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Field of the invention 

The present invention relates to new DNA sequences, to new 
5 proteins coded for by such DNA sequences, and to the use 

as further described below of such proteins. The invention 
also encompasses vectors, such as plasmid constructs, 
comp~ising such DNA sequences, being capable of expressing 
the desired enzyme. The invention also includes host 

l.O organisms transfected with such constructs e.g. bacteria 
yeast, mammalian cells, and transgenic animals. 'l'he 
invention also includes processes for the preparation of 
the novel products of the invention. The new proteins of 
the invention are related to an enzyme, known i.a. as 

15 human bile salt-stimulat.ed lipase. 
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Background to the invention 

The human lactating manmary gland synthesizes and secretes 

5 with the milk.a bile salt-stimulated lipase (BSSL) [1] 

that, after specific activation by primary bile salts [2, 

57, 58], contributes to the breast-fed infant's endogenous 

capacity of intestinal fat digestion [3-5]. This enzyme, 

which accounts for approximately 1\ of total milk prote1n 

10 [6], is a non specific lipase; in vitro it hydrolyses not 

only tri-, di- and monoacylglycerols, but also 

cholesteryl-, and retinyl esters, and 

lysophospbatidylglycerols [7-10]. Furthermore, its 

activity is not restricted to emulsified substrates, but 

15 micellar and soluble substrates are hydrolyzed at similar 

rates [11]. 

BSSL is not degraded during passage with the milk through 

the stomar-h, and in duodenal contents it is protected by 

bile salts from inactivation by pancreatic proteases such 

20 as trypsin and chymotrypsin [2,11]. It is, however, 

inactivatecJ when the. milk is pasteurized, e.g. heated to 

62.5 °C, 30 min [12). Model experiments in vitro suggest 

that the end products of triacylglycerol digestion are 

different in the presence of BSSL (5,7). Due to lower 

25 intralwrainal bile salt concentrations during the neonatal 

period [13,14) this may be beneficial to product 

absorption [S,15). 
The carboxylic ester hydrolase (CEH) of human pancreatic 

juice [16] seems functionally to be identical, or at least 

30 very similar, to BSSL [8]. They also share common epitopes 

[8,17), have identical N-terminal amino acid sequences 

[li] and are inhibited by inhibitors of serine esterases, 

e.g. eserine and diisopropylfluorophopsphate [6,8,16]. It 

has been hypothesized that the two enzymes are products of 

35 the same gene [18,19]. The observed molecular size 

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

of glycosylation, as recently suggested [17). 
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Dietary lipids ia an important source of energy. The 
energy-rich triacylglycerols constitute more than 95\ of 
these lipids. Some of the lipids, e.g. certain fatty acids 
and the fat soluble vitamins, are essential dieatary 

5 constituents. Before gastro-intestinal absorption the 

triacylglycerols as well as the minor components, i.e. 
esterif ied fat-soluble vitamins and cholesterol, and 

diacylphosphatidylglycerols, require hydrolysis of the 
ester bonds to give rise to less hydrophobic, absorbahle 

10 products. These reactions are catalyzed by a specific 
group of enzymes called lipases. 
In the human adult the essential lipases involved are 
considered to be gastric lipase, pancreatic colipase­
dependent lipase (tri- and diacylglycerol hydrolysis), 

15 pancreatic phospho~ipase A2 (diacylphosphatidylglycerols) 
and carboxylic ester hydrolase (cholesteryl- and fat 
soluble vitamin esters). In the breast-fed newborn bile 
salt-stimulated lipase plays an essential part in the 
hydrolysis of several of the above mentioned lipids. 

20 Together with bile salts the products of lipid digestion 
form mixed micelles fran which absorption occurrs (3-5). 

common causes of lipid malabsorption, and hence 
malnutrition, are reduced intraluminal leavels of 

25 pancreatic colipase-dependent lipase an/or bile salts. 
Typical examples of such lipase deficiency are patients 
suffering from cystic fibrosis, a common genetic disorder 
resulting in a life-long deficiency in som 80' o~ the 
patients, and chronic pancreatitis, often due to chronic 

30 alcoholism. 

The pancreatic and liver functions are not fully developed 
at birth, most notably in infants born before term. Fat 
malabsorption, for physiological reasons, is a conmon 

35 finding and thought to result from low intraluminal 
pancreatic colipase-dependent lipase and bile salt 
concentrations (3,4,13-15). However, because of BSSL, such 
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malabsorption is much less frequent in breast-fed inf ants 

than in infants fed pasteurized human milk of infant 

formulas (3-S, 12, 59, 60, 61). This is one reason why it 

bas been advocated that newborn infants, particularly 

5 preterm infants, that cannot be fed their own mothers milk 

should be fed non-pasteurized milk from other mothers 

(12). 

The present treatment of patients suffering from a 

10 deficiency of pancreatic lipase is the oral administration 

of very large doses of a crude preparation of porcine 

pancreatic enzymes. COlipase-dependent pancreatic lipase 

is inactivated by low pH. such conditions are prevalent in 

the stomach, with the result that orally administered 

15 pancreatic lipase is virtually completely inactivated on 

the passage through the stomach to the gut.·Therefore, 

this effect cannot be completely overcome by the use of 

large doses of enzyme. The large doses administered are 

inadequate for most patients, and the preparations are 

20 impure and unpalatable. Certain tablets have been 

formulated which pass through the acid regions of the 

stomach and discharge the enzyme only in the relatively 

. alkaline environment of the jejunum. However, many 

patients suffering from pancreatic disorders have an 

25 abnormally acid jejunum and such tablets may fail to 

discharge the enzyme and may therefore be ineffective. 

Moreover, since the preparations presently on the market 

are of a non-human source there is a risk of 

immunoreactions that may cause harmful effects to the 

30 patients or result in reduced therapy efficiency. 

A further drawback with the present preparations is that 

their content of other lipolytic activities than colipase­

dependent lipase are not stated. In fact, most of them 

contain very low levels of CEH/BSSL-activity. This may be 

35 one reason why many patients, suffering from cystic 

fibrosis in spite of supplementation therapy, suffer from 

deficiencies of fat soluble vitamins and essential fatty 
-------· 
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acids. 
Thus, there is a great need for products with properties 
and structure derived from human lipases and with a broad 
substrate specificity, which products may be orally 

5 administered to patients suffering from deficiency of one 
or several of the pancreatic lipolytic enzymes. The 
products of the present invention fulfil this need by 

themselves or in combination with other lipases or in 
combination with preparations containing other lipases~ 

10 Furthermore, for some hwnan infants there is an obvious 
need to improve fat utilization from conventional infant 
formulas, or pasteurized human milk from so-called milk 
banks. 
BSSL has several unique properties that makes it ideally 

15 suited for substitution and supplementation therapy: 
It has been designed by nature for oral administration. 
Thus, it resists passage through the stomach and is 
activated in contents of the small intestine. 
Its specific activation mechanism should prevent 

20 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_ dig~stion of 
most dietary lipids, including the fat soluble vitamin 

25 esters. 
BSSL may be superior to pancreatic colipase-dependent 
lipase to hydrolyze ester bonds containing long~chain 
polyunsaturated fatty acids. 
In the presence of gastric lipase and in the absence of, 

30 or at low levels of colipas~-dependent lipase BSS~ can 
ascertain a complete triacylglycerol digestion in vitro 
even if the bile salt levels are low such as in newborn 
infants. In the presence of BSSL the end products of 
triacylglycerol digestion become free fatty acids and free 

35 glycerol rather than free fatty acids and monoa01·lglycerol 
generated by the other two lipases (5). This may favour 
product absorption particularly when the intralwn!nal bile 
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salt levels are low (3,15). 

From a historical point of view infant formulas have been 

developed, and improved, from the concept that their 

composition should be as similar to that of human milk as 

S possible. It is desirable to supplement such formulas. 

The utilization for supplementation, substitation or 

therapy of bile salt-stimulated lipases (BSSL), or of 

proteins with the essential functions of BSSL, requires 

10 however access to quantities of the product on a large 

technical scale. It is not possible in factory scale to 

rely on natural sources such as milk as starting material. 

Besides the problem mentioned above with inactivation of 

BSSL during pasteurization, there is the additional risk 

15 of contamination of. material from a natural source with 

infectious agents, e.g. vira such as HIV virus and CMV. 

There is, accordingly, a need for large scale access to 

products having BSSL properties. The present invention 

provides such products and methods for their preparation. 

20 
Prior art references are given later in this 

specificatior1. 
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The invention 

The present invention is based on the cloning of cDNA 
coding for BSSL derived from human mannary gland. We have 

S also isolated, from human pancreas, a partial cDNA coding 
for CBH. Deduced amino acid sequences from the human 
cDNA•s and comparison with CEB from other species, support 
the interpretation that BSSL and CBH are identical. 

10 As will be further detailed below, it was surprisingly 
found that the structure of the protein as deduced from 
the cDNA sequence is quite different from the structure of 
other lipases. The structure proved unexpectedly to be 

more like the structure of typical esterases, such as 
15 cholinesterase. 

- ----------· 
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With reference to Figure II and Figure VII, products of 

the invention are: 

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

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

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

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

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

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

g) combinations of protP.ins defined under b) - f) e.g. 

as defined by the amino acid sequence in positions 1-278, 

279-341, 279-409, 279-474, 342-409, 342··474 and 536-722. 

h) combinations of proteins defined under r,) ·• g) in 

combination with one or more of the repeats according to 
Figure v, 

30 l.) a protein as defined under a) - h) possessing an 

additional, N-terminal amino acid, namely methionine, 

and functionally equivalent variants and mutants of the 
proteins defined in a) - i) above; 

35 It should be noted that t:ho proteins ur1der a, b, c, d, e, 

f, h and i above will not be identical in all respects to 

naturally occurring BSSL, but they will exhibit one or 

This Sheet Has Been Reptacerl 

I llllllf 11111111111111111 .. 
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more of the critical function• of naturally occurrin9 
BSSL. Critical functions are 9iven below. 

j) a DNA sequence coding for the proteins defined in a, 
5 b, c, d, e, f, h and 1 above. 

10 

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

a) a DNA sequence 151-2316 according to Pig. II, coding 
for the protein defined by the amino acid sequence 1-722 
in Fig. VII, 
b) a DNA sequence 151-1755 according to Fig. II, coding 

15 for the protein defined by the amino a~id ~equence 1-535 
in Fig. VII, 
c) a DNA sequence 151-985 according to Fig. II, codin9 
for the protein defined by the amino acid sequence 1-278 
in Fig. VII. 

20 d) a DNA sequence 151-1172 according to Jrig. II, coding 
for the protein defined by the amino acid sequence 1-341 
in Fig. VII, 
e) a ~NA sequence 151-1376 according to Pig. II, coding 
for the protein defined by the amino acid sequence 1-409 

25 in Fig. VII, 
f) a DNA seC11Uence 151-1574 according to Pig. II, coding 
for the protein defined by the amino •cid sequence 1-474 
in Fig. VII, 
g) a DNA sequence 986-1172 according to Fig. II, coding 

30 for the protein defined by the amino acid sequence 279-341 
in Fig. VII, 
h) a DNA sequence 986-1376 according to Fig. II, coding 
for the protein defined by the amino acid sequence 279-
409 in Fig .. V!I, 

35 i) a DNA Sf.lquence 986-1574 according to Fig. II, coding 
for the protein defined by the amino acid sequence 279-474 
in Fig. VII, 
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:U a DllA •ecauenc• 1173-137& according to rig. IJ, codlal 
for the protein def lne4 by the .. sno acid aequence 342-tOI 
in Fig. VII, 
k) a DNA •94ZU8nce 1173-1S74 according to rig. II, coding 

S for the protein defined by the amino acid aequenao 342-474 

in Fig. VII. 

Significant functions of proteins of the invention are 

10 a) suitable for oral administration, 

b) being activated by specific bile salts, 

c) acting as a non-specific lipase in the contents of the 

15 small intestines, that is being able to hydrolyze lipids 

relatively independent of their chemical structure and 

physical state (emulsified, micellar, soluble). 

d) Ability to hydrolyze triacylglycerola witb fatty acids 

20 of different chain-length and different degreee of 

unsaturatlon. 

e) Ability to hydrolyze a~so diacylglycerol, 
monoaeylc;;lycerol, cholesteryl esters, 

2S lysophosphatidylacylglycerol, and retinyl and.other fat 

soluble vitamin-esters. 

30 

35 

f) Ability to hydrolyze not only the !J!-1(3) ester bonds 

in a triacylglycerol but also the !,!l-2 ester bond. 

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

secondary bile salts. 

h) Dependency on bile salts for optimal activity. 

i) Stability so that gastric contents will not affect the 

catalytical efficiency to any substantial degree. 
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j) Stability towards inactivation by pancreatic 
proteases, e.g. trypsin, provided bile salts are present. 

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

l) Ability to bind to lipid-water interphases. 

10 m) Stability to permit lyophilization. 

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

15 The critical functions for supplementation, substitution, 
or therapy are these accordin9 to a), c), d), eJ, f), 1), 

.j) and 1). For other purposes, not all critical functions 
may be necessary. 

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

25 the organism to express the desired protein. 

Suitable expression organisms: 

With the recombinant DNA techniques it is possible to 
30 clone and express a protein of internst in a variety of 

prokaryotic and eukaryotic host organisms. Possible 
expression organisms are bacteria, simple eukaryots 
(yeast), animal cell cultures, insect cell cultures, plant 
cell cultures, plants and transgenic animals. Bach 

35 individual system has its own particular advantages and 
disadvantages. The simple conclusion is that every gene to 
be expressed is a unique p1·obl.em and no standard solution 
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1• available. 

Ccxnonly used bacterial ay•t.- are •• Coli, Baclllu 
aubt.111•, St.rept.omycea. Conaonly uaed yea•t.8 are 

s saccharomyces, an4 · Picbla Paat.oria. a:..oaly uect anlul 
cell• are CBO·cella and COS calla. Ccnaonly uae4 insect 
cell cult.urea are Drosophila derived cells. 

conmonly used.plant. is the tobacco plant. Possible 
( 10 transgenic animals are goat. and cow. 
' 

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

( 
\ 

Possible yeast vector is exemplified by ~ 91. 

15 Possible insect. vectors are devired from Baculo-virua. 

20 

Possible animal cell vectors are derived from SV/40. 
Possible_plant vectors are derived from t.he Tl-plamnid. 
In every system, both natural and syn~~~~~-pr~ters and 
t.erminat.ors can be used. 

It is understood that depending on t.he choice of 
expression system, the expressed protein may contain an 
additional H-terminal amino acid (methionine), contain a 
few extra amino acids, or be fused to a heterologous 

25 protein, (e.g. protein A), or differ from the naturally 
occurring protein with respect t.o glycosylation. 
Furthermore, the vectors may also contain signal sequences 

' in order to export the protein to the periplasm or to the 
culture medium. 

30 Thus, further aspects of the invention are: 
a) a vector comprising a DNA sequence coding for a 

protein as specif led above, 
b) a host organism comprising a DNA sequence as 

specified abOve, 
35 c) a process for the production of a protein as 

specif led above, by growing a boat organi• 
containing a vector as ·~~-fied un~~r a)_ above and 
isolating the protein. 
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Methods from purification are baaed on the expression 
system used (e.g. protein A/IgG) and/or on method8 used 
for purification of the naturally occurring enzyme, as 
described in reference 6. 

Additional aspects of the invention are: 

- a pharmaceutical composition comprising a protein as 
specified above, 

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

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

20 - the use of a protein as specif led above as a supplement 
to an inf ant food formulation, 

-the use of a protein as specif led above for the 
manufacture of a medicament for the treatment of chronic 

25 pancreatitis, 

30 

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

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

35 -the 1..1se of a protein as specified above fori the 
manufacture of a medicament for . the treatment of fat 
malahsorption due to physiological reasons, e.g. in new-
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born lnfanta. 

The DHA sequence in 1'19. II fr~ position 151 u,p to an4 
5 including poaltion 2316 ia the seciuenoe coding for the entire 

protein., The sequence from position 2317 up to and including 
position 2415 is not translated to protein, but is included 
in exon d identified in Table 2 below. 

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

15 

• in substantially pure form. 

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

Experimental part 

20 , M>breviations 
aa, amino acid; bp, base pair; BSSL, bile salt-stimulated 
lipase; c-1'14P, cyclic adenosine monophosphate; CEH, 
carboxylic ester hydrcilase; Da, dalton; c 7 GTP, 7-deaza-2-
deoxyguanosine S'triphosphate; EDTA, ethylene diamine 

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

30 

35 

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

"'"' .. 
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Material and Methods 

A. BnQme and antilx'>c17 preparation 

5 BSSL was purified from human milk as previously described 

[ 6 J • When us~ for antibody production the enzyme was 

further purified by SDS-PAGE. The protein band 

corresponding to the lipase was, after staining with 

eoomassie Br°illiant blue, electroeluted from the gel. 

10 'l'Wentyfive 119 of purified enzyme, together with an equal 

volume of Freund's complete adjuvant, was used for a first 

i. c. injection and the same an1ount of enzyme with 

incomplete adjuvant for the subsequent monthly booster 

injections. The rabbits were bled about two weeks after 

15 each booster and sera prepared and stored at -20 °c. 

B. "Preparation of t:ryptie fragments and · .. 1 no acid 

sequence analysis 

20 Three mg of purified BSSL was dissolved in 1 ml of O.lM 

Tris-Cl buffer, pB 8.5, containing 6M guanidinium 

hydrochloride and 2 mM BDTA. Dithioerythritol was added to 

SmM. After incubation at 37 °c £01· 2h, 300 111 50 11111 

( iodoacetate was added~ After 90 min incubation at 25 °C in 

25 darkness the reduced and carborjmethylated enzyme was 

desalted on a Sephades G-25 column, equilibrated with 

O.SM ammonium bicarbonate. Tbirty ~g of tosyl-L­

phenylalanine chloromethane treated bovine trypsin 

(Worthington diagnostics systeir. Inc., Freehold, NJ, USA) 

30 was added before lyophilization. The lyopbilized protein 

was dissolved in 4 ml O.lM arr.monium bicarbonate and an 

additional 90 ~g of trypsin was added. After Sh incubation 

at 37 °C the p~otein was again lyophilized. The tryptic 

digest was dissolved in 0.1\ trifluoroacetic acid 

35 (2mg/ml). Three hundred ~g of trypsinated BSSL was 

chromatographed on BPLC using a c-18 reversed phase colwnn 

and eluted with a gradient of 0-SQ_\_ ~Q..~to_nitrile ~n 0_.1\ 
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trifluoroacetic acid. Peptide collection was monitored by 

continuous recording of the absorbance at 215 nm. Peptides 
to be sequenced were further purified by rechromatography 
using the same column with adjusted gradients. 

5 Samples of peptide fragments to be sequenced were dried 
under nitrogen to remove acetonitrile and applied to the 
sequencer. For N-terminal sequence analysis, native BSSL 
was dissolved in 0.1\ acetic acid. Sequence analyzes were 
performed on an Applied Biosystems Inc. 477A pulsed 

10 

15 

liquid-phase sequencer and on-line PTB 120A analyzer with 
regular cycle programs and chemicals from the 
manufacturer. Initial and repetitive yields, calculated 
from a sequenced standard protein, 8-lactoglobulin, were 
47 and 97\, respectively. 

c. Isolation of BRA 

Samples of human pancreatic adipose and lactating mannary 

gland tissues were obtained at surgery and inmediately put 
20 into guanidinium thiocyanate (1-5 g in 50 ml). Total RHA 

was extracted as described by Cbirgwin [20). Poly(A)-RHA 
was prepared by chromatography on oligo-deoxythymidilate­
( oligo ( DT)) -cellulose column (21). 

25 D. Construction. and screening of cmA libraries 

Approximately 15 ~g poly-adenylated RNA from human 
pancreas was denatured with methyl mercuric hydroxide [22) 
and primed with oligo (dT) 12-1• primers (Pharmacia, 

30 Uppsala, Sweden), and reversely transcribed using 
standard procedures [23]. Second-strand synthesis was 
carried out according to Gubler and Hoffman (24), except 
that DNA ligase and 8-NAD were omitted, and the reaction 
temperature was set at 15 °c. Excess RNA was digested with 

35 RNAse A (SO~g/1t.l), and the double-stranded cDHA was 
treated with BcoRI metbylase [25). Ends were blunted with 
Klenow enzyme. Af~er ligation to Bcoat linkers and 
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cleavage with BcoRI the cDNA waa fractionated on a 

Sepharose 4B-Cl column. The void volume fraction was· 

prec1.pitated with ethanol and the cDNA ligated into the 

BcoRI site of a phosphatase treated gtll vector [25]. !!! 
5 vitro packing yielded more than 7xl05 recombinant&. 

A cDNA library from human mannary gland, derived from 

tj.ssue obtained from a women at the eighth month of . 

pregnancy, was purchased (Clontech Laboratories, Inc., 

10 Palo Alto, ~1 USA). 

Phages from the cDNA libraries were plated at Sx10• plaque 

forming units per 120-na dish. The antiserum was diluted 

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

15 to Young and Davis (27). Alkaline-phosphatase-conjugated 

goat-anti-rabbit antibodies were used as second antibodies 

(Bio-Rad, Richmond, CA USA). To isolate clones 

corresponding to the 5'-end of the mRNA, nucleic acid 

hybridization was done under standard conditions [23) 

20 using a subolone4 fragment from one of the inmunopositive 

clones as a probe. 

•• RNA an&1ys1a 

25 Electrophoresis was carried out in a 1\ agarose gel in 

40mM MOPS buffer pH 7.0 after denaturation with glyoxal 

and dimethylsulfoxide [28). Glyoxalated total RNA was then 

transferred to nitrocellulose filters [29]. The blots ware 

probed with subclones of BSSL and CEH recombinants that 

30 were labelled by the oligo-labeling technique [30]. 

35 

PrehyLridization and hybridization were carried out with 

50\ formamid at 46 °C [23). Posthybridization washes wcra 

performed at high stringency (0.1\ SDS and O.lxSSC at 

60° C). (lxssc, O,lSM NaCl, O.OOlSM Na3 citrate, pH 7.6). 

P •.. · Rucleotide sequence 
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cDNA inserts from BSSL and· CBB recombinL'lts were either · 
directly cloned into M3rnp18 and mpl9 after sonication and 
size fractionation or some of them were further sul:>cloned 
into p'l'Z19R after digestions with PstI, BstXI, NarI, SmaI 

5 and AhaII. The nucleotide sequence was determined by the 

dideoxy chain-termination method [31]. The GC-rich repeats 
(see below) were also sequenced with TaqI polymerase and 
de 7 GTP. Both strands were sequenced. Sequence information 
was retrived from autoradiograms by use of the software · 

10 MS-EdSeq as described by Sjb'"berg et al [SS]. 

G. And no acid sequence predictions and hOUK>logies. 

To predict the corresponding amino acid sequence of the 
lS cDNA inserts, codon usage of different reading frames was 

compared according to Staden and gave one open reading 
frame [32). Homologies were searched for with the programs 
of the UWGCG software package [33). 

· 20 Results and Discussion 

A. seciuences of tqptic fragments and the R-teJ:minus of 

BSSL 

2S Trypsin digestion of purified BSSL resulted in 
approximately SO fragments as judged by the number of 
peaks obtained during the BPLC-chromatog1·aphy (Fig. I). 
The peaks were collected and the indicated peaks which 
could be isolated in a highly purified state and in 

30 reasonable quantities, were sequenced. The resulting 
sequences are shown in Table I. In addition the 30 most N­
terminal residues were sequenced (Pig. II), and they 
confirm the previously reported sequence of Abouakil et 

al. (30 residues) (17) •. 

35 
The 22 residues long N-terminal sequence reported from 
Wang & Johnson [34) is a glycine in our report ·and a 
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lysine in Wang ~ Johnson's. 

B. Rucleotide sequence of BSSL 

5 For construction of the Agtll cDRA library we used 
polyadenylated RNA from human pancreas. Initially four 
immunopositive clones were isolated, and then this 
pancreatic expression cDNA library was screened with 
antiserum against BSSL. Nucleotide sequence analysis of· 

10 the four clones showed that they are in perfect agreement 
and correspond to the 3'-end of the mRNA. They all begin 
with a poly A tail and differ only in length; the longest 
insert, designated ACEB, spans 996 bp. 
A cDNA library from human mammary gland was screened with 

15 antiserum, and the pan·:reas clone ACEH as probe. Positive 
clones were isolated from both screenings, which all 
originate from the 3'-end. The longest manmary gland 
clone, designated ABSSL, reaches 2100 bp upstream. It 
contains four of the sequenced tryptic fragments (Pig. 

20 II) , but do not include the ff-terminal amino acid · 
sequence. To extend the sequence beyond. the translation 
start, the mammary gland cDNA library was rescreened with 
a 118 bases long probe detived from the- most 5'proximal 
part of ABSSL. One clone was isolated that continued a 

25 further 328 nucleotides up~tream. It matched the •­
terminal amino acid sequence, and contained the remaining 
tryptic fragment. As sbOt11n in Fig. II, the cDHA is 2428 
nucleotides long and contains 81 bases upstream from the 
first ATG codon. The pol}·adenylation signal, AATAAA is 

30 located 13 nucleotides upstream from the poly A tail and 
the termination codon TAG was found at nucleotide 2317 
followed by a 3'-untranslatcd region of 112 bp. 
A GC rich region consisting of 16 repeats.of 33 bases was 
found in the 3'-end of the sequence between base 1756 and 

35 2283. The nucleotide sequerace of the repetition, shown 
in Fig. III, consists of si.~ identical repetitions 
surrounded by ten repetitions with different number_gf 

Th~1m11m1r1~i1il~r· 
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substitutictns that have probably occurred after several 
duplications. 'l'he low number of substitutions suggests 
that these repetitions have appeared late during 
evolution. 

c. Tissue distribution of expression 

RNA fram human lactating mammary gland, pancreas, adipose 
tissue and from a human hepatoma celline (BepG2) was 

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

15 Since the taRNA used for the mannary gland library was 
obtained from a female in her 8th month of pregnancy, it 
is evident that transcription and probably translation of 
the BSSL gene is turned on before partua, in agreement 
with previous findings on BSSL secretion before partus 

20 [35]. See Figure IV. 

D. Amino acid sequence of BSSL 

Assessed by SDS-PAGE the molecular mass has been reported 
25 to be 107-125 kDa [8,36] and by analytical 

ultracentrlfu9ation to be 105 kDa (37). The enzyme, as 
deduced from the cDNA, consists of 722 amino acid residues 
(Fig. II) which, giving a molecular mass of 76.271 Da, 
indicates that the enzyme contains at least 15-20' 

30 carbohydrate. The leader sequence is 23 residues long. A 
tentative active site serine residue is localized to 
serine-217 (Fig. V). The sequence around this serine 
accord with the consensus active site sequence of serine­
hydrolases [38). It has recently been it was proposed that 

35 basic residues found close to the ac,tive site serine may 
be involved ir. the cleavage of esterbonds in acylglycerols 
by lipases [39j. It is interesting to note that such 
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residues are not present in BSSL. The sin9le tentative H­
glycosylation site is localized only seven residues from 
the serine. The degree of glycosylation [6,16) suggests 
that the enzyme contains 0-linked carbolydrate. There are 

5 numerous sites where such glycosylation could have 
occurred. The amino acid composition based on Purified. 
enzyme has shown a high content of proline residues [6]. 
The amino acid sequence obtained from cDRA confirms this. 
Moreover, most of the pro line residues are localized in· . 

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

( B. Comparison 0£ the enqmes in wanwary gland (BSSL) and 

pancreas ( CBB) 
• 
lS 

BSSL of human milk and human pancreas CER have previously 
been shown to be similar, if not identical. The present 
data strongly suggests that the two enzJ'119s are products 
of the same gene. '?he nucleotide sequence of the cDNA 

20 clones shows that the pancreatic clone ACER is identical 
with the manmary gland clone ABSSL from the poly A tail 
and·996 bases towards the 5'-end, including the sequence 
coding for the praline rich repeats •.. Horthen blot gave a. 
single band of 2.5 kb in RNA from pancreas and lactating 

25 manmary gland (Fig. IV). Genomic Southern blots further 
support the idea that only one gene codes for BSSL and 
CEH. The difference in mobility on SDS-PAGB between BSSL 
and CEB can be explained as a consequence of different 
glycosylation or differential splicing. 

30 

The similarity of BSSL to the rat and bovine enzymes (see 
below) and to results from genomics blots support the 
possibility that differential splicing cannot account for 
the mobility difference. Since the C-terminal secr1en~e has 

35 not been confirmed on the protein level there is a leRs 
likely possibility that CBB may be processed by a 
proteolytic clearage in the c-terminal end. 
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so far as we know pancreatic enzymes that obviously 
correspond to CBB have of ten been named after species and 

the particular substrates used to deter.nine their 
respective activities; lysophospholipase, cholesteryl 

5 esterase, sterol ester hyclrolase, non-specific lipase, 
carboxyl ester lipase and cholesteryl ester hydrolase. 
Available data are compatible with the view that all these 
activities described originates ln one and tbe same 
functional entity [42,43). This illustrates the broad · 

10 substrate specificity and the relevance of designating 
them as non-specific lipases. When the sequence of human 
BSSL/CEB is compared to the sequence of lysophospholipase 

( from fat pancreas [40] and cholesterol esterase from 
bovine pancreas [41] extensive similarities are found that 

15 extend about 530 residues from the H-terminal ( Piq V) 1 but 
they differ in the part of the molecule where the repeats 
occur. The rat enzyme has only four repeats and the bovine 
three. Bence the human enzyme is a cor&Siderable lonqer 
peptide. 

20 

Moreover, strikinq similarities were found between BSSL 
and a number of typical esterases, e.q. acetyl choline 
esterases from several species, including man and 

Drosophila,. and carboxyl esterases (Fig. VI). These 
25 similarities were restricted to the N-terminal 300 

residues of BSSL which includes the tentative active site 
serine-residue. A similarity to acetyl choline esterase 
has been predicted from the fact that BSSL is inhibited by 
typical choline esterase inhibitors [6, 8, 16]. With the 

30 possible exception of the rat liver carboxyl esterase 
[45), none of these similar enzymes has been shown to have 
the same bile-salt dependency as BSSL; this sugqests that 
the structural basis for this property resides in the c­
terminal part of the protein. Moreover, BSSL can 

35 efficiently attack emulsified substrates which is not a 
known characteristic of the similar esterases. For this 
activity bile salt is a prereczuisite. · ·--- ---
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The predicted sequence for human BSSL was compared with 
other well characterized mammalian lipase&. Apart from the 

consensus sequence around the active site serine (G-x-s-x-
5 G), no obvious similarities were found [44). 

In addition to the similarities with other enzymes, there 

also significant similarities to one c-AMP dependent 
protein from Dictyostelium discoideum (46] as well as to 

10 thyroglobulin from several species (Pig VI) [47-49]. The 

similarities between BSSL and thyroglobulin, which 
comprise the active site region but not the active site 

( itself, indicate that these highly concerved stretches of 

amino acids are of more generalized importance than merely 

15 supporting the enzymatic activity of esterases. 

In conclusion, human milk BSSL consists of 722 amino acid 

residues. Available data strongly indicate tbat ita 
peptide chain is identical to that of pancreatic CBB, and 

20 they are coded for by the same gene. The strongest 
evidence is that the nucleotide sequences of their 3 -
ends and their N-terminal amino acid sequences are 
identical. The striking homologies found. to rat pancreatic 

( lysophospholipase and bovine pancreatic cholesterol 

25 esterase support the hypothesis that also these enzymes 
are functionally identical. However, as it has been 
suggested, the differe~t molecular sizes found among 
species are not due to differences merely in 
glycosylation; instead they reflect a variable number of 

30 an eleven amino acid repeat. The similarity of the active 

site sequence between these esterases suggests that these 

proteins derive from a ccnanon ancestral gene. 

35 With reference to Pigures I-VII, the following legends are 
given. 
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Figure I: Separation of the trxptic digest of BSSL on BPLC 

Purified BSSL was treated with trypsin and cbromatographed 
on HPLC as described in Materials and Methods. The 

S indicated peaks were collected and purified further by a 
rechromatoqraph and th~ir amino acid sequence determined. 

10 

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

The cDNA is 2428 bases long. The N-terminal 23-codon 
sequence (nt82-150) starting with an ATG, is interpreted 
as a leader peptide since the N-terminal amino acid 
sequence of the matu~e protein starts at codon 24 (nt 151, 

15 Ala). The leader peptide is underlined. The sign* 
indicates the starting po~nt of an exon. The sign I 
indicates the starting point of the repetition part. 

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

25 

Substitutions ·are indicated by a *· 

Figure IV: Northern blot hybridization 

Nortbe~n blot analysis of total RNA isolated from human 
lactating mammary gland, pancreas, adipose tissue and a 
human hepatoma cell line (HepG2). Total ',?NA (10µ.g) from 
lactatinq mammary gland (lane A), pancreas (lane B), 

30 adipose tissue (lane C) and HepG2 (lane D) were 
electrophoresed in a 1% agarose gel in 40mM MOPS buffer at 
Ph 7.0 after denaturation of RNA in lM glyoxal, 50% 
dimethylsulfoxide and 40mM MOPS. The glyoxalated RNA was 
then t:ansferred to nitrocellulose paper for hybridization 

35 with [ 3 :a Pl labeled BSSL cDNA (ABSSL). 
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Fiqure V: Comparison of the deduced amino acid sewence 

from human milk BSSL, rat pancreatic lysophospholipase 

(Ratlpl) [401 and bovine pancreatic cholesterol esterase 

(Bovceh) [41): 

The serine re$idues involved in the active site are 

indicated by a *, and the I indicates the single possible 

N-glycosylation signal of the protein. The direct repeats 

of amino acid sequences are boxed. Matching sequences are 

10 denoted in capital letters, matching sequencg£ between two 

enzymes are denoted in small letters and mismatching with 

a dot. 

Figure VI: Comparison of the primary structure of BSSL to 

15 other esterases, thyr09lobuline and to one c-A.ll!P dependent 

enzyme from Dictxostelium discoideum: 

BSSL: bile salt stimulated lipase from human, Cheshum: 

cholinesterase from fetal human tissue [SO], Torpace: 

20 acetylcholinesterase from Torpedo marmorata [51), 

Drosceh: carboxylic ester hydrolase from Drosophila 

melaogaster [52], Ratlivce: carboxyl esterase from rat 

.liver [53), Drosace: acetylcholinesterase. from Drosophila 

melaogaster [54), Thyrhum: thyroglobulin from human [49] 

25 and Diet.Di: c-AMP dependent enzyme from Dictyostelium 
discoideum [46]. There are 7 different domains that show 

similarities between the enzymes. Boxes enclose residues 

which are identical and small letters in the consensus 

sequence indicate identical residues in all the enzymes 

30 except for one. Dots indicate mismatches. The nerine 
residue involved in the active site is indicated with *• 

The figure in the right hand corner shows how the domains 

are oriented. 

35 
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Figure VII: 

gives the amino acid sequence l ·- 722 for the entire 

protein (one letter code) ar.c:l indicates exons a, b, c, 

S and d. The sign t indicates the starting point of the 

repetition part. 
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Table 1. Amino acid seguence of BSSL peptides. 

Due to interfering peaks no positive identification of the 
residue in cycles l and 2 of the sequencing could be made 

5 in peptide number 26. The peptide numbers refer to the 
peaks in Pig I • 

----------------------------------------------------------
10 

Tryptic fragments 

----------------------------------------------------------
15 TP16:LysValThrGluGluAspPheTyrLys 

TP19:GlyileProPheAlaAlaProThrLys 

Tp20:LeuValSerGluPheThrileThrLys 
20 

TP24:ThrTyrAlaTyrLeuPheSerHisProSerArg 

Tl?26:PheAspValTyrThrGlUSerTrpAlaGlnAsp 

25 ProserGlnGluAsnLys 

----------------------------------------------------------
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Table 21 Identification of the exon• a, b, c and 4 
numbered •• in fi9U1e• II and VII:. 

exon Location ------------------------------------------between nucleotide number between aminoacid 
number 

---~---------------------------~---~----------------------
a 
b 

986-1172 
1173-1376 

15 c 1377-1574 

279-341 
342-409 
410-474 
475-722 d 1575-2415 

the entire 151-2316 
.. protein 
20 

the entire 151-1755 
protein 
excluding 
repetitiona 

1-722 

1-535 

25 ---------------------------------------------------------~ 

30 

35 

iiii1111mn1r 
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What we cla!JI is: 

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

to position 722. 

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

to position 535. 

10 3. A protein as indicated in Figure VII from position 1 

to position 278. 

15 

20 

25 

30 

4. A protein as indicated in Fi~re VII from position 1 

to position 341. 

5. · A protein as indicated in Figure VII from position 1 

to position 409. 

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

to position 474. 

7. A protein as indicated in Figu1·e VII from position 1 

to position 278, position 279 to position 341, 
position 279 to position 409, position 279 to 
position 474, position 342 to position 409, position 
342 to position 474, or position 536 to position 722. 

8. 

9. 

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

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

35 10. A protein according to any of claims 1-9, exhibiting 
one or several of the critical functions of 
naturally occurring bile salt-stimulated lipase. 
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11. A functionally equivalent varlaat OS mutant of a 
protein according to any of cla!Jla 1-1 • 

. 
12. A DHA sequence codiat for a protein wltb the amino 

5 acid •equence.aecor41A9 to clalll 1. 

10 

15 

20 

25 

30 

35 

13. A DlfA sequence codillCJ for a protein witb the amino 

acid sequence according to claim 2. 

14. A llfA sequence codiDCJ for a protein witb the amino 

acid sequence aecordin9 to any of claima 3, 4, S, 6, 
7, a, 9, 10 knd 11. 

15. A llfA sequence defined br the following nucleotide 
number• in Figure Ila 

151-231& 
151-1755 
151-985 
151-1172 
151-137& 
151-1574 
986-1172 
986-137& 
986-1574 
1113-1376 
1173-1574 

16. A vector comprising a DNA sequence coding for a 
protein according to clainia 1 ~ 11 

17. A vector comprisin9 a DNA sequence accordin9 to 
claiJDs 12 - 15. 

18. A boat organism transformed with a vector accor41DCJ 
to cla!ma 1• or 17. _ --- --- - '-
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19. A proceaa for the procluotioa of a protein &ccor411MJ 

to claima l - 11 by growiDCJ a hoat organ!• 
containing a vector accor41ng to clalma 16 or :&.'l, an4 

5 1solat~ll9 the protein. 

20. A pharmaceutical composition comprising a protein 

according to any of claims l - 11. 

10 21. A pharmaceutical compositio~.camprising a protein 
according to any of claims 1-11 in combination with 

a lipase or in combination with preparations 
containing lipasea. 

15 22. The use of a protein a~cording to any of claims 1 -
11, for the manufacture of a medic .. nt for the 

treatment of a pathological condition related to 

exocrine pancreatic inaufficiencr. 

20 23. The use of a protein accorcling to any of claima 
1 - 11 for the manufacture of a medicament for the 

treatment of cystic fibrosis. 

24. The u.se of a protein according to any of claims 

25 1 - 11 as a supplement to an infant food formulation. 

30 

25. The use of a protein according to any of claims 1-11 

for the manufacture of a medicament for the 
treatment of chronic pancreatitis. 

26. The use of a protein according to any of claims 1-11 

for the manufacture of a medicament for the 

treatment of fat malabsorption. 

35 27. Th~ use of a protein accordin to any of claims 1-11 
for the manufacture of a medicament for the 
tre•tment of malabsorption of fat soluble vitamins. 
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28. '?he use of a protein according to any of claims 1-11 
for the·manufacture of a medicament for the 
treatment of fat malabaorption due to physiological 
reasons. 

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

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

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

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

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

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

25 35. A process for the preparation of a pharmaceutical 
composition according to claims 20 or 21 by 
incorporating a protein according to claims 1 - 11, 31, 

or 32 in a pharmacologically acceptable carrier. 

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

37. 

35 

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

.. I 



38 

Abstract 

The present invention relates to new DNA sequences, to new 

5 proteins coded for by such DNA sequences, and to the use 

as further described below of such proteins. The invention 

also encompasses vectors, such as plasmid constructs, 

comprising such DNA sequences, being capable of expressing 

the desired enzyme. The invention also includes host 

10 organisms transfected with such constructs e.g. bacteria 

yeast, mammalian cells, and transgenic animals. ·The 

invention also includes processes for the preparation of 

the novel products of the invention. The new proteins of 

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

15 human bile salt-stimulated lipase. 
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10 30 50 

ACCTTCTGTATCAGTTAAGTGTCAAGATGGAAGGAACAGCAGTCTCAAGATAATGCAAAG 

70 90 110 

AGTTTATTCATCCAGAGGC'l'GATGCTCACCATGGGGCGCCTGCAACTGGTTGTGTTGGGC 

MetLeuThrHetGlyArgLeuGlDLeuValValLeuGly 

130 150 170 

CTCACCTGCTGCTGGGCAGTGGCGAGTGCCGCGAAGCTGGGCGCCGTGTACACAGAAGGT 

LeuThrCysCysTrpAlaValAlaSerAlaAlaLysLeuGlyAlaValTyrThrGluGly 

190 210 230 

GGGTTCGTGGAAGGCGTCAATAAGAAGCTCGGCCTCCTGGGTGACTCTGTGGACATCTTC 

GlyPheValGluGlyValAsnLysLysLeuGlyLeuLeuGlyAspSerValAspilePhe 

250 270 290 

AAGGGCATCCCCTTCGCAGCTCCCACCAAGGCCCTGGAAAATCCTCAGCCACATCCTGGC 

LyaGlyileProPheAlaAlaProThrLysAlaLeuGluAsnProGlnProH1sProGly .. 
310 330 350 

TGGCAAGGGACCCTGAAGGCCAAGAACTTCAAGAAGAGATGCCTGCAGGCCACCATCACC 

TrpGlnGlyThrLeuLysAlaLysAsnPheLysLysArgCysLeuGlnAlaThrileThr 

370 390 410 

CAGGACAGCACCTACGGGGATGAAGACTGCCTGTACCTCAACATTTGGGTGCCCCAGGGC 

GlnAapSerThrTyrGlyAspGluAspCysLeuTyrLeuAsnileTrpValProGlnGly 

430 450 470 

AGGAAGCAAGTCTCCCGGGACCTGCCCGTTATGATCTGGATCTATGGAGGCGCCTTCCTC 

Ar9LysGlnValSerAr9AspLeuProValMetileTrpileTyrGlyGlyAlaPheLeu 

490 510 530 

ATGGGGTCCGGCCATGGGGCCAACTTCCTCAACAACTACCTGTATGACGGCGAGGAGATC 

MetGlySerGlyHisGlyAlaAsnPheLeuAsnAsnTyrLeuTyrAspGlyGluGluile 



550 570 590 

GCCACACGCGGAAACGTCATCGTGG'l'CACCT1'CACl'ACCGTGTCGGCCCCC'l'TGGGftC 

AlaTbrAr9GlyAanValileValVal'l'brtheAanTyrAr9ValGlrtroLeuGl1the 

110 130 650 

CTCAGCACTGGGGACGCCAATCTGCCAGG'l'AACTA'l'GGCC'ft'CGGGATCAGCACATGGCC 

LeuSerThrGlyAepAlaAsnLeuProGlyAsnTyrGlyLeuArgAapGlnHisMetAla 

170 690 710 

ATTGCT'l'GGGTGAAGAGGAATATCGCGGCCT'l'CGGGGGGGACCCCAACAACATCACGCTC 

IleAlaTrpValLysAr9AsnileAlaAlaPheGlyGlyAapProAanAsnileThrLeu 

730 750 770 

TTCGGGGAGTCTGCTGGAGGTGCCAGCGTCTCTCTGCAGACCCTCTCCCCCTACAACAAG 

PheGlyGluSerAlaGlyGlyAlaSerValSerLeuGlnTbrLeuSef ProTyrAsnLys 

790' 810 830 

GGCCTCATCCGGCGAGCCATCAGCCAGAGCGGCGTGGCCCTGAGTCCCTGGGTCATCCAG 

GlyLeuileAr9Ar9AlaileSerGlnSerGlyValAlaLeuSerProTrpValileGln 
, 

850 870 890 

A.-'.~.ACCCACTCTTCTGGGCCAAAAAGGTGGCTGAGAAGGTGGGT'l'GCCCTGTGGGTGAT 

LysAsnProLeuPheTrpAlaLysLyaValAlaGluLysValGlyCyatroValGlyAap 

910 930 ~~#. 950 

GCCGCCAGGATGGCCCAGTGTCTGAAGGTTAC~TCCCCGAGCCC'l'GACGCTGGCCTAT 

AlaAlaAr9MetAlaGlnCy1LeuLy1ValTh~roAr9AlaLeuThrLeuAlaTyr 
970 990 . '/!:Ii 1010 

* AAGGTGCCGCTGGCAGGCCTGGAGTACCCCATGCTGCACTATGTGGGCTTCGTCCCTGTC 

LysValProLeuAlaGlyLeuGluTyrProMetLeuHisTyrValGlyPheValProVal 

1030 1050 1070 

ATTGATGGAGACTTCATCCCCGCTGACCCGATCAACCTGTACGCCAACGCCGCCGACATC 

I~eAspGlyAspPbeileProAlaAspProileAsnLeuTyrAlaAsnAlaAlaAspile 



I. 1090 1110 1130 

GACTATATAGCAGGCACCAACAACATGGACGGCCACATcTTCGCCAGCATCGACATGCCT 

AspTyrileAlaGlyTbrAsnAsnMetAapGlyHisilePheAlaSerileAspMetPro 

1150 1170 1190 
* 

GCCATC~CAAGGGCAACAAGAAAGTCACGGAGGAGGACTTCTACAAGCTGGTCAGTGAG 

AlaileAsnLysGlyAsnLysLysValThrGluGluAspPheTyrLyaLeuValSerGlu 

1210 1230 1250 

TTCACAATCACCAAGGGGCTCAGAGGCGCCAAGACGACCTTTGATGTCTACACCGAGTCC 

PheThrileThrLysGlyLeuAr9GlyAlaLysThrThrPheAspValTyrThrGluSer 

1270 1290 1310 

TGGGCCCAGGACCCATCCCAGGAGAATAAGAAGAAGACTGTGGTGGACTTTGAGACCGAT 

TrpAlaGlnAspProSerGlnGluAsnLysLysLysThrValValAspPheGluThrAsp 

1330 1350 137·0 
* GTCCTCTTCCTGGTGCCCACCGAGATTGCCCTAGCCCAGCACAGAGCCAATGCCAAGAGT. 

ValLeuPheLeuValProThrGluileAlaLeuAlaGlnHisArgAlaAsnAlaLysSer 

1390 1430 

GCCAAGACCTACGCCTACCTGTTTTCCCATCCCTCTCGGATGCCCGTCTACCCCAAATGG 

AlaLysTbrTyrAlaTyrLeuPheSerHisProSerAr9MetProValTyrProLysTrp 

1450 1470 1490 

GTGGGGGCCGACCATGCAGATGACATTCAGTACGTTTTCGGGAAGCCCTTCGCCACCCCC 

ValGlyAlaAspHisAlaAspAspileGlnTyrValPheGlyLysProPheAlaThrPro 

1510 1530 1550 

ACGGGCTACCGGCCCCAAGACAGGACAGTCTCTAAGGCCATGATCGCCTACTGGACCAAC 

TbrGlyTyrAr9ProGlnAspAr9ThrValSerLysAlaMetileAlaTyrTrpThrAsn 

1570 1590 1610 .. 
TTTGCCAAAACAGGGGACCCCAACATGGGCGACTCGGCTGTGCCCACACACTGGGAACCC 

PheAlaLysThrGlyAspProAsnMetGlyAspSerAlaValProThrHisTrpGluPro 



1t30 1t50 ,,,, 
TACACTACGGAAAACAGCGGCTACCTGGAGATCACCAAGAAGA'l'GGGCAGCAGCTCCA'l'G 

TyrTbrTbrGluAanSerGlyTyrLeuGlutleTbrLyaLyaMetGly8erSerSerMet 

1690 1710 1730 

AAGCGGAGCCTGAGAACCAACTTCCTGCGCTACTGGACCCTCACCTATCTGGCGC'l'GCCC 

LysAr9SerLeuAr9ThrAanPheLeuArgTyrTrpTbrLeuTbrTyrLeuAlaLeuPr~ 

1750 1770 1790 

' ACAGTGACCGACCAGGAGGCCACCCCTGTGCCCCCCACAGGGGACTCCGAGGCCACTCCC 

'l'brValThrAspGlnGluAlaThrProValProProThrGlyAapSerGluAla'l'hrPro 

1810 1830 1850 

GTGCCCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGGGCC 

ValProProThrGlyAspSerGluThrAlaProValProProThrGlyAapserGlyAla 

1870 . 1890 P" 1910 

CCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCC~CCGCCCACGGGTGAC'l'CC 

ProProValProProThrGlyAapSerGlyAlaProPr~:oProThrGlyAspSer 
,. 1930 1950 '-)...;u 1970 

GGGGCCCCCCCCGTGCCGCCCACGGG'l'GACTCCGGGGCCCCCCCCGTGCCGCCCACGGGT 

GlyAlaProProVal.ProPro'l'hrGlyAapSerGlyAlaProProValProProThrGly 

1990 . 2010 2030 

GACTCCGGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCCGTGCCGCCC 

AspSerGlyAlaProProValProProThrGlyAapSerGlyAJaProlroValProPro 

2050 2070 2090 

ACGGGTGACTCCGGCGCCCCCCCCGTGCCGCCCACGGGTGACGCCGGGCCCCCCCCCGTG 

ThrGlyAspSerGlyAlaProProValProProThrGlyAspAlaGlyProProProVal 

%110 2130 2150 

CCGCCCACGGGTGACTCCGGCGCCCCCCCCGTGCCGCC~'CGGGTGACTCCGGGGCCCCC 

ProProThrGlyAspSerGlyAlaProProValProProThrGlyAspSerGlyAlaPr.o 



2170 2110 2210 

CCCGTGACCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGG 

ProValThrProThrGlyAspSeEGluThrAlaProValProProTbrGlyAapSerGly 

2230 2250 2270 

GCCCCCCCTGTGCCCCCCACGGGTGACTC'l'GAGGCTGCCCCTGTGCCCCCCACAGATOAC 

AlaProProValProProThrGlyAapSerGluAlaAlaProValProProThrAapAap 

2290 2310 2330 

TCCAAGGAAGCTCAGATGCCTGCAGTCAT'l'AGGTTTTAGCGTCCCATGAGCCT'l'GGTA'l'C 

SerLysGluAlaGlnMetProAlaValileAr9Phe 

2350 2370 2390 

AAGAGGCCACAAGAGTGGGACCCCAGGGGCTCCCCTCCCATCT"~GAGCTCTTCCTGAATA 

2410 
AAGCCTCATACCCCTAAAAAAAAAAAAA 
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10 30 so 

AKLGAVYTEGGPVEGVNICKLGLLGDSVDIPKGIPPAAPTKALBNPQPHPGWQGTLKAKNP 

70 90 110 

KKRCLQATITQDSTYGDEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAPLMGSGHGANPL 

130 150 170 

NNYLYDGEEIATRGNVIVVTFNYRVGPLGFLSTGDANLPGNYGLRDQHMAIAWVlCRNIAA 

190 210 230 

FGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSPWVIQKNPLFWAKKV 

250 270 290 

AEKVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAGLEYPMLHYVGPVPVIDGDPIPADP 
~~~~-Axon-a~~ 

310 330 350 

INLYANAADIDYIAGTNNMDGHIFASIDMPAINKGNKKVTEEDPYKLVSBPTITKGLRGA 

370 390 410 

KTTFDVYTESWAQDPSQBNKKKTVVDFETDVLPLVPTEIALAQHRANAKSAKTYAYLPSH 

=--------------axon b ------------------------~~~~-
430 450 470 

PSRMPVYPKWVGADHADDIQYVFGKPFATPTGYRPQDRTVSKAMIAYWTNPAKTGDPNMG 
exon c .. 

490 .· 510 530 

DS~WEPYTTENSGYLEITKKMGSSSMKRSLRTNPLRYWTLTYLALPTVTDQBATPV 
=---------------- exon d I 

550 570 590 

PPTGDSEATPVPPTGDSETAPVPPTGDSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGD 

610 630 650 

SGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGDAGPPPVPPTGDSGAPP 

670 690 710 

VPPTGDSGAPPVTPTGDSETAPVPPTGDSGAPPVPPTGDSEAAPVPPTDDSKEAQMPAVI 

RP 
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BILE-SALT STIMULATED LIPASE, 

AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM 

Field of the invention 

The present invention relates to new DNA sequences, to new 

proteins coded for by such DNA sequences, and to the use 

as further described below of such proteins. The invention 

also encompasses vectors, such as plasmid constructs, 

comprising such DNA sequences, being capable of expressing 

the desired enzyme. The invention also includes host 

organisms transfected with such constructs e.g. bacteria 

yeast, mammalian cells, and transgenic animals. The 

invention also includes processes for the preparation of 

the novel products of the invention. The new proteins of 

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

human bile salt-stimula~ed lipase. 

_:,l - 'REPLACEMENT SHEET 

19 NOV 1996 \ \ 

\-
! L-------

----~·-------- -- ---·- --

-... \: 



2 

Background to the invention 

The human lactating mammary gland synthesizes and secretes 
with the milk .a bile salt-stimulated lipase (BSSL) [1] 
that, after specific activation by primary bile salts [2, 
57, 58], contributes to the breast-fed infant's endogenous 
capacity of intestinal fat digestion [3-5). This enzyme, 
which accounts for approximately 1\ of total milk protein 
(6), is a non specific lipase; in vitro it hydrolyses not 
only tri-, di- and monoacylglycerols, but also 
cholesteryl-, and retinyl esters, and 
lysophospbatidylglycerols [7-10]. Furthermore, its 
activity is not restricted to emulsified substrates, but 
micellar and soluble substrates are hydrolyzed at similar 
rates [11]. 
BSSL is not degraded during passage with the milk through 
the stomach, and in duodenal contents it is protected by 
bile salts from inactivation by pancreatic proteases such 
as trypsin and chymotrypsin [2,11). It is, however, 
inactivated when the milk is pasteurized, e.g. heated to 
62.5 °C, 30 min [12]. Model experiments in vitro suggest 
that the end products of triacylglycerol digestion are 
different in the presence of BSSL [S,7]. Due to lower 
intralwrainal bile salt concentrations during the neonatal 
period [13,14] this may be beneficial to product 
absorption [5,15]. 
The carboxylic ester hydrolase (CEB) of human pancreatic 
juice [16] seems functionally to be identical, or at least 
very similar, to BSSL [8]. They also share conunon epitopes 
(8,17), have identical N-terminal amino acid sequences 
(17] and are inhibited by inhibitors of serine esterases, 
e.g. eserine and diisopropylfluorophopsphate [6,8,16]. It 
has baen hypothesized that the two enzymes are products of 
the same gene (18,19]. The observed molocular size 
difference [8,19] could be explained by different patterns 
of glycosylation, as recently suggested [17]. 
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Dietary lipids is an important source of energy. 'l'he 
energy-rich triacylglycerols constitute more than 95\ of 
these lipids. Some of the lipids, e.g. certain fatty acids 
and the fat soluble vitamins, are essential dieatary 
constituents. Before gastro-intestinal absorption the 
triacylglycerols as well as the minor components, i.e. 
esterified fat-soluble vitamins and cholesterol, and 

diacylphosphatidylglycerols, require hydrolysis of the 
ester bonds to give rise to less hydrophobic, absorbable 
products. These reactions are catalyzed by a specific 
group of enzymes called lipases. 
In the human adult the essential lipases involved are 
considered to be gastric lipase, pancreatic colipase­
dependent lipase (tri- and diacylglycerol hydrolysis), 
pancreatic phospholipase A2 (diacylphosphatidylglycerols) 
and carboxylic ester hydrolase (cholesteryl- and fat 
soluble vitamin esters). In the breast-fed newborn bile 
salt-stimulated lipase plays an essential part in the 
hydrolysis of several of the above mentioned lipids. 
Together with bile salts the products of lipid digestion 
form mixed micelles from which absorption occurrs (3-5). 

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

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

The present treatment of patients suffering from a 
deficiency of pancreatic lipase is the oral administration 
of very large doses of a crude preparation of porcine 
pancreatic enzymes. Colipase-dependent pancreatic lipase 
is inactivated by low pH. such conditions are prevalent in 
the stomach, with the result that orally administered 
pancreatic lipase is virtually completely inactivated on 
the passage through the stomach to the gut.·Therefore, 
this effect cannot be completely overcome by the use of 
large doses of enzyme. The large doses administered are 
inadequate for most patients, and the preparations are 
impure and unpalatable. Certain tablets have been 
formulated which pass through the acid regions of the 
stomach and discharge the enzyme only in the relatively 
alkaline enviro~nt of the jejunum. However, many 
patients suffering from pancreatic disorders have an 
abnormally acid jejunum and such tablets may fail to 
discharge the enzyme and may therefore be ineffective. 
Moreover, since the preparations presently on the market 
are of a non-human source there is a risk of 
immunoreactions that may cause harmful effects to the 
patients or result in reduced therapy efficiency. 
A further drawback with the present preparations is that 
their content of other lipolytic activities than colipase­
dependent lipase are not stated. In fact, most of them 
contain very low levels of CEH/BSSL-activity. This may be 
one reason why many patients, suffering from cystic 
fibrosis in spite of supplementation therapy, suffer from 
deficiencies of fat soluble vitamins and essential fatty 
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acids. 
Thus, there is a great need for products with properties 

and structure derived from human lipases and with a broad 

substrate specificity, which products may be orally 

administered to patients suffering from deficiency of one 

or several of the pancreatic lipolytic enzymes. The 

products of the present invention fulfil this need by 

themselves or in combination with other lipases or in 

combination with preparations containing other lipases. 

Furthermore, for some human infants there is an obvious 

need to improve fat utilization from conventional inf ant 

formulas, or pasteurized human milk from so-called milk 

banks. 
BSSL has several unique properties that makes it ideally 

suited for substitution and supplementation therapy: 

It has been designed by nature for oral administration. 

Thus, it resists passage through the stomach and is 

activated in contents of the small intestine. 

Its specific activation mechanism should prevent 

hazardous lipolysis of food or tissue lipids during 

storage and passage to its site of action. 

Due to its broad substrate specificity it has the 

potential to, on its own, mediate complete digestion of 

most dietary lipids, including the fat soluble vitamin 

esters. 
BSSL may be superior to pancreatic colipase-dependent 

lipase to hydrolyze ester bonds containing long-chain 

polyunsaturated fatty acids. 

In the presence of gastric lipase and in the absence of, 

or at low levels of colipas~-dependent lipase BSS~ can 

ascertain a complete triacylglycerol digestion in vitro 

even if the bile salt levels are low such as in newborn 

infants. ·In the presence of BSSL the end products of 

triacylglycerol digestion become free fatty acids and free 

glycerol rather than free fatty acids and monoacylglycerol 

generated by the other two lipases (5). This may favour 

product absorption particularly when the intraluminal bile 
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salt levels are low (3,15). 
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From a historical point of view infant formulas have been 

developed, and improved, from the concept that their 

composition should be as similar to that of human milk as 

possible. It is desirable to supplement such formulas. 

The utilization for supplementation, substitation or 

therapy of bile salt-stimulated lipases (BSSL), or of 

proteins with the essential functions of BSSL, requires 

however access to quantities of the product on a large 

technical scale. It is not possible in factory scale to 

rely on natural sources such as milk as starting material. 

Besides the problem mentioned above with inactivation of 

BSSL during pasteurization, there is the additional risk 

of contamination of. material from a natural source with 

infectious agents, e.g. vira such as HIV virus and CMV. 

There is, accordingly, a need for large scale access to 

products having BSSL properties. The present invention 

provides such products and methods for their preparation. 

Prior art references are· given later in this 

specif icatiou. 
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The present invention is based on the cloning of cDNA 
coding for BSSL derived from human mannary gland. We have 
also isolated, from human pancreas, a partial cDNA coding 

for CEB. Deduced amino acid sequences from the human 

cDNA'·s and comparison with CEH from other species, support 

the interpretation that BSSL and CEH are identical. 

As will be further detailed below, it was surprisingly 

found that the structure of the protein as deduced from 

the cDNA sequence is quite different from the structure of 
other lipases. The structure proved unexpectedly to be 

more like the structure of typical esterases, such as 

cholinesterase. 
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With reference to Figure II and Figure VII, pr ucts of 
the invention are: 

a) a protein as defined by the amino acid sequence 1-722 

in Fig. VII, 

b) a protein as defined by the amino acid sequence 1-535 

in Fig. VII, 

c) a protein as defined by the-amino acid sequence 1-278 

in Fig. VII, 

d) a protein as defined by the amino acid sequence 1-341 

in Fig. VII, 

e) a protein as defined by the amino acid sequence 1-409 

in Fig. VII, 

f) a protein as defined by the amino acid sequence 1-474 

in Fig. VII, 

g) combinations of protP.ins defined under b) - f) e.g. 
as defined by the amino acid sequence in positions 1-278, 

279-341, 279-409, 279-474, 342-409, 342·-474 and 536-722. 

b) combinations of proteins defined under .ti) •• g) in 
combination with one or more of the repeats according to 
Figure v, 

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

It should be noted that the proteins unde~ a, b, c, d, e, 
f, h and i abQve will not be identical in all respects to 
naturally occurring BSSL, but they will f'..xhibit on_e_·gr ____ _ 

.·. ..... ..... _-·-·--· 
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more of the critical function• of naturally occurring 

BSSL. Critical functions are given below. 

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

b, c, d, e, f, h and i above. 

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

followi~g nucleotide numbers in Fig. II: 

a) a DNA sequence 151-2316 according to Pig. II, coding 

for the protein defined by the amino acid sequence 1-722 

in Fig. VII, 
b) a DNA sequence 151-1755 according to Fi9. II, coding 

for the protein defined by the amino a~id ~equence 1-535 

in Fig. VII, 
c) a DNA sequence 151-985 according to Fig. II, coding 

for the protein defined by the amino acid sequence 1-218 

in FiCJ. VII t 

d) a DNA sequence 151-1112 accordin9 to Pig. II, codin9 

for the protein defined by the amino acid sequence 1-341 

in Fig. VII, 
e) a DNA sequence 151-1376 according to Fig. II, coding 

for the protein defined by the amino acid sequence 1-409 

in Pig. VII, 
f) a DNA sequence 151-1574 according to Fig. II, coding 

for the protein defined by the amino &cid sequence 1-474 

in Fig. VII, 
g) a DNA sequence 986-1172 according to Fig. II, coding 

for the protein defined by the amino acid sequence 279-341 

in Fig. VII, 
h) a DNA sequence 986-1376 according to Fig. II, coding 

for the protein defined by the amino acid sequence 279-

409 in Fig .. VI.I, 

i) a DNA seciuence 986-1574 according to Fig. II, coding 

for the protein defined by the amino acid sequence 279-474 

in Fi9. VII, 



REPLACEMENT SHEET 

[ 19 NOV 1996] 
10 

j) a IllA •equence 1173-1376 accor41nt to 1'19. II, oocliat 
for the protein defined bf tbe 8111.no acid aequence 342-409 
in rig. VII, 
k) a DNA sequence 1173-1574 according to l'ig. II, coding 

for the protein defined by the amino acid aequenco 342-•7• 
in Fig. VII. 

Significant functions of proteins of the invention are 

a) suitable for oral administration, 

b) being activated by specific bile salta, 

c) acting aa a non-specific lipase in the contents of the 
small intestines, that is being able to hydrolyze lipids 
relatively independent of their chemical structure and 

physical state (emulsified, micellar, soluble). 

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

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

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

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

h) Dependency on bile salts for optimal activity. 

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

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

l) Ability to bind to lipid-water interphases. 

m) Stability to permit lyophilization. 

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

The critical functions for supplementation, substitution, 
or therapy are these accordin9 to a), c), d), e), f), i), 
j) and 1). For other purposes, not all critical functions 
may be necessary. 

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

Suitable expression organisms: 

With the recombinant DNA techniques it is possible to 
clone and express a protein of interest in a variety of 
prokaryotic and eukaryotic host organisms. Possible 
expression organisms are bacteria, simple eukaryots 
(yeast), animal cell cultures, insect cell cultures, plant 
cell cultures, plants and transgenic animals. Bach 
individual system has its own particular advantages and 
disadvantages. The simple conclusion is that every gene to 
be expressed is a unique pi:·obl.em and. no .standard solution 
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Conaonly used bacterial •Y•teu are •• coli, Bacillua 
aubtil1•, streptomycea. ConnonlJ' uaed yea•t• are 
saccharomyces, and Picbia Paator1a. Ccwaly Wied anSwl 

_cell• are CHO cells and (X)S cella. Conlnonly used insect 
cell cultures are Drosophila derived cells. 

commonly used plant i• the tobacco plant. Possible 
transgenic animals are goat and cow. 

Possible bacterial vectors are exemplified by pUC and 
protein A-vectors. 
Possible yeast vector is exemplified by ~ 91. 
Possible insect vectors are devired from Baculo-virus. 
Possible animal cell vectors are derived from SV/40. 
Possible plant vectors are derived from the Ti-plasmid. 
In every system, both natural and synth~_t_i~_pr~tera and 

terminators can be used. 

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

protein as specif led above, 
b) a host organism comprising a DNA sequence as 

specified above, 
c) a process for the production of a protein as 

specified above, by growing a boat organism 
containing a vector as specified under a) above and 

isolating the pro~ein. 
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Methods fran purification are based. on the expression 
system used (e.g. protein A/IVG) and/or on method• used 
for purification of the naturally occurring enzyme, as 
described in reference 6. 

Additional aspects of the invention are: 

- a pharmaceutical composition comprising a protein as 
specified above, 

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

- the use· of a pro~ein as specif led above for the 
manuf actur~ of a medicament for the treatment of cystic 
fibrosis, 

- the use of a prote.ln as specified above as a supplement 
to an inf ant food. formulation, 

-the use of a protein as specified above for.the 
manufactu:ce of a medicament for the treatment of chronic 

. pancreatitis, 

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

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

-the ,.ise of a protein. as specified above fori tba 

manuf actur.e of a medicament for . the treatment of fat · 
mal~so:rp_1:.i~?_. ~~e to physiological reasons, e.g. in new-
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The DHA sequence in 1'19. II frcm poaition 151 up to an4 

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

In one embodiment of the invention, the protein as defined in 

pharagraphs a) - i) above is provided in isolated form and/or 

in substantially pure form. 

The DNA sequences as defined in paragraphs a) - k) above are 

in one embodiment of the invention provided in isolated form 

and/or in substantially pure form. 

Experimental part 

Abbreviations 
aa, amino acid; bp, base pair; BSSL, bile salt-stimulated 

lipase; c-AMP, cyclic adenosine monophosphate; CEB, 

carboxylic ester hydrolase; Da, dalton; c 7 GTP, 7-deaza-2-

deoxyguanosine S'triphosphate; EDTA, ethylene diamine 

tetraacetate; kb, kilobases; MOPS, 3-N-morpbclino­

propanesulfonic acid; nt, nucleotide; PAGE, polyacrylamide 

gel electrophoresis; SDS, sodium d.odecyl sulfate; SSC, NaCl 

citrate, xGal, 5-bromo-4·-chloro-3-indolyl-S-D­

galactopyranoside. 

Enzymes 
Bile salt-stimulated lipase EC 3.1.1.3 

Carboxylic ester hydrolase EC 3.1.1.1 
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A. BnQme and anti.lxx17 preparation 

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

B. ·Preparation of trn>tic fragments and amino acid 
sequence analysis 

Three mg of purified BSSL was dissolved in 1 ml of O.lM 
Tris-Cl buffer, pB 8.5, containing 6M guanidinium 
hydrochloride and 2 mM EDTA. Dithioerythritol was added to 
SmM. After incubation at 37 °C £01· 2h, 300 111 50 mM 

iodoacetate was added. After 90 nain incubation at 25 °C in 
darkness the reduced and carbor.j111ethylated enzyme was · 
desalted on a Sephades G-25 column, equilibrated with 
O.SM anmonium bicarbonate. Thirty 11g of tosyl-L­
phenylalanine chloromethane treated bovine trypsin 
(Worthington diagnostics system Inc., Freehold, NJ,.USA) 
was added before lyophilization. The lyophilized protein 
was dissolved in 4 ml O.lM arriIDonium bicarbonate and an 
additional 90 J,Lg of trypsin was added. After Sh incubation 
at 37 °C the protein was again lyophilized. The tryptic 
digest was dissolved in 0.1\ trifluoroacetic acid 
(2mg/ml). Three hundred 119 of trypsinated BSSL was 
chromatographed on HPLC using a c-18 reversed phase colwnn 
and eluted with a grad~el'lt o~ o-.5_Q_1s acetQnitrile in 0.1\ 
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trifluoroacetic acid. Peptide collection was monitored by 

continuous recording of the absorbance at 215 nm. Peptides 
to be sequenced were further purified by rechromatography 

using the same column with adjusted gradients. 

Samples of peptide fragments to be sequenced were dried 

under nitrogen to remove acetonitrile and applied to the 

sequencer. For N-terminal sequence analysis, native BSSL 

was dissolved in 0.1\ acetic acid. Sequence analyzes were 

performed on an Applied Biosystems Inc. 477A pulsed 
liquid-phase sequencer and on-line PTB 120A analyzer with 

regular cycle programs and chemicals from the 
manufacturer. Initial and repetitive yields, calculated 

from a sequenced standard protein, 8-lactoglobulin, were 
47 and 97\, respectively. 

c. Isolation of BRA 

Samples of human pancreatic adipose and lactating mammary 
gland tissues were obtained.at surgery and illmediately put 

into guanidinium thiocyanate (1-S gin SO ml). Total RNA 

was extracted as described by Chirgwin [ 20) • Poly(A)-RNA 

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

D. Construc~ion and screening of cmA libraries 

Approximately 15 ~g poly-adenylated RNA fran human 

pancreas was denatured with methyl mercuric hydroxide [22) 

and primed with oligo (dT) 12_ 18 primers (Pharmacia, 

Uppsala, Sweden), and reversely transcribed using 
standard procedures [23). Second-strand synthesis was 
carried out according to Gubler and Hoffman (24), except 

that DNA ligase and 8-NAD were omitted, and the reaction 

temperature wa~ set at 15 °c. Excess RNA was digested with 
RNAse A (50µ.g/nil), and the double-stranded cDNA was 
treated with BcoRl methylase [25). Ends were blunted with 
Klenow enzyme. Af~er ligation to EcoRI link~r~ ang 
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cleavage with BcoRI the cDNA waa fractionated on a 

Sepbarose 4B-Cl column. 'l'he void volume fraction was· 

precipitated with ethanol and the cDNA ligated into the 

EcoRI site of a phosphatase treated gtll vector [26]. In 

vitro packing yielded more than 7x109 recombinants. 

A cDNA library from human manmary gland, derived from 

tlssue obtained from a women at the eighth month of . 

pregnancy, was purchased (Clontech Laboratories, Inc., 

Palo Alto, CA; USA). 

Phages from the cDNA libraries were plated at Sx10• plaque 

forming units per 120-nm dish. The antiserum was diluted 

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

to Young and Davis [27). Alkaline-phosphatase-conjugated 

goat-anti-rabbit antibodies were used as second antibodies 

(Bio-Rad, Richmond, CA USA). To isolate clones 

corresponding to the 5'-end of the mRNA, nucleic acid 

hybridization was done under standard conditions [23) 

using a subcloned fragment frcm one of the innunopositive 

clones as a probe. 

B. BRA analysis 

Electrophoresis was carried out in a 1\ agarose gel in 

40mM MOPS buffer pH 7.0 after denaturation with glyoxal 

and dimethylsulfoxide [28]. Glyoxalated total RNA was then 

transferred to nitrocellulose filters [29]. The blots WQre 

probed with subclones of BSSL and CEB recombinants that 

were labelled by the oligo-labeling technique [JO). 

PrehyLridization and hybridization were carried out with 

SO\ formamid at 46 °C [23). Posthybridization washes wcrs 

performed at high stringency (0.1\ SDS a.nd O.lxSSC at 

60° C). (lxSSC, O,lSM NaCl, O.OOlSM Na3 citrate, pH 7.6). 

P. Hucleotide seciuence 
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cDNA inserts fran BSSL and CBB recombina.~ta were either 
directly cloned into M3mp18 and mp19 after aonication and 
size fractionation or some of them were further subcloned 
into p'l'Zl9R after digestions with PstI, BstXI, NarI, SmaI 
and AhaII. The nucleotide sequence was determined bJ' the 
dideoxy chain-termination method (31]. The GC-rich repeats 
(see below) were also sequenced with TaqI polymerase and 
de 7 GTP. Both strands were sequenced. Sequence information 
was retrived from autoradiograms by use of the software 
MS-EdSeq as described by Sj8berg et al [55]. 

G. Amino acid sequence predictions and homologies. 

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

Resul.ts and Discussion 

A. Sequences of tin>tlc fragments and the R-texminus of 
BSSL 

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

The 22 residues long N-terminal sequence reported from 
Wang & Johnson (34] is a glycine in our rePQ:rt ·and a _ 
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lysine in Wang & Johnson's. 

B. Rucleotide sequence of BSSL 

For construction of the Agtll cDHA library we used 
polyadenylated RNA from human pancreas. Initially four 
immunopositive clones were isolated., and then this 
pancreatic expression cDNA library was screened with 
antiserum against BSSL. Nucleotide sequence analysis of 
the four clones showed that they are in perfect agreement 
and correspond to the 3'-end of the mRNA. They all begin 
with a poly A tail and differ only in length; the lorigest 
insert, designated ACEH, spans 996 bp. 
A cDNA library from human mannary gland was screened with 
antiserum, and the pancreas clone ACEB as probe. Positive 
clones were isolated from both screenings, which all 
originate from the 3'-end. The longest mannary gland 
clone, designated ABSSL,_reaches 2100 bp upstream. It 
contains four of the sequenced tryptic fragments (Fig. 
II) , but do not include the N-terminal amino acid 
sequence. To extend the sequence beyond the translation 
start, the mammary gland cDNA library was rescreened with 
a 118 bases long probe detived from the most 5'proximal 
part of ABSSL. One clone was isolated that continued a 
further 328 nucleotides up~tream. It matched the H­
terminal amino acid sequence, and contained the remaining 
tryptic fragment. As shown in Fig. II, the cDHA is 2428 
nucleotides long and contains 81 bases upstream from the 
first ATG codon. The pol~·adenylation signal, AATAAA is 
located 13 nucleotides upstream from the poly A tail and 
the termination codon TAG was found at nucleotide 2317 
followed by a 3'-untranslatcd region of 112 bp. 
A GC rich region consisting of 16 repeats.of 33 bases was 
found in the 3'-end of the sequence between base 1756 and 
2283. The nucleotide sequerice of the repetition, shown 
in Fig. III, consists of si~ identical repetitions 
surrounded by ten repetitions with different number of 
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substitu~ions that have probably occurred after several 
duplications. The low number of substitutions suggests 
that these repetitions have appeared late during 

evolution. 

c. Tissue distribution of expression 

RNA from human lactating mammary gland, pancreas, adipose 
tissue and. from a human hepatoma celline (BepG2) was 

analyzed by Northern blotting. The size of the messenger 
was determined to be approximately 2.5 kb in both 
lactating mammary gland and pancreas. No signal could be 

detected in che lanes-with RNA extracted from BepG2 or 
adipose tissue (Fig. IV).· 
Since the 1RI<NA used for the mammary gland library was 
obtained from a female in her 8th month of pregnancy, it 
is evident that transcription and probably translation of 
the BSSL gene is turned on before partus, in agreement 
with previous findings on BSSL secretion before partus 
[35]. See Figure IV. 

D. Amino acid sequence of BSSL 

Assessed by SDS-PAGE the molecular mass has been reported 
to be 107-125 kDa (8,36] and by analytical 
ultracentrifugation to be 105 kDa (37). The enzyme, as 
deduced from the cDNA, consists of 722 amino acid residues 
(Fig. II) which, giving a molecular mass of 76.271 Da, 
indicates that the enzyme contains at least 15-20' 
carbohydrate. The leader sequence is 23 residues long. A 

tentative active site serine residue is localized to 
serine-217 (Fig. V). The sequence around this serine 
accord with the consensus active site sequence of serine­
hydrolases [38). It has recently been it was proposed that 
basic residues found close to the active site serine may 
be involved ir. the cleavage of esterbonds in acylglycerols 
by lipases [39]. It is interesting to note that such ... 
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residues are not present in BSSL. The single tentative N­
glycosylation site is localized only seven residues from 
the serine. The degree of glycosylation [6,16] suggests 
that the enzyme ·contains 0-linked carholJdrate. There are 
numerous sites where such glycosylation could have 
occurred. The amino acid composition based on purified 
enzyme has shown a high content of proline residues [6]. 
The amino acid· sequence obtained from cDNA confirms this. 
Moreover, most of the proline residues are localized in 
the 16 repeats of 11 residues. each, constituting the main 
part of the c-terminal half of the enzyme. 

B. Comparison of the enzymes in mannzny glancl (BSSL) and 

pancreas ( CEB) 

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

The similarity of BSSL to the rat and bovine enzymes {see 
below) and to results from genomics blots support the 
possibility that differential splicing cannot account for 
the mobility difference. Since the c-termi.nal sequence has 
not been confirmed on the protein level there is a less 
likely possibility that CEB may be processed by a 
proteolytic cl.earage in the c-terminal eiid. 
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So far as we know pancreatic enzymes that obviously 
correspond to CBH have of ten been named after species and 
the particular substrates used to determine their 
respective activities; lysophospholipase, cholesteryl 
esterase, sterol ester hydrolase, non-specific lipase, 
carboxyl ester lipase and cholesteryl ester hydrolase. 
Available data are compatible with the view that all these 
activities described originates ln one and the same 
functional entity (42,43). This illustrates the broad 
substrate specificity and the relevance of designating 
them as non-specific lipases. When the seqilence of human 
BSSL/CBB is compared to the sequence 0£ lysopbospholipase 
from fat pancreas (40) and cholesterol esterase from 
bovine pancreas (41) extensive similarities are found that 
extend about 530 residues from the N-terminal (Pig V); but 
they differ in the part of the mole.cule where the repeats 
occur. The rat enzyme has only four repeats and the bovine 
three. Bence the human enzyme is a cor&Siderable longer 
peptide. 

Moreover, striking similarities were found between BSSL 
and a number of typical esterases, e.g. acetyl choline 
esterases from several species, including man and 

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

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

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

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

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

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

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

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

Substitutions are indicated by a *· 

Figure IV: Northern blot hybridization 

Northern blot analysis of total RNA isolated from human 
lactating mammary gland, pancreas, adipose tissue and a 
human hepatoma cell line (HepG2). Total TNA (10J,Lg) from 
lactating manunary gland (lane A), pancreas (lane B), 
adipose tissue (lane C) and HepG2 (lane D) were 
electrophoresed in a 1\ agarose gel i.n 40mM MOPS buffer at 

Ph 7.0 after denaturation of RNA in lM glyoxal, SO\ 
dimethylsulfoxide and 40mM MOPS. The glyoxalated RNA was 
then t=ansferred to nitrocellulose paper for hybridization 
with [ 32 Pl labeled BSSL cDNA (ABSSL). 
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Fi9Ure V: Comparison of the deduced amino acid sewence 
from human milk BSSL, rat pancreatic lxsophoapbolipaae 
(Ratlpl) [40] and bovine pancreatic cholesterol esterase 
(Bovceh) [411: 

The serine residues involved in the active site are 
indicated by a *, and the I indicates the single possible 
N-glycosylation signal of the protein. The direct repeats 
of amino acid sequences are boxed. Matching secr11ences are 
denoted in capital letters, matching sequence£ between two 
enzymes are denoted in small letters and mis.1latching with 
a dot. 

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

BSSL: bile salt stimulated lipase from human, Cheshum: 
cholinesterase from fetal human tissue [SO], Torpace: 
acetylcbolinesterase from Torpedo marmorata [51), 
Drosceh: carboxylic ester hydrolase from Drosophila 
melaoqaster [52], Ratlivce: carboxyl esterase fram rat 
liver [53], Drosace: acetylcholinesterase from Drosophila 
melaogaster (54], Thyrhum: thyroglobulin from human (49] 
and Diet.Di: c-AMP dependent enzyme from Dictyostelium 
discoideum [46]. There are 7 different domains tt&at show 
similarities between the enzymes. Boxes enclose residues 
which are identical and small letters in the consensus 
sequence indicate identical residues in all the enzymes 
except for one. Dots indicate mismatches.· The serine 
residue involved in the active site is indicated with *· 
The figure in the riqht hand corner shows how the domains 
are oriented. 
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gives the amino acid sequence l - 722 for the entire 
protein (one letter code) and indicates exons a, b, c, 
and d. The sign I indicates the starting point of the 

repetition part. 

l1Uli1f U1ili1illli 
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Table 1. Amino acid seg:uence of BSSL peptides. 

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

----------------------------------------------------------
Tryptic fragments 

----------------------------------------------------------
TP16:LysValThrGluGluAspPheTyrLys 

TP19:GlyileProPheAlaAlaProThrLys 

Tp20:LeuValSerGluPheThrileThrLys 

TP24:ThrTyrAlaTyrLeuPheSerHisProSerArg 

TJ?26:PheAspValTyrThrGlUSerTrpAlaGlnAsp 

ProSerGlnGluAsnLys 

----------------------------------------------------------
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Table 2: Identification of the exon• a, b, c and 4 
numbered aa in l'iqurea II and VII. 

exon Location ------------------------------------------between nucleotide number between andnoacid 
number 

-----------~-----~---~----~----~-----~--~-----------------
a 
b 

c 
d 

the entire 
protein 

the entire 
protein 
excluding 
repetitions 

986-1172 
1173-1376 
1377-1574 
1575-2415 

151-2316 

151-1755 

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

1-722 

1-535 

---------------------------------------------------------~ 
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What we claim is: 

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

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

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

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

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

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

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

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

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

10. A protein according to any of claims 1-9, exhibiting 
one or several of the critical functions of 

.. naturally occurring bile salt-stimulated lipase. 
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11. A funct onally equivalent varlaat OS mutant of a 
protein accordill9 to any of clailla 1•1. 

12. A DlfA sequence cod1119 for a protelil with the aa1no 
acid aequence.accor4ill9 to claia 1. 

13. A DNA sequence coclin9 for a protein with the amino 
acid sequence accordin9 to claia 2. 

14. A DNA sequence codilMJ for a protein with the amino 
acid sequence accordin9 to any of clailul 3, 4, 5, ,, 
7, 8, 9, 10 and 11. 

15. A DNA sequence defined br tbe followill9 nucleotide 
number• in Figure ·111 

151-231& 
151-1755 
151-985 
151-1172 
151-1371 
151-1574 
986-1172 
986-1371 
986-157-6 
1173-1376 
1173-1574 

16. A vector comprisin9 a DHA sequence cod1n9 for a . . . 
protein according to claJ.ma 1 - 11 

17. A vector comprising a DNA sequence accordin9 to 
claims 12 - 1s. 

18. A host organism transformed with a vector accorclill9 
to claims 16 or 17. 
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19. A proceaa for production of a protein according 

to claims 1 - 11 by growing a boat organi• 

containing a vector accordillg to clailu 16 or :1;1, and 

isolat~ng the protein. 

20. A pharmaceutical composition comprising a protein 

according to any of claims 1 - 11. 

21. A pharmaceutical compositio~. comprising a protein 

according to any of claims 1-11 in combination with 

a lipase or in combination with preparations 

containing lipasea. 

22. The use of a protein a~cording to any of claims 1 -

11, for the manufacture of a medicament for the 

treatment of a pathological condition related to 

exocrine pancreatic insufficiencr. 

23. The use of a protein accorcling to any of claims 

1 - 11 for the manufacture of a medicament for the 

treatment of cystic fibrosis. 

24. The u.se of a protein according to any of claims 

1 - 11 as a supplement to an infant food formulation. 

25. The use of a protein according to any of claims 1-11 

for the manufacture of a medicament for the 

treatment of chronic pancreatitis. 

26. The use of a protein according to any of claims 1-11 

for the manufacture of a medicament fc;.r the 

treatment of fat malabsorption. 

27. Th~ use of a protein accordin to any of claims 1-11 

for the manufacture of a medicament for the 

tre4tment of malal>sorption of fat soluble vitamins. 
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28. 'l'he use of a protein according to any of claims 1-11 
for the manufacture of a medicament for the 
treatment of fat malabsorption due to physiological 
reasons. 

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

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

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

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

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

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

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

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

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

AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM 

Abstract 

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

FIGURE 2. 



- 1 -

REPLACEMENT SHEET 

119 NOV 1996 J 

(·--) % ' i11H.11No.ll:>Y 

0 .,, 
' .. 

\ 
' ' '\ 

' 

0 • 

'\ 
\ 

\ 
' ' '\ '\ 

' ' ' '\ 
' \ \ 

\ 

' ' ' '\ 
' 

'\ '3-+--==== :-+ ---

• • 0 

(-)WUSlZ lY 3:>NYBHOSBY ,. . 

'.· -· .::....:-- - -· 

0 .. 

"'= 0 

0 • 

0 
fl) 

0 

" 

-E 
• 

Ill 
:I 
!) _, 
~ 
z 
0 ·-... 
!) _, 
Ill 



RE~LACf ME~T SHEET 

~-~vm6"J 

10 

- 2 -

30 so 

ACCTTCTGTA'l'CAGTTAAGTGTCAAGATGGAAGGAACAGCAGTCTCAAGATAATGCAAAG 

70 90 110 

AGTTTATTCATCCAGAGGCTGA'l'GCTCACCATGGGGCGCCTGCAACTGGTTG'l'GTTGGGC 

MetLeu'l'hrMetGlyArgLeuGlnLeuValValLeuGly 

130 150 170 

CTCACCTGCTGCTGGGCAGTGGCGAGTGCCGCGAAGCTGGGCGCCGTGTACACAGAAGGT 

LeuThrCysCysTrpAlaValAlaSerAlaAlaLysLeuGlyAlaVal'J'yr'1'hrGluGly 

190 210 230 

GGGTTCGTGGAAGGCGTCAATAAGAAGCTCGGCCTCC'l'GGGTGACTCTGTGGACATCTTC 

GlyPheValGluGlyValAsnLysLysLeuGlyLeuLeuGiyAspSefValAapilePhe 

·2so 270 290 

AAGGGCATCCCCTTCGCAGCTCCCACCAAGGCCCTGGAAAATCCTCAGCCACATCCTGGC 

LyaGlyileProPheAlaAlaProThrLysAlaLeuGluAsnProGlnProHisProGly 

310 330 350 

TGGCAAGGGACCC'l'GAAGGCCAAGAACTTCAAGAAGAGATGCC'l'GCAGGCCACCATCACC 

TrpGlnGlyTbrLeuLysAlaLysAsnPheLysLysArgCysLeuGlnAlaThrile'l'hr 

370 390 410 

CAGGACAGCACCTACGGGGATGAAGACTGCCTGTACCTCAACATTTGGGTGCCCCAGGGC 

GlnAspSerThr'J'yrGlyAspGluAspCysLeuTyrLeuAsnileTrpValProGlnGly 

430 450 470 

AGGAAGCAAGTCTCCCGGGACCTGCCCGT'l'ATGATCTGGATCTATGGAGGCGCCTTCCTC 

ArgLysGlnValSerArgAspLeuProValMetileTrpileTyrGlyGlyAlaPheLeu 

490 510 530 

ATGGGGTCCGGCCATGGGGCCAACTTCCTCAACAACTACCTGTATGACGGCGAGGAGATC 

MetGlySerGlyHisGlyAlaAsnPheLeuAsnAsnTyrLeuTyrAspGlyGluGluile 
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GCCACACGCOGAAACG'l'CATCG'l'GGTCACCftCAACTACCGTGTCGGCCCCCTTGGGT'!C 

AlaThrAr9GlyAsnValileValVal'l'brtheAsn'lyrAr9ValGlytroLeuGlyPh• 

610 630 650 

CTCAGCACTGGGGACGCCAATCTGCCAGG'l'AACTATGGCC'l'TCGGGA'l'CAGCACATGGCC 

LeuSerThrGlyAapAlaAanLeuProGlyAanTyrGlyLeuArgAapGlnHiaMetAla 

670 690 710 

ATTGCTTGGGTGAAGAGGAATATCGCGGCC'l'TCGGGGGGGACCCCAACAACATCACGCTC 

IleAlaTrpValLysArgAsnileAlaAlaPheGlyGlyAapProAsnAanileThrLeu 

730 750 770 

TTCGGGGAG'l'CTGCTGGAGGTGCCAGCGTCTCTCTGCAGACCCTCTCCCCCTACAACAAG 

PheGlyGluSerAlaGlyGlyAlaSerValSerLeuGlnThrLeuSef ProTyrAanLys 

790· 810 830 

GGCCTCATCCGGCGAGCCATCAGCCAGAGCGGCGTGGCCCTGAGTCCCTGGGTCATCCAG 

GlyLeuileAr9Ar9AlaileSerGlnSerGlyValAlaLeuSerProTrpValileGln 

850 870 890 

AAAAACCCACTCTTC'l'GGGCCAAAAAGGTGGCTGAGAAGGTGGG'l'TGCCCTG'l'GGGTGAT 

LyaAsnProLeuPheTrpAlaLyaLyaValAlaGluLysValGlyCyaProValGlyAsp 

r-~"­
GCCGCCAGGATGGCCCAG'l'GTCTGAAGGT'l'AC~TCCCCGAGCCCTGACGCTGGCCTAT 

910 930 950 

AlaAlaArgMetAlaGlnCyaLeuLyaValTh(Aap,roArgAlaLeuTbrLeuAlaTyr 
'---"( 

970 990 . ~:I( 1010 . 

* AAGGTGCCGCTGGCAGGCCTGGAGTACCCCATGCTGCACTATGTGGGCTTCGTCCCTGTC 

LysValProLeuAlaGlyLeuGlu'l'yrProMetLeuHisTyrValGlyPbeValProVal 

1030 1050 1070 

ATTGATGGAGACTTCATCCCCGCTGACCCGATCAACCTGTACGCCAACGCCGCCGACA'l'C 

IleAspGlyAspPbeileProAlaAspFroileAsnLeuTyrAlaAsnAlaAlaAspile 
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GACTATATAGCAGGCACCAACAACATGGACGGCCACATCTTCGCCAGCATCGACATGCCT 

AapTyrileAlaGlyThrAsnAsnMetAspGlyHisilePheAlaSerileAspMetPro 

1150 1170 1190 
* 

GCCATC~CAAGGGCAACAAGAAAGTCACGGAGGAGGACTTCTACAAGCTGGTCAGTGAG 

AlaileAsnLysGlyAsnLysLyaValThrGluGluAspPheTyrLyaLeuValSerGlu 

1210 1230 1250 

TTCACAATCACCAAGGGGCTCAGAGGCGCCAAGACGACCTTTGATGTCTACACCGAGTCC 

PheThrileThrLysGlyLeuArgGlyAlaLysThrThrPheAspValTyrThrGluSer 

1270 1290 1310 

TGGGCCCAGGACCCATCCCAGGAGAATAAGAAGAAG~CTGTGGTGGACTTTGAGACCGAT 

TrpAlaGlnAspProSerGlnGluAsnLysLysLysThrValValAspPheGluThrAap 

1330 1350 1370 
* GTCCTCTTCCTGGTGCCCACCGAGATTGCCCTAGCCCAGCACAGAGCCAATGCCAAGAGT 

ValLeuPheLeuValProThrGluileAlaLeuAlaGlnHisArgAlaAsnAlaLysSer 

1390 1430 

GCCAAGACCTACGCCTACCTGTTT'l'CCCATCCCTCTCGGATGCCCGTCTACCCCAAATGG 

AlaLysThrTyrAlaTyrLeuPheSerHisProSerArgMetProValTyrProLyaTrp 

1450 1470 1490 

GTGGGGGCCGACCATGCAGATGACATTCAGTACGTTTTCGGGAAGCCCTTCGCCACCCCC 

ValGlyAlaAspHisAlaAspAspileGln~'yrValPheGlyLysProPheAlaThrPro 

1510 1530 1550 

ACGGGCTACCGGCCCCAAGACAGGACAGTCTCTAAGGCCATGATCGCCTACTGGACCAAC 

ThrGlyTyrArqProGlnAspArgThrValSerLysAlaMetileAlaTyrTrpThrAsn 

1570 1590 1610 .. 
TTTGCCAAAACAGGGGACCCCAACATGGGCGACTCGGCTGTGCCCACACACTGGGAACCC 

PheAlaLysThrGlyAspProAsnMetGlyAspSerAlaValProThrHisTrpGluPro 
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1650 1670 

TACAC'l'ACGGAAAACAGCGGCTACCTGGAGATCACCAAGAAGATGGGCAGCAGCTCCA!G 

TyrTbrTbrGluAanSerGlyTyrLeuGluile'l'brLyaLyaMetGlySerSerSarMet 

1690 1710 1730 

AAGCGGAGCCTGAGAACCAACTTCCTGCGCTACTGGACCCTCACC'l'ATCTGGCGC'l'GCCC 

LysAr9SarLauAr9TbrAsnPbeLeuAr9TyrTrp'l'hrLeuThrTYrLeuAlaLeuPro 

1750 1770 1790 

' ACAGTGACCGACCAGGAGGCCACCCCTGTGCCCCCCACAGGGGACTCCGAGGCCACTCCC 

ThrValThrAspGlnGluAlaThrProValProPro'l'brGlyAspSerGluAlaThrPro 

1810 1830 1850 

GTGCCCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGGGCC 

ValProProTbrGlyAspSerGluThrAlaProValProProThrGlyAspSerGlyAla 

1870 1890 P" 1910 

CCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCC~CCGCCCACGGGTGAC'l'CC 

ProProValProProThrGlyAapSerGlyAlaProP~~oProTbrGlyAapSer 
1930 1950' 'i-lt 1970 

GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCCGTGCCGCCCACGGGT 

GlyAlaProProValProPro'l'hrGlyAapSerGlyAlaProProValProProThrGlJ 

1990 2010 2030 

GACTCCGGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCCGTGCCGCCC 

AspSerGlyAlaProProValProProTbrGlyAspSerGlyAJaProProValPrcPro 

2050 2070 2090 

ACGGGTGACTCCGGCGCCCCCCCCGTGCCGCCCACGGGTGACGCCGGGCCCCCCCCCGTG 

ThrGlyAspSerGlyAl~ProProValProProTbrGlyAspAlaGlyProProProVal 

2110 2130 2150 

CCGCCCACGGGTGACTCCGGCGCCCCCCCCGTGCCGCCCACGGGTGACTcCG~GGCCCCC 

Pr.oProThrGlyAspSerGlyAlaProProValProP~oThrGl yAspSerGlyAlaPr.o 
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2110· 2210 

CCCGTGACCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGG 

ProValThrProThrGlyAapSerGluTbrAlaProValProPro'l'brGlyAapSerGly 

2230 2250 2270 

GCCCCCCCTGTGCCCCCCACGGGTGACTCTGAGGCTGCCCCTGTGCCCCCCACAGATGAC 

AlaProProValProProTbrGlyAapSerGluAlaAlaProValProProThrAapAap 

2290 2310 2330 

TCCAAGGAAGCTCAGATGCCTGCAGTCATTAGGTTTTAGCGTCCCA'l'GAGCCTTGGTATC 

SerLysGluAlaGlnMetProAlaValileAr9Phe 

2350 2370 2390 

AAGAGGCCACAAGAGTGGGACCCCAGGGGCTCCCCTCCCAT"CTTGAGCTCTTCCTGAATA 

2410 
AAGCCTCATACCCCTAAAAAAAA.AAAAA 



RE PLACEMf~l $Ml!T 
- 7 -

19 NOV 1996 

! 
c.l~~J •• ~CCGO'l'GACICC ~ 

~' 
·~ ' !Mrad.eal • 

~' 

~·· ~11 

~lJ 
~Jt~lS 
-14 

:: 

u 
eoea..... 0 

• 
0 

2 
1 
I 
2 
3 
s 
1 



REftl.ACEMfNT Stiff 

119 NOV~ ., 
- 8 -

ABCD Kb 

•3.0 

•2.0 

•f.S 

······ .... , .... -· ---·-··------~--- -··· .. --· 



Bssl 
Ratlpl 
Bovceh 

consensus 

Bssl 
Ratlpl 
Bovech 

Consensus 

Bssl 
Ratlpl 
Bovceh 

Consensus 

Bssl 
Ratlpl 
Bove ch 

consensus 

Bs$l 
Ratlpl 
Bove eh 

Consensus 

Bssl 
Ratlpl 
·Bove ch 

Consensus 

Bssl 
Rat1pl 
Bove: eh 

Consensus 

Fi9.57113J 

REPLACEMENT SH!!T 

/ 19 NOV W96 l 
. 50 

MLTMGRLQLVVI.L;LTCCWAVASAAICLGAVY'r'EGGFVBGVNICJW.;LIG.DS 
••• MGRLEVLPLGLTCCLAAACAADQLYTEGGFVEGVHICILSLUiGDS 
•••• MLGASRLGPSPGCLAVASAAICLGSVY'l'EGGFVEGVNKU.SLPG.DS 

•••• 9r1 •••• l9ltcclaaaaAAICLGavYTBGGFVEGVNKKLsLlG.DS 

100 
VDIFI<GJ:PFAAPl'KALENPQPHPGWQGTLlCAKNFKICRCIQATITQDSTYG 
VDIFKCIPPA. T}.Kl!II.El?I'QRRV...WQCTLD,TQJDRCl.QlTUQDDTYG 
VDIFKGIPFAAAPKALEKPKRHPGWQGTLI<AKSFICICRCLQATLTQDSTYG 

VDJ:FKGIPFAa •• KaLEnPqrHPGWQGTLKA.k.FlQ(RCLQATiTQDsTYG 

150 
DEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGBGAHFUOIYLYD 
QBDCLYLNIWVPQGRKQVSHDLPVMVWIYGGAFLMGSGQGARFLlClfYLYD 
NEDCLYLNIWVPQGRICEVSHDLPVllIWIYGGAFLMGASQGAllPLSRYLYD 

.EDCLYLNIWVPQGRKqVShDLPVMiWIYGGAFLMGsgqGANFL.NYLYD 

200 
GKKIATRGNVIVVTFNYRVGPLGFLSTGDANLPGNYGLRDQHMAIAWVKR 
GICICIATRANVIVVTFNYRVGPLGFLS'l'GDANLPGNFGLROQHMAIAWVICR 
GKKIATRGNVIVVTFNYRVGPLGFLSTGDSNLPGNYGLWDQHMAIAWVKR 

GlCKIATRqNVIVVTFNYRVGPLGFLSTGDaNLPGNyGLrDQHMAIAWVKR. 

# * 250 
NIAAFGGDPNNITLFGESAGGASVSLQTLSPYNXGLIRRAISQSGVALSP 
NIAAFGGDPNNITIFGESAGGAIVSLQTLSPYNKGLIRRAISQSGVALSP 
NIEAFGGOPDNITLFGESAGGASVSLQTLSPYNKGLIKRGISQSGVGLCP 

NiaAFGCDPDNITLFGESAGGAsVSLQTLSPYNKGLirRaISQSGVaLsP 

300 
WVIQICNPLFWAKKVAKKVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAG 
WAIQENPLFWAKTIAKKVGCPTEDTAKMAGCLJUTDPRALTLAYRLPLKS 
WAIQQDPLFWAKRI.AlQ(VGCpVDDTSICMAGCAlCITDPRALTLAYICLPLGS 

WaIQ.nPLFWAK.iAKKVGCPV.DtakMAgClKiTDPRALTLAYklPL.s 

350 
LEYPMLHYVGFVPVIDGDFIPADPINLYANAADIDYIAGTNNMDGHIFAS 
QEYPIVEYIAFIPVVDGDFIPDDPINLYDNAADIDYLAGINDMOGHLFAT 
TEYPICLHYLSFVPVIDGDFIPDDPVNLYANAADVDYIAGTNDMDGHLFVG 

.EYP.lHYl.FvpViDGDFIPdDPiNLYaNAADiDYiAGtNdMDGHlPa. 
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400 
IDMPAINKGNKKVTEEDFYKLVSEFTI'?KGLRGAKT'l'FDVYTESWAQDPS 
VDVPAIDICAKQDVTEEDFYRLVSGHTVAKGLICGTQATFDIYTESWAQDPS 
HDVPAINSNICQDVTEEDFYKLVSGLTVTICGLRGANATYEVYTEPWAQDSS 

.OVPAink.kqdVTEEDFYkLVS9.TvtxGLrGa.aTfdVYTEsWAQDpS 

450 
QENJ(I(l(TVVDFETDVLFLVPl'EIALAQHRANAXSAKTYAYLFSHPSRMPV 
QENMKKTVVAFETDILFLIPl'EMALAQHRAHAKSAKTYSYLFSHPSRMPI 
QETRJCKTMVDLETDXLFLIPTKIAVAQHICSBAKSANTYTYLFSQPSRMPI 

QEn.KKTvVdfETOiLFLiPTeiAlAQHrahAKSAkTY.YLFShPSRMPi 

500 
YPKWYGADHADDIQYVFGICPFATPTGYRPQDRTVSKAMIAYW1'NPAKTGD 
YPKWMGADHADDLQYVFGXPFATPISYRAQDRTVSXAMIAYWTHPAICSGD 
YPICWMGADHADDLQYVFGKPFATPLGYRAQDRTVSICAMIAYWTNFARTGD 

YPKWmGADHADDlQYVFGKPFATPlGYRaQDR'l'VSKAHIAYWTNFAktGD 

550 
PNMGDSAVPTHWEPYTTENSGYLEITKKMGSSSMI<RSLRTNFLRYWTLTY 
PNMGNSPVP'l'HWYPYTMENGNYLDINICKITSTSMKEHLREKFLKFWAVTF 
PNTGHSTVPANWDPYTLEDDNYLEINKQMDSNSMKLRTLTNYLQFWTQTY 

PNnG.S.VPthW.PYT.Kn.nYleinKklll.S.SMK.hLRtnfL.fWt.Ty 

596 
LALPTVTDQ 
EMLP'l'V ••• 
QALPTVTSA 

EATPVPPTGDS EATPVPPTGDS ETAPVPPTGDS GAPP 
VGDHTPPKDDS EAAPVPPTDDS DGGPVPPTDDS Q'rl'P 
GASLLPPEDNS QASPVPPADNS GAPTEPSAGDS .... 

• aLPTVt •••• a ••• PP.ddS.eA.PVPPtddS •••• pvPpt9DS •••• p 

642 
VPP'l'GDS GAPPVPPTGDS GAPpVPP'l'GDS GAPPVPPTGDS GAPPVP 
VPPl'DNS QA ••••••••• . .......... . .......... . ..... ....... . . . . . . . . . . . ........... . .......... . ..... 

Consensus .••••• s .• a .•.••••.•••••....••.•••.•.•..••.•.•.•••• 
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Fig.5 (313) 

689 
PTGDS GAPPVPPTGDS GAPPVPPTGDS GPPPVTP'l'GDS GAPPVPPTG . . . . . . . . . . . . . . . . ........... . .......... . ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . ........ 
.................................................... 

735 
DS GAPPVTP'l'GDS ETAPVPPTGDS GAPPVPPTGD SEAAPVPPl'DDS 
. . . . . . . . . . . . . . . . . . . . . . . . . ......... •••••••• • GOS . . . . . . . . . . . . . . . . . . . . . . . . .......... . ........... 
• • • • • . • • • . • • • . . . • • • • . . • . • • . . • • • • , ••.....••.•..••. ds 

XE.AQMPAVIRF 
VE.AQMPGPIGF 
.EVAQMPVVIGF 

.e.AQMP.vI9F 
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AICLGAVYTEGGFVEGVNKKLGLLGDSVDIFKGIPPAAPTL\LBNPQPHPGWQGTLltAJCNP 

70 90 110 

KKRCLQATITQDSTYGDEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGHGANPL 

130 150 170 

NNYLYDGEEIATRGNVIVVTFNYRVGPLGFLSTGDANLPGNYGLRDQHMAIAWVKRNIAA 

190 210 230 

PGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSPWVIQKNPLFWAKICV 

250 270 290 

AEKVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAGLEYPMLHYVGPVPVIDGDPIPADP 
-----Axon-a--

310 330 350 

INLYANAADIDYIAGTNNMDGHIFASIDMPAINKGNKKVTEEDFYKLVSBPTITKGLRGA 

370 390 410 

KTTFDVYTESWAQDPSQENKKXTVVDFETDVLFLVPTEIALAQHRANAKSAKTYAYLFSH 

=--------------exon b -----------------------------430 450 470 

PSRMPVYPKWVGADHADDIQYVFGKPFATPTGYRPQDRTVSKAMIAYWTNFAKTGDPNMG 
-~~--------.exon c-----------------

490 510 530 

DS~~WEPYTTENSGYLEITKKMGSSSMKRSLRTNPLRYWTLTYLALPTV'l'DQBATPV -==--------------- exon d I 
550 570 590 

PPTGDSEATPVPPTGDSETAPVPPTGDSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGD 

610 630 650 

SGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGDAGPPPVPPTGDSGAPP 

670 690 710 
"¥.i. • ••• • ·. 

VPPTGDSGAPPVTPTGDSETAP';'gP~GDSGAPPVPP'l'GDSEA.A~PTDDSKBAQMPAVI 

RF 
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DERIVATIVES OF HUMAN BILE-SALT STIMULATED 
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM'30JAN1997 

Field of the invention 

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

REPLACEMENT SHEET 
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Background to the invention 

The human lactating mammary gland synthesizes and secretes 
with the milk a bile salt-stimulated lipase (BSSL) [1] 
that, after specific activation by primary bile salts [2, 
57, 58], contributes to the breast-fed infant's endogenous 
capacity of intestinal fat digestion [3-5). This enzyme, 
which accounts for approximately 1\ of total milk protein 
[6], is a non specific lipase; in vitro it hydrolyses not 
only tri-, di- and monoacylqlycerols, but also 
cholesteryl-, and retinyl esters, and 
lysophosphatidylglycerols [7-10]. Furthermore, its 
activity is not restricted to emulsified substrates, but 
micellar and soluble substrates are hydrolyzed at similar 
rates [11]. 
BSSL·is not degraded during passage with the milk through 
the stomach, and in duodenal contents it is protected by 
bile salts from inactivation by pancreatic proteases such 
as trypsin and chymotrypsin (2,11]. It is, however, 
inactivated when the milk is pasteurized, e.g. heated to 
62.S °C, 30 min [12]. Model experiments in vitro suggest 
that the end products of triacylglycerol digestion are 
different in the presence of BSSL [5,7]. Due to lower 
intralwrainal bile salt concentrations during the neonatal 
period [13,14) this may be beneficial to product 
absorption [S,15]. 
The carboxylic ester hydrolase (CEH) of human p~ncreatic 
juice [16] seems functionally to be identical, or at least 
very similar, to BSSL [8]. They also share conunon epitopes 
[8,17], have identical N-terminal amino acid sequences 
[li] and are inhibited by inhibitors of serine esterases, 
e.g. eserine and diisopropylfluorophopsphate [6,8,16]. It 
has bP,en hypothesized that the two enzymes are products of 
the same gene [18,19]. The observed molocular size 
difference [8,19] could be explained by different patterns 
of glycosylation, as recently suggested [17). 
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Dietary lipids is an important source of energy. The 
energy-rich triacylglycerols constitute more than 95\ of 
these lipids. Some of the lipids, e.g. certain fatty acids 
and the fat soluble vitamins, are essential dieatary 
constituents. Before gastro-intestinal absorption the 
triacylglycerols as well as the minor components, i.e. 
esterified fat-soluble vitamins .and cholesterol, and 
diacylphosphatidylglycerols, require hydrolysis of the 
ester bonds to give rise to less hydrophobic, absorbahle 
products. These reactions are catalyzed by a specific 
group of enzymes called lipases. 
In the human adult the essential lipases involved are 
considered to be gastric lipase, pancreatic colipase­
dependent lipase (tri- and diacylglycerol hydrolysis), 
pancreatic phospholipase A2 (diacylphosphatidylglycerols) 
and carboxylic ester hydrolase (cholesteryl- and fat 
soluble vitamin esters). In the breast-fed newborn bile 
salt-stimulated lipase plays an essential part in the 
hydrolysis of several of the above mentioned lipids. 
Together with bile salts the products of lipid digestion 
form mixed micelles from which absorption occurrs (3-5). 

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

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

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

_ alkaline environment of the jejunum. However, many 
patients suffering from pancreatic disorders have an 
abnormally acid jejunum and such tablets may fail to 
discharge the enzyme and may therefore be ineffective. 
Moreover, since the preparations presently on the market 
are of a non-human source there is a risk of 
immunoreactions that may cause harmful effects to the 
patients or result in reduced therapy efficiency. 
A further ·drawback with the present preparations is that 
their content of other lipolytic activities than colipase­
dependent lipase are not stated. In fact, most of them 
contain very low levels of CEH/BSSL-activity. This may be 
one reason why many patients, suffering from cystic 
.fibrosis in spite of supplementation therapy, suffer from 
deficiencies of fat soluble vitamins and essential fatty 
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acids. 
Thus, there is a great need for products with properties 

and structure derived from hwnan lipases and with a broad 

substrate specificity, which products ·may be orally 

administered-to patients suffering from deficiency of one 

or several of the pancreatic lipolytic enzymes. The 

products of the present invention fulfil this need by 

themselves or in combination with other lipases or in 

combination with preparations containing other lipases. 

Furthermore, for some hwnan infants there is an obvious 

need to improve fat utilization from conventional infant 

formulas, or pasteurized human milk from so-called milk 

banks. 
BSSL has several unique properties that makes it ideally 

suited for substitution and supplementation therapy: 

It has been designed by nature for oral administration. 

Thus, it resists passage through the stomach and is 

activated in contents of the small intestine. 
Its specific activation mechanism should prevent 

hazardous lipolysis of food or tissue lipids during 

storage and passage to its site of action. 
Due to its br~ad substrate specificity it bus the 

potential to, on its own, mediate complete digestion of 

most dietary lipids, including the fat soluble ·vitamin 
esters. 
BSSL may be superior to pancreatic colipase-dependent 

lipase to hydrolyze ester bonds containing long-chain 

polyunsaturated fatty acids. 
In the presence of gastric lipase and in the absence of, 
or at low levels of colipase-dependent lipase BSS!. can 

ascertain a complete triacylglycerol digestion in vitro 

even if the bile salt levels are low such as in newborn 

infants. In the presence of BSSL the end products of 
triacylglycerol digestion become free fatty acids and free 

glycerol rather than free fatty acids and monoa01•lglycerol 
generated by the other two lipases (5). This may favour 

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

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

Prior art references are· given later in this 
specif icatio11. 
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The present invention is based on the cloning of cDNA 
coding for BSSL derived from human mamnary gland. We have 
also isolated~ from human pancreas, a partial cDNA coding 
for CEH. Deduced amino acid sequences from the human 
cDNA'·s and comparison with CEH from other species, support 
the interpretation that BSSL and CEH are identical. 

As will be further detailed below, it was surprisingly 
found that the structure of the protein as deduced from 
the cDNA sequence is quite different from the structure of 
other lipases. The structure proved unexpectedly to be 
more like the structure of typical esterases, such as 
cho1inesterase. 
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With reference to Figure II and Figure VII, products of 
the invention are: 

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

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

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

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

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

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

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

h) combinations of proteins defined under .ti) ·• q) in 
combination with one or more of the repeats according to 
Figure V, 

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

It should be noted that tho proteins unde!: a, b, c, d, e, 
£, h and i above will not be identical in all respects to 
naturally occurring BSSL, but they will exhibit one or 
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more of the critical function• of naturally occurring 
BSSL. Critical functions are given below. 

j) a DNA sequence coding for the proteins defined in a, 
b, c, d, e, f, h and i above. 

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

a) a DNA sequence 151-2316 according to Fig. II, coding 
for the protein defined by the amino acid sequence 1-722 
in Fig. VII, 
b) a DNA sequence 151-1755 according to Fig. II, coding 
for the protein defined by the amino a~id $equence 1-535 
in Fig. VII, 
c) a DNA sequence 151-985 according to Fig. II, coding 
for the protein defined by the amino acid sequence 1-278 
in Fig. VII,. 

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

f) a DNA s~quence 151-1574 according to Fig. II, coding 
for the protein defined by the amino scid sequence 1-474 
in Fig. Vil, 

g) a DNA sequence 986-1172 according to Fig. II, coding 
for the protein defined by the amino acid sequence 279-341 
in Fig. VII, 
h) a DNA sequence 986-1376 according to Fig. II, coding 
for the protein defined by the amino acia sequence 279-
409 in Fig .. Vll, 

1) a DNA seq\lence 986-1574 according to Fig. II, coding 
for the protein defined by the amino acid sequence 279~474 
in Fig. VII, 
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j) a DlfA •eciuenc• 1173-1376 accor41ng to rig. II, codlnf 
for the protein defined by tbe ..S.no acid sequence 342-401 
in l'ig. VII, 
Jt) a DNA sequence 1173-1574 according to Fig. II, cod.1119 
for the protein defined by the amino acid sequence 342-474 
in Fig. VII. 

Significant functions of proteins of the invention are 

a) suitable for oral administration, 

b) being activated by specific bile salts, 

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

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

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

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

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

h) Dependency on bile salts for optimal activity. 

i) Stability so that gastric contents will not affect the 
.. .. -----·-·---·. 

catalytical efficiency to any substantial deg-ree. 
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j) Stability towards inactivation by pancreatic 
proteases, e.g. trypsin, provided bile salts are present. 

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

1) Ability to bind to lipid-water interphases. 

m) Stability to permit lyophillzation. 

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

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

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

suitable expression organisms: 

With the recombinant DNA techniques it is possible to 
clone and express a protein of interest in a variety of 
prokaryotic and eukaryotic host organisms. Possible 
expression organisms are bacteria, simple eukaryots 
(yeast), animal cell cultures, insect cell cultures, plant 
cell cultures, plants and transgenic animals. Bach 
individual system has its own particular advantag~s and 
disadvantages. The simple conclusion is that every gene.to 
be expressed is a unique p1;oblem and no standard solution 



·' 

REPLACEMENT SHEET 

f--~~ ;~~ m7] 
t '·--·-

i• available. 

12 

Commonly used bacterial ay•t- are •· Coli, Bacillua 
auhtilia, streptomyc:ea. Connonly used yea•t• are 
saccharomyces, and Picllia Paatori•. CClllllOllly used. ant•l 

cells are CHO cells and o:>s cells. Connonly used insect 
cell cultures are Drosophila derived cells. 

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

Possible bacterial vectors are exemplified by pUC and 
protein A-vectors. 
Possible yeast vector is exemplified by ~ 91. 
Possible insect vectors are devired from Baculo-virus. 
Possible animal cell vectors are derived from SV/40. 
Possible.plant vectors are derived from the Ti-plasmid. 
In every system, both natural and synt;h_!!_t_i~ _pr~ters and 
terminators can be used. 

It is understood that depending on the choice of 
expression system, the expressed protein may contain an 
additional N-terminal amino acid (methionine), contain a 
few extra amino acids, or be fused to a heterologous 
protein, (e.g. protein A), or differ from the naturally 
occurring protein witb respect to glycosylation. 
Furthermore, the vectors may also contain signal sequences 
in order to export the protein to the periplasm or to the 
culture medium. 
Thus, further aspects of the invention are: 
a) a vector comprising a DNA sequence coding for a 

protein as specif led above, 
b) a host organism comprising a DNA sequence as 

specified above, 
c) a process for the production of a protein as 

specif led above, by growing a host organism 
containing a vector as specified under a) above and 

isolating the pro~ein. 
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Methods fran purification are baaed on the expression 
system used (e.g. protein A/IgG) and/or on methoda used 
for purification of the naturally occurring enzyme, aa 
described in reference 6. 

Additional aspects of the invention are: 

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

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

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

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

-the use of a protein as specified above for the 

manufacture of a medicament for the treatment of chronic 
pancreatitis, 

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

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

-the use of a protein as specified above forttbe 
manufactur.e of a medicament for . the treatment of fat 
malabsorption due to physiological reasons, e.g. in new-
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The DNA sequence in 1'19. II fran position 151 up to and 
including position 2316 ia the sequence coding for the entire 
protein., The sequence from position 2317 up to and including 
position 2415 is not translated to protein, but is included 
in exon d identified in Table 2 below. 

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

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

Experimental part 

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

Enzymes 
Bile salt-stimulated lipase EC 3.1.1.3 
Carboxylic ester hydrolase EC 3.1.l.1 
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Material and Methods 

A. BnQme and antibody preparation 

BSSL was purified from human milk as previously described 
[ 6] • When used for antibody production the enzyme was 
further purified by SDS-PAGE. The protein band 
corresponding to the lipase was, after staining with 
eoomassie Brilliant blue, electroeluted from the gel. 
Twentyfive ~g of purified enzyme, together with an equal 
volume of Freund's complete adjuvant, was used for a first 
i. c. injection and the same an1ount of enzyme with 
incomplete adjuvant for the subsequent monthly booster 
injections. The rabbits were bled about two weeks after 
each booster and sera prepared and stored at -20 °C. 

B. "Preparation of t:rn>tic fragments and amino acid 
sequence analysis 

Three mg of purified BSSL was dissolved in 1 ml Qf O.lM 
Tris-Cl buffer, pB 8.5, containing 6M guan!dinium 
hydrochloride and 2 mM BDTA. Dithioerythritol was added to 
SmM. After incubation at 37 °C for: 2h~ 300 µl 50 DIM 
iodoacetate was added. After 90 nain incubation at 25 °C in 
darkness the reduced and carbor,11Dethylated enzyme was 
desalted on a Sephades G-25 column, equilibrated with 
O.SM anunonium bicarbonate. Thirty ~g of tosyl~L­
phenylalanine chloromethane treated bovine trypsin 
(Worthington diagnostics system Inc., Freehold, NJ, USA) 
was added before lyophilization. The lyophilized protein 
was dissolved in 4 ml 0. lM air.moni um bicarbonate and an 
additional 90 µg of trypsin was .added. After Sh incubation 
at 37 °c the protein was again lyophilized. The tryptic 
digest was dissolved in 0.1\ trifluoroacetic acid 
(2mq/ml). Three hundred µg of trypsinated BSSL was 

.chromatoqraphed on HPLC using a c-18 reversed phase column 
and eluted with a gradient of 0-50\ acetonitrile in 0.1\ 
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trifluoroacetic acid. Peptide collection was monitored by 
continuous recording of the ahsorbance at 215 nm. Peptides 
to be sequenced were further purified by rechromatography 
using the same column with adjusted gradients. 
Samples of peptide fragments to be sequenced were ~ried 
under nitrogen to remove acetonitrile and applied to the 
sequencer. For N-terminal sequence analysis, native BSSL 
was dissolved in 0.1% acetic acid. Sequence analyzes were 
performed on an Applied Biosystems Inc. 477A pulsed 
liquid-phase sequencer-and on-line PTH 120A analyzer with 
regular cycle programs and chemicals from the 
manufacturer. Initial and repetitive yields, calculated 
from a sequenced standard protein, 8-lactoglobulin, were 
47 and 97%, respectively. 

c. Isolation of BRA 

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

D. construct:ion. and screening of cmA librariea 

Approximately 15 µ.g poly-adenylated RNA.from human 
pancreas was denatured with methyl mercuric hydroxide [22] 
and primed with oligo (dT) 12-1a primers (Pharmacia, 
Uppsala, Sweden), and reversely transcribed using· 
standard procedures [23). Second-strand synthesis was 
carried out according to Gubler and Hoffman [24], except 
that DNA ligase and 8-NAD were omitted, and the reaction 
temperature was set at 15 °c. Excess RNA was digested with 
RNAse A (50µ.g/Jr.l), and the double-stranded cDNA was 
treated with EcoRI methylase [25). Ends were blunted with 
Klenow enzyme. Af~er ligation to BcoRI linkers and 
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cleavage with BcoRI the cDNA waa frac.tionated on a 

Sepharose 4B-Cl column. The void volume fraction was· 

preci.pitated with ethanol and the cDNA ligated into the 

EcoRI site of a phosphatase treated gtll vector [25). In 

vitro packing yielded more than 7x105 recombinants. 

A cDNA library from human mammary gland, derived from 

tj.ssue obtained from a women at the eighth month of . 

pregnancy, was purchased (Clontech Laboratories, Inc., 

Palo Alto, CA; USA). 

Phages from the cDNA libraries were plated at Sx10• plaque 

forming units per 120-nm dish. The antiserum was dl!uted 

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

to Young and Davis [27). Alkaline-phosphatase-conjugated 

goat-anti-rabbit antibodies were used as second antibodies 

(Bio-Rad, Richmond, CA USA). To isolate clones 

corresponding to the 5'-end of the mBNA, nucleic acid 

hybridization was done under standard conditions [23] 

using a subcloned fragment from on~ of the inlllunopositive 

clones as a probe. 

B. RD ana1ysis 

Electrophoresis was carried out in a l\ agarose gel in 

40mM MOPS buffer pH 7.0 after denaturation with glyoxal 

and dimethylsulfoxide (28]. Glyoxalated total RNA was then 

transferred to nitrocellulose filters [29]. The blots ware 

probed with subclones of BSSL and CEH recombinants that 

were labelled by the oligo-labeling technique (30]. 

PrehyLridization and hybridization were carried out with 

50\ formamid at 46 °c [23]. Posthybridization washes wcra 

performed at high stringency (0.1\ SDS and O.lxSSC at 

60° C). (lxSSC, O,lSM NaCl, 0.0015M Na3 citrate, pH 7.6). 

P. R'Ucleotide &eC)UeDCe 
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cDNA inserts fran BSSL and CBB recombina.'lts were either . 
directly cloned into M3mp18 and mp19 after sonication and 
size fractionation or some of them were further subcloned 
into p'l'Zl9R after digestions with PstI, BstXI, NarI, SmaI 
and AhaII. The nucleotide sequence was determined by the 
dideoxy chain-termination method [31]. The GC-rich repeats 
(see below) were also sequenced with TaqI polymerase and 
de 7 GTP. Both strands were sequenced. Sequence information 
was retrived from autoradiograms by use of the software 
MS-EdSeq as described by Sjoberg et al [SS]. 

G. Amino acid sequence predictions and b<alloqies. 

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

Results and Discussion 

A. sequences of t:rJptic fragments and the R-tend.nus of 

BSSL 

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

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

Th111m1mt1i11nr 
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lysine in Wang & Johnson's. 

B. Rucleotide sequence of BSSL 

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

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

_a 118 bases long probe detived from the most 5'proximal 
part of ABSSL. One clone was isolated that continued a 
further 328 nucleotides upstream. It matched the N­
terminal amino acid sequence, and contained the remaining 
tryptic fragment. As shown in Fig. II, the cDNA is 2428 
nucleotides long and contains 81 bases upstream from the 
first ATG codon. The polyadenylation signal,· AATAAA is 
located 13 nucleotides upstream from the poly A tail and 
the termination codon TAG was found at nucleotide 2317 
followed by a 3'-untranslatcd region of 112 bp. 
A GC rich region consisting of 16 repeats.of 33 bases was 
found in the 3'-end of ·the sequence between base 1756 and 
2283. The nucleotide sequerace of the repetition, shown 
in Fig. III, consists of six identical repetitions 
surrounded by ten repetitio:1s with different number of 
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substitutions that have probably occurred after several 
duplications. The low number of substitutions suggests 
that these repetitions have appeared late during 
evolution. 

c. Tissue distribution of expression 

.· 
RNA from human lactating mammary gland, pancreas, adipose 
tissue and from a human hepatoma celline (HepG2) was 
analyzed by Northern blotting. The size of the messenger 
was determined to be approximately 2.5 kb in both 
lactating mammary gland and pancreas. No signal could be 

detected in che lanes-with RNA extracted from HepG2 or 
adipose tissue (Fig. IV). 
Since the 1aRNA used for the mammary gland library was 
obtained from a female in her 8th month of pregnancy, it 
is evident that transcription and probably translation of 
the BSSL gene is turned on before partua, in agreement 
with previous findings on BSSL secretion before partus 
[35]. See Figure IV. 

D. Amino acid sequence of BSSL 

Assessed by SDS-PAGB the molecular mass has been reported 
to be 107-12!' kOa [8,36] and by analytical 
ultracentrifugation to be 105 kDa [37]. The enzyme, as 
deduced from the cDNA, consists of 722 amino acid residues 
(Fig. II) which, giving a molecular mass of 76.271 Da, 
indicates that the enzyme contains-at least 15-20' 
carbohydrate. The leader sequence is 23 residues long. A 
tentative active site serine residue is localized to 
serine-217 (Fig. V). The sequence around this serine 
accord with the consensus active site sequence of serine­
hydrolases [38}. It has recently been it was proposed that 
basic residues found close to the active site serine may 
be involved ir. the cleavage of esterbonds in acylglycerols 
by lipases [39j. It is interesting to note that such 
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residues are not present in BSSL. The single tentative H-
glycosylation site is localized only seven residues from J 

the serine. The degree of glycosylation (6,16) suggests 
that the enzyme contains 0-linked carbolydrate. There are 
numerous sites where such glycosylation could have 
occurred. The amino acid composition based on purified 
enzyme has shown a high content.of praline residues [6]. 
The amino acid sequence obtained from cDNA confirms this. 
Moreover, most of the proline res~dues are localized in 
the 16 repeats of 11 residues each, constituting the main 
part of the c-terminal half of the enzyme. 

B. CCmparison of the enzpes in 111Aft!M.rY gland (BSSL) and 
pancreas ( CBB) 

BSSL of human milk and human pancreas CBB have previously 
been shown to be similar, if not identical. The present 
data strongly suggests that the two enzymes are products 

·of the same gene. ~e nucleotide sequence of the cDNA 
clones shows that the pancreatic clone ACBB is identical 
with the mammary gland clone ABSSL from the poly A tail 
L~d 996 bases towards the 5'-end, including the sequence 
coding for the proline rich repeats. Northen blot gave a. 
single band of 2.S_kb in RNA from pancreas and lactating 
mammary gland (Fig. IV). Genomic Southern blots fucther 
support the idea that only one gene codes for BSSL and 
CEH. The difference in mobility on SDS-PAGE between BSSL 
and CEH can be explained as a consequence of dif f er~nt 
glycosylation or differential splicing. 

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

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

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

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

With reference to Figures I-VII, the following legends are 
given. 
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Figure I: Separation of the tnptic digest of BSSL OD HPLC 

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

Figure II: The cDNA nucleotide seguence and the deduced 
amino acid sequence for human bile sa·lt-stimulated lipase: 

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

Figure III: The nucleotide seqµence of the c-terminal Ge­
rich repetitions in the bile salt-stimulated lipase: 

Substitutions are indicated by a *· 

Figure IV: Northern blot hybridization 

Nortbe1·n blot analysis of total RNA isolated from human 
lactating mammary gland, pancreas, adipose tissue and a 
human hepatoma cell line (HepG2). Total TNA (10µ.g) from 
lactating manmary gland (lane A), pancreas (lane B), 
adipose tissue (lane C) and BepG2 (lane D) were 
electrophoresed in a 1' agarose gel in 40mM MOPS buffer at 
Ph 7.0 after denaturation of RNA in lM glyoxal, 50' 
dimethylsulfoxide and 40mM MOPS. The glyoxalated RNA was 
then t=ansferred to nitrocellulose paper for hybridization 
with [ 32 P] labeled BSSL cDNA (ABSSL). 
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Pi<1Ure V: Comparison of the deduced amino acid sequence 

from human milk BSSL, rat pancreatic lysophospholipase 

(Ratlpl) [40) and bovine pancreatic cholesterol esterase 

(Bovceh) [41]: 

The serine residues involved in the active site are 

indicated by a*, and the I indicates the single possible 

N-glycosylation signal of the protein. The direct repeats 

of amino acid sequences are boxed. Matching seq"J.ences are 

denoted in capital letters, matching sequences: between two 

enzymes are denoted in small letters and mismatching with 

a dot. 

Figure VI: Comparison of the primary structure of BSSL to 

other esterases, thxroglobuline and to one c-A.l't!P dependent 

enz'Y!lle from Dictyostelium discoideum: 

BSSL: bile salt stimulated lipase from human, Cheshum: 

cholinesterase from fetal human tissue [SO], Torpace: 

acetylcholinesterase from Torpedo marmorata (51], 

Drosceh: carboxylic ester hydrolase from Drosophila 

melaogaster [52], Ratlivce: carboxyl esterase from rat 

_liver [53), Drosace: acetylcholinesterase. from Drosophila 
melaogaster [54], Thyrhum: thyroglobulin from human [49) 
and Diet.Di: c-AMP dependent enzyme from Dictyostelium 

discoideum [46). There are 7 different domains that show 

similarities between the enzymes. Boxes enclose residues 

which are identical and small letters in the r,onsensus 

sequence indicate identical residues in all the enzymes 
except for one. Dots indicate mismatches. The serine 

residue involved in the active site is indicated with *· 
The figure in the right hand corner shows how the domains 

are oriented. 

111111u1r11nr 
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gives the amino acid sequence 1 - 722 for the entire 
protein (one letter code) and indicates exons a, b, c, 
and d. The sign t indicates the starting point of the 
repetition part. 
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Table 1 .. Amino acid sequence of BSSL peptides .. 

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

----------------------------------------------------------
Tryptic fragments 

----------------------------------------------------------
TP16:LysVa1ThrGluGluAspPheTyrLys 

TP19:GlyileProPheAlaAlaProThrLys 

Tp20:LeuValSerGluPheThrileThrLys 

TP24:ThrTyrAlaTyrLeuPheSerHisProSerArg 

Tl?26:PheAspVa1TyrThrG1USerTrpAlaGlnAsp 

.ProserGlnGluAsnLys 

----------------------------------------------------------
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Table 2: Identification of the exou a, b, c and. d 
numbered a• in PiQ'Ur•• II and VII. 

ex on Location 
between nucleotide number between aminoacid 

number 

--------------------------------~--~----~-----------------
a 

b 

c 
d 

the entire 
protein 

the entire 
protein 
excludi119 
repetitions 

986-1172 
1173-1376 

1377-1574 
1575-2415 

151-2316 

151-1755 

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

1-722 

1-535 

---------------------------------------------------------~ 
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What we claim is: 

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

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

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

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

to position 341. 

s. A protein as indicated in Figure VII from position 1 

to position 409. 

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

to position 474. 

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

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

9. A protein according to any of claims 1-8, possessing 

methionine as additional N-terminal amino acid. 

10. A protein according to any of claims 1-9, exhibiting 
one or several of the critical runctions of 
naturally occurring bile salt-stimulated lipase. 
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11. A functionally equivalent variant OS mtant of & 
protein according to any of clailla 1-t. 

12. A DNA sequence cod1D9 for a protein wlth the amino 
acid aequence.accor4J.DCJ to clala 1. 

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

14. A DRA sequence codiD9 for a protein with the amino 

acid sequence according to any of claima 3, 4, 5, 6, 
7, 8, 9, 10 and 11. 

15. A DRA sequence defined 1Jy the followl119 nucleotide 
number• in Figure II: 

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

16. A vector comprising a DNA sequence coding for a . . . 
protein according to claima 1 - 11 

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

18. A boat organism transformed with • ~i:or accor~ng 
to claims 16 or 17. 
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19. A proceaa for the production of a protein according 
to claima 1 - 11 by growill9 a boat organi• 
containing a vector accorcllng to clailu 16 or :1;'1, and 

isolat~ng the protein. 

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

21. A pharmaceutical compositio~_c0mprising a protein 
according to any of claimsl-11 in combination with 
a lipase or in combination with preparations 
containing lipases. 

22. The use of a protein according to any of claims 1 -
11, for the manufacture of a medicament for the 

treatment of a pathological condition related to 

exocrine pancreatic insufficiencr. 

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

24. The u.se of a protein according to any of claims 
1 - 11 as a supp1ement to an infant food formulation. 

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

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

. 27. The use of a protein accordin to any o~ claims 1-11 

for the manufacture of a medicament for the 
tre-£tment of malabsorption of fat sQl~l.e vJ.t~!na_. ______ _ 
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28. The use of a protein according to any of claims 1-11 
for the manufacture of a medicament for the 
treatment of fat malabsorption due to physiological 
reasons~ 

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

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

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

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

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

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

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

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

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



REPLACEMENT SHEET 

! ~ o ::N1J97 I 
L--- .. 

38 

DERIVATIVES OF HUMAN BILE-SALT STIMULATED LIPASE, 

AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM 

Abstract 

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

FIGURE 2. 
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30 50 

ACCTTCTGTATCAGTTAAGTGTCAAGATGGAAGGAACAGCAGTCTCAAGATAATGCAAAG 

70 90 110 

AGTTTATTCATCCAGAGGCTGATGCTCACCATGGGGCGCCTGCAACTGGTTGTGTTGGGC 

MatLeuThrMetGlyArgLeuGlDLeuValValLeuGly 

130 150 170 

CTCACCTGCTGCTGGGCAGTGGCGAGTGCCGCGAAGCTGGGCGCCGTGTACACAGAAGGT 

LeuThrCysCysTrpAlaValAlaSerAlaAlaLysLeuGlyAlaValTyrTbrGluGly 

190 210 230 

GGGTTCGTGGAAGGCGTCAATAAGAAGCTCGGCCTCCTGGGTGACTCTGTGGACATCTTC 

GlyPheValGluGlyValAsnLysLysLeuGlyLeuLeuGlyAspSerValAspilePhe 

·2so 27~ 290 

AAGGGCATCCCCTTCGCAGCTCCCACCAAGGCCCTGGAAAATCCTCAGCCACATCCTGGC 

LysGlyileProPheAlaAlaProThrLysAlaLeuGluAsnProGlnProHisProGly 

310 330 350 

TGGCAAGGGACCCTGAAGGCCAAGAAC'l'TCAAGAAGAGATGCCTGCAGGCCACCATCACC 

TrpGlnGlyThrLeuLysAlaLysAsnPheLysLysArgCysLeuGlnAlaThrileThr 

370 390 410 

CAGGACAGCACCTACGGGGATGAAGACTGCCTGTACCTCAACATTTGGGTGCCCCAGGGC 

GlnAspSerThrTyrGlyAspGluAspCysLeuTyrLeuAsnileTrpValProGlnGly 

.. 30 450 . 470 

AGGAAGCAAGTCTCCCGGGACCTGCCCGTTATGATCTGGATCTATGGAGGCGCCTTCCTC 

Ar9LysGlnValSerAr9AspLeuProValMetileTrpileTyrGlyGlyAlaPheLeu 

490 51.0 . 530 

ATGGGGTCCGGCCATGGGGCCAACTTCCTCAACAACTACCTGTATGACGGCGAGGAGATC 

MetGlySerGly~isGlyAlaAsnPheLeuAsnAsnTyrLeuTyrAspGlyGluGluile 

F:CGURE 2 - 1/5 
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GCCACACGCGGAAACGTCATCGTGGTCACCTTCAACTACCGTGTCGGCCCCCTTGGGTTC 

AlaThrAr9GlyAanValileValVal'l'hrPheAanTyrAr9ValGlyProLeuGlyPhe 

610 . .630. 650 

CTCAGCACTGGGGACGCCAATCTGCCAGGTAACTATGGCCTTCGGGATCAGCACATGGCC 

LeuSerThrGlyAapAlaAsnLeuProGlyAsnTyrGlyLeuArgAspGlnHiaMetA.la 

670 690 710 

ATTGCTTGGGTGAAGAGGAATATCGCGGCCTTCGGGGGGGACCCCAACAACATCACGCTC 

IleAlaTrpValLysArgAanileAlaAlaPheGlyGlyAspProAsnAsnileThrLeu 

130 750 770 

TTCGGGGAGTCTGC'l'GGAGGTGCCAGCGTCTCTCTGCAGACCC'l'CTCCCCCTACAACAAG 

PheGlyGluSerAlaGlyGlyAlaSerValSerLeuGlnThrLeuserProTyrAsnLya 

790 810 830 .·. 
GGCCTCATCCGGCGAGCCATCAGCCAGAGCGGCGTGGCCCTGAGTCCCTGGGTCATCCAG 

GlyLeuileAr9Ar9AlaileSerGlnSerGlyValAlaLeuSerProTrpValileGln 

850 870 890 

AAAAACCCACTC'l'TCTGGGCCAAAAAGGTGGC'fGAGAAGG'l'GGGTTGCCCTGTGGGTGAT 

LysAsnProLeuPheTrpAlaLysLysValAlaGluLyaValGlyCysProValGlyAap 

r'< 
GCCGCCAGGATGGCCCAGTGTCTGAAGGTTAC~TCCCCGAGCCCTGACGCTGGCCTAT 

910 930 950 

AlaAlaArgMetAlaGlnCysLeuLysValTh(~ProArgAlaLeuThrLeuAlaTyr 

970 990 . 'l:.:I{ 1·010 
·•* 

AAGGTGCCGCTGGCAGGCCTGGAGTACCCCATQC·l'GCACTATGTGGGCTTCGTCCCTGTC 

LysValProLeuAlaGlyLeuGluTyrProMetLeuffisTyrValGlyPheValProVal 

1030 1050 1070 

ATTGATGGAGACTTCATCCCCGCTGACCCGATCAACCTGTACGCCAACGCCGCCGACATC 

IleAspGlyAspPheileProAlaAspProileAsnLeuTyrAlaAsnAlaAlaAspile 

FIGURE 2 - 2j5-



--------------------------------------~ 

1090 
- 4 -

1110 

R~PLACEMENT SHEET 

r 30JAN'9971 
I I 

1130 

GACTATATAGCAGGCACCAACAACATGGACGGCCACATCTTCGCCAGCATCGACATGCCT 

AspTyrileAlaGlyThrAsnAsnMetAspGlyHisilePheAlaSerileAspMetPro 

1150 1170 1190 
* 

GCCATC~CAAGGGCAACAAGAAAGTCACGGAGGAGGACTTCTACAAGCTGGTCAGTGAG 

AlaileAsnLysGlyAsnLysLysValThrGluGluAspPheTyrLyaLeuValSerGlu 

1210 1230 1250 

TTCACAATCACCAAGGGGCTCAGAGGCGCCAAGACGACCTTTGATGTCTACACCGAGTCC 

PheThrileThrLysGlyLeuArgGlyAlaLysThrThrPheAspValTyrThrGluSer 

1270 1290 1310 

TGGGCCCAGGACCCATCCCAGGAGAATAAGAAGAAGACTGTGGTGGACTTTGAGACCGAT 

TrpAlaGlnAspProSerGlnGluAsnLysLysLysThrValValAspPheGluThrAsp 

1330 1350 1370 

* GTCCTCTTCCTGGTGCCCACCGAGATTGCCCTAGCCCAGCACAGAGCCAATGCCAAGAGT 

ValLeuPheLeuValProThrGluileAlaLeuAlaGlnHisArgAlaAsnAlaLysSer 

1390 14~0 1430 

GCCAAGACCTACGCCTACCTGTTTTCCCATCCCTCTCGGATGCCCGTCTACCCCAAATGG 

AlaLysThrTyrAlaTyrLeuPheSerHisProSerArgMetProValTyrProLysTrp 

1450 1470 1490 

GTGGGGGCCGACCATGCAGATGACATTCAGTACGTTTTCGGGAAGCCCTTCGCCACCCCC 

ValGlyAlaAspHisAlaAspAspileGlnTyrValPheGlyLysProPheAlaThrPro 

1510 1530 1550 

ACGGGCTACCGGCCCCAAGACAGGACAGTCTCTAAGGCCATGATCGCCTACTGGACCAAC 

ThrGlyTyrAr9ProGlnAspAr9ThrValSerLysAlaMetileAlaTyrTrpThrAsn 

1570 1590 1610 .. 
TTTGCCAAAACAGGGGACCCCAACATGGGCGACTCGGCTGTGCCCACACACTGGGAACCC 

PheAlaLysThrGlyAspProAsnMetGlyAspSerAlaValProThrHisTrpGluPro 
. -···· -

FIGURE 2 - 3/5 

·· 111lli1f 1i1i1iif f 



1630 
- 5 -

1650 

REPLACEMENT SHEET 

3 o JAN m1 ,I 

1670 

TACACTACGGAAAACAGCGGCTACCTGGAGATCACCAAGAAGATGGGCAGCAGCTCCATG 

TyrThrThrGluAanSerGlyTyrLeuGluileTbrLyaLysMetGlySerSerSerMet 

1690 1710 1730 

AAGCGGAGCCTGAGAACCAAC'rl'CCTGCGCTACTGGACCCTCACCTATCTGGCGCTGCCC 

LysArgSerLeuArgT~rAsnPheLeuArgTyrTrpThrLeu~hrTyrLeuAlaLeuPrQ 

1750 1770 1790 

' ACAGTGACCGACCAGGAGGCCACCCCTGTGCCCCCCACAGGGGACTCCGAGGCCACTCCC 

TbrValThrAspGlnGluAlaThrProValProProThrGlyAspSerGluAlaThrPro 

1810 1830 1850 

GTGCCCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGGGCC 

ValProProThrGlyAspSerGluThrAlaProValProProThrGlyAapSerGlyAla 

1870 1890 ~ 1910 

CCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCC~CCGCCCACGGGTGACTCC 

ProProValProProThrGlyAspSerGlyAlaProPr~;oProThrGlyAspSer 
1930· 1950 '-<f~t 1970 

GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCCG'l'GCCGCCCACGGGT 

GlyAlaProProValProProThrGlyAapSerGlyAlaProProValProProThrGlr 

1990 . 2010 2030 

GACTCCGGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCCGTGCCGCCC 

AspSerGlyAlaProProValProProThrGlyAspSerGlyAJaPro~roV~lProPro 

2050 2070 2090 

ACGGGTGACTCCGGCGCCCCCCCCGTGCCGCCCACGGGTGACGCCGGGCCCCCCCCCGTG 

ThrGlyAspSerGlyAlaProProValProProThrGlyAspA.taGlyProProProVal 

2110 2130 2150 

CCGCCCACGGGTGACTCCGGCGCCCCCCCCGTGCCGCCCACGGGTGACTCCG~GGCCCCC 

ProProThrGlyAspSerGlyAlaProProValProP~oThrGlyAspSerGlyAl&Pr.o 

F:CGURE 2 - 4/5 .. 
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2170 2110 2210 

CCCGTGACCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGG 

ProValThrProThrGlyAapSerGluThrAlaProValProProThrGlyAspSerGly 

2230 2250 2270 

GCCCCCCCTGTGCCCCCCACGGGTGACTCTGAGGCTGCCCCTGTGCCCCCCACAGATGAC 

AlaProProValProProTbrGlyAapSerGluAlaAlaProValProProThrA~pAap 

2290 2310 2330 

TCCAAGGAAGCTCAGATGCCTGCAGTCATTAGGTTTTAGCGTCCCATGAGCCTTGGTATC 

SerLysGluAlaGlnMetProAlaValileAr9Phe 

2350 2370 2390 

AAGAGGCCACAAGAGTGGGACCCCAGGGGCTCCCCTCCCATCT-~GAGCTCTTCCTGAATA 

2410 
AAGCCTCATACCCCTAAAAAAAAAAAAA 

FIGURE 2 - 5/5 
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. 50 
MLTMGRLQLVVI.GL'l'CCWAVASAAKLGAVYTEGGFVEGVNICICIGLLG.DS 
••• MG~LFU;LTCCLAAACAAKLGALYTEGGFVEGVNICILSLI.GGDS 
•••• MLGASRLGPSPGCLAVASAAia..GSVYTEGGFVEGV'NlQtLSLPG. DS 

•••• 9rl •••• lg~tcclaaaaAAICLGavYTEGGFVEGVNKILsLlG.DS 

100 
VDIFI<:GIPFAAPTKALENPQPBPGWQGTLKAKNFKKRCLQATITQDS'l'YG 
VDIFKGIPFA. T~I.El!I'QRHP""AQCTY:ATQFURCIOATUQDDTYG 
VDIFKGIPFAAAPKALEKPKRHPGWQGTLKAKSFKI<RCLQATLTQDSTYG 

VDIFKGIPFAa •• KaLEnPqrHPGWQGTLICAk.Fl<ICRCLQATiTQDsTYG 

150 
DEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGBGAHFLNNYLYD 
QBDCLYLNIWYPQG.RI<QVSHDLPVMVWIYGGAFI.HGSGQGAllFLlCNYLYD 
NEDCLYLN:IWVPQGRKEVSHDLPVMIWIYGGAPLMGASQGAMPISNYLYD 

.EDCLYLNIWVPQGRKqVShDLPVMiWIYGGAFLMGsgqGANFL.NYLYD 

200 
GXKIATRGN'Vl:VVTFNYRVGPI.GFLSTGDANLPGNYGLRDQHMAIAWVKR 
GKICIATRANVIVVTFNYRVGPLGFLSTGDANLPGNFGLRDQHMAIAWVKR 
GIQQ:ATRGNVIVVTFNYRVGPLGFLSTGDSNLPGNYGLWDQHMJ.IAWVKR 

G1ClCIATR9NVIVVTFNYRVGPLGFIS~GDaNLPGNyGLrDQHMAIAWVKR 

# * 250 
NIAAFGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSP 
NIAAFGGDPNNITIFGESAGGAIVSLQTLSPYNKGLIRRAISQSGVALSP 
NIEAFGGDPDNITLFGESAGGASVSLQTLSPYNKGLIKRGISQSGVGLCP 

NiaAFGCDPDNITLFGESAGGAsVSLQTLSPYNKGLirRaISQSGVaLsP 

300 
WVIQICNPLFWAKI<VAl<ICVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAG 
WAIQENPLfWARTIAKKVGCPTEDTAKMAGCLKITDPRALTLAYRLPLKS 
WAIQQDPLFWAICRIAXKV'GCPVDDTSl<MAGCAKITDPRALTLAYKLPLGS 

WaIQ.nPLFWAK.iAKKVGCPV.DtakMAgClKiTDPRALTLAYklPL.s 

350 
LEYPMLHYVGFVPVIDGDFIPADPINLYANAADIDYIAGTNNMDGHIFAS 
qEYPXVEYIAFIPVVDGDFIPDDPINLYDNAADIDYLAGINDMDGHLFAT 
TEYPICIJIYLSFVPVIDGDFIPDDPVNLYANAADVDYIAGTNDMDGHLFVG 

.EYP.lHYl.FvpViDGDFIPdDPiNLYaNAADiDYiAGtNdMDGHlPa. 
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400 
IDMPAINKGNKXVTEEDFYKLVSEFTITKGLRGAKTTFDVYTESWAQDPS 
VDVPAIDI<AKQDVTEEDFYRLVSGHTVAXGLICGTQATFDIYTESWAQDPS 
MDVPAINSNKQDV'l'EEDFYKLVSGLTVTXGLRGANATYEVYTEPWAQDSS 

.OVPAink.kqdVTEEDFYkLVS9.TvtXGLrGa.aTfdvYTEsWAQDpS 

450 
QENI<KKTV'VDFETDVLFLVPTEIAIAQHRANAXSAKTYAYLFSHPSRMPV 
QENMKKTVVAFETDILFLIPTEMALAQHRAHAKSAKTYSYLFSHPSRMPI 
QETRICKTMVDLETDXLFLIPTKIAVAQHKSBAKSANTYTYLFSQPSRMPI 

QEn.K:KTvVdfETDiLFLiPl'eiAlAQHrahAKSAkTY.YLFShPSRMPi 

500 
YPKWVGADHADDIQYVFGI<PFATPTGYRPQDR'l'VSICAMIAYWTNPAXTGD 
YP'KWMGADHADDLQYVFGI<PFATPLGYRAQDR'rYSKAMIAYW'l'HPAICSGD 
YPKWMGADHADDLQYVFGKPFATPLGYRAQORTVSKAMIAYWTNFARTGD 

YPKWmGADHADDlQYVFGKPFATPlGYRaQDRTVSKAMIAYWTNFAktGD 

550 
PNMGDSAVPTHWEPYTTENSGYLEITlCI<MGSSSMICRSLRTNFLRYWTLTY 
PNMGNSPVP'l'HWYPYTMENGNYLDINICKITSTSMKEHLREKFLKFWAVTF 
PNTGHSTVPANWDPYTLEDDNYLEINKQMDSNSMl(LRTLTNYLQFWTQTY 

PNnG.S.VPthW.PYT.Kn.nYleinKkm.S.SMK.hLRtnfL.fWt.Ty 

596 
LALPTVTDQ 
EMLPTV ••• 
QALPTVTSA 

EATPVPPTGDS EATPVPPl'GDS ETAPVPPTGOS GAPP 
VGDHTPPKDDS EAAPVPPTDDS DGGPVPPTDDS QTI'P 
GASLLPPEDNS QASPVPPADNS GAPTEPSAGOS .... 

• aLPTVt •••• a ••• PP.ddS.eA.PVPptddS •••• pvPpt9DS •••. p 

642 
VPPTGDS GAPPVPPTGDS GAPPVPPTGDS GAPPVPPTGDS GAPPVP 
VPPI'DNS QA ••••••••• . .......... . .......... . ...... 
. . . . . . . . . . . . . . . . . . .............. . . . . . . . . . . . . ..... 
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so 

AICLGAVYTEGGPVEGVNKKLGLLGDSVDIFKGIPPAAPTICALBNPOPHPGWQGTLKARNP 

70 90 110 

KKRCLQATITQDSTYGDEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAPLMGSGHGANPL 

130 150 170 

NNYLYDGEEIATRGNVIVVTFNYRVGPLGFLSTGDANLPGNYGLRDQHMAIAWVKRNIAA 

190 210 230 

PGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSPWVIQKNPLPWAKICV 

250 270 290 

AEKVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAGLEYPMLHYVGPVPVIDGDFIPADP 
~~~~~-c:.xon-a,~~ 

310 330 350 

INLYANAADIDYIAGTNNMDGHIFASIDMPAINKGNKICVTBEDFYKLVSEPTITKGLRGA 

370 390 410 
. 

KTTFDVYTESWAQDPSQENKKKTVVDFETDVLFLVPTEIALAQHRANAKSAKTYAYLPSH 

=-------------~xon b ------------------------~~~~~ 
430 450 47(} 

PSRMPVYPKWVGADHADDIQYVFGKPFATPTGYRPQDRTVSKAMIAYWTNPAKTGDPNMG 
~~----~~~~~~~~exon c-~~~~~~~~~~-------

490 510 530 

DS~WEPYTTENSGYLEITKKMGSSSMKRSLRTNPLRYWTLTYLALPTVTDOBATPV 
=---------------- exon d I 

550 ·s10 590· 

PPTGDSEATPVPPTGDSBTAPVPPTGDSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGD 

610 630 650 

SGAPPVPPTGOSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGDAGPPPVPPTGDSGAPP 

670 690 710 

VPPTGDSGAPPVTPTGDSETAPVPPTGDSGAPPVPPTGDSEAAPVPPTDDSICEAQMPAVI ' 

RP 

FIGURE .7. 



REPLACEMENT S:IFETS SG 
"""~-.. ;,,,.,, .. .., • p"'c-"'.-'I. r to pa"'ed 33 ~· .... ~ ... ~\...· :" . .:-. : ... ~..!lJ:.A • ··.:~<.i-V!..Ai. ~ • ••• .... f, " ••• •• 

--~r •. '.._~·-· .• :r-\ • !1'!·::>-:r,-:-r~ '3lt. .. , .... n·"'r:ed ~+-,....t::J! '<;._.!!.::.a.· .. -'u:.~.~~~.1 .. 1 ~ ... "'!.·~ . .v-.J ~ ... -,,,.~tu !."'t..&
4
;,t ., •••• 

r~~-... ~-~.--l.,) . t ....... ,, .. ~ l to ,..,o.o·l"·d LL ~V'••»;_•~·.y> 'J.'·'•:''.>'-''-' • .,., ~- fc''-··v~' • ...:1:. 
,YA.bstrnct . : p;.;g~d ..... to p.2ged ..... 

03 FEB 1998 

-------------------. REPLACEMENT SHEET .. 

1 

~ .~ .~ ~Q.3 FEB.J998 
DATt OF, P..EL.EiPT ....... ............ . 

DERIVATIVES OF HUMAN BILE-SALT STIM~~~t-ff~~~~+*'~tei~~---l 
CAL COMPOSITIONS CONTAINING THEM 

Field of the invention 

The present invention relates to new DNA sequences, to new 
S proteins coded for by such DNA seque~ces, and to the use 

as further described below of such proteins. The invention 
nlso encompasses vectors, such as plasmid constructs, 
comp~ising such DNA sequences, bein9 capable of expressing 
the desired enzyme. The invention also includes host 

l.O organisms transfected with such const.ructs e.g. bacteria 
yeast, mammalian cells, and transgenic animals. The 
invention also includes processes for the preparation of 
th~ novel products of the invention. The new proteins of 
the invention are related to an enzynte, known i.a. as 

15 human bile salt-stimulated· lipase. 

20 

25 

30 

35 
. ·~,,.:- .. 

\ 
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Baekqround to the invention 

The human lactating marnmary gland synthesizes and secretes 
5 with the milk a bile salt-stimulated lipase (BSSL) (l] 

that, after specific activation by primary bile salts [2, 
57, 58], contributes to the breast-fed infant's endogenous 
capacity of intes~inal fat digestion [3-5]. This enzyme, 
which accounts for a~proximately l\ of total milk protein 

10 [6], is a non specific lipase; in vitro it hydrolyses not 
only tri-, di- and monoGcy!glycerols; but also 
cholesteryl-, and retinyl esters, and 

_ lysophosphatidylqly~erols [7-10·3. Furthermore, its 
activity is not restricted to emulsified substrates, but 

15 micellar and soluble sU:,strates are hydrolyzed at similar 
rates [ll]. 
BSSL is not degraded during passage with the milk through 
the stomach, and in duodenal contents it is protected by 
bile salts from inactivation by pancreatic proteases such 

20 as trypsin and chyinot~-psin (2,11). It is, however, 
inactivated when the ~ilk is pasteuriz~, e.g. heated to 
62.S 0 c, 30 min [12]. Mod.el experiments in vitro suggest 
that the end products of triacylglycerol digestion are 
different in the presence of BSSL [S,7]. Due to lower 

25 intraluminal bile salt concentrations during the neonatal 
period [13,14] thi~ !!aay be beneficial to product 
absorption [5,15]. 
The carboxylic ester hydrolase (CEB) of human pancreatic 
juice [16] seems functionally to be identical, or at least 

30 very similar, to BSSL [S). They also share cormnon epitopes 
[B,17], have identical N-terminal amino acid sequences 
[17] and are inhibited DY inhibitors of serine esterases, 
e_. g. eserine and diisopropylfluorophopspbate [ 6, 8, 16]. It 
has been hypothesized that the two enzymes are products of 

35 the same gene (18,19}. The observed molecular size 

difference [8,19] could be explained by diffe~e~~-p~t~~~n~ 
of glycosylation, as recently suggested ( l 71 • 

Thiif i1Uii1r111nr 
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Dietar.1 lipids is an important source of energy. The 
energy-rich triacylvlycerols constitute mere than 95\ of 
these lipids. Some of the lipids, e.g. certain fatty acids 
and the fat soluble vitamins, are essential dieatary 

S constituents. Before gastro-intestinal absorption the 
triacylglycerols as well as the minor components, i.e. 
esterif ied fat-soluble vitamins and cholesterol, and 
diacylphosphatidylglycerols, require hydrolysis of the 
ester bonds to give rise to less hydrophobic, absorbable 

10 products. These reactions are catalyzed by a specific 
group of enzymes called lipases. 
In the hu.~an adult the essential lipases involved are 
considered to be gastric lipase, pancreatic colipase­
dependent lipase (tri- and diacylglycerol hydrolysis), 

l S pancreatic phospholipase A2 ( diacylphospha tidylglycer.ols) 
and carboxylic ester bydrolase (cholesteryl- and fat 
soluble vitamin esters). In the breast-fed newborn bile 
salt-stimulated lipase plays an essential part in the 
hydrolysis of several of the above mentioned lipids. 

20 Together with bile salts the products of lipid digestion 
form mixed micelles from which absorption occurrs (3-5). 

Common causes of lipid malabsorption, and hence 
malnutriticn, are reduced intraluminal leavels of 

25 pancreatic colipase-dependent lipase an/or bile salts. 
Typical examples of such lipase deficiency are patients 
sufferi11g from cystic fibrosis, a comnon genetic disorder 
resulting in a life-long deficiency in som 80\ of the 
patients, and chronic pancreatitis, often due to chronic 

30 alcoholism. 

The pancreatic and liver functions are not fully developed 
at birth, most notably in infants born before term. Fat 
malabsor~tion, for physiological reasons, is a common 

35 findi~g ond thought to result from low intraluminal 
pancreatic co1ipase-dependent lipase and bile salt 
co:icentrc.tions (_3, ~ ~~-! ... 15) • Howt!yer, because of BSSL, such 
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' 
mala.bsorption is much less frequent in breast-fed inf ants 
than in infants fed pasteurized human milk of infant 
formulas (3-5, 12, 59, 60, 61). This is one reason why it 
has been advocated that newborn.infants, particularly 

5 preterm inf ants, that cannot be fed their own mothers milk 
should be fed non-pasteurized milk from other mothers 

(12). 

The present treatment of patients suffering from a 

10 deficiency of pancreatic lipase is the oral administration 
of very large doses of a crude preparation of porcine 

pancreatic enzymes. Colipase-dependent pancreatic lipase 
is inactivated by low pH. Such conditions are prevalent in 
the stomach, with the result that orally administered 

lS pancreatic lipase is virtually completely inactivated on 
the passage through the stomach to the gut. Therefore, 

this effect cannot be completely overccme by the use of 

large doses of enzyme. 'l'he large doses administered are 
inadequate for most patients, and the preparations are 

20 impure and unpalatable. certain tablets have been 
formulated which pass through the acid regions of the 
stomach and discharge the enzyme only in the relatively 
alkaline environment of the jejunum. ·sowever, many 
patients suffering from pancreatic disorders have an 

2 5 aifnormally acid jejunum and such tablets may fail to 
discharge the enzyme and may therefore be ineffective. 
Moreover, since the preparations presently on the market 
are of a non-human source there is a risk of 
immunoreactions that may cause harmful effects to the 

30 patients or result in reduced.therapy efficiency. 
A further drawback with the present preparations is that 
their content of other lipolytic activities than colipase­
dependent lipase are not stated. In fact, most of them 

contain very low levels of CEH/BSSL-activity. ~i~ may be 
35 one reason why many patients, suffering from cystic 

fibrosis in spite of supplementation therapy, suffer from 

deficiencie~ of _fil..~---~ol_1lble vitamins and essential fatty 
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acids .. 
Thus, there is a great need for products with properties 
and structure derived from human lipases and with a broad 
substrate specificity, which products may be orally 

5 administered to patients suffering from deficiency of one 
or several of the pancreatic lipolytic enzymes. '!'he 
products of the present invention fulfil this need by 
themselves or· in combination with other lipa.ses or in 
combination with preparations containing other lipases. 

10 Furthermore, for some human infants there is an obvious 
need to improve fat utilization from conventional inf ant 

formulas, er pasteurized human millc from so-called milk 
banlcs. 
BSSL has several unique properties that makes it ideally 

15 suited for substitution and supplementation therar.>y: 
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 .. cti-wation mechanism should prevent 

20 hazardous lipolysis of food or tissue lipids during 
storage and passage to its site of action. 
Due to its broad substrate specificity it h~s the 
potential to, on its own, mediate complete digestion of 
most dietary lipids, including the fat soluble vitamin 

25 esters. 
BSSL may be superior to pancreatic colipase-dependent 
lipase to hydrolyze ester bonds containing long-chain 
polyunsaturated fatty acids. 
In the presence of gastric lipase and in the absence of, 

30 or at low levels of colipase-dependent lipase ass~ can 
ascertain a complete triacylglycerol digestion in vitro 
even if the bile salt levels are low such as in newbOrn 
infants. In the presence of BSSL the end produc~s of 
triacylglycerol digestion become free fatty acids and free 

35 glycerol rather than free fatty acids and monoacylglycerol 
generated by the other two lipases (5). 1'his may favour 
product absorption particularly when the intralUJTiinal bile 
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salt levels are low (3,15). 
From a historical point of view inf ant formulas have been 

developed. and improved, from the concept that their 

composition should be as similar to that of human milk as 

S possible. It is de~irable to supplement such formulas. 

The utilization for supplementation, substitation or 

therapy of bile salt-stimulated lipases (BSSL), or of 

proteins with the essential functions of BSSL, requires 

10 however access to quantities of the product on a large 

technical scale. It is not possible in factory $Cale to 

rely on natural sources such as milk as starting material. 

Besides the pr~blem mentioned above with inactivation of 

BSSL durinq pasteurization, there is the additional risk 

15 of contamination of material from a natural source with 

infectious a9ents, e.q. vira such as HIV virus and CMV. 

There is, accordingly, a need for large scale access to 

products having BSSL properties. The present invention 

provides such products and methods for their preparation. 

20 

Prior art references are qiven later in this 
specif icatiou. 
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The present invention is based on the cloning of cDNA 
coding for BSSL derived from human manmary gland. We have 

5 also isolated, from human pancreas, a partial cDNA cod.in; 
for CEH. Deduced amino acid sequences from the human 
cDNA's and comparison with CEH from other species, suppo~t 
the interpretation that BSSL and CEH are identical. 

10 As will be further detailed below, it was surprisingly 
found that the structure of the p:otein as deduced fro~ 
the cDNA sequence is quite different from tne structure of 
other lipases. The structure proved unexpectedly to b£ 
more like. the structure of typical esterases, such as 

15 cholinesterase. 



With reference to Figure l:C &Del Figure ~II, products of 
the invention are: 

a) a protein as defined :t:y the amino acid sequence 1-722 
5 in Fig. VII, 

10 

15 

20 

25 

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

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

d} a protein as def ine:l by the amino acid sequence 1-341 
in Fig. VII, 

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

f) a protein as define:! by the amino acid sequence 1-474 
in Fig. VII, . 

g) combinations of prct:eir!.S defined und~r ~) - f) e.g. 
as defined by the amino &Cid sequence in JY,:>sitions 1-278, 
279-341, 279-409, 279-47•~ 3'2-409, 342-~7~ ar.d 536-722. 

h) combinations of prceei ros defined W"de: r,} •• g) in 

combination with one or a::tre of the rep~~~ according to 
Figure v, 

30 i) a protein as definei uneer a) - h) possessing an 
additional, N-terminal a:itino acid, n~ly methionine, 
and functionally equivalent variants ~nd ~~tants of the 
proteins defined in a) - i) al:>ove1 

35 It should be noted that d:te proteins urader a. b, c, d, e, 
f, h and i above will not~ identical in all respects to 
naturally occurring BSSL, but they will exhLbi~ one or 
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more of the critical functions of naturally occurring 
BSSL. Critical functions ara given below. 

j) a DNA aequence cod.in~ for tbe proteins defined in a, 
S b, c, d, e, f, b and 1 above. 

10 

kl a DNA sequence accordin; to Fig. I?, defined by the 
following nucleotide numbers in Fig. II: 

a) a DNA sequence 151-2316 according to Pig. II, coding 
for the protein defined by the amino acid sequence 1-722 
in Fig. VII, 
b) a DNA sequence 151-1755 according to Pig. II, coding 

15 for the protein defined ~Y the amino aeid $equence 1-535 
in Pig. VII, 
cl a DNA sequence 151-985 according to Fig. II, coding 
for the protein defined. by the amino acid aequ.ence 1·278 
in Fig. VII, 

20 d) a DNA sequence 151-1172 according to !'ig. II, coding 
for the protein defined by the amino acid sequence 1-341 
in Fig. VII, 
e) a DNA sequence 151-1376 according to Fig. II, coding 
for the protein defined by the amino acid sequence 1•409 

25 in--Fig. VII, 
f) a DNA sequence 151-1574 according to Pig. II, coding 
for the _protein defined by the amino acid sequence 1·474 
in Fig. VII, 
g) a DNA sequence 986-1172 according to Fig. II, codinq 

30 for the protein defined by the amino acid sequence 279-341 
in Fig. VII, 
h) a DNA sequence 986-1376 acr.ording to Fig. II, coding 
for the protein defined by the amino acia sequence 279-
409 in Pig. VII, 

35 1) a DNA sequence 986-157~ acr.ording to Fig. II, coding 
for the protein defined b}• tbE: amino acid sequence 279-474 
in Fig. VII., 

"'·--- ----
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j) a DHA sequence 1173-1376 accordi.D9 to ri9. II, codiDI 

for the protein defined 1'y ti.. .,..sno acid aeque:ice 342-409 

in r19. VII, 
kl a DHA sequence 1173-1574 accord.in9 to Fig. II, ooding 

5 for the protein defined by the -amino acid •~nee 3•2-474 

in rig. VII. 

Signif ica:lt functions of proteins of the invention are 

10 a) suitable for oral administration, 

b) being activ~ted by specific bile salt•, 

c) acting as a non-specific lipase in the contents of the 

15 small intestines, that is being able to hydrolyze lipids 

relativaly independent of their chemical structure and. 

physical state (emulsified., mi.cellar, soluble). 

d) Ability to hydrolyze triacylglycerola with fatty acids 

20 of different chain-length and different d99reee of 

U.'Pl!la turation. 

e) A?:>ility to hydrolyze also diacylglycerol, 

monoacylglycerol, choleateryl eaters, 

25 -l~sophosphatidylacylglycerol, and retinyl and other fat 

soluble vitamin-esters. 

30 

3S 

f) ~ility to hydrolyze not only the !l!.-1(3) ester bonds 

in a tr!acylglycerol but also the !,!!-2 ester bond. 

g) 1J>ility to interact with not only primary but also 

secondar.y bile salts. 

h) Dependency on bile salts for optimal activity. 

i) Stahili~y so that gastric contents will not affect the 

catalytieal efliciency to any substantial degree. 
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j) Stability towards inactivation by pancreatic 
proteases, e.g. trypsin, provided bile salt• are present. 

5 kl Ability to bind to heparin and beparin derivatives, 
e.g. heparan sulphate. 

1) Ability to bind to lipid-water interphases. 

l~ m) Stability to permit lyophilization. 

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

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

20 For expression of the proteins indicated above, the 
appropriate DNA sequence indicated above will be inserted 
into a suitable vector which then is introduced into a 
suitable host organism. 'n\e said vector will also have to 
comprise appropriate signal and other sequences enabling 

25 bbe:organism to express the desired protein. 

Suitable expression organisms: 

With the recombinant DNA techniques it is possible to 
30 clone and express a protein of interest in a variety of 

prokaryotic and eukaryotic host organisms. Possible 
expression organisms are bacteri~, simple eukaryots· 
(?east), animal cell cultures, insect cell cultures, plant 
c:ell cultures, plants and transgenic animals. Bach 

3~ individual system has its own particular advantages and 
disadvantages. The simple conclusion is that every gene to 
be expressed is a U!_l~CJUe probl'.~ anC. no standard solution 
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1• available. 

Ccmmonly used bacterial ay•tw are a. Coli, Bacillua 
aubtilia, Streptomycea. Ccaaonl~·ued reuta are - - . 

S saccb~s., and Picbia Pa•toria. ~17 ued. antu1 
cell• are CHO cells and eos cells. Ccnaonly uaed 1naect 
cell cultures.are Drosophila derived cells. 

Conmonly used plant is the tobac~o plant. Possible 
10 transgenic animals are goat and cow. 

Possible bacterial vectors are exemplified by pUC and 
protein A-vectors. 
Possible-yeast vecto1 is exemplified by~ 91. 

15 Possible insect vectors are devired from Baculo-virus. 

20 

Possible animal cell vectors are derived frcm SV/40. 
Possible plant vectors are derived from the 'l'i-plasmicl. 
In every system, both natural and synthetic promoters and 
terminators can be used. 

It is understood tbat depending on the choice of 
expression system, the expressed protein may contain an 
additional •-terminal amino acid (methionine), contain a 
few extra amino acids., or be fused to a heterologoua 

25 prQtein, (e.g. pro~ein A), or cliffer from the naturally 
occurring protein witn respect to glycosylation. 
Furthermore, the vectors may also contain signal sequences 
in order to export the protein to the periplasm or to the 
culture medium. 

30 Thus, further aspects of the invention are: 
a) a vector comprising a DNA sequence coding·for a 

protein as specified above, 
b) a bost organism comprising a DNA sequence as 

specified above, 
35· c) a process for the production of a protein as 

specified above, by growing a host organism 
containing a vect.or as specified under a) &Pove and 
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Methods from purification are baaed on the expression 

system used (e.g. protein A/IgG) a:oii/or on me~ uaed 

for purification of the· naturally occurring enzyme, aa 

described in reference 6. 

Additional aspects of the invention are: 

- a pharmaceutical composition ccmprising a protein as 

specified above, 

- the use of a protein as specified above for the 

manuf ~cture of a medicament for the treatment of a 

pathological condition related to exocrine pancreatic 

insufficiency, 

- the use of a protein as specified above for the 

manufacture of a medicament for the treatment of cystic 

fibrosis, 

20 - the use of a protein as specified above as a supplement 

to an inf ant food f o:cmulation, 

-the use of a protein as specified above for the 

mar.ufactw:e of a medicament for the treatment of chronic 

25 pan~~atitis, 

30 

-tha use of a protein as specified above for the: 

manufacture of a medicament for the treatment of fat 

. ma labsorption of any etiology, 

-the use of a protein as specified above for the. 

man~f acture of a medicament for the treatment of 

malabsopt.ion of fat soluble vitamins, 

35 -the 'J.se cf. a protein as specified. above for the 

manuf actur.e of a medicament for the treatment of fat 

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

The DNA sequence in Fig. II fran position 151 up to &Dd 
S includin9 position 2316 is the sequence coding for tbe entire 

protein., The sequence from position 2317 up to and including 
position 2415 is not translated to protein, but is included 
in exon d identified in Table 2 below. 

10 In one embodiment of the inven~ion, _the protein as defined ir 
pharagraphs a) - i) above .is provided in isolated form and/o! 

. in substantially pure form. 

The DNA sequences .as defined in paragraphs a) - k) above arc 

15 in one embodiment of the invention provided in isolated form 
and/or in substantially pure form. 

Experimental part 

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

25 tetraacetate; kb, kilobases; MOPS, 3-N-morpholino­
propanesulfonic acid; nt, nucleotide; PAGE, polyacrylamide 
gel electrophoresis; SDS, sodiwn dodecyl sulfate; SSC, NaCl 
citrate, xGal, 5-bromo-4-chloro-3-indolyl-8-D­
galactopyranoside. 

30 

35 

Enzymes 
Bile salt-stimulated lipase EC 3.1.l.3 
Carboxylic ester hydrolase EC 3.1.l.l 
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5 BSSL was purified from human milk as previously described 
r 6]. When used for antibody production the enzyme was 
further purified by SDS-PAGB. The protein band 
corresponding to the lipase was, after staining with 
Coomassie Brilliant blue, electroeluted from the gel. 

10 Twentyfive µg of purified enzyme, together with an equal 
volume of Freund's complete adjuvant, was used fer a first 
i.e. injection and the same amount of enzyme with 
incomplete adjuvant for the_ subsequent monthly booster 
injections. The rabbits were bled about two weeks after 

15 each booster and sera prepared and stored at -20 ec. 

B. ·Preparation of tryptic fragments and and.no acid 
sequence anal.ysis 

20 Three mg of purified BSSL was dissolved in l ml of O.lM 
Tris-Cl buffer,· pB a.s, containing 6M gu.anidinil.IDI 
hydrochloride and 2 mM ED'l'A. Dithioerythritol was added to 
SmM. After incubation at 37 °C for 2h, 300 111 SO mM 

iodoacetate was added. After 90 min incuba.t.ion at is •c in 
25 dai:Jaless the reduced and carboxymethylated enZY!I~ was 

desalted on a Sephades G-25 column·; equilibrated with 
O.SM ammonium bicarbonate. Thirty µg of tosyl-L­
phenylalanine chloromethane treated bovine trypsin 
(Worthington diagnostics system Inc. I Freehold, NJ I u~~) 

30 was added before lyophilization. The lyophilized protein 
was dissolved in 4 ml O.lM ammonium bicarbonate and an 
additional 90 µg of trypsin was added. After Sh incubation 
at 31 °C the protein was again lyopbilized. The tryptic 
digest was dissolved in _O.l\ trifluoroacetic acid 

3 5 ( 2mg/ml >. Three hundred l19 of trypsinated BSSL i,;as 
chromatographed on BPLC using a c-18 reversed ph~se column 
and eluted with a gradient of 0-50\ ace_tcmitr~l~_in 0.1\ 
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trifluoroacetic acid. Peptide collection was monitored by 

continuous recording of the absorbance at 215 nm. Peptides 
to be sequenced were further pu..rif ied by rechromatograpby 
using the same column witb adjusted gradients. 

S Samples of peptide fragments to be sequenced were dried 
under nitrogen to remove acetonitrila and applied to the 
sequencer. For N-terminal sequence analysis, native BSSL 
was dissolved in 0.1\ acetic acid. Sequence analyzes were 
performed on an Applied Biosystems Inc. 477A pulsed 

10 liquid-phase sequencer and on-line P'rH l20A analyzer with 
regular cycle programs and chemicals f rcm the 
manufacturer. Initial and repetlti?e yields, calculated 
from a sequenced standard protein, 8-lactoqlobulin, were 
47 and 97\, respectively. 

15 
c. Isolation of 1DtA 

Samples of human pancreatic adiP'!)se and lactating mannary 

gland tissues were obtained at surgery and imnediately put 
20 into guanidinium thiocyanate (l-5 g in SO ml). 'l'otal RNA 

was extracted as described by Chirgwin [20]. Poly(A)-RNA 
was prepared by chromatography en oligo-deoxythymidilate­
( oligo ( D'.I') )-cellulose column [21]. 

2 5 :p-. --construction and screening of cao. llhrariea 

Approximately 15 ~g poly-adenylated RNA from human 
pancreas was denatured with methyl mercuric hydroxide [22] 
and primed with oligo (dT) 1~_ 1 • primers (Pharmacia, 

30. Uppsala, Sweden), and reversely transcribed using 
standard procedures [23]. Second-strand synthesis was 
carried out according to GublP-r and Hoffman [24), except 
that DNA liqase and 8-NAD were omi~ted, and the reaction 
temperature was set at 15 °C. F.xcess RNA was digested with 

35 RNA.se A (SO~g/ml), and the doutle-stranded cDHA was 
treated. with EcoRI methylase [25]. Ends were blunted with 
Klenow enzyme. After ligation to ~.:o_Iµ. 1-inkers I!~ . 

Thi if 1im1iii1i111nr 
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cleavage with BcoRI the cDNA was fractionated on a 
Sepbarose 4B-Cl column. 'l'he void volume fraction was 
precipitated with ethanol and the cDNA liqated into the 
BcolU site of a phosphatase treated gtll vector [26]. In 

5 · vitro packing yielded more than 7x105 recombinanta. · 

A cDNA library fro&n human mammary gland, derived from 
tissue obtained from a women at the eighth month of 

pregnancy, was purchased (Clontech Laboratories, Inc., 
10 Palo Alto, CA; USA). 

Phages from the cDNA libraries were plated at Sxl0 4 plaq-~e 

forming units per 120-DID ~ish. The antiserum was diluted 
to a ratio of 1:32~0 and screening was performed according 

15 to Young and Davis (27]. Alkaline-phosphatase-conj~gated 
goat-anti-rabbit antibodies were used as second antibodies 
(Bio-Rad, Richmond, CA USA). To isolate clones 
corresponding to the S'-end of the mRNA, nucleic acid 
hybridization was done under standard conditions [23] 

20 using a subcloned fragment from one of the illmunopositive 
clones as ·a probe. 

B. RNA analysis 

25 El~-atrophoresis was carried out in a l\ agarose gel in 
40mM MOPS buffer pH 7.0 after denaturation with glyoxal 
and dimethylsulfoxide [28]. Glyoxalated total RNA was then 
transferred to nitrocellulose filters [29]. The blots ware 
probed with subclor.es of BSSL and CEH recombinants that 

30 were labelled by the oligo-labeling technique (30]. 

35 

Prehybridization and hybridization were carried out with 
50\ formamid a~ 46 °C [23]. Posthybridization washes·wcrs 
performed at high atringency (0.1\ SDS and O.lxssc at 
60° C). (lxssc, 0,15M NaCl, O.OOlSM Na3 citrate, pH 7.6). 

I". Nucleotide sequenac 
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cDNA inserts from BSSL and CBB reccmbinants were either 

directly cloned into M3mp18 and mpl9 after sonication and 

si:e fractionation or some of them were further llUbcloned 

into pTZ19R after digestions with PstI, BstXI, NarI, SmaI 

5 and 1'h;t.II. 'l'he nucleotide sequence was determined by the 

dideoxy chain-termination method [31]. 'rhc GC-rich repeati 

(:;ee below) were also sequenced with TaqI polymerase and 

de "'GT?. Both strands were sequenced. SEquence informatio1 

was retrived from autoradiograms by use of the software 

10 MS-Edseq as described by Sjb"berg et al tSS]. 

G. Amino acid sequence predictions and bcmologies. 

Tc p~edict the corresponding amino acid sequence of the 

15 cDN~ inserts, codon usage of different reading frames was 

compared according to Staden and gave one open reading 

frL~e {32]. Homoloqies were searched for with the proqranu 

of the UWGCG software package [33). 

20 Resulu and Discussion 

A. !:equences of t%:Jptic fragments and the R-t:exai.nus of 

BSSL 

25 -~~sin digestion of purified BSSL resultad in 

approximately SO fragments as judged by the number of 

peaks obtained during the HPLC-chromatography (Pig. I) • 

The peaks were coliected and the indicated peaks which 

could be isolated in a highly purified ctate and in 

30 rea~onable quantities, were sequenced. The resulting 

sequences are shown in Table I. In addition the 30 most N· 

t.~rminal residues were sequenced (Fig. II), and they 

35 

. con!irrn the previously reported sequence. of Abouakil et 

al. { 10 residues) [l 7]. 

'I'"ne 22 residues long N-te~inal sequence reported from 

Wang & Johnson [34] is a glycine in our report and a 
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B. Ruc1eotide sequence of BSSL 

S For construction of the lgtll c:DlfA library we used 
polyadenylated BNA from human pancreas. Initially four 
immunopositive clones were isolated, and then this 
pancreatic expression cDN~ library was screened with 
antiserum against BSSL. Nucleotide sequence analysis of 

10 the four clones showed tha~ they are in perfect agreement 
and correspond to the 3' -end of the mRNA. They all begin 
with a poly A tail and differ only in length; the longest 
insert, designated AC!!H, spans 996 bp. 
A cDNA library from human mammary gland was screened with 

15 antiserum, and the pan·:reas clone ACBB as probe. Positive 
clones were isolated from both screenings, which all 
originate from the 3'-end. The longest mamnary gland 
clone, desiqnated ABSSL, reaches 2100 ~P upstream. It 
contains four of the sequenced tryptic fragments (Pig. 

20 II), but do not include thn N-termi.Dal amino acid 
sequence. To extend the sequence beyond the tr.-lation 
start, the mammary gland cDNA library was rescreened with 
a 118 bases long probe derivC!d. from the most S'proximal 
part of ABSSL. One clone wa3 isolated that continued a 

25 fuf'e\er 328 nucleotides \:p$tream. It matched the H­
terminal amino acid sequence, and contained. the remaining 
tryptic fragment. As Eh~m in !'ig. II, the cDNA is 2428 
nucleotides long and contains 81 bases upstream £rem.the 
first ATG codon. The pol~·adenylation signal, AATAAA is 

· 30 located 13 nucleotides upstream from the paly A tail and 
the termination codon TAG was found at nucleotide 2317 
followed by a 3'-untranslatcd region of 112 bp. 
A GC rich region consisting of 16 repeats of 33 bases was 
found in the 3'-end of the sequence between base 1756 and 

35 2283. The nucleotide sequer,ce of the repetition, shown 
in Pig. III, consists of six identical repetitions 
surroundt:d by ten repet1tiCJ:&s_ w1th different nwnber of 
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su.bstituticans that have probably occurred after several 
duplications. 'rha low number of subatitutions suggeat• 
that these repetitions have appeared late durinq 
evolution. 

c. Tissue distribution of expression 

RNA fron: b.uman lactating mammary gland, pancreas, adipose 
tissue and from a human hepatoma celline (BepG2.) was 

10 analyzed by N~rthern blotting. The size of the messenger 
was determined to be approximateiy 2.5 kb in both 
lactating mammary gland and pancreas. No signal could be 
detected in i:he lanes with RNA extracted from BepG2 or 
adipose tissue (Pig. IV). 

15 Since the 1ni<NA used for the mamnary gland library was 
obtained from a female in her 8th month of pregnancy, it 
is eviden~ that transcription and probably translation of 
the BSSL gene is turned on before partua, in agreement 
with previous findings on BSSL secretion before partus 

20 [35). see Figure iv. 

D. Amino acid sequence of BSSL 

Assessed by SDS-PAGB the molecular mass has been reported 
25 ta-1:>e 101-12~ JcDa [8,36] and by analytical 

ultracentrj.fu9ation to be 105 kDa (37). The enzyme, as 
deduced ftom thecDNA, consists of 722 amino acid residues 
(Pig. II) which, giving a molecular mass of 76.271 Da., 
indicates that the enzyme contains at least ~S-20\ 

30 carbohydrate. The leader sequence is 23 residues long. A 
tentative active site serine residue is localized to 
serine-217 (Fi9. V). '.rhe sequence aroilnd this serine 

. accord with the consensus active site sequence of serin•­
hydrolases [38). It has recently been it was proposed that 

35 basic residues found close to the active site serine may 
be involvett ir. the cleavage of esterbonds in acylglycerols 
by lipases [ 39 j. It is interesting to note that such 
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residues are not present in BSSL. 'l'he single tentative H­
glycosylation site is localized only jeven residues from 
the serine. The degree of glycosylation [6,16] 1u99eats 
that the enzyme contains 0-linked carbolyd.rate. There are 

5 numerous sites where such glycosylation could have 

occurred. The amino acid composition based on purified 
enzyme has shown a high content of proline residues [6]. 
The amino acid sequence obtained from cDNA confirms this. 
Moreover, most of the praline residues are localized in 

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

1:5 

z. Comparison of the enzymes in mannary gland (BSSL) and 

pancreas ( CEB) 

BSSL of human milk and bwnan pancreas CEB have previously 
been shown to be similar, if not identical. The present 
data strongly suggests that the two enzymes are products 
of the same gene. '1'he nucleotide sequence of the cDNA 

20 clones shows that the pancreatic clone ACBB is identical 
with the mammary gland clone 1.BSSL fram the poly A tail 
and. 996 bases towards the S' -end, including the sequence 
coding for the proline rich repeats. Northen blot gave a 
single band of 2.5 kb in RNA from pancreas and lactating 

25 mammary gland (Pig~ IV) • Genomic southern blots further 
support the idea that only one gene codes for BSSL and 
CEH. 'l'he difference in mobility on SDS-PAGB between BSSL 
and CEil can be explained as a consequence of different 
glycosylation or differential splicing. 

30 

The similarity of BSSL to the rat and bovine enzymes (see 
below) and to results from genomics blots support tlie 
possibility that differential splicing cannot accou.~t for 
the mobility difference. Since the c-terminal sequence bas 

15 not been confirmed on the·protein level there is a less 
likely possibility that CE& may be processed by a 
proteolytic clearage in the c-terminal end. 
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So far as we know pancreatic enzyme• that obvioualy 
correspond to CBH have of ten been named after species and 
the particular substrates used to determine their 
respective activities; lyaophospbolipase, cboleateryl 

5 esterase, sterol ester hydrolase, non-specific lipase, 
carboxyl ester lipase and cholesteryl ester hydrolase. 
Available data are compatible with the view that all these 
activities described originates in one and the same 
functional entity [42,43]. This illustrates the broad 

10 substrate specificity and the relevance of designatin; 
them as non-specific lipases. When the sequence cf human 
BSSL/CEB is compared to the sequence of lysophcsphclip~se 
from fat pancreas [40] and cholesterol esterase from 
bovine pancreas [41] extensive similarities are found that 

15 extend about 530 residues from the N-terminal (Pig V); but 
they differ in the part of tbe molecule where the ~epeats 
occur. The rat enzyme has only four repeats ancl the bovine 
three. Bence the hwnan enzyme is a considerable longe: 
peptide. 

20 

Moreover, striking similarities were found between BSSL 
and a number of typical esterases, e.g. acetyl choltne 
esterases from several species, including man and 

Drosophila, and carboxyl esterases (Fig. VI). ~nese 
25 simH.arities were restricted to the N-terminal 300 

residues of BSSL which includes the tentative active site 
serine-residue. A similarity to acetyl choline e3terase 
has been predicted from the fact that BSSL is inhibited by 

typical choline esterase inhibitors [6, 8, 16]. With the 
30 possible exception of the rat liver carboxyl estcrase 

(45), none of these similar enzymes has been sh~ to nave 
the same bile-salt dependency as BSSL; this suggests that 
the structural basis for this property resides in t.he c­
terminal part of the protein. Moreover, BSSL can 

35 efficiently attack emulsified substrates which is ~o~ a 
known characteristic of the similar esterases. For th~s 
activity bile salt is a prerequisite. 
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The predicted sequence for human BSSL was compared with 
other well characterized mammalian lipases. Apart fran the 
consensus sequence around the active site serine (G-x-s-x-

5 G), no obvious similarities were foun4 [44]. 

In addition to the similarities with o~her enzYnJes, there 
also significant similarities tc one c-1.MP dependent 

.protein from Dictyostelium discoideum [46] as well as to 
10 thyroglobulin from several species {Fig VI) [47-49]. The 

similarities between BSSL and thyroglobulin, which 
comprise the active site region but not the active site 
itself, indicate that these highly concerved stretches of 
amino acids are of more generalized importance than merely 

15 supporting the enzymatic activity oi esterases. 

In conclusion, human milk BSSL consists of 722 amino acid 
residues. Available data strongly indicate that its 
peptide chain is identical to that of pancreatic CEH, and 

20 they are coded for by the same gene. The strongest 
evidence is that the nucleotide sequences of their 3 -
ends and their N-te:cminal amino acid sequences are 
identical. The striking homologies found to rat pancreatic 
lysophospholipase and bovine panc1:eatic cholesterol 

25 esterase support the hypothesis that a~so these enzymes 
are functionally identical. However, as it has been 
suggested, the different molecular sizes found among 
species are not due to differences merP.ly in 
glycosylation1 instead they reflect a variable number of 

30 an eleven amino acid repeat. The similarity of the active 
site sequence between these esterases su79ests that these 
proteins derive from a common ance~tral gene. 

35 With reference to Figures I-VII, the i~llowing legends are 
given. 



24 

Figure I: Separation cf the tryptic digest of BSSL on HPLC 

- Purified BSSL was treated with trypsin and chromatoqraphed 
on HPLC as described in Materials and Methods. The 

5 indicated peaks were collected and purified further by a 

rechromatograph and their amino acid sequence determined. 

10 

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

The cDNA is 2428 bases 1009. The N-terminal 23-:-codon 
sequence (nt82-150) starting with an ATG, is interpreted 
as a leader peptide since the N-terminal amino acid 
sequence of the mature protein starts at codon 24 (nt 151, 

15 Ala). The leader peptide ls underlined. The sign* 
indicates the star~ing point of an exon. The sign t 
indicates the starting point of the repetition part. 

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

25 

Substitutions are indicated by a •. 

Figure IV: Northern blot hybridization 

Northern blot analysis of total RNA isolated from human 
lactating mammary gland, pancreas, adipose tissue and a 
human hepatoma cell line (BepG2). Total TNA (lO~g) from 
lactating mammary gland (lane A), pancreas (lane B), 

30 adipose tissue (lana C) and HepG2 (lane D) were 
electrophoresed in a l\ agarose gel in 40mM MOPS buffer at 
Ph 7.0 after denatur~tion of RNA in lM glyoxal, So\· 

di.metbylsulfoxide and 'O~.to! MOPS. The glyoxalated RNA was 
then transferred to n:i.t:ocellulose paper for hybridization 

35 with: ( 32 P] labeled BSSL cDNA (ABSSL). 
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Figure V: Comparison of the deduced amino acid sequence 
from hwna~ milk BSSL,- rat pancreatic lyaophospholipase 
(Ratlpl) [40] and bovine pancreatic: cholesterol esterase 
(Bovceh) [ 41): 

The serine residues involved in the active site are 
i"ndicated by a *, and the I indicates the single possible 
N-glycosylation signal of the protein. The direct repeats 
of amine acid sequences are boxed. Matching seq-..iences are 

10 denotec in capital letters, matching sequenc~& between two 
enzymes are denoted in small letters and mls:natching with 
a dot. 

Figure VI:· Comparison of the primary structure of BSSL.to 
15 other esterases, thyroglobuline and to one c-A.MP dependent 

enzy;ne_from Dictxostelium discoideum: 

BSSL: bile salt stimulated lipase frcm human, Cheshum: 
cholinesterase from fetal human tissue [SO], Torpace: 

20 acetylcholinesterase from Torpedo maxmorata [51], 
Drosceh: earboxylic ester hydrolase from Drosophila 
melaogas~er [52], Ratlivce: carboxyl esterase frcm rat 
liver [53}, Drosace: acetylcholinesterase from Drosophila 
melaogast~r [54], 'rhyrhum: thyroglobulin from human [49] 

25 anct=Dict.Di! c-AMP dependent enzyme from Dict~ostelium 
discoideu.r: [46]. There are 7 different domains tbat show 
similarities between the enzymes. Boxes enclose residues 
which are identical and small letters in tha ~onsensus 
sequenee indicate identical residues in all the enzymes 

30 except for one. Dots indicate mismatches. ':he serine 
residue involved in the active site is indicated with *· 
The figure in the right hand corner shows how t:be domains 
are oriontcd. 

35 



P.f.?LAC~l SHEET ·-----· 
03 FEB 1998 

26 

Figure VII: 

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

5 and d. The sign I indicates the starting point of the 
repetition part. 
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Table 1. Amin~ acid sequence of BSSL peptides. 

Due to interfering peaks no positive identification of the 

residue in cycles 1 and 2 of the sequencing could be made 

5 in peptide nwnber 26. The peptide numbers refer to the 

peaks in Fig I. 

----------------------------------------------------------
10 

Tryptic fragments 

----------------------------------------------------------
15 TPl6:LysValThrGluGluAspPheTyrLys 

TP19:GlyileProPheAlaAlaProThrLys 

Tp20:LeuValSerGluPheThrileThrLys 

20 
TP24:ThrTyrAlaTyrLeuPheSerHisProSerArg 

TP26:PheAspValTyrThrGlUSerTrpAlaGlnAsp 

25 ProSerGlnGluAsnLys 

----------------------------------------------------------
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Table 2: Identification of the exon• a, b, c and d 
numbered as in Pigures II and VII. 

exon Location ---------------------------------------

a 
b 

c 
d 

the entire 
protein 

the entire 
protein 
excludin9 
repetition.a 

between nucleotide number l:letween amino.acid 

986-1172 
1173-1376 

1377-1574 
1575-2415 

151-2316 

151-1755 

number 

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

1-722 

1-535 

25 --~~----------------~~---~---~--~-~--------~-----~--------

30 

35 
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l. A protein as indicated in Figure VII frca position 1 
to position 722. 

2. A· protein as indicated in Figure VII from position l 

to position 535. 

10 3. A protein.as indicated in Figure VII from position 1 

to position 278. 

4. A protein as indicated in Fi;ure VII from position l 

to position 341. 

5. A protein as indicated in Figure VII from position l 

to position 409. 

6. ·A protein as indicated in Figure ¥-XI frcm position l 

20 to position. 474. 

7. A protein as indicated in Figure VII frcm position 1 

to position 278, position 279 to position 341, 

position 279 to position 4C9, position 279 to 
25 position 474, position 342 to position 409, position 

342 to ·position 474, or position 536 to position 722. 

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

30 to Figure v. 

9. A protein according to any of c\aims 1-i, possessing 

me·thionine as additional ff-terminal amino acid. 

35 10. A protein according to any of claims 1-9,. exhibiting · 

one or several of the critical functions of 
naturally occurring _bile s_alt-s~J.JQUlated lipase. 
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11. A fuctionally equivalent •arlaa~ • .atut of a 
protein according to any of claima 1-1. 

12. A J:IQ sequence codint for a protein witb the u\DO 
S acid aequenc• accordint to cla!JI 1 • . 

13. A ElHA sequence ceding for a j>rotein with the amino 
acid aequeoce according to claia 2. 

10 14. A J)HA sequence ccdio9 for a protein with the amino 
-acid sequence accord1n9 to any of claima 3, ,, 5, 6, 
7, 8, 9, 10 ~nd 11. 

15. A tlHA •equence defined by the following nucleotide 

15 number• in Figure II: 

151-2316 
151-1755 
151-985 

20 151-1172 
151-1376 
151-1574 
911-1172 
986-1376 

25 981-1574 
1173-137& 
1173-1574 

30 16. A vector comprisinq a DHA sequence coding for a 
protein according to claims 1 ~ 11 

35 

17. A vector ccmprisin9 a DNA sequence according to 
claims 12 - 15. 

11. A boat organism transformed.with a vector accor41nt 
to claims 16 or l 7. · ··· · ---
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.. 

19. A proceaa for the product.ion of a protein accordinq 
to claim.a 1 -· 11 by growing a boat organi• 
contaiDing a vector according to claima 16 or -l-1, and 

5 i~olat~ng the protein. 

20. A pharmaceut~cal composition camprisin9 a protein 
a~cordin9 to any of claims 1 - 11. 

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

15 22. The use of a protein according to any of claims 1 -
11, for the manUfacture of a medicament for the 
treatment of a patholoqical condition related to 
exl.X:rine pancreatic insufficiency. 

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

24. The use of a protein according to any of claims 
25 1 - 11 as a supplement to an infant food formulation. 

30 

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

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

35 27. ~Th~ use of a protein accordin to any of claims 1-11 
for the manufacture of a medicament for the 

.. ~!~~t:m~t ~~ _ malabsq;ption of fat soluble _yitamins. 
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28. The use of & protein accordin~ to any o.f elAilu 1-11 
for the manufacture of a medicament for the 
treatment of fat malabaorpt1on due to phys1Qlogica1 
rea.aona. 

29. The use, ~ccording to claims 22-28 of a protein 
according to any of claims 1-11 in c~ination with a 
lipase or lipases or in combination with preparations 
conta~nin9 a lipase or lipases. . 

JO. ·An infant food formulatio~, supplemented.with a protein 
according to any of claims l - 11. 

31. A protein according to claims 1 - 11 in substa~tially 
15 pure form. 

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

33. A DNA sequenc~ according to claims 12 - lS in 
10 substantially pure form. 

34. A t>NA sequence according to claims 12 - lS in isolated 
form. 

25 3S. A-~rocess for the preparation of a pharmaceutical 
composition according to claims 20 or 21 by 
incorporating a protein according to claims 1 - ll, ll, 
or 32 in a pharmacologically acceptable carrier. 

30 36. A process according to claim 35 for the preparation of 
a pharmaceutical ccmposition for oral administration. 

31. A process for the preparation of an infant ·food ·· 

formulation according to claim 30, by supplementing an 
35 inf ant food formulation with a protein according to 

claims 1 -11, 31, or 32. 
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Fig.2 (114) 

~ ~ G A'lG ere ACC A'lG GGG cx:;c C'lG CAA C'I'G GTI' 
Met Leu 'lhr Met · Gly Ara l.eu Gln Leu Val 

l 5 10 

GTG TIG GGC C'I'C ACC '1'GC '1'GC 'IGG GCA GTG ca:; N:r GCC ca:; AAG C'lG 
Val Leu Gly Leu 'Ihr CVS CVS Tm Ala Val Ala Ser Ala Ala Lys Leu 

~ ~ ~ 

CGC GCC GTG TAC ACA GAA CG'!' GGG Tl'C GTG GAA GGC G'l'C AAT AAG ~ 
Gly Ala Val Tyr 'lbr Glu Gly Gly Phe Val Glu Gly Val Asn Lys L~"S 

· ·JO 35 40 

. ere GGC ere C'I'G GG'l' GAC 'Ia' GTG GAC ATC Tl'C AAG GGC Alt: a:c T'OC 
Leu Gly Leu Leu Gly Asp Ser Val Asp Ile Phe Lys Gly Ile Pro Phe 

45 50 55 

GCA Gel' ax: ACC NrG GCC C'lG GAA AA.T CCT CAG CCA CAT CCT GGC ~ 
Ala Ala Pro 'Ihr Lys Ala I.eu Glu Asn Pro Gln Pro His Pro Gly 'I't'p 

60 65 70 

CAA GGG ACC C'I'G MG GCC MG AAC Tl'C AAG AAG 1'Qi. '1'GC C'lG C\G GCC 
Gln Gly 'lbr Leu Lys Ala Lys Asn Phe Lys Lj.'S Ar9 Cys Leu Gln Ala 

75 80 85 90 

ACC Alt: ACC CAG GAC AGC ACC TAC GGG GAT GAA GAC '1'GC C'lG TAC ere 
'Ihr Ile 'lhr Gln Asp Ser Thr 'Iyr Gly Asp Glu Asp cys Leu T}T Leu 

95 100 105 

MC ~'IGG Git; a:c CAG GGC AGG AAG CAA G'l'C TCC cx;c; GAC C'I'G CO: 
Asn Ile Tl:p Val Pro Gln Gly Arq Lys Gln Val Ser Ar9 Asp I.eu Pro 

110 115 120 

GIT A1G ATC 'IGG Alt: TAT GGA GGC GCC TIC ere A'IG GGG TCC GGC CAT 
Val Met Ile 'l'tp Ile Tyr Gly Gly Ala Phe Leu Met Gly Ser Gly His 

125 DO U5 · 

GGG GCC AAC TIC ere AAC AA.C TAC C'I'G TAT GAC GGC GAG GAG A'IC GCC 
Gly Ala Asn Phe Leu Asn Asn Tyr Leu Tyr Asp Gly Glu Glu Ile Ala 

140 145 ~o 

ACA CGC GGA AAC. ~ A'IC GIG ~ ACC Tl'C AAC TAC a:r G'l'C GGC ax: 
'!hr Arg Gly Asn Val Ile Val Val 'Ihr Phe Asn Tyr Ar9 Val Gly Pre 
155 160 165 170 

CIT GGG 'ITC C'I'C AGC AC:r GGG GAC GCC AAT C'lG CCA CGr AAC TAT GGC 
Leu Gly Phe Leu Ser '1br Gly Asp Ala Asn Leu Pro Gly Asn T}T Gl~· 

175 ·-· 180 lS~ .-

60 

lll 

159 

20i 

255 

303 

351 

;I .... .... , 

495 

543 

591 

639 
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Fig. 2(214) 
CIT ~ G\T OG CAC A'I'G GCC AT! Ge:! TCiG G'l"G ~ AG'.:i AA.T ATC c-c:; 
Leu A.rq Asp Gln His Met Ala Ile Ala Trp Val Lys ~ Asn Ile Ala 

190 195 200 

GCC Tl'C ~ GG:a GAC CCC AAC AAC. A'1'C ACXi ere Tl'C G':iG GliG TCT CC: 
Ala Phe Gly Gly Asp Pro Asn Asn Ile Thr Leu Phe Gly Glu Ser Ala 

205 210 215 

~ ~ GCC la= GTC 'n:l' C'Iti o.G ACC C'I'C TC: CCC TAC AAC AN; GGC 
Gly Gly Ala Ser Val Ser Leu Gln Thr Leu Sc Pro T:rT Asn° Lys Gl~· 

220 225 . 230 

CI'C A."'C ~ aa.\ GCC ATC '1GC. o.G >a: GCC G'IC CO: CTG N:ir CCC TCN 
Leu Ile Ar; Arq Ala Ile Ser Gln Ser Gly Val Ala Leu Ser Pro Tr; 
235 240 2~5 25C-

Gl'C ATC CACi MA AAC CCA CIC TIC Ta:; GCC AAA NJ;; GIG Ger GG ~ 
Val Ile Gln I.ys Asn Pro Leu Phe Tl:p Ala Lys I.~·s Val Ala Glu L~·s 

255 260 265 

G'1ti GGr 'ICC CCI' G'l'C GGI' GAT GCC GCC AG:; A'IG CO: c:.G TGl' C'1'G ~ 
Val Cily cys Pro Val Gly Asp Ala Ala Arq l'.e': ·Ala Gln cys Leu Lys 

270 275 260 

GIT ACr GAT CCC cCA GCC .C:It; Aa; en; CCX: TftT ».::: Gro CCla CIG cc;.. 
Val 'Il'lr Asp Pro Arq Ala Leu 'l'hr Leu Ala 'Il-T Lys \"al P::o Leu Ala 

265 290 . 295 

* 

6 .. -~' 

<!'!'"­~,. 

""'--.,,:, 

GGC crG G.'9C TAC CCC A1G C'1'G CAC TAT GIG CN: Tl'C Gr- CCI' cm: AT: lO~l 
Gly Leu Glu ~':' Pro Met Leu His 'tl-T \~l Gly Phe Val Pro Val Ile 

300 305 310 

GAT CiGA. ~ Tn: ATC CCC GCT Q\C ca; ATC AAC CIC TAC GCC AAC Ga: 1071 
Asp Gly Asp Phe Ile PrO Ala Asp Pro Ile Asn Leu 'l'}T Ala Asn Ala 
315 320 325 330 

Gee: G.\C ~ ~ TAT ATA GCA .GGC ACC AAC AAC A1'G GAC GGC CAC ~ 1119 
Ala Asp Ile Asp Tyr Ile Ala Gly '1hr Asn Asn Met Asp Gly His lle 

335 340 345· 

~~~~~~~~~~~~~~~~ ~ 
Phe Ala Ser Ile Asp Met Pro Ala Ile Asn Lys Gly Asn Lys Lys Val 

350 355 360 
* 

~~~~~~~~~~~~~~~~ ~ 
'1h:' Glu Glu Asp Phe Tyr Lys teu Val 5er Glu Phe '1h:' Ile 'lbr L~"S 

36S 370 li5 . . ., 

~~~~~~~ACC~~~~~~~~ ~ 
Gly I.au A%'9 G~y Ala Lys 'lh:' 'It'.: Pbe Asp Val Tyr '1h:' Glu Ser T::: 

38~ . 38! 390 . 



F{g.2(314) 
GCC OG GAC CCA TC'C CAG GAG AAT NG »ti MG ACr GIG GIG GAC TIT llll 
Ala Gln Asp Pro Ser Gln Glu Asn Lys Lys Lys 'Ihr Val Val Asp Phe 
395 400 405 410 

QG ACC GAT G'l'C ~ 'l'1'C CIG Gm CXX: ACC GAG ATr GCC CTA GCC c.AG 1359 
Glu 'Ihr Asp Val I.au Phe Leu Val Pro '1br Glu Ile Ala Leu Ala Gln 

415 420 425 
·* 

CAC ~ GCC AAT GCC »G AGr GCC »G ACC TAC GCC TAC C1'G TIT TC'C 1407 
His AJ:9 Ala Asn Ala Lys Ser Ala Lys 'lbr Tyr Ala Tyr Leu Phe Ser 

430 435 440 

CAT CCC TCI' CCG ATG CXX: Gl'C TAC CXX: AM 'ltiG G'1'ti Q:;G GCC GAC CAT 1455 
His Pro Ser AJ:q Met Pro Val Tyr Pro Lys Tr? Val Gly Ala Asp His 

445 450 455 

GCA GAT GAC ATr CAG TAC G'1"1' ~ cx;c; NG ca: 'ITC GCC ACC CCC Aa; 1503 
Ala Asp Asp Ile Gln T';(r ·Val Phe Gly Lys Pro R\e Ala 'Ihr Pro 'fi1!" 

460 465 . ''0 

GCiC TAC CX;G CCC CAA GAC IQ:; ACA G'l'C 'l'CI' A>G GCC A'ro Alt: GCC TAC 1551 
Gly 'r:rT Arq Pro Gln Asp Arq 'lbr Val Ser L~'S Ala Me~ Ile Ala '!'zT 
475 480 485 4$0 

• 
'l'GG ACC MC TIT GCC AAA·. ACA GGG GAC CCC Al.::: A'IG GCC G.\C Taa Gc::I' 
i'tp 'Ihr Asn Phe Ala Lys 'lbr Gly Asp Pro Asn Met Gly Asp ser Ala 

495 500 505 

GIG CCC 10. CAC.'l'GG GAA CCC TAC At:r Aaa GAA AAC IGC CiGC 'r;.c C1'G 
Val Pro '1h:' His Tl:p Glu Pro Tyr 'Ihr 'lhr Glu Asn Ser Gly T}T Leu 

510 515 520 

GAG A'11:.ACC NG »G A'IG OOC NX NX TC'C A'ro NG. CCG IGC cm IGA. 
Glu Ile '1hr Lys Lys Met Gly Ser Ser Ser Met Lys AJ:q Ser Leu A1:q 

S25 530 535 

ACC MC Tl'C C'l'G cx;c TAC 'lGG AO:. C'1'C ACC TAT C1'G Gaa C'l'G CCC 10. 
'lbr Asn Phe Leu Arq Tyr Tz:p 'l'hr Leti 'lbr Tyr Leu Ala I.au Pro 'l'hr 

540· 545 550 
# 

GM ACC GAC CAG GAG GCC ACC o:!' Gm CCC CCC N:A G:iG GAC Ta: GAG 
Val '1br Asp Gln Glu Ala 'l'hr Pro Val Pro Pro '1br Gly .Asp Ser Glu 
SSS 560 565 570 

GCC N:t CCC G'IG CCC CCC Aa; GGl' GAC TC'C G1.G ACC GCC CCC G'1ti CXXi 
Ala 'l'hr Pro Val Pro Pro '1br' Gly Asp Ser Glu '1br Ala Pro Val Pro 

575 580 585 

CCC ACXi G:i'l' GAC TC'C GGG GCC CCC CCC GM CXXi CCC 11:1;· CZ1r GAC ~ 
Pro 'lhr Gly Asp Ser Gly Ala Pro Pro Val P=o Pro '1br Gly Asp ~ 

590 5§$ 600 . 

159$ 

16-;7 

1695 

1743 

1791 

U39 

U87 
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Fig.2(414) 

GGG GCC CCC C'CC GTG ccr; CCC Aa; GGT GAC TCC ~ CCC: CCC CCC GTG 
Gly Ala Pro Pro Va.1 Pro Pro 'lbr Gly.Asp ser Gly Ala Pro Pro Val 

605 610 615 . 

cc.:a CCC ACXi GGr GAC TCC GGG GCC CCC CCC GIG ca; CCC A.a; CG! GAC:. 
P:-o Pro 'Ihr Gly Asp ser Gly Ala Pro Pro Val Pro Pro 'Ihr Gly Asp 

620 625 630 

~ GGG GCC CCC CCC G'I'G a:Xi CCC Aa:; GGl' GAC TCC GGG GCC CCC CC:: 
Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro 
635 640 645 650 

GTG ccr; CCC Acr; GGT GAC TCC GGC GCC CCC CCC G'I'G ca:; CCC Acr; CGI' 
Val Pro .Pro 'Ihr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro 'Ihr Glz· 

. 655 660 6G5 

·GA<: GCC CiGG CCC CCC CCC G'I'G ca; CCC >.er; GGT GAC TCC OX GCC CCC 
Asp Ala Gly Pro Pro Pro. Val Pro Pro Thr Gly Asp Ser Gly Ala Pro 

670 675 680 

CCC GTG ccr; CCC Acr; GGl' GAC TCC GGG GCC CCC CC:C: GIG ACC CCC ACt; 
Pro Val Pro Pro Thr Gly Asp 5er Gly Ala Pro Pro Val 'Ihr Pro 'lh:' 

685 690 695 

GCil' GAC 'lt.'C GAG ACC GCC CCC Gl'G ccr; CCC Aa:; GG1' GAC TCC GGG GCC 
Gly Asp Ser. Glu 'Ihr Ala Pro Val Pro Pro ru Gly Asp Ser Gly Ala 

1ocr-: 10s 110 

CCC CCI' GTG CCC CCC Ao:i GGr ~ 'l'Cr ~ GCl' GCC CCT Giti CCC CCC 
Pro Pro Val Pro Pro 'lbr Gly Asp Ser Glu Ala Ala Pro. Val Pro Pro 
715 . 720 725 730 

ACA GAT GAC TCC MG GAA Ger CAG A'm CCI' GCA GIC ATr AG:; '1'lT 
'1br Asp Asp Ser Lys Glu Ala Gln Met Pro Ala val lle J.zq Phe 

735 740 745 

19:!3 

l9SJ 

2031 

2079 

212i 

2,.,-
-. :> . 

222~ 

2271 

2316 

2426 
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Fig.3. 

GAGGCCACCCCTGTGCCCCCCACAGGGCACTCC l 
I I * I * * I I I 

CAGCCCACiCCCCTGCCCCCCACCCCTCACTCC 2 
• * * * GAGACCCCCCCCGTGCCGCCCACGGCTGACTCC 3 

* * * GGGGCCCCCCCCCTGCCGCCCACGCGTGACTCC 

GGGGCCCCCCCCCTGCCGCCCACGGGTCACTCC :l 
cccccccccccccTCCCCCCCACCGGTGACTCC (, 

CCGGCCCCCCCCCTGCCCCCCACCGGTCACTCC 7 

GCCCCCCCCCCCGTGCCGCCCACGGGTGACTCC ~ 

GGGCCCCCCCCCCTCCCGCCCACcc;GI:CACTCC 9 

GGCGCCCCCCCCCTCCCGCCCACGCCTCACGCC 10 

* * GGGCCCCCCCCCGTGCCGCCCACGGGTGACTCC 11 

* ccccccccccccctccccccCAcccctcACTCC 12 
* GGGGCCCCCCCCGTGACCCCCACGCGTGACTCC 13 

* * GAGACCGCCCCCGTGCCGCCCACGCGTGACTCC 14 

* * * GGGGCCCCCCCTGTGCCCCCCACCGGTGACTCT 15 
I I * I I 

GAGGCTGCCCCTGTGCCCCCCACAGATGACTCC 16 

* ** * * * * 

Number of substitutions 
6 

Identical 
to 
consensus 

' 
3 

0 

0 

(\ 

(I 

l 

I .. 

3 

3 

7 

GGGGCCCCCCCCG'IGCCGCCCACCGGTGACTCC Consensus 
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Consensus 

Bssl 
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Consensus 

Bssl 
Ratlpl 
Bove eh 

Consensus 

Bssl 
Ratlpl 
Bove ch 

Consensus 

Bssl • 
Ratlpl 
Bove eh 

Consensus 

Bssl 
Ratlpl 
Bovech 

Consensus 

Bss.l 
·Ratlpl 
Bove eh 

Consensus 

·· Fig.5 (113) 
50 

MLTMGRLQLVVLGLTCCWAVASAAKLGAVYTEGGFVEGVNKKLGLLG.OS 
.•. MGRLEVLFLGLTCCLAAACAAXLGALYTEGGFVE:GVNKKLSLLGGDS 
•••• MLGASRLGPSPGCLA VASAAKLGSVYTEGGFVEGVNKKLSLFG. DS . 

.••• grl. ••• 191 tcclaaaaAAJCLGaVYTEGGFVEGVNKKLsLlG. DS 

100 
VOIFKGIPFAAPTI<ALENPQPHPGWQGTLlCAICNFKKRCLQATITQDSTYG 
VDIFKGIPFA.TAI<TLENPQRHPGWQGTLlCATQFKI<RCLQATITQDDTYG 
VOIFKGIPFAAAPI<ALEKPI<RHPGWQGTLlCAKSFta<RCLQATLTQDSTYG 

VOIFKGIPFAa •• KaLEnPqrHPGWQGTLlCAk.FKKRCLQATiTQDsTYG 

150 
DEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGBGAHFLNNYLYO 
QEOCLYLNIWVPQGRKQVSHOLPVMVWIYGGAFLMGSGQGANFLI<NYLYD 
NEOCLYLNIWVPQGRKEVSHDLPVMIWIYGGAFLMGASQGANFLSNYLYO 

.EOCLYLNIWVPQGRKqVShDLPVMi~IYGGAFI.MGsqqGANFL~NYLYO 

. 200 
GKKIATRGNVIVVTFNYRVGPLGFLSTGOANLPGNYGLRDQHMAIAWVKR 
GKKIATRANVI\'VTFNYRVGPLCFLSTGDANLPGNFGLRDQHMAIAWVKR 
GKKIATRGNVIVVTFNYRVGPLGFLSTGOSNLPGNYGLWDQHMAIAWVKR 

GKKIATRq~VIVVTFNYRVGPLGFLSTGOaNLPGNyGLrDQHMAIAw"Vi\R 

# • 250 
NIAAFGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSP 
NIAAFGGDPNNITIFGESAGGAIVSLQTLSPYNKGLIRRAISQSGVALSP 
NIEAFGGDPDNITLFGESAGGASVSLQTLSPYNKGLIKRGISQSGVGLCP 

NiaAFGCDPDNITLFGESAGGAsVSLQTLSPYNlCGLirRaISQSGVaLsP 

300 
WVIQKNPLFWAI<I<VAKKVGCPVGDAARMAQCLJCVTDPRALTLAYKVPLAG 
WAIQENPLFWAI<TIAI<I<VGCPTEDTAI<MAGCLKITDPRALTLAYRLPLJCS 
WAIQQDPLFWAI<RIAKKVGCPVDDTSI<MAGCAKITDPRALTLAYICLPLGS 

WaIQ.nPLFWAK.iAKKVGCPv.OtaJcMAqClKiTDPRALTLAYklPL.s 

350 
LEYPMLHYVGFVPVIDGDFIPADPINLYANAADIDYIAGTNNMOGHIFAS 
QEYPIVEYLAFIPVVOGDFIPDDPINLYDNAADIDYLAGINDMOGHLFAT 
TEYPKLHYLSFVPVIOGDFIPDDPVNLYANAADVDYIAGTNDMDGHLFVG 

.EYP.lHYl.FvPViDCDFIPdDPiNLYaNAADiOYiAGtNdMDGHlFa. 
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Bssl 
Ratlpl 
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Consensus 

Bssl 
Ratlpl 
Bovceh 

Consensus 

Bssl 
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Bove ch 

Consensus 

Bssl 
Ratlpl 
Bove eh 
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Bssl 
Ratlpl 
Bovech 

Consensus 

Bssl 
Ratlpl 
Bove eh 

Fig.5 (213) 

400 
IOMPAINKGNKKVTEEDFYKLVSEFTITKGLRGAKTTFDVYTESWAQOPS 
VOVPAIOKAKQDVTEEDFYRLVSGHTVAKGLKGTQATFDIYTESWAQOPS 
MOVPAINSNKQOVTEEDFYKLVSGLTVTKGLRGANATYEVYTEPWAQOSS 

' 
.OvPAink.kqdVTEEOFYkLVSq.TvtKGLrGa.aTfdvYTEsWAQOpS 

~so 

QENKKKTVVOFETOVLFLVPTEIALAQHRANAKSAKTYAYLFSHPSRMPV 
QENMKKTVVAFETDILFLIPTEMALAQHRAHAKSAKTYSYLFSHPSRMP! 
QETRKKTMVDLETDILFLIPTKIAVAQHKSHAKSANTYTYLFSQPSRMPI 

QEn.KKTvVdfETOiLFLiPTeiAlAQHrahAKSAkTY.\LFShPSR!-!Pi 

500 
YPI<WVGAOHAOOIQYVFGKPFATPTGYRPQORTVSKAMIAYWTNFA~'TGO 

YPKWMGADHADDLQYVFGKPFATPLGYRAQORTVSKAMIAYWTNFAKSGO 
YPKWMGADHADOLQYVFGKPFATPLGYRAQORTVSKAMIAYWTNFARTGO 

YPKWmGAOHAOOlQYVFGKPFATPlGYRaQORTVSKAMIAYWTNFA}:tGO 

550 
PNMGDSAVPTHWEPYTTENSGYLEITKKMGSSSMKRSLRTNFLRYWTLTY 
PNMGNSPVPTHWYPYTMENGNYLDINKKITSTSMKEHLREKFLKFWAVTF 
PNTGHSTVPANWDPYTLEDDNYLEINKQMDSNSMKLRTLTNYLQFWTQT1 

PNnG.S.VpthW.PYT.Kn.nYleinKJcm.S.SMK.hLRtnfL.fWt.Ty 

LALPTVTDQ 
EMLPTV ••• 
QALPTVTSA 

EATPVPPTGOS 
VGDHTPPKDDS 
GASLLPPEONS 

EATPVPPTGDS 
EAAPVPPTODS 
QASPVPPADNS 

596 
ETAPVPPTGOS GAPP 
OGGPVPPTDOS QTTP 
GAPTEPSAGOS .... 

.aLPTVt •••• a ••• PP.ddS.eA.PVPPtddS •••• pvPptqos •••• p 

6.;2 
VPPTGDS GAPPVPPTGDS GAPPVPPTGOS I GAPPVPPTGOS GAPPV~ ·-·-·· ~::.. 
VPPTDNS QA • •••• ·• • • • • • • • • • • • • • • I . • • . . . . . . . . . •.... 
. . . . . . . . . . . . . . . . . . . .......... I . . . . . . . . . . . . .... . 

Consensus •••••• s •• a •••••••••••••••••••••••.•••••..••.•..••••. 
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Fig.5 (313) 

PTGOS GAPPVPPTGOS GAPPVPPTGOS GPPPVTPTGOS GAPPVPPTG ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . . . . . ........... . . . . . . . . . . . . . . . . . . . . . . ......... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

735 
OS GAP~VTP'I'GOS ETAPVPPTGOS Gi\PPVPPTGOS EAAPVPPTOOS; .. . . . . . . . . . . . . . . . . . . . . . . ........... •••••••• Gos·: . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... ·I 
• • • • . . . • • • • • • • • • • . • • • • • • . • • • • • • • • • • • • • • • • • • • • • •• ds 

KE.AQMPAVIRF 
VE.AQMPGPIGF 
.EVAQMPVVIGF 

.e.AQMP.viqF 

-
I 



1 
(76-90) 
BSSL 
(116-130) 
Ches Kum 
(114-128) 
Torp ace 
(101-ll.5) 
Drosceh 
(103-117) 
Ratlivce 
(224-238) 
Orosace 
(2257-2270) 
ThryHum 
(90-114) 
Diet.Di 

w v p Q c: 
LS £ D C L Y L N V w@ P A P 

MSEDCLYLNIWVPSP 

GEEDCLT.VSVYKPKN 

FS'EDCLY LK IYS PAD 

V S E D C L Y0N V W A P A IC 

VSEDCLYLNVFIPQ. 

PKG 
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fig.6(113) 

Consensus . • s e d c L y 1 n v v • P • • 

2 
(95-113)­
BSSL 
(134-150) 
Ches Hum 

. (132-150) 
Torpace 
(118-136) 
Drosceh 
(121-138) 
Ratlivce 
(273..;291) 
Drosace 
(2270-2291) 
ThryHum 

Diet.Di 

consensus 

3 
(135-l.56) 
BSSL 
(166-187) 
ChesHUm· 
(164-l.85) 
Torpace 
(150-171) 
Drosceh 
(153-174) 
Ratlivce 
(307-328) 
Drosace 
(2307-2328)° 
ThryRWll 
(118-136) 
Diet.Di 

Consensus 

SRDLPVMIWI 

PKDATVLIWIYGGGFQTGT 

PKSATVMLWIYGGGFYSGS 

RNSFPVVARI~GGAFMFGA 
N_S ~ L'P V M V W I~G G G LI I G G 

TNGLPILIWIYGGGFMTGS 

APNAS 

• • . . . . . . . . . . . . . . 
• • • 1 p v • • w 1 y 9 9 9 t • • 9 s 

NVIVVTFNYRVGPLGFLSTGDA 

RVIVVSMNYRVGALGFLALPGN 

EV~LVSLSYRVGAFGFLALRGS 

KFILVKISYR~GP.~GFVSTGDE. 
NVVVVTIQYR~GFGGLFSTGDE 
NV~VASFQYRVGAFGFLRLAPE 

NLIVVTASYRVGVFGFLSSGSG 

nvivvttnYRvq •• Gtlstcrd. 
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4 
(157-182) 
BSSL 
(189-214) 
ChesHum 
(187-212) 
Torpaee 
(172-197) 
Droseeh 
(175-200) 
Ratlivee 
(336-361) 
Drosaee 
(2329-2354) 
ThryHum 

Diet.Di 

Consensus 

5 
(183-207) 
BSSI,. 
(215-239) 
ChesHum 
(213-237) 
Torpace--= 
(198-222) 
Droseeh 
(201-225) 
Ratlivce 
(362-386) 
Drosaee 
(2354-2379) 
ThryHum 
(137-149) 
Diet.Di 

Consensus 

Fig.6 (213) 

NLPGNYGLRDQ I A A F G 

. . . . . .• 

e 1 p G·N w q 1 1 0 Q .. A 1 • W v . d n i a a F G 

GDP N NI TL F G E S AGGAS V SIL QT LS P 
I GG p l( s v T L F G E: s A G GA s v ;j L Ii L L s p 

G 0 PKT VT L F GE S AGGAS V1G M H I LS P 

GEPONV~G~SAGGASVHLQMLRE 
GNP D S V

0

Tl:JF GE S 

GNP E WM TL F GE SAGS SS V NA Q L MS pl 

0 R G G
0
A 0 VAS I H L~ 

•. • • • • • • • • • A H L ~T 
G d P • n v t l f 9 e s a G 9 a s v s l • l l s p 
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Fig.6 (313) 

6 
(208-231) 
BSSL y N KG s Q s G VAL S K 
(240-263) 
Ches Hum G S H s L Q s G s F N A PW A VT s 
(238-261) 
Torpace G S R D L FR RA I L Q s G s p N c PW A s v s 
(223-246) olp WV I Q K Drosceh D F G Q G N A L 
(226-249) 
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DERIVATIVES OF HUMAN BILE-SALT STIMULATED LtPASE..AND PHARMACEUTI· 
CAL COMPOSITlONS CONTAINING THEM 

Field of the invention 

The pres.ent invention relates to new DNA sequences, to new 

5 proteins coded for by such DNA sequences, and to the use 
as further described below of such proteins. The invention 
also encompasses vectors, such as plasmid constructs, 
comp~ising such DNA sequences, bein9 capable of expressing 
the desired enzyme. The invention also includes host 

l.O organisms transfected with such constructs e.g. bacteria 
yeast, mammalian cells, and transgenic animals. 'l'he 
invention also includes processes for the preparation of 
th~ novel products of the inventicn. The new proteins of 
the invention are related to an enzyrrie, known i.a. as 

15 human bile salt-stimulated lipase. 

20 

25 

30 

35 
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Background to the invention 

The human lactating mmmnary gland synthesizes and secretes 

5 with the milk a bile salt-stimulated lipase (BSSL) [1] 

that, after specific a~tivation by primary bile salts [2, 

57, 58], contributes to the breast-fed infant's endogenous 

capacity of intestinal fat digestion [3-5]. This enzyme, 
which accounts for a~proximately l\ of total milk protein 

10 [6], is a non specifi~ lipase; in vitro it hydrolyses not 

only tri-, di- and monoacy~glycerols, but also 

choleste·ryl-, and re~inyl esters, and 

lysophosphatidylgly~erols. [7-10]. Furthermore, its 

activity is not res~ricted to emulsified substrates, but 

15 micellar and solul:-le s\l!jstrates are hydrolyzed at similar 

ratels [ 11]. 

BSSL is not degraded during passage with the milk through 

the stomach, and in d1.lodenal contents it is protected by 

bile salts from inactivation by pancreatic proteases such 

20 as trypsin and cbyinot?'l'-psin [2,11). It is, however, 

inactivated when the ~ilk is pasteuriz~, e.g. heated to 
62.S 0 c, 30 min [12]. Model experiments in vitro suggest 

that the end products of triacylglycerol digestion are 

different in the presence of BSSL [S,7]. Due to lower 

25 intraluminal bile salt concentrations during the neonatal 
period [13,14) this ~ay be beneficial to product 
absorption [S,15]. 
The carboxylic ester hydrolase (CEB) of human pancreatic 

juice [16] seems functionally to be identical, or at least 

30 very similar, to BSSL [S]. '!'hey also share common epitopes 

[B,17], have identical N-terminal amino acid sequences 

[17] and are inhibited by inhibitors of serine esterases, 
e.g. eserine and diisopropylfluorophopspbate [6,8,16). It 

has been hypothesized that the two enzymes are products of 

35 the same gene [18,19]. The observed molecular size 

difference (8,19] could be explained by different patterns 
of glycosylation, as recently suggested (17]. 
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Di'--a.,,..r;=-z~ lipids is an important source of energy. 'l'he 
energy-rich triacylglycerols constitute more than 95\ of 
these lipids. Some of the lipids, e.9. certain fatty acids 
and the fat soluble vitamins, are essential clieatary 

5 constituents. Before gastro-intestinal absorption the 
tria~Jlglycerols as well as the minor components, i.e. 
esterif ied fat•soluble vitamins and cholesterol, and 

diacylphosphatidylglycerols, require hydrolysis of the 
ester bonds to give rise to less hydrophobic, absorba.ble 

10 products. These reactions are catalyzed. by a specific 
group of enzymes cal.led lipases. 
In the hu.~an adult the essential lipases involved are 
considered to be gastric lipase, pancreatic colipase­
depende~~ lipase (tri- and diacylglycerol hydrolysis), 

15 pancreatic phospholipase A2 (diacylphosphatidylglycerols} 
and ckrboxylic ester bydrolase (cholesteryl- and fat 
soluble vitamin esters). In the breast-fed newborn bile 
salt-s~imulated. lipase plays an essential part in the 
hydrolysis of several of the above mentioned lipids. 

20 Toqetber with bile salts the products of lipid digestion 
form mixed micelles from which absorption occurrs (3-5). 

Conmton causes of lipid.malabsorption, and hence 
malnutrition, are reduced intraluminal leavels of 

25 pancreatic colipase-dependent lipase an/or bile salts. 
Typical examples of such lipase deficiency are patients 
suffering from cystic fibrosis, a common genetic disorder 
resulting in a life-long deficiency in som 80\ of the 
patients, and chronic pancreatitis, often due to chronic 

30 alcchclism. 

The pancreatic and liver functions are not fully developed 
at birth, most notably in inf ants born before term. Fat 
malabsor~tion, for physiological reasons, is a common 

35 finding •nd thought to result from low intraluminal 
pancrcati~ colipase~dependent lipase and bile salt 
concentrations (3,4,13~15). However, because of BSSL, such 
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mala.bsorption is much leas frequent in breast-fed inf ants 
than in infants fed pasteurized human milk of infant 
formulas (3-5, 12, 59 1 60, 61). This is one reason why it 
has been advocated that newborn infants., particularly 

5 preterm infants, that cannot be fed their own mothers milk 
should be fed non-pasteurized milk from other mothers 
(12). 

The present treatment of patients suffering frcm a 
10 deficiency of pancreatic lipase is the oral administration 

of very large doses of a crude preparation of porcine 
pancreatic enzymes. Colipase-dependent pancreatic lipase 
is inactivated by low pH. Such conditions are prevalent in 
the stomach, with the result that orally administered 

15 pancreatic lipase is virtually completely inactivated on 
theapassage through the stomach to the gut. Therefore, 
this effect cannot be completely overcane by the use of 
large doses of enzyme. The large doses administered are 
inadequate for most patients, and the preparations are 

20 ·impure and unpalatable. Certain tablets have been 
formulated which pass through the acid regions of the 
stomach and discharge the enzyme only in the relatively 
alkaline environment of the jejunum. ·aowever, many 
patients suffering from pancreatic disorders have an 

25 aifnormally acid jejunum and such tablets may fail to 
discharge the enZ'JDle and may therefore be ineffective. 
Moreover, since the preparations presently on the market 
are of a non-human source there is a risk of 
immunoreactions that may cause harmful effects to the 

30 patients or result in reduced. therapy efficiency. 
A further drawback with the present preparations is that 
their content of other lipolytic activities than colipase­
dependent lipase are not stated. In fact, most of them 
contain very low levels of CEH/BSSL-act~vity. This may be 

35 one reason why many patients, suffering from cystic 
fibrosis in spite of supplementation therapy, suffer·from 
deficiencies of fat soluble vitamins and essential fatty 
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acids .. 
Thus, there is a 9reat need for products with properties 

and structure derived from numan lipases and with & broad 

substrate specificity, which products may be orally 

5 administered to patients suffering from deficiency of one 

or several of the pancreatic lipolytic enzymes. The 

products of the present invention fulfil this need by 

themselves or in combination with other lipases or in 

combination with preparations containing other lipases. 

10 Furthermore, for some human i!lfants there is an obvious 

need to improve fat utilization from conventional infant 

formulas, or pasteurized human milk from so-called milk 

banks. 
BSSL has several unique properties that makes it ideally 

15 suited for substitution and supplementation therapy: 

It has been designed by nature for oral administration. 

Thus, it resists passage through the stomach and is 

activated in contents of the small intestine. 

Its specific .a.cti¥ation mechanism should prevent 

20 hazardous lipolysis of food. or tissue lipids during 

storage and passage to its site Qf action. 

Due to its broad substrate specificity it h~s the 

potential to, on its own, mediate complete digestion of 

most dietary lipids, including the fat soluble vitamin 

25 esters. 
BSSL may be superior to pancreatic colipase-dependent 

lipase to hydrolyze ester bonds containing long-chain 

polyunsaturated fatty acids. 
In the presence of gastric lipase and in the absence of, 

30 or at low levels of colipase-dependent lipase BSS~ can 

ascertain a complete triacylglycerol digestion in vitro 

even if the bile salt levels are low such as in newbOrn 

infants. In the presence of BSSL the end produc~s of 

triacylglycerol digestion become free fatty acids and free 

35 glycerol rather than free fatty acids and monoacylglycerol 

generated by the other two lipases (5). 'l'his may favour 

product absorption particularly when the intralUJr1tnal bile 
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salt levels are low (3,15). 
From a historical point of view inf ant formulas have been 
developed# and improved, £rom the concept that their 
composition should be as similar to that of human milk as 

5 possible. It is desirable to supplement such formulas. 

The utilization for supplementation, substitation or 
therapy of bile salt-stimulated lipases (BSSL), or of 
proteins with the essential functions of BSSL, requires 

10 however access to quantities of the product on a large 
technical scale. It is not possible in factory scale to 
rely on natural sources such as milk as starting material. 
Besides the pr~blem mentioned above with inactivation of 
BSSL during pasteurization, there is the additional risk 

15 of contaminaticn of material from a natural source with 
infectious agents, e.g. vira such as HIV virus and CMV. 
There is, accordingly, a need for large scale access to 
products having BSSL properties.. The present invention 
provides such products and methods for their preparation. 

20. 

Prior art references are given later in this 
specif icatiou. 
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The invention 

The present invention is based on the cloning of cDNA 
coding for BSSL derived from human manmary gland. We have 

5 also isolated, from human pancreas, a partial cDNA cod.in~ 
for CEH. Deduced amino acid sequences from the human 
cDNA's and comparison with CEH from other species, suppo4t 
the interpretation that BSSL and CEH are identical. 

10 As will :be further detailed :below, it was surprisingly 
found that the structure of the p:otein as deduced frorn 
the cDNA sequence is quite different from the structure of 
other lipases. The structure proved unexpectedly to b£ 
more like. the structure of typical esterases, such as 

15 cholinesterase. 
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With reference to Figure ::t:t and Figure VII, products of 

the invention are: 

a) a protein as define41:.7 the amino acid sequence 1-722 

5 in Fig. VII, 

b) a protein as def inee ~ the amino acid sequence 1-53 5 

in Pig. VII, 

10 c) a protein as defined by the amino acid sequence 1-278 

in Fig~ VII, 

15 

20 

25 

dl a protein as defined by the amino Acid sequence l-341 

in Fig. VII, 

e) a a protein as defined by the amino acid sequence 1-409 

in Pig. VII, 

f) a protein as def inei try the amino acid sequence 1-474 

in Pig. VII, . 

g) combinations of prc:i:eins defined und~r ~) - f) e.g. 

as defined by the amino acid. sequence in lY.)Sitions 1-278, 

279-341, 279-409, 279-474~ 3C2-409, 342-~7~ ar.d 536-722. 

h) combinations of prc=eins defined W"de:: .r,~ •• g) in 

combination with one or zare of the repeat..~ according to 

Figure V, 

30 i) a protein as define!. UD!er a) - b) p:»ssessing an 

additional, N-terminal a:nino ac·id, namC3ly methionine, 
and functionally equivalea.t variants ~nd mutants of the 

proteins defined in a) - il above; 

35 It should be noted that ehe proteins urader a. b, c, d, e, 

£, h and 1 above will not be identical in all respects to 

naturally occu~ring BSSL. ~ they wilt exhLbi~ one or 
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e er t cal functions of naturally occurrinq 
BSSL. Critical functions ara given below. 

j) a DHA aeq\lence coding for tbe proteins defined in a, 
5 b, c, d, e, f, h and i above. 

10 

k) a DNA sequence accordin~ to Pig. II, defined by the 
following nucleotide nwabers in Pig. II: 

a) a DNA sequence 151-2316 according to Pig. II, coding 
for the protein defined by the amino acid sequence 1-722 
in Pig. VII, 
b) a DNA sequence 151-1755 acc~rding to Pig. II, coding 

15 for the protein defined 'J:)y the amino ai:id ttequence 1-535 
in Eig. VII, 
c) a DNA sequence 151-985 according to Pig. II, coding 
for the protein defined by the amino acid sequence 1·278 
in Fig. VII, 

20 d) a DNA sequence 151-1172 accorcling to Fig. II, coding 
for the protein defined by the amino acid sequence 1·341 
in Fig. VII, 
e) a DNA sequence 151-1376 according to Fig. II, coding 
for the protein defined by the amino acid sequence 1-409 

25 in--Fig. VII, 
f) a DNA sequence 151-1574 according to Pig. II, coding 
for the _protein defined by the amino acid sequence 1•474 
in Fig. VII, 
9) a DNA sequence 986-1172 according to Fig. II, coding 

30 for the prot~tin defined. by the amino acid sequence 279-341 
in Fig. VII, 
h) a DNA sequence 986-1376 aceording tc Fig. II, coding 
for the protein dsf ined by the amino acia sequence 279-
409 in Pig. VII, 

35 i) a DNA sequence 986-157~ acr.ording to Fi;. II, coding 
for the protein defined bl• th~ amino acid sequence 279-474 
in Fig. VII_, 
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j) a DIA seq\lence 1173-1376 accordin9 to r19. II, cact""I 
for the protein defined by the .,sno acid •eque:ice 342-401 
in Pig. VII, 
k) a CHA sequence 1173-1574 accordill9 to Fig. II, oocling 

S for the protein defined by the amino acid •~nQc 342-,74 

in Fi9. VII. 

Significant functions of proteins of the invention are 

10 a) suitable for oral administration, 

b) being active.ted by specific bile salt•, 

c) acting as a non-specific lipase in the contents of the 
15 small intestines, that is being able to hydrolyze lipids 

rel~tively independent of their cbemical atructure and 

physical state (emulsified, mi.cellar, soluble). 

d) Ability to hydrolyse tr1acylgl7C8rola with fatty acid• 
20 ·of different chain-length and different d99reee of 

U.'\8atura ticn. 

e) Ability to hydrolyze also diacylglycerol, 
monoacylglycerol, cholesteryl eatera, 

25 -l~sophosphatidylacyl9lycerol, and. retinyl and other fat 

soluble vitamin-esters. 

30 

35 

f) "1:>1lity to hydrolyze not only the .!l!-1(3) ester bonds 
in a triacylglycerol but also the .!J!•2 ester bond. 

g) ~ility to interact with not only primary but also 
secondar.y bile salts. 

h) Dependency on bile salts for optimal activity. 

1) Stabilicy so that gastric contents will not affect the 
catalytieal efliciency to any substantial degree. 
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j) Stability towards inactivation by ~a.ncreatic 

prot~ases, e.g. trypsin, provided bile salta are present. 

5 kl Ability to-bind to heparin and heparin derivatives, 

e.g. heparan sulphate. 

l) Ability to bind to lipid-water interphases. 

l~ m) Stability to l>ermit lyophilization. 

n} Stability when mixed with food constituents such as in 

human milk, or milk fo~la. 

15 T"ne critical functions for supplementation, substitution, 

or therapy are these accordin9 to a), c), d), e), f), i), 

j) and 1). Por other purposes, not all critical functions 

may be necessary. 

20 For expression of the proteins -indicated above, the 

appropriate DNA sequence indicated above will be inserted 

into a suitable vector which then is introduced into a 

suitable host-organism. 'the said vector will also _have to 

comprise appropriate signal and other sequences enabling 

25 t-be=organism to express the desired protein. 

Suitable expression organisms: 

With the recombinant DNA techniques it is possible to 

30 clone and express a protein of interest in a variety of 

prokaryotic and eukaryotic host organisms. Possible 

expression organisms are bacteri~, simple euka.rYots· 

(?sast), animal cell cultures, insect cell cultures, plant 

cell cultures, plants and transgenic: animals. Bach 

3~ individual system has its own particular advantages and 

disadvantages. 'l'he simple conclusion is that every gene to 

be expressed is a unique problem anc no standard solution 
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C-cmDonly used bacterial ayatw are &. coli, B&cillua 
aubtilia, Streptomycea. CcanonlJ' ue4 yeuta are - -

S saccb~s.,, ud Picbia Paatoria. CVHMel1' ue4 an1 .. 1 

cell• are CHO cells and COS cells. Ccmmonly uaed inaec:t 
cell cultures are Drosophila derived cells. 

Conmonly used plant is the tobacco plant. Possible 
10 transgenic anim&ls are goat and cow. 

Possible· bacterial vectors are exemplified by pUC and 
protein A-vectors. 
Possible yeast vectot is exemplified by pM>t 91. 

15 Possible insect vecto~s are devired from Baculo-virus. 

20 

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

It is understood that depending on the choice of 
expression. system, the expressed protein may contain an 
additional H-terminal amino acid (methionine), contain a 
few extra amino acids_, or be fused to a heterologoua 

25 protein, (e.g. pro~ein A), or differ from the naturally 
occurring protein with respect to glycosylation. 
Furthexmore, the vectors may also contain signal sequences 
in order to export the protein to the periplasm or to the 
culture medium. 

30 Thus, further aspects of the invention are: 
a) a vector comprising a DNA s~ence coding·for a 

protein as specif led above, 
b) a bost organism comprising a DNA sequence as 

specified above, 
35 c) a process for the production of a protein as 

specified above, by growing a host organism 
containing a vect.or as specified under a) above and 
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Methods from purification are baaed on the expression 
system used (e.g. protein A/lgG) a.DIJ./or on methoda used 
for purification of the naturally occurring enzyme, aa 
described in reference 6 •. 

Additional aspects cf the invention are: 

- a pharmaceutical composition comprising a protein as 
specified above, 

- the USC Cf a protein as specified above for the 
manuf J:icture of a medicament for the treatment of a 
pathological condition related·to exocrine pancreatic 
insufficiency, 

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

20 - the use of a protein as specified above as a supplement 
to an inf ant food formulation, 

-the use.of a protein as specified above for tbe 
mar.ufactw:e of a medicament far the treatment of chronic 

25 pant~atitis, 

.30 

-tha use of a protein as specified above for the: 

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

-the use of a protein as specified above for the. 
man".lfacture of a medicament for the treatment of 
M&laDSOpt.iOD Of fat SOluble Vi tamiDS I 

35 -the '.lSe cf. a protein as specified above for the 

manufacture of a medicament for the treatment of fat 
malabsorption due to physiological reasons, e.g. in new-
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The DNA sequence in Fig. II frcm position 151 up to and 

S includin9 position 2316 1• the sequence cod.log for the entire 
protein., 'l'be sequence from position 2317 up to and including 
position 2415 is not translated to protein, but is included 
in exon d identified in Table 2 below. 

10 In one embodiment of the inven~ion, the protein as defined ir 
pharagraphs a) - i) above .is provided in isolated form and/o! 

. in substantially pure form. 

The DNA sequences .as defined in paragraphs a) - k) above are 

15 in ~ne embodiment of the invention provided in isolated form 
and/or in substantially pure form. 

Experimental part 

20 . Abbreviations 
aa, amino acid; bp, base pair; BSSL, bile salt-stimulated 
lipase; c-1\MP, cyclic adenosine monophosphate; CEH, 
carboxylic ester hyd,rolase; Da, dalton; c .,GTP, 7-deaza-?.­
deoxyguanosine S'triphosphate; EDTA, ethylene diamine 

is tetraacetate; kb, kilobases; MOPS, 3-N-morpholino­
propanesulfonic acid; nt, nucleotide; PAGE, polyacrylamide 
gel electrophoresis; SDS, sodium dodecyl sulfate; SSC, NaCl 
citrate, xGal, 5-l:>romo-4-chloro-3-indolyl-.B-D­
galactopyranoside. 

30 

35 

Enzymes 
Bile salt-stimulated lipase EC 3.1.1.3 
Carboxylic ester hydrolase EC 3.1.l.l 
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Material and Methods 

A. ~ and antibody preparaticm 

S BSSL was purified from human milk as previously described 
[ 6 ] • When used for antibody production the enzyme was 

further purified by SDS-PAGB. The protein band 
corresponding to the lipase was, after staining with 
Coomassie Brilliant blue, electroeluted from the gel. 

10 Twentyfive 1J..9 of purified enzyme, together with an equal 
volume of Freund's complete adjuvant, was used fer a first 
i.e. injection and the same amount of enzyme with 
incomplete adjuvant for the subsequent monthl~- booster 
injections. The rabbits were bled about two weeks after 

15 each booster and sera prepared and stored at -20 •c. 

B. "Preparation of tryptic fragments and and.Do acid 
sequence analysis 

20 Three mg of purified BSSL was dissolved in 1 ml of O.lM 
Tris-Cl buffer,· pB a.s, containing 6M gu.anidinium 
hydrochloride and 2 mM EMA. Dithioerythritol was added to 
SmM. After incubation at 37 °C for 2h, 300 µl SO mM 

iodoacetate was added. After 90 min incubation at is •c in 
25 da~ess the reduced and carboxymethylated enz~te was 

desalted on a Sephades G-25 column·, equ111br2ted with 
O.SM ammonium bicarbonate. 'l'hirty ia.g of tosyl-L­
phenylalanine chloromethane treated bovine trypsin 
(Worthi.ngton diagnostics system Inc. , Freehold, NJ, U~I.) 

30 was added before lyophilization. The lyophilized protein 
was dissolved in 4 ml O.lM ammonium bicarbonate and an 
additional 90 µg of trypsin was added. After Sh incubation 
at 31 °C the protein was again lyopbilized. The tryptic 
digest was dissolved in 0.1\ trifluoroacetic acid 

35 ( 2mg/ml). Three hundred J.t9 of trypsinated BSSL \Oas 
chromatographed on HPLC using a C-18 reversed ph~se column 
and eluted with a gradient of 0-50\ acetonitrilc in 0.1\ 
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trifluoroacetic acid. Peptide collection was monitored. by 

continuous recording of the absorba.nce at 215 nm. Peptides 
to be sequenced. were further purified by rechramatography 
using the same column with adjusted. gradients. 

5 Samples of peptide fragments to be sequenced were dried 
under nitr.ogen to remove acet.onitrilc and applied to the 
sequencer. For N-terminal sequence analysis, native BSSL 

was dissolved in 0.1\ acetic acid. Sequence analyzes were 
performed on an Applied Biosystems Inc. 477A pulsed 

10 liquid-phase sequencer and on-line P'tH 120A analyzer with 
reqular cycle programs and chemicals from the 
manufacturer. Initial and repetlti?e yields, calculated 
from a sequenced. standard protein, 8-lactoqlobulin, were 
47 and 97\, respectively. 

15 
c. Isolation of ~ 

Samples of human pancreatic adiiY.)se and lactating mammary 

gland tissues were obtained at surgery and imnediately put 
20 ·into guanidinium thiocyanate (1:..s gin SO ml). Total RNA 

was extracted as described by Chirgwin [20]. Poly(A)-RHA 
was prepared by chromatography en oligo-deoxythymidilate­
( oligo ( DT)) -cellulose colwnn [2ll. 

25 p·.--construction and screening of ciJHA 1ihrariea 

Approximately 15 ~g poly-adenylated RNA from human 
pancreas was denatured with methyl mercuric hydroxide [22] 
and primed with oliqo (dT) 12~1 • primers (Pharmacia, 

30 Uppsala, Sweden), and reversely transcribed using . 

standard procedu~es [23]. Second-strand synthesis was 
carried out according to GublP-r and Hoffman [24], except 
that DNA ligase and 8-NAD were omi~ted, and the reaction 
temperature was set at 15 °C. F.xcess RNA was digested with 

35 RNAse A (50).1.g/ml), and the doutle-stranded cDNA was 
·treated with EcoRI methylase [25]. Ends were blunted with 
Klenow enzyme. After ligation to EcoRI linkers and 
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cleavage with BcoRI the cDNA was fractionated. on a 

Sepharose 4B-Cl col~. The vo.id volume fraction was 

precipitated with ethanol and the cDNA ligated into the 

EcoRI site of a phosphatase treated gtll vector [261. l!l 
5 vitro packing yielded more than 7x10 5 .recombinanta. · 

A cDNA library fro1n human mammary gland, derived from 

tissue obtained from a wornen at the eighth month of 

pregnancy, was purchased (Clontech Laboratories, Inc., 

10 Palo Alto, CA; USA). 

Phages from the cONA libraries were plated at Sx10• plaqi~e 

forming units per 120-nm ~ish. The antiserum was diluted 

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

15 to Ydung and Davis [27]. Alkaline·•phosphatase-conjugated 

goat-anti-rabbit antibodies were used as second antibodies 

{Bio-Rad, Richmond, CA USA). To isolate clones 

corresponding to the 5'-end of the mlUIA, nucleic acic}. 

hybridization was done under staildard conditions [23] 

20 using a subcloned fragment from one of the iJlnunopositive 

clones as ·a probe. 

B. RNA analysis 

25 El-el!trophoresis was carried out in a l' agarose gel in 

40mM MOPS buffer pH 7.0 after denaturation with qlyoxal 

and dimethylsulloxide (28]. Glyoxalated total RNA was then 

transfe~red to nitrocellulose filters (29). The blots wore 

probed with subcl.or.es of BSSL and CEH recombinants that 

30 were labelled by tbe oligo-labeling technique (30]. 

35 

Prehybridization and hybridization were carried out with 

SO\ fem.amid at: 46 °C [23J .• Posthybridization washes ·wcra 

performed at high atringency (0.1\ SDS and o.1xssc at 

60° C). (lXSSC, O,lSM NaCl, O.OOlSM Na3 citrate, pH 7.G). 

F. Nucleotide sequence 
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c:oNA inserts from BSSL and CBB recanbinanta were either 
directly cloned into M3mpl8 and mp19 after aonieation and 
si:e fractionation or some of them were further subcloned 
into pTZ19R after digestions with PstI, Bs~, HarI, SmaI 

5 ·and 1JlaII. '?he nucleotide sequence was determined by the 

dideoxy chain-termination method [ 31] ·• The Ge-rich repeat! 
(see below) were also sequenced with TaqI polymerase and 
d.c .,GT?. Both strands were sequenced. SE.quence informatiot 
was retrived from autoradiograms by use of the software 

10 MS-Edseq as described by Sj6berg et al {SS]. 

G. Amino acid sequence predictions a.ad bcmclogies. 

Tc p~edict the corresponding amino acid sequence of the 
15 cDNA inserts, codon usage of different reading frames was 

C~fpared according to Staden and gave one open reading 
fr~~e [32]. Homologies were searched for with the program: 
of the UWGCG software package [33]. 

2 o ReS11l.ts and Discussion 

A. &equences of trnrtic fragments a.ad th~ K-tezminus of 
BSSL 

25 -T~~sin digestion of purified BSSL resultad in 
ar-proximately SO fragments as judged by the number of 
peak:s obtained during the HPLC-chromatography (Fig. I). 
The peaks were collected and the indicated peaks which 
could be isolated in a highly purified atate and in 

30 re:!t=onable quantities, were sequenced. The resulting 
sequences are shown in Table I. In addition the 30 most N· 
l~rminal residues were sequenced (Fig. II), and they 
coniirrn the previously reported sequence. of Abouakil et 
al. t 10 residues) [17]. 

35 

T"ne 22 residues long N-te~inal sequence reported from 
Wang & Johnson [34] is a glycine in our report and a 
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lysine in Wang ' Johnson's. 

B. Ruc1eotide sequence of BSSI. 

S For construction of the lgtll cDHA library we used 
polyadenylated RNA from human pancreas. Initially four 

immunopositive clones were isolated., and then this 
pancreatic expression cDSA library was screened with 
antiserum against BSSL. Nucleotide sequence analysis of 

10 the four clones showed tha: they are in perfect agreement 
and correspond to the 3' -end of the mRNA. They all begin 
with a poly A tail and differ only in length; the lonqest 
insert, designated ACE!K, spans 996 bp. 
A cDNA library from huma.n mammary gland was screened with 

15 antiserum, and the pan·:reas clone ACBB as probe. Positive 
clones were isolated from both screeninqs, which all 
originate from the 3'-end. The longest mamnary gland 
clone, designated ABSSL, reaches 2100 bp upstream. It 
contains faur of the Se<JUenced tryptic fragment& (Fig. 

20 II), but do not include the N-termi.nal amino acid 
Se<JUence. To extend the sequence beyond the tr~lation 
start, the mammary gland cDNA library was rescreened with 
a 118 bases long probe derived from the most S'proximal 
part of ABSSL. One clone wa3 isolated that continued a 

25 fureher 328 nucleotides up~tream. It matched the N­
terminal ainino acid sequence, and contained the remaining 
tryptic fragment. As · sh~m in Fig. II, the cDNA is 2428 
nucleotides long and contains 81 bases upstream from the 
first ATG codon. The poll'·adenylation signal, AATAAA is 

30 located 13 nucleotides upstream from the poly A tail and 
the termination codon '?AG was found at nucleotide 2317 
followed. by a 3'-untranslatcd region of i12 bp. 
A GC rich region consisting of 16 repeats of 33 bases was 
found in the 3'-end of th& sequence between base 1756 and 

35 2283. The nucleotide sequerace of the repetition, shown 
in Pig. III, consists of six identical repetitions 
surroundt=d by ten repet1tio:&s with different number of 
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substi tu ti cans. that have probably occurred after several 
duplications. '!ha low number of substitutions sug;eata 
that these repetitions have appeared late during 
evolution. 

c. '?issue distribution of expression 

RNA fr~rr. human lactating mammary gland, pancreas, adipose 
tissue and from a human hepatoma celline (BepG2) was 

10 analyzed by N~rthern blotting. '?be size of the messenger 

was determined to be approximately 2.S kh in both 
lactating rr.ammary gland and pancreas. No signal could be 

detected in che lanes with RNA extracted from BepG2 or 
adipose tissue (Fig. IV). 

15 Since the 1nI<.NA used for the mannary gland library was 
obtained from a female in her 8th month of pregnancy, it 
is eviden~ that transcription and probably translation of 

the BSSL gene is turned on before partua, in agreement 
with previous findings on BSSL secretion before partus 

20 [35]. see Figure iv. 

D. ~o acid sequence Of BSSL 

Assessed by SDS-PAGB the molecular mass has been reported 
25 tc:i-=be 107-ll~ kDa [8,36] and by analytical 

ultracentrlfu9ation to be 105 kI>a [37). The enzyme, as 
deduced f xom the cDNA, consists of 722 amino acid residues 
(Fig. II) which, giving a molecular mass of 76.271 Da., 

indicates that the enzyme contains at least ~5-20\ 
30 carbohydrate. The leader sequence is 23 residues long. A 

tentative active site serine residue is localized. to 
serine-217 (Fig. V). The sequence aro'und this serine 
accord with the consensus active site sequence of seri~e­
hydrolases [38). It has recently been it was proposed that 

35 basic residues found close to the active site serine may 
be involved ic the cleavage of esterbonds in acylglycerols 
by lipases [39j. It is interesting to note that such 
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residues are· not present in BSSL. The single tentative N­
glycosylation site is localized only seven residues from 
the serine. '.rhe degree of glycosylation [6,16] au99ests 
that the enzyme contains 0-linlted carbolydrate. There are. 

S numerous sites where ·such 9lycosylation could have 
occurred. The .amino acid composition based on purified 
enzyme has shown a high content of praline residues [6]. 
The amino acid sequence obtained from cDNA .confirms this. 
Moreover, most of the praline residues are localized in 

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

lS 

B. Ccmparison of the eDQllleS in •nmary glancl (BSSL) and 

·pancreas (CBB) 

BSSL of human milk and human pancreas CEB have previously 
4 

been shown to be similar, if not identical. The present 
data strongly suggests that the two enzJ1119s are products 
of the same gene. '?be nucleotide sequence of the c:DHA 

20 clones shows tbat the pancreatic.clone ACBB is identical 
with the mamuary gland clone ABSSL from the poly A tail 
and 996 bases towards the S' -end., including the sequence 
coding for the proline rich repeats. Northen blot gave a 
single band of 2.S kb in RNA from pancreas and lactating 

25 mammary gland (Pig. IV) • Genomic southern blots further 
support the idea that only one gene codes for BSSL and 

CEH. 'I'he difference in mobility on SDS-PAGB between BSSL 
and CEB can be explained as a consequence of different 
glycosylation or differential splicing.· 

30 

The similarity of BSSL to the rat and bovine enzymes (see 
below) and to results from genomics blots support t~e 
possibility tbat differential splicing cannot account for 
tbe mobility difference. Since the c-terminal sequence has 

15 not been confirined on the protein level there is a less 
likely possibility that CEB may be processed by a 
proteolytic clearage in the c-terminal end. 
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So far as we know pancreatic enzymes that obvioualy 
correspond to CBB have of ten been named after mpecies and 
the particular substrates used to determine their 
respective activities; lyaopbospholipaae, choleateryl 

S esterase, sterol ester hydrolase, non-apecif.ic lipase, 
carboxyl ester lipase and cholesteryl ester hydrolase. 
Available data are compatible with the view that all these 
activities described originates in one and the same 
functional entity [42,43]. This illustrates the broad 

10 substrate specificity and the relevance of designatin; 
them as non-specific lipases. When the sequence of human 
BSSL/CEB is compared to the sequence of lysopbosphclipnse 
from fat pancreas [40] and cholesterol esterase fr0&~ 
bovine pancreas (41] extensive similarities are found that 

15 extend about 530 residues from the H-terminal (Fig V); but 
tbey 4differ in the part of the molecule where the :-epeats 
occur. The rat enzyme has only four repeats and the bovine 
three. Hence the human enzyme is a considerable longer 
peptide. 

20 

Moreover, striking similarities were found between BSSL 
and a number of typical esterases, e.g. acetyl choltne 
esterases from several species, including man and 
Drosophila, and carboxyl esterases (Fig. VI) • ~nese 

25 si.mi:aarities were restricted to the N-terndnal 300 
residues of BSSL which includes the tentative active site 
serine-residue. A similarity to acetyl choline e3terase 
has been predicted from.the fact that BSSL is inhibited by 
typical choline esterase inhibitors [6, 8, 16]. With the 

30 possible exception of the rat liver carboxyl esterase 
[ 45) , none of these similar enzymes has been shown to have 
the same bile-salt dependency as BSSL; this sugge5ts that 
the structural basis for this property resides in the c­
terminal part of the protein. Moreover, BSSL.can 

35 efficiently attack emulsified substrates which is ~o~ a 
known characteristic of the similar esterases. For th~s 
activity bile salt is a prerequisite. 
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The predicted sequence for human BSSL was compared with 
other well characterized mannalian lipases. Apart fran the 
consensus sequence a.round the active site serine (G-x-s-x-

5 G), no obvious similarities were found ·[44). 

In addition to the similarities with o~her enzymes, there 
also significant similarities to one c-AMP dependent 
protein from Dictyostelium discoideum [46) as well as to 

10 thyroglobulin from several. species (F~9 VI) [47-49]. The 
similarities between BSSL and thyroqlol:mlin, which 
comprise the active site region 'but not the active site 
itself, indicate that these highly concerved stretches of 
amino acids are of more generalized importance than merely 

lS suppo~ting the enzymatic activity of esterases. 

In conclusion, human milk BSSL consists of 722 amino acid 
residues. Available data strongly indicate that its 
peptide chain is identical to that of pancreatic CEB, and 

20 they are coded for by the same gene. The strongest 
evidence is that the nucleotide sequences of their 3 -
ends and their N-terminal amino acid sequences are 
identical. 'l'he striking homologies found to rat pancreatic 
lysaphospholipase and bovine panc1·eatic cholesterol 

25 esterase support the hypothesis that also these enzymes 
are functionally identical. However, as it has been 
suggested, the different molecular sizes found among 
species are not due to differences merP.ly in 
glycosylation; instead they reflect a variable number of 

30 an eleven amino acid repeat. The similarity of the active 
site sequence between these esterases su~gests that these 
proteins derive from a conmon ance~~ral gene. 

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

Purified BSSL was treated with trypsin and chrcma.toqraphed 
on BPLC as described in Materials and Methods. ':he 

5 indicated peaks were collected and purified further by a 
rechromatoqraph and their amino acid sequence determined. 

10 

Figure II: The cDNA nucleotide sequence and the deduce<! 
amino acid seguence for human bile salt-stimulated lipase:, 

The cDNA is 2428 bases loaq. The N-terminal 23-codon 
sequence (nt82-l50) startinq with an A'?G, is interpreted 
as a leader peptide since the N-terminal amino acid 
sequence of the mature protein starts at codon 24 (nt 151, 

15 AlaJ. The leader pe~tide is underlined. The sign* 
indicates the star~ing point of an exon. The sign I 
indicates the starting point of the repetition part. 

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

25 

Substitutions are indicated by a *· 

Figure IV: Northern blot hybridization 

Northern blot analysis of total RNA isolated from human 
lactating mammary gland, pancreas, adipose tissue and a 
human hepa toma cell line ( BepG2) • Total 'l'NA ( 10119) f rem 
lactating mammary gland (lane A), pancreas (lane B), 

30 adipose tissue (lane C) and BepG2 (lane D) were 
electrophoresed in a 1\ agarose qel in 40mM MOPS buffer at 
Ph 7.0 after denatur~tion of RNA in lM glyoxal, So\· 
dimethylsulfoxide and '0~.M MOPS. The glyoxalated RNA was 
then transferred to n~. t.:-ocellulose paper for hybridization 

35 with: [ 32 P] labeled BSSL cDNA (ABSSL). 
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Figure V: Comparison of the deduced amino acid sequence 
from human milk BSSL, rat pancreatic lxsophospholipaae 
(Ratlpl) [40] and bovine pancreatic cholesterol esterase 
(Bovceh) [41]: 

The serine residues involved in the active site a.re 

indicated by a •, and the t indicates the single possible 
N-glycosylation signal of the protein. The direct repeats 
of amino acid sequences are boxed. Matching seq-J.ences are 

10 denote~ in capital letters, matching sequenc~E between two 
enzymes are denoted in small letters and mls:natching with 
a dot. 

Figure VI:· Comparison of the primary structure of BSSL to 
15 othet esterases, thxroglobuline and to one c-A.tt!P dependent 

enzy:ne_fro.m Dictxostelium discoideum: 

BSSL: bile salt stimulated lipase from human, Cbeshum: 
cholinesterase from fetal human tissue [SO], Torpace: 

20 acetylcholinesterase from Torpedo maJ:mOrata [51], 
Drosceh: earboxylic ester hydrolase from Drosophila 
melaoqas~er [52], Ratlivce: carboxyl esterase frcm rat 
liver [53], Drosace: acetylcholinesterase froni Drosophila 
melaogaste!· [54], '.rhyrhum: thyroglobulin from human [49] 

25 and-'=oict.Di: c-ltMP dependent enzyme from Dictyostelium 
discoideur.: [46]. There are 7 different domains that show 
similarities between the enzymes. Boxes enclose residues 
which are identical and small letters in th~ eonsensus 
sequence indicate identical residues in all the enzymes 

30 except for one. Dots indicate mismatches. The nerine 
residue involved in the active site is indicated with *· 
The figure in the right hand corner shows how the domains 
are oriented. 

35 
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Figure VII: 

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

5 and d. '?he sivn I indicates the starting point of the 
repetition part. 
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Table 1. 1'mino acid sequence of BSSL peptides. 

Due to interfering peaks no positive identification of the 

residue in cycles 1 and 2 of the sequencin~ could be made 

S in peptide number 26. The peptide numbers refer to the 

peaks in Fig I. 

----------------------------------------------------------
10 

Tryptic fragments 

----------------------------------------------------------

15 TPl6:LysValThrGluGluAspPheTyrLys 

TPl9:GlyileProPheAlaAlaProThrLys 

Tp20:LeuValSerGlUPhe'I'hrileThrLys 

20 
TP24:ThrTyrAlaTyrLeuPheSerHisProserArg 

TP26:PheAspVal'l'yrThrGlUSerTrpAlaGlnAsp 

25 ProserGlnGluAsnLys 

----------------------------------------------------------
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Table 2: Identification of tbe exon• a, b, c and d 
numbered a• in P1gurea tl and VII:.. 

ex on _Loc ...... a~t~i~on ______________________________ ___ 

a 
b 

c 
d 

the entire 
protein 

the entire 
protein 
excludiD9 
repetitiou 

between nucleotide number between aminoacid 
number 

986-1172 
1173-1376 

1377-157, 
1575-2415 

151-2316 

151-1755 

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

1-722 

1-535 

25 ---~~------~-~~-------~-------~-~-~~--------~-------~-----

30 

35 
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What ve cl.a.lJI is: 

34 11111111 m11u111111111 111111 
* C L M S * 

1. A protein as indicated in Fiqu.re VII frcm position 1 

S to position 722. 

2. A.protein as indicated in Figure VII from position l 

to position 535. 

10 3. A protein as indicated in Figure VII from position l 

to position 278. 

15 

4. A protein as indicated. in Fi:iure VII from position 1 
to position 341. 

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

6. A protein as indicated in Figure ,,.II frcm position 1 

20 to position. 474. 

7. A protein as indicated in Figure VII frcm position 1 

to position 278, position 279 to position 341, 

position 279 to position 4C9, position 279 to 
25 position 474, position 342 to position 409, position · 

342 to position 474, or position 536 to position 722. 

8. A protein according to any of claims 1-7 in 

combination with one or more cf the repeats according 

30 to Figure v. 

9. A protein according to any of claims 1-i, possessing 

methionine as additional N-terminal amino acid. 

35 10. A protein according to any of claims 1-9, exhibiting · 

one or several of the critical functions of 

naturally occurring bile salt-stimulated. lipase. 
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I lllllll llllJI lllll lllll II llll 
* C L M S * 

11. A functionally equivalent warlaat oc ...ataat of a 
protein accordiDf to &DJ' of clat.. 1-1. 

12. A tllA sequence codi!lt for a protein vlth tbe aa1Do 
S acid ·~•.accor41n; to·c~ 1. 

13. A 1*A sequence coding for a protein with the amino 
acid sequence accord1n9 to claia 2. 

10 14. A CHA sequence codJ.119 for a protein with the amino 
acid sequence accordin9 to any of· claims 3, 4, 5, 6, 
1, a, 9, 10 ~nd 11. 

1 S. A DHA aequence 6efined by the followiD9 nucleotide 
15 number• in Figure ll: 

151-2316 
151-1755 
151-985 

20 151-1172 
151-1376 
151-1574 
986-1172 
98&•1376 

25 986-1574 
1173-137, 
1173-1574 

30 16. A vector ccmprisinq a DNA sequence coding for a 
protein according to claims 1 ~ 11 

35 

17. A vector comprlsin9 a DNA sequence according to 
claims 12 - 15. 

18. A boat organism transformed.with a vector accordiD9 
to claims 16 or 17. 
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11111111111111 11111 1111111 1111 

* C L M S * 

19. A proceas for the production of a prot•in accord.11a9 
to claims 1 - 11 by growing a hoat organ.1• 
containing a vector accordlnq to clail'ls 16 or .a.-1, and 

5 i~olat~n9 the protein. 

20. A pbarmaceut~cal composition comprising a protein 
a~cording to any of claims 1 - 11. 

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

15 22. The use of a protein according to any of claims l -
~ 
11, for the manufacture of a medicament for the 
treatment of a pathological condition related to 
exllCrine pancreatic in.sufficiency. 

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

24. The use of a protein according to any of claims 
25 1 - 11 as a supplement to an infant food formulation. 

30 

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

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

35 27. ~Th~ use of a protein accordin to any of claims 1-11 
for the manufacture of a medicament for the 
tre4tment of malabsorption of fat soluble vitamins. 
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28. The uae of a protein accordln9 to any o.f clA.1.nas 1-11 

for the manufacture of a medicament for the 
treatment of fat mal&baorpt1on due to physiological 
reaaona. 

29. The use., ~c:cordin9 to claims 22-28 of a protein 
according to any of claims 1-11 in com!:>ination with a 
lipase or lipases or in ccmbination with preparations 
conta~nlng a lipase or lipases •. 

30. ·~ infant food formulatio~, supplemented with a protein 
according to any of claims 1 - 11. 

31. A protein according to claims 1 - 11 in substa~tially 
Ji pure form. 

8 

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

33. A DHA sequenc~ according to claima 12 - lS in 
lO substantially pue form. 

34. A !)NA sequence according to claims 12 - lS in isolated 
form. 

25 35. A-..process for the preparation of a pharmaceutical 
composition according to claims 20 or 21 by 

incorporating a protein according to claims 1 - 11. 31. 
or 32 in a pharmacologically acceptable carrier. 

30 36. A process according to claim JS for the preparation of 
a pha:rrnaceutical composition for oral administration. 

31. A process for the preparation of an inf ant · fOod ·· 
formulation according to claim 30, by supplementinq an 

35 inf ant fOod formulation with a protein accordin9 to 
claims 1 -11, 31, or 32. 
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DERIVATIVES OF HUMAN BILE-SALT STIMULATED LIPASE, 

AND PHARMACEU'l'ICAL COMPOSITIONS CONTAINING THEM 

Abstract 

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

FIGURE 2. 
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Fig.2 (114) 

J.GI'ITATICA ~ G A'IG Cl'C ACC A'ro GGG CXiC en:; CAA en:; G'IT lll 
Met Leu 'lbr Met Gly Ara I.eu Gln Isu Val 

l 5 10 

Gl"G TIG GGC ere ACC '1GC 'ltiC 'IGG GCA Gl"G c;a:; ;er GCC c;a:; AAG cro 159 
Val Leu Gly Leu 'Ihr CVS CVS Tm Ala Val Ala ser Ala Ala Lys Leu 

15 . 20 25 

GGC GCC Gl"G TAC ACA GAA GGT CGG TIC GIG GAA. GGC Gn: AAT AAG AA'j 20i 
Gly Ala Val Tyr 'Ihr Glu Gly Gly Phe Val Glu Gly Val Asn Lys Lys 

30 35 40 

crc~crc~~~~Gl"G~~TICAAGGGC~CCC~ 2~ 
Leu Gly Leu Leu GlyAsp Ser Val Asp Ile Phe Lys Gly Ile Pro Phe 

45 so 55 

GCA Gel' CCC ACC AAG GCC cro GM AAT ccr CAG CCA CAT CCT (NC~ 303 
Ala Ala Pro '!'hr Lys Ala Leu Glu Asn ProGln Pro His Pro Gly 'I?'p 

60 65 70 

CAAGGGACC~AAG~AAGAACTICAAGAAG~'IGCCit;~GCC l~ 
Gln Gly 'lbr Leu Lys Ala Lys Asn Phe Lys Lj'S Ar9 cys Leu Gln Ala 
~ ~ e ~ 

~~ACC~~~~~GGG~GAA~'IGCC'IG~Cl'C 3% 
Thr Ile 'lbr Gln Asp ser Thr T}'r Gly Asp Glu Asp cys Leu 'fl.T Leu 

95 100 105 

AAC ~'IGG GIG CXX: CAG GGC IS AAG CAA G'l't: TCC a;G GAC Cl'G CCC 4.; 7 
Asn Ile Tl:p Val Pro Gln Gly Arg Lys Gln Val 5er Arq Asp Leu Pro 

110 115 120 

G'IT~~~~~GGAGGCGCCTICCl'CA'roGGGTCCGGC~ 4~ 
Val Met Ile Tl:p Ile Tyr Gly Gly Ala Phe I.eu Met Gly 5er Gly His 

125 uo us . 

GGG GCC AAC TJX:. crc ».C AAC TAC Cl'G ~ ~ GGC GAG GAG ATC GCC 543 
Gly Ala Asn Phe Leu Asn Asn Tyr Leu Tyr Asp Gly Glu Glu Ile Ala 

140 145 150 

ACA cx;c GGA MC Gn: ~ GIG Gn: ACC TIC AAC TAC a:1' Gn: GGC CCC 591 
'lbr Arq Gly Asn Val Ile Val Val 'lbr Phe Asn Tyr Arq Val Gly Pr:Q 
155 160 165 170 

err GGG TIC ere· NX ACr GGG GAC GCC MT cro CCA a:;r AAC TAT GGC 639 
Leu Gly Phe Leu ser 'lbr Gly Asp Ala Asn I.au Pro Gly Asn T}T Glr 

175 180 lS~ 



' 

Fig.2(214) 

err ~ GAT CAG CAC A'IC GCC ATI: GCT 'ItAa GTG A;;;; AGU AAT ATC ~ 6a7 
Leu AJ:q Asp Gln His Met Ala Ile Ala T.cp Val Lys Arq Asn Ile Ala 

190 195 200 

GO: TIC GN GCG GAC CCC MC AM:: A1.'C NZ c:rc T1'C GGG Gr'iG 'l'Cr Ge:' ilS 
Ala Phe Gly Gly ASp Pro Asn Asn Ile '1'hr Leu Phe Gly Glu Ser Ala 

205 210 215 

GG.\ CGr GCC 11.X G'n: 'n:'1' at; o.G AC.C C'IC TC: CCC TAC AAC A>M Gae 7El 
Gly Gly Ala Ser Val Ser Leu Gln '1'hr I.eu Se?' Pro 'l)T Asn Lys Gl)· 

220 225 • 230 

ere ATC CXN ~ GCC ATC IG: <:AG IG: GX G1'G CiCC CIG AGr CCC: ~ s~~ 
Leu Ile At;' AJ:9 Ala Ile Ser Gln Ser Gly Val Ala Leu Ser Pro ~ 
235 240 2~5 250 

A 
G1'C A'IC OG AAA AAC CCA C'IC TI'C 'l'tiG CiCC AAA. NJ;; GIG GCT CM'.C AA:;; S7S 
Val Ile Gln Lys Asn Pro Leu Phe T2:p Ala Lys L)'S Val Ala Glu L}"S 

255 260 265 

G1'G GGT ~ CCl' GTG GGT GAT GCC CC: ~ A'ro CiCC c;.c; TGT C1'G ~ 9'7 
Val Gly cys Pro Val Gl:,· Asp Ala Ala Ar;. Me~· Ala Gln ~'S Leu L}-s 

270 275 260 

GIT Aa GAT CCC cI;.\ GCC .CIG Aa:; C'1'ti GCC TAT »::; GTG ca:a Citi ~ 975 
Val Thr Asp Pro Arq Ala Leu '1'hr I.eu Ala 'I}T t.ys \.al P:o Leu Ala 

265 . 290 . 295 

* 
GGC cm G.'tG TAC CCC Ana C'l'G CAC TAT Gm <NC TI'C GrC a:r GI'C AT: io::z 
Gly tau Glu '!'}":' Pro Met LeU His 'l'zT Val Gly Phe Val Pro Val Ile 

300 305 3_10 

CAT cG>. ~ '1'1'C ATC CCC: GC'l' GAC ax; ATC AAC CIG TAC GCC AAC Gee 1071 
Asp Gly Asp Phe lle PrO Ala. Asp Pro Ile Asn Leu 'l)T Ala Asn Ala 
315 320 325 330 

GCC GA<: A'It: ~ TAT ATA GCA GGC AC.C ~ AAC ATG Gi\C GGC CAC A'IC 1119 
Ala Asp Ile Asp Tyr Ile Ala Gly '1'hr Asn Asn Met Asp Gly His Ile 

335 340 345-

~~~~~~~GCCATC~~~~~~~ ~ 
Phe Ala Ser Ile Asp Met Pro Ala Ile Asn Lys Gly Asn Lys Lys Val 

350 355 360 

* 
~~~~~~~cn:;~~~~~~~~ ~ 
'1h:' Glu Glu Asp Phe Tyr Lys Leu Val Ser Glu Phe 'lb:' Ile 'Ibr L~-s 

36?, 370 3;5 .. , 

~~~~GCC~~~~~~~~~~~ ~ 
Gly Leu Arg ~y Ala Lys '1h:' 'D': Phe Asp Val Tyr 'Jl1: Glu Ser ~ 

38~ . 38~ 390 
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GCCCAGGAC~~OG~~~».G».G~G't'GG't'GG.\C~ ~ 
Ala Gln Asp Pro Ser Gln Glu Asn Lys Lys Lys '!hr Val Val Asp Rle 
395 400 405 410 

~ 'ACC GAT G'1'C ~ ~ C'1'G G'1'G a::c 'ACC GAG A.Tr GCC crA GCC CAG 1359 
Glu 'lbr Asp Val Leu Phe Leu val Pro '1hr Glu lle Ala Leu Ala Gln 

415 420 425 

* ~~GCC~GCC~~GCC~~~GCC~CIG~~ ~ 
.Hi.s-~~~Lysser~Lys'1hr~AlaTyrtauPheSer 

4~ 4~ ~o 

~CCCTCI'~~a::c~TA.Ca::c~~G't'GGGGGCC~~ ~ 
His Pro Ser Arg Met Pro Val Tyr Pro Lys Tr::» Val Gly Ala Asp His 

445 450 455 
4 

GCA GAT GAC AT'r CAG TAC GIT ~ OGG ».G CO: Tl'C GCC 'ACC CO: ACG 1503 
Ala Asp Asp Ile Gln 'l"J%' ·Val Phe Gly Lys Pro Phe Ala 'l'hr Pro 'th:' 

460 465 ~70 

GGC TAC Q;G CCC CAA G.\C KN N:A GTC TCr Nt:; GCC A'.ro An: GCC TA: 1551 
Gly ~T Arq Pro Gln Asp Arc; Thr Val Ser L~'S Ala Me~ Ile Ala 'l'z":' 
475 480 4S5 4SO 

* 
'l'GG ACC AAC TIT GCC AAA·· N:A GGG G.\C CCC NtC ATG CCC G\C TCG GCI' 
Ttp 'l'hr Asn Phe Ala Lys 'lbr Gly Asp Pto Asn Met Gly Asp Ser Ala 

495 500 505 

GIG CCC ACA CAC 'l'GG GAA a::c TAC N:r Am GAA AAC Nr.· GGC T'....C CIG 
Val Pro 'lb:: His T%p Glu Pro Tyr 'lbr '1hr Glu Asn ser Gl}" ~T Leu 

510 515 520 

~ n'C,A.CC NG· NG A'IG OOC N;C N;C ~ A1ta NG aaG Jo:; C1'G IGA. 
Glu Ile '1hr Lys. Lys Met Gly Ser. Ser Ser Met Lys - Ser Iau -

525 530 535 

ACC AAC 'ITC C1'G CCC: TAC 'roG ACC C1'C ACC TAT CIG Ga; C!G a::c N:A. 
'lbr Asn Phe Leu Arq Tyl:' TJ:p '1hr Iau. '!hr Tyr Leu Ala Leu Pro 'l11r 

540 545 550 
# 

G'1'G ACC GAC OG GAG GO:: ACC cx::r Gm CCC ccc· ACA GGG .GAC 'l'CC GAG 
Val '1hr Asp Gln Glu ~ 'D1r Pro Val Pro Pro '1hr Gly Asp Ser Glu 
555 560 565 570 

GCC ACr CCC G'1'G CCC CCC Am Gar GAC ~ GAG At:.C GCC CCC Gm <XXi 
~ '1hr Pro Val Pro Pro 'D1r Gly Asp Ser Glu '1hr Ala Pro Val Pro 

. 575 580 585 

CCX: A<Xi GGT G.\C ~ GGG GO: CCC CCX: G'1'G ax; ca:: ,a; GGT GAC ~ 
Pro '1br Gly Asp Ser Gly Ala Pro Pro Val Pro Pro 'lhr Gly Asp Se:' 

590 595 600 . 

l59S 

16.;7 

1695 

1791 

1839 

1887 
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Fig.2(414) 

GGG GCC CCC:: CCC G1'G ccx; CCC Ac:; ccr GAC TCC aaG GCC CCC CCC CiTG 
Gly Ala Pro Pro Val Pro Pro Thr Gly. Asp Ser Gly Ala Pro Pro Val 

605 610 615 

cc:; CCC NZ GGI' GAC 'IO: GGG GCC CCC CCC G'IG ca; O:C NZ GGT GAC 
Pro Pro '1br Gly Asp ser Gly Ala Pro Pro Val Pro Pro 'Ihr Gly As? 

620 625 630 
4 

'l'CC GGG GCC CCC CCC G'I'G ca; CCC Acr; GGT GAC TCC GGG GCC CCC CC: 
Ser Gly Ala Pro Pro Val Pro Pro '1'hr Gly Asp Ser Gly Ala Pro Pre 
635 640 645 650 

G'l'G ~ CCC Aa:; GGI' GAC 'l'CC GGC GCC CCC CCC: Gl'G ~ CCC Ao:; GCiT 
Val Pro Pro 'Ihr Gly Asp 5er Gly Ala Pro Pro Val Pro Pro '1'hr Gly 

655 660 665 

G\C GCC GGG CCC CCC CCC G'I'G ca; CCC Aa; GGT GAC TCC GCC GO: CCC 
Asp Ala Gly Pro Pro Pro.Val Pro Pro 1br Gly Asp Ser Gly Ala Pro 

670 675 680 

CCC GIG ca; CCC Aa; GGT Q.C TCC GGG GO: ·CCC CCC GTG ACC CCC Aa; 
Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val 1hr Pro 'll'l.:" 

685 690 695 

GGT GAC 'l'CC GAG ACC GCC CCC G'lti ala CCC Aaa GG'1.' GAC TCC GGG GCC 
Gly Asp Ser. Glu '!hr Ala Pro Val Pre Pro '1hi:- Gly Asp Ser Gly Ala 

70(j'-= 705 710 

CCC CCI' GIG CCC CCC ACG GGI' GAC 'l'CI' GAG GCl' GCC CCT Gm CCC CCC 
Pro Pro Val Pro Pro 'lbr Gly Asp Ser Glu Ala Ala Pro Val Pi:a Pro 
715 . 720 725 730 

ACA GAT GAC TCC .»,e,· GAA GCl' OG ~ cc:r GCA GI'C ATr Nz; TIT 
. 'Ihr Asp Asp Ser IfS Glu Ala Gln Met Pro Ala Val lle AJ:9 Phe 

735. 740 745 

1935 

1963 

2031 

2079 

212; 

2,.,--· ~ . 

2223 

2271 

2316 

T1'.GCXi!CCCA ~ ~ a::AC»QGr GGGAC'CCCAG GGGCIO:'CC'!" • 2376 

2428 
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Fig.3. 

CACCCCACCCCTGTCCCCCCCACACCCGACTCC 
I I * I * * I I I 

GAGGCCACTCCCGTGCCCCCCACGGGTCACTCC 
. ~ * * 

GAGACCGCCCCCGTGCCGCCCACCGGTCACTCC 

* * * 
GCGGCCCCCCCCGTCCCGCCCACGGGTGACTCC 

GCCGCCCCCCCCGTCCCGCCCACGGGTGACTCC 

' GGGGCCCCCCCCGTCCCCCCCACCGGTGACTCC 

CCGGCCCCCCCCGTGCCGCCCACGCGTCACTCC 

l 

2 

3 

:l 
c. 

7 

CGGGCCCCCCCCGTCCCGCCCACGGGTGACTCC ts 

GGGGCCCCCCCCGTCCCCCCCACG<;G'l'.,GACTCC 9 

GGCCCCCCCCCCGTGCCGCCCACGCGTGACGCC 10 

* * GGGCCCCCCCCCGTGCCGCCCACGCGTGACTCC 11 

* GGCGCCCCCCCCGTGCCGCCCACGGCTCACTCC 12 

* GGCGCCCCCCCCCTGACCCCCACGGGTGACTCC 

* * GAGACCGCCCCCGTGCCGCCCACGGGTGACTCC 

* * * GGGGCCCCCCCTGTGCCCCCCACGGGTGACTCT 
I I 
I I * GAGGCTGCCCCTGTGCCCCCCACAGATGACTCC 

* ** * * * * 

13 

14 

15 

16 

REPLACH~f. rv r ----i 
~; Ir:.. II 

. 
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Number of subscicucions 
6 

Identical 
co 
consensus 

4 

3 

0 

0 

l 

1 

., 

3 

3 

7 

GGGGCCCCCCCCG'l'GCCGCCCACGGGTGACTCC Consensus 
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Fig.5 (113) 

so 
MLTMGRLQLVVLGLTCCWAVASAAKLGAVYTEGGFVEGVNKKLGLLG.DS 
••• MGRLEVLFLGtTCCI.AAACAAKLGALYTEGGFVEGVNI<I<LSLLGGDS 
•••• MLGASRLGPSPGCLA VASAAKLGSVYTEGGFVEGVNKKLSLFG. OS . 

•••• qrl .••• l9ltcclaaaaAAKLGavYT£GGFVEGVNI<I<LsLlG.DS 

100 
VOIFKGIPFAAPTKALENPQPHPGWQGTLlCAI<NFlCI<RCLQATITQDSTYG 
VDIFKGIPFA.TAKTLENPQRHPGWQGTLI<ATQFI<I<RCLQATITQDDTYG 
VDIFKGIPFAAAPKALEKPI<RHPGWQGTLI<AI<SFI<I<RCLQATLTQOSTYG 

VDIFI<GIPFAa •• KaLEnPqrHPGWQGTLI<Ak.Fl<I<RCLQATiTQDsTYG 

150 
0£0CLYLNIWVPQGRKQVSROLPVMIWIYGGAFLMGSGSGAHFLNNYLYO 
QEDCLYLNIWVPQGRKQVSHOLPVMVWIYGGAFLMGSGQGANFLI<NYLYO 
NEDCLYLNIWVPQGRKEVSHDLPVMIWIYGGAFLMGASQGANFLSNYLYD 

.EOCLYLNIWVPQGRKqVShOLPVMi~IYGGAFLMGsqqGANFL.NYLYO 

. 200 
Gl<KIATRGNVIVVTFNYRVGPLGFLSTGOANLPGNYGLROQKMAIA~'VA"R 
G1<1<IATRANVI\'VTFNYRVGPLGFLSTGDANLPGNFGLROQHMAIAWVI\R 
G1<1<IATRGNVIVVTFNYRVGPLGFLSTGOSNLPGNYGLWOQHMAIAWVI<R 

GKKIATRg~IVVTFNYRVGPLGFLSTGDaNLPGNyGLrOQKMAIAWVKR 

# * 250 
NIAAFGGOPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSP 
NIAAFGGDPNNITIFGESAGGAIVSLQTLSPYNKGLIRRAISQSGVALSP 
NIEAFGGDPDNITLFGESAGGASVSLQTLSPYNKGLIKRGISQSGVGLCP 

NiaAFGCDPONITLFGESAGGAsVSLQTLSPYNKGLirRaISQSGVaLsP 

. 300. 
WIQI<NPLFWAI<ICVAlCKVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAG 
WAIQENPLFWAJ<TIAIQ(VGCPTEDTAICMAGCLI<ITDPRALTLAYRLPLKS 
WAIQQDPLFWA~IAI<KVGCPVDDTSI<MAGCAKITDPRALTLAYKLPLGS 

WaIQ.nPLFWAK.iAIQCVGCPv.DtaJcMAqClKiTDPRALTLAYklPL.s 

350 
LEYPMLHYVGFVPVIDGDFIPADPINLYANAADIDYIAGTNNMDGHIFAS 
QEYPIVEYLAFIPVVDGDFIPDDPINLYDNAADIDYLAGINDMDGHLFAT 
TEYPKLHYLSFVPVIDGDFIPDDPVNLYANAADVDYIAGTNDMDGHLFVG 

.EYP.lHYl.FvPViDGDFIPdDPiNLYaNAADiDYiAGtNdMDGHlFa. 
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Fig.5 (213) 

400 
IOMPAINKGNKKVTEEOFYKLVSEFTITKGLRGAKTTFOVYTESWAQOPS 
VOVPAIOKAKQOVTEEDFYRLVSGHTVAKGLKGTQATFDIYTESWAQOPS 
MOVPAINSNKQOVTEEDFYKLVSGLTVTKGLRGANATYEVYTEPWAQOSS 

. ' 
.OvPAink.kqdVTEEDFYkLVSq.TvtKGLrGa.aTfdvYTEsWAQOpS 

450 
QENKKKTVVDFETDVLFLVPTEIALAQHRANAKSAKTYAYLFSHPSRMPV 
QENMKKTVVAFETDILFLIPTEMALAQHRAHAKSAKTYSYLFSHPSRMP! 
QETRKKTMVOLETDILFLIPTKIAVAQHKSHAKSANTYTYLFSQPSRMPI 
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