order to destroy the infective agents in
human milk it has become necessary to pasteurize the
milk before use. However, by pasteurization the
nutritional value and the bioclogical effects of the

- This Sheet Has Been Replaced
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pol ynerase (Perkin-El mer Cetus, Norwalk, Tﬂﬁy@mEahaASHEEN ngal{Tng
tenperature 55[err]C for all the prinmer paif S
ahpn}oified by the use of conbined conpl enent 19 Nov 1996
met hodol ogi es. cDNA was synthesized fromlglerr]g total RNA in|46—erd
a solution containing 50 mM Tris-HC1, pH 8.3, 50 nM KO, 10 NgCl[erM
10 [err]g/m BRA1K dodgneneh T Rie &b $wa O £6F | @o4ritb) e s] BSET U —
ri bonucl ease i nhi_bit.or d 200 U .reverse transcriptase (MoMuLV), (BRL,

Bet hesda Researlcf’r?q_tébc?r%ﬁaé;r a5 megtjon Etﬁg *30 min at 42[err]C. The cDNA

was precipitated and resuspended in 25 [err]l H[err]C) 2 [err]l of this was

anplified, as QeREAMREH of lipases to infant formulas

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. However, because of BSSL,
such malabsorption-is much less frequent in breast-fed .
infants than in infants fed pasteurized human milk or
infant formulas (Bernback et al., 1990). ' |

To avoid the above disadvantages associated with
pasteurized milk and bovine milk-based infant formulas,
it would thus be desirable to prepare an infant formula
with a composition closer to that of human milk, i.e. a
formula comprising human milk proteins.

BSSL/CEL has several unique properties that makes it

ideally suited for supplementation of infant formulas:

. 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 spedificity it has the
potential to, on its own, mediate complete
digestion of most dietary lipids, including the fat
soluble vitamin esters. _

. BSSL/CEL may.be superior to Pancreatic Colipase-
Dependent Lipase to hydrolyze ester bonds
containing long-chain polyunsaturated fatty acids.

* In the presence of Gastric Lipasé and in the
absence of, or at low levels of Colipase-Dependent
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-24- above. The anplified fragnments were aly ﬂgEP@A Q%WPQa
Sonme of the fragnents were further subclong g 3

ce
Structure of the Human CEL Gene In each ge1nn1r ﬁﬁ%ﬁﬁs 1Q[ er
reconbi nants were screened and the screeq;ngs yi el ded several posSTTTVe
cl ones,

ose gel.
Cepe 19 NOV 1996
]

Lipase, BSSL/CEL 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/CEL 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
(Bernback et al., 1990). This may favour product
absorption particularly when the intraluminal bile
salt levels are low.

The utilization of BSSL/CEL for supplementation of
infant formulas requires however access to large
quantities of the product. Although human milk proteins
may be purified directly from human milk, this is not a
realistic and sufficiently economical way to obtain the
large quantities needed for large scale formula
production, and other methods must consequently be
developed before an infant formula comprising human
milk proteins may be prepared. The present invention
provides such methods for preparation of BSSL/CEL in
large quantities.

Production of proteins in milk of transgenic animals

" The isolation of genes encoding pharmacologically
active proteins has'permitted cheaper production of
such proteins in heterologous systems. An appealing
expression system for milk proteins is the transgenic
animal (For a review see Hennighausen et al., 1990)..
Dietary compositions comprising bile salt-activated
lipase derived from e.g. transgenic animal technology,
is described in EP 317,355 (Oklahoma Medical Research
Foundation).

In the transgenic animal,. the protein coding sequence
can be introduced as cDNA or as a genomic sequence.
Since introns may be necessary for regulated gene

expression in transgenic animals (Brinster et al.,
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which were all isolated and mapped. Two es—aesTUN:
[err] BSSL5A, were further analyzed. RestHi ggsti ¢n
several enzynes, Southern blotting folloded by REPLAGED zatidn wit
probes, indicated that the [err] BSSL5A cllene eTS the whol e

that the [err]BSSLl clone covers the 5 -—#al f and about 10 kb ¢f
5' -fl anki ng re g. 1). Toget her ese, twp clones cover alout 25 kb of
hunan genome. Ewh%ﬁﬁkﬂﬁwﬁ%gaﬁnd }%g}}lelbﬁ LRZPARY dF38EPi on, suitable
fragnents forpaﬁﬁéﬁﬁb B nes @i lee ngehanilc t Bermntratkeseghancehef cDNa CEL

gene coul d be doterty nag, LSleag 1940 OB obPsTaa | anking region and

with
cDRACV 1996
gene and

(Pharmaceutical Proteins Limited) describes the use in
transgenic animals of protein-coding DNA comprising at
least one, but not all, of the introns naturally
occurring in a gene coding for the protein.

PURPOSE OF THE INVENTION

It is an object of the present invention to provide a
means for producing recombinant human BSSL/CEL, in a
high vield and at a realistic price, for use in infant
formulas in order to avoid the disadvantages with
pasteurized milk and formulas based on bovine proteins.

BRIEF DESCRIPTION OF THE INVENTION

The purpose of the invention has been achieved by
cloning and sequencing the human CEL gene. In order to
improve the yield of BSSL/CEL, the obtained DNA
molecule containing intron sequences, instead of the
known cDNA sequence, of the human CEL gene has been
used for production of human BSSL/CEL in a transgenic

non-human mammal .

Accordingly, in one aspect the present invention
relates to a DNA molecule shown in the Sequence Listing
as SEQ ID NO: 1, or an analogue of the said DNA
molecule which hybridizes with the DNA molecule shown
in the Sequence Listing as SEQ ID NO: 1, or a specific
part thereof, under stringent hybridization conditions.

The procedure used for isolating the human BSSL/CEL DNA
molecule is outlined in the Examples below.
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of the 3'-flanking region. These data reveal _ L fgene ( SEQ

ID NO 1) span a ?egl gn of 9850 bp, contai ni|A§IS PHERD S ﬁ@? upt ¢d HY NOV 1994
introns (Fig. 1). This means that the exonsland eﬁﬁﬂdﬂﬁplv thé fndrons are
relatively small. In fact, exons 1-10 range STzes from 87-204 bp =
respectively while exon 11 is 841 bp long. The introns range in zes from.

85- 2343 bp respectlvely As can be noted in Table 3, all exon/intron

cuggest ed by MihEALTHenY IS AN R ciShl e EOPERESHS <CAIENIES
conpared with athw&:la\vﬂe(w Ilg%dmdﬁr%HOOd 19909heb¥’llgolmenﬁlwlﬂélence in
nucl eoti de SeQMﬁﬂﬁﬁ¥¥a$1fé“”EhaéfK?S%iHHEEE&oﬁn1§XQQr§1eé GutWhich in the

cDNA sequence Is a Since this_position is |ocated 10 nt ugstrean1the
according to an ordinary laboratory manual suc

Sambrook et al. (1989).

—

In another aspect. the present. invention provides a
mammalian expression system comprising a DNA sequence
encoding human BSSL/CEL inserted into a gene encoding a
milk protein of a non-human mammal so as to form a
hybrid gene which is expressible in the mammary gland
of an adult female of a mammal harbouring said hybrid
gene so that human BSSL/CEL is produced when the hybrid

gene is expressed.

In yet a further aspect, the present invention relates
to a method of producing a transgenic non-human mammal
capable of expressing human BSSL/CEL, comprising
injecting a mammalian expression system as defined
above into a fertilized egg or a cell of an embryo of a
mammal so as to incorporate the expression system into
the germline of the mammal and developing the resulting
injected fertilized égg or embryo into an adult female
mammal. '

DETAILED DESCRIPTION OF THE INVENTION

The DNA molecule shown in the Sequence Listing as SEQ
ID NO: 1, which has an overall length of 11531 bp, has
the following features:
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aci d sequence. nE ers of the

Al u class of repetitive DNA el enents are présent BE’H{AEE sea ded r 4§ Nay 1995

| abel ed Alul -Alu7(5' -3 )(Fig. 1), one in E%é’B -flanki ng region

. Feature from base to base : —
5¢-Flanking region 1 | 1640
TATA box 1611 1617
Exon 1 ' 1641 1727
Translation start 1653 : 1653
Exon 2 4071 4221
Exon 3 4307 4429
Exon 4 4707 4904
Exon 5 6193 6323
Exon 6 6501 6608
Exon 7 6751 6868
Exon 8 8335 8521
Exon 9 8719 8922
Exon 10 10124 10321
Exon 11 10650 11490
3’/-Flanking region 11491 11531

In the present context, the term "gene" is used to
indicate a DNA sequence which is involved in producing
a polypeptide chain and which includes regions
preceding and following the coding region (5’-upstream
and 3’'-downstream sequences) as well as intervening

~ sequences, the so-called introns, which are placed
between individual coding segments (so-called exons) or
in the 5’-upstream or 3‘’-downstream region. The 5'-
upstream region comprises a regulatory sequence which
controls the expression of the gene, typically a
promoter. The 3’-downstream region comprises sequences
which are involved in termination of transcription of
the gene and optionally'sequences responsible for
polyadenylation of the transcript and the 3’
untranslated region. |

The DNA molecules of the invention explained herein may
comprise natural as well as synthetic DNA sequences,
the natural sequence typically being derived directly
from genomic DNA, normally of mammalian origin, e.g. as
described below. A synthetic sequence may be prepared
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and the six others within the CEL gene. TRIASSAEMT HRY BEENL| at} op—Sites

and 5' -Fl anking region To map the human CEL gen riptijon ynjti
site(s), primer extension analysis was per O[‘I’T‘P%éfﬁ'ﬁﬁr&ﬁf otaH R ﬂh@&tﬂ?%
pancreas, l|lactating mammary gl and and adi pose tissue. The resul q,lndlcated

a major transcription start site |ocated1l¥2 bp, and a m nor st [
| ocated 8 bases, upstreamof the initiator nethionine. The tra ' -
initiation s&@esqmwanﬂnpnﬁﬁmmethQQﬁrfquﬁymkhﬁtﬂﬂﬁlkxxnﬁ¢pﬁr¥nﬂwﬁw@ gl and
whereas no s d drhaQPS F The
sequenced reg?]lc])% | nggudéfgpelgﬁ%ﬁnté‘%%é%bé anﬁﬁ%ﬁ%ﬁ&é Saﬁge%g%%dsequence

In a further aspect, the present invention relates to a
replicable expression vector which carries and is
capable of mediating the expression of a DNA sequence
encoding human BSSL/CEL. '

In the present context, the term “replicable" means
that the vector is able to replicate in a given type of
host cell into which it has been introduced. Immedi-
ately upstream of the human BSSL/CEL DNA sequence there
‘'may be provided a sequence coding for a signal peptide,
the presence of which ensures secretion of the human
BSSL/CEL expressed by host cells harbouring the vector.
The signal sequence may be the one naturally associated
with the human BSSL/CEL DNA sequence or of another

origin.

The vector may be any vector which may conveniently be
subjected to recombinant DNA procedures, and the choice
of vector will often depend on the host cell into which
it is to be introduced. Thus, the vector may be an
autonomously replicating vector, i.e. a vector which
exists as an extrachromosomal entity, the replication
of which is independent of chromosomal replication;
examples of such a vector are a plasmid, phage; cosmid,
mini-chromosome or virus. Alternatively, the vector may
be one which, when introduced in a host cell, is
integrated in the host cell genome and replicated
together with the chromosome(s) into which it has been
integrated. Examples of suitable vectors are a
bacterial expression vector -and a yeast expression
vector. The vector of the invention may carry any of
the DNA molecules of the invention as defined above.
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box-1i ke sequence, CATAAAT was found- 30 ansdr ifpt1 on
initiation site (Fig. 4). Neither a CAAT- Uﬂg %?”HA;??E%& GY Qox¢9 NGY €996
evident in this region. The 5' -fl anki nd_sequ Q&&gk_cnnﬂuter screened,

in both strands, for nucleotide sequences known as transcri ptijor—feactor

bi ndi ng sequences in other mammary gl and=1émd pancreati c-speciffi c genes.

Several putative recognitiqn sequyences re found, see Fig.
Chronosomal LodRS PXESERtoAVREtEEn EYF&heT ST & the CEL cDNA
probe det ect ed hhetourdol af regpldnhdblel exppre®dirat atectly kdy ddéEikird 2. 2 kb

above. In principle, this cell may be of any type of
cell, i.e. a prokaryotic cell, a unicellular eukaryotic
organism or a cell derived from a multicellular '
organism, e.g. a mammal. The mammalian cells are
especially suitable for the purpose and are further
discussed below.

In another important aspect, the invention relates to a
method of producing recombinant human BSSL/CEL, in
which a DNA sequence encoding human BSSL/CEL is
inserted in a vector which is able to replicate in a
specific host cell, the resulting recombinant vector is
introduced into a host - cell which is grown in or on an
appropriate culture medium under appropriate conditions
for expression of human BSSL/CEL and the human BSSL/CEL
is recovered. ' '

The medium\used to grow the cells may be any
conventional medium suitable for the purpose. A
suitable vector may be any of the vectors described
above, and an appropriate host cell may be any of the
cell types listed above. The methods employed to
construct the vector and effect introduction thereof
into the host cell may be any methods known for such
purposes within the field of recombinant DNA. The
recombinant human BSSL/CEL expressed by the cells may
be secreted, i.e. exported through the cell membrane,
dependent on the type of cell and the composition of
the wvector.

If the human BSSL/CEL is produced intracellularly by
the recombinant host, that is, is not secreted by the
cell, it may be recovered by standard procedures
comprising cell disrupture by mechanical means, e.g.
sonication or homogenization, or by enzymatic or

chemical means followed by purification. -~ ——7 —mMmM
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and 2.0 kb, while in the nouse and hanst Hﬁ S ERi{ngl ¢ ldgHCHLa of
about 25 kb and 8.6 kb, respectively, wef e %‘Pi‘gg res féwé
CEL gene sequences in the hybrid clones forrel g%lv C

of human chronosone 9 (Table 1). Only ong?of the 16 hybrlds aha

positive for the human CEL gene; this hy id contained chronmoporme 9 as the

>
D

only human chggmasaEe. Mol $eA2RY €S HOhNa sequence encoding
human BSSL/CEL should be preceded by a sequence coding
for a signal peptide, the presence of which ensures
secretion of human BSSL/CEL from the cells so that at
least a significant proportion of the human BSSL/CEL
expressed is secreted iﬁto the culture medium and
recovered.

The presently preferred method of producing recombinant
human BSSL/CEL of the invention is by use of transgenic
non-human mammals capable of excreting the human
BSSL/CEL into their milk. The use of transgenic non-
human mammals has the advantage that large yields of
recombinant human BSSL/CEL are obtainable at reasonable
costs and, especially when the non-human mammal is a _
cow, that the recombinant human BSSL/CEL is produced in
milk which is the normal constituent of, e.g., infant
formulae so that no exﬁensive purification is needed
when the recombinant human BSSL/CEL is to be used as a
‘nutrient supplement in milk-based products.
Furthermore, production in a higher organism such as a
non-human mammal normally leads to the correct
processing of the mammalian protein, e.g. with respect -
to post-translational processing as discussed above and
proper folding. Also large quantities of substantially
pure human BSSL/CEL may be obtained.

Accordingly, in a further important aspect, the present
invention relates to a mammalian expression system
comprising a DNA sequence encoding human BSSL/CEL
inserted into a gene encoding a milk proteih of a non-
human mammal so as to form a hybrid gene which is
expreésible in the mammary gland of an adult female of
a mammal harbouring said hYbrid gene.

The DNA sequence encoding human BSSL/CEL is preferably
a DNA sequence as shown in the Sequence Listing as SEQ

-
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analogue thereof.

The mammary gland as a tissue of expression and genes
encoding milk proteins are generally considered to be
particularly suitable for use in the production of
heterologous proteins in transgenic non-human mammals
as milk proteins are naturally produced at high
expression levels in the mammary gland. Also,'milk is
readily collected and available in large quantities. In
the present connection the use of milk protein genes in
the production of recombinant human BSSL/CEL has the
further advantage that it is produced under conditions
similar to the its natural production conditions in
terms of regulation of expression and production
location (the mammary gland).

In the present context the term'“hybrid gene"® denotes a
DNA sequence comprising on the one hand a DNA sequence
encoding human BSSL/CEL as defined above and on the
other hand a DNA sequence of the milk protein gene
which is capable of mediating the expression of the
hybrid gene product. The term "gene encoding a milk
protein“.denotes an entire gene as well as a
subsequence thereof capable of mediating and targeting
the expression of the hybrid gene to the tissue of
interest, i.e. the mammary gland. Normally, said
subsequence is one which at least harbours one or more
of a promoter region, a transcriptional start site, 3’
and 5’ non-coding regions and structural sequences. The
DNA sequence encoding human BSSL/CEL is preferably
substantially free from prokaryotic sequences, such as
vector sequences, which may be associated with the DNa
sequence after, e.g., cloning thereof.

The hybrid gene is preferably'formed by inserting in
vitro the DNA sequence encoding human BSSL/CEL into the
milk protein gene by use of techniques known in the -
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vector for production of reconbi nant hune N trjarn
animals the follow ng strategy was enpl oyed ( FRGPLADE! Thijee |p1Z_based
pl asm ds (Pharnmaci a, Uppsal a, Sweden) cont ining different parfts of the
human CEL gene, pS309, pS310 and pS311 merg obt ai ned usi ng t hd—retheds———m————
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BSSL/CEL can be inserted in vivo by homologous

recombinantion.

Normally, the DNA sequence encoding human BSSL/CEi will
be inserted in one of the first exons of the milk
protein gene of choice or an effective subsequence
thereof comprising the first exons and preferably a
substantial part of the 5’ flanking sequence which is
believed to be of regulatory importance.

The hybrid'gene preferably comprises .a sequence _
encoding a signal peptide so as to enable the hybrid
gene product to be secreted correctly into the mammary
gland. The signal peptide will typically be the one
normally .found in the milk protein gene in question or
one associated with the DNA sequence encoding human
BSSL/CEL. However, also other signal sequences capable
of mediating the secretion of the hybrid gene product
to the mammary gland are relevant. Of course, the
various elements of the hybrid gene should be fused in
such a manner as to allow for correct expression and
processing of the gene product. Thus, normally the DNA
sequence encoding the signal peptide of choice should
be precisely fused to the N-terminal part of the DNA
séquence encoding human BSSL/CEL. In the hybrid gene,
the DNA sequence encoding human BSSL/CEL will normally
comprise its stop codon, but not its own message
cleavance and polyadenylation site. Downstream of the
DNA sequence encoding human BSSL/CEL, the mRNA
processing sequences of the milk protein gene will
normally be retained.

A number of factors are contemplated to be responsible
for the actual expression level of a particular hybrid
gene. The capability of the promoter as well of other
regulatory sequences as mentioned above, the

integration site of the expression system in the genome
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first intron to a part of the sixth intrdn. ThigedLAGERe pl agnmid g
contains a BanH fragnent covering a vari'art—ef—tte—CELC gene fjrc
part of the fifth intron and the rest oflfftte intron/exon strudture. In this

plasm d, the repetitive sequence of exon 11 that qﬁénaaly encogestie—i6
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Anot her pl asmeticdaS32%8 e BSBIVCEL piaf teind ridkek hpwdne Hrlenddiing oned into
Lhe plasm d pUCTY al, e oAl L Sk %o | St 5t f usi on of the
regulation and other similar factors may be of vital
importance for the expression level obtained. On the
basis of the knowledge of the various factors
influencing the expression level of the hybrid gene,
the person skilled in the art would know how to design

an expression system useful for the present purpose.

A variety of different milk proteins are secreted by
the mammary gland. Two main groups of milk proteihs
exist, namely the caseins and the whey proteins. The
composition of milk from different species varies
qualitatively as well as quantitatively with respect to
these proteins. Most non-human mammals produces 3
different types of casein, namely o-casein, B-casein
and x-casein. The most common bovine whey proteins are
a-lactalbumin and B-lactalbumin. The composition of
milk of various origins are further disclosed in Clark
et al. (1987).

The milk protein gene to bé used may be derived from
the same species as the one in which the expression
system is to be inserted, or it may be derived from
another species. In this connection it has been shown
that the regulatory elements that target gene
expression to the mammary gland are functional across
species boundaries, which may be due to a possible

. common ancestor (Hennighausen et al., 1990).

Examples of suitable genes encoding a milk protein or
effective subsequences thereof to be used in the
construction of an expression system of the invention
are normally found among whey proteins of various
mammalian origins, e.g. a whey acidic protein (WAP)
gene, preferably of murine origin, and a B-
lactoglobulin gene, preferably of ovine origin. Also
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sequence of CEL. Plasmd pS283 was then d gest €80 Ncol_fand dacl
fragnent of about 2.7 kb was i sol at ed. Plfsn1d pS309 was di geg4t ad

casein genes of various origins may be found to be
suitable for the transgenic production of human
BSSL/CEL, e.g. bovine aSl-casein and rabbit f-casein.
The presently preferred gene is a murine WAP gene as
this has been found to be capable of providing a high
level of expression of a number of foreign human
proteins in milk of different transgenic animals
(Hennighausen et al, 1990). '

Another sequence preferably associated with the
expression system of the invention is a so-called
expression stabilizing sequence capable of mediating
high-level expression. Strong indications exist that
such stabilizing sequences are found in the vicinity of
and upstreams of milk protein genes.

The DNA sequence encoding human BSSL/CEL to be inserted
in the expression system of the invention may be of
genomic or synthetic origin or any combination thereof.
Some expression systems have been found to reguire the
presence of introns and other regulatory regions in
order to obtain a satisfactory expression (Hennighausen
et al., 1990). In some cases it may be advantageous to
introduce genomic structures, rather than cDNA
elements, as polypeptide encoding element in vector
constructs (Brinster et al.). The intron and exon
structure may result in higher steady state mRNA levels
that obtained when cDNA based vectors are used.

In a further aspect, the present invention relates to a
hybrid gene comprising a DNA sequence encoding human
BSSL/CEL inserted into a gene encoding a milk protein
of a non-human mammal, the DNA sequence being inserted
in the milk protein gene in such a manner that it is
expressible in the mammary gland of an adult female of
a mammal harbouring the hybrid gene. The hybrid gene
and its constituents have been discussed in detail

above. The hybrid gene constitutes an important
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In another aspect, the present invention-relates to a
non-human mammalian cell harbouring an expression
system as defined above. The mammalian cell is
preferably an embryo cell or a pro-nucleus. The
expression system is suitably inserted in the mammalian
cell using a method as explained in the following and
specifically illustrated in the Example below.

In a further important aspect, the present invention
relates to a method of producing a transgenic non-human
mammal capable of expressing human BSSL/CEL, comprising
injecting an expression system of the invention as
defined above into a fertilized egg or a cell of an
embryo of a mammal so as to incorporate the expression
system into the 'germline of the mammal and developing
the resulting injected fertilized egg or embryo into an
adult female mammal. '

The incorporation of the expression system into the
germline of the mammal may be performed using any’
suitable technique, e.g. as described in "Manipulating
the Mouse Embryo"; A Laboratory Manual, Cold Spring
Harbor Laboratory Press, 1986. For instance, a few
hundred molecules of the expression system may be
directly injected into a fertilized egg, e.g. a
fertilized one cell egg or a pro-nucleus thereof, or an
embryo of the mammal of choice and the microinjected
eggs may then subsequently be transferred into the
oviducts of pseudopregnant foster mothers and allowed
to develop. Normally, not all of the injected eggs
wili develop into adult females expressing human
BSSL/CEL. Thus, about half of the mammals will from a
statistically point of view be males from which,
however, females can be bred in the following

generations.
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the truncated CEL

té produce a correctly processed and functional human
BSSL/CEL in stable lines of the mammal in question.

Of further interest is a method of producing a
transgenic non-human mammal capable of expressing human
BSSL/CEL and substantially incapable of expressing
BSSL/CEL from the mammal itself, comprising

(a) destroying the mammalian BSSL/CEL expressing
capability of the mammal so that substantially no.
mammalian BSSL/CEL is expressed and inserting an
expression system of the invention as defined above or
a DNA sequence encoding human BSSL/CEL into the
germline of the mammal in such a manner that human
BSSL/CEL is expressed in the mammal; and/or (b)
replacing'the mammalian BSSL/CEL gene or part thereof
with an expression system of the invention as defined
above or a DNA sequence encoding human BSSL/CEL.

The mammalian BSSL/CEL expressing capability is
conveniently destroyved by inﬁroduction of mutations in
the DNA sequence responsible for the expression of the
BSSL/CEL. Such mutations may comprise mutations which
make the DNA sequenée out of frame, or introduction of
a stop codon or a deletion of one or more nucleotides
of the DNA seqguence. '

The mammalian BSSL/CEL gene or a part thereof may be
replaced with an expression system as defined above or
a DNA sequence encoding human BSSL/CEL by use of the
well known principles of homologous recombination.

In a further aspect, the present invention-relates to a
transgenic non-human mammal prepared by a method as
described above. '
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used. Plasm d pS314 contains a genomnic 1 rur i e fwh&§ MoV dpes
protein (WAP) gene (Canpbell et al. .1984) cloned as a Notl fragnent. The

genom ¢ fragnent

While the transgenic non-human mammal of the invention
in its broadest aspect is not restricted to any
particular type of mammal, the mammal will normally be
selected from the group consisting of mice, rats,
rabbits, sheep, pigs, goats and cattle. For large scale
production of human BSSL/CEL the larger animals such as
sheep, goats, pigs and especially cattle are normally
preferred due to their high milk préduction. However,
also mice, rabbits and rats may be interesting due to
the fact that the manipulation of these animals is more
‘simple and results in transgenic animals more quickly

than when, e.g. cattle, are concerned.

Also progeny of a transgenic mammal as defined above,
capable of producing human BSSL/CEL is within the scope
of the present invention.

In a further aspect the present invention includes milk
from a non-human mammal comprising recombinant human
BSSL/CEL.

In a still further aspect, the present invention
relates to an infant formula comprising recombinant
human BSSL/CEL, in particular a polypeptide of the
invention as defined above. The infant formula may be
prepared by adding the recombinant human BSSL/CEL or
polypeptide in a purified or partly'purified form to
the normal constituents of the infant formula. However,
normally it is preferred that the infant formula is
prepared from milk of the invention as defined above,
especially when it is of bovine origin. The infant
formula may be prepared using conventional procedures
and contain any necessary additives such as minerals,

vitamins etc.
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I nstead, a neF*3fELES t e was i ntroduced directly downstream of the Kpnl
site in exon 1. This was performed by Kpnl digestion and introduction of
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5' - GTCGACGGTA!
CHROMOSOMAL LOCALIZATION OF THE CEL GENE

standard molecular biology technigues were used
(Maniatis et al., 1982; Ausubel et al., 1987; Sambrook
et al., 1989) if nothing else is mentioned.

Isolation of Genomic Recombinants

Two different human genomic phage libraries, ADASH
(Clonentech Laboratories Inc., Palo Alto, Ca, USA) and
AEMBL-3 SP6/T7 (Stratégene, La Jolla, CA, USA), were
screened by plagque hybridization using various
subcloned cDNA restriction fragments (Nilsson et al.,
1990) as probes, labeled with [a—32P]dCTP by the
oligolabeling technique (Feinberg et al., 1983).

Mappin Subcloning and Sequencing of Genomic Clones
Positive clones were digested with various restriction
enzymes, electrophoresed on 1% agarose gels and then
vacuumtransfered (Pharmacia LKB BTG, Uppsala, Sweden)
to a nylon membrane. The membrane was hybridized with
various cDNA probes. Restriction fragments, hybridizing
with the probes, were isolated using the
isotachophoreses method (Ofverstedt et al., 1984).
Smaller fragments, <800 bp, were directly inserted into
M13mpl8, M13mpl9, M13BM20 or M13BM21l vectors and
sequenced, using E. coli TGl as host bacteria, whereas
larger fragments were subcloned into pTZ1l8R or pTZ19R
vectors, using E. coli DHS5a as host bacteria, and
further digested. (The plasmids pS309, pS310 and pS451
used in Example 2 below were produced accordingly.)
Some of the isolated fragments were also used as probes
in hybridizations. All of the nucleotide sequence was
determined by the dideoxy chain termination method
(Sanger et al., 1977) using Klenow enzyme and either
the M13 universal sequencing primer of specific
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UWGCG software package (Devereux et al., 1984).

Primer Extension

Total RNA was isolated from human pancreas, lactating
mammary gland and adipose tissue by the guanidinium
isothiocyanate-CsCl procedure (Chirgwin et al., 1979).
Primer extension was performed according to (Ausubel et
al., 1987) using total RNA and an antisense 26-mer |
oligonucleotide (5‘'-AGGTGAGGCCCAACACAACCAGTTGC-3’), nt
position 33-58. Hybridization of the primer with 20 ug
of the total RNA was performed in 30 Hl of 0.9 M NaCl,
0.15 M Hepes pH 7.5 and 0.3 M EDTA at 30°C overnight.
After the extension reaction with reverse
transcriptase, the extension products were analyzed by
electrdphoresis through a 6% denaturing polyacrylamide
gel.

Somatic Cell Hybrids

DNA from 16 human-rodent somatic cell hybrid lines,
obtained from NIGMS Human Genetic Mutant Cell
Repository (Coriell Institute for Medical Research,
Camden, NJ} were used for the chromosomal assignment of
the CEL gene. Human-mouse somatic cell hybrids GM09925
through GM09940 were derived from fusions of fetal
human male fibroblasts (IMR-91), with the thymidine
kinase deficient mouse cell line B-82 (Taggart et al.,
'1985; Mohandas et al., 1986). Hybrids GM10324 and
GM02860 with the HPRT and APRT deficient mouse cell
line A9 (Callen et al., 1986), while hybrid GM10611
resulted from a microcell fusion of the retroviral

vector SP-1 infected human lymphoblast cell line
GM07890 with the Chinese hamster ovary line UV-135
(Warburton et al., 1990). Hybrid GM10095 was derived
from the fusion of lymphocytes from a female with a
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hamster cell line CHW1102 (Mohandas et al., 1979). The
human chromosome content of the hybrid lines, which was
determined by cytogenetic analysis as well as by
Southern blot analysis and in situ hybridization
analysis, are shown in Table 1. High molecular weight
DNAs isolated from mouse, Chinese hamster and human
parental cell line and the 16 hybrid cell lines were
digested with EcoRI, fractionated in 0.8% agarose gels,
and transferred to nylon filters. A [a—32P]dCTP—labeled
CEL cDNA probe (a full-length cDNA) was prepared by
"oligolabeling (Feinberg'and Vogelstein, 1983) and -
hybridized to the filters. The filters were washed for
60 min each at 65°C in 6xSSC/0.5%SDS and in
2xSS8C/0.5%SDS.

Polymerase Chain Reaction
Total human genomic DNA isolated from leukocytes, DNA

from somatic cell hybrids and from some of the positive
genomic recombinants and total RNA from human lactating
mammary gland and human pancreas were amplified for
exon 10 and exon 11l. Two Hg of DNA were used. The
primers used are listed in Table 2. Thirty cycles of
PCR were performed in 100 pl volume [10 mM Tris-HCl1l, pH
8.3, 50 mM KC1, 1.5 mM MgCl,, 200 uM of each 4ANTP, 100
pHg/ml gelatin, 100 pmol of each primer, 1.5 U Taqg DNA
polymerase (Perkin-Elmer Cetus, Norwalk, CT, USA)] and
the annealing temperature 55°C for all the primer
pairs. The RNA sequence was amplified by the use of
combined complementary DNA (cDNA) and PCR
methodologies. cDNA was synthesized from 10{g total RNA
in 40 Ml of a solution containing 50 mM Tris-HCl, pH
8.3, 50 mM KC1, 10 mM MgCl,, 10 pg/ml BSA, 1 mM of each
dNTP, 500 ng of oligo(dt)lz_lg} 40 U ribonuclease
inhibitor, and 200 U reverse_transcriptase (MoMuLV) ,
(BRL, Bethesda Research Laborataries, N.Y., USA) for 30
min at 42°C. The cDNA was precipitated and resuspended
in 25 pl Hy0; 2 pl of this was amplified, as described
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agarose gel. Some of the fragments were further
subcloned and sequenced.

Gene Structure of the Human CEL Gene

In each genomic library, 10® recombinants were screened
and the screenings yielded several positive clones,
which were all isolated and mapped. Two clones,
designated ABSSL1 and ABSSL5A, were further analyzed.
Restriction enzyme digestions with several enzymes,
Southern blotting followed by hybridization with cDNA
probes, indicated that the ABSSLS5A clone covers the
whole CEL gene and that the ABSSL1 clone covers the 5'-
half and about 10 kb of 5’—f1anking region (Fig. 1).
Together these two clones cover about 25 kb of human
genome. '

After subcloning and restriction enzyme digestion,
suitable fragments for sequencing were obtained and- the
entire sequence of the CEL gene could be determined,
including 1640 bp of the 5’-flanking region and 41 bp
of the 3’'-flanking region. These data revealed that the
human CEL gene (SEQ ID NO: 1) span a region of 9850 bp,
containing 11 exons interrupted by 10 introns (Fig. 1).
This means that the exons and especially the introns
are relatively small. In fact, exons 1-10 range.in
sizes from 87-204 bp respectively while exon 11 is 841
bp long. The introns range in sizes from 85-2343 bp
respectively. As can be noted in Table 3, all
exon/intron boundaries obey the AG/GT rule and conform
well to the consensus sequence suggested by Mount et
al. (1982). When the coding part of the CEL gene was
compared with the cDNA (Nilsson et al., 13990), only one
difference in nucleotide sequence was found; the second
nt in exon 1, a C, which in the cDNA sequence is a T.
Since this position is located 10 nt upstream the
translation start codon ATG, this difference does not
influence the amino acid sequence.
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Alul-Alu7(5°-3’) (Fig. 1), one in the 5'-flanking region
and the six others within the CEL gene.

Transcription Initiation Sites and 5’'-Flanking region

To map the human CEL gene transcription initiation
site(s), primer extension analysis was performed using
total RNA from human pancreas, lactating mammary glahd
and adipose tissue. The results indicated a major
transcription start site located 12 bp, and a minor
start site located 8 bases, upstream of the initiator
methionine. The transcription initiation sites are the
same in both pancreas and lactating mammary gland
whereas no signal could be detected in adipose tissue
(Fig. 2). The sequenced region includes 1640 nt of.5'-
flanking DNA. Based on sequence similarities a TATA-
box—like.sequence, CATAAAT was found 30 nt upstream the
transcription initiation site (Fig. 4). Neither a CAAT-
box structure nor GC boxes were evident in this region.

The 5’'-flanking sequence was computer screened, in both
strands, for nucleotide sequences known as
transcription factor binding sequencés in other mammary
gland- and pancreatic—specific genes. Several putative
recognition sequences were found, see Fig. 4.

Chromosomal Localization of the CEL Gene

In human control DNA the CEL cDNA probe detected four
EcoRI fragments of approximately 13 kb, 10 kb, 2.2 kb
and 2.0 kb, while in the mouse and hamster control DNAs
single fragments of about 25 kb and 8.6 kb,
respectively, were detected. The presence of human CEL
gene sequences in the hybrid clones correlated only
with the presence of human chromosome 9 (Table 1). Only
one of the 16 hybrids analyzed were positive for the
human CEL gene; this hybrid contained chromosome 9 as
the only human chromosome. No discordancies for
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there were at least two discordancies for localization

to any other chromosome (Table 1).

To furt

her

sublocalize the CEL gene we utilized a human-Chinese

~ hamster hybrid (GM 10095) retaining a der(9)
translocation chromosome (9pter — 9g34:Xqgl3 — Xgter) as
the only human DNA. By Southern blot we failed to
detect any CEL gene sequences in this hybrid,
indicating that the CEL gene resides within the 9g34-
gter region. '

EXAMPLE 2: CONSTRUCTION OF EXPRESSION VECTORS

To construct an expression vector for production of
recombinant human CEL in milk from transgenic animals
the following strategy was employed (Fig. 5).

Three pTZ based plasmids (Pharmacia, Uppsala, Sweden)
containing different parts of the human CEL gene,
pS309, pS310 and pS31l were obtained using the methods
described above. The plasmid pS309 contains a SphI
fragment covering the the CEL gene from the 5’
untranscribed region to part of the fourth intron. The
plasmid pS310 contains a SacI fragment covering the CEL
gene sequence from part of the first intrén to a part
of the sixth intron. Third, the plasmid pS311 contains
a BamHI fragment covering a variant of the CEL gene
from a major part of the fifth intron and the rest of
the intron/exon structure. In this plasmid, the
repetitive sequence of exon 11 that normally encodes
the 16 repeats was mutated to encode a truncated
variant having 9 repeats.

Another plasmid, pS283, containing a part of the human
CEL cDNA cloned into the plasmid pUC1l9 at the HindIII
and Sacl sites was used for fusion of the genomic

sequences. pS283 was also used to get a convenient
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restriction enzyme site, KpnI, located in the 5
untranslated leader sequence of CEL. Plasmid pS283 was
then digested with NcoI and Sacl and a fragment of
about 2.7 kb was isolated. Plasmid pS309 was digested
with NcoI and BspEI and a fragment of about 2.3 kb
containing the 5’-part of the CEL gene was isolated.
Plasmid pS310 was digested with BspEI and Sacl and a
fragment of about 2.7 kb containing a part of the
middle region of the CEL gene was isolated. These three
fragments were ligated and transformed into competent
E. coli, strain TG2, and transformants were isolated by
ampicillin selection. Plasmids were prepared from a
number of transformants, and one plasmid called pS312
(Fig. 6), containing the desired construct was used for
further experiments.

To obtain a modification of pS311, in which the BamHI
site located downstream of the stop codon was converted
to a Sall site to facilitate further cloning, the
following method was used. pS311 was linearized by
partial BamHI digestion. The linearized fragment was
isolated and .a synthetic DNA linker that converts BamHI
to a Sall site (5’-GATCGTCGAC-3’), thereby destroying
the BamHI site, was inserted. Since there were two
potential positions for integration of the synthetic
linker the resulting plasmids were analyzed by
restriction enzyme cleavage. A plasmid with the linker
inserted at the desired position downstream of exon 11
was isolated and designated pS313.

To obtain the expression vector construct that harbours
CEL genomic sequences and encodes the truncated CEL
variant, the plasmid pS314 which was designed to
mediate stage and tissue specific expression in the
mammmary gland cells under lactation periods was used.
Plasmid pS314 contains a genomic fragment from the
murine whey acidic protein (WAP) gene (Campbell et al.
1984) cloned as a Notl fragment. The genomic fragment
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upstream of the natural WAP translation initiation
codon. Another unique restriction enzyme site is the
SalIl site located in exon 3. In pS314, this Sall site
was destroyed by digestion, fill in using Klenow and
religation. Instead, a new Sall site was introduced
directly downstream of the KpnI site in exon 1. This
was performed by KpnI digestion and infroduction of
annealed synthetic oligomers SYM 2401 5‘-CGTCGACGTAC-
37, and SYM 2402 5’'-GTCGACGGTAC-3', at this position
(Fig. 8) The human CEL genomic sequence was inserted
between these sites, KpnI and Sall, by the following
strategy. First, pS314 was digested with KpnI and Sall
and a fragment representing the cleaved plasmid was
electrophoretically isolated. Second, pS31l2 was
digested with KpnI and BamHI and a approximately 4.7 kb
fragment representing the 5°part of the human CEL gene
was isolated. Third, pS313 was digested with BamHI and
Sall and the 3'-part of the human CEL gene was
isolated. These three fragments were ligated,
transformed into competent E. coli bacteria and
transformants were isolated after ampicillin selection.
Plasmids were prepared from several transformants and
carefully analyzed by restriction enzyme mapping and
sequence analysis. One.plasmid representing the desired
expression vector was defined and designated pS317.

In order to construct a genomic CEL expression vector
encoding full-length CEL pS317 was modified as follows
(Fig. 5). First, a pTZ18R plasmid (Pharmacia)
containing a 5.2 kb BamHI fragment of the human CEL
gene extending from the fifth intron to downstream of
the eleventh exon, pS451, was digested with HindIII and
SacI. This digestion generated a fragment of about 1.7
kb that extends from the HindIII site located in intron
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bp fragment containing the 3 ‘part of exon 11 and the
generated Sall site was isolated. Third, the rest of
the WAP/CEL recombinant gene and the plasmid sequences
was isolated as a Sall/HindIII fragment of about 20 kb
from pS317. These three fragments were ligated and
transformed into bacteria. Plasmids were prepared from
several transformants. The plasmids were digested with
various restriction enzymeé and subjected to sequence
analysis. One plasmid containing the desired
recombinant gene was identified. This final expression
vector was designated pS452 (Fig.7).

To remove the prokaryotic plasmid sequences, pS452 was
digested with NotI. The recombinant vector element
consisting of murine WAP sequence flanking the human
CEL genomic fragment was then isolated by agarose
electrophoresis. The isolated.fragment was further
purified using electroelution, before it was injected
into mouse embryos.

The recombinant WAP/CEL gene for expression in mammary
gland of transgenic animals is shown in Figure 8.

DEPOSITS

The following plasmids have been deposited in
accordance with the Budapest Treaty at DSM (Deutsche
Sammlung von Mikroorganismen und Zellkulturen):

TR

Plasmid Deposit No. Date of deposit

pS309 - DSM 7101 _

pS310 DSM 7102 12 June 1992

pS451 DSM 7498

pS452 DSM 7499 26 February 1993
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EXAMPLE 3: GENERATION OF TRANSGENIC ANIMALS

A NotI fragment was isolated from the plasmid pS452
according to Example 2. This DNA fragment contained the

murine WAP promoter linked to a genomic seqguence

encoding human BSSL/CEL. The isolated fragment, at a

concentration of 3 ng/pl, was injected into the

pronucleus of 350 C57B1/6JxCBA/2J-f, embryos obtained
from donor mice primed with 5 IU pregnant mare’s serum

gonadotrqpin for superovulation. The C57B1/6JxCBA/2J-fq

animals were obtained from Bomholtgdrd Breeding and
Research Centre LTD, Ry, Denmark. After collection of

the embryos from the oviduct, they were separated from

the cumulus cells by treatment with hyaluronidase in
the medium M2 (Hogan et al., 1986). After washing the
embryvos were transferred to the medium M16 (Hogan et

al., 1986) and kept in an incubator with 5% CO,-
atmosphere. The injections were performed in a
microdrop of M2 under light paraffin oil using
Narishigi hydraﬁlic micromanipulators and a Nikon

inverted microscope equipped with Nomarski optics.

After injection, healthy looking embryos were implanted

into pseudopregnant CS7B1/6JxCBA/2J—f1 recipients given
0.37 ml of 2.5% Avertin intraperitoneally. Mice that

had integrated the transgene were identified with PCR

analysis of DNA from tail biopsy specimens obtained

three weeks after birth of the animals. Positive

results were confirmed with Southern blot analysis.

EXAMPLE 4: EXPRESSION OF BSSL/CEL IN TRANSGENIC MICE

Transgenic mice were identified by analysis'of DNA

which has been prepared from excised tail samples.

The

tissue samples were incubated with proteinase K and

phenol/chloroform gxtracted. The isolated DNA was used

in polymerase chain reactions with primers which
amplify specific fragments if the heterologous
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fragment is present. The anlmals were also analyzed by
DNA hybridization experiments to confirm PCR data and
to test for possible rearrangements, structure of the

integrated vector elements and to obtain information
about the copy number of integrated vector elements.

In one set of experiments, 18 mice were analyzed with
the two methods and the results demonstrated that 1
mouse was carrying the heterologous DNA vector element
derived from pS452. The result from the PCR analysis
and the hybridization experiments were identical (Fig.
9).

The mouse identified to carry vector DNA element
(founder animal) was then mated and the Fl litter was
analyzed for transgene by the same procedures.

Female lactating animals were injected with 2 IU
oxytocin intraperitoneally and 10 minutes later
anaesthetized with 0.40 ml of 2.5% Avertin
intraperitoneally. A milk collecting device was
attached to the nipple via a siliconized tubing and
milk was collected into a 1.5 ml Eppendorf tube by

. gentle massage of the mammary gland. The amount of milk
varied, dependent on the day of_lactation, between 0.1
~and 0.5 ml per mouse and collection..

Analyze for the presence of recombinant human BSSL/CEL
was done by SDS-PAGE, transfer to nitrocellulose
membranes and incubation with polyclonal antibodies
generated against native human BSSL/CEL. The obtained
results demonstrated expression of recombinant human
BSSL/CEL in milk from transgenic mice. Figure 10
demonstrates presence of recombinant human BSSL/CEL in
milk from transgenic mice: the band at about 116.5.

Stable lines of transgenic animals are generated.
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FIGURE LEGENDS

Figure 1
The CEL gene locus. Localization and restriction enzyme

map of the two partly overlapping clones, ABSSL1 and
kBSSLSA-are shown. The exon—intron organization and
used restriction enzyme site are shown below. Exons are
represented by boxes numbered 1-11. Asp=Asp700,
B=BamHI, E=EcoRI, S=SaclI, Sa=SalI, Sp=Sphl and X=Xbal.
Positions and orientation of Alu repetitive elements
are shown by bold arrows. a-h represent different
subcloned fragments.

Figure 2
Primer extension analysis of RNA from human lactating

mammary gland, pancreas and adipose tissue. An end-
radiolabeled 26-mer oligonucleotide, which is
complementary to nt positions 33 to 58 of the CEL gene,
was used to prime reverse transcription of the RNA.
Lane A is a molecular size marker (a sequencing
ladder), lane B pancreatic RNA, lane C adipose tissue
RNA and lane D lactating mammary gland RNA.

Figure 3 _

Dotplot analysis of the human CEL and rat CEL gene 5'-
flanking regions. The homology regions are labeled A-H
and the sequences representing these parts are written,

upper is human and lower is rat.

Figure 4

Analysis of 5‘-flanking sequence of the human CEL gene.
The putative recognition éequences'are either
highlighted underline or underline representing the
complementary strand. Bold letters show the locations
of the homologies to the rCEL (regions A-H). The TATA-
box is underlined with dots. '
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Devereux, J., Haeberli, P. and Smithies.fg eTN4ARS BEENACI (s [Res. 12,
387-395. Feinberg, A and Vogelstein, B 't ; . BilocHen 19N0¥-199%
Henni ghausen, L., Ruiz, L. & Wall, R (1P90 i on ifn

Bi otechnol ogy 1, 74-78. Hernell, 0. & Blackberg, L. (1982): {Pediatr. ReS.
16, 882-885. Hogan, B., Constantini, F33%nd Lacy, E. (1986):l_Mnipulating

t he nouse enbryo. A Laboratory Manual . . .
There are two sequences that both show a 80% similarity

to the consensus sequence of the glucocorticoid
receptor binding site, GGTACANNNTGTTCT, (Beato, M.,
1989), the first one on the complementary strand at nt
position -231 (1A) and the second one at nt position
-811 (1B). Moreover, at nt position -861 (2) there is a
sequence that shows 87% similarity to the consensus
sequence of the estrogen receptor binding site,
AGGTCANNNTGACCT, (Beato, M., 1989).

Lubon and Henninghausen (1987) have analyzed the
promoter and 5‘-flanking sequences of the whey acidic
protein (WAP) gene and established the binding sites
for nuclear proteins of lactating mammary gland cells.
One of them, an 11 bp conserved sequence, AAGAAGGAAGT,
is present in a number of milkprotein genes studied
e.g. the rat o-lactalbumin gene (Qasba et al., 1984)
and the rat o-casein gene (Yu-Lee et al., 1986). In the
CEL gene’s 5’-flanking fegion, on the complementary
strand at nt position -1299 (3) there is a sequence
that shows 82% similarity to this conserved sequence.

In a study of the B-casein'gene;s regulation, a tissue
specific mammary gland factor (MGF) was found in
huclear extracts from pregnant or lactating mice and
its recognition sequence was identified (ANTTCTTGGNA).
In the human CEL gene’s 5‘-flanking region there are
two sequences, one on the complementary strand at nt
position -368 (4A) and the other at nt position -1095
(4B), they both show 82% similarity to the consensus
sequence of the MGF binding site. Beside these two
putative MGF binding sites in the 5’-flanking region
there is a sequence on the complementary strand at nt
275 in intron I, AGTTCTTGGCA, which shows 100% identity
to the consensus sequence of the MGF binding site.

Furthermore, there are four sequences which all show
65% similarity to the consensus sequence of rat
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Lett. 276, 131- 134. Lonbardo, D., Quy,
Bi ochim Bi ophys. Acta 527, 142-149. M lafl
Sanbr ook, J.:

Col d Spring Harbor Laboratory Press.. Hui %?ﬁ gtE%i R@@é@éWEKE EET
EBRHCED,

NY, 1982)

._

1§78)

: Lisch, JEIF. 1€ NOV 1996
Mol ecul ar C oning. A Laboratory Manual . (Col d $pifi ng Har bor,

Mohandas, T., Sparkes, R S., Sparkes, M C., Shul ki{n,=3B;

Tooney, K E. and Funderburk, S.J. (1979¥40Am J. Hum Genet. {31, 586-600.

pancreas-specific enhancer element,
GTCACCTGTGCTTTTCCCTG, (Boulet et al., 1986), one at nt
position -359 (5A), the second at nt position -718
(5B}, the third at nt position -1140 (5C) and the last
at nt position -1277 (5D). |

Figure 5
Method for production of the plasmid pS452. For further
details, see Example 2.

Figure 6
Schematic structure of the plasmid pS312.

Figure 7
Schematic structure of the plasmid pS452.

Figure 8

Physical map representing the physical introduction of
human BSSL/CEL genomic structure in the first exon of
the WAP gene as described in Example 2.

Fiqure 9 .

A. Schematic representation of the localization of
PCR-primers used for identification of transgenic
animals. The 5‘-primer is positioned within the WAP
sequence starting at the position -148 bp upstream of
the fusion between the WAP and BSSL/CEL. The 3'-primer
is localized in the first BSSL/CEL intron ending 398 bp
downstream of the fusion point.

B. The sequences of the PCR primers used.

C. Agarose gel showing a typical analysis of the PCR
analysis of the potential founder animals. M: molecular
weight markers. Lane 1l: control PCR-product generated
from the plasmid pS452. Lanes 2-13: PCR reactions done
with DNA preparations from potential founder animals.
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Carlsson, P., Enerback, S., Hernell, 0. and™Bfursert, G (199

Bi ochem 192, 543-550. Qasba, M, and Safaya, S. K - (1984):

-

377- 380. Reue, K, Zanbaux, J., Wng—4H— Lee, G, Leete,

Figure 10
Immunoblot analysis of milk from a mouse line

transgenic for the recombinant murine WAP/human CEL
gene of pS452. The proteins were separated on SDS-PAGE,
transferred to Immobilon membranes (Millipore) and
visualized with polyclonal rabbit antibodies generated
using highly purified human native CEL, followed by
alkaline phosphatase labelled swine anti-rabbit IgG
(Dakopatts). Lane 1, Low molecular weight markers, 106,
80, 49.5, 32.5, 27.5, and 18.5 kDa, respectively. Lane
2, High molecular weight markers, 205, 116.5, 80 and
49.5 kDa, respectively. Lane 3, 25 ng purified non-
recombinant CEL from human milk. Lane 4, 2 il milk
sample from a CEL transgenic mouse diluted 1:10. Lanes
5 and 6, 2 Ml milk samples from two different non-CEL

transgenic mice, diluted 1:10, as control samples.
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pa DI O

MC. (1991): J.
Mani atis, T.E.

Lipid. Res. 32, 267-276. $
Mol ecul ar Cl oning. A Laboratory r#

T

(Col

Har bor, Ny, 1989) Sanger, F., Nicklen, S a Coul son,

Nat!|. Acad. Sci.

{1) GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: AB ASTRA
(B) STREET: Kvarnbergagatan 16
(C) CITY: Sodertalije
(E) COUNTRY: Sweden .
(F) POSTAL CODE (ZIP): S-151 85
(G) TELEPHONE: +46-8-553 26000
(H) TELEFAX: +46-8-553 28820
(I) TELEX: 19237 astra s

{ii) TITLE OF INVENTION: New DNA Sequences

.1ii) NUMBER OF SEQUENCES: 1

(2)

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

A. R

U.S.A 74, 5463-5467. Sjobéfg, S., Carlsson,
Enerback, S. and Bjursell, G (1989§EQ§EﬁEHtLI§QENG Bi ol .

T QU
BEEHACEMEY? SHCET
th} E. F. and
Spri hg NOV 1996
1977): Proc.

P.,

Sci |

2.41-46

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(vi) PRiOR APPLICATION DATA:
(A) APPLICATION NUMBER: SE 9201809-2
(B) FILING DATE: 11-JUN-1992

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: SE 9201826-6
(B) FILING DATE: 12-JUN-1992

(vi) PRIOR APPLICATION DATA
(A) APPLICATION NUMBER: SE 9202088-2
(B) FILING DATE: 03-JUL-1992

(vi) PRIOR APPLICATION DATA:
(a) APPLICATION NUMBER: SE 9300902-5
(B) FILING DATE: 19-MAR-1992

INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11531 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Homo sapiens

(F) TISSUE TYPE: Mammary gland

(ix) FEATURE:
(A) NAME/KEY: CDsS

(B) LOCATION: join(1653..1727, 4071..4221, 4307.

.4423, 4707

..4904, 6193..6323, 6501..6608, 6751..6868, 8335

..8521, 8719..8922, 10124..10321, 10650.

(ix) FEATURE:
(A) NAME/KEY: mat_peptide

{(B) LOCATION: join(1722..1727, 4071..4221, 4307.

.11394)

-4429, 4707

..4904, 6193..6323, 6501..6608, 6751..6868, 8335

This Sheet Has Been Rep
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(D) OTHER INFORMATION: /EC_number= 3.1.1.1
/product= "Bile Salt-Stimulated Lipase®

(ix) FEATURE:
(A) NAME/KEY: 5'UTR
(B) LOCATION: 1..1640

(ix) FEATURE:
(A) NAME/KEY: TATA_signal
(B) LOCATION: 1611..1617

(ix) FEATURE:
(A) NAME/KEY: exon
{B) LOCATION: 1641..1727

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 4071..4221

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 4307..442¢%

(ix) FEATURE:
(A) NAME/KEY: exon
{B) LOCATION: 4707..4904

(ix) FEATURE:
(A) NAME/KEY: exon
{B) LOCATION: 6193..6323

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 6501..6608

{ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 6751..6868

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 8335.,.8521

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 8719..8922

{ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 10124..10321

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 10650..11490

(ix) FEATURE:

(A) NAME/KEY: 3’'UTR
{(B) LOCATION: 11491..11531

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GGATCCCTCG AACCCAGGAG TTCAAGACTG CAGTGAGCTA TGATTGTGCC ACTGCACTCT 60

AGCCTGGGTG ACAGAGACCC TGTCTCAAAA AAACAAACAA ACAAAAAACC TCTGTGGACT 120

CCGGGTGATA ATGACATGTC AATGTGGATT CATCAGGTGT TAACAGCTGT ACCCCCTGGT 180
This Sheet Has Been Rep
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GGGGGATGTT GATAACGGGG GAGACTGGAG TGGGGCGAGG ACATACGGGA AATCTCTGTA 240
ATCTTCCTCT AATTTTGCTG TGAACCTAAA GCTGCTCTAA AAATGTACAT AGATATAAAC 300
TGGGGCCTTC CTTTCCCTCT GCCCTGCCCC AGCCCTCCCC CACCTCCTTC CTCTCCCTGC 360
TGCCTCCCCT CTGCCCTCCC CTTTCCTCCT TAGCCACTGT AAATGACACT GCAGCAAAGG 420
TCTGAGGCAA ATGCCTTTGC CCTGGGGCGC CCCAGCCACC TGCAGGCCCC TTATTTCCTG 480
. TGGCCGAGCT CCTCCTCCCA CCCTCCAGTC CTTTCCCCAG CCTCCCTCGC CCACTAGGCC 540
TCCTGAATTG CTGGCACCGG CTGTGGTCGA CAGACAGAGG GACAGACGTG GCTCTGCAGG 600
TCCACTCGGT CCCTGGCACC GGCCGCAGGG GTGGCAGAAC GGGAGTGTGG TTGGTGTGGG 660
AAGCACAGGC CCCAGTGTCT CCTGGGGGAC TGTTGGGTGG GAAGGCTCTG GCTGCCCTCA 720
CCCTGTTCCC ATCACTGCAG AGGGCTGTGC GGTGGCTGGA GCTGCCACTG AGTGTCTCGG 780
TGAGGGTGAC CTCACACTGG CTGAGCTTAA AGGCCCCATC TGAAGACTTT GTTCGTGGTG 840
TTCTTTCACT TCTCAGAGCC TTTCCTGGCT CCAGGATTAA TACCTGTTCA CAGAAAATAC 900
GAGTCGCCTC CTCCTCCACA ACCTCACACG ACCTTCTCCC TTCCCTCCCG CTGGCCTCTT 960
TCCCTCCCCT TCTGTCACTC TGCCTGGGCA TGCCCCAGGG CCTCGGCTGG GCCCTTTGTT 1020
TCCACAGGGA AACCTACATG GTTGGGCTAG ATGCCTCCGC ACCCCCCCAC CCACACCCCC 1080
' TGAGCCTCTA GTCCTCCCTC CCAGGACACA TCAGGCTGGA TGGTGACACT TCCACACCCT 1140
TGAGTGGGAC TGCCTTGTGC TGCTCTGGGA TTCGCACCCA GCTTGGACTA CCCGCTCCAC 1200
GGGCCCCAGG AAAAGCTCGT ACAGATAAGG TCAGCCACAT GAGTGGAGGG CCTGCAGCAT 1260
GCTGCCCTTT CTGTCCCAGA AGTCACGTGC TCGGTCCCCT CTGAAGCCCC TTTGGGGACC 1320
TAGGGGACAA GCAGGGCATG GAGACATGGA GACAAAGTAT GCCCTTTTCT CTGACAGTGA 1380
CACCAAGCCC TGTGAACAAA CCAGAAGGCA GGGCACTGTG CACCCTGCCC GGCCCCACCA 1440
TCCCCCTTAC CACCCGCCAC CTTGCCACCT GCCTCTGCTC CCAGGTAAGT GGTAACCTGC 1500
ACAGGTGCAC TGTGGGTTTG GGGAAAACTG GATCTCCCTG CACCTGAGGG GGTAGAGGGG 1560
AGGGAGTGCC TGAGAGCTCA TGAACAAGCA TGTGACCTTG GATCCAGCTC CATAAATACC 1620
CGAGGCCCAG GGGGAGGGCC ACCCAGAGGC TG ATG CTC ACC ATG GGG CGC CTG 1673
Met Leu Thr Met Gly Arg Leu
-23 -20
CAA CTG GTT GTG TTG GGC CTC ACC TGC TGC TGG GCA GTG GCG AGT GCC 1721
Gln Leu Val Val Leu Gly Leu Thr Cys Cys Trp Ala Val Ala Ser Ala
-15 -10 -5
GCG AAG GTAAGAGCCC AGCAGAGGGG CAGGTCCTGC TGCTCTCTCG CTCAATCAGA 1777
Ala Lys
1
TCTGGAAACT TCGGGCCAGG CTGAGAAAGA GCCCAGCACA GCCCCGCAGC AGATCCCGGG 1837
CACTCACGCT CATTTCTATG GGGACAGGTG CCAGGTAGAA CACAGGATGC CCAATTCCAT 1897
TTGAATTTCA GATAAACTGC CAAGAACTGC TGTGTAAGTA TGTCCCATGC AATATTTGAA 1957
ACAAATTTCT ATGGGCCGGG CGCAGTGGCT CACACCTGCA ATCCCACCAG TTTGGGAGGC 2017
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CGAGGTGGGT GGATCACTTG AGGTCAGGAG TTGGAGACCA GCCTGGCCAA CATGGTGAAA 2077
CCCCGTCTCT ACTAAAAATA CAAATATTAA TCGGGCGTGG TGGTGGGTGC CTGTAATCCC 2137
AGCTACTCGG GAGGCTGAGG CAGGAGAACC GCTTGAAGCT GGGAGGTGGA GATTGCGGTG 2197
AGCTGAGATC ACGCTACTGC ACTCCAGCCT GGGTGACAGG GCGAGACTCT GTCTCAAAAA 2257
ATAGAAAAAG AAAAAAATGA AACATACTAA AAAACAATTC ACTGTTTACC TGAAATTCAA. 2317
ATGTAACTGG GCCTCTTGAA TTTACATTTG CTAATCCTGG TGATTCCACC TACCAACCTC 2377
TCTGTTGTTC CCATTTTACA GAAGGGGAAA CGGGCCCAGG GGCAGGGAGT GTGGAGAGCA 2437
GGCAGACGGG TGGAGAGAAG CAGGCAGGCA GTTTGCCCAG CATGGCACAG CTGCTGCCTC 2497
CTATTCCTGT GCAGGAAGCT GAAAGCCGGG CTACTCCACA CCCGGGTCCG GGTCCCTCCA 2557
GAAAGAGAGC CGGCAGGCAG GAGCTCTCTC GAGGCATCCA TAAATTCTAC CCTCTCTGCC 2617
TGTGAAGGAG AAGCCACACA AACCCCAAGC CCCACAGGAA GCCGEGTGTCG GTGCCCGGCC 2677
CAGTCCCTGC CCCCAGCAGG AGTCACACAG GGGACCCCAG ATCCCAACCA CGCTGTTCTG 2737
CTGCCTGCGG TGTCTCAGGC CCTGGGGACT CCTGTCTCCA CCTCTGCTGC CTGCTCTCCA 2797
CACTCCCTGG CCCTGGGACC GGGAGGTTTG GGCAGTGGTC TTGGGCTCCT GACTCAAAGG 2857
AGAGGTCACC TTCTTCTTGG GCGAGCTCTT CTTGGGGTGC TGAGAGGCCT TCGGCAGGTC 2917
ATCACGACCC CTCCCCATTT CCCCACCCTG AGGCCCTCTG GCCAGTCTCA ATTGCACAGG 2977
GATCACGCCA CTGGCACAAG GAGACACAGA TGCCTCGCAG GGGATGCCCA CGATGCCTGC 3037
ATGTGTTGCT TCTGCTTCCT TTCCTCCAGT TCCAACCGCC GCACTCTCCC ACACCAGTGT 3097
GACAGGGGGC CCATCACCCT AGACTTCAGA GGGCTGCTGG GACCCTGGCT GGGCCTGGGG 3157
GTGTAGGGCC ACCCTGCCCT TCCCCACCTG GAACCTGGCA CAGGTGACAG CCAGCAAGCA 3217
ATGACCTGGT CCCACCATGC ACCACGGGAA GAGGGAGCTG CTGCCCAAGA TGGACAGGAG 3277
GTGGCACTGG GGCAGACAGC TGCTTCTCAA CAGGGTGACT TCAAGCCCAA AAGCTGCCCA 3337
GCCTCAGTTC CGTCAGGGAC AGAGGGTGGA TGAGCACCAA CCTCCAGGCC CCTCGTGGGG 3397
GTGGACAGCT TGGTGCACAG AGGCCATTTT CATGGCACAG GGAAGCGTGG CGGGGGTGGG 3457
AGGTGTGGTC CCTAGGGGGT TCTTTACCAG CAGGGGGCTC AGGAACTGTG GGGACTTGGG 3517
CATGGGGCCA TCGACTTTGT.GCCCAGCCAG CTAGGCCCTG TGCAGGGAGA TGGGAGGAGG 3577
GAAAMAGCAGG CCCCACCCCT CAGAAAGGAG GAAGGTTGGT GTGAAACATC CCGGGTACAC 3637
TGAGCATTGG GTACACTCCT CCCGGGAGCT GGACAGGCCT CCCATGTGAT GGCAAACAGG 3697
CCGACAéGAG ACACGGCTGT TGCTCGTCTT CCACATGGGG AAACTGAGGA TCGGAGTCAA 3757
AGCTGGGCGG CCATAGCCAG AACCCAAACC TCCATCCCAC CTCTTGGCCG GCTTCCCTAG 3817
TGGGAACACT GGTTGAACCA GTTTCCTCTA AGATTCTGGG AGCAGGACAC CCCCAGGGAT 3877
AAGGAGAGGA ACAGGAATCC TAAAGCCCTG AGCATTGCAG GGCAGGGGGT GCTGCCTGGG 3937
TCTCCTGTGC AGAGCTGTCC TGCTTTGAAG CTGTCTTTGC CTCTGGGCAC GCGGAGTCGG 3997
CTTGCCTTGC CCCCTCCGGA TTCAGGCCGA TGGGGCTTGA GCCCCCCTGA CCCTGCCCGT 4057
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GTCTCCCTCG CAG CTG GGC GCC GTG TAC ACA GAA GGT GGG TTC GTG GAA 4106
Leu Gly Ala Val Tyr Thr Glu Gly Gly Phe Val Glu
-5 10

GGC GTC AAT AAG AAG CTC GGC CTC CTG GGT GAC TCT GTG GAC ATC TTC 4154
Gly Val Asn Lys Lys Leu Gly Leu Leu Gly Asp Ser Val Asp Ile Phe

15 : 20 : 25 30 .
AAG GGC ATC CCC TTC GCA GCT CCC ACC AAG GCC CTG GAA AAT CCT CAG 4202
Lys Gly Ile Pro Phe Ala Ala Pro Thr Lys Ala Leu Glu Asn Pro Gln
. 35 40 45
CCA CAT CCT GGC TGG CAA G GTGGGAGTGG GTGGTGCCGG ACTGGCCCTG 4251
Pro His Pro Gly Trp Gln '

50
CGGCGGEGCG GEGTGAGGGCG GCTGCCTTCC TCATGCCAAC TCCTGCCACC TGCAG GG 4308
Gly
ACC CTG AAG GCC AAG AAC TTC AAG AAG AGA TGC CTG CAG GCC ACC ATC 4356
Thr Leu Lys Ala Lys Asn Phe Lys Lys Arg Cys Leu Gln Ala Thr Ile
55 60 65

ACC CAG GAC AGC ACC TAC GGG GAT GAA GAC TGC CTG TAC CTC AAC ATT 4404
Thr Gln Asp Ser Thr Tyr Gly Asp Glu Asp Cys Leu Tyr Leu Asn Ile

70 75 80 85

TGG GTG CCC CAG GGC AGG AAG CAA G GTCTGCCTCC CCTCTACTCC - _ 4449
Trp Val Pro Gln Gly Arg Lys Gln

90

CCAAGGGACC CTCCCATGCA GCCACTGCCC  CGGGTCTACT CCTGGCTTGA GTCTGGGGGC 4509
TGCAAAGCTG AACTTCCATG AAATCCCACA GAGGCGGGGA GGGGAGCGCC CACTGCCGTT 4569
GCCCAGCCTG GGGCAGGGCA GCGCCTTGGA GCACCTCCCT GTCTTGGCCC CAGGCACCTG 4629

CTGCACAGGG ACAGGGGACC GGCTGGAGAC AGGGCCAGGC GGGGCGTCTG GGGTCACCAG 46389

CCGCTCCCCC ATCTCAG TC TCC CGG GAC CTG CCC GTT ATG ATC TGG ATC 4738

Val Ser Arg Asp Leu Pro Val Met Ile Trp Ile

95 100
TAT GGA GGC GCC TTC CTC ATG GGG TCC GGC CAT GGG GCC AAC TTC CTC 4786
Tyr Gly Gly Ala Phe Leu Met Gly Ser Gly His Gly Ala Asn Phe Leu '
105 110 ) 115 : 120
AAC AAC TAC CTG TAT GAC GGC GAG GAG ATC GCC ACA CGC GGA AAC GTC 4834
Asn Asn Tyr Leu Tyr Asp Gly Glu Glu Ile Ala Thr Arg Gly Asn Val
125 130 135
ATC GTG GTC ACC TTC AAC TAC CGT GTC GGC CCC CTT GGG TTC CTC AGC 4882
Ile Val Val Thr Phe Asn Tyr Arg Val Gly Pro Leu Gly Phe Leu Ser
140 : 145 150
ACT GGG GAC GCC AAT CTG CCA G GTGCGTGGGT GCCTTCGGCC CTGAGGTGGG 4934
Thr Gly Asp Ala Asn Leu Pro .
155 :

GCGACCAGCA TGCTGAGCCC AGCAGGGAGA TTTTCCTCAG CACCCCTCAC CCCAAACAAC 4994
CAGTGGCGGT TCACAGAAAG ACCCGGAAGC TGGAGTAGAA TCATGAGATG CAGGAGGCCC 5054
TTGGTAGCTG TAGTAAAATA AAAGATGCTG CAGAGGCCGG GAGAGATGGC TCACGCCTGT 5114

AATCCCAGCA CTTTAGGAGG CCCACACAGG TGGGTCACTT GAGCGCAGAA GTTCAAGACC 5174

This Sheet Has Been Replaced
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AGCCTGAAAA TCACTGGGAG ACCCCCATCT CTACACAAAA ATTAAAAATT AGCTGGGGAC 5234
. TGGGCGCGGC GGCTCACCTC TGTAATCCCA GCACGTTGGG AGCCCAAGGT GGGTAGATCA 5294
CCTGAGGTCA GGAGTTTGAG ACCAGCCTGA CTAAAATGGA GAAACCTCTT CTCTACTAAA 5354
AATACAAAAT TAGCCAGGCG TGGTGGCGCT TGCCTGTAAT CCCAGCTACT CGGGAGGCTG 5414
AGGCAGGAGA ATCGCTTGAA CTCAGGAGGC GGAGGTTGCG GTGAGCCGAG ATCATGCCAC 5474
TGCACTCCAG CCTGGAGAAC AAGAGTAAAA CTCTGTCTCA AAAAAAAAAA AAAAAAAAAA 5534
ATAGCCAGGC GTGGTATCTC ATGCCTCTGT CCTCAGCTAC CTGGGAGGCA GAGGTGGAAG 5594
GATCGCTTGA GCCCAGGGGT TCAAAGCTGC AGTGAGCCGT GGTCGTGCCA CTGCACTCCA 5654
GCCTGGGCGA CAGAGTGAGG CCCCATCTCA AAAATAAGAG GCTGTGGGAC AGACAGACAG. 5714
GCAGACAGGC TGAGGCTCAG AGAGAAACCA GGAGAGCAGA GCTGAGTGAG.- AGACAGAGAA 5774
CAATACCTTG AGGCAGAGAC AGCTGTGGAC ACAGAAGTGG CAGGACACAG ACAGGAGGGA 5834
CTGGGGCAGG GGCAGGAGAG GTGCATGGGC CTGACCATCC TGCCCCCGAC AAACACCACC 5894
CCCTCCAGCA CCACACCAAC CCAACCTCCT GGGGACCCAC CCCATACAGC ACCGCACCCG 5954
ACTCAGCCTC CTGGGACCCA CCCACTCCAG CAACCAACGT GACCTAGTCT CCTGGGACCC 6014
ACCCCCTCCA GCACCCTACC CGACCCAGCT TCTTAGGGAC CCACCATTTG'CCAACTGGGC 6074
TCTGCCATGG CCCCAACTCT GTTGAGGGCA TTTCCACCCC ACCTATGCTG ATCTCCCCTC 6134
CTGGAGGCCA GGCCTCGGCC ACTGGTCTCT AGCACCCCCT CCCCTGCCCT GCCCCCAG GT 6194
' Gly
160
AAC TAT GGC CTT CGG GAT CAG CAC ATG GCC ATT GCT TGG GTG AAG AGG 6242
Asn Tyr Gly Leu Arg Asp Gln His Met Ala Ile Ala Trp Val Lys Arg
165 170 175
AAT ATC GCG GCC TTC GGG GGG GAC CCC AAC AAC ATC ACG CTC TTC GGG 6290
Asn Ile Ala Ala Phe Gly Gly Asp Pro Asn Asn Ile Thr Leu Phe Gly
180 185 190
GAG TCT GCT GGA GGT GCC AGC GTC TCT CTG CAG GTCTCGGGAT CCCTGTGGGG 6343
Glu Ser Ala Gly Gly Ala Ser Val Ser Leu Gln
195 200
AGGGCCTGCC CCACAGGTTG AGAGGAAGCT CAAACGGGAA GGGGAGGGTG.GGAGGAGGAG 6403
CGTGGAGCTG GGGCTGTGGT GCTGGGGTGT CCTTGTCCCA GCGTGGGGTG GGCAGAGTGG 6463
GGAGCGGCCT TGGTGACGGG ATTTCTGGGT CCCGTAG ACC CTC TCC CCC TAC AAC 6518
Thr Leu Ser Pro Tyr Asn
205
AAG GGC CTC ATC CGG CGA GCC ATC AGC CAG AGC GGC GTG GCC CTG AGT 6566
Lys Gly Leu Ile Arg Arg Ala Ile Ser Gln Ser Gly Val Ala Leu Ser
210 215 220 225
CCC TGG GTC ATC CAG AAA AAC CCA CTC TTC TGG GCC AAA AAG 6608
Pro Trp Val Ile Gln Lys Asn Pro Leu Phe Trp Ala Lys Lys
‘ 230 235

GCTAAACGGAG GAGGGCAGGG CTGGGCGGGG TGGGGGCTGT CCACATTTCC GTTCTTTATC 6668
CTGGACCCCA TCCTTGCCTT CAAATGGTTC TGAGCCCTGA GCTCCGGCCT CACCTACCTG 6728



The CEL gene | ocus.
partly overl appi ng cl ones,

S=Sacl, Sa=Sall, Sp=Sphl and

repetitive elenments are shown by bold arrows.
subcl oned fOTGGRETTCS. TTCTECCIACEAR G2G| GET GA%tANTS T Gl
| actati ng mamary gl and, pancre%ﬁé
26-mer ol i gonucl eotide, which is

[err] BSSL1 and
exon-intron organi zation and used restrict
Exons are represented by boxes nunbered 1-

X=Xbal..

Local i zation and restriction enzyne nap. of

R
h

0

AN
0,

B+Ba
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€4 NQY 1995

E=EcnR

s

GAT GCC GCC AGG ATG GCC CAG TGT CTG AAG GTT

Asp Ala Ala Arg Met Ala Gln Cys
255

250

Leu Lys Val

260

CTG ACG CTG GCC TAT AAG GTG CCG CTG GCA GGC

Leu

GCTCGGGTTG
TCCGGAGGAG
TCTCCCCTCG
GATGGAGTCT
CTCCACCTCC
GCACATGCCA
TGTTAGCTAG
GTGCTGGAAT
GAGTTACAGA
GCATTCATAT
GCCTTTGTGC
CCGTAGCACT
CCCATTCCAC
TCACTCATTC
TGAGCTCAAC
AGCAAAACCT
GGGTCCTCTA
GCTGATGGAC
GGCTTCTAAG
GCTGCCGCTG
GCAGGGCCTG
TGGGTCGAGG
AGAATCAACC
CCCTGAGAGG

TGGCTCTCCC

270
GCCCATGGGG
AGAGGAAGGT
AAGGCCCCAG
CACTGTTGCC
TGGGTTCAAG
CCATGCCCAG
GATGATCTCG
TACAGGCGTG
CTCCCCTTTG
GCAGTCATTT
TAGATGACCG
GGGGCCCAGC
AAACACCTCT
TTCTATGGCA
TGCACGGGCT
GCTGTGCTGG
GGGGCCCGTC
TGGAACCCAG
TTTCCTCCTT
AAGAGGACAG
GAGACATCTG
CCGGGGATGC
CTGCCCCAAG
CAAGGGGCGG

ACCCAG AC
Tyr

TCTCGAGGTG
GCCAGAGCTG
CTGTAAGGGA
CAGGCTGGAG
TGATTCTCTG
ATAATTTTTC
GTCTTGGGAC
AGCCACTGTG
AGAAGCTGAT
GCATATAATT
TTCATTCATT
CTCCAGCTCC
GCATGTCAGC
ACATGCCATG
GGACAAGCCC
GCCCAGTGAC
CAGGGGTCTG
CCCTGAGAGA
CCTGCTTCAG
ATCTGGCCCT
TGATTGTCAC
TCTAAACATC
TGTCCATAGA

CTCAGGGGAA

Thr Leu Ala Tyr Lys Val Pro Leu Ala Gly

275
GGGETTGAGE
CGGTCTTGTC
GAGGGGGTGC
TGCAGTGTCA
ACTCAACCTC
TGTGTGTTTA
CTCATGATCT
CCCGRECCeT
GAACATTTGG
TTAGGGAGAC
CGTTCATTCA
ACTATTCTGT
CTTACCAGCT
AAGCCAAGTC
AAACAAAGCA
AGCCAGGCCC
GAGTACAATG
GGGAGCTCCT
GCCCAGCAAA
AGACAGTGAC
AGCTGGGGAG
CTACAGGGCA
TCAGAGAAGG

ACTGGGAGGT

Posi t ~a/gs- and orientation
a-h represent difflef

aiaes CET ITGRBET f r orA7BAman
ahtp &d¥ fasevet StieYsafret@! i ol abel ed

ACT GAT CCC CGA GCC'
Thr Asp Pro Arg Ala

CTG GAG T
Leu Glu

GGGGTACTGC
CTGTCACCAA
CGTTTCTTCT
CGATCTCAGC
CCATGTAGCT
GTAGGGATGG
GCCCACCTCG
TCTTTATTCT
GGCCCCCTCC
TCATAGACCT
TTCAGCAAAC
ACCCCGGGAA
TGCTACGCTA
ATCTGCACGT
ACCCCCACGG
CGCCTGCCTC
CAGACCTCCC
TCTCCATCAG
GAGAGAGAGG
TCTCAGCCTG
GGGGTGCTCC
CAGGATGCCC
GAGGACATAG

ACAAGAACCT

265

GTGAGTAGCT

CAGGGAGTAC
CTAGCTGGTG
TTTTTTTTGA
TCACTGCAAC
GGGACTACAG
AGTTTCATCG
GCCTCCCAAA
TATCTCCCAT
CCCACCTCAT
CAGACCAAGA
ATTTACTGAA
GGCCTGEGGA

AGGCTGTCCC

TTACCTGACA

CCCCGCTAGA
AGCAGCCACT
ACCATTTTTG
TTCCCTCAGT
AGAGGGAGGG
GGGACGTGTG
TGGCACCTCG
CTGATGGTGC
CCAATTCCAG

GCTAACCTGC

CCC ATG CTG CAC TAT GTG GGC TTC GTC CCT
Pro Met Leu His Tyr Val Gly Phe Vval Pro
285

280

GTC ATT GAT GGA GAC TTC ATC CCC GCT GAC CCG ATC AAC CTG TAC GCC
Val Ile Asp Gly Asp Phe Ile Pro Ala Asp Pro Ile Asn Leu Tyr Ala
295

290

-300
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6828
6878

6938
6998
7058
7118
7178.
7238
7298
7358
7418
7478
7538
7598
7658
7718
7778
7838
7898
7958
8018
8078
8138
8198
8258
8318
8366

8414



{ REPLAGEMENY onth:

reverse transcription of the RNA. Lane A
| ane B pancreatic RNA

conplenentary to nt positions 33 to 58 of}@ﬂg
B
,_lan

sequenci ng | adder),

| ane D | actating mammary gl and RNA
human CEL and rat CEL gene 5'- flanking regt®s
| abel ed A-H and the seg%uencecs rg@ﬁr e%enGtCiAn

is human afdSI §iefl AEI

As

310

315

Figure 3 Dotplot anal ysi
The honvol ogy

these parts are
C ACC AAC AAC ATG GAC GGC

l¢ Ala Gly Thr Asn Asn Met Asp Gly

RS BEPﬁ‘ uye

To prine
artker ROV 1996
[%ose tlSSUG RNA and

+

S of

LAY

fegi ons are

—

Wi TTE,

320

CAC ATC TTC GCC AGC ATC GAC ATG CCT GCC ATC AAC AAG GGC AAC AAG

His Ile Phe

AAA GTC ACG
Lys Val Thr
340

Ala Ser
325

330

Ile Asp Met Pro Ala Ile Asn Lys Gly Asn Lys

335

GA GTAAGCAGGG GGCACAGGAC TCAGGGGCGA CCCGTGCGGG

Glu

AGGGCCGCCG GGAAAGCACT GGCGAGGGGG CCAGCCTGGA GGAGGAAGGC ATTGAGTGGA

GGACTGGGAG TGAGGAAGTT AGCACCGGTC GGGGTGAGTA TGCACACACC TTCCTGTTGG

CACAGGCTGA GTGTCAGTGC CTACTTGATT CCCCCAG G GAG GAC TTC TAC AAG
Glu Asp Phe Tyr Lys

CTG
Leu

GTC
val

ACC

Thr Phe

AAT
Asn

AAG
Lys
380

GTG
Val
395

ccc

GTGAGGATCT
CGAGGCCTCG
TCCCCACCTG
TTTACCTCCC
CACCCCATGG
GCACTGAGAG
CCCATAATTT
AAAAAATAAG
GTGGGAGGAT
ATCTCTACTA
ACTCAGGAGG
GAGATTACGC
AGTAAATAAA
AGTATACCTA
AGCCTCCTTT

AATTGAAGAA

AGT GAG
Ser

GAT
Asp
365

AAG
Lys

ACC
Pro Thr Glu

Glu
350

GTC
val

AAG
Lys

GAG

GGGCAGCGGG
CTGTGGGTGG
TGCCTGCCTG
AGCCTACAGG
TCCTTCCCAC
AACACTGGAC
CAGCCCACCA
GCCAGACACA
CACTTGAGGT
AAAATACAAA
CTGAGGTAGC
CACTGCACTC
TAATAAAAAT
GAAGTCTAGG
CAGTCAAGGC

TGCACATTCA

TTC ACA
Phe Thr

TAC ACC
Tyr Thr

ACT GTG
Thr Val

ATT GCC
Ile Ala
400

ATC
Ile

ACC
Thr

GAG
Glu

TCC
Ser
370

GTG
Val
385

GAC
Asp

CTA GCC
Leu Ala
TGGCTCCTGG
CTCTCAGGTG
ATCCACTTTG
GCTTTACAAA
TGGAGAGTTC
AATAGTTTCT
CCACATTAAA
GTAGCTCATG
CAGGAGTCTG
AATTATCCAG
AGAATTGATT
CAGCAGGGGC
AAAAAATAAG
ATGAAAGCTT
AAAAAGGGAA

CTTGGAGAGC

AAG
Lys

TGG
Trp

TTT
Phe

CAG
Gln

GGG
Gly

cTC
Leu
355

CAG
Gln

GCC
Ala

ACC
Thr

GAG
Glu

AGA
Arg
405

C%C
His
GGGCCTTCCT
TCTGGGTTGT
CTGAGGCCTG
CCCTATGATC
TTGAGCTACC
ATCCACTGAC
AATCTTCATG
CCTGTAATCC
AGACTAGTCT
GCATGGTGGT
GACCCAGGGA
AACAGAGTGA
TTAGGAATAC
TGCAGCAACT
ACAGTTGAGG

AAAATATTTC

AGA GGC
Arg Gly

345

GCC AAG ACG
Ala Lys Thr

360

GAC
Asp

CCA
Pro
375

GAT
Asp
390

GTC
val

GCC
Ala

AAT
Asn
GGGGTGCTGC
CTGGGAAAGT
GCAAGACTTG
CTCTGCCCTG
TTCCATCCCC
TCTTATGGGC
TAATAATAGC
CAGCACATTG
GGCCAACATG
GCATGCCTAT
GGTGGAGGTT
GACTGTGTCT
GAAAAAGATA
AAGCAGTACA
GCCTATACCT

TTGATACTGA

This Sheet Has Been Repl
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TCC
Ser Gln Glu

CTC
Leu

GCC
Ala Lys

CAG GAG

TTC CTG
Phe Leu

AA

ACCTTCCAGC
GGTGCTTGAG
AGGGCCTCTT
CTCAGCCCTG
CATGCTGTGT
CTCAACTTTG
CAATTATAAT
GGAGGTCAAG
GCAAAACCCC
AATCCTAGCT
GCAGTGAGCC
CGAATAAATA
GGAAGATAAA
TTTAGCTGTG
TGTCCAATCT

ATTCTAGAAG

R 7es

8510

8561

8621
8681
8734

8782
8830
8878
8922
8982
9042
9102
9162

9222
9282

9342

9402
9462
9522
9582
9642
9702
9762
9822
9882
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Anal ysis of 5'-flanking sequence of the
recogni tion sequences are either highlightTedS SHEEF HASeBERN findbr [ i rE9 NOV 1996
representing the conplenentary strand. B4l d | eRERIASEBhow t he | ofati ons of

éhe honol ogies to the rCEL (regions A-H).—The TATADOX T35 unflerTtned wtn
ots.

ALTLAVEMEHT

N

e put fitive

GAAGGTGCCT CACAATGTTT TGTGGAGGTG AAGTATAAAT

CATGAATCCA TGAATTTGGT TCTCAGCTTT CCCTTCCCTG

TTCATGTGAA TTCCCCAGAC ACTTCCCTGC CCACTGCCCG

TCTCTGGGCT GATCGGTCCC CAGTGAGCAC CCTGCCTACT

G G AGT
Ser
410

CCC GTC
Pro Val
425

TAC GTT
Tyr Val

GAC AGG
Asp Arg

GCC
Ala

TAC
Tyr

TTC
Phe

ACA
Thr

AAG
Lys

CCC
Pro

GGG
Gly

GTC
val
460

ACC
Thr

AAA
Lys

AAG
Lys
445

TCT
Ser

TAC
Tyr

TGG
Trp

430

ccc
Pro

AAG
Lys

AAA ACA GG GTAAGACGTG
Lys Thr Gly
475

GCC TAC
Ala Tyr
415

GTG GGG
val Gly

T™TC GCC
Phe Ala

GCC ATG
Ala Met

CTG TTT TCC
Leu Phe Ser

TCAGCTGAAA TTGTGGAACC
GGTGTAAGAA GCCCCATCTC
GGACCTCCCT CCAAGTCCGG
TGGGTGGTCT CTCCCCTCCA

CAT CCC TCT CGG ATG
His Pro Ser Arg Met

420

GCC GAC CAT
Ala Asp His
435

ACC CCC ACG
Thxy Pro Thr
450

ATC GCC TAC
Ile Ala Tyr
465

GCA GAT GAC ATT CAG
Ala Asp Asp Ile Gln
440

GGC TAC CGG CCC CAA
Gly Tyr Arg Pro Gln
455

TGG ACC AAC TTT GCC
Trp Thr Asn Phe Ala
470

GGTTGAGTGC AGGGCGGAGG GCCACAGCCG

AGAAGGGCCT CCCACCACGA GGCCTTGTTC CCTCATTTGC

AGTCACTTAA CCTCCCCCTG CATCGGAATC CATGTGTGTT

AGAGCCCCAA GCCCATGCAC GTGCACAGCC AGTGCCCAGT

CCCAGGGCCA GCTCAGAGGG CGGGGATGGC TCAGGCGTGC

GCCCCCTGGG AGTCCCCAGC CCCTGCACAG CCTCTTCTCA

AAC ATG
Asn Met

GAA AAC
Glu Asn
495

ATG AAG
Met Lys
510

TAT CTG
Tyr Leu

CCC ACA
Pro Thr

GAG ACC
Glu Thr

CCG CCC
Pro Pro
575

GGC
Gly
480

AGC
Ser

CGG
Arg

GCG
Ala

GGG
Gly

GCC
Ala
560

ACG
Thx

GAC
Asp

GGC
Gly

AGC
Ser

CTG
Leu

GAC
Asp
545

cccC
Pro

GGT
Gly

TCG
Ser

TAC
Tyr

CTG
Leu

ccce
Pro

530

TCC
Ser

GTG
val

GAC
Asp

GCT
Ala

CcTG
Leu

AGA
Arg
515

ACA
Thr

GAG
Glu

cCG
Pro

TCC
Ser

GTG CCC
Val Pro
485

GAG ATC
Glu Ile
500

ACC AAC
Thr Asn

GTG ACC
Val Thr

GCC ACT
Ala Thr

ccc ACG
Pro Thr
565

GGG GCC
Gly Ala
580

ACA CAC TGG
Thr His Txp

ACC AAG AAG
Thr Lys Lys

TTC CTG CGC
Phe Leu Arg
520

GAC CAG GAG
Asp Gln Glu
535

CCC GTG CcCC
Pro Val Pro
550

GGT GAC TCC
Gly Asp Ser

CCC CcCC GTG
Pro Pro Val

CAGTGGAGGG ACTTTGGGCA
TGAGGATGAG AGTTACTGGC
ATGCAGTGAG GGGCATGGTG
AGGTGGAGAG CAGGGCTTCA

CTCTGCAG G GAC CCC
Asp Pro

GAA CCC TAC ACT ACG
Glu Pro Tyr Thr Thr
490

ATG GGC AGC AGC TCC
Met Gly Ser Serxr Ser
505

TAC TGG ACC CTC ACC
Tyr Trp Thr Leu Thr
525

GCC ACC CCT GTG CCC
Ala Thr Pro Val Pro
540

CCC ACG GGT GAC TCC
Pro Thr Gly Asp Ser
555

GGG GCC CCC CCC GTG
Gly Ala Pro Pro Val
570

CCG CCC ACG GGT GAC
Pro Pro Thr Gly Asp
585 .

9942
10002
10062
10122
10169

10217
10265
10313
10361
10421
10481
10541
10601

10656

10704

10752

10800

10848

10896

10944

10992
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-3 9- There are two sequences that both show a 80% si mlarlt) tro—t

consensus sequence of the glucocorticoid receptor_ hi.nding--st ¢,
GSTACANNNTGTTCT, (Beato, M, 1989), the fi Ogﬁi"t‘qnht‘%léﬁ:ﬁﬁ iferrent drNOV 1996
strand at nt position -231 (1A) and the se ond? %@L@Edﬁ‘t pos i| thign_-811

(1B). Moreover, at nt position -861 (2) th "'trat shows 87%
simlarity to the consensus sequence of the _egLlrogen receptor :
AGGTCANNNTGACCT, (Beato, M, 1989). Lubon and Henni nghausen (1987) have
anal yzed t hgcPLRAU®R c8htce afd RBKI MG RESIGRACHRT 9fc I8 dhe¥c@W’di C 11040

Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro
590 595 600 605

L.
TS

GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT 11088
Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly
610 615 620

GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGC GCC CCC 11136
Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro
625 630 635

CCC GTG CCG CCC ACG GGT GAC GCC GGG CCC CCC CCC GTG CCG CCC ACG 11184
Pro Val Pro Pro Thr Gly Asp Ala Gly Pro Pro Pro Val Pro Pro Thr
640 645 650

GGT GAC TCC GGC GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC 11232
Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala
655 660 . 665 )

CCC CCC GTG ACC CCC ACG GGT GAC TCC GAG ACC GCC CCC GTG CCG CCC 11280
Pro Pro Val Thr Pro Thr Gly Asp Ser Glu Thr Ala Pro Val Pro Pro
670 675 680 685

ACG GGT GAC TCC GGG GCC CCC CCT GTG CCC CCC ACG GGT GAC TCT GAG 11328
Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Glu
: 690 695 - 700

GCT GCC CCT GTG CCC CCC ACA GAT GAC TCC AAG GAA GCT CAG ATG CCT 11376
Ala Ala Pro Val Pro Pro Thr Asp Asp Ser Lys Glu Ala Gln Met Pro
705 710 715
GCA GTC ATT AGG TTT TAGCGTCCCA TGAGCCTTGG TATCAAGAGG CCACAAGAGT 11431
Ala Val Ile Arg Phe
720 ;
GGGACCCCAG GGGCTCCCCT CCCATCTTGA GCTCTTCCTG AATAAAGCCT CATACCCCTG 11491

"TCGGTGTCTT TCTTTGCTCC CAAGGCTAAG CTGCAGGATC . 11531

Th1s Sheet Has Been Replaced
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protein ( | i shed the bipel a cl edr REPbAGGMis:i SHEET
of | act at Y\Aﬁ'mﬁm Il‘mmﬂ ells. One of tE’é‘ﬁ\ S'éEETlhA%FBE(ENaserved sequence,
GAAGGAAGT, *i st priesént i n*a’ nunber of kpr otREPhAGghes stjudi 4d le. 9.9 KDY 1994
rat a-lactal bum n gene (Qasba et al., 13% and Theé tat Ierr] gagei n gene
(Yu-Lee et al., 1986). In the CEL gene 5' -flanking region, or] the
conplenentar¥:§£ﬁﬂ$d at nt position -1299 (3) there is a sequerjce that
shows 8296S|n1 y to this conserved sequence. In a study of the
[err]-casein gene's regulation, a tissue specific mammary gl and factor

(MEF) was foynd '”K‘Wzﬂ%{oleéﬁdlaé?te%éd&iﬁ_[@rf&f‘aﬂio%gié\&i§§r' ng mce and its

recogniti on sequence was, i dentified
9 9 functional BSSL/CEL anéj- ntaining intron

sequences.

2. A DNA molecule according to claim 1 which is
shown in SEQ ID NO: 1 in the Sequence Listing.

3. An analogue of the DNA molecule according to
claim 2 which contains intron sequences and which
hvbridizes with the DNA sequence shown in SEQ ID
NO: 1 in the Sequence Listing or a specific part
thereof under stringent hybridization conditions.

4. A replicable expression vector which carries and
is capable of mediating the expression of a DNA
molecule according to any one of claims 1-3,
encoding human BSSL/CEL.

5. A vector according to claim 4 capable of encoding
biologically funtional BSSL/CEL and containing
regulatory elements directiﬁg expression to the
mammary gland of a non-human mammal.

6. A vector according to claim 4 which is the vector
pS452 (DSM 7499).

7. A cell derived from a multicellular organism and
harbouring a vector according to any one of
claims 4-6.

8. A process for production of human BSSL/CEL,

' comprising (a) inserting a DNA molecule as
defined in any one of claims 1-3 in a vector
which is able to replicate in a specific host
cell; (b) introducing the resulting recombinant
vector into a host cell; (c) growing the

. This Sheet Has Been Replaced
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o _ [ REPLACEMENT SHEET

In the hu ' 'l | anki ng regi pa—there= r equenteEs, —ome—on
t he conpl MIﬁmuﬂ]mE“!"mﬂ nt position | 36§ BHERT QK% ﬁm oﬁh a9 Nby 1996
position -1095¢(4B), ut hey Dot h show 82% ki ni | REPLACED t he jcdndensus
sequence: of the M3F binding site. Beside TNeEsSe two putative bi-nding

sites in the 5 -flanking region there 783a sequence on the conplénentary

strand at nt 275 in intron |, AGITCTTGGCA, which shows 100% jdemtrty—to—tfe
consensus sequencef8FULRaNFEEEHndPngTrsPhed CURGMERMESHYM E03r e are four

Sequences whi ch al bxphews8b% sifnthar polybeptideGoasndnyds sequaradny rat
the polypeptide.

9. A mammalian expression system, comprising a
hybrid gene which is expressible in the mammary
gland of an adult female of a non-human mammal
harbouring said hybrid gene, so that human
BSSL/CEL is produced when the hybrid gene is
expressed, said hybrid gene being produced by
inserting a DNA molecule according to any one of
claims 1-3 into a gene regulating a milk protein
gene of a non-human mammal. '

10. A hybrid gene as defined in claim 9.

11. A mammalian cell harbouring an expression system
as defined in claim 9.

12. A non-human mammalian cell according to claim 11
which is an embryo cell.

13. A process of producing a transgenic non-human .
mammal capable of expressing human BSSL/CEL,
comprising (a) introducing an expression system
as defined in claim 9 into a fertilized egg or a
cell of an embryo of a non-human mammal so as to
incorporate the expression system into the |
germline of the mammal and (b) developing the
resulting introduced.fertilized egg or embryo
into an adult female non-human mammal.

14. A process of producing a transgenic non-human
mammal capable of expressing human BSSL/CEL and
substantially incapable of expressing BSSL/CEL
from the mammal itself, comprising (a) destroying
the mammalian BSSL/CEL expressing capability of

the mammal so that substantially no mammalian

This Sheet Has Been Replaced
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- 40-

(5D) .

pancre
al . , 1986)
(5B)

R Ilmcﬂlllllmliersébe?‘éi‘\i

the third & kBt postti‘on -1140

15.

16.

17.

18.

19.

20.

21.

22.

23.

1 REPLACEMENT Sl—‘EET
GICACCT

SHEENdAGt BERN poti
5C) {and t heplgED at n
/_

BSSL/CEL is expressed and inserting an expression
system as defined in claim 9 into the germline of
the mammal in such a manner that human BSSL/CEL
is expressed in the mammal; and/or (b) replacing
the mammalian BSSL/CEL gene or part thereof with
an expression system as defined in claim 9.

A transgenic non-human mammal harbouring in its
genome a DNA molecule according to any one of
claims 1-3. '

A transgenic non-human mammal according to claim
15 in which the DNA molecule is present in the
germline of the mammal.

A transgenic non-human mammal according to claim
15 or 16 in which the DNA molecule is present in
a milk protein gene of the mammal.

A transgenic non-human mammal prepared by the
process of claim 13 or 14.

A transgenic non-human mammal according to any
one of claims 15-18 which is selected from the
group consisting of mice, rats, rabbits, sheep,
pigs and cattle.

" Progeny of a transgenic non-human mammal

according to any one of claims 15-19.

Milk obtained from a transgenic non-human mammal
according to any one of claims 15-20.

An infant formula comprising milk as defined in
claim 21. '

A process for production of an infant formula by
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polypeptide encoded by a DNA molecule according
to any one of claims 1-3.

Use of a DNA molecule_according to any one of
claims 1-3 for the production of human BSSL/CEL.

The use according to claim 24 for production of a
transgenic non-human mammal expressing human
BSSL/CEL.

The use according to claim 24 for production of
milk, containing human BSSL/CEL, derived from a
transgenic non-human mammal.

The use according to claim 24 for production of
an infant formula comprising milk, containing
human BSSL/CEL, derived from a transgenic non-
human mammal .

The use of a DNA molecule according to any oneof
claims 1-3 in the manufacture of a medicament for
the treatment of a pathological condition related
to exocrine pancreatic insufficiency.

The use according to claim 28 in the manufacture
of a medicament for the treatment of cystic
fibrosis.

The use according to claim 28 in the manufacture
of a medicament for the treatment of chronic

pancreatitis.

The use according to claim 28 in the manufacture
of a medicament for the treatment of fat
malabsorption.
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BSSL/ CEL geno mﬂmm m‘ mhe first exonTif SHEETVARS BEER STTibed

in Exanple 2. T“m hematic repr sentg&pgﬁcgj t he I Ilzy 6
of PCR-priners used for |dent|f|cat|on of t g prlngﬁ

"is positioned within the WAP sequence starting at the p05|t|onr 48-bp
upstream of the fusion between the WAP and BSSL/ CEL. The 3'-prj ner is

| ocalized in the first BSSL/CEL intron ending 398 bp downstreahrof—ttre —
fusi on point. B. The sequences of the PCRPr¥Ters used.

32. The use according to claim 28 in the manufacture
of a medicament for the treatment of
malabsorption of fat soluble vitamins.

33. The use according to claim 28 in the manufacture
of a medicament for the treatment of fat
malabsorption due to physiological reasons.
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ABSTRACT
NEW DNA SEQUENCES

The present invention relates to a DNA molecule
containing intron sequences and encoding a human
protein which is, depending on the site of action,
called Bile Salt-Stimulated Lipase (BSSL) or Carboxyl
Ester Lipase (CEL). The DNA molecule is advantageously
used in the productibn of recombinant human BSSL/CEL,
preferably by means of productioh in transgenic non-
human mammals. The recombinant human BSSL/CEL can be
used as a constituent of infant formulas used for
feeding infants as a substitute for human milk, or in
the manufacture of medicaments against e.g. fat
malabsorption, cystic fibrosis and chronic

pancreatitis.
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(A /prtgﬁﬁﬁiﬁf o2 o (vi) PRCE _ ATA: | REPLAGEMENT SHEET
(vi) PR l ATA: (A UIVB R | SF o
(B) FILIN 1992  (2) | NFOR 244 LL: Wme

SEQUENCE CHARACTERI STI CS: (A LENGTH 11531 base pa| 'S
5
FIGURE 5
Digest with Ncol Digest with Ncol Digest with BspEl
: and BspEl " and Sacl. and Sacl.
Isolate 2.35 kb. isolate 2.7 kb. Isolate 1.1 kb.
Neol BspEl Neol Y Sacl BspEl Sacl

Y Ligation and transformation.

Digest with Kpni Partial digestion with
and BamHl. BamHI.
Isolate 4.7 kb. Isolate linearized fragment.
Kenl Y Bamhi B Y BamHi
Linker insertion

Y Ligation and transformatioi

Digest with Kpnl Digest with BamHi

and Sall. and Sall.

Isolate 11.9 kb. Isclate 5.2 kb.
lspnl s?n Ba|l'nHl S'all

Ligation and transformation.



(B) TYPE:
TOPOLOGY:
SOURCE:

Manmmary gl and

LOCATI ON

(O STRANEED
(ii) MOLECULE TYPE:
(A) ORGANI SM Hono sapie

nucl eic acid
i near

(i x) FEATURE:

B%ENll REPLALIEMENT SHEET
Vipg—eRHGHNAE—
REPLAGE (F) T $sYE WP%Y 51?9 6

A NAVE/ KEY: CDS

join(1653..1727, 4071..4221, 4307 4429 4707
.. 4904, 6193..6323, 6501..6608, 6751..6868, 8335 . 8521,
8719..8922, 10124..10321, 10650..11394) 6
FIGURE 5 (continued)
| Digest with Sacl Digest with Sall Digest with Hindlll
. and Sall. and Hindlll. and Sacl.
Isolate 71bp. Isolate 20 kb. lsolate 1.7 kb.
Sacl Sall sall Y Hindl Hindill Sac
(]

\

/

Y Ligation and transformation.
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(ix) FEATURE: - (A) NAME/ KEY: mat_peptide (E{S) REPXASEMENT SHEET

| oi n(1722. . 1727, 4071.. 4221, 4307..4429 4fq)s SHEET HAS BEEN | | [T790%
6193..6323, 6501..6608, 6751..6868, 8335 REPLAGED 814?2_., 19 NOV 1996
8719..8922, 10124..10321, 10650..11391) L
: -. _—
FIGURE 6
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FIGURE 7

BamHI

Sall

_

This Sheet Has Been

I i




(A) NAME/ KEY:

(Ar NAME KEY:
(A) NAME/ KEY:
(A) NAME/ KEY:

exon
exon
exon
exon

WAP GENE

—_—
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(B) LOCATION: 1641..1727

(B) LOCATI ON:
(B) LOCATI O\
(B) LOCATI ON:

9

FIGURE 8

Not!

BamHi
v

pnl-Sall
-
S i
-~
S
Y
-~
—~
~

Xhol  Kpnl-

EcoRl EcoR)

|

1 kb

Notl

1

10

7

2 3.

(i x) FEATURE:

hBSSL GENOMIC DNA

CoATLIRC:

L™ L L\

REPLACEURAT SHEET

19 NOV 1996




P

|

(i x) FEATURE: - (A) NAME/ KEY: exon (B) LOCA'HE ———
6193. . 6323 (i x) FEATURE: ( A} THSVBHEEYHAS hAC“MéW SHEET -
LOCATI ON:  6501. . 6608 (i X) FEATURE: " RepLARENAVE/ HEY: [exon
(B) LOCATION: 6751..6868 (i X) FEATURE A NAVE/ KEY] 9 40V 1994
(B) LOCATI ON: 8335..8521 :
10,
FIGURE 9
Not1 Kpni Sal1 Not1
| ' | ]
— P Y
WAP / NBSSL VARIANT GENOMIC DNA
’ —
i . | 2
- <
148 +398
B
Primer Sequence (5°-3°)
5°-primer CTGTGTGGCAAGAAGGAAGTGTTGT
3 -primer CAACTCCTGACCTCAAGTGATC

M 12 3 456 78 91011 1213M
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8719. . 8922

LOCATI ON:  10124..10321

(i x) FEATURE:

(B) LOCATI ON: 10650. . 11490

A) NAVE/ KEY:
(i x) FEA(TU)RE: EX?A)TW@ERE\H@QB
(i x) FEATURE: REPLAGER) NA
(i x) FEATU
11
FIGURE 10
1 2 3 4 5 6
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(B) LOCATION: '11491..11531 @6)@% HcE DESCRI PTI O

GGATCCCTCG AACCCAGGAG TTCAAGACTG CA A’ GATTGTGCC ACT LACEMEN% HE

-leACT
AR 1997

60 AGCCTGGGTG ACAGAGACCC TGICT AAACAAACAA ACAAAAAACC T

120 CCGGGTGATA ATGACATGIC AATGIGGATT CAPFAGGTGT TAACAGCTGT
180

‘NEW DNA szouznczs

" TECHNICAL FIELD

The present invention relates to a DNA molecule
containing intron sequences and encoding a human
protein which is, depending on the site of action,
called Bile Salt-Stimulated Lipaée.(BSSL)'or Carboxyl
Ester Lipase (CEL). The DNA molecule is advantageously
used in the production-of'recombinant human BSSL/CEL,
preferably by means of production in transgenic non-
human mammals. The recombinant human BSSL/CEL can be
used as a constituent of infant formulas used for
feeding infants as a substitute for human milk, or in
the manufacture of medicaments against e.g. fat

. malabsorptien, cystic fibrosis and chronic

pancreatitis.

BACKGROUND OF THE INVENTION

Hydrolysis of dietary lipids
Dietary lipids are 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—solubie vitamins, are essential
dietary constituents. Before gastro-intestinal
absorption the-triacylglycerois as well as the minor
components, i.e. esterified fat-soluble vitamins and
cholesterol, and diacylphosphatidylglycerols, require
hydrolysis of the ester bonés to give rise to less
_hydrbphobic; 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 (hydrolysis of tri- and
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1.8 MAR 1997 - 44-  CoCBEPLAGEMENT SHEE
GATAACGGEGEG GAGACTGGAG TGGGGECGAGG ACATACGGGA AATCTCTGTA 240% - ATCTTCCTCT -
AATTTTGCTG TGAACCTAAA GCTGCTCTAA AAATGTACAT AGATATAAAC 300 CARMARI 997
CTTCCCTCT GCCCTGCCCC AGCCCTCCCC CACCTCCTTCGLFCTCCCTGC 3601 JGCCTCCCCT
- CTGCCCTCCC CTTTCCTCCT TAGCCACTGI AAATGACACT GCAGCAAAGG 420
diacylglycerols), Pancreatic Phospholipase A2 .

{hydrolysis of diacylphosphatidylglycerols) and
Carboxylic Ester Lipase (CEL) (hydrolysis of
cholesteryl- and fat soluble vitamin esters). In the
breast-fed newborn, Bile Salt-Stimulated Lipase (BSSL)
plays an essential parﬁ 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 occurs.

Bile Salt-Stimulated Lipase

The human lactating mammary gland synthesizes and
secretes with the milk a Bile Salt-Stimulated Lipase
(BSSL) (Blackberg et al., 1987) that, after specific
activation by primary bile salts, contributes to the

breast-fed infant’s endogenous capacity of intestinal
fat digestion. This enzyme, which accounts for
approximately 1% of total milk protein (Blackberg &
Hernell, 1981), 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.
It is, however, inactivated when the milk is
pasteurized, e.g. heated to 62.5°C, 30 min (Bjdorksten
et al., 1980). |

Model experiments in vitro suggest that the end
products of triacylglycerol digestion are different in
the presence of BSSL (Bernback et al., 1990; Hernell &
Blackberg, 1982). Due to lower intraluminal bile salt
concentrations during the neonatal period this may be
beneficial to product absorption.

Carboxvlic Ester Lipase _
The Carboxylic Ester Lipase (CEL) of human pancreatic

juice (Lombardo et al., 1978) seems functionally to be
identical, or at least very similar, to BSSL (Blackberg
et al, 1981). They also share common epitopes, have
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TCTGAGGCAA ATGCCTTTGC CCTGGGGOGC CCCAGCCACC TGCAGGCCCC TTATTTCCHG

480
TGGCCGAGCT CCTCCTCCCA CCCTCCAGIC CTTTCCCCAG CCTCCCTCGC CCACTA 18 RBAR ivys
TCCTGAATTG CTGGCACCGG CTGTGGICGA CAGACAGAGG GACAGACGTG GCTCTGCA 600
TCCACTCGGT CCCTGGCACC GGCCGCAGGEG GTGGCAGAAC GGGAGTIGTGG TTGGTGT 666 -
AAGCACAGGC CCCAGTGTCT CCTGGGGGAC TGTTGGGTEG GAAGGCTCTG GCTGCCCT 720

+ CCCTGTTCCC AT
- TGAGGGTGAC CT
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al., 1988) and are inhibited by inhibitors of serine

" esterases, e.g. eserine and diisopropylfluoro-

phopsphate. In recent studies from several laboratories

- the cDNA structures from both the milk lipase and the

pancreas lipase have been characterized (Baba et al.,
1991; Hui et al., 1991; Nilsson et al., 1990; Reue et
al., 1991) and the conclusion is that the milk enzyme
and the pancreas enzyme are products of the same gene
(in this application referred to as the CEL gene, EC
3.1.1.1). The cDNA sequence and deduced amino acid
sequence of the CEL gene are described in WO 91/15234
(Oklahoma Medical Research Foundation) and in WO
91/18923 (Aktiebolaget Astra).

CEL is thus assumed to be identical to BSSL, and the
polypeptide encoded by the CEL gene is in the present
context called BSSL/CEL.

Lipid malabsorption
Common causes of lipid malabsorption, and hence

malnutrition, are reduced intraluminal levels of
Pancreatic Colipase-Dependent Lipase and/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 80% of
the patients, and chronic pancreatitis, often due to
chronic alcoholism. |

The present treatment of patients suffering from a
deficiency of pancreatic libase is the oral
admiﬁistration of very large doses of a crude
preparation of porcine pancreatic enzymes. However,
Colipase-Dependent Pancreatic Lipase is inactivated by
the low pH prevalent in the stomach. This effect cannot
be completely overcome by the use of large doses of
enzyme. Thus the large doses administered are



TTCTTTCACT TCTCAGAGCC TTTCCTGGCT CCAGGATTAA TACCTGTTCA CAGAAAA
GAGTCGCCTC CTCCTCCACA ACCTCACACG ACCTTCTCCC. TTCCCTCCCG CTGGCCT,
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TCCCTCCCCT TCTGICACTC TGCCTGGEGCA TGCCCCAGEG CCTCGECTGG GCCCTTTEEI
TCCACAGGGA AACCTACATG GITGGEECTAG ATGCCTCCGEC ACCCCCCCAC CCACACOEG
TGAGCCTCTA GICCTCCCTC CCAGGACACA TCAGGCTS3A TGGTGACACT TCCACACEC

)=

1020
18 Mg w97
1140

TGAGTGGGAC TGCCTTGTGC TGCTCTGGEGA TTCGCACCCA GCTTGGACTA CCCGCTO:AV
GGGCCCCAGG AAAAGRTEGTaBEACATANGSETRAtIENTAT @RCGT BOXENSeTCEGEAG

1200
1260 —

GCTGCCCTTT CTGLEEEAGA AGhCARPECTmbHPeT GrdC inpheAREhTeC TTTGGGGACC

1320 -

Certain tablets have been formulated which pass through

the acid regions of the stomach and discharge the
enzyme only in the relatively alkaline environment
the jejunum. However, many patients suffering from

of

pancreatic disorders have an abnormally acid jejunum

and in those cases the tablets may fail to discharge

the enzyme.

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 BSSL/CEL-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 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. Productg that can be derived from
the use of the present invention fulfil this need by

themselves, or in combination with preparations
containing other lipases.

Infant formulas

It is well known that human milk-~feeding is considered
superior to formula-feeding for infants. Not only does
. ' human milk provide a well-balanced supply of nutrients,



TAGGGGACAA GCAGGGCATG GAGACATGGA GACAAAGTAT GCCCTTTTCT CTGACAG
CACCAAGCCC TGTGAACAAA CCAGAAGGECA GGGECACTGIG CACCCTGCCC
TCCCCCTTAC CACCCGCCAC CTTGCCACCT GCCTCTGCTC CCAGGTAAGT GGTAACC
ACAGGIGCAC TGTGGEGITTG GGGAAAACTG GATCTCCCIG CACCTGAGEG GGTAGA(G

1560

REPLACEMENT S

18 fiA8097

HEET

AGGGAGTGCC TGAGAGCTCA TGAACAAGCA TGTGACCTIG GATCCAGCTC CATAAATIACC 1620

CGAGGCCCAG GGGGAGGEECC, ACCCAGAGC, TG éTG CTCdAbC}? é-'xreG JC_%EESagEB.C ) - 673

Met Leu Thr MUty it Abg akgp easily

-20

igeste
several biologically active components which are known
to have physiological functions in the infant are

‘either a constituent of human milk or produced during

the digestion thereof, including components involved in
the defense against infection and components
ﬁacilitating the uptake of nutrients from human milk.

In spite of the great efforts which have been invested
in preparing infant formulas, it has not been possible
to produce a formula which to any substantial extent
has the advantageous properties of human milk. Thus,
infant formulas, often prepared on the basis of cow
milk, is generally incompletely digested by the infant
and is lacking substances known to have effect on the
physiological functions of the infant. In order to
obtain an infant formula with a nutritional value
similar to human milk, a number of additives including

protein fragments, vitamins, minerals etc., which are

normally formed or taken up during the infant’s

digestion of human milk, are included in the formula
with the consequent risk of posing an increased strain
on and possible long-term damage of important organs
such as liver and kidney. Another disadvantage
associated with the use of cow milk-based formulas is
the increased risk for inducing allergy in the infant

against bovine proteins.

As an alternative to cow milk-based infant formulas,
human milk obtainable from so-called milk banks has
been used. However, feeding newborn infants with human
milk from milk banks has in the recent years to an
increasing extent been avoided, because of the fear for
the presence of infective agents such as HIV and CMV in
human milk. In order to destroy the infective agents in
human milk it has become necessary to pasteurize the
milk before use. However, by pasteurization the
nutritional value and the biological effects of the
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CAAGAACTGC TGTGIAAGTA TGICCCATGC AATATTTGAA TTTCT ATGGGOCGGG
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Addition of lipases to infant formulas

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. However, because of BSSL,
such malabsorption is much less frequent in breast-fed .
infants than in infants fed pasteurized human milk or
infant formulas (Bernback et al., 1990).

To avoid the above disadvantages associated with
pasteurized milk and bovine milk-based infant formulas,
it would thus be desirable to prepare an infant formula
with a composition closer to that of human milk, i.e. a
formula comprising human milk proteins.

BSSL/CEL has several unidue properties that makes it

ideally suited for supplementation of infant formulas:

. 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/CEL 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
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Lipase, BSSL/CEL 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/CEL 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
(Bernback eﬁ al., 1990). This may favour product
absorption particularly when the intraluminal bile
salt levels are low. -

The utilization of BSSL/CEL for supplementation of
infant formulas requires however access to large
quantities of the product. Although human milk proteins
may be purified directly from human milk, this is not a
realistic and sufficiently economical way to obtain the
large quantities needed for large scale formula '
production, and other methods must consequently be
developed before an infant formula comprising human
milk proteins may be prepared. The present invention
provides such methods for preparation of BSSL/CEL in
large quantities. ' '

Production of proteins in milk of transgenic animals
The isolation of genes encoding pharmacologically

active proteins has permitted cheaper production of
such proteins in heterologoﬁs systems. An appealing
expression system for milk proteins is the transgenic
animal (For a review see Hennighausen et al., 1990).
Dietary compositions comprising bile salt-activated
lipase derived from e.g. transgenic animal technology,
is described in EP 317,355 (Oklahoma Medical Research
Foundation) .

In the transgenic animal, the prdtein coding sequence
can be introduced as cDNA or as a genomic sequénée.
Since introns may be necessary for regulated gene
expression in trahsgenic animals (Brinster et al.,
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CCCCGTCTCT ACTAAAAATA CAAATATTAA TCGEECGTGG TGGTGEGTGC CTGTAA 2137
AGCTACTCGG GAGGCTGAGG CAGGAGAACC CCTTGAAGCT GGEGAGGTIGGA GATT FG
AGCTGAGATC ACGCTACTGC ACTCCAGCCT GGGTGACAGG GCGAGACTCT GrICT 1 8 '%3997
ATAGAAAAAG AAAAAAATGA AACATACTAA AAAACAATTC ACTGITTACC TGAAAT C 2317
ATGTAACTGG GCCTCTTGAA TTTACATTTG CTAATCCF&S TGATTCCACC TACCAALCTC 2377

TCTGITGITC CCATTTTACA GAAGGGGAAA CGGGCCCAGG GGCAGGGAGT GTGGA
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form of the structural gene. WO 90/05188
(Pharmaceutical Proteins Limited) describes the use in
transgenic animals of protein-coding DNA comprising at
least one, but not all, of the introns naturally

occurring in a gene coding for the protein.

PURPOSE OF THE INVENTION

It is an object of the present invention to provide a
means for producing recombinant human BSSL/CEL, in a
high yield and at a realistic price, for use in infant
formulas in order to avoid the disadvantages with
pasteurized milk and formulas based on bovine proteins.

BRIEF DESCRIPTION OF THE INVENTION

The purpose of the invention has been achieved by
cloning and sequencing the human CEL gene. In order to
improve the yield of BSSL/CEL, the obtained DNA
molecule containing intron sequences, instead of the
known cDNA sequence, of the human CEL gene has been
used for production of'humgn BSSL/CEL in a transgenic

non-human mammal.

Accordingly, in one aspect the present invention
relates to a DNA molecule shown in the Sequence Listing
as SEQ ID NO: 1, or an analogue of the said DNA
molecule which hybridizes with the DNA molecule shown
in the Sequence Listing as SEQ ID NO: 1, or a specific
part thereof, under stringent hybridization conditions.

The procedure used for isolating the human BSSL/CEL DNA
molecule is outlined in the Examples below.



GAAAGAGAGC CGGCAGGCAG GAGCTCTCTC GAGGCATCCA TAAATTCTAC CCTCTCTSREPLACBIGENT SHEET

TGTGAAGGAG AAGCCACAGA AACCCCAAGC CCCACAGGAA GCCGGTGICG GreeceHscr 2677
CAGICCCTGC CCCCAGCAGG AGICACACAG GGGACCCCAG ATCCCAACCA CCCTGITETE 18%@%@“@7
CTGCCTGCGG TGICTCAGGC CCTGGGGACT CCTGICTCCA CCTCTGCTGC CTGCTCTECA
CACTCCCTGG CCCTGGEGACC GGGAGGITTG GGCAGTGGTC TTGEECTCCT GACTCAAA 2S5+

AGAGGTCACC TTCTTCTTGG GCGAGCTCTT CTTGEGEGT@C. TGAGAGECCT TCGGECAG 2917

'k

ATCACRACEC CTERCATIT, COCTAGECTS AT, SPASTCT A ALTGRAGHES 2977

- above are to be understood in their conventional
meaning, i.e. that hybridization is carried out
according to an ordinary laboratory manual such as
Sambrook et al. (1989).

In another aspect the present invention provides a
mammalian expression system comprising a DNA sequence
.encoding human BSSL/CEL inserted into a gene encoding a
milk protein of a non-human mammal so as to form a
hybrid gene which is expressible in the mammary gland
of an adult female of a mammal harbouring said hybrid
gene so that human BSSL/CEL i; produced when the hybrid
gene is expressed.

In yet a further aspect, thé_present invention relates
to a method of producing a transgenic non-human mammal
capable of expressing human BSSL/CEL, comprising
injecting a mammalian expression system as defined
above into a fertilized egg or a cell of an embryo of a
mammal so as to incorporate the expression system into
the germline of the mammal and developing the resulting
injected fertilized egg or embryo into an adult female
mammal . ' .

~.

DETAILED DESCRIPTION OF THE INVENTION

The DNA molecule shown in the Sequence Listing as SEQ
ID NO: 1, which has an overall length of 11531 bp, has
the following features:



GATCACGCCA CTGGCACAAG GAGACACAGA TGOCTCGCAG GGGATGOCCA CGATCDWLACE@QQ? SHEET
ATGTGITGCT TCTGGTTCCT TTCCTCCAGI TCCAACCGCC GCACTCTCCC ACACCALT 300+
GACAGGGGGEC CCATCACCCT AGACTTCAGA GGGCTGCTGG GACCCTGGCT GEECCTSGSG
GIGTAGGEECC ACCCTGCCCT TCCCCACCTG GAACCTGGCA CAGGTGACAG CCAGCAAGCA18 1?997

ATGACCTGGT CCCACCATGC ACCACGGGAA GAGGGAGCTII-CTGOCCAAGA TGGACA 3277
'~ GTGGCACTGG GGCAGACAGC TGCTTCTCAA CAGGGTGACT TCAAGCCCAA AAGCTCCCA 3337
. GCCTCAGTTC CGT(REZALe AGAGGGTGGA TGAGCAERZI REISCAGECC 3397
- GTGGACAGCT TGGTW%QWE@I&;CAT(XBCACA@ GGAAGCGT GG XBAHGEGTGEG 3457

| TATA box | 1611 1617

Exon 1 : 1641 1727

Translation start 1653 1653

Exon 2 4071 4221

Exon 3 4307 4429

Exon 4 - 4707 , 4504

Exon 5 6193 6323

Exon 6 _ 6501 6608

Exon 7 ' 6751 6868

Exon 8 8335 8521

Exon 9 8719 8922

"Exon 10 ' 10124 10321

Exon 11 106590 11490

3/-Flanking region 11491 11531

In the present context, the term "gene" is used to
indicate a DNA sequence which is involved in producing
a polypeptide chain and which includes regions
preceding and following the coding region (5‘-upstream
and 3’'-downstream sequences) as well as intervening_

~ sequences, the so-called introns, which are placed
between individual coding segments (so-called exons) or
in the 5’-~-upstream or 3'-downstream region. The 5’-
upstream region comprises a regulatory sequence which
controls the expression of the gene, typically a
promoter. The 3 -downstream region comprises sequences
which are involved in termination of transcription of
the gene and optionally seguences responsible for
polyadenylatlon of the transcrlpt and the 3’
untranslated region.

The DNA molecules of the invention explained herein may
comprise natural as well as synthetic DNA sequences,
the natural sequence typically being derived directly
from genomic DNA, normally of mammalian origin, e.g. as
described below. A synthetic sequence may be preparéd
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AGGTGTGGTC CCTAGGGGGT TCTTTACCAG CAGGGGGCTC AGGAACTGTG GGGACTT
CATGGGECCA TCGACTTTGI GCCCAGCCAG CTAGGCCCTG TGCAGGGAGA TGGGA
GAAAAGCAGG CCCCACCCCT CAGAAAGGAG GAAGGTTGGT GTGAAACATC CCGGGTA

TGAGCATTGG GIACACTCCT CCCGGGAGCT GGACAGGCCT CCCATGTGAT GGCAAA
CCGACAGGAG ACACGECTGI TGCTCGICTT CCACAREESG AAACTGAGGA TCGGAGT

AGCTGGEECGEG CCATAGCCAG AACCCAAACC TCCATCCCAC CTCTTGECCG GCTTCCCTAG

TGGGAACACT  GBIT e tEOHE CTifEthAGATICT Gt tISSARGNTNC IDCABAGEEATDONA 3877

molecules. The DNA sequence may further be of mixed

genomic and synthetic origin.

In a further aspect, the present invention relates to a

replicable expression vector which carries and is

capable of mediating the expression of a DNA sequence

encoding human BSSL/CEL.

In the present context, the term *replicable" means

that the vector is able to replicate in a given type of

host cell into which it has been introduced. Immedi-

ately upstream of the human BSSL/CEL DNA sequence there
may be provided a sequence coding for a signal peptide,

the presence of which ensures secretion of the human

BSSL/CEL expressed by host cells harbouring the vector.
The signal sequence may be the one naturally associated

with the human BSSL/CEL DNA sequence or of another

origin.

The vector may be any vector which may conveniently be
subjected to recombinant DNA procedures, and the choice
of vector will often depend on the host cell into which

it is to be introduced. Thus, the vector may be an
autonomously replicating vector, i.e. a vector which

exists as an extrachromosomal entity,-the'replication

of which is independent of chromosomal replication;

examples of such a vector are a plasmid, phage, cosmid,

mini-chromosome or virus. Alternatively, the vector may

be one which, when introduced in a host cell, is
integrated in the host cell genome and repliéated

together with the chromosome(s) into which it has been

integrated. Examples of suitable vectors are a

bacterial expression vector and a yeast expression
vector. The vector of the invention may carry any of
the DNA molecules of the invention as defined above.

£ 3517
1836 1997
C 3637
G 3697
3757
3817 o
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The present invention further relates to a cell
harbouring a replicable expression vector as defined
above. In principle, this cell may be of any type of
cell, i.e. a prokarybtic cell, a unicellular eukaryotic
organism or a cell derived from a multicellular
organism, e.g. a mammal. The mammalian cells are
especially suitable for the purpose and are further
discussed below.

In another important aspect, the invention relates to a
method of producing recombinant human BSSL/CEL, in
which a DNA sequence encoding human BSSL/CEL is
inserted in a vector which is able to replicate in a
specific host cell, the resulting recombinant vector is
introduced into a host cell which is grown in or on an
appropriate culture medium under appropriate conditions
for expression of human BSSL/CEL and the human BSSL/CEL

is recovered.

The medium used to grow the cells may be any
conventional medium suitable for the purpose. A
suitable vector may be any of the vectors described
above, and an appropriate host cell may be any of the
cell types listed above. The methods employed to
construct the vector and effect introduction thereof
into the host cell may be any methods known for such
purposes within the field of recombinant DNA. The
recombinant human BSSL/CEL expressed by the cells may
be secreted, i.e. exported through the cell membrane,
dependent on the type of cell and the composition of
the vector.

If the human BSSL/CEL is produced intracellularly by
the recombinant host, that is, is not secreted by the
cell, it may be recovered by standard procedures
comprising cell disrupture by mechanical means, e.g.

~sonication or homogenization, or by enzymatic or
chemical means followed by purification.
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4106 Leu Ay Ala Val Tyr Thr Gu Ay Ay Phe Vi A197
5 10 GGC GIC AAT AAG AAG CTC G&C CTC CTG C C¥ gTé
GAC ATC TTC 4154 dy Val Asn Lys Lﬁ Leu Ay Leu Leu Gy . ‘
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35 -human B&GL/CEL should be pr&sedeCA PAR CEHUEEC S Gy G
GTCEEAGTCG nggchﬁggbﬁgleggggyae; the préégﬁgk of which ensures
secretion of human BSSL/CEL from the cells so that at
least a significant proportion of the human BSSL/CEL
expressed is secreted into the culture medium and
recovered.

The presently preferred method of producing recombinant
human BSSL/CEL of the invention is by use of transgenic
non-human mammals capable of excreting the human
BSSL/CEL into their milk. The use of transgenic non-
human mammals has the advantage that large yields of
recombinant human BSSL/CEL are obtainable_at reasonable
costs and, especially when the non-human mammal is a
cow, that the recombinant human BSSL/CEL is produced in
milk which is the normal constituent of, e.g., infant
formulae so that no extensive purification is needed
when the recombinant human BSSL/CEL is to be used as a
nutrient supplement in milk-based products.
Furthermore, production in a higher organism such as a
non-human mammal normally leads to the correct
processing of the mammalian protein, e.g. with respect
to post-translational processing as discussed above and
proper folding. Also large quantities of substantially
pure human BSSL/CEL may be obtained.

Accordingly, in a further important aspect, the present
invention relates to a mammalian expression system
comprising a DNA sequence engoding human BSSL/CEL
inserted into a gene encoding a milk protein of a non-
human mammal so as to form a hybrid gene which is
expressible in the mammary gland of an adult female of
a mammal harbouring said hybrid gene.

The DNA sequence encoding human BSSL/CEL is preferably
a DNA sequence as shown in the Sequence Listing as SEQ
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Pro Hs Pro Ay Trp @n 50 CGECCEEECG GGTGAGEECG

TCATGCCAAC TCCTGCCACC TGCAG GG 4308

dy ACC CTG AAG GCC AAG AAC TTC AAG AAG AGA TGC CTG CAG GCC AcCe Aﬂ@MgR-Wgy
4356 Thr Leu Lys Ala Lys Asn Phe Lys Lys Arg Cys Leu @n Ala Thrille

55 60 —l45 “ACC CcAG GAC AGC ACE TAc-ess-eAT—
GAA GAC TGC CIG . TAC CTC AAC ATT . 4404_.Ihr n_Asp Ser_ThriTyr Gy As

Gu Asp Oys IEHIMRHr 4 &F &PHYnEs human Bssllctl gel}% St ad L 88 —
85 analogue thereof.

The mammary gland as a tissue of expression and genes

encoding milk proteins are generally considered to be

particularly suitable for use in the production of

heterologous proteins in transgenic non-human mammals

as milk proteins are naturally produced at high

expression levels in the mammary gland. Also, milk is

readily collected and available in large quantities. In

the present connection the use of milk protein genes in
the production of recombinant human BSSL/CEL has the
further advantage that it is produced under conditions

similar to the its natural production conditions in

terms of regulation of expression and production
location (the mammary gland).

In the present context the term "hybrid gene" denotes a

DNA sequence comprising on the one hand a DNA sequence
encoding human BSSL/CEL as defined above and on the
other hand a DNA sequence of the milk protein gene

which is capable of mediating the expression of the

hybrid gene product. The term "gene encoding a milk

protein" denotes an entire gene as well as a

subsequence thereof capable of mediating and targeting

the expression of the hybrid gene to the tissue of

interest, i.e. the mammary gland. Normally, said
subsequence is one which at least harbours one or

more

of a promoter region, a transcriptional start site, 3’

and S5’ non-coding regions and structural sequences. The

DNA sequence encoding human BSSL/CEL is preferably

substantially free from prokaryotic sequences, such as

vector sequences, which may be associated with the DNA

sequence after, e.g., cloning thereof.

The hybrid gene is preferably formed by inserting

in

vitro the DNA sequence encoding human BSSL/CEL into the

milk protein gene by use of techniques known in the
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100

recombinantion.

Normally, the DNA sequence encoding human BSSL/CEL will
be inserted in one of the first exons of the milk
protein gene of choice or an effective subsequence
thereof comprising the first exons and preferably a
subStantial part of the 5’ flanking sequence which is
believed to be of regulatory importance.

The hybrid gene preﬁerably comprises a seguence
encoding a signal peptide so as to enable the hybrid

. gene product to be secreted correctly into' the mammary

gland. The signal peptide will typically be the one
normally .found in the milk protein gene in gquestion or
one associated with the DNA sequence encoding human
BSSL/CEL. However, also'other signal sequences capable
of mediating the secretion of the hybrid gene product
to the mammary gland are relevant. Of course, the
various elements of the hybrid gene should be fused in -
such a manner as to allow for correct expression and
processing of the gene product. Thus, normally the DNA
sequence encoding the signal peptide of choice should
be precisely fused to the N-terminal part of the DNA
sequence encoding human BSSL/CEL. In the hybrid gene,
the DNA sequence encoding human BSSL/CEL will normally
cdmprise its stop codon, but not its own message
cleavance and polyadenylation site. Downstream of the
DNA sequence encoding human BSSL/CEL, the mRNA
processing sequences of the milk protein gene will
normally be retained.

A number of factors are contemplated to be responsible
for the actual expression level of a particular hybrid
gene. The capability of the promoter as well of other
regulatory sequences as mentioned above, the
integration site of the expression system in the genome
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regulation and other similar factors may be of vital
importance for the expression level obtained. On the
basis of the knowledge of the various factors
influencing the expression level of the hybrid gene,
the person skilled in the art would know how to design
an expression system useful for the present purpose.

A variety of different milk proteins are secreted by
the mammary gland. Two main groﬁps.of milk proteins
exist, namely the caseins and the whey proteins. The
composition of milk from different species varies
gualitatively as well as quantitatively with respect to
these proteins. Most non-human mammals produces 3
different types of casein, namely «-casein, B-casein
and k-casein. The most common bovine whey proteins are
o-lactalbumin and P-lactalbumin. The composition of
milk of various origins are further disclosed in Clark
et al.(1987). '

The milk protein gene to be used may be derived from
the same species as the one in which the expression
syStem is to be inserted, or it may be derived from
another species. In this connection it has been shown
that the regulatory elementé that target gene
expression to the mammary gland are functional across
species boundaries, which may be due to a possible
common ancestor (Hennighausen et al., 1990).

Examples of suitable genes encoding a milk protein or
effective subsequences thereof to be.used in the
construction of an expression system of the invention
are normally found among whey proteins of various
mammalian origins, é.g. a whey acidic protein (WAP)
gene, preferably of murine origin, and a B-

‘lactoglobulin gene, preferably of ovine origin. Also
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casein genes of various origins may be found to be

" suitable for the transgenic production of human
BSSL/CEL, e.g. bovine tSl-casein and rabbit B-casein.
The presently preferred gene is a murine WAP gene as
this has been found to be capable of providing.a high
level of expression of a number of foreign human
proteins in milk of different transgenic animals
(Hennighausen et al, 1990).

Another sequence preferably associated with the
expression system of the invention is a so-called
expression stabilizing sequence capable of mediating
high-level expression. Strong indications exist that
such stabilizing sequences are found in the vicinity of
and upstreams of milk protein genes.

The DNA sequence encoding human BSSL/CEL to be inserted
in the expression system of the invention may be of
genomic or synthetic origin or any combination thereof.
Some expression systems have been found to require the
presence of introns and other regulatory regions in
order to obtain a satisfactory expression (Hennighausen
et-al., 1990). In some cases it may be advantageous to
introduce genomic structures, rather than cDNA
elements, as polypeptide encoding element in vector
constructs (Brinster et al.). The intron and exon
structure may result in hiQher steady state mRNA levels
that obtained when cDNA based vectors are used.

In a further aspect, the present invention relates to a
hybrid gene comprising a DNA sequence encoding human
BSSL/CEL inserted into a gene encoding a milk protein
of a non-human mammal, the DNA sequence being inserted
in the milk protein gene in such a manner that it is
expressible in the mammary gland of an adult female of
a mammal harbouring the hybrid gene. The hybrid gene
and its constituents have been discussed in detail
above. The hybrid gene constitutes an important
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AATACAAAAT TAGCCAGGCG TGGTGGCGCT TGCCTGTAAT CCCAGCTACT

intermediate in the construction of an expression
system of the invention as disclosed above.

In another aspect, the present invention relates to a
non-human mammalian cell harbouring an expression
system as defined above. The mammalian cell is
preferably an embryo cell or a prd—nucleus. The
expression system is suitably inserted in the mammalian
cell using a method as explained in the following and
specifically illustrated in the Example below.

In a further important aspect, the present invention
relates to a method of prodUcing.a transgenic non-human
mammal capable of expressing human BSSL/CEL, comprising
injecting an expression system of the invention as’
defined above into a fertilized egg or a cell of an
embryo of a mammal so as to incorporate the expression
system into the germline of the mammal and developing
the resulting injected fertilized egg or embryo into an
adult female mammal.

The incorporation of thé expression system into the
germline of the mammal may be performed using any
suitable technique, e.g. as described in "Manipulating
the Mouse Embryo"; A Laboratory Manual, Cold Spring
Harbor Laboratory Press, 1986. For instance, a few
hundred molecules of the ekpression system may be
directly injected into a fertilized egg, e.g. a
fertilized one cell egg or a pro-nucleus thereof, or an
embryo of the mammal of choice and the microinjected
eggs may then subsequently be transferred into the
oviducts of pseudopregnant foster mothers and allowed
to develop. Normally, not all of the injected eggs
will develop into adult females expressing human
BSSL/CEL. Thus, about half of the mammals will from a
statistically point of view be males from which,
however, females can be bred in the following

generations.



AGGCAGGAGA ATCCCTTGAA CTCAGGAGGEC GGAGGITGCG GTGAGCCGAG ATCAT
TGCACTCCAG CCTGGAGAAC AAGAGTAAAA CTCTGTCTCA AAAAAAAAAA
ATAGCCAGGC GTGGTATCTC ATGCCTCTGT CCTCAGCTAC CTGGGAGGCA GAGGT
GATCCCTTGA GCCCAGGEEGTT TCAAAGCTGC AGTGAGCCGT GGTCGTGCCA CTGCACT

GCCTGGEECGA CAGAGTGAGG CCCCATCTCA AAAATAAGAG GCTGTGGGAC AGACAGA
GCAGACAGGC TGAGGCTCAG AGAGAAACCA GGAGAGEMEA GCTGAGTGAG AGACAGA

CAATACCTTG AGGCAGAGAC AGCTGTGGAC ACAGAAGTGG CAGGACACAG ACAGGAGEER
CTGGGGCAGG GEORCEAGAGEGTE thrGacERTdarrPeCtbecEN? ASIRTIRC
' - encoding human BSSL/CEL may be expressed at high leve

to produce a correctly processed and functional human

BSSL/CEL in stable lines of the mammal in question.

Of further interest is a method of producing a

1s

transgenic non-human mammal capable of expressing human

BSSL/CEL and substantially incapable of expressing
BSSL/CEL from the mammal itself, comprising

(a) destroying the mammalian BSSL/CEL expressing
capability of the mammal so that substantially no
mammalian BSSL/CEL is expressed and inserting an

expression system of the invention as defined above or

a DNA sequence encoding human BSSL/CEL into the
germline of the mammal in such a manner that human
BSSL/CEL is expressed in the mammal; and/or (b)
replacing the mammalian BSSL/CEL gene or part thereof

with an expression system of the invention as defined

above or a DNA sequence encoding human BSSL/CEL.

The mammalian BSSL/CEL expressing capability is

conveniently destroyed by introduction of mutations in

the DNA sequence responsible for the expression of the

BSSL/CEL. Such mutations may comprise mutations which

make the DNA sequence out of frame, or introduction of

a stop codon or a deletion o6f one or more nucleotides
of the DNA sequence.

The mammalian BSSL/CEL gene or a part thereof may be

replaced with an expression éystem as defined above or

a DNA sequence encoding human BSSL/CEL by use of the
well known principles of homologous recombination.

In a further aspect, the present invention relates to
transgenic non-human mammal prepared by a method as
described above.

a
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Asn Tyr Gy walfégtﬁéptﬁiﬂsbbﬁlhbhoﬁLhuMhﬁ Abamal po¥akhkyiniegtion
in its broadest aspect is not restricted to any
partlcular type of mammal the mammal will normally be
selected from the group consisting of mice, rats,
rabbits, sheep, pigs, goats and cattle. For large scale
productioh of human BSSL/CEL the larger animals such as
sheep, goats, pigs and especially cattle are normally
preferred due to their high milk production. However,
also mice, rabbits and rats may be interesting due to
the fact that the manipulation of these animals is more
simple and results in transgenic animals more quickly
than when, e.g. cattle, are concerned.

Also progeny of a transgenic mammal as defined above,
capable of producing human BSSL/CEL is within the scope
of the present invention.

In a further aspect the present invention includes milk
from a non-human mammal comprising recombinant human
BSSL/CEL.

In a still further aspect, the present invention
relates to an infant formula comprising recombinant
human BSSL/CEL, in particular a polypeptide of the
invention as defined above. The infant formula may be
prepared by adding the recombinant human BSSL/CEL or
polypeptide in a purified or partly purified form to
the normal constituents of the infant formula; However,
normally it is preferred that the infant formula is
prepared from milk of the invention as defined above,
especially when it is of bovine origin. The infant
formula may be prepared using conventional procedures
and contain any necessary additives such as minerals,
vitamins etc. '



165 170 175 AAT ATC GOG GCC TTRERBERERT SHEET

GAC CCC AAC AAC ATC ACG CTC TTC GGG 6290 Asn Ile Alla Al ajP

Asp Pro Asn Asn Ile Thr Leu Phe Gy 180

190 GAG TCT GCT GGA GGT GCC AGC GIC TCT TG CAG GTCTCGGGAT

6343 Au Ser Ala Ay dy Ala Ser Val Ser 50 @n 195

200 AGGGECCT TG AGAGGAAGCT CAAACGGGAA GGGGAGGGTG

6403 CGTGGA GTGGT GCTGGEGGTGT CCTTGTCCCA GCGTGGEGGTG GGG
6463 GGAGCGGCCT TGGTGACGGG ATTTCTGEGT CCCGTAG ACC CTC TCC CCC TAC AAC

6518 " EXAMPLE 1: GENOMIC ORGANIZATION, SEQUENCE ANALYSIS AND
CHROMOSOMAL LOCALIZATION OF THE CEL GENE

Standard molecular bioclogy techniques were used
(Maniatis et al., 1982; Ausubel et al., 1987; Sambrook
et al., 1989) if nothing else is mentioned.

Isolation of Genomic Recombinants

Two different human genomic phage libraries, ADASH
(Clonentech Laboratories Inc., Palo Alto, Ca, USA) and
AEMBL-3 SP6/T7 (Stratagene, La Jolla, CA, USA), were
screened by plaque hybridization using various

subcloned cDNA restriction fragments (Nilsson et al.,
1990) as probes, labeled with [a-32P]dCTP by the
oligolabeling technique (Feinberg et al., 1983).

Mapping, Subcloning and Sequencing of Genomic Clones

Positive clones were digested'with various restriction
enzymes, electrophoresed on 1% agarose gels and then
vacuumtransfered (Pharmacia LKB BTG, Uppsala, Sweden)
to a nvlon membrane. The membrane was hybridized with
various cDNA probes. Restriction fragments, hybridizing
with the probes, were isolated using the
isotachophoreses method (éfverstedt et al., 1984).
Smaller fragments, <800 bp, were directly inserted into
M13mpl8, M13mpl9, M13BM20 or M13BM21l vectors and
sequenced, using E. coli TGl as host bacteria, whereas
larger fragments were subcloned into pTZ1l8R or pTZ19R
vectors, using E. coli DHS& as host bacteria, and
further digested. (The plasmids pS309, pS310 and pS451
used in Example 2 below were produced accordingly.)
Some of the isolated fragments were also used as probes
in hybridizations. All of the nucleotide sequence was
determined by the dideoxy chain termination method
(Sanger et al., 1977) using Klenow enzyme and either
the M13 universal sequencing primer of specific
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Thr Leu Ser Pro Tyr Asn 205
AAG G3C CTC ATC CGG CGA GCC ATC AGC CAG AGC GC GTG GCC CTG AGI 18 M4ReWS7
Lys Ay Leu Ille Arg Arg Ala Ile Ser-dn Ser Ay Val Ala Leu Her| 210

215 220 _% 5 CCC TGG GIC ATC |[CAG AAA AAC
CCA CTC TTC TGG GCC AAA AAG 608 Pro Trp Val Iladn lys Asn

Pro Leu Phe Trp.Ala L S . . - . 5
T AnAGECAG CAA R R s oS RS B e arrerrisred  gees
CTGGACCCCA TC@WW ToAcdeETGe @ Camecert tuary AMETEASed6728
as described by Sjéberg et al. (1989). The sequences
were analyzed using the programs obtained from the

UWGCG software package (Devereux et al., 1584).

Primer Extension _

Total RNA was isolated from human pancreas, lactating
mammary gland and adipose tissue by the guanidinium
isothiocyanate-CsCl procedure (Chirgwin et al., 1979).
Primer extension was performed according to (Ausubel et
al., 1987) using total RNA and an antisense 26-mer
oligonucleotide (5 -AGGTGAGGCCCAACACAACCAGTTGC-3’), nt
position 33-58. Hybridization'of the primer with 20 ug
of the total RNA was performed in 30 Ml of 0.9 M NaCl,
0.15 M Hepes pH 7.5 and 0.3 M EDTA at 30°C overnight.
After the extension reaction with reverse
transcriptase, the extension products were analyzed by
electrophoresis through a 6% denaturing polyacrylamide
gel.

Somatic Cell Hybrids

DNA from 16 human-rodent somatic cell hybrid lines,
obtained from NIGMS Human Genetic Mutant Cell
-Repository (Coriell Institute for Medical Research,

Camden, NJ) were used for the chromosomal assignment of
the CEL gene. Human-mouse somatic cell hybrids GM09925
through GM09940 were derived from fusions of fetal
‘human male fibroblasts (IMR-91), with the thymidine
kinase deficient mouse cell line B-82 (Taggart et al.,
1985; Mohandas et al., 1986{. Hybrids GM10324 and
GM02860 with the HPRT and APRT deficient mouse cell
line A9 (Callen et al., 1986), while hybrid GM10611
resulted from a microcell fusion of the retroviral
vector SP-1 infected human lymphoblast cell line
GM07890 with the Chinese hamster ovary line UV-135
(Warburton et al., 1990). Hybrid GM10095 was derived
from the fusion of lymphacytes from a female with a
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balanced 46,X,t(X;9)(qgl3;34) karyotype with the Chinese
hamster cell line CHW1102 (Mohandas et al., 1979). The
human chromosome content of the hybrid lines, which was
determined by cytogenetic analeis as well as by
Southern blot analysis and in situ hybridization
analysis, are shown in Table 1. High molecular weight
DNAs isolated from mouse, Chinese hamster and human
parental cell line and the 16 hybrid cell lines were
digested with EcoRI, fractionated in 0.8% agarose gels,
and transferred to nylon filters. A'[a-32P]dCTP—labeled
CEL cDNA probe (a full-length cDNA) was prepared by
oligolabeling (Feinberg'and Vogelstein, 1983) and
hybridized to the filters. The filters were washed for
60 min each at 65°C in 6xSSC/0.5%SDS and in
2xSS8C/0.5%SDS. ' '

Polymerase Chain Reaction
Total human genomic DNA isolated from leukocytes, DNA

from somatic cell hybrids and from some of the positive
genomic recombinants and total RNA from human lactating
mammary gland and human pancreas were amplified for
exon 10 and exon 11. Two Ug of DNA were used. The
primers used are listed in Table 2. Thirty cycles of
PCR were performed in 100 pl volume [10 mM Tris-HCl, pH

8.3, 50 mM KC1l, 1.5 mM MgClz, 200 pM of each 4ANTP, 100
Hg/ml gelatin, 100 pmol of each primer, 1.5 U Taqg DNA
polymerase (Perkin-Elmer Cetus, Norwalk, CT, USA)] and
the annealing temperature 55°C for all the primer

| pairs. The RNA sequence was amplified by the use of
combined complementary DNA (cDNA) and PCR
methodologies. cDNA was synthesized from 10pg total RNA
in 40 pl of a solution containing 50 mM Tris-HCl, pH
8.3, 50 mM KC1, 10 mM MgClz, 10 pg/ml BSA, 1 mM of each
dNTP, 500 ng of oligo(dt)lz_le, 40 U ribonuclease
inhibitor, -and 200 U reverse transcriptase (MoMuLV),
(BRL, Bethesda Research Laborataries, N.Y., USA} for 30‘
min at 42°C. The cDNA was precipitated and resuspended
in 25 pl H50; 2 pl of this was amplified, as described
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Asp Ala Ala Arg Met Ala G n Cys Leu Lys Val Thr Asp Pro Arg A\ & 250

255 260 . 265 CTG ACG CTG GCd| TAT 1A\MARr&97
CCG CTG GCA GGEC CTG GAG T GIGAGTAGCT 6878 Leu Thr Leu Al h Jlyr Lys Val
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" subcloned and sequenced.

Gene Structure of the Human CEL Gene
In each genomic library, 106 recombinants were screened

-and the screenings yielded several positive clones,
which were all isolated and mapped. Two clones,
designated ABSSL1 and ABSSL52, were further analyzed.
Restriction enzyme digestions with several enzymes,
Southern blotting followed by hybridization with cDNA
probes, indicated that the ABSSLSA clone covers the
whole CEL gene and that thé ABSSL1 clone covers the 5'-
half and about 10 kb of 5’-flanking region (Fig. 1).
Together these two clones cover about 25 kb of human

genome.

After subcloning and restriction enzyme digestion,
suitable fragments for sequencing were obtained and the
entire sequence of the CEL gene could be detérmined,
including 1640 bp of the 5’-flanking region and 41 bp
of the 3’-flanking region. These data revealed that the
human CEL gene (SEQ ID NO: 1) span a region of 9850 bp,
céntaining 11 exons interrupted by 10 introns (Fig. 1).

- This means that the exons and especially the introns
are relatively small. In fact, exons 1-10 range in
sizes from 87-204 bp respectively while exon 11 is 841
bp long. The introns range in sizes from 85-2343 bp
respectively. As can be noted in Table 3, all
exon/intron boundaries obey the AG/GT rule and conform
well to the consensus sequehce suggested by Mount et
al. (1982). When the coding part of the CEL gene was
compared with the cDNA (Nilsson et al., 1990), only one
difference in nucleotide sequence was found; the second
nt in exon 1, a C, which in the cDNA sequence is a T.
Since this position is located 10 nt upstream the
translation start codon ATG, this difference does not
influence the amino acid sequence.
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Alul-Alu7(5’-3') (Fig. 1), one in the 5’-flanking region

and the six others within the CEL gene.

Transcription Initiation Sites and 5’'-Flankin

region

To map the human CEL gene transcription initiation

site(s), primer extension analysis was performed using

total RNA from human pancreas, lactating mammary gland

and adipose tissue. The results indicated a major

transcription start site located 12 bp, and a

minor

start site located 8 bases, upstream of the initiator

methionine. The transcription initiation sites are the

same in both pancreas and lactating mammary gland

whereas no signal could be detected in adipose tissue

(Fig. 2). The sequenced region includes 1640 nt of 5’-

flanking DNA. Based on sequence similarities a TATA-

box-like sequence, CATAAAT was found 30 nt upstream the

transcription initiation site (Fig. 4). Neither a CAAT- .

box structure nor GC boxes were evident in this region.

The 5’-flanking sequence was computer screened, in both

strands, for nucleotide sequences known as

transcription factor binding sequences in other mammary

gland- and pancreatic-specific genes. Several
recognition sequences were found, see Fig. 4.

Chromqsomal Localization of the CEL Gene
In human control DNA the CEL cDNA probe detect
EcoRI fragments of approximately 13 kb, 10 kb,

putative

ed four
2.2 kb

and 2.0 kb, while in the mouse and hamster control DNAs

single fragments of about 25 kb and 8.6 kb,

respectively, were detected. The presence of human CEL

gene sequences in the hybrid clones correlated only

with the presence of human chromosome 9 (Table 1). Only

one of the 16 hybrids analyzed were positive £
human CEL gene; this hybrid contained chromoso
- the only human chromosome. No discordancies fo

oxr the
me 9 as
r
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7598
CCCATTCCAC AAACACCTCT GCATGICAGC CTTACCAGCT TGCTACGCTA AGECT 18 MARSBIO7
TCACTCATTC TTCTATGGCA ACATGCCATG AAGCCAAGIC ATCTGCACGT TTA 7718
TGAGCTCAAC TGCACGGGECT GGACAAGCCC AAACAAAGCA ACCCCCACGG 77798
AGCAAAACCT GCTGTGCTGG GCCCAGTGAC AGCCAGERE™ CGCCTGOCTC AGCA 7838

GGGTCCTCTA C CAGGGGTCTG, GAGTACAATG CAGACCT CCATITTTTG 7898
GCTGATGOAC TCOMAEREAER BLER GREALA | EGENEOPEES T CHERAT ERNATCHBFERSF 7958
' there were at least two discordancies for localization
to any other chromosome (Table 1). To further
sublocalize the CEL gene we utilized a human-Chinese
hamster hybrid (GM 10095) retaining a der(9)
translocation chromosome (9pter — 9g34:Xql3 — Xgter) as
the only human DNA. By Southern blot we failed to
detect any CEL gehe sequences in this hybrid, |
indicating that the CEL gene-residés within the 9g34-
gter region.

EXAMPLE 2: CONSTRUCTION OF EXPRESSION VECTORS

To construct an expression vector for production of
recombinant human CEL in milk from transgenic animals
the following strategy was employed (Fig. 5).

Three pTZ based plasmids (Pharmacia, Uppsala, Sweden)
containing different parts of the human CEL gene,
pS309, pS310 and pS31ll were obtained using the methods
described above. The plasmid pS309 contains a SphI
‘fragment covering the the CEL gene from the 5
untranscribed region to part of the fourth intron. The
plasmid pS310 contains a Sacl fragment covering the CEL
gene sequence from part of the first intron to a part
of the sixth intron. Third, the plasmid pS31l contains
a BamHI'fragment covering a variant of the CEL gene
from a major part of the fifth intron and the rest of
the intron/exon structure. In this plasmid, the
repetitive sequence of exon 11 that normally encodes
the 16 repeats was mutated to encode a truncated
.variént having 9 repeats.

Another plasmid, pS283, containing a part of the human
CEL cDNA cloned into the plasmid pUC1l9 at the HindIII
and Sacl sites was‘uéed for fusion of the genomic
sequences. pS283 was aiso used to get a convenient
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then digested with Ncol and SacIl and a fragment of
about 2.7 kb was isolated. Plasmid pS309 was digested
with NcoI and BspEI and a fragment of about 2.3 kb
containing the 5’-part of the CEL gene was isolated.
Plasmid pS310 was digested with BspEI and Sacl and a
fragment of about 2.7 kb containing a part of the
middle region of the CEL gene was isolated. These three
fragments were ligated and transformed into competent '
E. coli, strain TG2, and transformants were isolated by
ampicillin selection. Plasmids were prepared from a
number of transformants, and one plasmid called pS312
(Fig. 6), containing the desired construct was used for

further experiments.

To obtain a modification of'ps311, in which the BamHI
site located downstream of the stop codon was converted
to a Sall site to facilitate further cloning, the
following method was used. pS311 was linearized by
partial BamHI digestion. The linearized fragment was
isolated and a synthetic DNA linker that converts BamHI
to a Sall site (5’-GATCGTCGAC-3’), thereby destroying
the BamHI site, was inserted. Since there were two
potential positions for integration of the synthetic
linker the resulting plasmids were analyzed by
restriction enzyme cleavage. A plasmid with the linker
inserted at the desired position downstream of exon 11
was isolated and designated pS313.

To obtain the expression veétbr construct that harbours
CEL genomic sequences and encodes the truncated CEL
variant, the plasmid pS314 which was designed to
mediate stage and tissue specific expression in the
mammmary gland cells under lactation periods was used.
Plasmid pS314 contains a genomic fragment from the
murine whey acidic protein (WAP) gene (Campbell et al.
1984) cloned as a NotI fragment. The genomic fragment
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has approximately 4.5 kb'upstream regulatory sequences
(URS), the entire transcribed exon/intron region and
about 3 kb of sequence downstream of the last exon. A
unique KpnI site is located in the first exon 24 bp
upstream of the natural WAP translation initiation
codon. Another unique restriction enzyme site is the
SalIl site located in exon 3. In pS314, this SalI site
was destroyed by digestion, £ill in using Klenow and
religation. Instead, a new Sall site was introduced
directly downstream of the KpnI site in exon 1. This
was performed by KpnI digestion and introduction of
annealed synthetic oligomers SYM 2401 5’-CGTCGACGTAC-
3/, and SYM 2402 5'-GTCGACGGTAC-3’, at this position
(Fig. 8) The human CEL genomic sequence was inserted
between these sites, KpnI and Sall, by the following
strategy; First, pS314 was digested with Kpnl and SalIl
and a fragment representing the cleaved plasmid was
electrophoreticgllj isolated. Second, pS312 was
digested with KpnI and BamHI and a approximately 4.7 kb
fragment representing the 5’ part of the human CEL gene
was isolated. Third, pS313 was digested with BamHI and
Sall and the 3’-part of the human CEL gene was
isolated. These three fragments were ligated,
transformed into competent E. coli bacteria and
transformants were isolated after ampicillin selection.
Plasmids were prepared from several transformants and
carefully analyzed by restriction enzyme mapping and
sequence analysis. One plasmid representing the desired
expression vector was defined and designated pS317.
In order to construct a genomic CEL expression vector
encoding full-length CEL pS317 was modified as follows
(Fig. 5). First, a pTZ18R plasmid (Pharmacia)
containing a 5.2 kb BamHI fragment of the human CEL
gene extending from the fifth intron to downstream of
the eleventh exon, pS451, was digested with HindIII and
SacI. This digestion generated a fragment of about 1.7
. kb that extends from the HindIII site located in intron
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Asn Ala Ala Asp Ile Asp Tyr Ile Ala Ay Thr Asn Asn Met Asp @V

: 315 320 CAC ATC TTC GCJ ACC 19 @1ARAK97
ATG CCT GCC ATC AAC AAG GGC AAC AAG 8510 His Ile Phe AAal Ser Ile Asp
Met Pro Ala Ile Asn Lys Ay Asn Lys - 325 330

335 AAA GTC ACG GA GTAAGCAGGG GGCACACEAC TCAGGGGCGA CCCGTICGGG
8561 Lys Va
CCAGCCTGA

I
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_ plasmid pS313 was digested with SacI and Sall, and a 71
bp fragment containing the 3 ‘part of exon 11 and the
generated Sall site was isolated. Third, the rest of
the WAP/CEL recombinant'gene and the plasmid sequences
was isolated as a SalI/HindIII fragment of about 20 kb
from pS317. These three fragments were ligated and
transformed into bacteria. Plasmids were prepared from
several transformants. The plasmids were digested with
various restriction enzymes and subjected to sequence
analysis. One plasmid containing the desired
recombinant gene was identified. This final expression

vector was designated pS452 (Fig.7).

To remove the prokaryotic plasmid sequences, pS452 was
digested with NotI. The recombinant vector element
consisting of murine WAP seduence flanking the human
CEL genomic fragment was then isolated by agarose
electrophoresis. The isolated fragment was further
purified using electroelution, before it was injected
into mouse embryos.

The recombinant WAP/CEL gene for expression in mammary
gland of transgenic animals is shown in Figure 8.

DEPOSITS

The following plasmids have been deposited in
accordance with the Budapest Treaty at'DSM {Deutsche
Sammlung von Mikroorganismen und Zellkulturen):

Plasmid Déggsit No. Date of deposit
pS309 DSM 7101

pS310 DSM 7102 12 June 1992
pS451 DSM 7498

26 February 1993

pS452 DSM 7499
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350 355 360 .A%%]T T. GTC lrac_acc cag
TCC TGG GCC CREAMRBECSA FENERAZIONGOF TRANGGRUH, p Val Tyr Thr Gu
Ser TrppAla @ n Asp Pro Ser An Qu - 365 370

375 AT AAG RAG MCCTHENE GLE S48 Rt A0 b Hdnd ©dds2 CTC
according to Example 2. This DNA fragment contained the
murine WAP promoter linked to a genomic sequence
encoding human BSSL/CEL. The isolated fragment, at a
concentration of 3 ng/pMl, was injected into the
pronucleus. of 350 C57B1/6JxCBA/2J-f, embryos obtained
from donor mice primed with 5 IU pregnant mare’s serum
gonadotropin for superovulation. The C57B1/6JxCBA/2J-£,
animals were obtained from Bomholtgard Breeding and

Research Centre LTD, Ry, Denmark. After collection of
the embrybs from the oviduct, they were separated from
the cumulus cells by treatment with hyaluronidase in
the medium M2 (Hogan et al., 1986). After washing the
embryos were transferred to the medium M16 (Hogan et
al., 1986) and kept in an incubator with 5% CO,-
atmosphere. The injections were performed in a
microdrop of M2 under light paraffin oil using
Narishigi hydraﬁlic micromanipulators and a Nikon
inverted microscope equipped with Nomarski optics.
After injection, healthy looking embryos were implanted
into pseudopregnant C57B1/6JxCBA/2J-£, recipients given
0.37 ml of 2.5% Avertin intraperitoneally. Mice that
had integrated the transgene were identified with PCR
analysis of DNA from tail biopsy specimens obtained
three weeks after birth of the animals. Positive
results were confirmed with Southern blot analysis.

" EXAMPLE 4: EXPRESSION OF BSSL/CEL IN TRANSGENIC MICE

Transgenic mice were identified by analysis of DNA
which has been prepared from excised tail samples. The
tissue samples were incubated with proteinase K and
phenol/chloroform extracted. The isolated DNA was used
in polymerase chain reactions with primers which -
amplify specific fragments if the heterologous
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DNA hybridization experiments to confirm PCR data and
to test for p0551ble rearrangements, structure of the
integrated vector elements and to obtain information
about the copy number of integrated vector elements.

In one set of experiments, 18 mice were analyzed with

the two methods and the results demonstrated that 1

mouse was carrying the heterologous DNA vector element

_derived from pS452. The result from the PCR analysis

and the hybridization experiments were idenfical (Fig.
9). o

The mouse identified to carry vector DNA element
(founder animal) was then mated and the Fl litter was
analyzed for transgene by the same procedures.

Female lactating animals were injected with'2 IU
oxytocin intraperitoneally and 10 minutes later
anaesthetized with 0.40 ml of 2.5% Avertin
intraperitoneally. A milk collecting device was
attached to the nipple via a siliconized tubing and

.. milk was collected into a 1.5 ml Eppendorf tube by

gentle massage of the mammary gland. The amount of milk
varied, dependent on the day of lactation, between 0.1

_and 0.5 ml per mouse and collection.

Analyze for the presence of recombinant human BSSL/CEL
was done by SDS-PAGE, trangfer to nitrocellulose
membranes and incubation with polyclonal antibodies
generated against native human BSSL/CEL. The obtained
results demonstrated expression of recombinant human
BSSL/CEL in milk from transgenic mice. Figure 10
demonstrates presence'of recombinant human BSSL/CEL in
milk from transgenic mice: the band at about 116.5.

Stable lines of transgenic animals are generated.



' \
CACCOCATGG TCCTTCOCAC TGGAGAGTTC TTGAGCTACC TTCCATCOCC CATGCTHT I cectay OEET
GCACTGAGAG AACACTGGAC AATAGITTCT ATCCACTGAC TCTTATGGGC CTCAACITIG , = 9282
CCCATAATTT CAGCCCACCA CCACATTAAA AATCTTCATG TAATAATAGC CAATTATART 18 Migu#97
AAAAAATAAG GOCAGACACA GTAGCTCATG CCTGTAATCC CAGCACATTG GGAGGTEARG 9402
GTGGGAGGAT CACTTGAGGT CAGGAGTCTG AGACTAGTEA™GGOCAACATG GCAAAADCCC - 9462

* ATCTCTACTA AAAATACAAA AATTATCCAG GCATGGTGGT GCATGGCTAT AATCCTAGCT 0522
ACTCAGGAGG CTGABCTASEMALAR TR P GACERRECEX 20EBEBACCRN IBBAST G C @S 9582

- GAGATTACGC CACESAChE SACEHCEETabARCHEASKDA eAGhGT Bl nCEFSLARETA may 9642

be prepared.
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10265 Tyr Val
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Ser4Lys Ala Met
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OCC ACA GGG GAC TCC GAG GOC ACT CCC GTG CCC CCC ACG GGT GAC TPQREPLACEMBSDGHEET

Pro Thr Gy Asp Ser Qu Ala Thr Pro Val Pro Pro Thr Ay Asp Sgr
545 _ 550 555 GAG ACC GCC CCC 5 qﬁ}%‘i‘)w -
ACG GGTI GAC TCC GGG GCC CCC CCC GIG 10944 du Thr Ala Pr¢ Val ro
Thr Ay Asp Ser Gy Ala Pro Pro Val ~38-560 D65
570 CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GIG CCG CCC ACG GAC
10992 Pro Pro ghgufkyrAgenber Gy Ala Pro Pro Val Pro Pro Thr ta-y—Asp
575 .~ 580 585 :
Fiqure 1

The CEL gene locus. Localization and restriction enzyme
map of the two partly overlapping clones, ABSSLl1l and
ABSSL5A are shown. The exon-intron organization and
used restriction enzyme site are shown below. Exons are
represented by boxes numbered 1-11. Asp=Asp700,
B=BamHI, E=EcoRI, S=Sacl, Sa=SalI, Sp=Sphl and X=Xbal.
Positions and orientation of Alu repetitive elements
are shown by bold arrows. a-h represent different
subcloned fragments.

Figure 2
Primer extension analysis of RNA from human lactating

mammary gland, pancreas and adipose tissue. An end-
radiolabeled 26-mer oligonucleotide, which is
complementary to nt positions 33 to 58 of the CEL gene,
was used to prime reverse transcription of the RNA.
Lane A is a molecular size marker (a sequencing
ladder), lane B pancreatic RNA, lane C adipose tissue
RNA and lane D lactating mammary gland RNA.

Figure 3
Dotplot analysis of the human CEL and rat CEL gene 5’-

flanking regions. The homology regions are labeled A-H
and the sequences representing these parts are written,
upper is human and lower is rat.

Figure 4
Analysis of 5’'-flanking sequence of the human CEL gene.

The putative recognition sequences are either
highlighted underline or underline representing the
complementary strand. Bold letters show the locations
of the homologies to the rCEL (regions A-H). The TATA-
box is underlined with dots.



-51- TCC GGG GCC CCC CCC GIG CCG CCC ACG GGT GAC TCC GGG GCC S
Gy Ala Pro Pro Val Pro Pro Thr Ay Asp Ser Ay Ala1 Pro1Fgg>‘AEQQ

11040 Ser
595

' Cﬁépm\gg\m&m SHEET |

600 - 605

27

There are two sequences that both show a 80% similarity
to the consensus sequence of the glucocorticoid

) receptor binding site, GGTACANNNTGTTCT, (Beato, M.,

1989), the first one on the complementary strand at nt
position -231 (1A) and the second one at nt position
-811 (1B). Moreover, at nt position -861 (2) there is a
sequence that shows 87% similarity to the consensus
sequence of the estrogen receptor binding site,
AGGTCANNNTGACCT, (Beato, M., 1989).

Lubon and Henninghausen (1987) have analyzed the
promoter and 5’-flanking sequences of the whey acidic
protein (WAP)} gene and established the binding sites
for nuclear proteins of lactating mammary gland cells.
One of them, an 11 bp conserved sequence, AAGAAGGAAGT,
is present in a number of milkprotein genes studied
e.g. the rat a-lactalbumin gene (Qasba et al., 1984)
and the rat o-casein gene (Yu-Lee et al., 1986). In the
CEL gene’s 5‘’-flanking region, on the complementary
strand at nt position -1299 (3) there is a sequence
that shows 82% similarity to this conserved sequence.

In a study of the P-casein gene’s regulation, a tissue
specific mammary gland_factor (MGF) was found in
nuclear extracts from pregnant or lactating mice and
its recognition sequence was identified (ANTTCTTGGNA) .
In the human CEL gene'’s 5’—flanking region there are
two sequences, one on the complementary strand at nt
position -368 (42A) and the other at nt position -1095
(4B), they both show 82% similarity to the consensus
sequence of the MGF binding site. Beside these two
putative MGF binding sites in the 5’-flanking region
there is a sequence on the complementary strand at nt
275 in intron I, AGTTCTTGGCA, which shows 100% identity
to the consensus sequence of the MGF binding site.

Furthermore, there are four sequences which all show
65% similarity to the consensus sequence of rat '




GIG CCG CCC ACG GGTI' GAC TCC GGG GCC CCC CCC GTIG CCG CCC ACG

11088 Vval Pro Pro Thr Ay Asp Ser Ay Ala Pro Pro Val Pro Pr EGR_E. LACEMENT SHEET
610 ‘ 615 620 GAC TCC GGG GCe jjﬁ;ﬁﬁ%ﬂ 53
CCG CCC ACG GGTI GAC TCC GGC GCC ccC : 11136 Asp Ser d y}{Al Gg 7
Val Pro Pro Thr Gy Asp Ser Ay Ala Pro 625

630 635 CCC GIG CCG GEED-ACG GGT GAC GCC GG CCC CCC CCC

GIG CCG CCC ACG . 11184 Pro Val Pro Pro Thr Gy Asp A agd-yPre—Pro—m——i
Pro Val Pro Ppantlkas-specifd40 enhancer element,G45 650

GGT GAC TCC- G@g 55 (@ ARG SR IAC 1985 (00 Cat nt
11232 Ay As e?eg Eﬁ%ﬁ% ro VaI Pro Pro Thr 3/ AS:E) Ser %y Al a
p031t10n -359 (5A), the second at nt podsition -7

(5B), the third at nt position -1140 (5C) and the last
at nt position -1277 (5D).

Figure 5
Method for production of the plasmid pS452. For further

details, see Example 2.

Figure 6 _
Schematic structure of the plasmid pS312.

Figure 7
Schematic structure of the plasmid pS452.

Figure 8
Physical map representing the physical introduction of

human BSSL/CEL genomic structure in the first exon of

the WAP gene as described in Example 2.

Figure 9

A, Schematic representation of the localization of
PCRQprimers used for identification of transgenic
animals. The 5’'-primer is positioned within the WAP
sequence starting at the position -148 bp upstream of
the fusion between the WAP and BSSL/CEt. The 3’-primer
is localized in the first BSSL/CEL intron ending 398 bp
downstream of the fusion p01nt |
B. The sequences of the PCR prlmers used.

C. Agarose gel showing a typical analysis of the PCR
analysis of the potential founder animals. M: molecular
weight markers. Lane 1: control PCR-product generated
frbm the plasmid pS452. Lanes 2-13: PCR reactions done
with DNA preparations from potential founder animals.



655 660 665 CCC CCC GIG A

GAC TCC GAG ACC GOC OCC GTG CCG CCC " 11280 Pro Pro Vagcfifgérn T SHEET
Ay Asp Ser u Thr Ala Pro Val Pro Pro 670 q7

680 685 ACG GGTI GAC TCC GGG GCC CCC CCT GIG CC@GOHERAEE7
GGT GAC TCT GAG ' 11328 Thr Ay Asp Ser Ay Ala Pro Pro{vdl Pro Pro Thr
Ay Asp Ser Gu : 690 —41- 695

700 GCT GCC CCT GIG CCC CCC .ACA GAT GAC TCC AAG GAA GCT CAG-ALG CCT

11376 Al a Al arPgar&abloPro Pro. Thr Asp Asp Ser Lys Gu Ala G n Met Pro
705 . : 1 o T TT AGG TTT
TAGCGTCCCA TdREBEFﬁi?eAﬁE%AERéE 85AE&&5N§%°”(g%k§¥%§?igé\

transgenic for the recombinant murine WAP/human CEL

gene of pS452. The proteins were'separated on SDS-PAGE,

transferred to Immobilon membranes (Millipore) and
visﬁalized with polyclonal rabbit antibodies generated
using highly purified human native CEL, followed by
alkaline phosphatase labelled swine anti-rabbit IgG

(Dakopatts). Lane 1, Low molecular weight markers, 106,

80, 49.5, 32.5, 27.5, and 18.5 kDa, respectively. Lane
2, High molecular weight markers, 205, 116.5, 80 and
49.5 kDa, respectively. Lane 3, 25 ng purified non-
recombinant CEL from human milk. Lane 4, 2 Ml milk
sample from a CEL transgenic mouse diluted 1:10. Lanes
5 and 6, 2 Ml milk samples from two different non-CEL
transgenic mice, diluted 1:10, as control samplgs. '




Ala Val 1le Arg Phe 720 GGGACCCCAG GGEECTCCCCT CCCAT{TR@Q
GCTCTTCCTG AATAAAGCCT CATACCCCTG 11491 TCGGIGICTT TCTTT LAQ@W$QA§HEET

- CTGCAGGATC
-52-

11531
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:
{(A) NAME: AB ASTRA
{B) STREET: Kvarnbergagatan 16
(C) CITY: Sodertalje
(E) COUNTRY: Sweden
(F) POSTAL CODE (ZIP): S-151 85
(G) TELEPHONE: +46-8-553 26000
(H) TELEFAX: +46-8-553 28820
(I} TELEX: 19237 astra s

tii) TITLE OF INVENTION: New DNA Sequences
.1ii) NUMBER OF SEQUENCES: 1

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

{(vi) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: SE 9201809-2
(B) FILING DATE 11-JUuN-1992

(vi) PRIOCR APPLICATION DATA:
(A) APPLICATION NUMBER: SE 9201826
(B) FPILING DATE: 12-JUN-1992

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: SE 9202088-2
(B) FILING DATE: 03-JUL-1992

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: SE 9300902-5
{B) FILING DATE: 19-MAR-1992

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11531 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {(genomic)

(vi) ORIGINAL SOURCE: .
(A) ORGANISM: Homo sapiens
(F) TISSUE TYPE: Mammary gland

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: join(1653..1727, 4071..4221, 4307..4429, 4707
..4904, 6193..6323, 6501..6608, 6751..6868, 8335
..8521, 8719..8922, 10124..10321, 10650..11394)

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: join(1722..1727, 4071..4221, 4307..4429, 4707
..4904, 6193..6323, 6501..6608, 6751..6868, 8335
..8521, 8719..8922, 10124..10321, 10650..11391)



CLAIMB 1.

BSSL/ CEL and containing intron
according to claim1 which is

Li sti ng. 3.

"A DNA nol ecul e encoding for biologically trctonat
sequences. 2. A DNA poRERIACBMENT SHEET
shown in SEQID NGO 1 in fhp Sequence
An anal ogue of the DNA nolecule according to 18 MIRMPD7
whi ch contains intron sequences and which —43-— MARTY

s (ix)

(ix)

{ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

{(xi) SEQUENCE DESCRIPTION:

(D) OTHER INFORMATION: /EC_number= 3.1.1.1
/product= "Bile Salt-Stimulated Lipase®

FEATURE:
(A) NAME/KEY:
(B} LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
{B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
{A) NAME/KEY:
(B) LOCATION:

FEATURE:
{A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B} LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

5'UTR
1..1640

TATA_signal

1611..1617
exon
1641..1727
exon
4071..4221
exon
4307..442¢9
exon
4707..4904
exon
6193..6323
exon
6501..6608
exon
6751..6868
exon
8335..8521
exon
8719..8922
exon

10124..10321

exon
10650..11490

3’UTR

11491..11531

SEQ ID NO: 1:

GGATCCCTCG AACCCAGGAG TTCAAGACTG CAGTGAGCTA TGATTGTGCC ACTGCACTCT

AGCCTGGGTG ACAGAGACCC TGTCTCAAAA AAACAAACAA ACAAARAAACC TCTGTGGACT

CCGGGTGATA ATGACATGTC AATGTGGATT CATCAGGTGT TAACAGCTGT ACCCCCTGGT

60
120
180




hybri di zes mith t he DNA sequence shown in SEQ I D
t her eof "under

Sequence Listing or a specific part

hybri di zati on conditions.
carries and

funti onal

expression to t

4.

A replicabl e expression vecfo
i s capable of nediating the expression of

stri

NO 1 [i RERLAGEMENT SHEET

ggmT

B QAR 1597

nol ecul e according to any one of clains 1-3, encodi ng lhu
5. A-vector according to claim4 capable d%4encod|ng _ i ol ogically
ﬁﬁhﬁ&ﬂm&%&é@d Eh&i’cmg». &&;&r Xca%‘é&@dlt ﬁAfB{c%&&{ Mg 240
of a non-hurman )
ATCTTCCTCT AATTTTGCTG TGAACCTAARA GCTGCTCTAA AAATGTACAT AGATATAAAC 300
TGGGGCCTTC CTTTCCCTéT GCCCTGCCCC AGCCCTCCCC CACCTCCTTC CTCTCCCTGC 360
TGCCTCCCCT CTGCCCTCCC CTTTCCTCCT TAGCCACTGT AAATGACACT GCAGCAAAGG 420
TCTGAGGCAA ATGCCTTTGC CCTGGGGCGC CCCAGCCACC TGCAGGCCCC TTATTTCCTG 480
TGGCCGAGCT CCTCCTCCCA CCCTCCAGTC CTTTCCCCAG CCTCCCTCGC CCACTAGGCC 540
TCCTGAATTG CTGGCACCGG CTGTGGTCGA CAGACAGAGG GACAGACGTG GCTCTGCAGG 600
TCCACTCGGT CCCTGGCACC GGCCGCAGGG GTGGCAGAAC GGGAGTGTGG TTGGTGTGGG 660
AAGCACAGGC CCCAGTGTCT CCTGGGGGAC TGTTGGGTGG GAAGGCTCTG GCTGCCCTCA 720
CCCTGTTCCC ATCACTGCAG AGGGCTGTGC GGTGGCTGGA GCTGCCACTG AGTGTCTCGG 780
TGAGGGTGAC CTCACACTGG CTGAGCTTAA AGGCCCCATC TGAAGACTTT GTTCGTGGTG 840
TTCTTTCACT TCTCAGAGCC TTTCCTGGCT CCAGGATTAA TACCTGTTCA CAGAAAATAC 900
GAGTCGCCTC CTCCTCCACA ACCTCACACG ACCTTCTCCC TTCCCTCCCG CTGGCCTCTT 960
TCCCTCCCCT TCTGTCACTC TGCCTGGGCA TGCCCCAGGG CCTCGGCTGG GCCCTTTGTT 1020
TCCACAGGGA AACCTACATG GTTGGGCTAG ATGCCTCCGC ACCCCCCCAC CCACACCCCC 1080
-TGAGCCTCTA'GTCCTCCCTC CCAGGACACA TCAGGCTGGA TGGTGACACT TCCACACCCT ~ 1140
TGAGTGGGAC TGCCTTGTGC TGCTCTGGGA TTCGCACCCA GCTTGGACTA CCCGCTCCAC 1200
GGGCCCCAGG AAAAGCTCGT ACAGATAAGG TCAGCCACAT GAGTGGAGGG CCTGCAGCAT 1260
GCTGCCCTTT CTGTCCCAGA AGTCACGTGC TCGGTCCCCT CTGAAGCCCC TTTGGGGACC 1320
TAGGGGACAA GCAGGGCATG GAGACATGGA GACAAAGTAT GCCCTTTTCT CTGACAGTGA 1380
CACCAAGCCC TGTGAACAAA CCAGAAGGCA GGGCACTGTG CACCCTGCCC GGCCCCACCA 1440
TCCCCCTTAC CACCCGCCAC CTTGCCACCT GCCTCTGCTC CCAGGTAAGT GGTAACCTGC 1500
ACAGGTGCAC TGTGGGTTTG GGGAAAACTG GATCTCCCTG CACCTGAGGG GGTAGAGGGG 1560
AGGGAGTGCC TGAGAGCTCA TGAACAAGCA TGTGACCTTG GATCCAGCTC CATAAATACC 1620
CGAGGCCCAG GGGGAGGGCC ACCCAGAGGC TG ATG CTC ACC ATG GGG CGC CTG 1673
Met Leu Thr Met Gly Arg Leu
-23 -20

CAA CTG GTT GTG TTG GGC CTC ACC TGC "TGC TGG GCA GTG GCG AGT GCC 1721

Gln Leu Val Val Leu Gly Leu Thr Cys Cys Trp Ala Val Ala Ser Ala :

-15 -10 -5
GCG - AAG GTAAGAGCCC AGCAGAGGGG CAGGTCCTGC TGCTCTCTCG CTCAATCAGA 1777
Ala Lys
1

TCTGGAAACT TCGGGCCAGG CTGAGAAAGA GCCCAGCACA GCCCCGCAGC AGATCCCGGG 1837
CACTCACGCT CATTTCTATG GGGACAGGTG CCAGGTAGAA CACAGGATGC CCAATTCCAT 1897
TTGAATTTCA GATAAACTGC CAAGAACTGC TGTGTAAGTA TGTCCCATGC AATATTTGAA 1957
ACAAATTTCT ATGGGCCGGG CGCAGTGGCT CACACCTGCA ATCCCACCAG TTTGGGAGGC 2017




6. A vector according to claim4 which is the vector p$4BEPLABEMENT SHEET
7499) . 7. A cell derived froma nulticellular organi smang
har bouring a vector according to any one of cl ai ms 4-6. 8.18 MAR 1997
process for production of human. BSSL/ CEL, conprising (a] ijnserting a
DNA nol ecul e as defined in any one of glq@ins 1-3 in a vecter

which is able to replicate in a specific host

CGAGGTGGGT GGATCACTTG AGGTCAGGAG TTGGAGACCA GCCTGGCCAA CATGGTGAAA 2077
CCCCGTCTCT ACTAAAAATA CAAATATTAA TCGGGCGTGG TGGTGGGTGC CTGTAATCCC 2137
AGCTACTCGG GAGGCTGAGG CAGGAGAACC GCTTGAAGCT GGGAGGTGGA GATTGCGGTG 2197
AGCTGAGATC ACGCTACTGC ACTCCAGCCT GGGTGACAGG GCGAGACTCT GTCTCAAAAA 2257
ATAGAAAAAG AAAAAAATGA AACATACTAA AAAACAATTC ACTGTTTACC TGAAATTCAA 2317
ATGTAACTGG GCCTCTTGAA TTTACATTTG CTAATCCTGG TGATTCCACC TACCAACCTC 2377
TCTGTTGTTC CCATTTTACA GAAGGGGAAA CGGGCCCAGG GGCAGGGAGT GTGGAGAGCA 2437
GGCAGACGGG TGGAGAGAAG CAGGCAGGCA GTTTGCCCAG CATGGCACAG CTGCTGCCTC 2497
CTATTCCTGT GCAGGAAGCT GAAAGCCGGG CTACTCCAéA CCCGGGTCCG GGTCCCTCCA 2557
GAAAGAGAGC CGGCAGGCAG GAGCTCTCTC GAGGCATCCA TAAATTCTAC CCTCTCTGCC 2617
TGTGAAGGAG AAGCCACAGA AACCCCAAGC CCCACAGGAA GCCGGTGTCG GTGCCCGGCC 2677
CAGTCCCTGC CCCCAGCAGG AGTCACACAG GGGACCCCAG ATCCCAACCA CGCTGTTCTG 2737
CTGCCTGCGG TGTCTCAGGC CCTGGGGACT CCTGTCTCCA CCTCTGCTGC CTGCTCTCCA 2797
CACTCCCTGG CCCTGGGACC GGGAGGTTTG GGCAGTGGTC TTGGGCTCCT GACTCAAAGG 2857
AGAGGTCACC TTCTTCTTGG GCGAGCTCTT CTTGGGGTGC TGAGAGGCCT TCGGCAGGTC 2517
ATCACGACCC CTCCCCATTT CCCCACCCTGlAGGCCCTCTG GCCAGTCTCA ATTGCACAGG 2977
GATCACGCCA CTGGCACAAG GAGACACAGA TGCCTCGCAG GGGATGCCCA CGATGCCTGC 3037
ATGTGTTGCT TCTGGTTCCT TTCCTCCAGT TCCAACCGCC GCACTCTCCC ACACCAGTGT 3087
GACAGGGGGC CCATCACCCT AGACTTCAGA GGGCTGCTGG GACCCTGGCT GGGCCTGGGG .3157
GTGTAGGGCC ACCCTGCCCT TCCCCACCTG GAACCTGGCA CAGGTGACAG CCAGCAAGCA 3217
ATGACCTGGT CCCACCATGC ACCACGGGAA GAGGGAGCTG CTGCCCAAGA TGGACAGGAG 3277
GTGGCACTGG GGCAGACAGC TGCTTCTCAA CAGGGTGACT TCAAGCCCAA AAGCTGCCCA 3337
GCCTCAGTTC CGTCAGGGAC AGAGGGTGGA TGAGCACCAA CCTCCAGGCC CCTCGTGGGG 3397
GTGGACAGCT TGGTGCACAG AGGCCATTTT CATGGCACAG GGAAGCGTGG CGGGGGTGGG 3457
AGGTGTGGTC CCTAGGGGGT TCTTTACCAG CAGGGGGCTC AGGAACTGTG GGGACTTGGG 3517
CATGGGGCCA TCGACTTTGT GCCCAGCCAG CTAGGCCCTG TGCAGGGAGA TGGGAGGAGG 3577
GAAAAGCAGG CCCCACCCCT CAGAAAGGAG GAAGGTTGGT GTGAAACATC CCGGGTACAC 3637
TGAGCATTGG GTACACTCCT CCCGGGAGCT.GGACAGGCCT CCCATGTGAT GGCAAACAGG 3697
éCGACAGGAG ACACGGCTGT TGCTCGTCTT CCACATGGGG AAACTGAGGA TCGGAGTCAA 3757
AGCTGGGCGG CCATAGCCAG AACCCAAACC TCCATCCCAC CTCTTGGCCG GCTTCCCTAG 3817
TGGGAACACT GGTTGAACCA GTTTCCTCTA AGATTCTGGG AGCAGGACAC CCCCAGGGAT 3877
AAGGAGAGGA ACAGGAATCC TAAAGCCCTG AGCATTGCAG GGCAGGGGGT GCTGCCTGGG 3937
TCTCCTGTGC AGAGCTGTCC TGCTTTGAAG CTGTCTTTGC CTCTGGGCAC GCGGAGTCGG 3997
CTTGCCTTGC CCCCTCCGGA TTCAGGCCGA TGGGGCTTGA GCCCCCCTGA CCCTGCCEGT 4057




cell; (b) introducing the resulting r econbi nant

cell; (c) growi ng the
resulting cell in or on a culture medium for

pol ypeptide; and (d) recovering 16

expressi g¢gn

vect gr
-53-

|- REPIKC'E@EEJT SHEET

FR-X -

act

rrmruTa " 113t

of 18HEAR 1897

GTCTCCCTCG CAG CTG GGC GCC GTG TAC ACA GAA GGT GGG TTC GTG GAA
Leu Gly Ala Val Tyr Thr Glu Gly Gly Phe Val Glu
5

GGC GTC AAT AAG AAG CTC GGC CTC CTG GGT GAC
Gly Val Asn Lys Lys Leu Gly Leu Leu Gly Asp
15 20 . 25

AAG GGC ATC CCC TTC GCA GCT CCC ACC AAG GCC
Lys Gly Ile Pro Phe Ala Ala Pro Thr Lys Ala
: 35 ' - 40

CCA CAT CCT GGC TGG CAA G GTGGGAGTGG GTGGTGCCGG ACTGGCCCTG

Pro His Pro Gly Trp Gln
50

10

TCT GTG GAC ATC TTC
Ser Val Asp Ile Phe

30

CTG GAA AAT CCT CAG
Leu Glu Asn Pro Gln

45

CGGCGGGGCE GGTGAGGGCG GCTGCCTTCC TCATGCCAAC TCCTGCCACC TGCAG GG

- Gly

ACC CTG AAG GCC AAG AAC TTC AAG AAG AGA TGC CTG CAG GCC ACC ATC
Leu Gln Ala Thr Ile

Thr Leu Lys Ala Lys Asn Phe Lys Lys Arg Cys
55 60

65

ACC CAG GAC AGC ACC TAC GGG GAT GAA GAC TGC CTG TAC CTC AAC ATT
Leu Tyr Leu Asn Ile

Thr Gln Asp Ser Thr Tyr Gly Asp Glu Asp Cys
70 75 80

TGG GTG CCC CAG GGC AGG AAG CAA G GTCTGCCTCC CCTCTACTCC

Trp Val Pro Gln Gly Arg Lys Gln
90

CCAAGGGACC CTCCCATGCA GCCACTGCCC CGGGTCTACT CCTGGCTTGA GTCTGGGGGC
TGCAAAGCTG AACTTCCATG AAATCCCACA GAGGCGGGGA GGGGAGCGCC CACTGCCGTT
GCCCAGCCTG GGGCAGGGCA GCGCCTTGGA GCACCTCCCT GTCTTGGCCC CAGGCACCTG

CTGCACAGGG ACAGGGGACC GGCTGGAGAC AGGGCCAGGC GGGGCGTCTG GGGTCACCAG

85

CCGCTCCCCC ATCTCAG TC TCC CGG GAC CTG CCC GTT ATG ATC TGG ATC
Val Ser Arg Asp Leu Pro Val Met Ile Trp Ile

95

TAT GGA GGC GCC TTC CTC ATG GGG TCC GGC CAT
Tyr Gly Gly Ala Phe Leu Met Gly Ser Gly His
105 110 . 115

AAC AAC TAC CTG TAT GAC GGC GAG GAG ATC GCC
Asn Asn Tyr Leu Tyr Asp Gly Glu Glu Ile Ala
125 130

ATC GTG GTC ACC TTC AAC TAC CGT GTC GGC CCC
Ile Val Val Thr Phe Asn Tyr Arg Val Gly Pro
140 145

100

GGG GCC
Gly Ala

ACA CGC
Thr Arg

CTT GGG
Leu Gly

AAC TTC
Asn Phe

GGA AAC
Gly Asn
135

TTC CTC
Phe Leu
150

CTC
Leu
120

GTC
val

AGC
Ser

ACT GGG GAC GCC AAT CTG CCA G GTGCGTGGGT GCCTTCGGCC CTGAGGTGGG

Thr Gly Asp Ala Asn Leu Pro
155

GCGACCAGCA TGCTGAGCCC AGCAGGGAGA TTTTCCTCAG CACCCCTCAC CCCAAACAAC

CAGTGGCGGT TCACAGAAAG ACCCGGAAGC TGGAGTAGAA TCATGAGATG CAGGAGGCCC

TTGGTAGCTG TAGTAAAATA AAAGATGCTG CAGAGGCCGG GAGAGATGGC TCACGCCTGT

AATCCCAGCA CTTTAGGAGG CCCACACAGG TGGGTCACTT GAGCGCAGAA GTTCAAGACC

3106

4154

4202

4251

4308

4356

4404

4449

4509
4569
4629
4689
4738

4786

4834

- 4882

4934

4994
5054
5114
5174




“REPLACEMENT SHEET |

t he pol ypepti de. 9.

A marmal i an expressi on system conpifi U=
hybrid gene which is expressible in the manmary . gl and _fwan §w 1997
femal e of a non- human manmal har bouring said hybrid gefe, ?) t i
human - BSSL/ CEL is produced when the hybrid gene is axpressed

said hybrid gene bei ng produced by | nsefdi-ng a DNA nol ¢cul e accord| ng
to any one of. ~clainms 1-3 into a gene reqgul ating a m | k *protetrn
gene of a nawchneraRANBCATIGGGAG AOCCCCATEE MTACACIAAR ATTAARAATTCAGEIGGEEAT M 95234

TGGGCGCGGC GGCTCACCTC TGTAATCCCA GCACGTTGGG AGCCCAAGGT GGGTAGATCA 5294
CCTGAGGTCA GGAGTTTGAG ACCAGCCTGA CTAAAATGGA GAAACCTCTT CTCTACTAAA 5354
AATACAAAAT TAGCCAGGCG TGGTGGCGCT TGCCTGTAAT CCCAGCTACT CGGGAGGCTG 5414
"AGGCAGGAGA ATCGCTTGAA CTCAGGAGGC GGAGGTTGCG GTGAGCCGAG ATCATGCCAC 5474
TGCACTCCAG CCTGGAGAAC AAGAGTAAAA CTCTGTCTCA AAAAAAAAAA AAAAMAAAAA 5534
ATAGCCAGGC GTGGTATCTC ATGCCTCTGT CCTCAGCTAC CTGGGAGGCA GAGGTGGAAG - 5594
GATCGCTTGA GCCCAGGGGT TCAAAGCTGC AGTGAGCCGT GGTCGTGCCA CTGCACTCCA 5654
GCCTGGGCGA CAGAGTGAGG CCCCATCTCA AAAATAAGAG GCTGTGGGAC AGACAGACAG 5714
GCAGACAGGC TGAGGCTCAG AGAGAAACCA GGAGAGCAGA GCTGAGTGAG AGACAGAGAA 5774
CAATACCTTG AGGCAGAGAC AGCTGTGGAC ACAGAAGTGG CAGGACACAG ACAGGAGGGA 5834
CTGGGGCAGG GGCAGGAGAG GTGCATGGGC CTGACCATCC TGCCCCCGAC AAACACCACC 5894
CCCTCCAGCA CCACACCAAC CCAACCTCCT GGGGACCCAC CCCATACAGC ACCGCACCCG 5954
ACTCAGCCTC CTGGGACCCA CCCACTCCAG CAACCAACGT GACCTAGTCT CCTGGGACCC 6014
ACCCCCTCCA GCACCCTACC CGACCCAGCT TCTTAGGGAC CCACCATTTG CCAACTGGGC 6074
TCTGCCATGG CCCCAACTCT GTTGAGGGCA TTTCCACCCC ACCTATGCTG ATCTCCCCTC 6134
CTGGAGGCCA GGCCTGGGCC ACTGGTCTCT AGCACCCCCT CCCCTGCCCT GCCCCCAG GT 6194
' Gly
160
AAC TAT GGC CTT CCG GAT CAG CAC ATG GCC ATT GCT TGG GTG AAG AGG 6242
Asn Tyr Gly Leu Arg Asp Gln His Met Ala Ile Ala Trp Val Lys Arg
165 170 175
AAT ATC GCG GCC TTC GGG GGG GAC CCC AAC AAC ATC ACG CTC TTC GGG 6290
Asn Ile Ala Ala Phe Gly Gly Asp Pro Asn Asn Ile Thr Leu Phe Gly
180 185 190
" GAG TCT GCT GGA GGT GCC AGC GTC TCT CTG CAG GTCTCGGGAT CCCTGTGGGG 6343
Glu Ser Ala Gly Gly Ala Ser Val Ser Leu Gln
195 200 )
AGGGCCTGCC CCACAGGTTG AGAGGAAGCT CAAACGGGAA GGGGAGGGTG GGAGGAGGAG 6403
CGTGGAGCTG GGGCTCTGGT GCTGGGGTGT CCTTGTCCCA GCGTGGGGTG.GGCAGAGTGG 6463
GGAGCGGCCT TGGTGACGGG ATTTCTGGGT CCCGTAG ACC CTC TCC CCC TAC AAC 6518
Thr Leu Ser ‘Pro Tyr Asn
205
AAG GGC CTC ATC CGG CGA GCC ATC AGC CAG AGC GGC GTG GCC CTG AGT 6566
Lys Gly Leu Ile Arg Arg Ala Ile Ser Gln Ser Gly Val Ala Leu Ser
210 215 220 225
CCC TGG GTC ATC CAG AAA AAC CCA CTC TTC TGG GCC AAA AAG 6608
Pro Trp Val Ile Gln Lys Asn Pro Leu Phe Trp Ala Lys Lys
230 235
GTAAACGGAG GAGGGCAGGG CTGGGCGGGG TGGGGGCTGT CCACATTTCC GTTCTTTATC 6668
CTGGACCCCA TCCTTGCCTT CAAATGGTTC TGAGCCCTGA GCTCCGGCCT CACCTACCTG 6728



11.
cl.aim?9.

12.

' is an enbryo cell.

. manmmal

13.

capabl e of expressing human BSSL/ CEL,

I ntroduci ng an expression system
fertilized egg or a

CTGGCCTTGG TTCTGCCCCC AG GTG GCT GAG AAG GTG GGT TGC CCT GTG GGT
Val Ala Glu Lys Val Gly Cys Pro Val Gly

cel |

240

as

of an enbryo o

GAT.GCC GCC AGG ATG GCC CAG TGT CTG AAG GTT
Asp Ala Ala Arg Met Ala Gln Cys Leu Lys Val
255

250

260

CTG ACG CTG GCC TAT AAG GTG CCG CTG GCA GGC
Leu Thr Leu Ala Tyr Lys Val Pro Leu Ala Gly

GCTCGGGTTG
TCCGGAGGAG
TCTCCCCTCG
GATGGAGTCT
CTCCACCTCC
GCACATGCCA
TGTTAGCTAG
GTGCTGGAAT
GAGTTACAGA
GCATTCATAT
GCCTTTGTGC
CCGTAGCACT
CCCATTCCAC
TCACTCATTC
TGAGCTCAAC
AGCAAAACCT
GGGTCCTCTA
GCTGATGGAC
GGCTTCTAAG
GCTGCCGCTG
GCAGGGCCTG
TGGGTCGAGG
AGAATCAACC
CCCTGAGAGG

TGGCTCTCCC

270
GCCCATGGGG
AGAGGAAGGT
AAGGCCCCAG
CACTGTTGCC
TGGGTTCAAG
CCATGCCCAG
GATGATCTCG
TACAGGCGTG
CTCCCCTTTG
GCAGTCATTT
TAGATGACCG
GGGGCCCAGC
AAACACCTCT
TTCTATGGCA
TGCACGGGCT
GCTGTGCTGG
GGGGCCCGTC
TGGAACCCAG
TTTCCTCCTT
AAGAGGACAG
GAGACATCTG
CCGGGGATGC
CTGCCCCAAG
CAAGGGGCGG

ACCCAG AC
Tyx

TCTCGAGGTG
GCCAGAGCTG
CTGTAAGGGA
CAGGCTGGAG
TGATTCTCTG
ATAATTTTTC
GTCTTGGGAC
AGCCACTGTG
AGAAGCTGAT
GCATATAATT
TTCATTCATT
CTCCAGCTCC
GCATGTCAGC
ACATGCCATG
GGACAAGCCC
GCCCAGTGAC
CAGGGGTCTG
CCCTGAGAGA
CCTGCTTCAG
ATCTGGCCCT
TGATTGTCAC
TCTAAACATC
TGTCCATAGA

CTCAGGGGAA

275
GGGGTTGAGG
CGGTCTTGTC
GAGGGGGTGC
TGCAG?GTCA
ACTCAACCTC
TGTGTGTTTA
CTCATGATCT

CCCGGCCCCT

GAACATTTGG

TTAGGGAGAC
CGTTCATTCA
ACTATTCTGT
CTTACCAGCT
AAGCCAAGTC
AAACAAAGCA
AGCCAGGCCC
GAGTACAATG
GGGAGCTCCT
GCCCAGCAAA
AGACAGTGAC
AGCTGGGGAG
CTACAGGGCA
TCAGAGAAGG

ACTGGGAGGT

A mamal i an cel |l harbouring an expression system
A non- human manmal i an cel

according to claimn
A process of producing a transgeni¢
)

conpri

defd ned in claim-9

245

ACT GAT CCC CGA GCC
Thr Asp Pro Arg Ala

CTG GAG T
Leu Glu

GGGGTACTGC
CTGTCACCAA
CGTTTCTTCT
CGATCTCAGC
CCATGTAGCT
GTAGGGATGG
GCCCACCTCG
TCTTTATTCT
GGCCCCCTCC
TCATAGACCT
TTCAGCAAAC
ACCCCGGGARA
TGCTACGCTA
ATCTGCACGT
ACCCCCACGG
CGCCTGCCTC
CAGACCTCCC
TCTCCATCAG
GAGAGAGAGG
TCTCAGCCTG
GGGGTGCTCC
CAGGATGCCC
GAGGACATAG

ACAAGAACCT

CCC ATG CTG CAC TAT GTG GGC TTC GTC CCT
Pro Met Leu His Tyr Val Gly Phe Val Pro

280

2

85

WS _
whi ch
nl & AR 1397
si n§
Into a

a non-human nmeopel..so _as 1o
6780
6828

265

GTGAGTAGCT 6878

CAGGGAGTAC 6938
CTAGCTGGTG 6998
TTTTTTTTGA 7058
TCACTGCAAC 7118
GGGACTACAG 7178
AGTTTCATCG 7238
GCCTCCCAAA 7298
TATCTCCCAT 7358
CCCACCTCAT 7418

CAGACCAAGA 7478
ATTTACTGAA 7538
GGCCTGGGGA 7598
AGGCTGTCCC 7658
TTACCTGACA 7718
ccccGeTaGA 7778
AGCAGCCACT 7838
ACCATTTTTG 7898
TPCCCTCAGT 7958
AGAGGGAGGG 8018
GGGACGTGTG 8078
TGGCACCTCG 8138
CTGATGGTGC 8198
CCAATTCCAG 8258
GCTAACCTGC 8318
8366
8414

GTC ATT GAT GGA GAC TTC ATC CCC GCT GAC CCG ATC AAC CTG TAC GCC

Val Ile Asp Gly Asp Phe Ile Pro Ala Asp Pro Ile Asn Leu Tyr Ala
298

290

300

305




: | - REPLACEMENT SHEET |
I ncorporate the expression systeminto the gern i ne of |t he—rremmmeat—and—1} -

(b) devel oping the resul ting introduced fertilized egg lor eqﬁgng.wq7
into an adult femal e non-human nmanmal . 14. A process of prioduci

t ransgeni ¢ non- human mammal capabl e of expressing humany BSSL/CEl .and

substantially i ncapabl e of expressing BSSL/~Z3— from thel mammal

Itself, conprising (a) destroying t he mammal i an BSSL/ CE—exp+es

capabi | i ty M GCC GCCHERS ESTARC AT PAAICWUBSS AOFi BAT PARATERAGAIGN 8462
Asn Ala Ala Asp Ile Asp Tyr Ile Ala Gly Thr Asn ‘Asn Met Asp.Gly

310

315

320

CAC ATC TTC GCC AGC ATC GAC ATG CCT GCC ATC AAC AAG GGC AAC AAG
His Ile Phe Ala Ser Ile Asp Met Pro Ala Ile Asn Lys Gly Asn Lys
. 335

325

330

AAA GTC ACG GA GTAAGCAGGG GGCACAGGAC TCAGGGGCGA CCCGTGCGGG

Lys Val Thr
340

AGGGCCGCCG GGAAAGCACT GGCGAGGGGG CCAGCCTGGA GGAGGAAGGC ATTGAGTGGA

Glu

GGACTGGGAG TGAGGAAGTT AGCACCGGTC GGGGTGAGTA TGCACACACC TTCCTGTTGG

CACAGGCTGA GTGTCAGTGC CTACTTGATT CCCCCAG G

CTG
Leu

GTC

Val Ser

T
Phe

ACC
Thr Asp

365

AAT
Asn

AAG
Lys
380

AAG
Lys

GTG
Val
395

cccC
Pro

AcC
Thr
GTGAGGATCT
CGAGGCCTCG
TCCCCACCTG
TTTACCTCCC
CACCCCATGG
GCACTGAGAG
CCCATAATTT
AAAAAATAAG
GTGGGAGGAT
ATCTCTACTA
ACTCAGGAGG
GAGATTACGC
AGTAAATAAA
AGTATACCTA
AGCCTCCTTT
AATTGAAGAA

AGT GAG

GAT

TTC
Glu Phe

350

GTC
val

TAC
Tyr

AAG
Lys

ACT
Thr

GAG
Glu

ATT
Ile

ACA ATC
Thr

ACC
Thx
GTG
val

GCC
Ala

Ile Thr

ACC aaGc
Lys

GGG
Gly

CTC
Leu

355

GAG
Glu Ser

370

GTG
val
385

GAC
Asp

CTA
Leu

GCC

400

GGGCAGCGGG
CTCTGGGTGG
TGCCTGCCTG
AGCCTACAGG
TCCTTCCCAC
AACACTGGAC

CAGCCCACCA

GCCAGACACA

CACTTGAGGT
AAAATACAAA
CTGAGGTAGC
CACTGCACTC
TAATAAAAAT
GAAGTCTAGG
CAGTCAAGGC

TGCACATTCA

TGGCTCCTGG
CTCTCAGGTG
ATCCACTTTG
GCTTTACAAA
TGGAGAGTTC
AATAGTTTCT
CCACATTAAA
GTAGCTCATG
CAGGAGTCTG
AATTATCCAG
AGAATTGATT
CAGCAGGGGC
AAAAAATAAG
ATGAAAGCTT
AAAAAGGGAA
CTTGGAGAGC

TCC TGG
Trp

T
Phe

CAG
Ala Gln

GCC
Ala

CAG
Gln

GAG
Glu

ACC
Thr

AGA
Arg
405

Cac
His
GGGCCTTCCT
TCTGGGTTGT
CTGAGGCCTG
CCCTATGATC
TTGAGCTACC
ATCCACTGAC
AATCTTCATG
CCTGTAATCC
AGACTAGTCT
GCATGGTGGT
GACCCAGGGA
AACAGAGTGA
TTAGGAATAC
TGCAGCAACT
ACAGTTGAGG
AAAATATTTC

AGA

Arg Gly

GGC GCC
Ala

GAG GAC TTC TAC AAG
Glu Asp Phe Tyr Lys

345

AAG ACG
Lys Thr

360

GAC
Asp

CcCAa
Pro
375

GTC
Val

GAT
Asp
390

AAT
Asn

GCC
Ala
GGGGTGCTGC
CTGGGAAAGT
GCAAGACTTG
CTCTGCCCTG
TTCCATCCCC
TCTTATGGGC
TAATAATAGC
CAGCACATTG
GGCCAACATG
GCATGCCTAT
GGTGGAGGTT
GACTGTGTCT
GAAAAAGATA
AAGCAGTACA
GCCTATACCT

TTGATACTGA

TCC
Ser

CTC
Leu

GCC
Ala

CAG GAG
Gln Glu

CTG
Leu

TTC
Phe

AA

Lys
ACCTTCCAGC
GGTGCTTGAG
AGGGCCTCTT
CTCAGCCCTG
CATGCTGTGT
CTCAACTTTG
CAATTATAAT
GGAGGTCAAG
GCAAAACCCC
AATCCTAGCT
GCAGTGAGCC
CGAATAAATA
GGAAGATAAA
TTTAGCTGTG
TGTCCAATCT
ATTCTAGAAG

8510

8561

8621
8681

8734

8782

8830

8878

8922

8982
9042
9102
9162
9222
9282
9342
9402
9462
9522
9582
9642
9702
9762
9822
9882
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defined in
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as defined
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BSSL/ CEL is expressed and inserting an expression{  systema
claim9 into the gernline of the manmal in such1g paRNgRL;;
BSSL/ CEL is expressed in the manmal ; and/or] (jo) replaci'ng
an BSSL/CEL gene or part thereof wth an X '

in claima9. —50-

—

GAAGGTGCCT CACAATGTTT TGTGGAGGTG AAGTATAAAT TCAGCTGAAA TTGTGGAACC 9942
CATGAATCCA TGAATTTGGT TCTCAGCTTT CCCTTCCCTG GGTGTAAGAA GCCCCATCTC 10002
TTCATGTGAA TTCCCCAGAC ACTTCCCTGC CCACTGCCCG GGACCTCCCT CCAAGTCCGG 10062

TCTCTGGGCT GATCGGTCCC CAGTGAGCAC CCTGCCTACT TGGGTGGTCT CTCCCCTCCA 10122

G G AGT GCC AAG ACC TAC GCC TAC CTG TTT TCC CAT CCC TCT CGG ATG 10169
Ser Ala Lys Thr Tyr Ala Tyr Leu Phe Ser His Pro Ser Arg Met
410 415 420

CCC GTC TAC CCC AAA TGG GTG GGG GCC GAC CAT GCA GAT GAC ATT CAG 10217

Pro Val Tyr Pro Lys Trp Val Gly Ala Asp His Ala Asp Asp Ile Gln
425 430 . 435 440

TAC GTT TTC GGG AAG CCC TTC GCC ACC CCC ACG GGC TAC CGG CCC CAA 10265
Tyr Val Phe Gly Lys Pro Phe Ala Thr Pro Thr Gly Tyr Arg Pro Gln
445 450 455
GAC AGG ACA GTC TCT AAG GCC ATG ATC GCC TAC TGG ACC AAC TTT GCC 10313
Asp Arg Thr Val Ser Lys Ala Met Ile Ala Tyr Trp Thr Asn Phe Ala
460 465 : 470

AAA ACA GG GTAAGACGTG GGTTGAGTGC AGGGCGGAGG GCCACAGCCG 10361
Lys Thr Gly

475
AGAAGGGCCT CCCACCACGA GGCCTTGTTC CCTCATTTGC CAGTGGAGGG ACTTTGGGCA 10421
AGTCACTTAA CCTCCCCCTG CATCGGAATC CATGTGTGTT TGAGGATGAG AGTTACTGGC 10481
AGAGCCCCAA GCCCATGCAC GTGCACAGCC AGTGCCCAGT ATGCACTGAG GGGCATGGTG 10541

CCCAGGGCCA GCTCAGAGGG CGGGGATGGC TCAGGCGTGC AGGTGGAGAG CAGGGCTTCA 10601

GCCCCCTGGG AGTCCCCAGC CCCTGCACAG CCTCTTCTCA CTCTGCAG G GAC CCC 10656
Asp Pro
AAC ATG GGC GAC TCG GCT GTG CCC ACA'CAC TGG GAA CCC TAC ACT ACG 10704
Asn Met Gly Asp Ser Ala Val Pro Thr His Trp Glu Pro Tyr Thr Thr
480 485 - 490
GAA AAC AGC GGC TAC CTG GAG ATC ACC AAG AAG ATG GGC AGC AGC TCC. 10752
Glu Asn Ser Gly Tyr Leu Glu Ile Thr Lys Lys Met Gly Ser Ser Ser
495 500 . 505
ATG AAG CGG AGC CTG AGA ACC AAC TTC CTG CGC TAC TGG ACC CTC ACC 10800
Met Lys Arg Ser Leu Arg Thr Asn Phe Leu Arg Tyr Trp Thr Leu Thr
510 51S - 520 525
TAT CTG GCG CTG CCC ACA GTG ACC GAC CAG GAG GCC ACC CCT GTG CCC 10848
Tyr Leu Ala Leu Pro Thr Val Thr Asp’Gln Glu Ala Thr Pro Val Pro
530 : 535 540
CCC ACA GGG GAC TCC GAG GCC ACT CCC GTG CCC CCC ACG GGT GAC TCC 10896
Pro Thr Gly Asp Ser Glu Ala Thr Pro Val Pro Pro Thr Gly Asp Ser
545 - 550 555
GAG ACC GCC CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GTG 10944
Glu Thr Ala Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val
560 ' 565 570
CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT GAC 10992

Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp
575 580 -~ - 585



15. A transgeni ¢ non-hunan mammal harbouring in its genomePAUBMENT SHEET
nol ecul e according to any one of clains 1-3. h16.h At ar;“cnib
non- human nammal according to claim 15 in which the DNA e e
i 'd ndi. HaRass
le is

present in the germine of the manmal. 17. A transge
mamal according to claim 15 or 16 in which the DNA nol gc
present in a mlk protein gene of the_gﬁﬁpal.

TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCcC 11040
Sér Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro
590 595 600 ' . 605

GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT 11088
Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly
610 615 620

GAC TCC GGG GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGC GCC CCC 11136
Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro .
: 625 630 635

CCC GTG CCG CCC ACG GGT GAC GCC GGG CCC CCC CCC GTG CCG CCC ACG 11184
Pro Val Pro Pro Thr Gly Asp Ala Gly Pro Pro Pro Val Pro Pro Thr
640 645 650

GGT GAC TCC GGC GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC 11232
Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala
655 660 . 665

CCC CCC GTG ACC CCC ACG GGT GAC TCC GAG ACC GCC CCC GTG CCG CCC 11280
Pro Pro Val Thr Pro Thr Gly Asp Ser Glu Thr Ala Pro Val Pro Pro
670 . 675 680 685

ACG GGT GAC TCC GGG GCC CCC CCT GTG CCC CCC ACG GGT GAC TCT GAG 11328
Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Glu
690 8695 700

GCT GCC CCT GTG CCC CCC ACA GAT GAC TCC AAG GAA GCT CAG ATG CCT 11376
Ala Ala Pro Val Pro Pro.Thr Asp Asp Ser Lys Glu Ala Gln Met Pro
: 705 ' 710 718
GCA GTC ATT AGG TTT TAGCGTCCCA TGAGCCTTGG TATCAAGAGG CCACAAGAGT 11431
Ala Val Ile Arg Phe
720 :
GGGACCCCAG GGGCTCCCCT CCCATCTTGA GCTCTTCCTG AATAAAGCCT CATACCCCTG 11491

TCGGTGTCTT TCTTTGCTCC CAAGGCTAAG CTGCAGGATC ) : . 11531
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clai ns 15-18 thi ¢h Ms selected fromthe group consistinpg pf m ce,

rats, rabbits, sheep, pi gs and catﬂﬁg_._ 20. Progeny. of p tT&uMAREGNT
non- human mamal according to any o of clainms 15-19.

CLAIMS

1. A DNA molecule eﬁcodinQ for biologically

‘functional BSSL/CEL and containing intron

sequences.

A DNA molecule according to claim 1 which is
shown in SEQ ID NO: 1 in the Sequence Listing.

An analogue of the DNA molecule according to
claim 2 which contains intron sequences and which
hvbridizes with the DNA sequence shown in SEQ ID
NO: 1 in the Sequence Listing or a specific part
thereof under stringent hybridization conditions.

A replicable expression vector which carries and
is capable of mediating the expression of a DNA
molecule according to any one of claims 1-3,

'encoding-human BSSL/CEL.

A vector according to claim 4 capable of encoding
biologically funtional BSSL/CEL and containing
regulatory elements directing expression to the
mammary gland of a non-human mammal.

A vector according to claim 4 which is the vector
pS452 (DSM 7499).

A cell derived from a multicellular organiém and
harbouring a vector according to any one of
claims 4-6.

A process for production of human. BSSL/CEL,
comprising (a) inserting a DNA molecule as
defined in any one of claims 1-3 in a vector
which is able to replicate in a specific host
cell; (b) introducing the resulting recombinant
vector into a host cell; (c) growing the
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21. MIKk obtali ni ¢ non- human nannal aq

one of clains 1 « nfant fornula conprising milKg a ' i
¢l ai m 21. A process for productlon of an infant forrulla g§q§Aérﬁﬁ5
supplenentlng an infant food fornmula with a -

—

resulting cell in or on a culture medium for
expression of the polypeptide; and (d) recovering
the polypeptide.

9. A mammalian expression system, comprising a
hybrid gene which is expressible in the mammary
gland of an adult female of a non-human mammal
harbouring said hybrid gene, so that human
BSSL/CEL is produced when the hybrid gene is
expressed, said hybrid gene being produéed by
inserting a DNA molecule according to any one of
claims 1-3 into a gene regulating a milk protein
gene of a non-human mammal.

10. A hybrid gene as defined in claim 9.

11. A mammalian -cell harbouring an expression system
as defined in claim 9.

12. A non-human mammalian cell according to claim 11
which is an embryo cell.

13. A process of pfodﬁcing a transgenic non-human
. mammal capable of expressing human BSSL/CEL,

comprising (a) introducing an expression system
as defined in claim 9 into a fertilized egg or a
cell of an embryo of a.non-human mammal so as to
incorporate the expression system into the
germline of the mammal and (b) developing the
resulting introduced fertilized egg or embryo
into an adult female non-human mammal.

14. A process of producding a transgenic non-human
mammal capable of expressing human BSSL/CEL and
substantially incapable of expressing BSSL/CEL
from the mammal itself, comprising (a) destroying
the mammalian BSSL/CEL expressing capability of
the mammal so that substantially no mammalian
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- 55- po ype y a DNA nol ecul e according
one of clains 1- l a DNA nol ecul e according t¢ 4dny one of
claims 1-3 for t humen BSSL/ CEL. 18 MAR 597

o)

BSSL/CEL is expressed and inserting an expression
system as defined in claim 9 into the germline of
the mammal in such a manner that human BSSL/CEL
is expressed in the mammal; and/or (b) replacing
the mammalian BSSL/CEL gene or part thereof with
an expression system as defined in claim 9.

15. A transgenic non-human mammal harbouring in its
' genome a DNA molecule according to any one of
claims 1-3.

16. A transgenic non-human mammal according to claim
15 in which the DNA molecule is present in the
germline of the mammal.

17. A transgenic non-human mammal according to claim
15 or 16 in which the DNA molecule is present in
a milk protein gene of the mammal.

18. A transgenic non-human mammal prepared by the
process of claim 13 or 14.

19. A transgenic non-human mammal according to any
one of claims 15-18 which is selected from the
group consisting of mice, rats, rabbits, sheep,
pigs and cattle.

20. Progeny of a transgenic non-human mammal
according to any one of claims 15-19.

21. Milk obtained from a transgenic non-human mammal
according to any one of claims 15-20.

22. An infant formula comprising milk as defined in
claim 21. -
23. A process for production of an infant formula by

supplementing an infant food formula with a



25. The use adppIci im 24 for production of a REPAAGEMENTC SHEET
non- hunman m”ﬁﬂ'mﬂmﬂmuﬂmlmﬁﬁn BSSL/ CEL. 26. The pseé according |.

to claim24 for* prloduct mons

U

* m | k, containing human BSPL/{EWMAR v/

derived froma transgeni ¢ non- human mamal . 27. The bse according
to claim24 for production of an infant fornula conpr|skag—+k;
cont ai ni ng human BSSL/ CEL, derived f+¥fra transgenic won- human

manmmal .

polypeptide encoded by a DNA molecule according
to any one of claims 1-3.

24, Use of a DNA molecule according to any one of _
claims 1-3 for the production of human BSSL/CEL.

25. - The use according to claim 24 for production of a
transgenic non~human mammal expressing human
BSSL/CEL.

26. The use according to claim 24 for production of
milk, containing human BSSL/CEL, derived from a
transgenic non-~human mammal.

27. The use according to élaim 24 for production of
an infant formula comprising milk, containing
human BSSL/CEL, derived from a transgenic non-
human mammal.

28. The use of a DNA molecule according to any oneof
claims 1-3 in the manufacture of a medicament for
the treatment of a pathological condition related
to exocrine pancreatic insufficiency.

29. The use according to claim 28 in the manufacture
of a medicament for the treatment of cystic
fibrosis.

30. The use according to claim 28 in the manufacture
of a medicament for the treatment of chronic
pancreatitis.

31. The use according to claim 28 in the manufacture
of a medicament for the treatment of fat
malabsorption. .



28. The use of a cord| ng to any oneof “I%ERMCEMBNT rSHEET
t he mapuf actureelﬂ"“”m ﬁ a‘ the treatnent of al ppthotogrcat
condition rel at ne pancreatic insufficiency

use according to tlaim 28 i n the manufacture of a nedi carrent%%g%ﬁ]??g7
treatnment of cystic fibrosis. 30. The use according joleclaim?28 in
t he manufacture of a medicanent for the treatnent of c‘h[oni c
pancreatitis. :

32. The use according to claim 28 in the manufacture

of a medicament for the treatment of
malabsorption of fat soluble vitamins.

33. The use according to claim 28 in the manufacture
of a medicament for the treatment of fat
malabsorption due to physiological reasons.



31.

The use according to claim28 in the manuf ac.ture of | RERLACEMENT SHEET
for the treatnent of fat mal absor pti on.
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ABSTRACT
NEW DNA SEQUENCES

The present invention relates to a DNA molecule
containing intron sequences and encoding a human
protein which is, depending on the site of action,
called Bile Salt-Stimulated Lipase (BSSL) or Carboxyl
Ester Lipase (CEL). The DNA molecule is advantageously
used in the production of recombinant human BSSL/CEL,
preferably by means of production in transgenic non-
human mammals. The recombinant human BSSL/CEL can be
used as a constituent of infant formulas used for
feeding infants as a substitute for human milk, or in
the manufacture of medicaments against e.g. fat
malabsorption, c?stic fibrosis and chronic
pancreatitis.

FIGURE 7.
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nedi canent for the treatnent of mal absorption of fat s@l gble vitam ns.
33. The use according to claim28 in the manufacture f la frBdesRMeIR
for the treatnment of fat nmal absorption due to physiol ogi 4al reasons.
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FIGURE 3

obyoojoob30o g9p-
Wle L g,
babeoowvovdobedl gge~
h.tu_ ________.___ .
ebqeowoobeoy QIp-
oabvbbeozobbyoy gge~

§ ;__ ;___ |
ojbeebed003b303 TLE-
oewjowoeby G9z-
%Pm%mh%hh%.mmml
920331000v000003000bv0o2bRD* * *q0ovdb PZZ-
CLSURYATEYPPSEEENRORY PO 11 1Y Sy
1bbe0o030630700bboowboobyedd Zgi-

t._t__:__.t:_cv L ___._,_ I

e00030b30300b300v *00b3300 T8T-
13bbboojoeobybbeoes yH1-
ML ML o
bebbiovqeeeieooiobeoolybbiyzooeby 1g-

t_w AEERRRRRANNNRANY tv_____t
ebooorjeerledolobvoslebbylooeby gy-

sousnbes Supjupj}-,q sueB 139 syy

sousnbes Supjud|j—,c sueB T304 ey



18 MAR 1597

FIGURE 4
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FIGURE 5
Digest with Ncol Digest with Neol Digest with BspEi
and BspEl. and Sacl. and Sacl.
isolate 2.35 kb. Isolate 2.7 kb. lsolate 1.1 kb,
Neol BspEl Neot ¥ Sacl BspEl Sacl
L ] L . | 1 [ ]
Y Ligation and transformation.
Digest with Kpni Partial digestion with
and BamH. BamHl.
1 Isolate 4.7 kb. Isolate linearized fragment.
Kenl | BamHi BamHi Y BamHi
L i 1 )
Linker insertion
+ Ligation and transformatio:
Digest with Kpnl Digest with BamHi
and Sall. and Sali.
isolate 11.9 kb. Isolate 5.2 kb.
Kpni Sali BamHi Sall
[ —_1 . L 1
' : . ' Ligation and transformation.
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FIGURE 5 (continued)
Digest with Sacl Digest with Sall Digest with Hindil
and Sall. and Hindill. and Sacl.
Isolate 71bp. Isolate 20 kb. _ Isolate 1.7 kb.
Sacl Sall sall Y Hindl Hindl Sacl

\

_—

Y Ligation and transformation.
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FIGURE 6
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FIGURE 7

BamHl

Sal |
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FIGURE 8
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FIGURE 9
Not1 Kpn1 Sal1 Not1
L | 1 |
—— P <
WAP 7 BSSL VARIANT GENOMIC DNA
7 ' .
/ \
{57
_ 1 2
- -
148 4398
Primer - Sequence ( 5°-37)
- S’-primer CTGTGTGGCAAGAAGGAAGTGTTGT
3’ -primer CAACTCCTGACCTCAAGTGATC

M 12 3 4 56 78 9101 1213M

2.0
1.0
0.5

mall <~ 548 bp
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FIGURE 10

1.2 3 4 5 6
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