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(57) ABSTRACT 

The addition to dough of a combination of tWo lipolytic 
enzymes with different substrate speci?cities produces a 
synergistic effect on the dough or on a baked product made 
from the dough, particularly a larger loaf volume of the 
baked product and/or a better shape retention during baking. 
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METHOD OF PREPARING A DOUGH OR BAKED 
PRODUCT MADE FROM A DOUGH, WITH 
ADDITION OF LIPOLYTIC ENZYMES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to isolated polypep 
tides having lysophospholipase activity and isolated nucleic 
acid sequences encoding the polypeptides. The invention 
also relates to nucleic acid constructs, vectors, and host cells 
comprising the nucleic acid sequences as Well as methods 
for producing and using the polypeptides. 

[0003] 2. Description of the Related Art 

[0004] Phospholipases are enZymes that participate in the 
hydrolysis of phospholipids Which consist of a glycerol 
backbone With tWo fatty acids in an outer (sn-1) and the 
middle (sn-2) positions and esteri?ed With phosphoric acid 
in the third position. The phosphoric acid may, in turn, be 
esteri?ed to an amino alcohol. 

[0005] Several types of phospholipase activity can be 
distinguished Which hydrolyZe the fatty acyl moieties. Phos 
pholipase A1 and A2 catalyZe the deacylation of one fatty 
acyl group in the sn-1 and sn-2 positions, respectively, from 
a diacylglycerophospholipid to produce lysophospholipid. 
Lysophospholipase (also called phospholipase B by the 
Nomenclature Committee of the International Union of 
Biochemistry on the Nomenclature and Classi?cation of 
EnZymes {Enzyme Nomenclature, Academic Press, NeW 
York, 1992}) catalyZes the hydrolysis of the remaining fatty 
acyl group in a lysophospholipid. A phospholipase B has 
been reported from Penicillium notatum (Saito et al., 1991, 
Methods in Enzymology 197:446-456) Which catalyZes the 
deacylation of both fatty acids from a diacylglycerophos 
pholipid and intrinsicly possesses lysophospholipase activ 
ity. 
[0006] Fungal enZymes With phospholipase activity have 
been reported from various sources, including Cryptococcus 
neoformans (Chen et al., Infection and Immunity 65: 
405411), Fusobacterium necrophorum (Fi?s et al., 1996, 
Veterinary Microbiology 49: 219-233), Penicillium notatum 
(also knoWn as Penicillium chrysogenum; Kawasaki, 1975, 
Journal of Biochemistry 77: 1233-1244; Masuda et al., 
1991, European Journal of Biochemistry 202: 783-787), 
Penicillium cyclopium (Mustranta et al., 1995, Process 
Biochemistry 30: 393-401), Saccharomyces cerevisia (Ichi 
masa et al., 1985, Agric. Biol. Chem. 49: 1083-1089; Paul 
tauf et al., 1994, Journal of Biological Chemistry 269: 
19725-19730), Torulaspora delbrueckii (old name Saccha 
romyces rosei, KuWabara, 1988, Agric. Biol. Chem. 52: 
2451-2458; Watanabe et al., 1994, FEMS Microbiological 
Letters 124: 29-34), Schizosaccharomyces pombe (Oishi et 
al., 1996, Biosci. Biotech. Biochem. 60: 1087-1092), Neu 
rospora crassa (Chakravarti et al., 1981, Archives of Bio 
chemistry and Biophysics 206: 393-402), Aspergillus niger 
(Technical Bulletin, G-ZymeTM G6999, EnZyme Bio-Sys 
tems Ltd.; Mustranta et al., 1995, supra), Corticium cen 
trifugum (Uehara et al., 1979, Agric. Biol. Chem. 43: 517 
525), Fusarium oxysporum (WO 98/26057), and Fusarium 
solani (Tsung-Che et al., 1968, Phytopathological Notes 
58:1437-38). 
[0007] Fungal phospholipase genes have been cloned 
from several sources including Penicillum notatum (Masuda 
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et al., 1991, supra), Torulaspora delbrueckii (Watanabe et 
al., 1994, FEMS Microbiology Letters 124: 29-34), Saccha 
romyces cerevisiae (Lee at al., 1994, Journal of Biological 
Chemistry 269: 19725-19730), Aspergillus (JP 10155493), 
Neurospora crassa (EMBL 042791), and Schizosaccharo 
myces pombe (EMBL 013857). 
[0008] It is an object of the present invention to provide 
improved polypeptides having lysophospholipase activity 
and nucleic acid encoding the polypeptides. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to isolated polypep 
tides having lysophospholipase activity selected from the 
group consisting of: 

[0010] (a) a polypeptide having an amino acid 
sequence Which has at least 65% identity With amino 
acids 38 to 654 of SEQ ID NO. 2 or amino acids 17 
to 648 of SEQ ID NO. 16; 

[0011] (b) a polypeptide encoded by a nucleic acid 
sequence Which hybridiZes under high stringency 
conditions With nucleotides 214 to 2061 of SEQ 
ID NO. 1 or nucleotides 49 to 1944 of SEQ ID NO. 
15; (ii) the genomic DNA sequence containing 
nucleotides 214 to 2061 of SEQ ID NO. 1 or 
nucleotides 49 to 1944 of SEQ ID NO. 15; (iii) a 
subsequence of or (ii) of at least 100 nucleotides; 
or (iv) a complementary strand of (i), (ii), or (iii); 

[0012] (c) an allelic variant of (a) or (b); and 

[0013] (d) a fragment of (a), (b) or (c), Wherein the 
fragment has lysophospholipase activity. 

[0014] The present invention also relates to isolated 
nucleic acid sequences encoding the polypeptides and to 
nucleic acid constructs, vectors, and host cells comprising 
the nucleic acid sequences as Well as methods for producing 
and using the polypeptides. 

BRIEF DESCRIPTION OF THE FIGURES 

[0015] FIGS. 1A, 1B, and 1C shoW the cDNA sequence 
and the deduced amino acid sequence of a F usarium venena 
tum lysophospholipase (SEQ ID NOS. 1 and 2, respec 
tively). 

[0016] 
[0017] 
[0018] 
[0019] FIG. 5 shoWs the pH activity pro?le of a Fusarium 
venenatum lysophospholipase. 

[0020] FIGS. 6A, 6B, and 6C shoW the cDNA sequence 
and the deduced amino acid sequence of a Fusarium verti 
cillioia'es lysophospholipase (SEQ ID NOS. 15 and 16, 
respectively). 

FIG. 2 shoWs a restriction map of pDM181. 

FIG. 3 shoWs a restriction map of pSheB 1. 

FIG. 4 shoWs a restriction map of pRaMB54. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Polypeptides Having Lysophospholipase Activity 
[0022] The term “lysophospholipase activity” is de?ned 
herein as a carboXylic ester hydrolysis activity Which cata 
lyZes the deacylation of one or both of the fatty acyl groups 
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in the sn-1 and sn-2 positions of a diacylglycerophospho 
lipid. For purposes of the present invention, lysophospholi 
pase activity is determined by incubating the lysophospho 
lipase With lysolecithin (or L-ot-lysophosphatidylcholine) in 
the presence of calcium chloride at 37° C., pH 5 or 7 for 10 
minutes and measuring the release of fatty acid using any 
method knoWn in the art such as the NEFA C assay kit 
(Wako Chemicals, Richmond, Va.) according to the manu 
facturer’s instructions. One unit of lysophospholipase activ 
ity is de?ned as 1.0 pmole of free fatty acid produced per 
minute at 37° C., ph 5.0 or pH 7.0. 

[0023] In a ?rst embodiment, the present invention relates 
to isolated polypeptides having an amino acid sequence 
Which has a degree of identity to amino acids 38 to 654 of 
SEQ ID NO. 2 or amino acids 17 to 648 of SEQ ID NO. 16, 
of at least about 65%, preferably at least about 70%, more 
preferably at least about 80%, even more preferably at least 
about 90%, most preferably at least about 95%, and even 
most preferably at least about 97%, Which have lysophos 
pholipase activity (hereinafter “homologous polypeptides”). 
In a preferred embodiment, the homologous polypeptides 
have an amino acid sequence Which differs by ?ve amino 
acids, preferably by four amino acids, more preferably by 
three amino acids, even more preferably by tWo amino acids, 
and most preferably by one amino acid from amino acids 38 
to 654 of SEQ ID NO. 2 or amino acids 17 to 648 of SEQ 
ID NO. 16. For purposes of the present invention, the degree 
of identity betWeen tWo amino acid sequences is determined 
by the Clustal method (Higgins, 1989, CABIOS 5: 151-153) 
using the LASERGENETM MEGALIGNTM softWare 
(DNASTAR, Inc., Madison, Wis.) With an identity table and 
the folloWing multiple alignment parameters: Gap penalty of 
10 and gap length penalty of 10. PairWise alignment param 
eters Were Ktuple=1, gap penalty=3, WindoWs=5, and diago 
nals=5. 

[0024] Preferably, the polypeptides of the present inven 
tion comprise the amino acid sequence of SEQ ID NO. 2 or 
an allelic variant thereof; or a fragment thereof that has 
lysophospholipase activity. In a more preferred embodi 
ment, the polypeptide of the present invention comprise the 
amino acid sequence of SEQ ID NO. 2. In another preferred 
embodiment, the polypeptide of the present invention com 
prises amino acids 38 to 654 of SEQ ID NO. 2, Which is the 
mature polypeptide of SEQ ID NO. 2, or an allelic variant 
thereof; or a fragment thereof, Wherein the fragment has 
lysophospholipase activity. In another preferred embodi 
ment, the polypeptide of the present invention comprises 
amino acids 38 to 654 of SEQ ID NO. 2. In another preferred 
embodiment, the polypeptide of the present invention con 
sists of the amino acid sequence of SEQ ID NO. 2 or an 
allelic variant thereof; or a fragment thereof, Wherein the 
fragment has lysophospholipase activity. In another pre 
ferred embodiment, the polypeptide of the present invention 
consists of the amino acid sequence of SEQ ID NO. 2. In 
another preferred embodiment, the polypeptide consists of 
amino acids 38 to 654 of SEQ ID NO. 2 or an allelic variant 
thereof; or a fragment thereof, Wherein the fragment has 
lysophospholipase activity. In another preferred embodi 
ment, the polypeptide consists of amino acids 38 to 654 of 
SEQ ID NO. 2. 

[0025] A fragment of SEQ ID NO. 2 is a polypeptide 
having one or more amino acids deleted from the amino 
and/or carboXyl terminus of this amino acid sequence. 
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Preferably, a fragment contains at least 500 amino acid 
residues, more preferably at least 550 amino acid residues, 
and most preferably at least 600 amino acid residues. 

[0026] Preferably, the polypeptides of the present inven 
tion comprise the amino acid sequence of SEQ ID NO. 16 
or an allelic variant thereof; or a fragment thereof that has 
lysophospholipase activity. In a more preferred embodi 
ment, the polypeptide of the present invention comprise the 
amino acid sequence of SEQ ID NO. 16. In another pre 
ferred embodiment, the polypeptide of the present invention 
comprises amino acids 17 to 648 of SEQ ID NO. 16, Which 
is the mature polypeptide of SEQ ID NO. 16, or an allelic 
variant thereof; or a fragment thereof, Wherein the fragment 
has lysophospholipase activity. In another preferred embodi 
ment, the polypeptide of the present invention comprises 
amino acids 17 to 648 of SEQ ID NO. 16. In another 
preferred embodiment, the polypeptide of the present inven 
tion consists of the amino acid sequence of SEQ ID NO. 16 
or an allelic variant thereof; or a fragment thereof, Wherein 
the fragment has lysophospholipase activity. In another 
preferred embodiment, the polypeptide of the present inven 
tion consists of the amino acid sequence of SEQ ID NO. 16. 
In another preferred embodiment, the polypeptide consists 
of amino acids 17 to 648 of SEQ ID NO. 16 or an allelic 
variant thereof; or a fragment thereof, Wherein the fragment 
has lysophospholipase activity. In another preferred embodi 
ment, the polypeptide consists of amino acids 17 to 648 of 
SEQ ID NO. 16. 

[0027] A fragment of SEQ ID NO. 16 is a polypeptide 
having one or more amino acids deleted from the amino 
and/or carboXyl terminus of this amino acid sequence. 
Preferably, a fragment contains at least 500 amino acid 
residues, more preferably at least 550 amino acid residues, 
and most preferably at least 600 amino acid residues. 

[0028] An allelic variant denotes any of tWo or more 
alternative forms of a gene occupying the same chromo 
somal locus. Allelic variation arises naturally through muta 
tion, and may result in polymorphism Within populations. 
Gene mutations can be silent (no change in the encoded 
polypeptide) or may encode polypeptides having altered 
amino acid sequences. An allelic variant of a polypeptide is 
a polypeptide encoded by an allelic variant of a gene. 

[0029] The amino acid sequences of the homologous 
polypeptides may differ from the amino acid sequence of 
SEQ ID NO. 2 or SEQ ID NO. 16, or the mature polypeptide 
thereof, by an insertion or deletion of one or more amino 
acid residues and/or the substitution of one or more amino 
acid residues by different amino acid residues. Preferably, 
amino acid changes are of a minor nature, that is conserva 
tive amino acid substitutions that do not signi?cantly affect 
the folding and/or activity of the protein; small deletions, 
typically of one to about 30 amino acids; small amino- or 
carboXyl-terminal extensions, such as an amino-terminal 
methionine residue; a small linker peptide of up to about 
20-25 residues; or a small extension that facilitates puri? 
cation by changing net charge or another function, such as 
a poly-histidine tract, an antigenic epitope or a binding 
domain. 

[0030] EXamples of conservative substitutions are Within 
the group of basic amino acids (arginine, lysine and histi 
dine), acidic amino acids (glutamic acid and aspartic acid), 
polar amino acids (glutamine and asparagine), hydrophobic 



US 2005/0118697 A1 

amino acids (leucine, isoleucine and valine), aromatic amino 
acids (phenylalanine, tryptophan and tyrosine), and small 
amino acids (glycine, alanine, serine, threonine and 
methionine). Amino acid substitutions Which do not gener 
ally alter the speci?c activity are knoWn in the art and are 
described, for example, by H. Neurath and R. L. Hill, 1979, 
In, The Proteins, Academic Press, NeW York. The most 
commonly occurring exchanges are Ala/Ser, Val/Ile, Asp/ 
Glu, Thr/Ser, Ala/Gly, Ala/T hr, Ser/Asn, Ala/Val, Ser/Gly, 
Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/Ile, Leu/Val, Ala/ 
Glu, and Asp/Gly as Well as these in reverse. 

[0031] In a second embodiment, the present invention 
relates to isolated polypeptides having lysophospholipase 
activity Which are encoded by nucleic acid sequences Which 
hybridiZe under very loW stringency conditions, preferably 
loW stringency conditions, more preferably medium strin 
gency conditions, more preferably medium-high stringency 
conditions, even more preferably high stringency condi 
tions, and most preferably very high stringency conditions 
With a nucleic acid probe Which hybridiZes under the same 
conditions With nucleotides 214 to 2061 of SEQ ID NO. 
1 or nucleotides 49 to 1944 of SEQ ID NO. 15, (ii) the 
genomic DNA sequence containing nucleotides 214 to 2061 
of SEQ ID NO. 1 or nucleotides 49 to 1944 of SEQ ID NO. 
15, (iii) a subsequence of or (ii), or (iv) a complementary 
strand of (i), (ii), or (iii) (J. Sambrook, E. F. Fritsch, and T. 
Maniatus, 1989, Molecular Cloning, A Laboratory Manual, 
2d edition, Cold Spring Harbor, The subsequence of 
SEQ ID NO. 1 or SEQ ID NO. 15 may be at least 100 
nucleotides or preferably at least 200 nucleotides. Moreover, 
the subsequence may encode a polypeptide fragment Which 
has lysophospholipase activity. The polypeptides may also 
be allelic variants or fragments of the polypeptides that have 
lysophospholipase activity. 

[0032] The nucleic acid sequence of SEQ ID NO. 1 or 
SEQ ID NO. 15 or a subsequence thereof, as Well as the 
amino acid sequence of SEQ ID NO. 2 or SEQ ID NO. 16, 
or a fragment thereof, may be used to design a nucleic acid 
probe to identify and clone DNA encoding polypeptides 
having lysophospholipase activity from strains of different 
genera or species according to methods Well knoWn in the 
art. In particular, such probes can be used for hybridiZation 
With the genomic or cDNA of the genus or species of 
interest, folloWing standard Southern blotting procedures, in 
order to identify and isolate the corresponding gene therein. 
Such probes can be considerably shorter than the entire 
sequence, but should be at least 15, preferably at least 25, 
and more preferably at least 35 nucleotides in length. Longer 
probes can also be used. Both DNA and RNA probes can be 
used. The probes are typically labeled for detecting the 
corresponding gene (for example, With 32F, 3H, 35 S, biotin, 
or avidin). Such probes are encompassed by the present 
invention. 

[0033] Thus, a genomic DNA or cDNA library prepared 
from such other organisms may be screened for DNA Which 
hybridiZes With the probes described above and Which 
encodes a polypeptide having lysophospholipase activity. 
Genomic or other DNA from such other organisms may be 
separated by agarose or polyacrylamide gel electrophoresis, 
or other separation techniques. DNA from the libraries or the 
separated DNA may be transferred to and immobiliZed on 
nitrocellulose or other suitable carrier material. In order to 
identify a clone or DNA Which is homologous With SEQ ID 

Jun. 2, 2005 

NO. 1 or SEQ ID NO. 15, or a subsequence thereof, the 
carrier material is used in a Southern blot. For purposes of 
the present invention, hybridiZation indicates that the 
nucleic acid sequence hybridiZes to a nucleic acid probe 
corresponding to the nucleic acid sequence shoWn in SEQ 
ID NO. 1 or SEQ ID NO. 15, its complementary strand, or 
a subsequence thereof, under loW to very high stringency 
conditions. Molecules to Which the nucleic acid probe 
hybridiZes under these conditions are detected using X-ray 
?lm. 

[0034] In a preferred embodiment, the nucleic acid probe 
is a nucleic acid sequence Which encodes the polypeptide of 
SEQ ID NO. 2, or a subsequence thereof. In another 
preferred embodiment, the nucleic acid probe is SEQ ID 
NO. 1. In another preferred embodiment, the nucleic acid 
probe is nucleotides 214 to 2061 of SEQ ID NO. 1, Which 
encodes a mature polypeptide having lysophospholipase 
activity. In another preferred embodiment, the nucleic acid 
probe is the nucleic acid sequence contained in plasmid 
pFB0346 Which is contained in Escherichia coli NRRL 
B-30073, Wherein the nucleic acid sequence encodes a 
polypeptide having lysophospholipase activity. In another 
preferred embodiment, the nucleic acid probe is the nucleic 
acid sequence encoding the mature polypeptide coding 
region contained in plasmid pFB0346 Which is contained in 
Escherichia coli NRRL B-30073. 

[0035] In another preferred embodiment, the nucleic acid 
probe is a nucleic acid sequence Which encodes the polypep 
tide of SEQ ID NO. 16, or a subsequence thereof. In another 
preferred embodiment, the nucleic acid probe is SEQ ID 
NO. 15. In another preferred embodiment, the nucleic acid 
probe is nucleotides 49 to 1944 of SEQ ID NO. 15, Which 
encodes a mature polypeptide having lysophospholipase 
activity. In another preferred embodiment, the nucleic acid 
probe is the nucleic acid sequence contained in Fasariam 
verticillioia'es CBS 650.96, Wherein the nucleic acid 
sequence encodes a polypeptide having lysophospholipase 
activity. In another preferred embodiment, the nucleic acid 
probe is the nucleic acid sequence encoding the mature 
polypeptide coding region contained in Fasarium verticil 
lioia'es CBS 650.96. 

[0036] For long probes of at least 100 nucleotides in 
length, very loW to very high stringency conditions are 
de?ned as prehybridiZation and hybridiZation at 42° C. in 5 x 
SSPE, 0.3% SDS, 200 pig/ml sheared and denatured salmon 
sperm DNA, and either 25% formamide for very loW and 
loW stringencies, 35% formamide for medium and medium 
high stringencies, or 50% formamide for high and very high 
stringencies, folloWing standard Southern blotting proce 
dures. 

[0037] For long probes of at least 100 nucleotides in 
length, the carrier material is ?nally Washed three times each 
for 15 minutes using 2><SSC, 0.2% SDS preferably at least 
at 45° C. (very loW stringency), more preferably at least at 
50° C. (loW stringency), more preferably at least at 55° C. 
(medium stringency), more preferably at least at 60° C. 
(medium-high stringency), even more preferably at least at 
65° C. (high stringency), and most preferably at least at 70° 
C. (very high stringency). 

[0038] For short probes Which are about 15 nucleotides to 
about 70 nucleotides in length, stringency conditions are 
de?ned as prehybridiZation, hybridiZation, and Washing 
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post-hybridiZation at 5° C. to 10° C. below the calculated Trn 
using the calculation according to Bolton and McCarthy 
(1962, Proceedings of the National Academy of Sciences 
USA 48:1390) in 0.9 M NaCl, 0.09 M Tris-HCl pH 7.6, 6 
mM EDTA, 0.5% NP-40, 1>< Denhardt’s solution, 1 mM 
sodium pyrophosphate, 1 mM sodium monobasic phos 
phate, 0.1 mM ATP, and 0.2 mg of yeast RNA per ml 
following standard Southern blotting procedures. 

[0039] For short probes Which are about 15 nucleotides to 
about 70 nucleotides in length, the carrier material is Washed 
once in 6><SCC plus 0.1% SDS for 15 minutes and tWice 
each for 15 minutes using 6><SSC at 5° C. to 10° C. beloW 
the calculated Tm. 

[0040] In a third embodiment, the present invention relates 
to variants of the polypeptide having an amino acid 
sequence of SEQ ID NO. 2 or SEQ ID NO. 16, comprising 
a substitution, deletion, and/or insertion of one or more 
amino acids. 

[0041] The amino acid sequences of the variant polypep 
tides may differ from the amino acid sequence of SEQ ID 
NO. 2 or SEQ ID NO. 16, or the mature polypeptide thereof, 
by an insertion or deletion of one or more amino acid 
residues and/or the substitution of one or more amino acid 
residues by different amino acid residues. Preferably, amino 
acid changes are of a minor nature, that is conservative 
amino acid substitutions that do not signi?cantly affect the 
folding and/or activity of the protein; small deletions, typi 
cally of one to about 30 amino acids; small amino- or 
carboxyl-terminal extensions, such as an amino-terminal 
methionine residue; a small linker peptide of up to about 
20-25 residues; or a small extension that facilitates puri? 
cation by changing net charge or another function, such as 
a poly-histidine tract, an antigenic epitope or a binding 
domain. 

[0042] Examples of conservative substitutions are Within 
the group of basic amino acids (arginine, lysine and histi 
dine), acidic amino acids (glutamic acid and aspartic acid), 
polar amino acids (glutamine and asparagine), hydrophobic 
amino acids (leucine, isoleucine and valine), aromatic amino 
acids (phenylalanine, tryptophan and tyrosine), and small 
amino acids (glycine, alanine, serine, threonine and 
methionine). Amino acid substitutions Which do not gener 
ally alter the speci?c activity are knoWn in the art and are 
described, for example, by H. Neurath and R. L. Hill, 1979, 
In, The Proteins, Academic Press, NeW York. The most 
commonly occurring exchanges are Ala/Ser, Val/Ile, Asp/ 
Glu, Thr/Ser, Ala/Gly, Ala/T hr, Ser/Asn, Ala/Val, Ser/Gly, 
Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/Ile, Leu/Val, Ala/ 
Glu, and Asp/Gly as Well as these in reverse. 

[0043] In a fourth embodiment, the present invention 
relates to isolated polypeptides having immunochemical 
identity or partial immunochemical identity to the polypep 
tide having the amino acid sequence of SEQ ID NO. 2 or 
SEQ ID NO. 16, or the mature polypeptide thereof. The 
immunochemical properties are determined by immunologi 
cal cross-reaction identity tests by the Well-knoWn Ouchter 
lony double immunodiffusion procedure. Speci?cally, an 
antiserum containing polyclonal antibodies Which are 
immunoreactive or bind to epitopes of the polypeptide 
having the amino acid sequence of SEQ ID NO. 2 or the 
mature polypeptide thereof are prepared by immuniZing 
rabbits (or other rodents) according to the procedure 
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described by Harboe and Ingild, In N. H. Axelsen, J. Kroll, 
and B. Weeks, editors, A Manual of Quantitative Immuno 
electrophoresis, BlackWell Scienti?c Publications, 1973, 
Chapter 23, or Johnstone and Thorpe, Immunochemistry in 
Practice, BlackWell Scienti?c Publications, 1982 (more 
speci?cally pages 27-31). A polypeptide having immu 
nochemical identity is a polypeptide Which reacts With the 
antiserum in an identical fashion such as total fusion of 
precipitates, identical precipitate morphology, and/or iden 
tical electrophoretic mobility using a speci?c immu 
nochemical technique. A further explanation of immu 
nochemical identity is described by Axelsen, Bock, and 
Kroll, In N. H. Axelsen, J. Kroll, and B. Weeks, editors, A 
Manual of Quantitative Immunoelectrophoresis, BlackWell 
Scienti?c Publications, 1973, Chapter 10. A polypeptide 
having partial immunochemical identity is a polypeptide 
Which reacts With the antiserum in a partially identical 
fashion such as partial fusion of precipitates, partially iden 
tical precipitate morphology, and/or partially identical elec 
trophoretic mobility using a speci?c immunochemical tech 
nique. A further explanation of partial immunochemical 
identity is described by Bock and Axelsen, In N. H. Axelsen, 
J. Kroll, and B. Weeks, editors, A Manual of Quantitative 
Immunoelectrophoresis, BlackWell Scienti?c Publications, 
1973, Chapter 11. 

[0044] The antibody may also be a monoclonal antibody. 
Monoclonal antibodies may be prepared and used, e.g., 
according to the methods of E. HarloW and D. Lane, editors, 
1988, Antibodies, A Laboratory Manual, Cold Spring Har 
bor Press, Cold Spring Harbor, NY. 

[0045] The polypeptides of the present invention have at 
least 20%, preferably at least 40%, more preferably at least 
60%, even more preferably at least 80%, even more pref 
erably at least 90%, and most preferably at least 100% of the 
lysophospholipase activity of the mature polypeptide of 
SEQ ID NO. 2 or SEQ ID NO. 16. 

[0046] A polypeptide of the present invention may be 
obtained from microorganisms of any genus. For purposes 
of the present invention, the term “obtained from” as used 
herein in connection With a given source shall mean that the 
polypeptide encoded by the nucleic acid sequence is pro 
duced by the source or by a cell in Which the nucleic acid 15 
sequence from the source has been inserted. In a preferred 
embodiment, the polypeptide is secreted extracellularly. 

[0047] A polypeptide of the present invention may be a 
bacterial polypeptide. For example, the polypeptide may be 
a gram positive bacterial polypeptide such as a Bacillus 
polypeptide, e.g., a Bacillus alkalophilus, Bacillus amy 
loliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus 
coagulans, Bacillus lautus, Bacillus lentus, Bacillus licheni 
formis, Bacillus megaterium, Bacillus stearothermophilus, 
Bacillus subtilis, or Bacillus thuringiensis polypeptide; or a 
Streptomyces polypeptide, e.g., a Streptomyces lividans or 
Streptomyces murinus polypeptide; or a gram negative bac 
terial polypeptide, e.g., an E. coli or a Pseudomonas sp. 
polypeptide. 

[0048] A polypeptide of the present invention may be a 
fungal polypeptide, and more preferably a yeast polypeptide 
such as a Candida, Kluyveromyces, Pichia, Saccharomyces, 
Schizosaccharomyces, or Yarrowia polypeptide; or more 
preferably a ?lamentous fungal polypeptide such as an 
Acremonium, Aspergillus, Aureobasidium, Cryptococcus, 
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Filibasia'ium, Fusarium, Humicola, Magnaporthe, Macon 
Myceliophthora, Neocallimastix, Neurospora, Paecilomy 
ces, Penicillium, Piromyces, Schizophyllum, Talaromyces, 
Thermoascus, Thielavia, Tolypoclaa'ium, or Trichoa'erma 
polypeptide. 

[0049] In a preferred embodiment, the polypeptide is a 
Saccharomyces carlsbergensis, Saccharomyces cerevisiae, 
Saccharomyces diastaticus, Saccharomyces douglasii, Sac 
charomyces kluyveri, Saccharomyces norbensis or Saccha 
romyces oviformis polypeptide. 

[0050] In another preferred embodiment, the polypeptide 
is an Aspergillus aculeatus, Aspergillus awamori, Aspergil 
lus foetia'us, Aspergillus japonicus, Aspergillus nidulans, 
Aspergillus niger; Aspergillus oryzae, Humicola insolens, 
Humicola lanuginosa, Mucor miehei, Myceliophthora ther 
mophila, Neurospora crassa, Penicillium purpurogenum, 
Trichoa'erma harzianum, Trichoa'erma koningii, Tricho 
derma longibrachiatum, Trichoa'erma reesei, or Tricho 
derma viride polypeptide. 

[0051] In another preferred embodiment, the polypeptide 
is a Fusarium bactridioia'es, Fusarium cerealis, Fusarium 
crookwellense, Fusarium culmorum, Fusarium 
graminearum, Fusarium graminum, Fusarium het 
erosporum, Fusarium negundi, Fusarium oxysporum, 
Fusarium reticulatum, Fusarium roseum, Fusarium sam 
bucinum, Fusarium sarcochroum, Fusarium sporotrichio 
ides, Fusarium sulphureum, Fusarium torulosum, Fusarium 
trichothecioides, Fusariam venenatum, or Fusariam verti 
cillioia'es polypeptide. 

[0052] In a more preferred embodiment, the Fusarium 
venenatum cell is Fusarium venenatum A315, Which Was 
originally deposited as Fusarium graminearum AT CC 
20334 and recently reclassi?ed as Fusarium venenatum by 
Yoder and Christianson, 1998, Fungal Genetics and Biology 
23: 62-80 and O’Donnell et al., 1998, Fungal Genetics and 
Biology 23: 57-67; as Well as taxonomic equivalents of 
Fusarium venenatum regardless of the species name by 
Which they are currently knoWn. In another preferred 
embodiment, the Fusarium venenatum cell is a morphologi 
cal mutant of Fusarium venenatum A3/5 or Fusarium 
venenatum ATCC 20334, as disclosed in WO 97/26330. 

[0053] In a more preferred embodiment, the Fusarium 
verticillioia'es cell is Fusarium verticillioia'es CBS 650.96. 

[0054] It Will be understood that for the aforementioned 
species, the invention encompasses both the perfect and 
imperfect states, and other taxonomic equivalents, e.g., 
anamorphs, regardless of the species name by Which they are 
knoWn. Those skilled in the art Will readily recogniZe the 
identity of appropriate equivalents. For example, taxonomic 
equivalents of Fusarium are de?ned by D. L. HaWksWorth, 
P. M. Kirk, B. C. Sutton, and D. N. Pegler (editors), 1995, 
In AinsWorth & Bisby’s Dictionary of the Fungi, Eighth 
Edition, CAB International, University Press, Cambridge, 
England, pp. 173-174. 

[0055] Strains of these species are readily accessible to the 
public in a number of culture collections, such as the 
American Type Culture Collection (ATCC), Deutsche Sam 
mlung von Mikroorganismen und Zellkulturen GmbH 
(DSM), Centraalbureau Voor Schimmelcultures (CBS), and 
Agricultural Research Service Patent Culture Collection, 
Northern Regional Research Center (NRRL). 
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[0056] Furthermore, such polypeptides may be identi?ed 
and obtained from other sources including microorganisms 
isolated from nature (e.g., soil, composts, Water, etc.) using 
the above-mentioned probes. Techniques for isolating 
microorganisms from natural habitats are Well knoWn in the 
art. The nucleic acid sequence may then be derived by 
similarly screening a genomic or cDNA library of another 
microorganism. Once a nucleic acid sequence encoding a 
polypeptide has been detected With the probe(s), the 
sequence may be isolated or cloned by utiliZing techniques 
Which are knoWn to those of ordinary skill in the art (see, 
e.g., Sambrook et al., 1989, supra). 

[0057] As de?ned herein, an “isolated” polypeptide is a 
polypeptide Which is essentially free of other non-lysophos 
pholipase polypeptides, e.g., at least about 20% pure, pref 
erably at least about 40% pure, more preferably about 60% 
pure, even more preferably about 80% pure, most preferably 
about 90% pure, and even most preferably about 95% pure, 
as determined by SDS-PAGE. 

[0058] Polypeptides encoded by nucleic acid sequences of 
the present invention also include fused polypeptides or 
cleavable fusion polypeptides in Which another polypeptide 
is fused at the N-terminus or the C-terminus of the polypep 
tide or fragment thereof. A fused polypeptide is produced by 
fusing a nucleic acid sequence (or a portion thereof) encod 
ing another polypeptide to a nucleic acid sequence (or a 
portion thereof) of the present invention. Techniques for 
producing fusion polypeptides are knoWn in the art, and 
include ligating the coding sequences encoding the polypep 
tides so that they are in frame and that expression of the 
fused polypeptide is under control of the same promoter(s) 
and terminator. 

[0059] Nucleic Acid Sequences 

[0060] The present invention also relates to isolated 
nucleic acid sequences Which encode a polypeptide of the 
present invention. In a preferred embodiment, the nucleic 
acid sequence is set forth in SEQ ID NO. 1. In another 
preferred embodiment, the nucleic acid sequence is set forth 
in SEQ ID NO. 15. In a more preferred embodiment, the 
nucleic acid sequence is the sequence contained in plasmid 
pFB0346 that is contained in Escherichia coli NRRL 
B-30073. In another more preferred embodiment, the 
nucleic acid sequence is the sequence contained in Fusarium 
verticillioa'es CBS 650.96. In another preferred embodi 
ment, the nucleic acid sequence is the mature polypeptide 
coding region of SEQ ID NO. 1. In another preferred 
embodiment, the nucleic acid sequence is the mature 
polypeptide coding region of SEQ ID NO. 15. In another 
more preferred embodiment, the nucleic acid sequence is the 
mature polypeptide coding region contained in plasmid 
pFB0346 that is contained in Escherichia coli NRRL 
B-30073. In another more preferred embodiment, the 
nucleic acid sequence is the mature polypeptide coding 
region contained in Fusarium verticilliodes CBS 650.96. 
The present invention also encompasses nucleic acid 
sequences Which encode a polypeptide having the amino 
acid sequence of SEQ ID NO. 2 or SEQ ID NO. 15, or the 
mature polypeptide thereof, Which differ from SEQ ID NO. 
1 or SEQ ID NO. 15, respectively, by virtue of the degen 
eracy of the genetic code. The present invention also relates 
to subsequences of SEQ ID NO. 1 or SEQ ID NO. 15, Which 
encode fragments of SEQ ID NO. 2 or SEQ ID NO. 17, 
respectively, that have lysophospholipase activity. 
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[0061] A subsequence of SEQ ID NO. 1 is a nucleic acid 
sequence encompassed by SEQ ID NO. 1 except that one or 
more nucleotides from the 5‘ and/or 3‘ end have been 
deleted. Preferably, a subsequence contains at least 1500 
nucleotides, more preferably at least 1650 nucleotides, and 
most preferably at least 1800 nucleotides. 

[0062] A subsequence of SEQ ID NO. 15 is a nucleic acid 
sequence encompassed by SEQ ID NO. 15 eXcept that one 
or more nucleotides from the 5‘ and/or 3‘ end have been 
deleted. Preferably, a subsequence contains at least 1500 
nucleotides, more preferably at least 1650 nucleotides, and 
most preferably at least 1800 nucleotides. 

[0063] The present invention also relates to mutant nucleic 
acid sequences comprising at least one mutation in the 
mature polypeptide coding sequence of SEQ ID NO. 1, in 
Which the mutant nucleic acid sequence encodes a polypep 
tide Which consists of amino acids 38 to 654 of SEQ ID NO. 
2. 

[0064] The present invention also relates to mutant nucleic 
acid sequences comprising at least one mutation in the 
mature polypeptide coding sequence of SEQ ID NO. 15, in 
Which the mutant nucleic acid sequence encodes a polypep 
tide Which consists of amino acids 17 to 648 of SEQ ID NO. 
16. 

[0065] The techniques used to isolate or clone a nucleic 
acid sequence encoding a polypeptide are knoWn in the art 
and include isolation from genomic DNA, preparation from 
cDNA, or a combination thereof. The cloning of the nucleic 
acid sequences of the present invention from such genomic 
DNA can be effected, e.g., by using the Well knoWn poly 
merase chain reaction (PCR) or antibody screening of 
expression libraries to detect cloned DNA fragments With 
shared structural features. See, e.g., Innis et al., 1990, PCR: 
A Guide to Methods and Application, Academic Press, NeW 
York. Other nucleic acid ampli?cation procedures such as 
ligase chain reaction (LCR), ligated activated transcription 
(LAT) and nucleic acid sequence-based ampli?cation 
(NASBA) may be used. The nucleic acid sequence may be 
cloned from a strain of Fusarium, or another or related 
organism and thus, for eXample, may be an allelic or species 
variant of the polypeptide encoding region of the nucleic 
acid sequence. 

[0066] The term “isolated nucleic acid sequence” as used 
herein refers to a nucleic acid sequence Which is essentially 
free of other nucleic acid sequences, e.g., at least about 20% 
pure, preferably at least about 40% pure, more preferably at 
least about 60% pure, even more preferably at least about 
80% pure, and most preferably at least about 90% pure as 
determined by agarose electrophoresis. For eXample, an 
isolated nucleic acid sequence can be obtained by standard 
cloning procedures used in genetic engineering to relocate 
the nucleic acid sequence from its natural location to a 
different site Where it Will be reproduced. The cloning 
procedures may involve eXcision and isolation of a desired 
nucleic acid fragment comprising the nucleic acid sequence 
encoding the polypeptide, insertion of the fragment into a 
vector molecule, and incorporation of the recombinant vec 
tor into a host cell Where multiple copies or clones of the 
nucleic acid sequence Will be replicated. The nucleic acid 
sequence may be of genomic, cDNA, RNA, semisynthetic, 
synthetic origin, or any combinations thereof. 

[0067] The present invention also relates to nucleic acid 
sequences Which have a degree of homology to the mature 
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polypeptide coding sequence of SEQ ID NO. 1 (i.e., nucle 
otides 214 to 2061) or SEQ ID NO. 15 (i.e., nucleotides 49 
to 1944) of at least about 65%, preferably about 70%, 
preferably about 80%, more preferably about 90%, even 
more preferably about 95%, and most preferably about 97% 
homology, Which encode an active polypeptide. For pur 
poses of the present invention, the degree of homology 
betWeen tWo nucleic acid sequences is determined by the 
Wilbur-Lipman method (Wilbur and Lipman, 1983, Pro 
ceedings of the National Academy of Science USA 80: 
726-730) using the LASERGENETM MEGALIGNTM soft 
Ware (DNASTAR, Inc., Madison, Wis.) With an identity 
table and the folloWing multiple alignment parameters: Gap 
penalty of 10 and gap length penalty of 10. PairWise 
alignment parameters Were Ktuple=3, gap penalty=3, and 
WindoWs=20. 

[0068] Modi?cation of a nucleic acid sequence encoding a 
polypeptide of the present invention may be necessary for 
the synthesis of polypeptides substantially similar to the 
polypeptide. The term “substantially similar” to the 
polypeptide refers to non-naturally occurring forms of the 
polypeptide. These polypeptides may differ in some engi 
neered Way from the polypeptide isolated from its native 
source, e.g., variants that differ in is speci?c activity, ther 
mostability, pH optimum, or the like. The variant sequence 
may be constructed on the basis of the nucleic acid sequence 
presented as the polypeptide encoding part of SEQ ID NO. 
1 or SEQ ID NO. 16, e.g., a subsequence thereof, and/or by 
introduction of nucleotide substitutions Which do not give 
rise to another amino acid sequence of the polypeptide 
encoded by the nucleic acid sequence, but Which correspond 
to the codon usage of the host organism intended for 
production of the enZyme, or by introduction of nucleotide 
substitutions Which may give rise to a different amino acid 
sequence. For a general description of nucleotide substitu 
tion, see, e.g., Ford et al., 1991, Protein Expression and 
Puri?cation 2: 95-107. 

[0069] It Will be apparent to those skilled in the art that 
such substitutions can be made outside the regions critical to 
the function of the molecule and still result in an active 
polypeptide. Amino acid residues essential to the activity of 
the polypeptide encoded by the isolated nucleic acid 
sequence of the invention, and therefore preferably not 
subject to substitution, may be identi?ed according to pro 
cedures knoWn in the art, such as site-directed mutagenesis 
or alanine-scanning mutagenesis (see, e.g., Cunningham and 
Wells, 1989, Science 244: 1081-1085). In the latter tech 
nique, mutations are introduced at every positively charged 
residue in the molecule, and the resultant mutant molecules 
are tested for lysophospholipase activity to identify amino 
acid residues that are critical to the activity of the molecule. 
Sites of substrate-enZyme interaction can also be determined 
by analysis of the three-dimensional structure as determined 
by such techniques as nuclear magnetic resonance analysis, 
crystallography or photoaffinity labelling (see, e.g., de Vos et 
al., 1992, Science 255: 306-312; Smith et al., 1992, Journal 
ofMolecular Biology 224: 899-904; Wlodaver et al., 1992, 
FEBS Letters 309: 59-64). 

[0070] The present invention also relates to isolated 
nucleic acid sequences encoding a polypeptide of the present 
invention, Which hybridiZe under very loW stringency con 
ditions, preferably loW stringency conditions, more prefer 
ably medium stringency conditions, more preferably 
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medium-high stringency conditions, even more preferably 
high stringency conditions, and most preferably very high 
stringency conditions With a nucleic acid probe Which 
hybridiZes under the same conditions With the nucleic acid 
sequence of SEQ ID NO. 1 or SEQ ID NO. 16, or its 
complementary strand; or allelic variants and subsequences 
thereof (Sambrook et al., 1989, supra), as de?ned herein. 

[0071] The present invention also relates to isolated 
nucleic acid sequences produced by (a) hybridizing a DNA 
under very loW, loW, medium, medium-high, high, or very 
high stringency conditions With nucleotides 214 to 2061 
of SEQ ID NO. 1 or nucleotides 49 to 1944 of SEQ ID NO. 
15, (ii) the genomic DNA sequence containing nucleotides 
214 to 2061 of SEQ ID NO. 1 or nucleotides 49 to 1944 of 
SEQ ID NO. 15, (iii) a subsequence of or (ii), or (iv) a 
complementary strand of (i), (ii), or (iii); and (b) isolating 
the nucleic acid sequence. The subsequence is preferably a 
sequence of at least 100 nucleotides such as a sequence 
Which encodes a polypeptide fragment Which has lysophos 
pholipase activity. 
[0072] Methods for Producing Mutant Nucleic Acid 
Sequences 
[0073] The present invention further relates to methods for 
producing a mutant nucleic acid sequence, comprising intro 
ducing at least one mutation into the mature polypeptide 
coding sequence of SEQ ID NO. 1 or SEQ ID NO. 15, or a 
subsequence thereof, Wherein the mutant nucleic acid 
sequence encodes a polypeptide Which consists of amino 
acids 38 to 654 of SEQ ID NO. 2 or amino acids 17 to 648 
of SEQ ID NO. 16, or a fragment thereof Which has 
lysophospholipase activity. 
[0074] The introduction of a mutation into the nucleic acid 
sequence to exchange one nucleotide for another nucleotide 
may be accomplished by site-directed mutagenesis using 
any of the methods knoWn in the art. Particularly useful is 
the procedure Which utiliZes a supercoiled, double stranded 
DNA vector With an insert of interest and tWo synthetic 
primers containing the desired mutation. The oligonucle 
otide primers, each complementary to opposite strands of 
the vector, extend during temperature cycling by means of 
Pfu DNA polymerase. On incorporation of the primers, a 
mutated plasmid containing staggered nicks is generated. 
FolloWing temperature cycling, the product is treated With 
Dpnl Which is speci?c for methylated and hemimethylated 
DNA to digest the parental DNA template and to select for 
mutation-containing synthesiZed DNA. 

[0075] Other procedures knoWn in the art may also be 
used. 

[0076] Nucleic Acid Constructs 

[0077] The present invention also relates to nucleic acid 
constructs comprising a nucleic acid sequence of the present 
invention operably linked to one or more control sequences 
Which direct the expression of the coding sequence in a 
suitable host cell under is conditions compatible With the 
control sequences. Expression Will be understood to include 
any step involved in the production of the polypeptide 
including, but not limited to, transcription, post-transcrip 
tional modi?cation, translation, post-translational modi?ca 
tion, and secretion. 

[0078] “Nucleic acid construct” is de?ned herein as a 
nucleic acid molecule, either single- or double-stranded, 
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Which is isolated from a naturally occurring gene or Which 
has been modi?ed to contain segments of nucleic acid Which 
are combined and juxtaposed in a manner Which Would not 
otherWise exist in nature. The term nucleic acid construct is 
synonymous With the term expression cassette When the 
nucleic acid construct contains all the control sequences 
required for expression of a coding sequence of the present 
invention. The term “coding sequence” is de?ned herein as 
a portion of a nucleic acid sequence Which directly speci?es 
the amino acid sequence of its protein product. The bound 
aries of the coding sequence are generally determined by a 
ribosome binding site (prokaryotes) or by the ATG start 
codon (eukaryotes) located just upstream of the open read 
ing frame at the 5‘ end of the mRNA and a transcription 
terminator sequence located just doWnstream of the open 
reading frame at the 3‘ end of the mRNA. 

[0079] A coding sequence can include, but is not limited 
to, DNA, cDNA, and recombinant nucleic acid sequences. 

[0080] An isolated nucleic acid sequence encoding a 
polypeptide of the present invention may be manipulated in 
a variety of Ways to provide for expression of the polypep 
tide. Manipulation of the nucleic acid sequence prior to its 
insertion into a vector may be desirable or necessary 
depending on the expression vector. The techniques for 
modifying nucleic acid sequences utiliZing recombinant 
DNA methods are Well knoWn in the art. 

[0081] The term “control sequences” is de?ned herein to 
include all components Which are necessary or advantageous 
for the expression of a polypeptide of the present invention. 
Each control sequence may be native or foreign to the 
nucleic acid sequence encoding the polypeptide. Such con 
trol sequences include, but are not limited to, a leader, 
polyadenylation sequence, propeptide sequence, promoter, 
signal peptide sequence, and transcription terminator. At a 
minimum, the control sequences include a promoter, and 
transcriptional and translational stop signals. The control 
sequences may be provided With linkers for the purpose of 
introducing speci?c restriction sites facilitating ligation of 
the control sequences With the coding region of the nucleic 
acid sequence encoding a polypeptide. The term “operably 
linked” is de?ned herein as a con?guration in Which a 
control sequence is appropriately placed at a position rela 
tive to the coding sequence of the DNA sequence such that 
the control sequence directs the expression of a polypeptide. 

[0082] The control sequence may be an appropriate pro 
moter sequence, a nucleic acid sequence Which is recogniZed 
by a host cell for expression of the nucleic acid sequence. 

[0083] The promoter sequence contains transcriptional 
control sequences Which mediate the expression of the 
polypeptide. The promoter may be any nucleic acid 
sequence Which shoWs transcriptional activity in the host 
cell of choice including mutant, truncated, and hybrid pro 
moters, and may be obtained from genes encoding extra 
cellular or intracellular polypeptides either homologous or 
heterologous to the host cell. 

[0084] Examples of suitable promoters for directing the 
transcription of the nucleic acid constructs of the present 
invention, especially in a bacterial host cell, are the promot 
ers obtained from the E. coli lac operon, Streptomyces 
coelicolor agarase gene (dagA), Bacillus subtilis levansu 
crase gene (sacB), Bacillus licheniformis alpha-amylase 
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gene (amyL), Bacillus stearothermophilus maltogenic amy 
lase gene (amyM), Bacillus amyloliquefaciens alpha-amy 
lase gene (amyQ), Bacillus licheniformis penicillinase gene 
(penP), Bacillus subtilis XylA and XylB genes, and prokary 
otic beta-lactamase gene (Villa-Kamaroff et al., 1978, Pro 
ceedings of the National Academy of Sciences USA 75: 
3727-3731), as Well as the tac promoter (DeBoer et al., 1983, 
Proceedings of the National Academy of Sciences USA 80: 
21-25). Further promoters are described in “Useful proteins 
from recombinant bacteria” in Scienti?c American, 1980, 
242: 74-94; and in Sambrook et al., 1989, supra. 

[0085] Examples of suitable promoters for directing the 
transcription of the nucleic acid constructs of the present 
invention in a ?lamentous fungal host cell are promoters 
obtained from the genes for Aspergillus oryzae TAKA 
amylase, Rhizomucor miehei aspartic proteinase, Aspergil 
lus niger neutral alpha-amylase, Aspergillus niger acid 
stable alpha-amylase, Aspergillus niger or Aspergillus 
awamori glucoamylase (glaA), Rhizomucor miehei lipase, 
Aspergillus oryzae alkaline protease, Aspergillus oryzae 
triose phosphate isomerase, Aspergillus nidulans acetami 
dase, and Fusarium oxysporum trypsin-like protease (WO 
96/00787), as Well as the NA2-tpi promoter (a hybrid of the 
promoters from the genes for Aspergillus niger neutral 
alpha-amylase and Aspergillus oryzae triose phosphate 
isomerase), and mutant, truncated, and hybrid promoters 
thereof. 

[0086] In a yeast host, useful promoters are obtained from 
the genes for Saccharomyces cerevisiae enolase (ENO-l), 
Saccharomyces cerevisiae galactokinase (GAL1), Saccha 
romyces cerevisiae alcohol dehydrogenase/glyceraldehyde 
3-phosphate dehydrogenase (ADH2/GAP), and Saccharo 
myces cerevisiae 3-phosphoglycerate kinase. Other useful 
promoters for yeast host cells are described by Romanos et 
al., 1992, Yeast 8: 423-488. 

[0087] The control sequence may also be a suitable tran 
scription terminator sequence, a sequence recogniZed by a 
host cell to terminate transcription. The terminator sequence 
is operably linked to the 3‘ terminus of the nucleic acid 
sequence encoding the polypeptide. Any terminator Which is 
functional in the host cell of choice may be used in the 
present invention. 

[0088] Preferred terminators for ?lamentous fungal host 
cells are obtained from the genes for Aspergillus oryzae 
TAKA amylase, Aspergillus niger glucoamylase, Aspergil 
lus nidulans anthranilate synthase, Aspergillus niger alpha 
glucosidase, and F usarium oxysporum trypsin-like protease. 

[0089] Preferred terminators for yeast host cells are 
obtained from the genes for Saccharomyces cerevisiae eno 
lase, Saccharomyces cerevisiae cytochrome C (CYC1), and 
Saccharomyces cerevisiae glyceraldehyde-3-phosphate 
dehydrogenase. Other useful terminators for yeast host cells 
are described by Romanos et al., 1992, supra. 

[0090] The control sequence may also be a suitable leader 
sequence, a nontranslated region of an mRNA Which is 
important for translation by the host cell. The leader 
sequence is operably linked to the 5‘ terminus of the nucleic 
acid sequence encoding the polypeptide. Any leader 
sequence that is functional in the host cell of choice may be 
used in the present invention. 
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[0091] Preferred leaders for ?lamentous fungal host cells 
are obtained from the genes for Aspergillus oryzae TAKA 
amylase and Aspergillus nidulans triose phosphate 
isomerase. 

[0092] Suitable leaders for yeast host cells are obtained 
from the genes for Saccharomyces cerevisiae enolase (ENO 
1), Saccharomyces cerevisiae 3-phosphoglycerate kinase, 
Saccharomyces cerevisiae alpha-factor, and Saccharomyces 
cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phos 
phate dehydrogenase (ADH2/GAP). 
[0093] The control sequence may also be a polyadenyla 
tion sequence, a sequence operably linked to the 3‘ terminus 
of the nucleic acid sequence and Which, When transcribed, is 
recogniZed by the host cell as a signal to add polyadenosine 
residues to transcribed mRNA. Any polyadenylation 
sequence Which is functional in the host cell of choice may 
be used in the present invention. 

[0094] Preferred polyadenylation sequences for ?lamen 
tous fungal host cells are obtained from the genes for 
Aspergillus oryzae TAKA amylase, Aspergillus niger glu 
coamylase, Aspergillus nidulans anthranilate synthase, 
Fusarium oxysporum trypsin-like protease, and Aspergillus 
niger alpha-glucosidase. 

[0095] Useful polyadenylation sequences for yeast host 
cells are described by Guo and Sherman, 1995, Molecular 
Cellular Biology 15: 5983-5990. 

[0096] The control sequence may also be a signal peptide 
coding region that codes for an amino acid sequence linked 
to the amino terminus of a polypeptide and directs the 
encoded polypeptide into the cell’s secretory pathWay. The 
5‘ end of the coding sequence of the nucleic acid sequence 
may inherently contain a signal peptide coding region natu 
rally linked in translation reading frame With the segment of 
the coding region Which encodes the secreted polypeptide. 
Alternatively, the 5‘ end of the coding sequence may contain 
a signal peptide coding region Which is foreign to the coding 
sequence. The foreign signal peptide coding region may be 
required Where the coding sequence does not naturally 
contain a signal peptide coding region. Alternatively, the 
foreign signal peptide coding region may simply replace the 
natural signal peptide coding region in order to enhance 
secretion of the polypeptide. HoWever, any signal peptide 
coding region Which directs the expressed polypeptide into 
the secretory pathWay of a host cell of choice may be used 
in the present invention. 

[0097] Effective signal peptide coding regions for bacte 
rial host cells are the signal peptide coding regions obtained 
from the genes for Bacillus NCIB 11837 maltogenic amy 
lase, Bacillus stearothermophilus alpha-amylase, Bacillus 
licheniformis subtilisin, Bacillus licheniformis beta-lacta 
mase, Bacillus stearothermophilus neutral proteases (nprT, 
nprS, nprM), and Bacillus subtilis prsA. Further signal 
peptides are described by Simonen and Palva, 1993, Micro 
biological Reviews 57: 109-137. 

[0098] Effective signal peptide coding regions for ?la 
mentous fungal host cells are the signal peptide coding 
regions obtained from the genes for Aspergillus oryzae 
TAKA is amylase, Aspergillus niger neutral amylase, 
Aspergillus niger glucoamylase, Rhizomucor miehei aspartic 
proteinase, Humicola insolens cellulase, and Humicola 
lanuginosa lipase. 
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[0099] In a preferred embodiment, the signal peptide cod 
ing region is nucleotides 100 to 150 of SEQ ID NO. 1 Which 
encodes amino acids 1 to 17 of SEQ ID NO. 2. 

[0100] In a preferred embodiment, the signal peptide cod 
ing region is nucleotides 1 to 48 of SEQ ID NO. 15 Which 
encodes amino acids’ 1 to 16 of SEQ ID NO. 16. 

[0101] Useful signal peptides for yeast host cells are 
obtained from the genes for Saccharomyces cerevisiae 
alpha-factor and Saccharomyces cerevisiae invertase. Other 
useful signal peptide coding regions are described by 
Romanos et al., 1992, supra. 

[0102] The control sequence may also be a propeptide 
coding region that codes for an amino acid sequence posi 
tioned at the amino terminus of a polypeptide. The resultant 
polypeptide is knoWn as a proenZyme or propolypeptide (or 
a Zymogen in some cases). 

[0103] A propolypeptide is generally inactive and can be 
converted to a mature active polypeptide by catalytic or 
autocatalytic cleavage of the propeptide from the pro 
polypeptide. The propeptide coding region may be obtained 
from the genes for Bacillus subtilis alkaline protease (aprE), 
Bacillus subtilis neutral protease (nprT), Saccharomyces 
cerevisiae alpha-factor, Rhizomucor miehei aspartic protein 
ase, and Myceliophthora thermophila laccase (WO 
95/33836). 
[0104] In a preferred embodiment, the propeptide coding 
region is nucleotides 151 to 213 of SEQ ID NO. 1 Which 
encodes amino acids 18 to 37 of SEQ ID NO. 2. 

[0105] Where both signal peptide and propeptide regions 
are present at the amino terminus of a polypeptide, the 
propeptide region is positioned next to the amino terminus 
of a polypeptide and the signal peptide region is positioned 
next to the amino terminus of the propeptide region. 

[0106] It may also be desirable to add regulatory 
sequences Which alloW the regulation of the expression of 
the polypeptide relative to the groWth of the host cell. 
Examples of regulatory systems are those Which cause the 
expression of the gene to be turned on or off in response to 
a chemical or physical stimulus, including the presence of a 
regulatory compound. Regulatory systems in prokaryotic 
systems include the lac, tac, and trp operator systems. In 
yeast, the ADH2 system or GAL1 system may be used. In 
?lamentous fungi, the TAKA alpha-amylase promoter, 
Aspergillus niger glucoamylase promoter, and Aspergillus 
oryzae glucoamylase promoter may be used as regulatory 
sequences. Other examples of regulatory sequences are 
those Which alloW for gene ampli?cation. In eukaryotic 
systems, these include the dihydrofolate reductase gene 
Which is ampli?ed in the presence of methotrexate, and the 
metallothionein genes Which are ampli?ed With heavy met 
als. In these cases, the nucleic acid sequence encoding the 
polypeptide Would be operably linked With the regulatory 
sequence. 

[0107] The present invention also relates to nucleic acid 
constructs for altering the expression of an endogenous gene 
encoding a polypeptide of the present invention. The con 
structs may contain the minimal number of components 
necessary for altering expression of the endogenous gene. In 
one embodiment, the nucleic acid constructs preferably 
contain (a) a targeting sequence, (b) a regulatory sequence, 
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(c) an exon, and (d) a splice-donor site. Upon introduction 
of the nucleic acid construct into a cell, the construct inserts 
by homologous recombination into the cellular genome at 
the endogenous gene site. The targeting sequence directs the 
integration of elements (a)-(d) into the endogenous gene 
such that elements (b)-(d) are operably linked to the endog 
enous gene. In another embodiment, the nucleic acid con 
structs contain (a) a targeting sequence, (b) a regulatory 
sequence, (c) an exon, (d) a splice-donor site, (e) an intron, 
and a splice-acceptor site, Wherein the targeting sequence 
directs the integration of elements (a)-(f) such that elements 
(b)-(f) are operably linked to the endogenous gene. HoW 
ever, the constructs may contain additional components such 
as a selectable marker. 

[0108] In both embodiments, the introduction of these 
components results in production of a neW transcription unit 
in Which expression of the endogenous gene is altered. In 
essence, the neW transcription unit is a fusion product of the 
sequences introduced by the targeting constructs and the 
endogenous gene. In one embodiment in Which the endog 
enous gene is altered, the gene is activated. In this embodi 
ment, homologous recombination is used to replace, disrupt, 
or disable the regulatory region normally associated With the 
endogenous gene of a parent cell through the insertion of a 
regulatory sequence Which causes the gene to be expressed 
at higher levels than evident in the corresponding parent cell. 
The activated gene can be further ampli?ed by the inclusion 
of an ampli?able selectable marker gene in the construct 
using methods Well knoWn in the art (see, for example, US. 
Pat. No. 5,641,670). In another embodiment in Which the 
endogenous gene is altered, expression of the gene is 
reduced. 

[0109] The targeting sequence can be Within the endog 
enous gene, immediately adjacent to the gene, Within an 
upstream gene, or upstream of and at a distance from the 
endogenous gene. One or more targeting sequences can be 
used. For example, a circular plasmid or DNA fragment 
preferably employs a single targeting sequence, While a 
linear plasmid or DNA fragment preferably employs tWo 
targeting sequences. 

[0110] The regulatory sequence of the construct can be 
comprised of one or more promoters, enhancers, scaffold 
attachment regions or matrix attachment sites, negative 
regulatory elements, transcription binding sites, or combi 
nations of these sequences. 

[0111] The constructs further contain one or more exons of 
the endogenous gene. An exon is de?ned as a DNA sequence 
Which is copied into RNA and is present in a mature mRNA 
molecule such that the exon sequence is in-frame With the 
coding region of the endogenous gene. The exons can, 
optionally, contain DNA Which encodes one or more amino 
acids and/or partially encodes an amino acid. Alternatively, 
the exon contains DNA Which corresponds to a 5‘ non 
encoding region. Where the exogenous exon or exons 
encode one or more amino acids and/or a portion of an 
amino acid, the nucleic acid construct is designed such that, 
upon transcription and splicing, the reading frame is in 
frame With the coding region of the endogenous gene so that 
the appropriate reading frame of the portion of the mRNA 
derived from the second exon is unchanged. 

[0112] The splice-donor site of the constructs directs the 
splicing of one exon to another exon. Typically, the ?rst 






































