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A DNA molecule for e~pression of bile salt-stimulated 
Lipase (BSSL) 

TECHNICAL FIELD 

5 The invention relates to DNA molecules, recombinant vectors and cell 

cultures for use in methods for expression of bile salt-stimulated lipase 

(BSSL) in the methylotrophic yeast Pichia pastoris. 

10 BACKGROUND ART 

Bile salt-stimulated lipase (BSSL; EC 3.1.1.1) (for a review see Wang & 

Hartsuck, 1993) accounts for the majority of the lipolytic activity of the 

hun:tan milk. A characteristic feature of this lipase is that it requires 

15 primary bile salts for activity against emulsified long chain 

triacylglycerols. BSSL has so far been found only in milk from man, 

gorilla, cat and dog (Hemell et al., 1989). 

BSSL has been attributed a critical role for the digestion of milk lipids in 

20 the intestine of the breastfed infant (Fredrikzon et al., 1978). BSSL is 

synthesized in humans in the lactating mammary gland and secretes 

with milk (Blackberg et al., 1987). It accounts for approximately 1 % of 

the total milk protein (Blackberg & Hemell, 1981). 

25 It has been suggested that BSSL is the major rate limiting factor in fat 

absorption and subsequent growth by, in particular premature, infants 

who are deficient in their own production of BSSL, and that 

supplementation of formulas with the purified enzyme signHicantly 

improves digestion and growth of these infants (US 4,944,944; Oklahoma 

30 Medical Research Foundation). This is c~nically important in the 

preparation of infant formulas which contain relative high percentage of 

triglycerides and which are based on plant or non human milk protein 
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sources, since infants fed wi~ these formulas are unable to digest the fat 

in the absence of added BSSL 

The cDNA stru<:tures for both milk BSSL and pancreas carboxylic ester 

hydrolase (CEH) have been characterized (Baba et al., 1991; Hui and 

Kissel, 1991; Nilsson et al, 1991; Reue et al., 1991) and the conclusion 

has been drawn that the milk enzyme and the pancreas enzyme are 

products of the same gene, the CEL gene. The cDNA sequence (SEQ ID 

NO: 1) of the CEL gene is disclosed in US 5,200,183 (Oklahoma Medical 

10 Research Foundation); WO 91/18293 (Aktiebolaget Astra); Nilsson et al., 

15 

(1990); and Baba et al., (1991). The deduced amino acid sequence of the 

BSSL protein, including a signal sequence of 23 amino acids, is shown as 

SEQ ID NO: 2 in the Sequence Listing, whlle the sequence of the native 

protein of 722 amino acids is shown as SEQ ID NO: 3. 

The C#terminal region of the protein contains 16 repeats of 11 amino 

acid residues each, followed by an 11 amino add conserved stretch. The 

native protein is highly glycosylated and a large range of.observed 

molecular weights ha,9 e been reported. This can probably be explained 

20 by varying extent of glycosylation (Abouakil et al., 1988). The 

N-terminal half of the protein is homologous to acetyl choline esterase 

and some other esterases (Nilsson et al., 1990). 

Recombinant BSSL can be produced by expression in a suitable host 

25 such as· E. coli, Saccharomyces cerevisiae, or mammalian cell lines. For the 

scaling-up of a BSSL expression system to make the production cost 
. , 

commercially viable, utilization of heterologous expression systems 

could be envisaged. As mentioned above, human B"SSL has 16 repeats of 

11 amino adds at the C·terminal end. To determine the biological 

30 significance of this repeat region, various mutants of human BSSL have 

been constructed which lack part or whole of the repeat regions 

(Hansson et al, 1993). The variant BSSL-C (SEQ ID NO: 4), for example, 

.. 
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has deletions from amino acia residues 536 to 568 and from amino acid 

residues 591to711. Expression studies, using mammalian cell line C127 

host and bovine papilloma virus expression vector, showed that the 

various variants. can be expressed in active forms (Hansson et al., 1993). 

S From the expression studies it was also concluded that the praline rich 

repeats in human BSSL are not essential for catalytic acti\ity or bile salt 

activation of BSSL. However, production of BSSL or its mutants in a 

10 

· mammalian expression system could be too expensive for routine 

therapeutic use. 

A eukaryotic system such as yeast may provide significant advantages, 

compared to the use of prokaryotic systems, for the production of 

certain polypeptides· encoded by recombinant DNA. For example, yeast 

can generally be grown to higher cell densities than bacteria and may 

15 prove capable of glycosylating expressed polypeptides, where such -glycosylation is important for the biological activity. However, use of the 

yeast Saccharomyces cerevisiae as a host organism often leads to poor 

expression levels and poor secretion of the recombinant protein (Cregg 

et al., 1987). The maximum levels of heterologous proteins in S. cerevisae 

20 are in the region of 5% of total cell protein (I<ingsman et al., 1985). A 

further drawback of using Sacharomyces cerevisiae as a host is that the 

recombinant proteins tend to be overglycosylated which could affect 

activity of glycosylated mammalian proteins. 

25 Pichia pastoris is a methylotrophic yeast which can grow on methanol as 

a ~ole carbon and energy source as it contains a highly regulated 

methanol utilization pathway (Ellis et al., 1985). P. pastoris is 8Iso 

amenable to efficient high cell density fermentation technology. 

!herefore recombinant DNA technology and efficient methods of yeast 

30 transformation have made it possible to ~evelop P. pastoris as a host for 

expression of heterologous protein in large quantity, with a methanol 

oxidase promoter based expression system (Cregg et al., 1987). 
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Use of Pichia pastoris is known in the art as a host for the expression of 

e.g. the following heterologous proteins: human tumor neaosis factor 

(EP-A-0263311); Bordetella pertactin antigens (WO 91/15571); hepatitis B 

surface antigen (Cregg et at, 1987); human lysozym.e protein (WO 

5 92/04441); aprotinin (WO 92/01048). However, successful expression of 

a heterologous protein in active, soluble and secreted form depends on a 

variety of factors, e.g. correct choice of signal peptide, proper 

construction of the fusion junction between the signal peptide and the 

mature protein, growth conditions, etc. 

10 

PURPOSE OF THE IN~~TION 

The purpose of the invention is to overcome the above mentioned 

15 drawbacks with the previous systems and to provide a method for the 

production of human BSSL with is cost-effective and has a yield 

comparable with, or superior to, production in other organisms. This 

p~ose has been achieved by providing methods for expression of 

BSSL in Pichin pastoris cells. 

20 

By the invention it has thus been shown that human BSSL and the 

variant BSSL-C can be expressed in active form. secreted from P. pastoris. 

The native signal peptide, as well as the heterologo~ signal peptide 

derived from S. cerevisiae invertase protein, have been used to 

25 translocate the mature protein into the culture medium as an active, 

properly processed form. 

.. 
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DESCRIPTION OF THE INVENTION 

PCTJSE96/00318 

In a .first aspect, the invention provides a DNA molecule comprising: , 
(a) a region coding for a polypeptide which is human BSSL or a 

5 biologically active variant thereof; 

(b) joined to the 5'-end of said polypeptide coding region, a region 

coding ·for a signal peptide capable of directing secretion of said 

polypeptide from Pichia pastoris cells transformed with said DNA 

moleculej and 

10 (c) operably-linked to said coding regions defined in (a) and (b), the 

methanol oxidase promoter of Pichi.a pastoris or a functionally equivalent 

promoter. 

The term ''biologically active variant" of BSSL is to be understood as a 

15 polypeptide having BSSL activity and comprising part of the amino acid 

sequence shown as SEQ ID NO: 3 in the Sequence Listing. The term 

"polypeptide having BSSL activity" is in this context to be understood as 

a polypeptide comprising the following properties; (a) being suitable for 

oral administration; (b) being activated by specific bile-salts; and (c) 

20 acting as a non-specific lipase in the contents of the small intestines, i.e. 

being able to hydrolyze lipids relatively independent of their chemical 

structure and physical state (emulsified, mkellar, soluble). 

The said BSSL variant can e.g. be a variant which comprises less than 16 

25 repeat units, whereby a "repeat unit" will be W\derstood as a repeated 

unit of 11 amino acids, encoded by a nucleotide sequence indicated as a 

"repeat unit" under the heading "(ix) FEATURE" in "INFORMATION 

FOR SEQ ID NO. 1" in the Sequence Listing. In particular, the BSSL 

variant can be the variant.BSSL-C, wherein amino acids 536 to 568 and 

30 591 to 711 have been deleted {SEQ ID ~O: 4 in the Sequence Listing). 
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Consequently, the DNA mol~cule according to the invention is 

preferably a DNA molecule which encodes BSSL (SEQ ID NO: 3) or 

BSSL-C (SEQ ID NO: 4). 

5 However, the DNA molecules according to the invention are not to be 

limited strictly to DNA molecules which encode polypeptides with -

amino acid sequences identical to SEQ ID NO: 3 or 4 in the Sequence 

Listing. Rather the invention encompasses DNA molecules which code 

for polypeptides carrying modifications like substitutions, small 

10 deletions, insertions or inversions, which polypeptides nevertheless have 

substantially the biological activities of BSSL. Included in the invention 

are consequently DNA molec:ules coding for BSSL variants as stated 

above and also DNA molecules coding for polypeptides, the amino acid 

sequence of which is at least 90% homologous, preferably at least 953 

15 homologous, with the amino acid sequence shown as SEQ ID NO: 3 or 4 

in the Sequence Listing. 

The signal peptide referred to above can be a peptide which is identical 

to, or substantially similar to, the peptide with the amino acid sequence 

20 shown as amino acids -20 to -1 of SEQ ID NO: 2 in the Sequence 

Listing. Alternatively, it can be a peptide which comprises a 

Saccharomyces cerevisiae invertase signal peptide. 

In a further aspect, ~e invention provides a vector comprising a DNA 

25 molecule as defined above. Preferably, such a vector is a replicable 

expression vector which carries and is capable of mediating expression, 

in a cell of the genus Pichin, of a DNA sequence coding for human BSSL 

or a biologically active variant thereof. Such a vector can e.g. be the . 

plasmid vector pARC 5771 (NOMB 40721), pARC 5799 (NCIMB 40723) 

30 or pARC 5797 (NCTMB 40722). 

.. 
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In another aspect, the inven~on provides a host cell culture comprising 

cells of the genus Pichia transformed with a DNA molecule or a vector 

as defined above. Preferably, the host cells are Pichia pastoris cells of a 

strain such as PPF-1 or GS115. The said cell culture can e.g. be the 

5 culture PPF-l[pARC sm] (NCIMB 40721), GSllS[pARC 5799] (NCIMB 

40723) or GSllS[pARC 5797] {NCIMB 40722). 

In yet another aspect, the invention provides a process the production of 

a polypeptide which is human BSSL, or a biologically active variant 

10 thereof, which comprises culturing host cells according to the invention 

under conditions whereby said polypeptide is secreted into the culture 

medium, and recovering said polypeptide from the culture medium. 

15 EXAMPLES OF THE INV8'1llON 

20· 

EXAMPLE 1: Expression of BSSL in Pichia pastoris PPF-1 

1.1. Construction of pARC 0770 

The cDNA sequence (SEQ ID NO: 1) coding for the BSSL protein, 

including the native signal peptide (below referred to as NSP) was 

cloned in pTZ19R (Pharmacia) as an EcoRI·SacI fragment. The cloning of 

NSP-BSSL cDNA into S. cerevisiae expression vector pSCW 231 (obtained 

25 from professor L. Prakash, University of Rochester, NY, USA), which is 

a low copy number yeast expression vector wherein expression is under 

control of the constitutive ADHl promoter, was achieved in two steps. 

Initially the NSP-BSSL cDNA was cloned into pYES 2.0 Onvitrogen, 

USA) as an EcoRI-SphI fragment from pTZ19R-SP-BSSL. The excess 89 

30 base pairs between the EcoRI and Nrol at the beginning of the signal 

peptide coding sequence were removed by creating an EcoRJ./NcoI (89) 

fusion and regenerating an EcoRI site. The resulting clone pARC 0770 
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contained an ATG codon, ~riginally encoded within the NcoI site which 

was immediately followed by the regenerated EcoRI site in frame with 

the remaining NSP-BSSL sequence. 

5 1.2. Construction of pARC 5771 plasmid 

To construct a suitable expression vector for the expression of BSSL, the 

cDNA fragment encoding the BSSL protein along with its native signal 

peptide was cloned with P. pastoris expression vector pDM 148. The 

10 vector pDM 148 {received from Dr. S. Subramani, UCSD) was 

constructed as follows: the upstream untranslated region (5'-UTR) and 

the down stream untranslated region (3' -UTR) of methanol oxidase 

(MOXl) gene were isolated by PCR and placed in tandem in the 

multiple cloning sequence CMCS) of E. coli vector pSK+ (available from 

15 Stratagene, USA). 

For proper selection of the putative P. pastoris transformants, a DNA 

sequence coding for S. cerevisiae ARG4 gene along ·with i.ts own 

promoter sequence was inserted petween the 5'- and the 3'-UfR in pSK-. 

20 The resulting construct pDM148 has following features: in the MCS 

region of pSK- the 5'-UTR of MOX, S. cerevisiae ARG4 genomic sequence 

and the 3'-UTR of MOX were cloned. Between the 5'-UTR of MOX and 

the ARG4 genomic sequence a series of unique restriction sites (Sall, 

Clal, EcoRI, Pstl, Smal and BamHI) were situated ,,·here any heterologous 

25 protein coding sequence can be cloned for expression under the control 

of the MOX promoter in P. pastoris. To facilitate integration of this 

expression cassette into the MOXl locus in P. pastoris chromosome, the 

expression cassette can be cleaved from the rest of the psr vector by 

digestion with NotI restriction enzyme. 
30 

The 5' -UTR of MOXl of P. pastoris cloned in pDM 148 was about 500 bp 

in length while the 3'-UTR of MOXl from P. pRStoris cloned into pDM 
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148 was about 1000 bp long~ To insert the NSP-BSSL cDNA sequence, 

between the 5' -UTR of MOXl and the S. cerevisiae ARG4 coding 

sequence in pDM 148, the cDNA insert (SP-BSSL) was isolated from 

pARC 0770 by digestion with EcoRI and BamHI (approximately 2.2 kb 

S DNA fragment) and cloned between the EcoRI and BamHI sites in pDM 

148. 

The resulting construct pARC 5771 (NCIMB 40721) contained the P. 

pastoris MOXl 5' -UTR followed by the NSP-BSSL coding sequence 

10 followed by S. cerevisiae ARG4 gene sequence and 3' -UTR of MOXl gene 

of P. pastoris while the entire DNA segment from 5'-UTR of MOXl to 

15 

the 3' -UIR of MOXl was cloned at the MCS of pSK-. 

1.3. Transformation of BSSL in P. pastoris host PPF-1 

For expression of BSSL in P. pastoris host PPF-1 (his4, arg4; received 

from Phillips Petroleum Co.), the plasmid pARC 5771 was digested with 

Natl and the entire digested mix (10 µg of total DNA) was used to 

transform PPF-1. The transformation protocol followed was essentially 

20 the yeast spheroplast method described by Cregg et al. (1987). 

'Ii'ansformants were regenerated on minimal medium lacking arginine 

so that Arg+ colonies could be selected. The regeneration top agar 

containing the transformants was lifted and homogenized in water and 

yeast cells plated to about 250 colonies per plate on minimal glucose 

25 plates lacking arginine. Mutant colonies are then identified by replica 

plating onto minimal methanol plates. Approximately 15% of all 

transformants turned out to be Mut5 (methanol slow growing) 

phenotype. 
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1.4. Screening for transform~nts expressing BSSL 

In order to screen large number of transformants rapidly for the 

expression of lipase a lipase plate assay method was developed. The 

5 procedure for preparing these plates was as follows: to a solution of 2% 

agarose (final), 10 x Na-cholate solution in water was added to a final 

concentration of 1 %. The lipid substrate trybutine was added in the 

mixture to a final concentration of 1% (v/v). To support growth of the 

transformants the mixture was further supplemented with 025% yeast 

10 nitrogen base (final) and 0.5% methanol (final). The ingredients were 

mixed properly and pow-ed into plates upto 3-5 mm thiclcness. Once the 

mixture became solid, the transformants were streaked onto the plates 

and the plates were "further incubated at +37°C for 12 h. The lipase 

producing dones showed a clear halo around the clone. In a typical 

15 experiment 7 out of a total of 93 transformants were identified as BSSL 

producing transformants. Two clones ~os. 39 and 86) producing the 

largest halos around the streaked colony were picked out for further 

characterization. 

20 1.5. Expression of BSSL from PPF-l[pARC 5771] 

The two transformants Nos. 39 and 86 described in Section 1.4 were 

picked out and grown in BMGY liquid media (1 % yeast extract, 2% 

bactopeptone, 1.34% yeast nitrogen base without amino acid, 100 mM 

25 KP04 buffer, pH 6.0, 400 µg/l biotin, and 23 glycerol) for 24 hat 30°C 

until the cultures reached A600 close to 40. The cultures were pelleted 

down and resuspended in BMMY (2% glycerol replaced by 0.53 

methanol in BMGY) media at ~OO = 300. The induced cultures were 

incubated at 30°C with shaking for 120 h. The culture supernatants were 

30 withdrawn at different time points for ~e analysis of the expression of 

BSSL by enzyme activity assay, SOS-PAGE analysis and western 

blotting. 
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1.6. Detection of BSSL enzyme activity in the culture _supematants of 

clone Nos. 39 and 86 

To determine the enzyme activity in the cell free culture supernatant of 

5 the induced cultures Nos. 39 and 86 as described in Section 1.5, the 

cultures were spun down and 2 µl of the cell free supernatant was 

assayed for BSSL enzyme activity according to the method described by 

Hemen and Olivecrona (1974). As shown in Table 1, both the cultures 

were found to contain BSSL enzyme activity with the maximum activity 

10 at 96 h following induction. 

1.7. Western blot analysis of culture supernatants of PPF-l:pARC 5771 

transformants (Nos. 39 and 86) 

15 To determine the presence of recombinant BSSL in the rulture 

supematants Nos. 39 and 86 of PPF-l[pARC 5771] transformants, the 

cultures were grown and induced as described in Secticn 1.5. The 

cultures were withdrawn at different time points folloldng induction 

and subjected to Western blot analysis using anti BSSL pclyclonal 

20 antibody. The results indicated the presence of BSSL in th.? culture 

supernatant as a 116 kDa band. 

EXAMPLE 2: Expression of BSSL in Pichia pastoris GS115 

25 2.1. Construction of pARC 5799 

Since the 5'-MOX UTR and 3'-MOX U1R were not properly defined and 

since the pDM 148 vector lacks any other suitable marker (e.g. a G418 

resistance gene) to monitor the number of copies of the BSSL integrated 

30 in the Pichia chromosome, the cDNA i~ert of native BSSL along with its 

signal peptide was cloned into another P. paston's expression vector, 

pffiL D4. The integrative plasmid pHIL D4 was obtained from Phillips 
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Petroleum Company. The pl~mid contained 5'-MOX1, approximately 

1000 bp segment of the alcohol oxidase promoter and a unique EcoRI 

cloning site. It also contained approximately 250 bp of 3'-MOXl region 

containing alcohol oxidase terminating sequence, following the EcoRI 

5 site. The "termination" region was followed by P. pastoris histiclinol 

dehydrogenase gene H/54 contained on a 2.8 kb fragment to 

complement the defective HIS4 gene in the host GS115 (see below). A 

650 bp region containing 3'-MOXl DNA was fused at the 3' -end of IDS4 

gene, which together with the 5' -MOX1 region was necessary for 

10 site-directed integration. A bacterial kanamydn resistance gene from 

pUC-4K (PL-Biochemicals) was inserted at the unique Nael site between 

HIS4 and 3'-MOXl region at 3' of the HJS4 gene. 

To clone the NSP-BSSL coding cDNA fragment at the unique EcoRI site 

15 of pHIL 04, a double stranded oligo linker having a Bamffi-EcoRI 

dea\•ed position was ligated to the Bamfi digested plasmid pARC 5m 
and the entire NSP-BSSL coding sequence was pulled out as a 2.2 kb 

EcoRI fragment. This fragment was cloned at the EcoRI site of pHIL D-4 

and the correctly oriented plasmid was designated as pARC 5799 

20 (NCIMB 40723). 

2.2. Transformation of pARC 5799 

To facilitate integration of the NSP-BSSL coding sequence at the genomic 

25 locus of MOXl in P. pastoris the plasmid pARC 5799 was digested with 

Bgm and used for transformation of P. postoris strain GS115(his4) 

(Phillips Petroleum Company) according to a protocol described in 

Section 1.5. In this case, however, the selection was for His prototrophy. 

The transformants were picked up following serial dilution plating of 

30 the regenerated top agar and tested directly for lipase plate assay as 

described in Section 1.4. Two transformant clones (Nos. 9 and 21) were 

picked up on the basis of the halo size on the lipase assay plate and 
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checked further for the expression of BSSL. The clones were found to be 

Mut+. 

2.3. Determination of BSSL enzyme activity in the culture supernatants 

5 of GSllS[pARC 5799] transfonnants Nos. 9 and 21. 

The two transformed clones Nos. 9 and 21 of GS115[pARC 5799] were 

groWn. essentially following the· protocol described in Section 1.5. The 

culture supernatants at different time points following inducti~n ·were 

10 assayed for BSSL enzyme activity as described in Section 1.6. As shown 

in Table 1, both. the culture supematantJ? were found to contain BSSL 

enzyme activity and the enzyme activity was highest after 72 h of 

induction. Both clones showed a superior expression of BSSL compared 

to the clones of PPF·l[pARC Sm]. 

15 

2.4. SOS-PAGE and western blot analysis of culture supernatants of 

GSllS[pARC 5799] transformants Nos. 9 and 21 

The culture supematants collected at different time points, as described 

20 in Section 2.3 were subjected .to SDS-PAGE and western blot analysis. 

From the SDS-PAGE profile it was estimated that about 60-75% of the 

total protein present in the culture supematants of the induced cultures 

was BSSL. The molecular weight of the protein was about 116 kDa. The 

western blot data also confirmed that the major protein present in the 

25 culture supernatant was BSSL. The protein apparently had the same 

molecular weight as the native BSSL. 

EXAMPLE 3: Scaling-up of BSSL expression 

30 3.1. Scaling-up of expression of BSSL from the transformed clone 

GS115[pARC 5799] (No. 21) 
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A 23 l capacity B. Braun ferll\enter was used. Five litres of medium 

containing, 1% YE, 2% Peptone, 1.34 YNB and 4% w/v glycerol was 

autoclaved at 121°C for 30 min and biotin (400 µg/L final concentration) 

was added during inoculation after filter sterilization. For inoculum, 

5 glycerol stoCk of GSllS[pARC 5799] (No. 21) inoculated into a synthetic 

medium containing YNB (67%) plus 2% glycerol (150 ml) and grown at 

+30°C for 36 h was used. Fermentation conditions were as follows: the 

temperature was +30°C; pH 5.0 was maintained using 3.5 N NH40H 

and 2 N HCl; dissolved oxygen .from 20 to 403 of air saturation; 

10 polypropylene glycol 2000 was used as antifoam: 

Growth was monitored at regular intervals by taking OD at 600 nm. 

A600 reached a maximum of S0.60 in 24 h. At this point, the batch 

growth phase was over as indicated by the increased dissolved oxygen 

15 levels. 

Growth phase was immediately followed by the induction phase. 

During this phase, methanol containing 12 ml/L PTMl salts was fed. 

Methanol feed rate was 6 µl/h during first 10-12 h after which it was 

20 increased gradually in 6 ml/h increments every 7-8 h to a maximum of 

36 ml/h. Ammonia used for pH control acted as a nitrogen source. 

Methanol accumulation was checked every 6-8 h by using dissolved 

oxygen spiking and it was found to be limiting during the entire phase 

of induction. OD at 600 nm :increased from 50-60 to 150-170 during 86 h 

25 of methanol feed. Yeast extract and peptone were added every 24 h to 

~ake final cone. of 0.25% and 0.5% respectively. 

Samples were withdrawn at 24 h interval and checked for BSSL enzyme 

activity in the cell free broth. The broth was also subjected to SOS-PAGE 

30 and westem blotting analysis. 
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3.2. Protein analysis of the secreted BSSL from the fermenter grown 

culture GS115[pARC 5799} (No. 21) 

BSSL enzyme activity in cell free broth increased from 40-70 mg/l 

5 (equivalent of native protein) in 24 h to a maximum 200-227.0 mg/I 

(equivalent of native protein) at the end of 86-90 h. SOS-PAGE analysis 

of the cell free broth shows a prominent coomassie blue stained band of 

mol.wt. of 116 kDa. The identity of the band was confirmed by Western 

blot performed as described in Section 1.7 for native BSSL. 

10 

3.3. Purification of recombinant BSSL secreted into the culture 

supernatant of GSllS[pARC 5799] {No. 21) clones 

The P. pastoris clone GS115[pARC 5799] was grown and induced in the 

15 fermenter as described in Section 3.1. For purification of recombinant 

BSSL, 250 ml of culture medium (induced for 90 h) was spun at 12,000 x 

g for 30 minutes to remove all particulate matter. The cell free culture 

supernatant was ultra filtered in an Am.icon set up using.a 10 kDa cut 

off membrane. Salts and low molecular weight proteins and peptides of 

20 the culture supernatant were removed by repeated dilution during 

filtration. The buffer used for such dilution was 5 mM Barbital pH 7.4. 

Following concentration of the culture supernatant, the retentate was 

reconstituted to 250 ml using 5 Ifu'A Barbital, pH 7.4 and 50 mM NaCl 

and loaded onto a Heparin-Sepharose column (15 ml bed volume) which 

25 was pre-equilibrated with the same buffer-, The sample loading was 

done at a flow rate of 10 ml/hr. Following loading the column was 
. . 

washed with 5 mM Barbital, pH 7.4 and 0.1 M NaO (200 µI washing 

buffer) till the absorbance at 250 nm reached below detection level The 

BSSL was eluted with 200 ml of Barbital buffer (5 mM, pH 7.4) and a 

30 linear gradient of NaQ ranging from 0.1 M to 0.7 M. Fractions (2.5 ml) 

were collected and checked for the eluted protein by monitoring the 

absorbance at 260 nm. Fractions containing protein were assayed for 
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BSSL enzyme activity. Appropriate fractions were analyzed on 8.03 

SOS-PAGE to check thee purification profile. 

3.4. Characterization of purified recombinant BSSL secreted in the 

5 culture supematant of GSllS[pARC 5799] 

SOS-PAGE and Western blot analysis of the fractions (described in 

Section 3.3) showing maximal BSSL enzyme activity demonstrated that 

the recombinant protein was approximately 903 pure. The molecular 

10 weight of the purified protein was about 116 kOa as determined by 
SOS-PAGE and western blot analysis. When the samples were 

overloaded for SOS-PAGE analysis a low molecular weight protein band 

could be detected by Coomassie Brilliant Blue staining which was not 

picked up on Western blot. The purified protein was subjected to 

15 N-terminal analysis in an automated protein sequencer. The results 

showed that the protein was properly processed from the native signal 

peptide and the recombinant protein has the N-tenninal sequence 

20 

A K L G A V-Y. The specific activity of the purified recombinant protein 

was found to be similar to that of the native protein. 

EXMfi'LE 4: Expression of BSSL-C in Pichia pastorls GS115 

4.1. Construction of pARC 5797 

25 The cDNA coding sequence for the BSSL variant BSSL-C was fused at 

its 5' -end with the signal peptide coding sequence of S. cerevisiae SUC2 

gene product (invertase), maintaining the integrity of the open reading 

.frame initiated at the first ATG codon of invertase signal peptide. This 

fusion gene construct was initially cloned into the s •. cerevisiae expression 

30 vector pSCW 231 (pSCW 231 is a low copy number yeast expression 

vector and the expression is under the control of the constitutive ADH1 
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promoter) between EcoRI an_d BamHI site to generate the expression 

vector pARC 0788. 

The cDNA of the fusion gene was further subcloned into P. pastoris 
5 expression vector pDM 148 (described in Section 1.2) by releasing the 

appropriate 1.8 kb fragment by EcoRI and BamHI digestion o! pARC 

0788 and subcloning the fragment into pDM 148 digested with EcoRI 

and Bamffi. The resulting construct pARC 5790 was digested with 

BamHI and a double stranded oligonucleotide linker of the physical 

10 structure BamHI-EcoRI-Bamm was ligated to generate the construct 

pARC 5i96 essentially to isolate the cDNA fragment of the fusion gene, 

following the strategy as described in Section 2.1. 

Finally the 1.8 kb fragment containing the invertase signal peptide I 
15 BSSL-C fusion gene was released from pARC 5796 by EcoRI digestion 

and cloned into pffiL 04 at the EcoRI site. By appropriate_ restriction 

analysis of the expression vector containing the insert in the proper 

orientation was identified and was designated as pARC 5797 (NCIMB 

40722). 

20 

4.2. Expression of recombinant BSSL-C from P. pastoris 

To express recombinant BSSL-C from P. pastoris, the P. pastoris host 

GS115 was transformed with pARC 5797 by the method as described in 

25 Sections 1.3 and 2.2. Transformants were checked for lipase production 

by the method described in Sections 1.4 and 2.2. A single transformant 

(No. 3) was picked on the basis of high lipase producing ability by the 

lipase plate assay detection method and was further analyzed for 

production of BSSL enzyme activity in the culture supernatant by 
30 essentially following the method as described in Sections 1.6 and 2.3. As 

shown in Table 1, the culture supernatant of GS115[pARC 5797] (No. 3) 
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contained BSSL enzyme activity and the amount increased progressively 

till 72 h following induction. 

4.3. SOS-PAGE and western blot analysis of culture supernatant of 

5 GSUS[pARC 5797} transformant (No. 3) 

The culture supernatant collected at various time points as described in 

Section 4.2 were subjected to SOS-PAGE and western blot analysis as 

described in Sections 1.7 and 2.4. From the SOS-PAGE profile it was 

10 estimated that about 75-80% of the total extracellular protein was 

BSSL-C. The molecular weight of the protein as estimated from 

SOS-PAGE analysis was approximately 66 kDa. On western blot analysis 

only two bands (doublet) around 66 kDa were found to be 

immunoreactive and thus confirming the expression of recombinant 

15 BSSL-C. 

EXAMPLE FOR COMPARISON: Expression of BSSL in S. cerevisiae 

20 Attempts to express BSSL in Saccharomyc:es cerevisiae were made. BSSL 

was poorly secreted in S. cerevisiae and the native signal peptide did not 

work efficiently. In addition, the nath·e signal peptide did not get 

cleaved from the mature protein in S. cerer:isiae. 

25 

30 
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DEPOSIT OF MICROORGANISMS 

10 The following plasmids, transformed into Pichia pnstoris cultures, have 

been deposited under the Budapest Treaty at the National Collections of 

Industrial and Marine Bacteria CNCIMB), Aberdeen, Scotland, UK. The 

date of deposit is 2 May 1995 . 

15 ,., 
• r "-smid] NCIMB No. -. 

PPF-1 [pARC smJ 40721 

GS115(pARC 5799] 40723 

GS115[pARC 5797) 40722 
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TABLE 1 

Enzyme activity in the culture supernatants of Pichia pastoris 

transfonnants. 

> . 

Enzyme activity in mg/L equivalent of native BSSL 

Hours after 
PPF-l[pARC smJ GSUS[pARC 5799] GSllS[pARC 5797] 

induction 
No.39 No.86 No.9 No.21 No.3 

24 0.254 0.135 1.53 1.72 0.37 

48 2.69 3.12 17.28 34.70 40.9 

72 3.96 8.25 37.37 50.60 44.9 

96 11.26 13.60 26.34 50.60 35.6 

120 8.42 13.13 13.60 22.30 17.8 
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SEQUENCE LISTING 

( 1) GENERAL INFORMATION: 

(i) APPLICANT: 
(A} NAME: ASTRA AB 
(Bl STREET: Vastra Malarehamnen 9 
{C) CITY: Sodertalje 
lEl COUNTRY: Sweden 
CFJ POSTAL CODE {ZIP) : S-151 85 
{G) TELEPHONE: +46-8-553 260 00 
{Hl TELEFAX: +46-8-553 288 20 
(I) TELEX: 19237 astra s 

PCTISE96I00318 

{ii) TITLE OF INVENTION: DNA Sequences for Expression of Pol~'Peptides 

(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 
{A) MEDIUM TYPE: Floppy disk 
(Bl COMPUTER: IBM PC compatible 
{Cl OPERATING SYSTEM: PC-DOS/MS-DOS 
(Dl SOFTWARE: Patentln Release #1-0, ·.·ersion #1.30 CE?: 

(2) INFOlUG.TION FOR SEQ ID NO: 1: 

(i\ SEQOENCE CHARACTERISTICS: 
(A) LENGTH: 2428 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(0} TOPOLOGY: linear 

{ii} MOLECULE TYPE: cDNA to mRNA 

(iii} HYPOTHETICAL: NO 

(h·} Am."I-SENSE: NO 

(vi} ORIGINAL SOURCE: 
(A) ORGANISM: Homo sa.piens 
(?') TISSUE TYPE: mammary gland 

(ix) FEATURE: 
(A} NAME/ICEY: CDS 
(S) LOCATION:82 .• 2319 
(C~ OTHER INFORMATION:/product= •bile-salt-stimulated 

lipase• 

(ix) FEATURE: 
(A) N11ME/I<EY: exon 
(B) LOCATION:985 •• ll73 

(ix) FEATURE: 
(A) NAME/KEY: exon 
(B) LOCATION:ll74 •• 1377 

(ix) FEATURE: 
·cA) NAME/REY: exon 
(Bl LOCATION:l378 •. 1575 

(ix} FEA'l'tJRE: 
(A) NAME/KEY: exon 
(B) LOCATION:l576 •• 2415 
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CixJ FEATURE: 
(A) NAME/KEY: mat_peptide 
!B) LOCATION:lSl .• 2316 

{ix> FEATURE: 
(A) NAME/KEY: polyA_signal 
(B) LOCATION:2397 •. 2402 

(ix) FEATURE: 
(A) NAME/KEY: repeac_region 
(B} LOCATION:l756 .• 2283 

(ix) FEATURE: 
(A) NAME/KEY: S'UTR 
(B) LOCATION:l..81 

(ix) FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:l756 •• l788 

Cix> FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:l789 •• 1821 

fixl FEATURE: 
(A} NAME/I<EY:·repeat_unit 
(B} LOCATION:l822 •. 1854 

(ix} FEATURE: 
(A) NAME/KEY: repeat_unit 
(B} LOCATION:lSSS .. 1887 

(ixl FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:1888 .• 1920 

Cixl FEATURE: 
{A} NAME/KEY: repeat_ unit 
(B) LOCATION:l921 •. 1953 

(ix) FEATURE: 
(A) NAME/KEY: repe~t 
(B) LOCATION:l954.. 6 

(ix) FEATORE: 
(A) NAME/KEY: repeat_unit 
CB) LOCATION:1987 .. 2019 

{ix) FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:2020 .. 2052 

{ix) FEATURE: 
CA) NAME/KEY: repeat_unit 
(B) LOCATION:2053 •. 2085 

(ix) FEATURE: 
(A) NAME/XEY: repeat_unit 
(B) LOCATION:2086 •• 2118 

(ix) FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:2119 .• 2151 

(ix) FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:2152 •• 2184 
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(iX) FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:2185 •• 2217 

{ix) FEATURE: 
(A) NAME/KEY: repeat_unit 
(B) LOCATION:2218 •• 2250 

(ix) FEATURE: 
(A) NAME/XE'/: repeat_unit 
(B) LOCATION:2251 .• 2283 

(x) PUBLICATION INFORMATION: 
(A) AUTHORS: Nilsson, Jeanette 

lU&ckberg, Lars 
Carlsson, Peter 
Enerbick, Sven 
Bernell, Olle 
Bjursell, Gunnar 

PCT/SE96/00318 

(B) TI'l'LE: cDNA cloning of human-milk 
bile-salt-stimulated lipase ar.c ~~~dence for its 
id.entity to pancreatic carbox-J:~: ~s~er hyarolase 

(C) JOURNAL: Eur. J. Biochem. 
(D) VOLUME: 192 
(F) PAGES: 543-550 
(G) DATE: Sept.-1990 

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

ACCTTCTGTA TCAGTTAAGT GTCAAGA'l'GG AAGGAACAGC AG'::"::;.;_.:;A TA:.TGCAAAG 60 

AGT'l'TA'M'CA TCCAGAGGCT G ATG CTC Ace ATG GGG CGC =~ :AA C':'G GTT 111 
Met Leu Thr Met Gly Arg :..;.·.;: :an Leu Val 
-23 -20 -lS 

C'l'G T'l'G GGC CTC ACC TGC TGC 'l'GG GCA GTG GCG AG": :r:: ~CG A:.G CTG 159 
Val Leu Gly Leu Thr Cys Cys 'I'rp Ala Val Ala Se:: ~.:a Ala Lys Leu 

-10 -s l 

GGC GCC GTG TAC ACA GAA GGT GGG TTC GTG GAA GGC :;:-: ;;AT AAG AAG 207 
Gly Ala Val Tyr Thr Glu Gly Gly Phe Val Glu Gl7:' ·:!!.: Asn Lys Lys s 10 15 

CTC GGC C'I'C CTG GGT GAC TCT QTG GAC ATC T'I'C AAG ~~: ;.TC CCC 'l'TC 255 
Leu Gly Leu Leu Gly Asp Ser Val Asp Ile Phe Lys :;::.t :rle Pro J?he 
20 25 30 35 

GCA GC'I' CCC ACC AAG GCC CTG GM AAT CC'l' CAG cc;. :;,.= :cT GCC 'l'GG 303 
Ala Ala Pro 'I'hr Lys Ala Leu Glu Asn Pro Gln l?ro E~= ?ro Gly 'l'rp 

40 45 50 

CAA GGG ACC CTG AAG GCC AAG AAC T'I'C AAG AAG AG;.. -:-;;: =ro CAG GCC 3 Sl 
Gln Gly 'l'hr Leu Lys Ala Lys Asn Phe Lys Lys Arg C-fs Leu Gln Ala 

SS 60 65 

ACC ATC ACC CAG GAC AGC ACC TAC GGG GA'l' GAA GAC r....c cm TAC C'l'C 3 9 g 
T'hr Ile 'I'hr Gln Asp Ser 'l'hr 'l'yr Gly Asp Glu Asp C-fs Leu 'l'yr Leu 

?o 75 ao 

AAC A'M' TGG G'l'G CCC CAG GGC AGG AAG CAA GTC TCC c= GAC CTG CCC 447 
Asn Ile Trp Val Pro Gln Gly Arg Lys Gln Val Ser A:g Asp Leu Pro 

85 90 95 

G'r1' A'l'G ATC TGG ATC TAT GGA GGC GCC 'l'TC CTC ATG GQQ TCC GGC CAT 495 
Val Met Ile i'rp Ile Tyr Gly Gly Ala Phe Leu Met Gly Ser "Gly His 
100 105 110 115 
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GOO CCC AAC TTC CTC AAC AAC TAC CTG 'l'A'l' GAC GGC GAG GAG ATC GCC 543 
Gly Ala Asn Phe Leu Asn Asn Tyr Leu Tyr Asp Cly Glu Glu Ile Ala 

120 12S 130 

ACA CGC GGA MC G'l'C ATC GTG GTC ACC TTC AAC 'I'AC CGT GTC GGC CCC 591 
Thr Arg Gly Asn Va.l Ile Val Val Thr Phe Asn 'I'yr Arg Va.l Gly Pro 

us uo us 
C'T'l" GGG 'I"l'C CTC AGC ACT GGG GAC GCC AAT CTG CCA GGT AAC TAT GGC 639 
Leu Gly Phe Leu Ser Thr Gly Asp Ala Asn Leu Pro Gly Asn Tyr Gly 

150 155 160 

C'rr CCG GAT CAG CAC ATC GCC ATT GCT TOO GTG AAG AGG AAT ATC GCG 687 
Leu Arg Asp Gln His Met Ala. Ile Ala Trp Vd Lys Arg Asn Ile Ala. 

165 170 175 

GCC 'l'TC GGG GGG GAC CCC AAC AAC ATC ACG CTC Tl'C GCG GAG TCT GCT 73 5 
Ala Phe Gly Gly Asp Pro Asn Asn Ile Thr Leu l?he Gly Glu Ser Ala 
180 185 190 195 

GGA GGT GCC AGC GTC TCT CTG CAG ACC CTC TCC CCC TAC AAC AAG GGC 783 
Gly Gly Ala Ser Val Ser Leu Gln Thr Leu Ser Pro Tyr Asn Lys Gly 

200 . 205 210 

CTc ATC COO CGA GCC ATC .AGC CAG AGC GGC G'l'G GCC CTG AGT CCC TGG 831 
Leu Ile Arg Arg Ala Ile Ser Gln Ser Gly Val Ala Leu Ser Pro Trp 

215 220 225 

CTC ATC CAG AAA AAC CCA CTC 'l'TC TGG GCC AAA AAG GTG GCT GAG AAG 879 
Val Ile Gln Lys Asn Pro Leu Phe Trp Ab Lys Lys Val Ala Glu Lys 
. 230 235 240 

GTG GGT 'l'GC CCT GTG GGT GAT GCC GCC AGG ATG GCC CAG TGT CTG AAG 927 
Val Gly Cys Pro Val Gly Asp Ala Ala Arq Met Ala Gln Cys Leu Lys 

245 250 255 

G'rl' ACT GAT CCC CGA QCC CTG ACG CTG GCC TAT AAG GTG CCG CTG GCA 97 5 
Val Thr Asp Pro Arg Ala Leu Thr Leu Ala Tyr Lys Val Pro Leu Ala 
260 265 270 275 

GGC C'l'G GAG TAC CCC ATG C'l'G CAC 'l'AT Giro GGC TTC GTC CCT GTC ATT 1023 
Gly Leu Glu Tyr Pro Met Leu His 'l'yr Val Gly Phe Val Pro Val Ile 

280 285 290 

GAT GGA GAC 'rl'C ATC CCC GC'!' GAC CCG ATC ·AAc CTG TAC GCC AAC GCC 1071 
Asp Gly Asp Phe Ile Pro Ala Asp Pro Ile Asn Leu Tyr Ala Asn Ala 

295 300 305 

GCC GAC ATC GAC TAT ATA GCA GGC ACC AAC AAC ATG GAC GGC CAC ATC 1119 
Ala Asp Ile Asp Tyr Ile Ala Gly Thr Asn Asn Met Asp Gly His Ile 

310 315 320 

Tl'C GCC AGC ATC GAC A'l'G CCT GCC ATC AAC AAG GGC AAC AAG AAA GTC 1167 
Phe Ala Ser Ile Asp Met Pro Ala Ile Asn Lys Gly Asn Lys Lys Val 

325 . 330 335 

ACG GAC ~ GAC 'l"l'C 'l'AC AAG CTG GTC AGT GAG 'l'TC ACA A'l'C ACC AAG 1215 
Thr Glu Glu Asp Phe '1'yr Lys Leu Val Ser Glu Phe 'l'hr Ile Thr Lys 
340 345 350 355 

GGG C'!'C AGA GQC GCC AAG ACG ACC 'l"1"l' GAT G'l'C TAC ACC GAG TCC "100 12 63 
Gly Leu Arg Gly Ala Lys 'l'hr Thr Phe Asp Val 'fyr 'l'hr Glu Ser 'l'rp 

3~0 365 . 370 

GCC OG GAC: CCA 'l'CC CACI GAG AA'l' AAG AAG AAG ACT G'1'C C'l'G GAC '1'l"1' 1311 
Ala Gln Asp Pro Ser Gln Glu Asn Lys Lys Lys '1'hr Val Val Asp Phe 

375 380 385 
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GAG ACC GAT GTC CTC TTC CTG C'l'G CCC ACC GAG ATT GCC CTA GCC CAG 
Glu Thr Asp Val Leu Phe Leu Val-Pro Tllr Glu Ile Ala Leu Ala Gln 

390 395 400 

CAC AGA GCC AAT CCC AAG. AGT GCC AAG ACC TAC GCC 'l'AC CTG TTT TCC 
Ris Arg Ala Asn Ala Lys Ser Ala Lys Thr Tyr Ala Tyr Leu Phe Ser 

405 410 415 

CAT CCC TCT CGG ATG CCC GTC TAC CCC AAA 'l'GG GTG GGG GCC GAC CAT 
His Pro Ser Arg Met Pro Val Tyr Pro Lys Trp Val Gly Ala Asp His 
420 42S 430 435 

GCA GAT GAC ATT CAG TAC G'l"l' '1'TC GGG AAG CCC '1'TC GCC ACC CCC ACG 
Ala Asp Asp Ile Gln Tyr Val Phe Gly Lys Pro Phe Ala Thr Pro 'l'hr 

440 445 450 

GGC TAC CGG CCC CAA GAC AGG ACA GTC TCT AAG GCC A'l'G ATC GCC TAC 
Gly Tyr Arg Pro can Asp Arg 'I'hr Val Ser Lys Ala Met Ile Ala Tyr 

455 460 465 

TGC ACC AAC 'ITT GCC AAA ACA GGG GAC CCC AAC ATG GGC GAC TCG GC'l' 
Trp Thr Asn Phe Ala Lys Thr Gly Asp Pro Asn Met Gly Asp Ser Ala 

470 475 480 

GTG CCC ACA CAC '100 GAA CCC TAC ACT ACG GAA AAC AGC GGC TAC CTG 
Val Pro 'l'hr His Trp Glu Pro Tyr Thr Thr Glu Asn Ser Gly 'l'yr Leu 

485 490 us 
GAG ATC ACC AAG AAG A'l'G GGC AGC AGC 'l'CC ATG AAG COG AGC C"l'G AGA 
Glu Ile Thr Lys Lys Met Gly Ser Ser Ser Met Lys Arg Ser Leu Arg 
500 505 510 515 

ACC AAC 'l"l'C CTG CGC TAC '1'GG ACC CTC ACC TAT CTG GCG CTG CCC ACA 
Thr Asn Phe Leu Arg Tyr Trp Thr Leu Thr 'l'yr Leu Ala Leu Pro Thr 

520 525 530 

GTG Ace GAC CAG GAG GCC ACC CCT GTG CCC CCC ACA GGG GAC TCC GAG 
Val Thr Asp Gln Glu Ala Thr Pro Val Pro Pro Thr Gly Asp Ser Glu 

535 540 545 

GCC ACT CCC GTG CCC CCC ACG CGT GAC 'l'CC GAG ACC GCC cc~ GTG CCG 
Ala 'l'hr Pro Val Pro Pro Thr Gly Asp Ser Glu Thr Ala Pro Val Pro 

.. 550 SSS 560 

CCC ACG GGT GAC TCC GOO ace CCC CCC GTG CCG CCC ACG GGT GAC: TCC 
Pro 'l'hr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser 

565 570 575 

GGG GCC CCC CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC G'l'G 
Gly Ala Pro Pro Val Pro Pro 'l'br·Gly Asp Ser Cly Ala Pro Pro Val 
~o ~s ~o ~s 

CCG CCC ACG CGT GAC TCC GOO GCC CCC CCC GTG CCG CCC ACG GGT GAC 
Pro Pro Thr Cly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp 

. 600 605 610 

'l'CC COO GCC CCC CCC G'l'G CCG CCC ACG GGT CAC 'l'CC GGG GCC CCC CCC 
Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp ser Gly Ala Pro Pro 

615 620 625 

GTG CCG CCC ACG GGT GAC 'l'CC GGC GCC CCC CCC GTG CCG CCC ACG GGT 
Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly 

630 635 640 

GAC CCC GGG CCC CCC CCC ~ CCG CCC ACG GC'l' GAC 'l'CC GGC CCC CCC 
Asp Ala Gly Pro Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro 

645 650 655 

1359 

1407 

1455 

1503 

1551 

1599 

1647 

1695 

1743 

1791 

1839 

1887 

1935 

1983 

2031 

. 2079 

2127 
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CCC GTG CCG CCC ACG GGT GAC TCC GGG GCC CCC CCC G'l'G ACC c=c ACG 2175 
Pro Val Pro Pro 'l'hr Gly Asp Ser Gly Ala Pro Pro Val Thr P:o Thr 
660 665 670 675 

GGT GAC TCC GAG ACC GCC CCC GTG CCG CCC ACG GGT GAC TCC GUG GCC 2223 
Gly Asp Ser Glu Thr Ala Pro Val Pro Pro Thr Cly Asp Ser G:y Ala 

680 685 ~?O 

CCC CCT GTG CCC CCC ACG GGT GAC TCT GAG GCT GCC CCT GTG c=c CCC 2271 
J?ro Pro Val Pro Pro Thr Gly Asp Ser Glu Ala Ala Pro Val .r:o Pro 

695 700 705 

ACA GA'l' GAC TCC AAG GM GCT CAG ATG CCT GCA GTC ATT AGG ":":"?TAG 2319 
Thr Asp Asp Ser Lys Glu Ala Gln Met Pro Ala Val Ile Arg P~e • 

710 715 720 

CGTCCCATGA GCCTTGGTAT CAAGAGGCCA CAAGAGTGGG ACCCCAGGGG :-:c=cCTCCC 2379 

ATC'rl'GAGCT CT'l'CC'l'GAA'l' AAAGCCTCAT ACCCCTAAAA AAAAAAAAA 2428 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 746 amino acids 
(B) TYPE: amino- acid 
(D} TOPOLOGY: linear 

{ii) MOLECULE TYPE: protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Leu Thr Met Gly Arg Leu Gln Leu Val Val Leu Gly Leu ~~..::- Cys 
-23 -20 -lS -E 

Cys Trp Ala Val Ala Ser Ala Ala Lys Leu Gly Ala Val Tyr ~r..::- Glu 
-s 1 5 

Gly Gly Pbe Val Glu Gly Val Asn Lys Lys Leu Gly Leu Leu ~:? Asp 
10 15 20 25 

Ser Val Asp Ile Phe Lys Gly Ile Pro Phe Ala Ala Pro Thr ~~s Ala 
30 35 ~~ 

Leu Glu Asn Pro Gln Pre His Pro Gly Trp Gln Gly Thr Leu Lrs Ala 
45 50 SS 

Lys Asn Phe Lys Lys Arg Cys Leu Gln Ala Thr Ue Thr Glr. Asp Ser 
60 65 70 

Thr Tyr Gly Asp Glu Asp Cys Leu Tyr Leu Asn Ile Trp Val ?:o Gln 
75 80 85 

Cly Arg Lys Gln Val Ser Arg Asp Leu Pro Val Met Ile Trp Ile Tyr 
90 95 100 105 

Gly Gly Ala Phe Leu Met Gly Ser Gly His Gly Ala Asn Phe Leu Asn 
110 115 120 

Asn 'l'yr Leu 'fyr Asp Gly Glu Glu Ile Ala 'l'hr Arg Gly Asn Val Ue 
US llO US 

Val Val Thr Phe Asn '!'Yr Arg Val Gly Pro Leu Gly Phe Leu Ser Thr 
140 145 150 

Gly Asp Ala Asn Leu Pro Gly Asn 'fyr Gly Leu Arg Asp Gln His Met 
155 160 165 
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Ala Ile Ala Trp Val Lys Arg Asn Ile Ala Ala Phe Gly Gly Asp Pro 
1'70 175 180 185 

Asn Asn Ile Thr Leu Ph.Et Gly Glu Ser Ala Gly Gly Ala Ser Val Ser 
190 195 200 

Leu Gln Thr Leu Ser Pro '!Yr Asn Lys Gly Leu Ile Arg Arg Ala Ile 
205 210 215 

Ser Gln Ser Gly Val Ala Leu Ser Pro 'l'rp Val Ile Gln Lys Asn Pro 
220 225 230 

Leu 'Phe Trp Ala Lys Lys Val Ala Glu Lys Val Gly Cys Pro V&l Gly 
. 235 240 2,5 

Asp Ala Ala Arg Met Ala Gln Cys Leu Lys Val Thr Asp Pro Arg Ala 
250 255 260 265 

Le•.& Thr Leu Ala 'l'yr t.ys Val Pro Leu Ala Gly Leu Glu 'l'yr Pro Met 
270 275 280 

Leu His 'l'yr Val Gly Phe Val Pro Val Ile Asp Gly Asp Phe Ile Pro 
285 290 295 

Ala Asp Pro Ile Asn Leu Tyr Ala Asn Ala Ala Asp Ile Asp Tyr Ile 
300 305 310 

Ala Gly Thr Asn Asn Met Asp Gly His Ile Phe Ala Ser Ile Asp Met 
315 320 325 

Pro Ala ~le Asn Lys Gly Asn Lys Lys Val Thr Glu Glu Asp Phe Tyr 
330 335 340 345 

Lys Leu Val Ser Glu Phe Thr Ile Thr Lys Gly Leu Arg Cly Ala Lys 
350 355 360 

Thr Thr Phe Asp Val 'lYr Thr Glu Ser Trp Ala Gln Asp Pro Ser Gln 
36S 370 375 

Glu Asn Lys Lys Lys Thr Val Val Asp Phe Glu '!'hr Asp Val Leu Phe 
380 385· 390 

Leu Val Pro Thr Glu Ile Ala Leu Ala Gln His Arg Ala Asn Ala Lys 
395 400 405 

Ser Ala Lys Thr Tyr Ala Tyr Leu Phe ·ser His Pro Ser Arg Met Pro 
410 us 420 425 

Val 'l"sr Pro Lys Trp Val Gly Ala Asp His Ala Asp Asp Ile Gln Tyr 
430 435 440 

Val Phe.Gly Lys Pro Phe Ala Thr Pro Thr Gly Tyr Arg Pro Gln Asp 
445 450 455 

Arg Thr ·val Ser Lys Ala Met Ile Ala Tyr Trp Thr ASn Pbe Ala Lys 
460 465 470 

Thr Gly Asp Pro Asn Met Gly Asp Ser Ala Val Pro Thr His 'l'rp Glu 
475 480 485 

Pro Tyr Thr Thr Glu Asn Ser Gly Tyr Leu Glu Ile Thr Lys Lys Met 
4510 495 500 505 

Gly Ser Ser Ser Met Lys Arg Ser Leu Arg Thr Asn .Phe Leu Arg Tyr 
510 515 520 

Trp 'l'hr Leu '1'hr Tyr Leu Ala Leu Pro 'l'hr Val 'l'hr Asp Gln Glu Ala 
525 530 535 
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Thr Pro Val Pro Pro 'l'hr Gly Asp Ser Glu Ala Thr Pro Val Pro Pro 
540 545 . 550 

Thr Gly Asp Ser Glu Thr Ala Pro Val Pro Pro Thr Gly Asp Ser Gly 
555 560 565 

Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro 
570 575 580 SSS 

Pro '!'hr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser 
590 595 600 

Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Cly Ala Pro Pro Val 
605 no us 

Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp 
620 625 630 

Ser.Cly Ala Pro Prn Val Pro Pro Thr Gly Asp Ala Gly Pro Pro Pro 
635 640 645 

Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly 
650 655 660 665 

Asp Ser Gly Ala Pro Pro Val Thr Pro Thr Gly Asp Ser Glu Thr Ala 
670 675 . 680 

Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr 
685 690 695 

Gly Asp Ser Glu Ala Ala Pro Val Pro Pro Thr Asp Asp Ser Lys Glu 
700 705 710 

Ala Gln Met Pro Ala Val Ile Arg Phe • 
715 720 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 722 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

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

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Ala Lys Leu Gly Ala Val 'fyr 'l'hr Glu Gly Gly Phe Val Glu Gly Va.! 
1 5 10 15 

Asn Lys Lys·Leu Gly Leu Leu Cly Asp Ser Val Asp Ile Phe Lys Gly 
20 25 30 

Ile Pro Phe Ala Ala Pro Thr Lys Ala Leu Glu Asn Pro Gln Pro His 
35 40 45 

Pro Gly '1'rp Gln Gly 'l'hr Leu Lys Ala Lys Asn Phe t.ys Lys Arg Cys 
so 55 ~ 
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Leu Gln Al-.. Thr Ile Thr Gln Asp Ser Thr Tyr Gly Asp Glu Asp Cys 
. 65 70 75 80 

Leu Tyr Leu Asn Ile 'l'rp Val Pro Gln Gly Arg Lys Gln Val Ser Arg 
85 90 95 

Asp Leu Pro Val Met Ile Trp Ile Tyr Gly Gly Ala Phe Leu Met Gly 
100. 105 110 

Ser Gly His Gly Ala Asn Phe Leu Asn Asn Tyr Leu Tyr Asp Gly Glu 
115 120 125 

Glu Ile Ala Thr Arg Gly Asn .. Val Ile Val Val '1'hr Phe Asn 'l'yr Arg 
130 135 140 

Val Gly Pro Leu Gly Phe Leu Ser Thr Gly Asp Ala Asn Leu Pre Gly 
145 150 155 160 

Asn Tyr Gly Leu Arg Asp Gln H~s Met Ala Ile Ala 'l'rp Val Lys Arg 
165 170 175 

Asn Ile Ala Ala Phe Gly Gly Asp Pro Asn Asn Ile Thr Leu Phe Gly 
180 185 190 

Glu Ser Ala Gly Gly Ala Ser Val Ser Leu Gln Thr Leu Ser Pro Tyr 
195 200 205 

Asn Lys Gly Leu Ile Arg Arg Ala Ile Ser Gln Ser Gly Val Ala Leu 
210 215 220 

Ser Pre 'l'rp Val Ile Gln Lys Asn Pro Leu Phe Trp Ala Lys Lys Val 
225 230 235 240 

Ala Glu Lys Val Gly Cys Pro Val Gly Asp Ala Ala Arg Met Ala Gln 
245 250 255 

Cys Leu Lys Val Thr Asp Pro Arg Ala Leu Thr Leu Ala '1'yr Lys Val 
260 265 270 

Pro Leu Ala Gly Leu Glu Tyr Pro Met Leu His Tyr Val Gly Phe Val 
~75 280 . 285 

Pro Val Ile Asp GlY Asp Phe Ile Pro Ala Asp Pro Ile Asn Leu Tyr 
290 295 300 

Ala. Asn Ala Ala Asp Ile Asp Tyr Ile Ala Gly Thr Asn Asn Met Asp 
305 310 315 320 

Gly His Ile Phe Ala Ser Ile Asp Met Pro Ala Ile Asn Lys Gly Asn 
325 330 335· 

Lys Lya Val Thr Glu Glu Asp Pbe Tyr Lys Leu Val Ser Glu Phe Thr 
340 . 345 . 350 

Ile. '!'hr Lys Gly Leu Arg Gly Ala Lys '!'hr Thr Phe Asp Vd Ty~ Thr 
355 360 365 

Glu Ser 'l'rp Ala Gln Asp Pre Ser Gln Glu Asn Lys Lys Lys Thr V&l 
370 375 380 

. Val Asp Phe Glu 'l'hr Asp Val Leu Phe Leu Val Pro '1'hr Glu Ile Ala 
385 390 395 400 

Leu Ala Gln His kg Ala Asn Ala. Lys Ser Ala Lys 'l'br 'l'yr Ala '!'yr 
405 410 415 

Leu Phe Ser Bis Pro Ser Arg Met Pro Val Tyr Pro Lys '1'rp Val Gly 
420 425 430 

.. 
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Ala Asp His Ala Asp Asp Ile Gln 'lyr Val Phe Gly Lys Pro Phe Ala 
435 . 440 445 

7!lr Pro Thr Gly Tyr Arg Pro Gln Asp Arg Thr Val Ser Lys Ala Met 
4SO 455 460 

:le Ala Tyr Trp Thr Asn Phe Ala Lys Thr Gly Asp Pro Asn Met Gly 
~65 470 475 480 

~sp Ser Ala Val Pro Thr His Trp Glu Pro Tyr Thr Thr Glu Asn Ser 
485 490 495 

Gly Tyr Leu Glu Ile Thr Lys Lys Met Gly Ser Ser Ser Met Lys Arg 
500 505 510 

.. s-.r Leu Arg 'l'hr Asn Phe Leu Arg Tyr Trp Thr Leu Thr Tyr Leu Ala 
515 520 525 

~ .. u Pro Thr Val Thr Asp Gln Glu Ala Thr Pro \~al Pro Pro Thr Gly 
530 535 540 

;..sp Ser Glu Ala Thr Pro Val Pro Pro Thr Gly Asp Ser Clu Thr Ala 
5~5 550 SSS 560 

==o Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr 
. 565. 570 575 

~:y Asp Ser Cly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala 
580 sas 590 

?=o Pro ~al Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro 
595 600 605 

':"'~r Gly Asp Ser Gly Ala Pro Pro ~al Pro Pro Thr Gly Asp Ser Gly 
610 615 620 

... -_ ... _a Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pre Pro Val Pro 
~:s 630 635 640 

P::-o Thr Gly Asp Ala. Gly Pro Pro Pro Val Pro Pro Thr Gly Asp Ser 
645 650 655 

G:y Ala Pro Pro'Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val 
660 665 670 

T"~..::: Pro Thr Gly Asp Ser Glu 'l'hr Ala Pro Val Pro Pro Thr Gly Asp 
675 680 685 

S~::- Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Glu Ala Ala Pre 
690 695 700 

Val Pro Pro Thr Asp Asp Ser Lys Glu Ala Gln Met Pro Ala Val Ile 
705 '710 715 720 

(2) INFORMATION FOR SEQ ID NO: 4: 

( i} SEQtJENa CHARAC'l'ERISTICS: 
(A) LENGTH: 568 amino acids 
(B) 'ftPE: amino acia 
(C) STMNDEONBSS: 
(D) TOPOLOGY: l~near 

(ii) MOI.P.CDI.E TYPE: protein 
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(iii) HYPOTHETICAL: NO 

(Vi) ORIGINAL, SOURCE: 
(A) ORGANISM: Homo sapiens 
(F} '!'ISSUE 'lYPE: Mammary gland 

Cix) FEA'l'ORE: 
(Al NAME/ICEY: Peptide 
(B) LOCA'l'ION:l •• 568 
(D) OTHER INFORMATION:/label= Variant_c 

(X) PUBLICATION INFORMATION; 
(A) AUTHORS: Hansson, Lennart 

Blackberg, Lars 
Edlund, Michael 
Lundberg, Lennart 
Stromqvist, Mats 
Kernell, Olle 

(B) TITLE: Recombinant Human Milk Bile Salt-stimulated 
Lipase 

{C) JOUIWAL: J. Biol. Chem. 
(D) VOLUME: 268 
(E) ISSUE; 35 
(F) PAGES; 26692-26698 
(G) DATE: Dec. 15-1993 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ala Lys Leu Gly Ala Val 'l"zr Thr Glu Gly Gly Phe Val Glu Gly Val 
l . s 10 15 

Asn Lys Lys Leu Gly Leu Leu Gly Asp Ser Val Asp Ile Phe Lys Gly 
20 25 30 

Ile Pro Phe Ala Ala Pro Thr Lys Ala Leu Glu Asn Pro Gln Pro His 
35 40 45 

Pro Gly Trp Gln Gly 'l'hr Leu Lys Ala. Lys Asn Phe Lys Lys Arg Cys 
so 55 60 

Leu Gln Ala 'l'hr Ile 'l'hr-Gln Asp Ser Thr Tyr Gly Asp Glu Asp Cys 
65 70 · 75 BO 

Leu Tyr Leu Asn Ile Trp Val Pro Gln Gly Arg Lys Gln Val Ser Arg 
85 90 95 

Asp Leu Pro Val Met Ile 'l'rp Ile Tyr Gly Gly Ala Phe Leu Met Gly 
100 105 110 

Ser Gly His Gly Ala Asn Phe Leu .Asn Asn Tyr Leu Tyr Asp Gly Glu 
115 120 125 

Glu Ile Ala. Thr Arg Gly Asn Val Ile Val Val Thr Phe Asn Tyr Arg 
130 135 140 

Val Gly Pro Leu Gly Phe Leu Ser Thr Gly Asp Ala Asn Leu Pro Gly 
145 150 155 160 

Asn 'fyr Gly Leu Arg Asp Gln His Met Ala Ile Ala Trp Val Lys Arg 
. 165 170 . 175 

Asn Ile Ala Ala Phe Gly Gly Asp Pro Asn Asn Ile 'l'hr Leu Phe Gly 
180 185 190 

Glu Ser Ala Gly Gly Ala Ser Val Ser Leu Gln 'l'hr Leu Ser Pro 'l'yr 
195 200 205 
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Asn Lys Gly Leu Ile Arg Arg Ala Ile Ser Gln Ser Gly Val Ala Leu 
210 215 220 

Ser Pro Trp Val Ile Gln Lys Asn Pro Leu Phe Trp Ala Lys Lys Val 
225 230 235 240 

Ala Glu Lys Val Gly Cys Pro Val Gly Asp Ala Ala Arg Met Ala Gln 
. 245" 250 255 

Cys Leu Lys Val Thr Asp Pro Arg Ala Leu Thr Leu Ala Tyr Lys Val 
260 265 270 

Pro Leu Ala Gly Leu Glu Tyr Pro Met Leu His Tyr Val Gly Phe Val 
275 280 285 

Pro Val Ile Asp Gly Asp Phe Ile Pro A!a Asp Pro Ile Asn Leu Tyr 
290 295 300 

Ala Asn Ala Ala Asp Ile Asp Tyr Ile Ala Gly Thr Asn Asn Met Asp 
305 310 315 320 

Gly His Ile Phe Ala Ser Ile Asp Met P=o Ala Ile Asn Lys Gly Asn 
325 330 335 

Lys Lys Val Thr Glu Glu Asp Phe 'fyr L~·s Leu Val Ser Glu Phe Thr 
340 345 350 

Ile Thr Lys Gly Leu Arg Gly Ala Lys T~r Thr Phe Asp Val 'fyr Thr 
355 360 365 

Glu Ser Trp Ala Gln Asp Pro Ser Gln G:u Asn Lys t.ys Lys Thr Val 
3"r0 375 381; 

Val Asp Phe Glu Thr Asp Val Leu Phe Lau Va! Pre Thr Glu Ile Ala 
385 390 395 400 

Leu Ala. Gln His Arg Ala. Asn Ala Lys Ser Ala. Lys Thr 'l'yr Ala Tyr 
405 4:0 415 

Leu Phe Ser His Pro Ser Arg Met Pro Val Tyr Pro Lys 'l'rp Val Gly 
. 420 425 430 

Ala Asp His Ala Asp Asp Ile Gln 'fyr Val Phe Gly Lys Pro Phe Ala 
435 440 445 

Thr Pro Thr Gly Tyr Arg Pro Gln Asp Arg Thr Val Ser Lys Ala Met 
450 455· 460 

Ile Ala 'fyr Trp Thr Asn Phe Ala Lys T"r..r Gly Asp Pro Asn Met Gly 
465 470 475 480 

Asp Ser Ala Val Pro Thr His Trp Giu Pro 'fyr Thr 'l'hr Glu Asn Ser 
485 490 495 

Gl'y Tyr Leu Glu Ile Thr Lys Lys Met Gly Ser Ser Ser Met Lys Arg 
500 sos 510 

Ser Leu Arg 'l'hr Asn Phe Leu Arg 'l'yr 'l'EP Thr Leu 'l'hr '.l'Yr Leu Ala 
515 520 525 . 

Leu Pro Thr Val 'l'hr Asp Gln Gly Ala Pro Pro Val Pro Pro 'l'hr Gly 
530 535 540 

Asp Ser Gly Ala Pro Pro Val Pro Pro '1'hr Gly Asp Ser Lys Glu Ala 
545 550 555 560 

Gln Met Pro Ala Val Ile Arg Phe 
SliS 
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INDICATIONS RELATING T.O A DEPOSITED MICROORGANISM 

(Per Ruic 13bis) 

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

en page 9 ,Jine 8 . 
B. WENTIFICATION OF DEPOSIT Further deposits uo identi6ecl on an additional sbeet 0 
Name or dcposiiary institution 

The National Collections of Industrial and Marine Bacteria Limited CNCIMBI 

Addsas or depositary imtimtioo (indudinr postal cotl11 onl '°"""'' 
23 St Machar Drive 
Aberdeen AB2 1 RY 
Scotland, UK 

Date cf deposit Aa:cssion Number 
2May1995 NCIMB40721 

c. ADDmONAL JNDICAUONS (lawblanlt if n111oppliabk) This information is c:antinucd an an addilianal sheer D 
fn respect of au designated states in whlch such action is possible and to the extent that it is 

~ .. legally permissible under the law of the designated state, it is requested that a sample of the 
deposited micro-organism be made available only by the issue thereof to an independent expert, · 
in accordance with the relevant patent legislation, e.g. Rule 28(4} EPC, and .generally similar 
provisions mutatis mutandls for any other designated state. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifdzin4iC111iuunt1111foroll Jaipo1e4Stola) 

E. SEPARATE FURNISHING OF INDICATIONS (leaV1tbl11nk if noi opplkoble} 

Tbeindic:alicns listed belowwillbesubmitted to rhe lntema1ional Bureau larer (spedfylhe,_ol111111treofdzindianitwc.g., •Acccuicm 
N11111bero{DqJ08it•)" 

..----- For receiving Office un only For httemarionaJ Bureau use only 

~ This shecc was received with the international applicalion 0 This sheet was rcc:eived by lhc ln1ema1ional Bureau oa: 

Authorized ofiicer Alllharized offic:er 

CHRISTINA SENFTEN 

Form PCI'/Jl0/134 (July 1992) 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 13bu) 

A. The indications made below rclare to lbe microotganis.m referred to in the description 
on page 12 ,line 19-20 . 

B. IDEN'l1FICATION OF DEPOSIT Funhcr depasils are identified on an addilional Sheet 0 
Name or dllpositary institutioa 

The National Collections of Industrial and Marine Bacteria Umited (NCIMB) 

Address or depositary imtitution (inclUinz podlll code /1114 CGrllflly) 

23 St Machar Drive 
Aberdeen AB2 1 RY 
Scotland, UK 

Dale of deposit Accession Number 
2May1995 NCIMB40723 

c. ADDmONALINDICATIONS (lcwrthillnU/11111Gppljabk) lbis jnfonnarion is malinued cm an additional sheel D 
In respect of all designated states in which such action is possible and to the extent that It is 
legally permissible under the law of the designated state, it is requested that a sample of the 
deposited micro-organism be made evaUable only by the issue thereof to an independent expert, 
in accordance with the relevant patent legislation, e.g. Rule 28(4) EPC, and generally similar 
provisions mutatis mutandis for any other designated state. 

D. DF.sIGNATEDSTATES FOR WHICH INDICATIONS ARE MADE (i/11it:inlictzlions11mllf1'forall"1:siplft4Slma) 

E. SEPARATE FURNISHING OF INDICATIONS (ll!OVeblanki/not applicable) 

lbe indications Jis1cd bclowwill besubmilled to lhe International Bureau laier (speeifydurpta11l1111tureofllieindiaitil»u c.g., ~i:tmion 
Numberof/kpotil' · 

----- For receiving Office use only · For International Bureau use only 
~ This sheet was received wirb the international application 0 This sheet was received by the International Bureau on: 

Authorized officer Authorized officer 

CHRISTINA SENFTEN 

Form l'Cf/R0/134 (July 19112) · 
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INDICATIONS REIATING TO A DEPOSITED MICROORGANISM 

(Per Ruic 13bi.r) 

A. Tbe indications made below "late to lhe microorganism teferred to in the description 
on page 17 · !line 1S.19 . 

B. mENTJFICATION OFDEPOsrr Flanber depaajis are identiliecl cm an additional sheet 0 
Name of depositary institution 

The Na~onat Collections of Industrial and Marine Bacteria Limited lNCIMB) 

Address of deposiwy institution (including postal cod. and COlllfll)') 

23 St Machar Drive 
Aberdeen AB2 1 RY 
Scotland, UK 

Date of deposit 
2 May 1995 Accessi~r3'fo122 

c. ADDmONAL INDICATIONS (l1111Nblanii(111J1.oppl'li:llhk) 'Ibis information is mnlinucd ca an acJdilicmal sbeel D 
In respect of al.I designated states in which such action is Possible and to the extent that It Is 
legally permissible under the law of the designated state, it is requested that a sample of the 
deposited micro-organism be made available only by the issue thereof to an independent expert, 
in accordance with the relevant patent legislation, e.g. RuJe 28(4~ EPC, and generally simi!ar 
provisions mutatis mutandis tor any other desi;nated state. 

D. DESIGNATED STAT.ES FOR WBICB JNDJCATJONS ARE MADE (i/llleilllliaJioMaeMlljoToll Ms;poldSlalo) 

E. SEPARATE FURNISHING OF INDICATIONS (leavdlankif 11aupplicablc) 

'lbemdications listed beJowwilJ besubmitted to the ln1ema1ional Bureau lalet(.speeify"'4r-al1101ur.af 1heiniiuti0111&g., ~«asioii 
N11mbu of Deposit") . 

..----- For rec:eivmg Office use only For in1ernatianal Bureau use only 

18;1 this &beet was ri:ceived wjlb the international application 0 Thi$ sbeet was received by the lnlcnlational Bureau cm: 

Authorized officer Aulbori2.ed officer 

CHRISTINA SENFTEN 

fomi PCl"/R0/134 (Juty 1992) 
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CLAIMS 

1. 

5 

10 

2. 

15 

3. 

20 

4. 

25 

5. 

30 

A DNA molecule comprising: 

(a) a region coding for a polypeptide which is human BSSL or a 

biologically active variant thereof; 

(b) joined to the 5' ·end of said polypeptide coding region, a 

region coding for a signal peptide capable of directing secretion of 

said polypeptide from Pichia pastoris cells transformed with said 

DNA molecule; and 

(c) operably-linked to said coding regions defmed in (a) and (b), 

the methanol oxidase promoter of Pichia pastoris or a functionally 

equivalent promoter. 

A DNA molecule according to claim 1 wherein the said signal 

peptide is identical to, or substantially similar to, the peptide with 

the amino acid sequence shown as amino acids -20 to -1 of SEQ 

ID NO: 2 in the Sequence Listing. 

A DNA molecule according to claim 1 wherein the said signal 

peptide comprises a Saccharomyces cereoisiae invertase signal 

peptide. 

A DNA molecule according to any one of claims 1 to 3 encoding a 

biologically active variant of human BSSL in which at least one of 

the repeat units of 11 amino acids, said repeated units being 

indicated in SEQ ID NO: 1, is deleted. 

A DNA molecule according to any one of claims 1 to 4 coding for 

a polypeptide which has BSSL activity and an amino acid 

sequence which is at least 95% homologous with the sequence 

according to SEQ ID NO: 3 or SEQ ID NO: 4. 
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6. · A DNA molecule according to any one of claims 1 to 5 coding for 

a polypeptide which has the amino add sequence according to 

SEQ ID NO: 3 or SEQ ID NO: 4. 
·~ 

5 7. A vector comprising a DNA molecule according to any one of 

claims 1 to 6. 

. 8. A replicable expression vector according to claim 7 which is 

capable of mediating expression of human BSSL, or a biologically 

10 active variant thereof, in Pichia pastoris cells. 

9. A vector according to claim 8 which is the plasmid vector pARC 

5771(NCIMB40721), pARC 5799 (NOMB 40723) or pARC 5797 

(NCIMB 40722). 

15 

10. Host cells of the genus Pichia transformed with a vector according 

to any one of claims 7 to 9. 

11. Host cells according to claim 10 which are Pichia pastoris cells. 

20 

12. Host cells according to claim 11 which are Pichia pastoris cells of 

the strain GS115. 

13. Host cells according to claim 12 which are PPF-l[pARC 5771] 

25 (NCIMB 40721), GSUS[pARC 5799] (NCIMB 40723) or 

GSllS[pARC 5797] (NCIMB 40722). 

14. A process for the production of a polypeptide which is human 

BSSL, or a biologically active variant thereof, which comprises 

30 culturing host cells according to any one of claims 10 to 13 under 

conditions whereby said polypeptide is secreted into the culture 

\ \11\Ul l\\IWlll\nll;\I \\ \Ill 
* c L M S * 
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medium, and recov~g said polypeptide from the culture 

medium. 

I JllJll'f l:!f Ill 11111 11111 f I IHI 
* C L M S * . 


