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COMPOSITIONS AND METHODS 
COMPRISING SERINE PROTEASE 

VARLANTS 

0001. The present application claims priority to U.S. Pro 
visional Patent Application Ser. Nos. 61/113,545, 61/113, 
552, and 61/113,548, all of which were filed on Nov. 11, 
2008, and 61/218,802, which was filed on Jun. 19, 2009, and 
all of which are herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention provides methods for protein 
engineering and serine protease variants produced therefrom. 
Specifically, the present invention provides serine protease 
variants having one or more Substitutions as compared to a 
reference serine protease. In addition, the present invention 
provides compositions comprising these serine protease Vari 
ants. In some embodiments, the present invention provides 
cleaning compositions comprising at least one of these serine 
protease variants. 

BACKGROUND OF THE INVENTION 

0003 Various protein engineering methods are known to 
those in the art. In general, proteins are modified in order to 
obtain desired protein properties. In most methods, the nucle 
otide sequence of a cloned gene encoding a protein is mutated 
and the modified gene is expressed to produce mutants, which 
are screened for activities of interest. Often, the mutant prop 
erties are compared with the properties of wild-type protein. 
0004. Historically, the protein design process has been 
approached as equivalent to the problem of finding in all of 
protein space the one best sequence for the desired applica 
tion. This problem is extremely difficult and is “NP hard. In 
complexity theory, problems defined as being in class P. are 
considered easy and efficient, polynomial-time algorithms 
exist for their solution. NP-hard problems are problems for 
which efficient polynomial-time algorithms are not currently 
known, and if any NP-hard problem could be solved, all 
NP-hard problems could be solved (See e.g., Pierce and Win 
free, Protein Engineer, 15:779-782, 2002). Current strategies 
for building and screening libraries generally involve gener 
ating protein sequence diversity randomly across the whole 
sequence or in controlled random fashion at defined positions 
within the protein. These libraries generally have a large 
number of members that are “negative' with respect to the 
primary property of interest, and require large numbers be 
screened in order to find the relatively small numbers of 
positive mutations. Generally, negative mutations are 
ignored, and sequence information is only obtained for the 
positive members. 
0005 Saturation mutagenesis (Estell et al., in World Bio 
tech Report 1984, Vol.2, USA. Online Publications, London, 
pp. 181-187, 1984; and Wells et al., Gene, 34:315-323, 1985) 
is one technique that can be used to search protein space for 
mutations that optimize several properties in a protein. Sev 
eral groups have developed strategies for identifying sites to 
be changed by Saturation mutagenesis (Reetz et al., Angew. 
Chem. Int Edn, 44:4192-41.96, 2005; Kato et al., J Mol Biol, 
351: 683-692, 2005; and Sandberg et al., Proc Natl Acad Sci 
USA, 90:8367-8371, 1993), but no general system for site 
identification has been proposed. 
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0006. In addition, because most protein engineering meth 
ods produce a great number of amino acid mutation options, 
screening of a large number of variants generally is required 
to produce a desired protein property. Generally, screening is 
repeated multiple times to produce a beneficial variant. Thus, 
most methods are laborious and time-consuming. There is a 
continuing need in the art for protein engineering methods 
that are efficient and produce the desired results. 

SUMMARY OF THE INVENTION 

0007. The present invention provides methods for protein 
engineering. Specifically, the invention provides methods uti 
lizing site evaluation libraries. In particular, the present inven 
tion provides means to use information obtained about a 
number of desired properties, in order to rationally and effi 
ciently design libraries that will optimize those properties. In 
Some embodiments, the present invention provides means to 
design libraries that are improved for at least two desired 
properties. The present invention also provides serine pro 
tease variants having one or more Substitutions as compared 
to a reference serine protease, produced using the protein 
engineering methods described herein. 
0008. The present invention provides means to identify 
positions within an amino acid sequence of a protein that are 
relevant in improving desired properties of the protein. In 
Some particularly preferred embodiments, the present inven 
tion provides means to determine which mutations are desir 
able in order to produce proteins with these desired proper 
ties, as well as improved properties. In some additional 
particularly preferred embodiments, the present invention 
provides means to identify amino acid positions and muta 
tions that have improvements of aparticular percentage better 
than the wild-type protein (e.g., better than about 110% of the 
wild-type for one property). In still further preferred embodi 
ments, the present invention provides means to identify muta 
tions that provide at least one much improved property and at 
least one additional property that is not significantly worse 
than the wild-type protein (e.g., better than 110% of wild-type 
for one property, yet not worse than 90% of wild-type for 
another property). In yet further preferred embodiments, 
libraries are constructed based on this information. In some 
embodiments, the libraries are constructed using all of the 
identified mutations, while in some other embodiments the 
libraries are constructed using a Subset of the identified muta 
tions. Indeed, it is not intended that the libraries be con 
strained to any particular number and/or type of mutations. 
0009. The present invention provides methods for protein 
engineering comprising the steps of providing a library of 
protein variants; testing the library of protein variants for at 
least one property of interest in a test of interest, identifying a 
range of values for at least one property of interest; identify 
ing a minimum within the range of values that is associated 
with a favorable outcome in the test of interest; and providing 
a plurality of protein variants having at least one mutation 
above the minimum in the range of the at least one property of 
interest, thereby providing a library of protein variants com 
prising at least one mutation, and wherein the library is 
enriched in members having a favorable outcome in the test of 
interest. In some embodiments, the favorable outcome corre 
sponds to a value of greater than about 50%, about 60%, about 
70%, about 80%, about 90%, or about 95% of a maximal 
value observed in the test set forth in the first step above. In 
Some alternative embodiments, more than one test of interest 
is used in the methods of the present invention. In some 
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preferred embodiments, the protein is an enzyme. In some 
particularly preferred embodiments, the enzyme is selected 
from proteases, transferases, metalloproteases, esterases, 
amylases, cellulases, oxidases, cutinases, and lipases. 
0010. The present invention also provides methods for 
protein engineering comprising the steps of providing a 
library of protein variants; testing the library of protein vari 
ants for at least two properties of interest in a test of interest; 
identifying a range of values for the at least two properties of 
interest; identifying a minimum within the range of values 
that is associated with a favorable outcome in the test of 
interest; and providing a plurality of protein variants above 
the minimum of the range of the at least two properties of 
interest, thereby providing a library of protein variants 
enriched in members having the favorable outcome in the test 
of interest. In some preferred embodiments, the favorable 
outcome corresponds to a value of greater than about 50%, 
about 60%, about 70%, about 80%, about 90%, or about 95% 
of a maximal value observed in the test set forth in the first 
step above. In some preferred embodiments, the protein is an 
enzyme. In some particularly preferred embodiments, the 
enzyme is selected from proteases, transferases, metallopro 
teases, esterases, amylases, cellulases, oxidases, cutinases, 
and lipases. 
0011. The present invention also provides methods for 
protein engineering comprising the steps of providing a 
wild-type protein and a library of protein variants of the 
wild-type protein; testing the library of protein variants and 
the wild-type protein for at least one property of interest in a 
test of interest; identifying a range of values for the at least 
one property of interest; identifying a minimum within the 
range of values that is associated with a favorable outcome in 
the test of interest; identifying the protein variants having a 
favorable outcome as compared to the results obtained for the 
wild-type, wherein the favorable outcome is an improved 
property of interest; and providing a plurality of protein Vari 
ants above the minimum of the range of the at least one 
property of interest, thereby providing a library of improved 
protein variants enriched in members having the favorable 
outcome in the test of interest. In some preferred embodi 
ments, the methods further comprise the step of determining 
the performance index, wherein the performance index is 
determined by dividing the value obtained for each of the 
improved protein variants and the value obtained for the 
wild-type protein. In some particularly preferred embodi 
ments, the methods further comprise the step of identifying 
the improved protein variants, wherein the improved protein 
variants achieve performance index values greater than about 
1.1 in the test of interest. In some additional embodiments, the 
protein is an enzyme. In some particularly preferred embodi 
ments, the enzyme is selected from proteases, transferases, 
metalloproteases, esterases, amylases, cellulases, oxidases, 
cutinases, and lipases. In some alternative embodiments, the 
protein is selected from antibodies and growth factors. In still 
additional preferred embodiments, the wild-type protein is a 
mature form of an enzyme selected from proteases, trans 
ferases, metalloproteases, esterases, amylases, cellulases, 
oxidases, cutinases, and lipases. In some preferred embodi 
ments, the property of interest is selected from charge, wash 
performance, hard Surface cleaning performance, thermal 
stability, storage stability, detergent stability, Substrate bind 
ing, enzyme inhibition, expression level, reaction rate, and 
Substrate degradation. In some embodiments, the wild-type 
protein and the protein variant are components of at least one 

Aug. 5, 2010 

detergent composition. In some preferred embodiments, 
wash performance is tested in a detergent composition for 
mulated into a powdered or liquid detergent having a pH of 
between about 5 and about 12.0. 

0012. The present invention also provides methods for 
producing an improved variant of a reference protein within a 
protein fold, comprising: assaying multiple variants of a test 
protein within the protein fold spanning a range of a property 
of interest in an assay of interest, identifying a minimum 
within the range of the property of interest that is associated 
with a favorable outcome in the assay of interest; assaying a 
reference protein of the protein fold in the assay of interest; 
and producing an improved variant of the reference protein by 
introducing an amino acid Substitution is the reference pro 
tein such that the improved variant is above the minimum of 
the range of the property of interest. In some preferred 
embodiments, the reference protein and the test protein are 
different. In some embodiments, the methods further com 
prise the step of determining the performance index, wherein 
the performance index is determined by dividing the value 
obtained for the improved protein variant and the value 
obtained for the reference protein. In some embodiments, the 
test proteins and the reference proteins are enzymes. In some 
particularly preferred embodiments, the enzymes are selected 
from proteases, transferases, metalloproteases, esterases, 
amylases, cellulases, oxidases, cutinases, and lipases. In 
Some alternative embodiments, the testand reference proteins 
are selected from antibodies and growth factors. In still addi 
tional preferred embodiments, the reference protein is a 
mature forman enzyme selected from proteases, transferases, 
metalloproteases, esterases, amylases, cellulases, oxidases, 
cutinases, and lipases. In some preferred embodiments, the 
property of interest is selected from charge, wash perfor 
mance, hard Surface cleaning performance, thermal stability, 
storage stability, detergent stability, Substrate binding, 
enzyme inhibition, expression level, reaction rate, and Sub 
strate degradation. In some embodiments, the test and refer 
ence proteins are components of at least one detergent com 
position. In some alternative embodiment, the improved 
protein variant is a component of a detergent composition. In 
Some preferred embodiments, wash performance is tested in 
a detergent composition formulated into a powdered or liquid 
detergent having a pH of between about 5 and about 12.0. 
0013. In some embodiments, the present invention pro 
vides cleaning compositions comprising at least one serine 
protease variant described herein. In some preferred embodi 
ments, the cleaning composition is a laundry detergent. In a 
subset of these embodiments, the laundry detergent is a cold 
water detergent, a low pH detergent, or a compact detergent. 
In other embodiments, the cleaning composition is a dish 
washing detergent. In some embodiments, the dishwashing 
detergent is a phosphate-free detergent, while in other 
embodiments the dishwashing detergent is a phosphate-con 
taining detergent. In some preferred embodiments, the clean 
ing compositions further comprise at least one additional 
enzyme, which in particularly preferred embodiments is 
selected from a neutral metalloprotease, a lipase, a cutinase, 
an amylase, a carbohydrase, a cellulase, a pectinase, a man 
nanase, an arabinase, a galactanase, a Xylanase, an oxidase, 
and a peroxidase. Also provided by the present invention are 
isolated nucleic acids encoding the serine protease variant, 
expression vectors comprising the nucleic acid, and host cells 
comprising the expression vector. 
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0014. In addition, the present invention provides methods 
for producing a serine protease variant of a Bacillus serine 
protease, comprising: transforming a host cell with an expres 
sion vector comprising a nucleic acid encoding the serine 
protease variant; and cultivating the transformed host cell 
under conditions suitable for the production of the serine 
protease variant. In some embodiments, the methods further 
comprise the step of harvesting the produced serine protease 
variant. In some embodiments, the host cell is a Bacillus 
species, and in a Subset of these embodiments, the Bacillus 
species is B. subtilis. Furthermore, the present invention pro 
vides methods of cleaning, comprising the step of contacting 
a surface and/oran article comprising a fabric with a cleaning 
composition comprising an isolated serine protease variant. 
In some alternative methods, the present invention provides 
methods of cleaning, comprising the step of contacting a 
Surface and/oran article comprising dishware with a cleaning 
composition comprising an isolated serine protease variant. 
0015. Additionally the present invention provides meth 
ods for protease engineering comprising the steps of: a) pro 
viding a plurality of site evaluation libraries (SELs) each 
comprising a plurality of protease variants having distinct 
Substitutions at an identical amino acid position of the pro 
tease; b) testing the protease variants of the SELS and a 
standard protease in a test of a property of interest; c) deter 
mining a performance index (PI) for each of the protease 
variants for the test; d) identifying two or more of the amino 
acid positions as non-restrictive positions, wherein at least 
one of the plurality of protease variants in each of two of the 
SELS has a PI greater than about 0.5; and f) providing a 
multiple mutation library comprising a plurality of multiply 
Substituted protease variants each comprising Substitutions in 
the two or more non-restrictive positions. In some embodi 
ments, the test comprises two or more different assays 
selected from stain removal assays (microSwatch), LAS sta 
bility assays, detergent stability assays, and specific activity 
assays. In some further embodiments, additional and/or alter 
native assay methods find use. 
0016. In some further embodiments, the present invention 
provides methods for producing a multiply Substituted serine 
protease variant of a Bacillus serine protease, comprising: 
testing a plurality of singly-substituted serine protease Vari 
ants in a first test of a first property and a second test of a 
second property, wherein the property of a reference serine 
protease is given a value of 1.0 in each test, a favorable first or 
second property has a value greater than 1.0, and an unduly 
unfavorable first or second property has a value less than 
about 0.80 or in some preferred embodiments, less than about 
0.60; identifying a substitution in at least one of the singly 
Substituted serine protease variants that is associated with a 
favorable first property and which is not associated with an 
unduly unfavorable second property; identifying a substitu 
tion in at least one of the singly-substituted serine protease 
variants that is associated with a favorable second property 
and which is not associated with an unduly unfavorable first 
property; and introducing the Substitution from the previous 
steps into a serine protease to yield a multiply-substituted 
serine protease variant. In some embodiments, the methods 
further comprise testing the multiply-substituted serine pro 
tease variant in the first test and the second test, wherein an 
improved serine protease variant achieves a value of greater 
than about 1.0 in both of the first and second tests, or a value 
of greater than 1.0 in the first test and a value of about 0.80 to 
about 1.0 in the second test. In some embodiments, the meth 
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ods further comprise producing the improved serine protease 
variant(s). In some embodiments, the first and second prop 
erties are negatively correlated. In some embodiments, a 
favorable first or second property has a value greater than 
about 1.2. In some embodiments, an unduly unfavorable first 
or second property has a value less than about 0.40. In some 
embodiments, the first property is stability, and the second 
property is wash performance. In a subset of these the stabil 
ity comprises stability in detergent and wash performance 
comprises blood milk ink (BMI) wash performance in deter 
gent. In some embodiments, the reference bacterial serine 
protease is a wild type mature form of a B. amyloliquefaciens 
serine protease BPN' having an amino acid sequence set forth 
as SEQ ID NO:1. In other embodiments, the reference bac 
terial serine protease is a wild type of GG36 serine protease 
having an amino acid sequence set forth as SEQID NO:2 (i.e., 
the reference bacterial serine protease used to produce 
“GG36 variants'). In some embodiments of the present 
invention, wash performance is tested in a powder or liquid 
detergent composition having a pH of between about 5 and 
about 12.0. It is not intended that the steps be limited to the 
exact order listed above, as any suitable order finds use in the 
present invention. However in some preferred embodiments, 
the Substitutions are in positions in a reference serine protease 
having a solvent accessible Surface (SAS) of greater than 
about 50% or greater than about 65%. 
0017. In addition the present invention provides subtilisin 
variants, wherein the variants are mature forms having pro 
teolytic activity and comprising a substitution at one or more 
(preferably 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more) 
positions selected from: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28, 29, 30, 31, 
33,34,35,36, 37,38, 39, 40, 41, 42, 43,44, 45,46, 47, 48,49, 
50, 51, 52,53,54, 55,56, 57,58, 59, 60, 61, 62,63, 66, 67,68, 
69, 71,72, 73,74, 75,76, 77,78, 79,80, 81, 82,84, 85,86, 87, 
88, 89,90,91, 92,93, 94, 95, 96, 97,98, 99, 100, 101, 102, 
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 126, 127, 
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 
140, 141, 142, 143, 144, 145, 146, 147,148, 149, 150, 151, 
152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 
164, 165, 166, 167, 169, 170, 171, 172,173, 174, 175, 176, 
177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 
201, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 
214, 215, 216, 217, 218, 219, 220, 222, 223, 224, 225, 226, 
227, 228, 229, 230, 231, 232, 233,234, 235, 236, 237,238, 
239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 
251, 252,253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 
263,264,265,266,267,268,269,270,271,272,273,274 and 
275 and wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQID NO:1. 
0018. In some preferred embodiments, the substitution 
comprises one or more of: X001A, X001C, X001E, X001F, 
X001G, X001H, X001I, X001 K, X001L, X001N, X001P, 
X001Q, X001R, X001S, X001T, X001V, X001Y, X002A, 
X002C, X002E, X002G, X002K, X002L, X002M, X002N, 
X002P, X002Q, X002R, X002S, X002T, X002V, X002W, 
X002Y, X003D, X003E, X003F, X003G, X003H, X003I, 
X003L, X003M, X003N, X003P, X003R, XO03S, X003T, 
X003V, X003W, X003Y, X004A, X004C, X004D, X004E, 
X004F, X004G, X004H, X004K, X004L, X004N, X004P. 
X004R, X004S, X004T, X004V, X004W, X005A, X005C, 
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0019. The present invention also provides dishwashing 
compositions comprising the Subtilisin variant, and fabric 
cleaning compositions comprising the Subtilisin variant. In 
some preferred embodiments, the dishwashing and fabric 
cleaning compositions further comprise at least one addi 
tional enzyme. In some preferred embodiments, the addi 
tional enzyme is selected from: a protease (e.g., a neutral 
metalloprotease, a wild type serine protease, or a second 
variant serine protease) a lipase, a cutinase, an amylase, a 
carbohydrase, a cellulase, a pectinase, a mannanase, an ara 
binase, a galactanase, a Xylanase, an oxidase, and a peroxi 
dase. Moreover, the present invention provides dishwashing 
methods, comprising the steps of providing i) the dishwash 
ing composition comprising the Subtilisin variant, and ii) 
dishware in need of cleaning; and contacting the dishware 
with the dishwashing composition under conditions effective 
to provide cleaning of the dishware. Similarly, the present 
invention provides fabric cleaning methods, comprising the 
steps of providing i) the fabric cleaning composition com 
prising the Subtilisin variant, and ii) laundry in need of clean 
ing; and contacting the laundry with the fabric cleaning com 
position under conditions effective to provide cleaning of the 
laundry. In still further embodiments, the present invention 
provides an isolated nucleic acid encoding the variant, an 
expression vector comprising the isolated nucleic acid in 
operable combination with a promoter, and/or host cells com 
prising the expression vector are provided. 
0020. The present invention also provides isolated subtili 
sin variants of a Bacillus subtilisin, wherein the subtilisin 
variant is a mature form having proteolytic activity and com 
prising Substitutions at three or more positions selected from: 
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37, 
38,39, 40, 41,42, 43,44, 45,46, 47, 48,49, 50, 51, 52,53,54, 
55,56, 57,58, 59, 60, 61, 62,63, 64, 65, 66, 67,68, 69, 71,72, 
73,74, 75,76, 77,78, 79,80, 81, 82,83, 84,85, 86, 87, 88,89, 
90,91, 92,93, 94, 95, 96, 97,98, 99, 100, 101, 102, 103,104, 
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 
153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 
165, 166, 167, 169, 170, 171, 172, 173, 174, 175, 176, 177, 
178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 
202, 203, 204, 205, 206, 207,208, 209, 210, 211, 212, 213, 
214, 215, 216, 217, 218, 219, 220, 222, 223, 224, 225, 226, 
227, 228, 229, 230, 231, 232, 233,234, 235, 236, 237, 238, 
239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 
251, 252,253,254, 255, 256, 257, 258, 259, 260, 261, 262, 
263,264, 265, 266, 267, 268,269, 270, 271, 272,273, 274, 
and 275, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQID NO:1. In some embodi 
ments, the Subtilisin variant comprises four, five, six, seven, 
eight, nine, ten, eleven, twelve or more of the positions recited 
above. 
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0021. In some embodiments, the subtilisin variant is a 
mature form having proteolytic activity and comprising Sub 
stitutions at three or more positions selected from: 1, 3, 4, 8, 
9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31,33,35, 36,38, 40, 43,44, 45,46, 47, 48,49, 
50,51,52,53,54, 55,56, 57, 59, 61,62,68, 69,72, 73,76,78, 
84, 86, 87, 88, 89,90,91, 92,93, 94, 95, 96, 97,98, 99, 100, 
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 
114, 115, 116, 117, 118, 119, 120, 121, 122, 124, 126, 128, 
129, 130, 131, 132, 133, 134, 135, 136, 137, 139, 140, 141, 
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 156, 
158, 159, 160, 165, 166, 167, 170, 171, 172,173, 174, 175, 
176, 177, 180, 182, 183, 184, 185, 186, 187, 188, 191, 194, 
195, 198, 199, 203, 204, 206, 209, 210, 211, 212, 213, 215, 
216, 217, 218, 222, 223, 224, 227, 228, 230, 231, 232, 233, 
234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 
246, 247, 248, 249, 250, 251, 252,253, 255, 256, 258, 259, 
260, 261, 262, 265, 267, 268, 269, 270, 271, 272,273, 274, 
and 275, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQID NO:1. In some embodi 
ments, the Subtilisin variant comprises four, five, six, seven, 
eight, nine, ten, eleven, twelve or more of the positions recited 
above. 

0022. The present invention also provides isolated subtili 
sin variants, wherein the Subtilisin variants are mature forms 
having proteolytic activity and comprising Substitutions at 
three or more positions selected from: 1,2,3,4,5,7,8,9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 33,35, 36,38, 39, 40, 41, 42,43, 44, 45, 46,47, 
48, 49, 50, 51, 52,53,54, 55,56, 57, 59, 60, 61, 62,63, 66, 68, 
69, 71,72, 73,74, 75,76, 77,78,79, 81, 82,83, 84,85, 86, 87, 
88, 89,90,91, 92,93, 94, 95, 96, 97,98, 99, 100, 101, 102, 
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 114, 115, 
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 
140, 141, 142, 143, 144, 145, 146, 147,148, 149, 150, 151, 
152, 153, 156, 158, 159, 160, 165, 166, 167, 169, 170, 171, 
172,173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 
184, 185, 186, 187, 188, 191, 192, 194, 195, 196, 197, 198, 
199, 200, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 
213, 214, 215, 216, 217, 218, 220, 222, 223, 224, 225, 226, 
227, 228, 229, 230, 231, 232, 233,234, 235, 236, 237,238, 
239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 
251, 252,253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 
263,264, 265, 267, 268, 269, 270, 271, 272,273, 274, and 
275, wherein the positions are numbered by correspondence 
with the amino acid sequence of B. amyloliquefaciens Sub 
tilisin BPN' set forth as SEQID NO:1. In some embodiments, 
the Subtilisin variant comprises four, five, six, seven, eight, 
nine, ten, eleven, twelve or more of the positions recited 
above. 

0023 The present invention further comprises isolated 
Subtilisin variants comprising Substitutions at three or more 
positions selected from: X001A, X001C, X001E, X001F, 
X001G, X001H, X001I, X001 K, X001L, X001N, X001P, 
X001Q, X001R, X001S, X001T, X001V, X001Y, X002A, 
X002C, X002E, X002G, X002K, X002L, X002M, X002N, 
X002P, X002Q, X002R, X002S, X002T, X002V, X002W, 
X002Y, X003D, X003E, X003F, X003G, X003H, X003I, 
X003L, X003M, X003N, X003P, X003R, XO03S, X003T, 
X003V, X003W, X003Y, X004A, X004C, X004D, X004E, 
X004F, X004G, X004H, X004K, X004L, X004N, X004P. 
X004R, X004S, X004T, X004V, X004W, X005A, X005C, 
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X273K, X273L, X273R, X273S, X273T, X273V, X273W, 
X273Y, X274A, X274C, X274D, X274E, X274G, X274H, 
X274K, X274L, X274M, X274N, X274P, X274Q, X274R, 
X274S, X274T, X274W, X275A, X275C, X275D, X275E, 
X275F, X275G, X275H, X275K, X275L, X275M, X275P 
X275Q, X275R, X275V, and X275W, wherein the positions 
are numbered by correspondence with the amino acid 
sequence of B. amyloliquefaciens subtilisin BPN' set forth as 
SEQ ID NO:1. In some embodiments, the subtilisin variant 
comprises four, five, six, seven, eight, nine, ten, eleven, 
twelve or more of the positions recited above. 
0024. In some preferred embodiments, the present inven 
tion provides isolated Subtilisin variants having a perfor 
mance index greater than 1 in at least one assay selected from 
a BMI assay, an egg yolk microSwatch assay, and/or an AAPF 
activity assay, and a performance index of greater than 0.8 for 
LAS stability or in a TCA assay, wherein the variants com 
prise at least one Substitution at one or more positions selected 
from: 1,2,3,4,5,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,33,35, 36,38, 39, 
40, 41,42, 43,44, 45,46,47, 48,49, 50, 51, 52,53,54, 55,56, 
57, 59,60, 61, 62,63, 66,68, 69,71, 72,73,74, 75,76, 77,78, 
79, 81, 82, 83, 84,85, 86, 87, 88, 89,90,91, 92,93, 94, 95, 96, 
97, 98, 99, 100, 101, 102, 103, 104, 105,106, 107, 108, 109, 
110, 111, 112, 114, 115, 116, 117, 118, 119, 120, 121, 122, 
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 
147, 148, 149, 150, 151, 152, 153, 156, 158, 159, 160, 165, 
166, 167, 169,170, 171, 172,173, 174, 175, 176, 177, 178, 
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 191, 192, 
194, 195, 196, 197, 198, 199, 200, 203, 204, 205, 206, 207, 
208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 220, 
222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 
234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 
246, 247, 248, 249, 250, 251, 252,253, 254, 255, 256, 257, 
258, 259, 260, 261, 262, 263,264, 265, 267,268, 269, 270, 
271, 272,273, 274, and 275, wherein the positions are num 
bered by correspondence with the amino acid sequence of B. 
amyloliquefaciens subtilisin BPN' set forth as SEQID NO:1. 
In some embodiments, the Subtilisin variant comprises two, 
three, four, five, six, seven, eight, nine, ten, eleven, twelve or 
more of the positions recited above. 
0025. In some preferred embodiments, the present inven 
tion provides isolated Subtilisin variants having a perfor 
mance index greater than 1 in at least one assay selected from 
a BMI assay, an egg yolk microSwatch assay, and/or an AAPF 
activity assay, and a performance index of greater than 0.8 for 
LAS stability and/or in a TCA assay, wherein the variants 
comprise at least one Substitution at one or more positions 
selected from: 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,33,35, 
36,38,39, 40, 41, 42, 43,44, 45,46, 47, 48,49, 50, 51, 52,53, 
54,55,56, 57, 59,60, 61,62,63, 66,68, 69,71, 72,73,74, 75, 
76, 77,78,79, 81, 82, 83, 84,85, 86, 87, 88,89,90,91, 92,93, 
94, 95, 96, 97,98, 99, 100, 101, 102, 103,104,105,106, 107, 
108, 109, 110, 111, 112, 114, 115, 116, 117, 118, 119, 120, 
121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 
145, 146, 147,148, 149, 150, 151, 152, 153, 156, 158, 159, 
160, 165, 166, 167, 169, 170, 171, 172, 173, 174, 175, 176, 
177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 
191, 192, 194, 195, 196, 197, 198, 199, 200, 203, 204, 205, 
206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 
218, 220, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 
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232, 233,234, 235, 236, 237,238, 239, 240, 241, 242, 243, 
244, 245, 246, 247, 248, 249, 250, 251, 252,253, 254, 255, 
256, 257, 258, 259, 260, 261, 262, 263,264, 265, 267, 268, 
269,270,271, 272,273,274, and 275, wherein the positions 
are numbered by correspondence with the amino acid 
sequence of B. amyloliquefaciens subtilisin BPN' set forth as 
SEQ ID NO:1. In some embodiments, the subtilisin variant 
comprises two, three, four, five, six, seven, eight, nine, ten, 
eleven, twelve or more of the positions recited above. 
0026. In some further embodiments, the present invention 
provides isolated Subtilisin variants having a performance 
index greater than 0.8 in at least one assay selected from a 
BMI assay, egg yolk microSwatch assay, and/or an AAPF 
activity assay, and a performance index of greater than 0.8 for 
LAS stability and in a TCA assay, wherein the variants com 
prise at least one Substitution at one or more positions selected 
from: 1, 3, 4, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 33,35, 36,38, 40, 43,44, 45, 
46,47, 48,49, 50, 51, 52,53,54, 55,56, 57, 59, 61, 62,68, 69, 
72, 73,76, 78,84, 86, 87,88, 89,90,91, 92,93, 94, 95, 96.97, 
98.99, 100, 101, 102, 103, 104,105,106, 107, 108, 109, 110, 
111, 112, 114, 115, 116, 117, 118, 119, 120, 121, 122, 124, 
126, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 139, 
140, 141, 142, 143, 144, 145, 146, 147,148, 149, 150, 151, 
152, 156, 158, 159, 160, 165, 166, 167, 170, 171, 172,173, 
174, 175, 176, 177, 180, 182, 183, 184, 185, 186, 187, 188, 
191, 194, 195, 198, 199, 203, 204, 206, 209, 210, 211, 212, 
213, 215, 216, 217, 218, 222, 223, 224, 227, 228, 230, 231, 
232, 233,234, 235, 236, 237,238,239, 240, 241, 242, 243, 
244, 245, 246, 247, 248, 249, 250, 251, 252,253, 255, 256, 
258, 259, 260,261, 262, 265,267, 268, 269, 270, 271, 272, 
273, 274, and 275, wherein the positions are numbered by 
correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1. In 
Some embodiments, the Subtilisin variant comprises two, 
three, four, five, six, seven, eight, nine, ten, eleven, twelve or 
more of the positions recited above. 
0027. In some further embodiments, the present invention 
provides isolated Subtilisin variants having a performance 
index greater than 1 in at least one assay selected from a BMI 
assay, egg yolk microSwatch assay, and/or AAPF activity 
assay, and a performance index of greater than 0.8 for LAS/ 
EDTA stability or in a TCA assay, wherein the variants com 
prise at least three substitutions selected from: X001A, 
X001C, X001E, X001F, X001G, X001H, X001I, X001 K, 
X001L, X001N, X001Q, X001R, XO01S, X001T, X001V, 
X001Y, X002A, X002C, X002E, X002G, X002K, X002L, 
X002M, X002N, X002P, X002Q, X002R, X002S, X002T, 
X002V, X002W, X002Y, X003D, X003E, X003F, X003G, 
X003H, X003I, X003L, X003M, X003N, X003P, X003R, 
X003S, X003T, X003V, X003W, X003Y, X004A, X004C, 
X004D, X004E, X004F, X004H, X004K, X004L, X004N, 
X004P, X004R, XOO4S, X004T, X004V, X004W, X005A, 
X005C, X005D, X005E, X005G, X005P, X005Q, X005S, 
X005T, X007A, X007C, X007D, X007G, X007H, X007N, 
X007S, X007T, X008A, X008F, X008I, X008L, X008M, 
X008T, X008V, X009D, X009E, X009F, X009G, X009H, 
X009L, X009N, X009P, X009Q, X009R, XO09S, X009T. 
X009V, X009W, X009Y, X010A, X010C, X010G, X010H, 
X010K, X010M, X010N, X010Q, X010R, XO10S, X010T, 
XO1OW, XO11A, XO11 I, XO11M, XO11S, XO11V, XO12D, 
XO12F, XO12G, XO12H, XO12I, XO12K, XO12L, XO12M, 
X012N, X012Q, X012R, XO12S, X012T, X012V, X012W, 
XO13A, XO13G, XO13I, XO13T, XO13V, XO14A, XO14D, 
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0038. The present invention also provides isolated nucleic 
acids encoding the Subtilisin variants set forth above and 
herein. The present invention further provides expression 
vectors comprising the nucleic acids encoding these Subtilisin 
variants provided above and herein. In addition, the present 
invention provides host cells comprising the expression vec 
tors encoding the nucleic acids encoding these Subtilisin Vari 
ants provided above and herein. 
0039. The present invention also provides cleaning com 
positions comprising the Subtilisin variants provided herein. 
In some embodiments, these cleaning compositions comprise 
more than one of the subtilisin variants provided herein. In 
Some preferred embodiments, these cleaning compositions 
comprise a liquid, gel, tablet, powder and/or granule deter 
gent. In some further embodiments, these cleaning composi 
tions are selected from laundry detergents and dish deter 
gents. In some preferred embodiments, these cleaning 
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compositions comprise laundry detergents. In some particu 
larly preferred embodiments, these cleaning compositions 
are heavy duty detergents. In some additional embodiments, 
these cleaning compositions comprise dish detergents 
selected from hand dishwashing and automatic dishwashing 
detergents. In some further preferred embodiments, these 
cleaning compositions provided herein further comprise at 
least one bleaching agent. In some further embodiments, 
these cleaning compositions further comprise one or more 
adjunct ingredients, in addition to the at least one Subtilisin 
variant provided herein. In some additional embodiments, 
these cleaning compositions provided herein are phosphate 
free, while in some alternative embodiments, these cleaning 
compositions provided herein are phosphate-containing 
detergents. In some still further embodiments, these cleaning 
compositions provided herein are cold water detergents. In 
yet some additional embodiments, these cleaning composi 
tions provided herein further comprise at least one additional 
enzyme, in addition to the one or more subtilisin variants 
provided herein. In some embodiments, these cleaning com 
positions comprise at least one additional enzyme selected 
from hemicellulases, cellulases, peroxidases, proteases, met 
alloproteases, Xylanases, lipases, phospholipases, esterases, 
perhydrolasess, cutinases, pectinases, pectate lyases, man 
nanases, keratinases, reductases, oxidases, phenoloxidases, 
lipoxygenases, ligninases, pullulanases, tannases, pentosan 
ases, malanases, B-glucanases, arabinosidases, hyalu 
ronidase, chondroitinase, laccase, and amylases, or mixtures 
thereof. 
0040. The present invention also provides methods for 
cleaning, comprising providing an item to be cleaned and a 
composition comprising at least one cleaning composition 
provided herein, and contacting the item with the composi 
tion, under conditions effective to provide cleaning of the 
item. In some embodiments, the methods further comprise 
the step of rinsing the item after contacting the item with the 
cleaning composition. In some preferred embodiments, the 
item to be cleaned comprises dishware. In some alternative 
embodiments, the item to be cleaned comprises fabric. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 provides an alignment of various reference 
proteases including: BPN (SEQ ID NO:1), GC GCI-P036 
(SEQ ID NO:2), GCI-P037 (SEQ ID NO:3), and GCI-P038 
(SEQ ID NO:4). Unless otherwise specified, substitution 
positions are given in relationship to BPN'. 
0042 FIG. 2 provides a map of pHPLT-GG36. 
0043 FIG. 3 provides a map of p2JH-GG36ci. 
0044 FIG. 4 depicts protease concentration as determined 
using an eglin c inhibition assay for variant proteases. 
004.5 FIG. 5 depicts wash performance (BMI micros 
watch) of variant proteases. 

DESCRIPTION OF THE INVENTION 

0046. The present invention provides methods for protein 
engineering and serine protease variants produced therefrom. 
Specifically, the present invention provides serine protease 
variants having one or more Substitutions as compared to a 
reference serine protease. In addition, the present invention 
provides compositions comprising these serine protease Vari 
ants. In some embodiments, the present invention provides 
cleaning compositions comprising at least one of these serine 
protease variants. 
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0047 For practical purposes, it is not usually necessary to 
find the best sequence in a protein space in order to create a 
protein that is optimum for a particular application. For most 
applications, the problem to be solved is to identify at least 
one protein sequence that meets or exceeds the minimum 
value required for a number of properties. This requires 
knowledge of mutations that are good for a particular prop 
erty, as well as knowledge of those mutations that are bad for 
any of the desired properties. The present invention provides 
means to meet the goal by identifying those positions in the 
protein that can be altered to improve the primary property 
and keep the values for other properties within desired limits. 
0048. The present invention provides means to evaluate all 
positions in a protein for all the properties of interest by 
building “site evaluation libraries' at each site. In preferred 
embodiments, these libraries contain 9-19 mutations at each 
position, and are used to evaluate each position for use in 
engineering the protein and constructing libraries. Each prop 
erty is measured relative to the reference enzyme and an 
apparent free energy difference for each mutant vs. wild type 
is calculated. These delta delta G (i.e., AAG”) apparent val 
ues are then used to determine additivity. 
0049. One ideal way to analyze variants would be through 
the difference in free energy for the variant versus the refer 
ence protein in the process of interest. The Gibbs Free Energy 
for a process represents the maximum amount of work that 
can be performed by a system. The change in Free energy 
relative to the reference enzyme (AAG) is given as follows: 

reference) 
0050 where k is the rate constant for the variant 
enzyme, and k, is the rate constant for the reference 
enzyme, R is the Gas law constant and T is the absolute 
temperature. Most assays are not constructed to allow deter 
mination of true Free Energies, so we utilized a quantity 

AAGae-RT ln(Parian/Preference) 
0051 where P is the performance value for the vari 
ant and P, the performance value for the reference 
enzyme under the same conditions. The AAG values may 
be expected to behave in a similar fashion as to AAG for data 
distributions and additivity. However, since AAG is the maxi 
mum amount of work that can be carried out by the variant 
compared to the reference enzyme, the quantity AAG will 
generally underestimate the AAG and lead to results that 
appear synergistic in that the properties of two additive posi 
tions may be greater than the value predicted by adding their 
AAG, values together. 
0052. In addition, the present invention provides subtilisin 
variants and compositions comprising these variants. 

DEFINITIONS 

0053. Unless otherwise indicated, the practice of the 
present invention involves conventional techniques com 
monly used in molecular biology, protein engineering, micro 
biology, and recombinant DNA, which are within the skill of 
the art. Such techniques are known to those of skill in the art 
and are described in numerous texts and reference works well 
known to those of skill in the art. All patents, patent applica 
tions, articles and publications mentioned herein, both Supra 
and infra, are hereby expressly incorporated herein by refer 
CCC. 

0054. Unless defined otherwise herein, all technical and 
Scientific terms used herein have the same meaning as com 

28 
Aug. 5, 2010 

monly understood by one of ordinary skill in the art to which 
this invention pertains. Many technical dictionaries are 
known to those of skill in the art. Although any methods and 
materials similar or equivalent to those described herein find 
use in the practice of the present invention, the preferred 
methods and materials are described herein. Accordingly, the 
terms defined immediately below are more fully described by 
reference to the Specification as a whole. Also, as used herein, 
the singular “a”, “an and “the includes the plural reference 
unless the context clearly indicates otherwise. Numeric 
ranges are inclusive of the numbers defining the range. Unless 
otherwise indicated, nucleic acids are written left to right in 5' 
to 3' orientation; amino acid sequences are written left to right 
in amino to carboxy orientation, respectively. It is to be under 
stood that this invention is not limited to the particular meth 
odology, protocols, and reagents described, as these may 
vary, depending upon the context they are used by those of 
skill in the art. 
0055. The practice of the present invention employs, 
unless otherwise indicated, conventional techniques of pro 
tein purification, molecular biology, microbiology, recombi 
nant DNA techniques and protein sequencing, all of which are 
within the skill of those in the art. 

0056 Furthermore, the headings provided herein are not 
limitations of the various aspects or embodiments of the 
invention which can be had by reference to the specification 
as a whole. Accordingly, the terms defined immediately 
below are more fully defined by reference to the specification 
as a whole. Nonetheless, in order to facilitate understanding 
of the invention, a number of terms are defined below. 
0057. As used herein, the terms “protease.” and “pro 
teolytic activity” refer to a protein or peptide exhibiting the 
ability to hydrolyze peptides or Substrates having peptide 
linkages. Many well known procedures exist for measuring 
proteolytic activity (Kalisz, “Microbial Proteinases. In: 
Fiechter (ed.), Advances in Biochemical Engineering/Bio 
technology, (1988). For example, proteolytic activity may be 
ascertained by comparative assays which analyze the respec 
tive protease's ability to hydrolyze a commercial substrate. 
Exemplary Substrates useful in the analysis of protease or 
proteolytic activity, include, but are not limited to di-methyl 
casein (Sigma C-9801), bovine collagen (Sigma C-9879), 
bovine elastin (Sigma E-1625), and bovine keratin (ICN Bio 
medical 902111). Colorimetric assays utilizing these sub 
strates are well known in the art (See e.g., WO 99/34011; and 
U.S. Pat. No. 6,376.450, both of which are incorporated 
herein by reference). The pNA assay (See e.g., Del Maret al., 
Anal. Biochem., 99:316-320 1979 also finds use in deter 
mining the active enzyme concentration for fractions col 
lected during gradient elution. This assay measures the rate at 
which p-nitroaniline is released as the enzyme hydrolyzes the 
soluble synthetic Substrate. Succinyl-alanine-alanine-pro 
line-phenylalanine-p-nitroanilide (suc-AAPF-pNA). The 
rate of production of yellow color from the hydrolysis reac 
tion is measured at 410 nm on a spectrophotometer and is 
proportional to the active enzyme concentration. In addition, 
absorbance measurements at 280 nm can be used to deter 
mine the total protein concentration. The active enzyme? total 
protein ratio gives the enzyme purity. 
0058 As used herein, the term “subtilisin” refers any 
member of the S8 serine protease family as described in 
MEROPS The Peptidase Data base (Rawlings et al., 
MEROPS: the peptidase database, NuclAcids Res, 34 Data 
base issue, D270-272, 2006). As described therein, the pep 
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tidase family S8 contains the serine endopeptidase subtilisin 
and its homologues (Biochem J. 290:205-218, 1993). Family 
S8, also known as the Subtilase family, is the second largest 
family of serine peptidases, and can be divided into two 
subfamilies, with subtilisin (S08.001) the type-example for 
subfamily S8A and kexin (S08.070) the type-example for 
subfamily S8B. Tripeptidyl-peptidase II (TPP-II; 508.090) 
was formerly considered to be the type-example of a third 
subfamily, but has since been determined to be misclassified. 
Members of family S8 have a catalytic triad in the order Asp, 
His and Ser in the sequence, which is a different order to that 
of families S1, S9 and S10. In subfamily S8A, the active site 
residues frequently occurs in the motifs Asp-Thr/Ser-Gly 
(which is similar to the sequence motif in families of aspartic 
endopeptidases in clan AA). His-Gly-Thr-His and Gly-Thr 
Ser-Met-Ala-Xaa-Pro. In subfamily S8B, the catalytic resi 
dues frequently occur in the motifs Asp-Asp-Gly, His-Gly 
Thr-Arg and Gly-Thr-Ser-Ala/Val-Ala/Ser-Pro. Most 
members of the S8 family are endopeptidases, and are active 
at neutral-mildly alkali pH. Many peptidases in the family are 
thermostable. Casein is often used as a protein Substrate and 
a typical synthetic substrate is suc-AAPF. Most members of 
the family are nonspecific peptidases with a preference to 
cleave after hydrophobic residues. However, members of 
subfamily S8B, such askexin (S08,070) and furin (S08.071), 
cleave after dibasic amino acids. Most members of the S8 
family are inhibited by general serine peptidase inhibitors 
such as DFP and PMSF. Because many members of the fam 
ily bind calcium for stability, inhibition can be seen with 
EDTA and EGTA, which are often thought to be specific 
inhibitors of metallopeptidases. Protein inhibitors include 
turkey ovomucoid third domain (IO1.003), Streptomyces sub 
tilisin inhibitor (I16.003), and members of family 113 such as 
eglin C (I13.001) and barley inhibitor CI-1A (113.005), many 
of which also inhibit chymotrypsin (S01.001). The subtilisin 
propeptide is itself inhibitory, and the homologous proteinase 
Binhibitor from Saccharomyces inhibits cerevisin (S08.052). 
The tertiary structures for several members of family S8 have 
now been determined. A typical S8 protein structure consists 
of three layers with a seven-stranded B sheet sandwiched 
between two layers of helices. Subtilisin (S08.001) is the type 
structure for clan SB (SB). Despite the different structure, the 
active sites of subtilisin and chymotrypsin (S01.001) can be 
Superimposed, which Suggests the similarity is the result of 
convergent rather than divergent evolution. 
0059. As used herein, the terms “protease variant” and 
“variant protease' are used in reference to proteases that are 
similar to a reference protease, particularly in their function, 
but have mutations in their amino acid sequence that make 
them different in sequence from the wild-type protease at 
from one to 20 positions. The amino acid sequences of the 
mature region of several exemplary reference proteases are 
shown in the alignment of FIG.1. In some preferred embodi 
ments, the present invention provides “GG36 variants.” 
wherein the mutations are present in the mature GG36 
sequence set forth in SEQID NO:2. In some embodiments, 
variant proteases herein are referred to as “GCI-P036 vari 
ants' or “variants of GCI-P036. In some embodiments, the 
variant proteases provided herein are also referred to as 
“Bacillus sp. subtilisin variants’ and “subtilisin variants.” 
0060. As used herein, “the genus Bacillus’ includes all 
species within the genus “Bacillus, as known to those of skill 
in the art, including but not limited to B. subtilis, B. licheni 
formis, B. lentus, B. brevis, B. Stearothermophilus, B. alkalo 
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philus, B. amyloliquefaciens, B. clausii, B. halodurans, B. 
megaterium, B. coagulans, B. circulans, B. lautus, and B. 
thuringiensis. It is recognized that the genus Bacillus contin 
ues to undergo taxonomical reorganization. Thus, it is 
intended that the genus include species that have been reclas 
sified, including but not limited to Such organisms as B. 
Stearothermophilus, which is now named “Geobacillus 
Stearothermophilus. The production of resistant endospores 
in the presence of oxygen is considered the defining feature of 
the genus Bacillus, although this characteristic also applies to 
the recently named Alicyclobacillus, Amphibacillus, 
Aneurinibacillus, Anoxybacillus, Brevibacillus, Filobacillus, 
Gracilibacillus, Halobacillus, Paenibacillus, Salibacillus, 
Thermobacillus, Ureibacillus, and Virgibacillus. 
0061 The terms “polynucleotide' and “nucleic acid', 
used interchangeably herein, refer to a polymeric form of 
nucleotides of any length, either ribonucleotides or deoxyri 
bonucleotides. These terms include, but are not limited to, a 
single-, double- or triple-stranded DNA, genomic DNA, 
cDNA, RNA, DNA-RNA hybrid, or a polymer comprising 
purine and pyrimidine bases, or other natural, chemically, 
biochemically modified, non-natural or derivatized nucle 
otide bases. The following are non-limiting examples of poly 
nucleotides: genes, gene fragments, chromosomal fragments, 
ESTs, exons, introns, mRNA, tRNA, rRNA, ribozymes, 
cDNA, recombinant polynucleotides, branched polynucle 
otides, plasmids, vectors, isolated DNA of any sequence, 
isolated RNA of any sequence, nucleic acid probes, and prim 
ers. In some embodiments, polynucleotides comprise modi 
fied nucleotides, such as methylated nucleotides and nucle 
otide analogs, uracyl, other Sugars and linking groups such as 
fluororibose and thioate, and nucleotide branches. In alterna 
tive embodiments, the sequence of nucleotides is interrupted 
by non-nucleotide components. 
0062. As used herein, the terms “DNA construct” and 
“transforming DNA are used interchangeably to refer to 
DNA used to introduce sequences into a host cellor organism. 
The DNA may be generated in vitro by PCR or any other 
Suitable technique(s) known to those in the art. In particularly 
preferred embodiments, the DNA construct comprises a 
sequence of interest (e.g., as an incoming sequence). In some 
embodiments, the sequence is operably linked to additional 
elements such as control elements (e.g., promoters, etc.). The 
DNA construct may further comprise a selectable marker. It 
may further comprise an incoming sequence flanked by 
homology boxes. In a further embodiment, the transforming 
DNA comprises other non-homologous sequences, added to 
the ends (e.g., stuffer sequences or flanks). In some embodi 
ments, the ends of the incoming sequence are closed such that 
the transforming DNA forms a closed circle. The transform 
ing sequences may be wild-type, mutant or modified. In some 
embodiments, the DNA construct comprises sequences 
homologous to the host cell chromosome. In other embodi 
ments, the DNA construct comprises non-homologous 
sequences. Once the DNA construct is assembled in vitro it 
may be used to: 1) insert heterologous sequences into a 
desired target sequence of a host cell, and/or 2) mutagenize a 
region of the host cell chromosome (i.e., replace an endog 
enous sequence with a heterologous sequence), 3) delete tar 
get genes, and/or 4) introduce a replicating plasmid into the 
host. 

0063 As used herein, the terms “expression cassette' and 
“expression vector” refer to nucleic acid constructs generated 
recombinantly or synthetically, with a series of specified 



US 2010/0192985 A1 

nucleic acid elements that permit transcription of a particular 
nucleic acid in a target cell. The recombinant expression 
cassette can be incorporated into a plasmid, chromosome, 
mitochondrial DNA, plastid DNA, virus, or nucleic acid frag 
ment. Typically, the recombinant expression cassette portion 
of an expression vector includes, among other sequences, a 
nucleic acid sequence to be transcribed and a promoter. In 
preferred embodiments, expression vectors have the ability to 
incorporate and express heterologous DNA fragments in a 
host cell. Many prokaryotic and eukaryotic expression vec 
tors are commercially available. Selection of appropriate 
expression vectors is within the knowledge of those of skill in 
the art. The term "expression cassette' is used interchange 
ably herein with “DNA construct, and their grammatical 
equivalents. Selection of appropriate expression vectors is 
within the knowledge of those of skill in the art. 
0064. As used herein, the term “vector” refers to a poly 
nucleotide construct designed to introduce nucleic acids into 
one or more cell types. Vectors include cloning vectors, 
expression vectors, shuttle vectors, plasmids, cassettes and 
the like. In some embodiments, the polynucleotide construct 
comprises a DNA sequence encoding the protease (e.g., pre 
cursor or mature protease) that is operably linked to a suitable 
prosequence (e.g., secretory, etc.) capable of effecting the 
expression of the DNA in a suitable host. 
0065. As used herein, the term “plasmid' refers to a cir 
cular double-stranded (ds) DNA construct used as a cloning 
vector, and which forms an extrachromosomal self-replicat 
ing genetic element in some eukaryotes or prokaryotes, or 
integrates into the host chromosome. 
0066. As used herein in the context of introducing a 
nucleic acid sequence into a cell, the term “introduced’ refers 
to any method suitable for transferring the nucleic acid 
sequence into the cell. Such methods for introduction include 
but are not limited to protoplast fusion, transfection, transfor 
mation, conjugation, and transduction (See e.g., Ferrariet al., 
“Genetics, in Hardwood etal, (eds.), Bacillus, Plenum Pub 
lishing Corp., pages 57-72, 1989). 
0067. As used herein, the terms “transformed and “stably 
transformed refers to a cell that has a non-native (heterolo 
gous) polynucleotide sequence integrated into its genome or 
as an episomal plasmid that is maintained for at least two 
generations. 
0068. As used herein, a nucleic acid is “operably linked' 
when it is placed into a functional relationship with another 
nucleic acid sequence. For example, DNA encoding a secre 
tory leader (i.e., a signal peptide), is operably linked to DNA 
for a polypeptide if it is expressed as a preprotein that partici 
pates in the secretion of the polypeptide; a promoter or 
enhancer is operably linked to a coding sequence if it affects 
the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as 
to facilitate translation. Generally, “operably linked' means 
that the DNA sequences being linked are contiguous, and, in 
the case of a secretory leader, contiguous and in reading 
phase. However, enhancers do not have to be contiguous. 
Linking is accomplished by ligation at convenient restriction 
sites. If Such sites do not exist, the synthetic oligonucleotide 
adaptors or linkers are used in accordance with conventional 
practice. 
0069. As used herein the term “gene' refers to a poly 
nucleotide (e.g., a DNA segment), that encodes a polypeptide 
and includes regions preceding and following the coding 
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regions as well as intervening sequences (introns) between 
individual coding segments (exons). 
0070. As used herein, “homologous genes' refers to a pair 
of genes from different, but usually related species, which 
correspond to each other and which are identical or very 
similar to each other. The term encompasses genes that are 
separated by speciation (i.e., the development of new species) 
(e.g., orthologous genes), as well as genes that have been 
separated by genetic duplication (e.g., paralogous genes). 
0071. As used herein, proteins are defined as having a 
common “fold if they have the same major secondary struc 
tures in the same arrangement and with the same topological 
connections. Different proteins with the same fold often have 
peripheral elements of secondary structure and turn regions 
that differ in size and conformation. In some cases, these 
differing peripheral regions may comprise half the structure. 
Proteins placed together in the same fold category do not 
necessarily have a common evolutionary origin (e.g., struc 
tural similarities arising from the physics and chemistry of 
proteins favoring certain packing arrangements and chain 
topologies). 
0072. As used herein, “homology” refers to sequence 
similarity or identity, with identity being preferred. This 
homology is determined using standard techniques known in 
the art (See e.g., Smith and Waterman, Adv. Appl. Math. 
2:482 1981; Needleman and Wunsch, J. Mol. Biol. 48:443 
1970: Pearson and Lipman, Proc. Natl. Acad. Sci. USA 
85:2444 (1988: programs such as GAP BESTFIT. FASTA, 
and TFASTA in the Wisconsin Genetics Software Package 
(Genetics Computer Group, Madison, Wis.); and Devereux et 
al., Nucl. Acid Res., 12:387-395 (1984). 
(0073. One example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pair-wise alignments. 
It can also plot a tree showing the clustering relationships 
used to create the alignment. PILEUP uses a simplification of 
the progressive alignment method of Feng and Doolittle 
(Feng and Doolittle, J. Mol. Evol., 35:351-360 (1987). The 
method is similar to that described by Higgins and Sharp 
(Higgins and Sharp, CABIOS 5:151-153 (1989). Useful 
PILEUP parameters including a default gap weight of 3.00, a 
default gap length weight of 0.10, and weighted end gaps. 
0074 Another example of a useful algorithm is the 
BLAST algorithm, described by Altschul et al., (Altschulet 
al., J. Mol. Biol., 215:403-410, 1990; and Karlin et al., Proc. 
Natl. Acad. Sci. USA 90:5873-5787 (1993). A particularly 
useful BLAST program is the WU-BLAST-2 program (See, 
Altschulet al., Meth. Enzymol., 266:460-480 (1996). WU 
BLAST-2 uses several search parameters, most of which are 
set to the default values. The adjustable parameters are set 
with the following values: overlap span=1, overlap frac 
tion=0.125, word threshold (T)=11. The HSPS and HSPS2 
parameters are dynamic values and are established by the 
program itself depending upon the composition of the par 
ticular sequence and composition of the particular database 
against which the sequence of interest is being searched. 
However, the values may be adjusted to increase sensitivity. A 
% amino acid sequence identity value is determined by the 
number of matching identical residues divided by the total 
number of residues of the "longer sequence in the aligned 
region. The "longer” sequence is the one having the most 
actual residues in the aligned region (gaps introduced by 
WU-Blast-2 to maximize the alignment score are ignored). 
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0075 Thus, “percent (%) nucleic acid sequence identity” 
is defined as the percentage of nucleotide residues in a can 
didate sequence that are identical with the nucleotide residues 
of the starting sequence (i.e., the sequence of interest). A 
preferred method utilizes the BLASTN module of 
WU-BLAST-2 set to the default parameters, with overlap 
span and overlap fraction set to 1 and 0.125, respectively. 
0076. As used herein, “recombinant includes reference to 
a cell or vector, that has been modified by the introduction of 
a heterologous nucleic acid sequence or that the cell is derived 
from a cell so modified. Thus, for example, recombinant cells 
express genes that are not found in identical form within the 
native (non-recombinant) form of the cell or express native 
genes that are otherwise abnormally expressed, under 
expressed or not expressed at all as a result of deliberate 
human intervention. “Recombination.” “recombining, and 
generating a “recombined nucleic acid are generally the 
assembly of two or more nucleic acid fragments wherein the 
assembly gives rise to a chimeric gene. 
0077. In some preferred embodiments, mutant DNA 
sequences are generated with site Saturation mutagenesis in at 
least one codon. In another preferred embodiment, site Satu 
ration mutagenesis is performed for two or more codons. In a 
further embodiment, mutant DNA sequences have more than 
about 50%, more than about 55%, more than about 60%, 
more than about 65%, more than about 70%, more than about 
75%, more than about 80%, more than about 85%, more than 
about 90%, more than about 95%, or more than about 98% 
homology with the wild-type sequence. In alternative 
embodiments, mutant DNA is generated in vivo using any 
known mutagenic procedure Such as, for example, radiation, 
nitrosoguanidine and the like. The desired DNA sequence is 
then isolated and used in the methods provided herein. 
0078. As used herein, the terms “amplification' and “gene 
amplification” refer to a process by which specific DNA 
sequences are disproportionately replicated Such that the 
amplified gene becomes presentina higher copy number than 
was initially present in the genome. In some embodiments, 
selection of cells by growth in the presence of a drug (e.g., an 
inhibitor of an inhibitable enzyme) results in the amplifica 
tion of either the endogenous gene encoding the gene product 
required for growth in the presence of the drug or by ampli 
fication of exogenous (i.e., input) sequences encoding this 
gene product, or both. 
0079 Amplification' is a special case of nucleic acid 
replication involving template specificity. It is to be con 
trasted with non-specific template replication (i.e., replica 
tion that is template-dependent but not dependent on a spe 
cific template). Template specificity is here distinguished 
from fidelity of replication (i.e., synthesis of the proper poly 
nucleotide sequence) and nucleotide (ribo- or deoxyribo-) 
specificity. Template specificity is frequently described in 
terms of “target” specificity. Target sequences are “targets' in 
the sense that they are sought to be sorted out from other 
nucleic acid. Amplification techniques have been designed 
primarily for this sorting out. 
0080. As used herein, the term “primer' refers to an oli 
gonucleotide, whether occurring naturally as in a purified 
restriction digest or produced synthetically, which is capable 
of acting as a point of initiation of synthesis when placed 
under conditions in which synthesis of a primer extension 
product which is complementary to a nucleic acid strand is 
induced, (i.e., in the presence of nucleotides and an inducing 
agent such as DNA polymerase and at a suitable temperature 
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and pH). The primer is preferably single stranded for maxi 
mum efficiency in amplification, but may alternatively be 
double stranded. If double stranded, the primer is first treated 
to separate its strands before being used to prepare extension 
products. Preferably, the primer is an oligodeoxyribonucle 
otide. The primer must be sufficiently long to prime the syn 
thesis of extension products in the presence of the inducing 
agent. The exact lengths of the primers will depend on many 
factors, including temperature, Source of primer and the use 
of the method. 

I0081. As used herein, the term “probe' refers to an oligo 
nucleotide (i.e., a sequence of nucleotides), whether occur 
ring naturally as in a purified restriction digest or produced 
synthetically, recombinantly or by PCR amplification, which 
is capable of hybridizing to another oligonucleotide of inter 
est. A probe may be single-stranded or double-stranded. 
Probes are useful in the detection, identification and isolation 
of particular gene sequences. It is contemplated that any 
probe used in the present invention will be labeled with any 
“reporter molecule, so that is detectable in any detection 
system, including, but not limited to enzyme (e.g., ELISA, as 
well as enzyme-based histochemical assays), fluorescent, 
radioactive, and luminescent systems. It is not intended that 
the present invention be limited to any particular detection 
system or label. 
I0082. As used herein, the term “target, when used in 
reference to the polymerase chain reaction, refers to the 
region of nucleic acid bounded by the primers used for poly 
merase chain reaction. Thus, the “target' is sought to be 
Sorted out from other nucleic acid sequences. A “segment' is 
defined as a region of nucleic acid within the target sequence. 
I0083. As used herein, the term “polymerase chain reac 
tion” (PCR) refers to the methods of U.S. Pat. Nos. 4,683,195 
4,683.202, and 4.965,188, hereby incorporated by reference, 
which include methods for increasing the concentration of a 
segment of a target sequence in a mixture of genomic DNA 
without cloning or purification. This process for amplifying 
the target sequence is well known in the art. 
I0084 As used herein, the term “amplification reagents’ 
refers to those reagents (deoxyribonucleotide triphosphates, 
buffer, etc.), needed for amplification except for primers, 
nucleic acid template and the amplification enzyme. Typi 
cally, amplification reagents along with other reaction com 
ponents are placed and contained in a reaction vessel (test 
tube, microwell, etc.). 
0085. As used herein, the terms “restriction endonu 
cleases” and “restriction enzymes' refer to bacterial 
enzymes, each of which cut double-stranded DNA at or near 
a specific nucleotide sequence. 
I0086 A “restriction site' refers to a nucleotide sequence 
recognized and cleaved by a given restriction endonuclease 
and is frequently the site for insertion of DNA fragments. In 
certain embodiments of the invention restriction sites are 
engineered into the selective marker and into 5' and 3' ends of 
the DNA construct. 

I0087) “Homologous recombination' means the exchange 
of DNA fragments between two DNA molecules or paired 
chromosomes at the site of identical or nearly identical nucle 
otide sequences. In a preferred embodiment, chromosomal 
integration is homologous recombination. 
I0088 As used herein “amino acid refers to peptide or 
protein sequences or portions thereof. The terms “protein.” 
"peptide, and “polypeptide' are used interchangeably. 
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0089. As used herein, “protein of interest” and “polypep 
tide of interest” refer to a protein/polypeptide that is desired 
and/or being assessed. In some embodiments, the protein of 
interest is expressed intracellularly, while in other embodi 
ments, it is a secreted polypeptide. In particularly preferred 
embodiments, these enzymes include the serine proteases of 
the present invention. In some embodiments, the protein of 
interest is a secreted polypeptide which is fused to a signal 
peptide (i.e., an amino-terminal extension on a protein to be 
secreted). Nearly all secreted proteins use an amino-terminal 
protein extension which plays a crucial role in the targeting to 
and translocation of precursor proteins across the membrane. 
This extension is proteolytically removed by a signal pepti 
dase during or immediately following membrane transfer. 
0090. A polynucleotide is said to “encode” an RNA or a 
polypeptide if, in its native state or when manipulated by 
methods knownto those of skill in theart, it can be transcribed 
and/or translated to produce the RNA, the polypeptide or a 
fragment thereof. The anti-sense strand of such a nucleic acid 
is also said to encode the sequences. AS is known in the art, a 
DNA can be transcribed by an RNA polymerase to produce 
RNA, but an RNA can be reverse transcribed by reverse 
transcriptase to produce a DNA. Thus a DNA can encode a 
RNA and vice versa. 

0091 “Host strain or “host cell refers to a suitable host 
for an expression vector comprising DNA according to the 
present invention. 
0092 An enzyme is “overexpressed in a host cell if the 
enzyme is expressed in the cell at a higher level that the level 
at which it is expressed in a corresponding wild-type cell. 
0093. The terms “protein’ and “polypeptide' are used 
interchangeability herein. The 3-letter code for amino acids 
as defined in conformity with the IUPAC-IUBJoint Commis 
sion on Biochemical Nomenclature (JCBN) is used through 
out this disclosure. It is also understood that a polypeptide 
may be coded for by more than one nucleotide sequence due 
to the degeneracy of the genetic code. 
0094. A "prosequence' is an amino acid sequence 
between the signal sequence and mature protease that is nec 
essary for the secretion of the protease. Cleavage of the pro 
sequence results in a mature active protease. 
0095. The term “signal sequence' or “signal peptide' 
refers to any sequence of nucleotides and/or amino acids 
which may participate in the Secretion of the mature or pre 
cursor forms of the protein. This definition of signal sequence 
is a functional one, meant to include all those amino acid 
sequences encoded by the N-terminal portion of the protein 
gene, which participate in the effectuation of the secretion of 
protein. They are often, but not universally, bound to the 
N-terminal portion of a protein or to the N-terminal portion of 
a precursor protein. The signal sequence may be endogenous 
or exogenous. The signal sequence may be that normally 
associated with the protein (e.g., protease), or may be from a 
gene encoding another secreted protein. One exemplary 
exogenous signal sequence comprises the first seven amino 
acid residues of the signal sequence from Bacillus subtilis 
Subtilisinfused to the remainder of the signal sequence of the 
subtilisin from Bacillus lentus (ATCC 21536). 
0096. The term “hybrid signal sequence” refers to signal 
sequences in which part of sequence is obtained from the 
expression host fused to the signal sequence of the gene to be 
expressed. In some embodiments, synthetic sequences are 
utilized. 
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(0097. The term “mature' form of a protein or peptide 
refers to the final functional form of the protein or peptide. 
(0098. The term “precursor” form of a protein or peptide 
refers to a mature form of the protein having a prosequence 
operably linked to the amino or carbonyl terminus of the 
protein. The precursor may also have a “signal” sequence 
operably linked, to the amino terminus of the prosequence. 
The precursor may also have additional polynucleotides that 
are involved in post-translational activity (e.g., polynucle 
otides cleaved therefrom to leave the mature form of a protein 
or peptide). 
0099 “Naturally occurring enzyme” refers to an enzyme 
having the unmodified amino acid sequence identical to that 
found in nature. Naturally occurring enzymes include native 
enzymes, those enzymes naturally expressed or found in the 
particular microorganism. 
0100. The terms “derived from and “obtained from refer 
to not only a protease produced or producible by a strain of the 
organism in question, but also a protease encoded by a DNA 
sequence isolated from Such strain and produced in a host 
organism containing Such DNA sequence. Additionally, the 
term refers to a protease which is encoded by a DNA sequence 
of synthetic and/or cDNA origin and which has the identify 
ing characteristics of the protease in question. To exemplify, 
“proteases derived from Bacillus’ refers to those enzymes 
having proteolytic activity which are naturally-produced by 
Bacillus, as well as to serine proteases like those produced by 
Bacillus sources but which through the use of genetic engi 
neering techniques are produced by non-Bacillus organisms 
transformed with a nucleic acid encoding the serine pro 
teases. 

0101. A "derivative” within the scope of this definition 
generally retains the characteristic proteolytic activity 
observed in the wild-type, native or reference form to the 
extent that the derivative is useful for similar purposes as the 
wild-type, native or reference form. Functional derivatives of 
serine protease encompass naturally occurring, synthetically 
or recombinantly produced peptides or peptide fragments 
which have the general characteristics of the serine protease 
of the present invention. 
0102 The term “functional derivative' refers to a deriva 
tive of a nucleic acid which has the functional characteristics 
of a nucleic acid which encodes serine protease. Functional 
derivatives of a nucleic acid which encode serine protease of 
the present invention encompass naturally occurring, Syn 
thetically or recombinantly produced nucleic acids or frag 
ments and encode serine protease characteristic of the present 
invention. Wild type nucleic acid encoding serine proteases 
according to the invention include naturally occurring alleles 
and homologues based on the degeneracy of the genetic code 
known in the art. 

(0103. The term “identical in the context of two nucleic 
acids or polypeptide sequences refers to the residues in the 
two sequences that are the same when aligned for maximum 
correspondence, as measured using one of the following 
sequence comparison or analysis algorithms. 
0104. The term “optimal alignment” refers to the align 
ment giving the highest percent identity Score. 
0105. “Percent sequence identity.” “percent amino acid 
sequence identity,” “percent gene sequence identity, and/or 
"percent nucleic acid/polynucloetide sequence identity, with 
respect to two amino acid, polynucleotide and/or gene 
sequences (as appropriate), refer to the percentage of residues 
that are identical in the two sequences when the sequences are 
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optimally aligned. Thus, 80% amino acid sequence identity 
means that 80% of the amino acids in two optimally aligned 
polypeptide sequences are identical. 
0106 The phrase “substantially identical in the context 
of two nucleic acids or polypeptides thus refers to a poly 
nucleotide or polypeptide that comprising at least about 70% 
sequence identity, preferably at least about 75%, preferably at 
least about 80%, preferably at least about 85%, preferably at 
least about 90%, preferably at least about 95%, preferably at 
least about 97%, preferably at least about 98%, and prefer 
ably at least about 99% sequence identity as compared to a 
reference sequence using the programs or algorithms (e.g., 
BLAST, ALIGN, CLUSTAL) using standard parameters. 
One indication that two polypeptides are substantially iden 
tical is that the first polypeptide is immunologically cross 
reactive with the second polypeptide. Typically, polypeptides 
that differ by conservative amino acid substitutions are immu 
nologically cross-reactive. Thus, a polypeptide is Substan 
tially identical to a second polypeptide, for example, where 
the two peptides differ only by a conservative substitution. 
Another indication that two nucleic acid sequences are Sub 
stantially identical is that the two molecules hybridize to each 
other under Stringent conditions (e.g., within a range of 
medium to high Stringency). 
0107 The phrase “equivalent,” in this context, refers to 
serine proteases enzymes that are encoded by a polynucle 
otide capable of hybridizing to the polynucleotide having the 
sequence as shown in SEQID NO:1 or SEQID NO:5, under 
conditions of medium to maximum stringency. For example, 
being equivalent means that an equivalent mature serine pro 
tease comprises at least about 70%, at least about 75%, at least 
about 80%, at least about 85%, at least about 90%, at least 
about 91%, at least about 92%, at least about 93%, at least 
about 94%, at least about 95%, at least about 96%, at least 
about 97%, at least about 98%, and/or at least about 99% 
sequence identity to the mature BPN' or GG36 serine protease 
having the amino acid sequence of SEQID NO:1 or SEQID 
NO:2. 

0108. The term "isolated” or “purified” refers to a material 
that is removed from its original environment (e.g., the natu 
ral environment if it is naturally occurring). For example, the 
material is said to be “purified when it is present in a par 
ticular composition in a higher or lower concentration than 
exists in a naturally occurring or wild type organism or in 
combination with components not normally present upon 
expression from a naturally occurring or wild type organism. 
For example, a naturally-occurring polynucleotide or 
polypeptide present in a living animal is not isolated, but the 
same polynucleotide or polypeptide, separated from Some or 
all of the coexisting materials in the natural system, is iso 
lated. In some embodiments, such polynucleotides are part of 
a vector, and/or such polynucleotides or polypeptides are part 
of a composition, and still be isolated in that such vector or 
composition is not part of its natural environment. In pre 
ferred embodiments, a nucleic acid or protein is said to be 
purified, for example, if it gives rise to essentially one band in 
an electrophoretic gel or blot. 
0109. The term “isolated, when used in reference to a 
DNA sequence, refers to a DNA sequence that has been 
removed from its natural genetic milieu and is thus free of 
other extraneous or unwanted coding sequences, and is in a 
form Suitable for use within genetically engineered protein 
production systems. Such isolated molecules are those that 
are separated from their natural environment and include 
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cDNA and genomic clones. Isolated DNA molecules of the 
present invention are free of other genes with which they are 
ordinarily associated, but may include naturally occurring 5' 
and 3' untranslated regions such as promoters and termina 
tors. The identification of associated regions will be evident to 
one of ordinary skill in the art (See e.g., Dynan and Tijan, 
Nature 316:774-78 1985). The term “an isolated DNA 
sequence' is alternatively referred to as “a cloned DNA 
sequence'. 
0110. The term "isolated,” when used in reference to a 
protein, refers to a protein that is found in a condition other 
than its native environment. In a preferred form, the isolated 
protein is substantially free of other proteins, particularly 
other homologous proteins. An isolated protein is more than 
about 10% pure, preferably more than about 20% pure, and 
even more preferably more than about 30% pure, as deter 
mined by SDS-PAGE. Further aspects of the invention 
encompass the protein in a highly purified form (i.e., more 
than about 40% pure, more than about 60% pure, more than 
about 70% pure, more than about 80% pure, more than about 
90% pure, more than about 95% pure, more than about 97% 
pure, and even more than about 99% pure), as determined by 
SDS-PAGE. 
0111. As used herein, the term, “combinatorial mutagen 
esis' refers to methods in which libraries of variants of a 
starting sequence are generated. In these libraries, the variants 
contain one or several mutations chosen from a predefined set 
of mutations. In addition, the methods provide means to intro 
duce random mutations which were not members of the pre 
defined set of mutations. In some embodiments, the methods 
include those set forth in U.S. patent application Ser. No. 
09/699,250, filed Oct. 26, 2000, hereby incorporated by ref 
erence. In alternative embodiments, combinatorial mutagen 
esis methods encompass commercially available kits (e.g., 
QUIKCHANGE(R) Multisite (Stratagene). 
0112. As used herein, the terms “library of mutants' and 
“library of variants’ refer to a population of cells which are 
identical in most of their genome but include different homo 
logues of one or more genes. Such libraries can be used, for 
example, to identify genes or operons with improved traits. 
0113. As used herein, the term “starting gene' refers to a 
gene of interest that encodes a protein of interest that is to be 
improved and/or changed using the present invention. 
0114. As used herein, the term “multiple sequence align 
ment” (“MSA”) refers to the sequences of multiple homologs 
of a starting gene that are aligned using an algorithm (e.g., 
Clustal W). 
0.115. As used herein, the terms “consensus sequence” and 
“canonical sequence” refer to an archetypical amino acid 
sequence against which all variants of a particular protein or 
sequence of interest are compared. The terms also refer to a 
sequence that sets forth the nucleotides that are most often 
present in a DNA sequence of interest. For each position of a 
gene, the consensus sequence gives the amino acid that is 
most abundant in that position in the MSA. 
0116. As used herein, the term “consensus mutation” 
refers to a difference in the sequence of a starting gene and a 
consensus sequence. Consensus mutations are identified by 
comparing the sequences of the starting gene and the consen 
Sus sequence resulting from an MSA. In some embodiments, 
consensus mutations are introduced into the starting gene 
Such that it becomes more similar to the consensus sequence. 
Consensus mutations also include amino acid changes that 
change an amino acid in a starting gene to an amino acid that 
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is more frequently found in an MSA at that position relative to 
the frequency of that amino acid in the starting gene. Thus, the 
term consensus mutation comprises all single amino acid 
changes that replace an amino acid of the starting gene with 
anamino acid that is more abundant than the amino acid in the 
MSA 

0117. As used herein, the term “initial hit refers to a 
variant that was identified by Screening a combinatorial con 
sensus mutagenesis library. In preferred embodiments, initial 
hits have improved performance characteristics, as compared 
to the starting gene. 
0118. As used herein, the term “improved hit refers to a 
variant that was identified by Screening an enhanced combi 
natorial consensus mutagenesis library. 
0119. As used herein, the terms “improving mutation' and 
"performance-enhancing mutation” refer to a mutation that 
leads to improved performance when it is introduced into the 
starting gene. In some preferred embodiments, these muta 
tions are identified by sequencing hits that were identified 
during the screening step of the method. In most embodi 
ments, mutations that are more frequently found in hits are 
likely to be improving mutations, as compared to an 
unscreened combinatorial consensus mutagenesis library. 
0120. As used herein, the term "enhanced combinatorial 
consensus mutagenesis library” refers to a CCM library that 
is designed and constructed based on Screening and/or 
sequencing results from an earlier round of CCM mutagen 
esis and Screening. In some embodiments, the enhanced 
CCM library is based on the sequence of an initial hit result 
ing from an earlier round of CCM. In additional embodi 
ments, the enhanced CCM is designed such that mutations 
that were frequently observed in initial hits from earlier 
rounds of mutagenesis and Screening are favored. In some 
preferred embodiments, this is accomplished by omitting 
primers that encode performance-reducing mutations or by 
increasing the concentration of primers that encode perfor 
mance-enhancing mutations relative to other primers that 
were used in earlier CCM libraries. 

0121. As used herein, the term “performance-reducing 
mutations' refer to mutations in the combinatorial consensus 
mutagenesis library that are less frequently found in hits 
resulting from Screening as compared to an unscreened com 
binatorial consensus mutagenesis library. In preferred 
embodiments, the screening process removes and/or reduces 
the abundance of variants that contain “performance-reduc 
ing mutations.” 
0122. As used herein, the term “functional assay” refers to 
an assay that provides an indication of a protein's activity. In 
particularly preferred embodiments, the term refers to assay 
systems in which a protein is analyzed for its ability to func 
tion in its usual capacity. For example, in the case of enzymes, 
a functional assay involves determining the effectiveness of 
the enzyme in catalyzing a reaction. 
0123. As used herein, the term “target property” refers to 
the property of the starting gene that is to be altered. It is not 
intended that the present invention be limited to any particular 
target property. However, in some preferred embodiments, 
the target property is the Stability of a gene product (e.g., 
resistance to denaturation, proteolysis or other degradative 
factors), while in other embodiments, the level of production 
in a production host is altered. Indeed, it is contemplated that 
any property of a starting gene will find use in the present 
invention. 
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0.124. The term “property” or grammatical equivalents 
thereof in the context of a nucleic acid, as used herein, refer to 
any characteristic or attribute of a nucleic acid that can be 
selected or detected. These properties include, but are not 
limited to, a property affecting binding to a polypeptide, a 
property conferred on a cell comprising a particular nucleic 
acid, a property affecting gene transcription (e.g., promoter 
strength, promoter recognition, promoter regulation, 
enhancer function), a property affecting RNA processing 
(e.g., RNA splicing, RNA stability, RNA conformation, and 
post-transcriptional modification), a property affecting trans 
lation (e.g., level, regulation, binding of mRNA to ribosomal 
proteins, post-translational modification). For example, a 
binding site for a transcription factor, polymerase, regulatory 
factor, etc., of a nucleic acid may be altered to produce desired 
characteristics or to identify undesirable characteristics. 
0.125. The term “property” or grammatical equivalents 
thereof in the context of a polypeptide (including proteins), as 
used herein, refer to any characteristic or attribute of a 
polypeptide that can be selected or detected. These properties 
include, but are not limited to oxidative stability, substrate 
specificity, catalytic activity, thermal stability, alkaline Stabil 
ity, pH activity profile, resistance to proteolytic degradation, 
K., k, k/k ratio, protein folding, inducing an immune 
response, ability to bind to a ligand, ability to bind to a 
receptor, ability to be secreted, ability to be displayed on the 
Surface of a cell, ability to oligomerize, ability to signal, 
ability to stimulate cell proliferation, ability to inhibit cell 
proliferation, ability to induce apoptosis, ability to be modi 
fied by phosphorylation or glycosylation, and/or ability to 
treat disease, etc. 
I0126. As used herein, the term "screening has its usual 
meaning in the art and is, in general a multi-step process. In 
the first step, a mutant nucleic acid or variant polypeptide 
therefrom is provided. In the second step, a property of the 
mutant nucleic acid or variant polypeptide is determined. In 
the third step, the determined property is compared to a prop 
erty of the corresponding precursor nucleic acid, to the prop 
erty of the corresponding naturally occurring polypeptide or 
to the property of the starting material (e.g., the initial 
sequence) for the generation of the mutant nucleic acid. 
I0127. It will be apparent to the skilled artisan that the 
screening procedure for obtaining a nucleic acid or protein 
with an altered property depends upon the property of the 
starting material the modification of which the generation of 
the mutant nucleic acid is intended to facilitate. The skilled 
artisan will therefore appreciate that the invention is not lim 
ited to any specific property to be screened for and that the 
following description of properties lists illustrative examples 
only. Methods for screening for any particular property are 
generally described in the art. For example, one can measure 
binding, pH, specificity, etc., before and after mutation, 
wherein a change indicates an alteration. Preferably, the 
screens are performed in a high-throughput manner, includ 
ing multiple samples being screened simultaneously, includ 
ing, but not limited to assays utilizing chips, phage display, 
and multiple Substrates and/or indicators. 
0128. As used herein, in some embodiments, screens 
encompass selection steps in which variants of interest are 
enriched from a population of variants. Examples of these 
embodiments include the selection of variants that confer a 
growth advantage to the host organism, as well as phage 
display or any other method of display, where variants can be 
captured from a population of variants based on their binding 
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or catalytic properties. In a preferred embodiment, a library of 
variants is exposed to stress (heat, protease, denaturation)and 
Subsequently variants that are still intact are identified in a 
screen or enriched by selection. It is intended that the term 
encompass any suitable means for selection. Indeed, it is not 
intended that the present invention be limited to any particular 
method of screening. 
0129. As used herein, the term “targeted randomization' 
refers to a process that produces a plurality of sequences 
where one or several positions have been randomized. In 
Some embodiments, randomization is complete (i.e., all four 
nucleotides, A, T, G, and C can occur at a randomized posi 
tion. In alternative embodiments, randomization of a nucle 
otide is limited to a subset of the four nucleotides. Targeted 
randomization can be applied to one or several codons of a 
sequence, coding for one or several proteins of interest. When 
expressed, the resulting libraries produce protein populations 
in which one or more amino acid positions can contain a 
mixture of all 20 amino acids or a Subset of amino acids, as 
determined by the randomization scheme of the randomized 
codon. In some embodiments, the individual members of a 
population resulting from targeted randomization differ in the 
number of amino acids, due to targeted or random insertion or 
deletion of codons. In further embodiments, synthetic amino 
acids are included in the protein populations produced. In 
some preferred embodiments, the majority of members of a 
population resulting from targeted randomization show 
greater sequence homology to the consensus sequence than 
the starting gene. In some embodiments, the sequence 
encodes one or more proteins of interest. In alternative 
embodiments, the proteins have differing biological func 
tions. In some preferred embodiments, the incoming 
sequence comprises at least one selectable marker. This 
sequence can code for one or more proteins of interest. It can 
have other biological function. In many cases the incoming 
sequence will include a selectable marker, such as a gene that 
confers resistance to an antibiotic. 

0130. The terms “modified sequence' and “modified 
genes are used interchangeably herein to refer to a sequence 
that includes a deletion, insertion or interruption of naturally 
occurring nucleic acid sequence. In some preferred embodi 
ments, the expression product of the modified sequence is a 
truncated protein (e.g., if the modification is a deletion or 
interruption of the sequence). In some particularly preferred 
embodiments, the truncated protein retains biological activ 
ity. In alternative embodiments, the expression product of the 
modified sequence is an elongated protein (e.g., modifica 
tions comprising an insertion into the nucleic acid sequence). 
In some embodiments, an insertion leads to a truncated pro 
tein (e.g., when the insertion results in the formation of a stop 
codon). Thus, an insertion may result in either a truncated 
protein or an elongated protein as an expression product. 
0131. As used herein, the terms “mutant sequence' and 
“mutant gene' are used interchangeably and refer to a 
sequence that has an alteration in at least one codon occurring 
in a host cell's wild-type sequence. The expression product of 
the mutant sequence is a protein with an altered amino acid 
sequence relative to the wild-type. The expression product 
may have an altered functional capacity (e.g., enhanced enzy 
matic activity). 
0132) The terms “mutagenic primer' or “mutagenic oli 
gonucleotide' (used interchangeably herein) are intended to 
refer to oligonucleotide compositions which correspond to a 
portion of the template sequence and which are capable of 
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hybridizing thereto. With respect to mutagenic primers, the 
primer will not precisely match the template nucleic acid, the 
mismatch or mismatches in the primer being used to intro 
duce the desired mutation into the nucleic acid library. As 
used herein, “non-mutagenic primer' or “non-mutagenic oli 
gonucleotide' refers to oligonucleotide compositions which 
will match precisely to the template nucleic acid. In one 
embodiment of the invention, only mutagenic primers are 
used. In another preferred embodiment of the invention, the 
primers are designed so that for at least one region at which a 
mutagenic primer has been included, there is also non-mu 
tagenic primer included in the oligonucleotide mixture. By 
adding a mixture of mutagenic primers and non-mutagenic 
primers corresponding to at least one of the mutagenic prim 
ers, it is possible to produce a resulting nucleic acid library in 
which a variety of combinatorial mutational patterns are pre 
sented. For example, if it is desired that some of the members 
of the mutant nucleic acid library retain their precursor 
sequence at certain positions while other members are mutant 
at Such sites, the non-mutagenic primers provide the ability to 
obtain a specific level of non-mutant members within the 
nucleic acid library for a given residue. The methods of the 
invention employ mutagenic and non-mutagenic oligonucle 
otides which are generally between about 10-50 bases in 
length, or more preferably, about 15-45 bases in length. How 
ever, it may be necessary to use primers that are either shorter 
than about 10 bases or longer than about 50 bases to obtain the 
mutagenesis result desired. With respect to corresponding 
mutagenic and non-mutagenic primers, it is not necessary that 
the corresponding oligonucleotides be of identicallength, but 
only that there is overlap in the region corresponding to the 
mutation to be added. Primers may be added in a pre-defined 
ratio according to the present invention. For example, if it is 
desired that the resulting library have a significant level of a 
certain specific mutation and a lesser amount of a different 
mutation at the same or different site, by adjusting the amount 
of primer added, it is possible to produce the desired biased 
library. Alternatively, by adding lesser or greater amounts of 
non-mutagenic primers, it is possible to adjust the frequency 
with which the corresponding mutation(s) are produced in the 
mutant nucleic acid library. 
0.133 As used herein, the phrase “contiguous mutations' 
refers to mutations which are presented within the same oli 
gonucleotideprimer. For example, contiguous mutations may 
be adjacent or nearby each other, however, they will be intro 
duced into the resulting mutant template nucleic acids by the 
same primer. 
I0134. As used herein, the phrase “discontiguous muta 
tions' refers to mutations which are presented in separate 
oligonucleotide primers. For example, discontiguous muta 
tions will be introduced into the resulting mutant template 
nucleic acids by separately prepared oligonucleotide primers. 
0.135 The terms “wild-type sequence' or “wild-type 
gene' are used interchangeably herein, to refer to a sequence 
that is native or naturally occurring in a host cell. In some 
embodiments, the wild-type sequence refers to a sequence of 
interest that is the starting point of a protein engineering 
project. The wild-type sequence may encode either a homolo 
gous or heterologous protein. A homologous protein is one 
the host cell would produce without intervention. A heterolo 
gous protein is one that the host cell would not produce but for 
the intervention. 

0.136. As used herein, the term “antibodies’ refers to 
immunoglobulins. Antibodies include but are not limited to 
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immunoglobulins obtained directly from any species from 
which it is desirable to produce antibodies. In addition, the 
present invention encompasses modified antibodies. The 
term also refers to antibody fragments that retain the ability to 
bind to the epitope that the intact antibody binds and include 
polyclonal antibodies, monoclonal antibodies, chimericanti 
bodies, anti-idiotype (anti-ID) antibodies. Antibody frag 
ments include, but are not limited to the complementarity 
determining regions (CDRs), single-chain fragment variable 
regions (ScPV), heavy chain variable region (VH), light chain 
variable region (VL). Polyclonal and monoclonal antibodies 
are also encompassed by the present invention. Preferably, 
the antibodies are monoclonal antibodies. 
0.137 As used herein, the phrase “alteration in substrate 
specificity' refers to changes in the Substrate specificity of an 
enzyme. In some embodiments, a change in Substrate speci 
ficity is defined as a change ink, and/or K, for a particular 
Substrate, resulting from mutations of the enzyme or alter 
ation of reaction conditions. The Substrate specificity of an 
enzyme is determined by comparing the catalytic efficiencies 
it exhibits with different substrates. These determinations 
find particular use in assessing the efficiency of mutant 
enzymes, as it is generally desired to produce variant 
enzymes that exhibit greater ratios ofk/K for Substrates of 
interest. However, it is not intended that the present invention 
be limited to any particular Substrate composition or Substrate 
specificity. 
0.138. As used herein, “surface property' is used in refer 
ence to electrostatic charge, as well as properties such as the 
hydrophobicity and hydrophilicity exhibited by the surface of 
a protein. 
0.139. As used herein, the phrase “is independently 
selected from the group consisting of... ', means that moi 
eties or elements that are selected from the referenced 
Markush group can be the same, can be different or any 
mixture of elements as indicated in the following example: 
0140. A molecule having 3 R groups wherein each R 
group is independently selected from the group consisting of 
A, B and C. Here the three R groups may be: AAA, BBB. 
CCC, AAB, AAC, BBA, BBC, CCA, CCB, or ABC. 
0141. In reference to chemical compositions, the term 
“Substituted as used herein, means that the organic compo 
sition or radical to which the term is applied is: 

0.142 (a) made unsaturated by the elimination of at least 
one element or radical; or 

0.143 (b) at least one hydrogen in the compound or 
radical is replaced with a moiety containing one or more 
(i) carbon, (ii) oxygen, (iii) Sulfur, (iv) nitrogen or (v) 
halogen atoms; or 

0144 (c) both (a) and (b). 
Moieties which may replace hydrogen as described in (b) 
immediately above, that contain only carbon and hydrogen 
atoms, are hydrocarbon moieties including, but not limited to, 
alkyl, alkenyl, alkynyl, alkyldienyl, cycloalkyl, phenyl, alkyl 
phenyl, naphthyl, anthryl, phenanthryl, fluoryl, steroid 
groups, and combinations of these groups with each other and 
with polyvalent hydrocarbon groups such as alkylene, alky 
lidene and alkylidyne groups. Moieties containing oxygen 
atoms that may replace hydrogen as described in (b) imme 
diately above include, but are not limited to, hydroxy, acyl or 
keto, ether, epoxy, carboxy, and ester containing groups. Moi 
eties containing Sulfur atoms that may replace hydrogen as 
described in (b) immediately above include, but are not lim 
ited to, the Sulfur-containing acids and acid ester groups, 
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thioether groups, mercapto groups and thioketo groups. Moi 
eties containing nitrogenatoms that may replace hydrogen as 
described in (b) immediately above include, but are not lim 
ited to, amino groups, the nitro group, azo groups, ammonium 
groups, amide groups, azido groups, isocyanate groups, 
cyano groups and nitrile groups. Moieties containing halogen 
atoms that may replace hydrogen as described in (b) imme 
diately above include chloro, bromo, fluoro, iodo groups and 
any of the moieties previously described where a hydrogen or 
a pendant alkyl group is substituted by a halo group to form a 
stable substituted moiety. 
0145. It is understood that any of the above moieties (b)(i) 
through (b)(V) can be substituted into each other in either a 
monovalent Substitution or by loss of hydrogen in a polyva 
lent Substitution to form another monovalent moiety that can 
replace hydrogen in the organic compound or radical. 
0146 The term “oxidation stable' refers to proteases of 
the present invention that retain a specified amount of enzy 
matic activity over a given period of time under conditions 
prevailing during the proteolytic, hydrolyzing, cleaning or 
other process of the invention, for example while exposed to 
or contacted with bleaching agents or oxidizing agents. In 
some embodiments, the proteases retain at least about 50%, 
about 60%, about 70%, about 75%, about 80%, about 85%, 
about 90%, about 92%, about 95%, about 96%, about 97%, 
about 98%, or about 99% proteolytic activity after contact 
with a bleaching or oxidizing agent over a given time period, 
for example, at least about 1 minute, about 3 minutes, about 5 
minutes, about 8 minutes, about 12 minutes, about 16 min 
utes, about 20 minutes, etc. In some embodiments, the stabil 
ity is measured as described in the Examples. 
0147 The term “chelator stable” refers to proteases of the 
present invention that retain a specified amount of enzymatic 
activity over a given period of time under conditions prevail 
ing during the proteolytic, hydrolyzing, cleaning or other 
process of the invention, for example while exposed to or 
contacted with chelating agents. In some embodiments, the 
proteases retain at least about 50%, about 60%, about 70%, 
about 75%, about 80%, about 85%, about 90%, about 92%, 
about 95%, about 96%, about 97%, about 98%, or about 99% 
proteolytic activity after contact with a chelating agent over a 
given time period, for example, at least about 10 minutes, 
about 20 minutes, about 40 minutes, about 60 minutes, about 
100 minutes, etc. In some embodiments, the chelator stability 
is measured as described in the Examples. 
(0.148. The terms “thermally stable” and “thermostable” 
refer to proteases of the present invention that retain a speci 
fied amount of enzymatic activity after exposure to identified 
temperatures over a given period of time under conditions 
prevailing during the proteolytic, hydrolyzing, cleaning or 
other process of the invention, for example while exposed 
altered temperatures. Altered temperatures include increased 
or decreased temperatures. In some embodiments, the pro 
teases retain at least about 50%, about 60%, about 70%, about 
75%, about 80%, about 85%, about 90%, about 92%, about 
95%, about 96%, about 97%, about 98%, or about 99% pro 
teolytic activity after exposure to altered temperatures over a 
given time period, for example, at least about 60 minutes, 
about 120 minutes, about 180 minutes, about 240 minutes, 
about 300 minutes, etc. In some embodiments, the thermo 
stability is determined as described in the Examples. 
014.9 The term "enhanced stability” in the context of an 
oxidation, chelator, thermal and/or pH stable protease refers 
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to a higher retained proteolytic activity overtime as compared 
to other serine proteases (e.g., Subtilisin proteases) and/or 
wild-type enzymes. 
0150. The term “diminished stability” in the context of an 
oxidation, chelator, thermal and/or pH stable protease refers 
to a lower retained proteolytic activity over time as compared 
to other serine proteases (e.g., Subtilisin proteases) and/or 
wild-type enzymes. 
0151. The term “cleaning activity” refers to the cleaning 
performance achieved by the protease under conditions pre 
Vailing during the proteolytic, hydrolyzing, cleaning or other 
process of the invention. In some embodiments, cleaning 
performance is determined by the application of various 
cleaning assays concerning enzyme sensitive stains, for 
example grass, blood, milk, or egg protein as determined by 
various chromatographic, spectrophotometric or other quan 
titative methodologies after Subjection of the stains to stan 
dard wash conditions. Exemplary assays include, but are not 
limited to those described in WO99/34011, and U.S. Pat. No. 
6,605.458 (both of which are herein incorporated by refer 
ence), as well as those methods included in the Examples. 
0152 The term “cleaning effective amount of a protease 
refers to the quantity of protease described hereinbefore that 
achieves a desired level of enzymatic activity in a specific 
cleaning composition. Such effective amounts are readily 
ascertained by one of ordinary skill in the art and are based on 
many factors, such as the particular protease used, the clean 
ing application, the specific composition of the cleaning com 
position, and whether a liquid or dry (e.g., granular, bar) 
composition is required, etc. 
0153. The term “cleaning adjunct materials,” as used 
herein, means any liquid, Solid or gaseous material selected 
for the particular type of cleaning composition desired and 
the form of the product (e.g., liquid, granule, powder, bar, 
paste, spray, tablet, gel; or foam composition), which mate 
rials are also preferably compatible with the protease enzyme 
used in the composition. In some embodiments, granular 
compositions are in “compact form, while in other embodi 
ments, the liquid compositions are in a “concentrated form. 
0154 The term "enhanced performance' in the context of 
cleaning activity refers to an increased or greater cleaning 
activity of certain enzyme sensitive stains such as egg, milk, 
grass or blood, as determined by usual evaluation after a 
standard wash cycle and/or multiple wash cycles. 
0155 The term “diminished performance' in the context 
of cleaning activity refers to a decreased or lesser cleaning 
activity of certain enzyme sensitive stains such as egg, milk, 
grass or blood, as determined by usual evaluation after a 
standard wash cycle. 
0156 The term “comparative performance' in the context 
of cleaning activity refers to at least about 60%, at least about 
70%, at least about 80%, at least about 90%, at least about 
95% of the cleaning activity of a comparative or reference 
protease (e.g., commercially available proteases), including 
but not limited to OPTIMASETM protease (Genencor), 
PURAFECTTM protease products (Genencor), SAVI 
NASETM protease (Novozymes), BPN'-variants (See e.g., 
U.S. Pat. No. Re 34,606), RELASETM, DURAZYMETM, 
EVERLASETM, KANNASETM protease (Novozymes), 
MAXACALTM, MAXAPEMTM, PROPERASETM proteases 
(Genencor. See also, U.S. Pat. No. Re 34,606, and U.S. Pat. 
Nos. 5,700,676; 5,955,340; 6,312.936; and 6,482,628), and 
B. lentus variant protease products (e.g., those described in 
WO92/21760, WO95/23221 and/or WO97/07770). Clean 

37 
Aug. 5, 2010 

ing performance can be determined by comparing the pro 
teases of the present invention with those subtilisin proteases 
in various cleaning assays concerning enzyme sensitive stains 
Such as grass, blood or milk as determined by usual spectro 
photometric or analytical methodologies after standard wash 
cycle conditions. 
0157. As used herein, “cleaning compositions” and 
"cleaning formulations' refer to compositions that find use in 
the removal of undesired compounds from items to be 
cleaned, such as fabric, dishes, contact lenses, other solid 
Substrates, hair (shampoos), skin (soaps and creams), teeth 
(mouthwashes, toothpastes) etc. The term encompasses any 
materials/compounds selected for the particular type of 
cleaning composition desired and the form of the product 
(e.g., liquid, gel, granule, or spray composition), as long as 
the composition is compatible with the protease and other 
enzyme(s) used in the composition. The specific selection of 
cleaning composition materials are readily made by consid 
ering the surface, item or fabric to be cleaned, and the desired 
form of the composition for the cleaning conditions during 
US 

0158. The terms further refer to any composition that is 
Suited for cleaning, bleaching, disinfecting, and/or sterilizing 
any object and/or Surface. It is intended that the terms include, 
but are not limited to detergent compositions (e.g., liquid 
and/or solid laundry detergents and fine fabric detergents; 
hard Surface cleaning formulations, such as for glass, wood, 
ceramic and metal countertops and windows; carpet cleaners; 
oven cleaners; fabric fresheners; fabric softeners; and textile 
and laundry pre-spotters, as well as dish detergents). 
0159 Indeed, the term “cleaning composition' as used 
herein, includes unless otherwise indicated, granular or pow 
der-form all-purpose or heavy-duty washing agents, espe 
cially cleaning detergents; liquid, gel or paste-form all-pur 
pose washing agents, especially the so-called heavy-duty 
liquid (HDL) types; liquid fine-fabric detergents; hand dish 
washing agents or light duty dishwashing agents, especially 
those of the high-foaming type; machine dishwashing agents, 
including the various tablet, granular, liquid and rinse-aid 
types for household and institutional use; liquid cleaning and 
disinfecting agents, including antibacterial hand-wash types, 
cleaning bars, mouthwashes, denture cleaners, carshampoos, 
carpet shampoos, bathroom cleaners; hair shampoos and/or 
hair-rinses for humans and other animals; shower gels and 
foam baths and metal cleaners; as well as cleaning auxiliaries 
such as bleach additives and “stain-stick” or pre-treat types. 
0160. As used herein, “fabric cleaning compositions' 
include hand and machine laundry detergent compositions 
including laundry additive compositions and compositions 
Suitable for use in the soaking and/or pretreatment of stained 
fabrics (e.g., clothes, linens, and other textile materials). 
0.161. As used herein, “non-fabric cleaning compositions' 
include non-textile (i.e., fabric) Surface cleaning composi 
tions, including but not limited to dishwashing detergent 
compositions, oral cleaning compositions, denture cleaning 
compositions, and personal cleansing compositions. 
0162. As used herein, the terms “detergent composition' 
and “detergent formulation' are used in reference to mixtures 
which are intended for use in a wash medium for the cleaning 
of soiled objects. In preferred embodiments, the term is used 
in reference to detergents used to clean dishes, cutlery, etc. 
(e.g., "dish detergents’ or "dishwashing detergents'). It is not 
intended that the present invention be limited to any particular 
detergent formulation or composition. Indeed, it is intended 
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that in addition to detergents that contain at least one protease 
of the present invention, the term encompasses detergents that 
contain Surfactants, transferase(s), hydrolytic enzymes, 
oxido reductases, builders, bleaching agents, bleach activa 
tors, bluing agents and fluorescent dyes, caking inhibitors, 
masking agents, enzyme activators, antioxidants, and solubi 
lizers. 
0163 As used herein, “dishwashing composition” refers 
to all forms of compositions for cleaning dishware, including 
cutlery, including but not limited to granular and liquid forms. 
In some embodiments, the dishwashing composition is an 
“automatic dishwashing composition that finds use in auto 
matic dish washing machines. It is not intended that the 
present invention be limited to any particular type or dishware 
composition. Indeed, the present invention finds use in clean 
ing dishware (e.g., dishes, including, but not limited to plates, 
cups, glasses, bowls, etc.) and cutlery (e.g., utensils, includ 
ing but not limited to spoons, knives, forks, serving utensils, 
etc.) of any material, including but not limited to ceramics, 
plastics, metals, china, glass, acrylics, etc. The term "dish 
ware' is used herein in reference to both dishes and cutlery. 
0164. As used herein, the term "bleaching refers to the 
treatment of a material (e.g., fabric, laundry, pulp, etc.) or 
Surface for a sufficient length of time and under appropriate 
pH and temperature conditions to effect a brightening (i.e., 
whitening) and/or cleaning of the material. Examples of 
chemicals suitable for bleaching include but are not limited to 
CIO. H.O., peracids, NO, etc. 
(0165. As used herein, “wash performance” of a variant 
protease refers to the contribution of a variant protease to 
washing that provides additional cleaning performance to the 
detergent without the addition of the variant protease to the 
composition. Wash performance is compared under relevant 
washing conditions. 
0166 The term “relevant washing conditions” is used 
herein to indicate the conditions, particularly washing tem 
perature, time, washing mechanics, such concentration, type 
of detergent and water hardness, actually used in households 
in a dish or laundry detergent market segment. 
0167. The term “improved wash performance' is used to 
indicate that a better end result is obtained in stain removal 
under relevant washing conditions, or that less variant pro 
tease, on weight basis, is needed to obtain the same end result 
relative to the corresponding wild-type or starting parent pro 
tease. 

0168 As used herein, the term "disinfecting refers to the 
removal of contaminants from the Surfaces, as well as the 
inhibition or killing of microbes on the surfaces of items. It is 
not intended that the present invention be limited to any 
particular Surface, item, or contaminant(s) or microbes to be 
removed. 
0169. The “compact” form of the cleaning compositions 
herein is best reflected by density and, in terms of composi 
tion, by the amount of inorganic filler salt. Inorganic filler 
salts are conventional ingredients of detergent compositions 
in powder form. In conventional detergent compositions, the 
filler salts are present in Substantial amounts, typically about 
17 to about 35% by weight of the total composition. In con 
trast, in compact compositions, the filler salt is present in 
amounts not exceeding about 15% of the total composition. In 
Some embodiments, the filler salt is present in amounts that do 
not exceed about 10%, or more preferably, about 5%, by 
weight of the composition. In some embodiments, the inor 
ganic filler salts are selected from the alkali and alkaline 
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earth-metal salts of sulfates and chlorides. In some embodi 
ments, a preferred filler salt is sodium sulfate. 

Cleaning Compositions 

0170 Unless otherwise noted, all component or composi 
tion levels provided herein are made in reference to the active 
level of that component or composition, and are exclusive of 
impurities, for example, residual solvents or by-products, 
which may be present in commercially available sources. 
Enzyme components weights are based on total active pro 
tein. All percentages and ratios are calculated by weight 
unless otherwise indicated. All percentages and ratios are 
calculated based on the total composition unless otherwise 
indicated. In the exemplified detergent compositions, the 
enzymes levels are expressed by pure enzyme by weight of 
the total composition and unless otherwise specified, the 
detergent ingredients are expressed by weight of the total 
compositions. 
(0171 As indicated herein, in some embodiments, the 
cleaning compositions of the present invention further com 
prise adjunct materials including, but not limited to, Surfac 
tants, builders, bleaches, bleach activators, bleach catalysts, 
other enzymes, enzyme stabilizing systems, chelants, optical 
brighteners, Soil release polymers, dye transfer agents, dis 
persants, Suds Suppressors, dyes, perfumes, colorants, filler 
salts, hydrotropes, photoactivators, fluorescers, fabric condi 
tioners, hydrolyzable surfactants, preservatives, anti-oxi 
dants, anti-shrinkage agents, anti-wrinkle agents, germicides, 
fungicides, color speckles, silvercare, anti-tarnish and/or 
anti-corrosion agents, alkalinity sources, Solubilizing agents, 
carriers, processing aids, pigments, and pH control agents 
(See e.g., U.S. Pat. Nos. 6,610,642, 6,605.458, 5,705,464, 
5,710,115, 5,698,504, 5,695,679, 5,686,014 and 5,646,101, 
all of which are incorporated herein by reference). Embodi 
ments of specific cleaning composition materials are exem 
plified in detail below. In embodiments in which the cleaning 
adjunct materials are not compatible with the variant pro 
teases of the present invention in the cleaning compositions, 
then Suitable methods of keeping the cleaning adjunct mate 
rials and the protease(s) separated (i.e., not in contact with 
each other) until combination of the two components is 
appropriate are used. Such separation methods include any 
Suitable method known in the art (e.g., gelcaps, encapsula 
tion, tablets, physical separation, etc.). 
0172. The cleaning compositions of the present invention 
are advantageously employed for example, in laundry appli 
cations, hard Surface cleaning, dishwashing applications, as 
well as cosmetic applications such as dentures, teeth, hair and 
skin. In addition, due to the unique advantages of increased 
effectiveness in lower temperature solutions, the enzymes of 
the present invention are ideally Suited for laundry applica 
tions. Furthermore, the enzymes of the present invention find 
use in granular and liquid compositions. 
0173 The variant proteases of the present invention also 
find use cleaning additive products. In some embodiments, 
low temperature Solution cleaning applications find use. In 
Some embodiments, the present invention provides cleaning 
additive products including at least one enzyme of the present 
invention is ideally Suited for inclusion in a wash process 
when additional bleaching effectiveness is desired. Such 
instances include, but are not limited to low temperature 
Solution cleaning applications. In some embodiments, the 
additive product is in its simplest form, one or more proteases. 
In some embodiments, the additive is packaged in dosage 
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form for addition to a cleaning process. In some embodi 
ments, the additive is packaged in dosage form for addition to 
a cleaning process where a source of peroxygen is employed 
and increased bleaching effectiveness is desired. Any Suitable 
single dosage unit form finds use with the present invention, 
including but not limited to pills, tablets, gelcaps, or other 
single dosage units such as pre-measured powders or liquids. 
In Some embodiments, filler(s) or carrier material(s) are 
included to increase the Volume of Such compositions. Suit 
able filler or carrier materials include, but are not limited to, 
various salts of Sulfate, carbonate and silicate as well as talc, 
clay and the like. Suitable filler or carrier materials for liquid 
compositions include, but are not limited to water or low 
molecular weight primary and secondary alcohols including 
polyols and diols. Examples of Such alcohols include, but are 
not limited to, methanol, ethanol, propanol and isopropanol. 
In some embodiments, the compositions contain from about 
5% to about 90% of such materials. Acidic fillers find use to 
reduce pH. Alternatively, in some embodiments, the cleaning 
additive includes adjunct ingredients, as more fully described 
below. 
0174 The present cleaning compositions and cleaning 
additives require an effective amount of at least one of the 
protease variants provided herein, alone or in combination 
with other proteases and/or additional enzymes. The required 
level of enzyme is achieved by the addition of one or more 
protease variants of the present invention. Typically the 
present cleaning compositions will comprise at least about 
0.0001 weight percent, from about 0.0001 to about 10, from 
about 0.001 to about 1, or even from about 0.01 to about 0.1 
weight percent of at least one of the variant proteases of the 
present invention. 
0.175. The cleaning compositions herein are typically for 
mulated Such that, during use in aqueous cleaning operations, 
the wash water will have a pH of from about 5.0 to about 11.5 
or even from about 7.5 to about 10.5. Liquid product formu 
lations are typically formulated to have a neat pH from about 
3.0 to about 9.0 or even from about 3 to about 5. Granular 
laundry products are typically formulated to have a pH from 
about 9 to about 11. Techniques for controlling pH at recom 
mended usage levels include the use of buffers, alkalis, acids, 
etc., and are well known to those skilled in the art. 
0176 Suitable low pH cleaning compositions typically 
have a neat pH of from about 3 to about 5, and are typically 
free of surfactants that hydrolyze in such a pH environment. 
Such surfactants include sodium alkylsulfate surfactants that 
comprise at least one ethylene oxide moiety or even from 
about 1 to about 16 moles of ethylene oxide. Such cleaning 
compositions typically comprise a sufficient amount of a pH 
modifier, such as Sodium hydroxide, monoethanolamine or 
hydrochloric acid, to provide Such cleaning composition with 
a neat pH of from about 3 to about 5. Such compositions 
typically comprise at least one acid stable enzyme. In some 
embodiments, the compositions are liquids, while in other 
embodiments, they are solids. The pH of such liquid compo 
sitions is typically measured as a neat pH. The pH of Such 
Solid compositions is measured as a 10% solids solution of 
said composition wherein the solvent is distilled water. In 
these embodiments, all pH measurements are taken at 20°C., 
unless otherwise indicated. 

0177. In some embodiments, when the variant protease(s) 
is/are employed in a granular composition or liquid, it is 
desirable for the variant protease to be in the form of an 
encapsulated particle to protect the variant protease from 
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other components of the granular composition during Stor 
age. In addition, encapsulation is also a means of controlling 
the availability of the variant protease during the cleaning 
process. In some embodiments, encapsulation enhances the 
performance of the variant protease(s) and/or additional 
enzymes. In this regard, the variant proteases of the present 
invention are encapsulated with any suitable encapsulating 
material known in the art. In some embodiments, the encap 
Sulating material typically encapsulates at least part of the 
catalyst for the variant protease(s) of the present invention. 
Typically, the encapsulating material is water-soluble and/or 
water-dispersible. In some embodiments, the encapsulating 
material has a glass transition temperature (Tg) of 0° C. or 
higher. Glass transition temperature is described in more 
detail in WO 97/11151. The encapsulating material is typi 
cally selected from consisting of carbohydrates, natural or 
synthetic gums, chitin, chitosan, cellulose and cellulose 
derivatives, silicates, phosphates, borates, polyvinyl alcohol, 
polyethylene glycol, paraffin waxes, and combinations 
thereof. When the encapsulating material is a carbohydrate, it 
is typically selected from monosaccharides, oligosaccha 
rides, polysaccharides, and combinations thereof. In some 
typical embodiments, the encapsulating material is a starch 
(See e.g., EP 0922 499; U.S. Pat. No. 4,977.252: U.S. Pat. 
No. 5,354,559, and U.S. Pat. No. 5,935,826). In some 
embodiments, the encapsulating material is a microsphere 
made from plastic Such as thermoplastics, acrylonitrile, meth 
acrylonitrile, polyacrylonitrile, polymethacrylonitrile and 
mixtures thereof commercially available microspheres that 
find use include, but are not limited to those supplied by 
EXPANCEL(R) (Stockviksverken, Sweden), and PM 6545, 
PM 6550, PM 7220, PM 7228, EXTENDOSPHERES(R), 
LUXSIL(R), Q-CEL(R), and SPHERICEL(R) (PQ Corp., Valley 
Forge, Pa.). 
0.178 As described herein, the variant proteases of the 
present invention find particular use in the cleaning industry, 
including, but not limited to laundry and dish detergents. 
These applications place enzymes under various environmen 
tal stresses. The variant proteases of the present invention 
provide advantages over many currently used enzymes, due 
to their stability under various conditions. 
0179 Indeed, there are a variety of wash conditions 
including varying detergent formulations, wash water Vol 
umes, wash water temperatures, and lengths of wash time, to 
which proteases involved inwashing are exposed. In addition, 
detergent formulations used in different geographical areas 
have different concentrations of their relevant components 
present in the wash water. For example, European detergents 
typically have about 4500-5000 ppm of detergent compo 
nents in the wash water, while Japanese detergents typically 
have approximately 667 ppm of detergent components in the 
wash water. In North America, particularly the United States, 
detergents typically have about 975 ppm of detergent com 
ponents present in the wash water. 
0180 A low detergent concentration system includes 
detergents where less than about 800 ppm of the detergent 
components are present in the wash water. Japanese deter 
gents are typically considered low detergent concentration 
system as they have approximately 667 ppm of detergent 
components present in the wash water. 
0181. A medium detergent concentration includes deter 
gents where between about 800 ppm and about 2000 ppm of 
the detergent components are present in the wash water. North 
American detergents are generally considered to be medium 
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detergent concentration systems as they have approximately 
975 ppm of detergent components present in the wash water. 
Brazil typically has approximately 1500 ppm of detergent 
components present in the wash water. 
0182. A high detergent concentration system includes 
detergents where greater than about 2000 ppm of the deter 
gent components are present in the wash water. European 
detergents are generally considered to be high detergent con 
centration systems as they have approximately 4500-5000 
ppm of detergent components in the wash water. 
0183 Latin American detergents are generally high Suds 
phosphate builder detergents and the range of detergents used 
in Latin America can fall in both the medium and high deter 
gent concentrations as they range from 1500 ppm to 6000 
ppm of detergent components in the wash water. As men 
tioned above, Brazil typically has approximately 1500 ppm of 
detergent components present in the wash water. However, 
other high Suds phosphate builder detergent geographies, not 
limited to other Latin American countries, may have high 
detergent concentration systems up to about 6000 ppm of 
detergent components present in the wash water. 
0184. In light of the foregoing, it is evident that concen 
trations of detergent compositions in typical wash solutions 
throughout the world varies from less than about 800 ppm of 
detergent composition ("low detergent concentration geogra 
phies”), for example about 667 ppm in Japan, to between 
about 800 ppm to about 2000 ppm (“medium detergent con 
centration geographies”), for example about 975 ppm in U.S. 
and about 1500 ppm in Brazil, to greater than about 2000 ppm 
("high detergent concentration geographies'), for example 
about 4500 ppm to about 5000 ppm in Europe and about 6000 
ppm in high Suds phosphate builder geographies. 
0185. The concentrations of the typical wash solutions are 
determined empirically. For example, in the U.S., a typical 
washing machine holds a Volume of about 64.4 L of wash 
Solution. Accordingly, in order to obtain a concentration of 
about 975 ppm of detergent within the wash solution about 
62.79 g of detergent composition must be added to the 64.4L 
of wash Solution. This amount is the typical amount measured 
into the wash water by the consumer using the measuring cup 
provided with the detergent. 
0186. As a further example, different geographies use dif 
ferent wash temperatures. The temperature of the wash water 
in Japan is typically less than that used in Europe. For 
example, the temperature of the wash water in North America 
and Japan is typically between about 10 and about 30° C. 
(e.g., about 20°C.), whereas the temperature of wash water in 
Europe is typically between about 30 and about 60°C. (e.g., 
about 40°C.). However, in the interest of saving energy, many 
consumers are Switching to using cold water washing. In 
addition, in Some further regions, cold water is typically used 
for laundry, as well as dish washing applications. In some 
embodiments, the “cold water washing of the present inven 
tion utilizes washing at temperatures from about 10° C. to 
about 40°C., or from about 20° C. to about 30° C., or from 
about 15°C. to about 25°C., as well as all other combinations 
within the range of about 15° C. to about 35°C., and all ranges 
within 10° C. to 40° C. 
0187. As a further example, different geographies typi 
cally have different water hardness. Water hardness is usually 
described in terms of the grains per gallon mixed Ca"/Mg". 
Hardness is a measure of the amount of calcium (Ca") and 
magnesium (Mg") in the water. Most water in the United 
States is hard, but the degree of hardness varies. Moderately 
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hard (60-120 ppm) to hard (121-181 ppm) water has 60 to 181 
parts per million (parts per million converted to grains per 
U.S. gallon is ppm it divided by 17.1 equals grains per gallon) 
of hardness minerals. 

Water Grains per gallon Parts per million 

Soft less than 1.0 less than 17 
Slightly hard 1.0 to 3.5 17 to 60 
Moderately hard 3.5 to 7.0 60 to 120 
Hard 7.0 to 10.5 120 to 18O 
Very hard greater than 10.5 greater than 180 

0188 European water hardness is typically greater than 
about 10.5 (for example about 10.5 to about 20.0) grains per 
gallon mixed Ca"/Mg" (e.g., about 15 grains per gallon 
mixed Ca"/Mg"). North American water hardness is typi 
cally greater than Japanese water hardness, but less than 
European water hardness. For example, North American 
water hardness can be between about 3 to about 10 grains, 
about 3 to about 8 grains or about 6 grains. Japanese water 
hardness is typically lower than North American water hard 
ness, usually less than about 4, for example about 3 grains per 
gallon mixed Ca"/Mg". 
0189 Accordingly, in some embodiments, the present 
invention provides variant proteases that show Surprising 
wash performance in at least one set of wash conditions (e.g., 
water temperature, water hardness, and/or detergent concen 
tration). In some embodiments, the variant proteases of the 
present invention are comparable in wash performance to 
other Subtilisin proteases. In some embodiments, the variant 
proteases of the present invention exhibit enhanced wash 
performance as compared to Subtilisin proteases currently 
commercially available. Thus, in some preferred embodi 
ments of the present invention, the variant proteases provided 
herein exhibit enhanced oxidative stability, enhanced thermal 
stability, enhanced cleaning capabilities under various condi 
tions, and/or enhanced chelator Stability. In addition, the vari 
ant proteases of the present invention find use in cleaning 
compositions that do not include detergents, again either 
alone or in combination with builders and stabilizers. 

0190. In some embodiments of the present invention, the 
cleaning compositions comprise at least one variant protease 
of the present invention at a level from about 0.00001% to 
about 10% by weight of the composition and the balance 
(e.g., about 99.999% to about 90.0%) comprising cleaning 
adjunct materials by weight of composition. In other aspects 
of the present invention, the cleaning compositions of the 
present invention comprises at least one variant protease at a 
level of about 0.0001% to about 10%, about 0.001% to about 
5%, about 0.001% to about 2%, about 0.005% to about 0.5% 
by weight of the composition and the balance of the cleaning 
composition (e.g., about 99.9999% to about 90.0%, about 
99.999% to about 98%, about 99.995% to about 99.5% by 
weight) comprising cleaning adjunct materials. 
0191 In some embodiments, the cleaning compositions of 
the present invention comprise one or more additional deter 
gent enzymes, which provide cleaning performance and/or 
fabric care and/or dishwashing benefits. Examples of suitable 
enzymes include, but are not limited to, hemicellulases, cel 
lulases, peroxidases, proteases, Xylanases, lipases, phospho 
lipases, esterases, cutinases, pectinases, pectate lyases, man 
nanases, keratinases, reductases, oxidases, phenoloxidases, 
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lipoxygenases, ligninases, pullulanases, tannases, pentosan 
ases, malanases, B-glucanases, arabinosidases, hyalu 
ronidase, chondroitinase, laccase, and amylases, or mixtures 
thereof. In some embodiments, a combination of enzymes is 
used (i.e., a "cocktail') comprising conventional applicable 
enzymes like protease, lipase, cutinase and/or cellulase in 
conjunction with amylase is used. 
0.192 In addition to the protease variants provided herein, 
any other Suitable protease finds use in the compositions of 
the present invention. Suitable proteases include those of 
animal, vegetable or microbial origin. In some particularly 
preferred embodiments, microbial proteases are used. In 
Some embodiments, chemically or genetically modified 
mutants are included. In some embodiments, the protease is a 
serine protease, preferably an alkaline microbial protease or a 
trypsin-like protease. Examples of alkaline proteases include 
Subtilisins, especially those derived from Bacillus (e.g., Sub 
tilisin, lentus, amyloliquefaciens, Subtilisin Carlsberg, Sub 
tilisin 309, subtilisin 147 and subtilisin 168). Additional 
examples include those mutant proteases (i.e., variant pro 
teases) described in U.S. Pat. Nos. RE 34,606, 5,955,340, 
5,700,676, 6,312,936, and 6,482,628, all of which are incor 
porated herein by reference. Additional protease examples 
include, but are not limited to trypsin (e.g., of porcine or 
bovine origin), and the Fusarium protease described in WO 
89/06270. In some embodiments, commercially available 
protease enzymes that find use in the present invention 
include, but are not limited to MAXATASE(R), MAX 
ACALTM, MAXAPEMTM, OPTICLEANR), OPTIMASER, 
PROPERASER, PURAFECTR, PURAFECTR) OXP, 
PURAMAXTM, EXCELLASETM, and PURAFASTTM (Ge 
nencor); ALCALASER, SAVINASER, PRIMASE(R), 
DURAZYMTM, POLARZYMER, OVOZYMER, KAN 
NASE(R), LIQUANASE(R), NEUTRASE(R), RELASER and 
ESPERASE(R) (Novozymes); and BLAPTM (Henkel Kom 
manditgesellschaft auf Aktien, Duesseldorf, Germany. Vari 
ous proteases are described in WO95/23221, WO92/21760, 
U.S. Pat. Publ. No. 2008/0090747, and U.S. Pat. Nos. 5,801, 
039, 5,340,735, 5,500,364, 5,855,625, U.S. RE 34,606, 
5,955,340, 5,700,676, 6,312,936, and 6,482,628, and various 
other patents. In some further embodiments, metallopro 
teases find use in the present invention, including but not 
limited to the neutral metalloprotease described in WO 
07/044,993. 
0193 In addition, any suitable lipase finds use in the 
present invention. Suitable lipases include, but are not limited 
to those of bacterial or fungal origin. Chemically or geneti 
cally modified mutants are encompassed by the present 
invention. Examples of useful lipases include Humicola 
lanuginosa lipase (See e.g., EP 258 068, and EP305 216), 
Rhizomucor miehei lipase (See e.g., EP 238 023), Candida 
lipase, such as C. antarctica lipase (e.g., the C. antarctica 
lipase A or B: See e.g., EP214761), Pseudomonas lipases 
Such as Palcaligenes lipase and P. pseudoalcaligenes lipase 
(See e.g., EP 218 272), P. cepacia lipase (See e.g., EP331 
376), P stutzeri lipase (See e.g., GB 1,372,034), Pfluore 
scens lipase, Bacillus lipase (e.g., B. subtilis lipase Dartois et 
al., Biochem. Biophys. Acta 1131:253-260 (1993); B. 
Stearothermophilus lipase See e.g., JP 64/744992; and B. 
pumilus lipase See e.g., WO 91/16422). 
0194 Furthermore, a number of cloned lipases find use in 
Some embodiments of the present invention, including but not 
limited to Penicillium camembertii lipase (See, Yamaguchi et 
al., Gene 103:61-67 (1991), Geotricum candidum lipase 
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(See, Schimada et al., J. Biochem., 106:383-388 (1989), and 
various Rhizopus lipases such as R. deleimar lipase (See, Hass 
et al., Gene 109:117-113 1991), a R. niveus lipase 
(Kugimiya et al., Biosci. Biotech. Biochem. 56:716–719 
1992) and R. oryzae lipase. 
0.195 Other types of lipolytic enzymes such as cutinases 
also find use in Some embodiments of the present invention, 
including but not limited to the cutinase derived from 
Pseudomonas mendocina (See, WO 88/09367), and the cuti 
nase derived from Fusarium Solani pisi (See, WO 90/09446). 
0196. Additional suitable lipases include commercially 
available lipases such as M1 LIPASETM, LUMA FASTTM, 
and LIPOMAXTM (Genencor); LIPOLASER and LIPO 
LASER) ULTRA (Novozymes); and LIPASE PTM “Amano” 
(Amano Pharmaceutical Co. Ltd., Japan). 
0.197 In some embodiments of the present invention, the 
cleaning compositions of the present invention further com 
prise lipases at a level from about 0.00001% to about 10% of 
additional lipase by weight of the composition and the bal 
ance of cleaning adjunct materials by weight of composition. 
In other aspects of the present invention, the cleaning com 
positions of the present invention also comprise lipases at a 
level of about 0.0001% to about 10%, about 0.001% to about 
5%, about 0.001% to about 2%, about 0.005% to about 0.5% 
lipase by weight of the composition. 
0.198. In some embodiments of the present invention, any 
Suitable amylase finds use in the present invention. In some 
embodiments, any amylase (e.g., alpha and/or beta) Suitable 
for use in alkaline solutions also find use. Suitable amylases 
include, but are not limited to those of bacterial or fungal 
origin. Chemically or genetically modified mutants are 
included in Some embodiments. Amylases that find use in the 
present invention, include, but are not limited to C.-amylases 
obtained from B. lichenifonnis (See e.g., GB 1.296,839). 
Commercially available amylases that find use in the present 
invention include, but are not limited to DURAMYL(R), TER 
MAMYLR, FUNGAMYL(R), STAINZYMER), STAIN 
ZYME PLUS.R., STAINZYMEULTRAR), and BANTM (No 
vozymes), as well as POWERASETM, RAPIDASER and 
MAXAMYL(R) P(Genencor). 
0199. In some embodiments of the present invention, the 
cleaning compositions of the present invention further com 
prise amylases at a level from about 0.00001% to about 10% 
of additional amylase by weight of the composition and the 
balance of cleaning adjunct materials by weight of composi 
tion. In other aspects of the present invention, the cleaning 
compositions of the present invention also comprise amylases 
at a level of about 0.0001% to about 10%, about 0.001% to 
about 5%, about 0.001% to about 2%, about 0.005% to about 
0.5% amylase by weight of the composition. 
0200. In some further embodiments, any suitable cellulase 
finds used in the cleaning compositions of the present inven 
tion. Suitable cellulases include, but are not limited to those of 
bacterial or fungal origin. Chemically or genetically modified 
mutants are included in some embodiments. Suitable cellu 
lases include, but are not limited to Humicola insolens cellu 
lases (See e.g., U.S. Pat. No. 4,435,307). Especially suitable 
cellulases are the cellulases having color care benefits (See 
e.g., EPO 495 257). Commercially available cellulases that 
find use in the present include, but are not limited to CEL 
LUZYMER, CAREZYME(R) (Novozymes), and KAC-500 
(B)TM (Kao Corporation). In some embodiments, cellulases 
are incorporated as portions or fragments of mature wild-type 
or variant cellulases, wherein a portion of the N-terminus is 
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deleted (See e.g., U.S. Pat. No. 5,874,276). In some embodi 
ments, the cleaning compositions of the present invention 
further comprise cellulases at a level from about 0.00001% to 
about 10% of additional cellulase by weight of the composi 
tion and the balance of cleaning adjunct materials by weight 
of composition. In other aspects of the present invention, the 
cleaning compositions of the present invention also comprise 
cellulases at a level of about 0.0001% to about 10%, about 
0.001% to about 5%, about 0.001% to about 2%, about 
0.005% to about 0.5% cellulase by weight of the composition. 
0201 Any mannanase suitable for use in detergent com 
positions also finds use in the present invention. Suitable 
mannanases include, but are not limited to those of bacterial 
or fungal origin. Chemically or genetically modified mutants 
are included in Some embodiments. Various mannanases are 
known which find use in the present invention (See e.g., U.S. 
Pat. No. 6,566,114, U.S. Pat. No. 6,602,842, and U.S. Pat. No. 
6,440,991, all of which are incorporated herein by reference). 
In Some embodiments, the cleaning compositions of the 
present invention further comprise mannanases at a level 
from about 0.00001% to about 10% of additional mannanase 
by weight of the composition and the balance of cleaning 
adjunct materials by weight of composition. In other aspects 
of the present invention, the cleaning compositions of the 
present invention also comprise mannanases at a level of 
about 0.0001% to about 10%, about 0.001% to about 5%, 
about 0.001% to about 2%, about 0.005% to about 0.5% 
mannanase by weight of the composition. 
0202 In some embodiments, peroxidases are used incom 
bination with hydrogen peroxide or a source thereof (e.g., a 
percarbonate, perborate or persulfate) in the compositions of 
the present invention. In some alternative embodiments, oxi 
dases are used in combination with oxygen. Both types of 
enzymes are used for “solution bleaching” (i.e., to prevent 
transfer of a textile dye from a dyed fabric to another fabric 
when the fabrics are washed together in a wash liquor), pref 
erably together with an enhancing agent (See e.g., WO 
94/12621 and WO95/01426). Suitable peroxidases/oxidases 
include, but are not limited to those of plant, bacterial or 
fungal origin. Chemically or genetically modified mutants 
are included in Some embodiments. In some embodiments, 
the cleaning compositions of the present invention further 
comprise peroxidase and/or oxidase enzymes at a level from 
about 0.00001% to about 10% of additional peroxidase and/ 
or oxidase by weight of the composition and the balance of 
cleaning adjunct materials by weight of composition. In other 
aspects of the present invention, the cleaning compositions of 
the present invention also comprise, peroxidase and/or oxi 
dase enzymes at a level of about 0.0001% to about 10%, about 
0.001% to about 5%, about 0.001% to about 2%, about 
0.005% to about 0.5% peroxidase and/or oxidase enzymes by 
weight of the composition. 
0203. In some embodiments, additional enzymes find use, 
including but not limited to perhydrolases (See e.g., WO 
05/056782). In addition, in some particularly preferred 
embodiments, mixtures of the above mentioned enzymes are 
encompassed herein, in particular one or more additional 
protease, amylase, lipase, mannanase, and/or at least one 
cellulase. Indeed, it is contemplated that various mixtures of 
these enzymes will find use in the present invention. It is also 
contemplated that the varying levels of the variant protease(s) 
and one or more additional enzymes may both independently 
range to about 10%, the balance of the cleaning composition 
being cleaning adjunct materials. The specific selection of 
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cleaning adjunct materials are readily made by considering 
the surface, item, or fabric to be cleaned, and the desired form 
of the composition for the cleaning conditions during use 
(e.g., through the wash detergent use). 
0204 Examples of suitable cleaning adjunct materials 
include, but are not limited to, surfactants, builders, bleaches, 
bleach activators, bleach catalysts, other enzymes, enzyme 
stabilizing systems, chelants, optical brighteners, Soil release 
polymers, dye transfer agents, dye transfer inhibiting agents, 
catalytic materials, hydrogen peroxide, sources of hydrogen 
peroxide, preformed peracis, polymeric dispersing agents, 
clay soil removal agents, structure elasticizing agents, dis 
persants, Suds Suppressors, dyes, perfumes, colorants, filler 
salts, hydrotropes, photoactivators, fluorescers, fabric condi 
tioners, fabric Softeners, carriers, hydrotropes, processing 
aids, Solvents, pigments, hydrolyzable Surfactants, preserva 
tives, anti-oxidants, anti-shrinkage agents, anti-wrinkle 
agents, germicides, fungicides, color speckles, silvercare, 
anti-tarnish and/or anti-corrosion agents, alkalinity sources, 
Solubilizing agents, carriers, processing aids, pigments, and 
pH control agents (See e.g., U.S. Pat. Nos. 6,610,642, 6,605, 
458, 5,705,464, 5,710,115, 5,698,504, 5,695,679, 5,686,014 
and 5,646,101, all of which are incorporated herein by refer 
ence). Embodiments of specific cleaning composition mate 
rials are exemplified in detail below. In embodiments in 
which the cleaning adjunct materials are not compatible with 
the variant proteases of the present invention in the cleaning 
compositions, then Suitable methods of keeping the cleaning 
adjunct materials and the protease(s) separated (i.e., not in 
contact with each other) until combination of the two com 
ponents is appropriate are used. Such separation methods 
include any suitable method known in the art (e.g., gelcaps, 
encapsulation, tablets, physical separation, etc.). 
0205. In some preferred embodiments, an effective 
amount of one or more variant protease(s) provided herein are 
included in compositions useful for cleaning a variety of 
Surfaces in need of proteinaceous stain removal. Such clean 
ing compositions include cleaning compositions for Such 
applications as cleaning hard Surfaces, fabrics, and dishes. 
Indeed, in Some embodiments, the present invention provides 
fabric cleaning compositions, while in other embodiments, 
the present invention provides non-fabric cleaning composi 
tions. Notably, the present invention also provides cleaning 
compositions Suitable for personal care, including oral care 
(including dentrifices, toothpastes, mouthwashes, etc., as 
well as denture cleaning compositions), skin, and hair clean 
ing compositions. It is intended that the present invention 
encompass detergent compositions in any form (i.e., liquid, 
granular, bar, semi-solid, gels, emulsions, tablets, capsules, 
etc.). 
0206 By way of example, several cleaning compositions 
wherein the variant proteases of the present invention find use 
are described in greater detail below. In some embodiments in 
which the cleaning compositions of the present invention are 
formulated as compositions suitable for use in laundry 
machine washing method(s), the compositions of the present 
invention preferably contain at least one Surfactant and at 
least one builder compound, as well as one or more cleaning 
adjunct materials preferably selected from organic polymeric 
compounds, bleaching agents, additional enzymes, Suds Sup 
pressors, dispersants, lime-soap dispersants, soil suspension 
and anti-redeposition agents and corrosion inhibitors. In 
Some embodiments, laundry compositions also contain soft 
ening agents (i.e., as additional cleaning adjunct materials). 
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The compositions of the present invention also find use deter 
gent additive products in solid or liquid form. Such additive 
products are intended to Supplement and/or boost the perfor 
mance of conventional detergent compositions and can be 
added at any stage of the cleaning process. In some embodi 
ments, the density of the laundry detergent compositions 
herein ranges from about 400 to about 1200 g/liter, while in 
other embodiments, it ranges from about 500 to about 950 
g/liter of composition measured at 20°C. 
0207. In embodiments formulated as compositions for use 
in manual dishwashing methods, the compositions of the 
invention preferably contain at least one Surfactant and pref 
erably at least one additional cleaning adjunct material 
selected from organic polymeric compounds, Suds enhancing 
agents, group II metal ions, solvents, hydrotropes and addi 
tional enzymes. 
0208. In some embodiments, various cleaning composi 
tions such as those provided in U.S. Pat. No. 6,605,458, find 
use with the variant proteases of the present invention. Thus, 
in some embodiments, the compositions comprising at least 
one variant protease of the present invention is a compact 
granular fabric cleaning composition, while in other embodi 
ments, the composition is a granular fabric cleaning compo 
sition useful in the laundering of colored fabrics, in further 
embodiments, the composition is a granular fabric cleaning 
composition which provides softening through the wash 
capacity, in additional embodiments, the composition is a 
heavy duty liquid fabric cleaning composition. In some 
embodiments, the compositions comprising at least one vari 
ant protease of the present invention are fabric cleaning com 
positions such as those described in U.S. Pat. Nos. 6,610,642 
and 6,376,450. In addition, the variant proteases of the 
present invention find use in granular laundry detergent com 
positions of particular utility under European or Japanese 
washing conditions (See e.g., U.S. Pat. No. 6,610,642). 
0209. In some alternative embodiments, the present inven 
tion provides hard Surface cleaning compositions comprising 
at least one variant protease provided herein. Thus, in some 
embodiments, the compositions comprising at least one vari 
ant protease of the present invention is a hard Surface cleaning 
composition such as those described in U.S. Pat. Nos. 6,610, 
642, 6,376,450, and 6,376,450. 
0210. In yet further embodiments, the present invention 
provides dishwashing compositions comprising at least one 
variant protease provided herein. Thus, in Some embodi 
ments, the compositions comprising at least one variant pro 
tease of the present invention is a hard Surface cleaning com 
position such as those in U.S. Pat. Nos. 6,610,642 and 6,376, 
450. In some still further embodiments, the present invention 
provides dishwashing compositions comprising at least one 
variant protease provided herein. In some further embodi 
ments, the compositions comprising at least one variant pro 
tease of the present invention comprise oral care composi 
tions such as those in U.S. Pat. Nos. 6,376,450, and 6,376, 
450. The formulations and descriptions of the compounds and 
cleaning adjunct materials contained in the aforementioned 
U.S. Pat. Nos. 6,376,450, 6,605,458, 6,605,458, and 6,610, 
642, find use with the variant proteases provided herein. 
0211. The cleaning compositions of the present invention 
are formulated into any suitable form and prepared by any 
process chosen by the formulator, non-limiting examples of 
which are described in U.S. Pat. Nos. 5,879,584, 5,691,297, 
5,574,005, 5,569,645, 5,565,422, 5,516,448, 5,489,392, and 
5,486.303, all of which are incorporated herein by reference. 
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When a low pH cleaning composition is desired, the pH of 
Such composition is adjusted via the addition of a material 
Such as monoethanolamine oran acidic material Such as HC1. 

0212. While not essential for the purposes of the present 
invention, the non-limiting list of adjuncts illustrated herein 
after are Suitable for use in the instant cleaning compositions. 
In some embodiments, these adjuncts are incorporated for 
example, to assist or enhance cleaning performance, for treat 
ment of the substrate to be cleaned, or to modify the aesthetics 
of the cleaning composition as is the case with perfumes, 
colorants, dyes or the like. It is understood that such adjuncts 
are in addition to the variant proteases of the present inven 
tion. The precise nature of these additional components, and 
levels of incorporation thereof, will depend on the physical 
form of the composition and the nature of the cleaning opera 
tion for which it is to be used. Suitable adjunct materials 
include, but are not limited to, Surfactants, builders, chelating 
agents, dye transfer inhibiting agents, deposition aids, dis 
persants, additional enzymes, and enzyme stabilizers, cata 
lytic materials, bleach activators, bleach boosters, hydrogen 
peroxide, sources of hydrogen peroxide, preformed peracids, 
polymeric dispersing agents, clay soil removal/anti-redepo 
sition agents, brighteners, Suds suppressors, dyes, perfumes, 
structure elasticizing agents, fabric softeners, carriers, hydro 
tropes, processing aids and/or pigments. In addition to the 
disclosure below, Suitable examples of Such other adjuncts 
and levels of use are found in U.S. Pat. Nos. 5,576,282, 
6.306,812, and 6,326,348, incorporated by reference. The 
aforementioned adjunct ingredients may constitute the bal 
ance of the cleaning compositions of the present invention. 
0213. In some embodiments, the cleaning compositions 
according to the present invention comprise at least one Sur 
factant and/or a surfactant system wherein the Surfactant is 
selected from nonionic Surfactants, anionic Surfactants, cat 
ionic Surfactants, ampholytic Surfactants, Zwitterionic Surfac 
tants, semi-polar nonionic Surfactants and mixtures thereof. 
In some low pH cleaning composition embodiments (e.g., 
compositions having a neat pH of from about 3 to about 5), the 
composition typically does not contain alkyl ethoxylated Sul 
fate, as it is believed that such surfactant may be hydrolyzed 
by Such compositions the acidic contents. In some embodi 
ments, the surfactant is present at a level of from about 0.1% 
to about 60%, while in alternative embodiments the level is 
from about 1% to about 50%, while in still further embodi 
ments the level is from about 5% to about 40%, by weight of 
the cleaning composition. 
0214. In some embodiments, the cleaning compositions of 
the present invention comprise one or more detergent builders 
or builder systems. In some embodiments incorporating at 
least one builder, the cleaning compositions comprise at least 
about 1%, from about 3% to about 60% or even from about 
5% to about 40% builder by weight of the cleaning compo 
sition. Builders include, but are not limited to, the alkali 
metal, ammonium and alkanolammonium salts of polyphos 
phates, alkali metal silicates, alkaline earth and alkali metal 
carbonates, aluminosilicates, polycarboxylate compounds, 
ether hydroxypolycarboxylates, copolymers of maleic anhy 
dride with ethylene or vinyl methyl ether, 1,3,5-trihydroxy 
benzene-2,4,6-trisulphonic acid, and carboxymethyloxysuc 
cinic acid, the various alkali metal, ammonium and Substi 
tuted ammonium salts of polyacetic acids Such as ethylene 
diamine tetraacetic acid and nitrilotriacetic acid, as well as 
polycarboxylates Such as mellitic acid. Succinic acid, citric 
acid, oxydisuccinic acid, polymaleic acid, benzene 1.3.5- 
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tricarboxylic acid, carboxymethyloxysuccinic acid, and 
soluble salts thereof. Indeed, it is contemplated that any suit 
able builder will find use in various embodiments of the 
present invention. 
0215. In some embodiments, the builders form water 
soluble hardness ion complexes (e.g., sequestering builders), 
Such as citrates and polyphosphates (e.g., Sodium tripoly 
phosphate and sodium tripolyphospate hexahydrate, potas 
sium tripolyphosphate, and mixed sodium and potassium tri 
polyphosphate, etc.). It is contemplated that any Suitable 
builder will find use in the present invention, including those 
known in the art (See e.g., EP2 100 949). 
0216. In some embodiments, the cleaning compositions of 
the present invention contain at least one chelating agent. 
Suitable chelating agents include, but are not limited to cop 
per, iron and/or manganese chelating agents and mixtures 
thereof. In embodiments in which at least one chelating agent 
is used, the cleaning compositions of the present invention 
comprise from about 0.1% to about 15% or even from about 
3.0% to about 10% chelating agent by weight of the subject 
cleaning composition. 
0217. In some still further embodiments, the cleaning 
compositions provided herein contain at least one deposition 
aid. Suitable deposition aids include, but are not limited to, 
polyethylene glycol, polypropylene glycol, polycarboxylate, 
soil release polymers such as polytelephthalic acid, clays 
Such as kaolinite, montmorillonite, atapulgite, illite, bento 
nite, halloysite, and mixtures thereof. 
0218. As indicated herein, in some embodiments, anti 
redeposition agents find use in Some embodiments of the 
present invention. In some preferred embodiments, non-ionic 
Surfactants find use. For example, in automatic dishwashing 
embodiments, non-ionic Surfactants find use for Surface 
modification purposes, in particular for sheeting, to avoid 
filming and spotting and to improve shine. These non-ionic 
Surfactants also find use in preventing the re-deposition of 
soils. In some preferred embodiments, the anti-redeposition 
agent is a non-ionic Surfactant as known in the art (See e.g., 
EP 2 100 949). 
0219. In some embodiments, the cleaning compositions of 
the present invention include one or more dye transfer inhib 
iting agents. Suitable polymeric dye transfer inhibiting agents 
include, but are not limited to, polyvinylpyrrolidone poly 
mers, polyamine N-oxide polymers, copolymers of N-vi 
nylpyrrolidone and N-vinylimidazole, polyvinyloxazoli 
dones and polyvinylimidazoles or mixtures thereof. In 
embodiments in which at least one dye transfer inhibiting 
agent is used, the cleaning compositions of the present inven 
tion comprise from about 0.0001% to about 10%, from about 
0.01% to about 5%, or even from about 0.1% to about 3% by 
weight of the cleaning composition. 
0220. In some embodiments, silicates are included within 
the compositions of the present invention. In some Such 
embodiments, sodium silicates (e.g., sodium disilicate, 
Sodium metasilicate, and crystalline phyllosilicates) find use. 
In some embodiments, silicates are present at a level of from 
about 1% to about 20%. In some preferred embodiments, 
silicates are presentata level of from about 5% to about 15% 
by weight of the composition. 
0221. In some still additional embodiments, the cleaning 
compositions of the present invention also contain dispers 
ants. Suitable water-soluble organic materials include, but are 
not limited to the homo- or co-polymeric acids or their salts, 
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in which the polycarboxylic acid comprises at least two car 
boxyl radicals separated from each other by not more than 
two carbon atoms. 
0222. In some further embodiments, the enzymes used in 
the cleaning compositions are stabilized any Suitable tech 
nique. In some embodiments, the enzymes employed herein 
are stabilized by the presence of water-soluble sources of 
calcium and/or magnesium ions in the finished compositions 
that provide such ions to the enzymes. In some embodiments, 
the enzyme stabilizers include oligosaccharides, polysaccha 
rides, and inorganic divalent metal salts, including alkaline 
earth metals, such as calcium salts. It is contemplated that 
various techniques for enzyme stabilization will find use in 
the present invention. For example, in some embodiments, 
the enzymes employed herein are stabilized by the presence 
of water-soluble sources of zinc (II), calcium (II) and/or mag 
nesium (II) ions in the finished compositions that provide 
Such ions to the enzymes, as well as other metal ions (e.g., 
barium (II), Scandium (II), iron (II), manganese (II), alumi 
num (III), Tin (II), cobalt (II), copper (II), nickel (II), and 
oxovanadium (IV). Chlorides and sulfates also find use in 
Some embodiments of the present invention. Examples of 
Suitable oligosaccharides and polysaccharides (e.g., dextrins) 
are known in the art (See e.g., WO 07/145,964). In some 
embodiments, reversible protease inhibitors also find use, 
Such as boron-containing compounds (e.g., borate, 4-formyl 
phenylboronic acid) and/or a tripeptide aldehyde find use to 
further improve stability, as desired. 
0223. In some embodiments, bleaches, bleach activators 
and/or bleach catalysts are present in the compositions of the 
present invention. In some embodiments, the cleaning com 
positions of the present invention comprise inorganic and/or 
organic bleaching compound(s). Inorganic bleaches include, 
but are not limited to perhydrate salts (e.g., perborate, percar 
bonate, perphosphate, persulfate, and persilicate salts). In 
Some embodiments, inorganic perhydrate salts are alkali 
metal salts. In some embodiments, inorganic perhydrate salts 
are included as the crystalline solid, without additional pro 
tection, although in Some other embodiments, the salt is 
coated. Any suitable salt known in the art finds use in the 
present invention (See e.g., EP 2 100 949). 
0224. In some embodiments, bleach activators are used in 
the compositions of the present invention. Bleach activators 
are typically organic peracid precursors that enhance the 
bleaching action in the course of cleaning attemperatures of 
60° C. and below. Bleach activators suitable for use herein 
include compounds which, under perhydrolysis conditions, 
give aliphaic peroXoycarboxylic acids having preferably 
from about 1 to about 10 carbon atoms, in particular from 
about 2 to about 4 carbonatoms, and/or optionally Substituted 
perbenzoic acid. Additional bleach activators are known in 
the art and find use in the present invention (See e.g., EP2 100 
949). 
0225. In addition, in some embodiments and as further 
described herein, the cleaning compositions of the present 
invention further comprise at least one bleach catalyst. In 
Some embodiments, the manganese triazacyclononane and 
related complexes find use, as well as cobalt, copper, manga 
nese, and iron complexes. Additional bleach catalysts find use 
in the present invention (See e.g., U.S. Pat. Nos. 4,246,612, 
5,227,084, 4,810410, WO 99/06521, and EP 2 100 949). 
0226. In some embodiments, the cleaning compositions of 
the present invention contain one or more catalytic metal 
complexes. In some embodiments, a metal-containing bleach 



US 2010/0192985 A1 

catalyst finds use. In some preferred embodiments, the metal 
bleach catalyst comprises a catalyst system comprising a 
transition metal cation of defined bleach catalytic activity, 
(e.g., copper, iron, titanium, ruthenium, tungsten, molybde 
num, or manganese cations), an auxiliary metal cation having 
little or no bleach catalytic activity (e.g., Zinc or aluminum 
cations), and a sequestrate having defined Stability constants 
for the catalytic and auxiliary metal cations, particularly eth 
ylenediaminetetraacetic acid, ethylenediaminetetra (methyl 
enephosphonic acid) and water-soluble salts thereofare used 
(See e.g., U.S. Pat. No. 4,430.243). In some embodiments, the 
cleaning compositions of the present invention are catalyzed 
by means of a manganese compound. Such compounds and 
levels of use are well known in the art (See e.g., U.S. Pat. No. 
5,576,282). In additional embodiments, cobalt bleach cata 
lysts find use in the cleaning compositions of the present 
invention. Various cobalt bleach catalysts are known in the art 
(See e.g., U.S. Pat. Nos. 5,597,936 and 5,595,967) and are 
readily prepared by known procedures. 
0227. In some additional embodiments, the cleaning com 
positions of the present invention include a transition metal 
complex of a macropolycyclic rigid ligand (MRL). As a prac 
tical matter, and not by way of limitation, in Some embodi 
ments, the compositions and cleaning processes provided by 
the present invention are adjusted to provide on the order of at 
least one part per hundred million of the active MRL species 
in the aqueous washing medium, and in some preferred 
embodiments, provide from about 0.005 ppm to about 25 
ppm, more preferably from about 0.05 ppm to about 10 ppm, 
and most preferably from about 0.1 ppm to about 5 ppm, of 
the MRL in the wash liquor. 
0228. In some embodiments, preferred transition-metals 
in the instant transition-metal bleach catalyst include, but are 
not limited to manganese, iron and chromium. Preferred 
MRLs also include, but are not limited to special ultra-rigid 
ligands that are cross-bridged (e.g., 5,12-diethyl-1,5,8,12 
tetraazabicyclo[6.6.2) hexadecane). Suitable transition metal 
MRLs are readily prepared by known procedures (See e.g., 
WO 2000/32601, and U.S. Pat. No. 6,225,464). 
0229. In some embodiments, the cleaning compositions of 
the present invention comprise metal care agents. Metal care 
agents find use in preventing and/or reducing the tarnishing, 
corrosion, and/or oxidation of metals, including aluminum, 
stainless steel, and non-ferrous metals (e.g., silver and cop 
per). Suitable metal care agents include those described in EP 
2 100 949, WO 9426860 and WO 94/26859). In some 
embodiments, the metal care agent is a Zinc salt. In some 
further embodiments, the cleaning compositions of the 
present invention comprise from about 0.1% to about 5% by 
weight of one or more metal care agent. 
0230. As indicated above, the cleaning compositions of 
the present invention are formulated into any suitable form 
and prepared by any process chosen by the formulator, non 
limiting examples of which are described in U.S. Pat. Nos. 
5,879,584, 5,691,297, 5,574,005, 5,569,645, 5,516,448, 
5,489,392, and 5,486.303, all of which are incorporated 
herein by reference. In some embodiments in which a low pH 
cleaning composition is desired, the pH of such composition 
is adjusted via the addition of an acidic material such as HC1. 
0231. The cleaning compositions disclosed herein of find 
use in cleaning a situs (e.g., a Surface, dishware, or fabric). 
Typically, at least a portion of the situs is contacted with an 
embodiment of the present cleaning composition, in neat 
form or diluted in a wash liquor, and then the situs is option 

Aug. 5, 2010 

ally washed and/or rinsed. For purposes of the present inven 
tion, “washing includes but is not limited to, scrubbing, and 
mechanical agitation. In some embodiments, the cleaning 
compositions are typically employed at concentrations of 
from about 500 ppm to about 15,000 ppm in solution. When 
the wash solvent is water, the water temperature typically 
ranges from about 5° C. to about 90° C. and, when the situs 
comprises a fabric, the water to fabric mass ratio is typically 
from about 1:1 to about 30:1. 

EXPERIMENTAL 

0232. The present invention is described in further detail 
in the following examples which are not in any way intended 
to limit the scope of the invention as claimed. 
0233. In the experimental disclosure which follows, the 
following abbreviations apply: PI (proteinase inhibitor), ppm 
(parts per million); M (molar): mM (millimolar); uM (micro 
molar); nM (nanomolar); mol (moles); mmol (millimoles); 
umol (micromoles); nmol (nanomoles); gm (grams); mg 
(milligrams); Lug (micrograms); pg (picograms); L (liters); ml 
and mL (milliliters); ul and LL (microliters); cm (centime 
ters); mm (millimeters); um (micrometers); nm (nanom 
eters); U (units); V (volts); MW (molecular weight); sec 
(seconds); min(s) (minute/minutes); h(s) and hr(s) (hour? 
hours); C. (degrees Centigrade); QS (quantity sufficient); 
ND (not done); rpm (revolutions per minute); HO (water); 
dHO (deionized water); (HCl (hydrochloric acid); aa (amino 
acid); by (base pair); kb (kilobase pair); kD (kilodaltons); 
cDNA (copy or complementary DNA); DNA (deoxyribo 
nucleic acid); ssDNA (single stranded DNA); dsDNA 
(double stranded DNA); dNTP (deoxyribonucleotide triph 
osphate); RNA (ribonucleic acid), MgCl2 (magnesium chlo 
ride); NaCl (sodium chloride); w/v (weight to volume); V/v 
(volume to Volume); g (gravity); OD (optical density); ppm 
(parts per million); Dulbecco's phosphate buffered solution 
(DPBS); SOC (2% Bacto-Tryptone, 0.5% Bacto Yeast 
Extract, 10 mM. NaCl, 2.5 mM KCl); Terrific Broth (TB; 12 
g/l Bacto-Tryptone, 24 g/l glycerol. 2.31 g/l KHPO, and 
12.54 g/l KHPO); ODs (optical density at 280 nm); ODoo 
(optical density at 600 nm), Aaos (absorbance at 405 nm); 
Vmax (the maximum initial velocity of an enzyme catalyzed 
reaction); PAGE (polyacrylamide gel electrophoresis); PBS 
(phosphate buffered saline 150 mM NaCl, 10 mM sodium 
phosphate buffer, pH 7.2); PBST (PBS+0.25% TWEENR)- 
20); PEG (polyethylene glycol); PCR (polymerase chain 
reaction); RT-PCR (reverse transcription PCR); SDS (sodium 
dodecyl sulfate); Tris (tris(hydroxymethyl)aminomethane); 
HEPES (N-2-Hydroxyethylpiperazine-N-2-ethane 
sulfonic acid); HBS (HEPES buffered saline); Tris-HCl (tris 
Hydroxymethylaminomethane-hydrochloride); Tricine (N- 
tris-(hydroxymethyl)-methyl-glycine); CHES (2-(N-cyclo 
hexylamino) ethane-sulfonic acid); TAPS (3-tris 
(hydroxymethyl)-methyl-amino-propanesulfonic acid); 
CAPS (3-(cyclo-hexylamino)-propane-sulfonic acid; DMSO 
(dimethyl sulfoxide); DTT (1,4-dithio-DL-threitol); SA (si 
napinic acid (s.5-dimethoxy-4-hydroxy cinnamic acid); TCA 
(trichloroacetic acid); Glut and GSH (reduced glutathione); 
GSSG (oxidized glutathione); TCEP (Tris(2-carboxyethyl 
phosphine): Ci (Curies); mCi (milliCuries); Ci (microCu 
ries); HPLC (high pressure liquid chromatography): 
RP-HPLC (reverse phase high pressure liquid chromatogra 
phy): TLC (thin layer chromatography): MALDI-TOF (ma 
trix-assisted laser desorption/ionization—time of flight): TS 
(tosyl); Bn (benzyl); Ph (phenyl); Ms (mesyl): Et (ethyl), Me 
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(methyl); Taq (Thermus aquaticus DNA polymerase); Kle 
now (DNA polymerase I large (Klenow) fragment); EGTA 
(ethylene glycol-bis(B-aminoethyl ether) N.N.N',N'-tetraace 
tic acid); EDTA (ethylenediaminetetracetic acid); bla (B-lac 
tamase or amplicillin-resistance gene); HDL (high density 
liquid); MJ Research (MJ Research, Reno, Nev.); Baseclear 
(Baseclear BV, Inc., Leiden, the Netherlands); PerSeptive 
(PerSeptive Biosystems, Framingham, Mass.); Ther 
moFinnigan (ThermoFinnigan, San Jose, Calif); Argo (Argo 
BioAnalytica, Morris Plains, N.J.); Seitz EKS (SeitzSchenk 
Filtersystems GmbH, Bad Kreuznach, Germany); Pall (Pall 
Corp., East Hills, N.Y. and Bad Kreuznach, Germany); Spec 
trum (Spectrum Laboratories, Dominguez Rancho, Calif); 
Molecular Structure (Molecular Structure Corp., Woodlands, 
Tex.): Accelrys (Accelrys, Inc., San Diego, Calif); Chemical 
Computing (Chemical Computing Corp., Montreal, Canada); 
New Brunswick (New Brunswick Scientific, Co., Edison, 
N.J.); CFT (Center for Test Materials, Vlaardingen, the Neth 
erlands); Procter & Gamble (Procter & Gamble, Inc., Cincin 
nati, Ohio); GE Healthcare (GE Healthcare, Chalfont St. 
Giles, United Kingdom); DNA2.0 (DNA2.0, Menlo Park, 
Calif.); OXOID (Oxoid, Basingstoke, Hampshire, UK); 
MegaZyme (MegaZyme International Ireland Ltd., Bray 
Business Park, Bray, Co., Wicklow, Ireland); Finnzymes 
(Finnzymes Oy, Espoo, Finland); Kelco (CP Kelco, Wilm 
ington, Del.); Corning (Corning Life Sciences, Corning, 
N.Y.): (NEN (NEN Life Science Products, Boston, Mass.): 
Pharma AS (Pharma AS, Oslo, Norway); Dynal (Dynal, Oslo, 
Norway); Bio-Synthesis (Bio-Synthesis, Lewisville, Tex.): 
ATCC (American Type Culture Collection, Rockville, Md.); 
Gibco/BRL (Gibco/BRL, Grand Island, N.Y.); Sigma (Sigma 
Chemical Co., St. Louis, Mo.); Pharmacia (Pharmacia Bio 
tech, Piscataway, N.J.): NCBI (National Center for Biotech 
nology Information); Applied Biosystems (Applied Biosys 
tems, Foster City, Calif.); BD Biosciences and/or Clontech 
(BD Biosciences CLONTECH Laboratories, Palo Alto, 
Calif.); Operon Technologies (Operon Technologies, Inc., 
Alameda, Calif.); MWG Biotech (MWG Biotech, High 
Point, N.C.); Oligos Etc (Oligos Etc. Inc, Wilsonville, Oreg.); 
Bachem (Bachem Bioscience, Inc., King of Prussia, Pa.); 
Difco (Difco Laboratories, Detroit, Mich.); Mediatech (Me 
diatech, Herndon, Va.; Santa Cruz (Santa Cruz, Biotechnol 
ogy, Inc., Santa Cruz, Calif); Oxoid (OXoid Inc., Ogdens 

Abbreviation 

LAS 
NaC16-17HSAS 
TAS 
CxyAS 
CxyEz 

Nonionic 

QAS 
Silicate 
Metasilicate 
Zeolite A 
SKS-6 
Sulfate 
STPP 
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burg, N.Y.); Worthington (Worthington Biochemical Corp., 
Freehold, N.J.); GIBCO BRL or Gibco BRL (Life Technolo 
gies, Inc., Gaithersburg, Md.); Millipore (Millipore, Bil 
lerica, Mass.); Bio-Rad (Bio-Rad, Hercules, Calif.); Invitro 
gen (Invitrogen Corp., San Diego, Calif.).; NEB (New 
England Biolabs, Beverly, Mass.); Sigma (Sigma Chemical 
Co., St. Louis, Mo.); Pierce (Pierce Biotechnology, Rock 
ford, Ill.); Takara (Takara Bio Inc. Otsu, Japan); Roche (Hoff 
mann-La Roche, Basel, Switzerland); EM Science (EM Sci 
ence, Gibbstown, N.J.); Qiagen (Qiagen, Inc., Valencia, 
Calif.); Biodesign (Biodesign Intl. Saco, Me.): Aptagen 
(Aptagen, Inc., Herndon, Va.); Sorvall (Sorval brand, from 
Kendro Laboratory Products, Asheville, N.C.); Molecular 
Devices (Molecular Devices, Corp., Sunnyvale, Calif.); R&D 
Systems (R&D Systems, Minneapolis, Minn.); Stratagene 
(Stratagene Cloning Systems, LaJolla, Calif.); Marsh (Marsh 
Biosciences, Rochester, N.Y.); Geneart (Geneart GmbH, 
Regensburg, Germany); Bio-Tek (Bio-Tek Instruments, 
Winooski, Vt.): (Biacore (Biacore, Inc., Piscataway, N.J.); 
PeproTech (PeproTech, Rocky Hill, N.J.); SynPep (SynPep, 
Dublin, Calif.); New Objective (New Objective brand; Sci 
entific Instrument Services, Inc., Ringoes, N.J.); Waters (Wa 
ters, Inc., Milford, Mass.); Matrix Science (Matrix Science, 
Boston, Mass.); Dionex (Dionex, Corp., Sunnyvale, Calif.); 
Monsanto (Monsanto Co., St. Louis, Mo.); Wintershall (Win 
tershall AG, Kassel, Germany); BASF (BASF Co., Florham 
Park, N.J.); Huntsman (Huntsman Petrochemical Corp., Salt 
Lake City, Utah); Enichem (Enichem Iberica, Barcelona, 
Spain); Fluka Chemie AG (Fluka Chemie AG, Buchs, Swit 
zerland); Gist-Brocades (Gist-Brocades, Nev., Delft, the 
Netherlands); Dow Corning (Dow Corning Corp., Midland, 
Mich.); and Microsoft (Microsoft, Inc., Redmond, Wash.). 
0234. As used herein, in some lists, a leading “0” is indi 
cated, in order to provide a three number designation for each 
site (e.g., “001 is the same as “1,” so A001C is the same as 
“A1C). In some lists, the leading “0” is not included. In 
addition, as used herein, “X” refers to any amino acid. 
0235. In the exemplified detergent compositions provided 
herein, the enzymes levels are expressed by pure enzyme by 
weight of the total composition and unless otherwise speci 
fied, the detergent ingredients are expressed by weight of the 
total compositions. The abbreviated component identifica 
tions therein have the following meanings: 

Ingredient 

Sodium linear C11 alkylbenzene Sulfonate. 
Sodium C-17 highly soluble alkylsulfate 
Sodium tallow alkylsulphate. 
Sodium C1-C1, alkylsulfate. 
C-C predominantly linear primary alcohol condensed with an 
average of Z. moles of ethylene oxide. 
C1-C1, sodium alkylsulfate condensed with an average of Z 
moles of ethylene oxide. Added molecule name in the examples. 
Mixed ethoxylated propoxylated fatty alcohol e.g. PlurafacLF404 
being an alcohol with an average degree of ethoxylation of 3.8 and 
an average degree of propoxylation of 4.5. 
R2N + (CH3)2(C2H4OH) with R2 = C12-C. 
Amorphous Sodium Silicate (SiO2:NaO ratio = 1.6–3.2:1). 
Sodium metasilicate (SiO:NaO ratio = 1.0). 
Hydrated aluminosilicate of formula Na2(AlO2SiO2)227H2O 
Crystalline layered silicate of formula 8-Na-Si-Os. 
Anhydrous sodium Sulphate. 
Sodium Tripolyphosphate. 
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Abbreviation 

MAA A 

AA 
Polycarboxylate 

BB1 
BB2 

PB4 
Percarbonate 
TAED 
NOBS 
DTPA 
HEDP 
DETPMP 

EDDS 

Diamine 

DETBCHD 

PAAC 
Paraffin 
Paraffin Sulfonate 

Aldose oxidase 

Galactose oxidase 
nprE 

PMN 
Amylase 

Lipase 

Cellulase 

Pectin Lyase 

PVP 
PVNO 

PVPVI 

Brightener 1 
Silicone antifoam 

Suds Suppressor 

SRP1 
PEG X 
PVP K60 (R) 
Jeffamine (RED-2001 
Isachem (RAS 
MME PEG (2000) 

DC3225C 

TEPAE 
BTA 
Betaine 
Sugar 
CFAA 
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-continued 

Ingredient 

Random copolymer of 4:1 acrylate/maleate, average molecular 
weight about 70,000-80,000. 
Sodium polyacrylate polymer of average molecular weight 4,500. 
Copolymer comprising mixture of carboxylated monomers such as 
acrylate, maleate and methyacrylate with a MW ranging between 
2,000-80,000 such as Sokolan commercially available from BASF, 
being a copolymer of acrylic acid, MW4,500. 
3-(3,4-Dihydroisoquinolinium)propane Sulfonate 
1-(3,4-dihydroisoquinolinium)-decane-2-sulfate 
Sodium perborate monohydrate. 
Sodium perborate tetrahydrate of nominal formula NaBO.4H2O. 
Sodium percarbonate of nominal formula 2Na2CO3H2O2. 
Tetraacetyl ethylene diamine. 
Nonanoyloxybenzene sulfonate in the form of the sodium salt. 
Diethylene triamine pentaacetic acid. 
1,1-hydroxyethane diphosphonic acid. 
Diethyltriamine penta (methylene) phosphonate, marketed by 
Monsanto under the Trade name Dequest 2060. 
Ethylenediamine-N,N'-disuccinic acid, (S,S) isomer in the form of 
its sodium salt 
Dimethylaminopropylamine; 16-hezane diamine; 1,3-propane 
diamine: 2-methyl-1,5-pentane diamine; 1,3-pentanediamine: 1 
methyl-diaminopropane. 
5,12-diethyl-1,5,8,12-tetraazabicyclo 6.6.2) hexadecane, 
dichloride, Mn(II) SALT 
Pentaamine acetate cobalt(III) salt. 
Paraffin oil sold under the tradename Winog 70 by Wintershall. 
A Paraffin oil or wax in which some of the hydrogen atoms have 
been replaced by Sulfonate groups. 
Oxidase enzyme sold under the tradename Aldose Oxidase by 
Novozymes A/S 
Galactose oxidase from Sigma 
The recombinant form of neutral metalloprotease expressed in 
Bacilius subtilis (See e.g., WO 07/044993) 
Purified neutral metalloprotease from Bacillus amyloiquefacients. 
A suitable amylolytic enzyme, such as those sold under the 
tradenames PURAFECT (R) Ox described in WO94/18314, 
WO96/05295 sold by Genencor: NATALASE (R), TERMAMYL (R), 
FUNGAMYI (R) and DURAMYLTM, all available from Novozymes 
AS. 
A suitable lipolytic enzyme such as those sold under the tradenames 
LIPOLASE (R), LIPOLASE (R) Ultra by Novozymes A/S and 
LipomaxTM by Gist-Brocades. 
A suitable cellulytic enzyme Such as those sold under the tradenames 
CAREZYME(R), CELLUZYME(R), and/or ENDOLASE (R) by 
Novozymes A/S. 
A suitable pectin lyase, Such as those sold under the tradenames 
PECTAWAY (R) and PECTAWASH (R) available from Novozymes 
AS. 
Polyvinylpyrrollidone with an average molecular weight of 60,000 
Polyvinylpyridine-N-Oxide, with an average molecular weight of 
50,000. 
Copolymer of vinylimidazole and vinylpyrrollidone, with an average 
molecular weight of 20,000. 
Disodium 4,4'-bis(2-sulphostyryl)biphenyl. 
Polydimethylsiloxane foam controller with siloxane-oxyalkylene 
copolymer as dispersing agent with a ratio of said foam controller to 
said dispersing agent of 10:1 to 100:1. 
2% Siliconetsilica, 18% stearyl alcohol, 70% starch in granular 
Ol. 

Anionically end capped polyesters. 
Polyethylene glycol, of a molecular weight of X. 
Vinylpyrrollidone homopolymer (average MW 160,000) 
Capped polyethylene glycol from Huntsman 
A branched alcohol alkylsulphate from Enichem 
Monomethyl ether polyethylene glycol (MW 2000) from Fluka 
Chemie AG. 
Silicone Suds suppresser, mixture of Silicone oil and Silica from 
Dow Corning. 
Tetreaethylenepentaamine ethoxylate. 
Benzotriazole. 
(CH)NCHCOO 
Industry grade D-glucose or food grade Sugar 
C12-C alkyl N-methylglucamide 

Aug. 5, 2010 
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forming variants. The turbidity/light scatter increase in the 
samples correlates to the total amount of precipitable protein 
in the culture Supernatant. 

B. AAPF Protease Assay in 96-Well Microtiter Plates 

-continued 

Abbreviation Ingredient 

TPKFA C12-C topped whole cut fatty acids. 
Clay A hydrated aluminumu silicate in a general formula 

Al2O3SiO2 xH2O. Types: Kaolinite, montmorillonite, atapulgite, 
illite, bentonite, halloysite. 

pH Measured as a 1% solution in distilled water at 20°C. 

Example 1 

Assays 

0236. In the following Example, various assays were used 
as set forth below for ease in reading. Any deviations from the 
protocols provided below are indicated. 

A. TCA Assay for Protein Content Determination in 96-Well 
Microtiter Plates (“TCA Assay”) 

0237 For BPN" (e.g., a reference protease) and variants 
thereof, this assay was started using filtered culture Superna 
tant from microtiter plates grown 3–4 days at 33°C. with 
shaking at 230 rpm and humidified aeration. A fresh 96-well 
flat bottom microtiter plate (MTP) was used for the assay. 
First, 100 uL/well of 0.25 N HCl was placed in each well. 
Then, 50 uL of filtered culture broth was added. The light 
scattering/absorbance at 405 nm (use 5 sec mixing mode in 
the plate reader) was then determined, in order to provide the 
“blank” reading. For the test, 100 uL/well of 15% (w/v) 
trichloroacetic acid (TCA) was placed in the plates and incu 
bated between 5 and 30 min at room temperature. The light 
scattering/absorbance at 405 nm (use 5 sec mixing mode in 
the plate reader) was then determined. 
0238. The TCA assay for protein content determination of 
GCI-P036 and variants thereof was performed using filtered 
culture Supernatant from microtiter plates grown approxi 
mately 3 days at 37°C. with shaking at 300 rpm and humidi 
fied aeration. In this assay, 100 uL of a 0.25 M HCl solution 
was added to each well of a 96-well flat bottom microtiter 
plate. Subsequently, 25 uL aliquots of the filtered culture 
Supernatants (containing the proteases) were added to wells. 
The light scattering/absorbance at 405 nm (using the 5 sec 
mixing mode in the plate reader) was then determined, in 
order to provide the “blank” reading. After this measurement, 
100 uL of a 30% (w/v) TCA solution was added to each well 
and the microtiter plates were incubated between 5 and 15 
minutes at room temperature. Finally, the resulting light scat 
tering/absorbance at 405 nm (using the 5 sec mixing mode in 
the plate reader) was determined. The equipment used was a 
Biomek FX Robot (Beckman Coulter) and a SpectraMAX 
(type 340; Molecular Devices) MTP Reader; the MTP's were 
from Costar (type 9017). 
0239. The calculations were performed by subtracting the 
blank (no TCA) from the test reading with TCA to provide a 
relative measure of the protein content in the samples. If 
desired, a standard curve can be created by calibrating the 
TCA readings with AAPF assays of clones with known con 
version factors. However, the TCA results are linear with 
respect to protein concentration from 50 to 500 micrograms 
protein per ml (ppm) and can thus be plotted directly against 
enzyme performance for the purpose of choosing good-per 

(AAPF Assay”) 
0240. In order to determine the protease activity of the 
proteases and variants thereof of the present invention, the 
hydrolysis of N-Succinyl-L-alanyl-L-alanyl-L-prolyl-L-phe 
nyl-p-nitroanilide (suc-AAPF-pNA) was measured. The 
reagent solutions used were: 100 mM Tris/HCl, pH 8.6, con 
taining 0.005%TWEENR)-80 (Tris dilution buffer); 100 mM 
Tris buffer, pH 8.6, containing 10 mM CaCl and 0.005% 
TWEENR)-80 (Tris/Cabuffer); and 160 mM suc-AAPF-pNA 
in DMSO (suc-AAPF-pNA stock solution) (Sigma: S-7388). 
To prepare a suc-AAPF-pNA working solution, 1 ml suc 
AAPF-pNA stock solution was added to 100 ml Tris/Ca 
buffer and mixed well for at least 10 seconds. The assay was 
performed by adding 10ul of diluted protease solution to each 
well, immediately followed by the addition of 190 ul 1 mg/ml 
suc-AAPF-pNA working solution. The solutions were mixed 
for 5 sec., and the absorbance change in kinetic mode (20 
readings in 5 minutes) was read at 410 nm in an MTP reader, 
at 25° C. The protease activity was expressed as AU 
(activity=AOD-min' ml). 

AAPF Hydrolysis Method 
0241 The thermostability of serine proteases was deter 
mined by assaying protease activity using the AAPF assay 
after incubation of protease variants at 68° C. for 1 hour. 
Under the conditions of the assay, the residual activity of the 
reference protease (e.g., wild type GG36-GCI-P036) was 
about 50%. The equipment used was: F-bottom MTPs (Cos 
tar No. 9017), Biomek FX and/or Biomek FXp Robot (Beck 
man Coulter), Spectramax Plus 384 MTP Reader (Molecular 
Devices), iEMS Incubator/Shaker (1 mm amplitude) 
(Thermo/Labsystems), Sealing tape (Nunc No. 236366), and 
ice bath. Glycine buffer was prepared by dissolving 3.75g 
glycine (Merck No. 1.04201.1000) in 960 mL water. 1 ml of 
5% Tween 80 (Sigma No. P-8074) and 10 ml of a stock 
solution of 1000 mM CaCl (Merck No. 1.02382.1000) (29.4 
g dissolved to 200 ml) was added to this solution. The pH was 
adjusted to 10.5 with 4NNaOH and the volume brought up to 
1000 ml. Final concentrations of glycine, CaCl and 
TWEENR)-80 were: 50 mM, 10 mM and 0.005% respec 
tively. The incubators were set at 68°C. (for incubation) and 
at 25°C. (for the AAPF assay).90 uland 190 ulglycine buffer 
was added to the empty dilution and incubation plates respec 
tively. 10 ul of supernatant was then added to the dilution 
plate, followed by addition of 100 from the dilution plate to 
the incubation plate. Then 10 ul of mixture from the incuba 
tion plate was added to a pre-warmed plate containing Suc 
AAPF-pNA substrate. The suc-AAPF-pNA plate was read in 
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MTP Reader at 410 nm (t=0 measurement). The incubation 
plate was covered with tape and incubated for 1 hour at 68°C. 
and 400 rpm. At the end of the incubation, the plate was 
removed from the incubator and cooled down on ice for at 
least 5 minutes. 10ul of mixture from the incubation plate was 
transferred to the plate containing suc-AAPF-pNA substrate 
and the plate read at 410 nm (t=60 measurement). Percent 
residual activity was calculated as: 

% residual activity: (mCD-min-1 at t=60). 
(mCD-min-1 at t=0)x100 

C. LAS/EDTA Stability Assay (“LAS/EDTA Assay” or 
“LAS-EDTA Assay” or “LAS Assay” 
0242 LAS/EDTA stability was measured after incubation 
of the test protease in the presence of LAS/EDTA respec 
tively, as a function of residual activity determined using the 
AAPF assay. 
0243 The stability of protease variants in the presence of 
a representative anionic surfactant (LAS-linear alkylbene 
sulfonate, sodium dodecylbenzenesulfonate-DOBS) and di 
sodium EDTA was measured after incubation under defined 
conditions and the residual activity was determined using the 
AAPF assay. The reagents used were dodecylbenzene sul 
fonate, sodium salt (DOBS, Sigma No. D-2525), TWEENR)- 
80 (Sigma No. P-8074), di-sodium EDTA (Siegfried Handel 
No. 164599-02), HEPES (Sigma No. H-7523), unstress 
buffer: 50 mM HEPES (11.9 g/1)+0.005%TWEENR-80, pH 
8.0, Stress buffer: 50 mM HEPES (11.9 g/l), 0.1% (w/v) 
DOBS (1 g/l), 10 mM EDTA (3.36 g/l), pH 8.0, reference 
protease and protease variant culture Supernatants, contain 
ing 200-400 ug/ml protein. The equipment used was V- or 
U-bottom MTP as dilution plates (Greiner 651 101 and 
650161 respectively), F-bottom MTP (Corning 9017) for 
unstress and LAS/EDTA buffer as well as for suc-AAPF 
pNA plates, Biomek FX (Beckman Coulter), Spectramax 
Plus 384 MTP Reader (Molecular Devices), iEMS Incubator/ 
Shaker (1 mm amplitude) from Thermo Electron Corpora 
tion, sealing tape: Nunc (236366) 
0244. The iEMS incubator/shaker (Thermo/Labsystems) 
was set at 29° C. Culture supernatants were diluted into plates 
containing unstress buffer to a concentration of ~25 ppm 
(master dilution plate). 20 ul of sample from the master dilu 
tion plate was added to plates containing 180 ul unstress 
buffer to give a final incubation concentration of 2.5 ppm. The 
contents were mixed and kept at room temperature and a 
AAPF assay was performed on this plate. 20 ul of sample 
from the master dilution plate was also added to plates con 
taining 180 ul stress buffer (50 mM HEPES (11.9 g/l), 0.1% 
(w/v) DOBS (1 g/l), 10 mM EDTA (3.36 g/l), pH 8.0). The 
solutions were mixed and immediately placed in 29°C. iEMS 
shaker for 30 min at 400 rpm. Following 30 minutes of incu 
bation, a AAPF assay was performed on the stress plate. The 
stability of the samples was determined by calculating the 
ration of the residual and initial AAPF activity as follows: 
Residual Activity (%)=mOD-min-1 stressed 100/ 
mOD-min-1 unstressed. 

D. Cleaning Performance Assays 
0245. The stain removal performance of the protease vari 
ants was determined in commercially available detergents. 
Heat inactivation of commercial detergent formulas serves to 
destroy the enzymatic activity of any protein components 
while retaining the properties of non-enzymatic components. 
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Thus, this method was suitable for preparing commercially 
purchased detergents for use in testing the enzyme variants of 
the present invention. 

Microswatches: 

0246 Microswatches of 4" circular diameter were 
ordered and delivered by CFT (Vlaardingen, The Nether 
lands). Single microSwatches or two microSwatches were 
placed vertically in each well of a 96-well MTP to expose the 
whole surface area (i.e., not flat on the bottom of the well). 

BMI Microswatch Assay 
0247 Microswatches containing blood milk and ink 
(BMI) of 0.25 inch circular diameter were obtained from CFT 
Vlaardingen. Before cutting of the swatches, the fabric 
(EMPA 116) was washed with water. One microswatch was 
vertically placed in each well of a 96-well microtiter plate in 
order to expose the whole surface area (i.e., not flat on the 
bottom of the well). The desired detergent solution was pre 
pared as described herein. After equilibrating the Thermo 
mixer at 25°C., 190ll of detergent solution was added to each 
well of the MTP containing microswatches. To this mixture, 
10 ul of the diluted enzyme solution was added so that the 
final enzyme concentration was 1 ug/ml (determined from 
BCA assay). The MTP was sealed with tape and placed in the 
incubator for 30 minutes, with agitation at 1400 rpm. Follow 
ing incubation under the appropriate conditions, 100 ul of the 
solution from each well was transferred into a fresh MTP. The 
new MTP containing 100 ul of solution/well was read at 405 
nm using a MTP SpectraMax reader. Blank controls, as well 
as a control containing two microSwatches and detergent but 
no enzyme were also included. 

Baked Egg Microtiter Assay 
0248 For this assay, 96-well baked egg yolk substrate 
plates were prepared from chicken egg yolks. Chicken egg 
yolks were separated from the whites, released from the 
membrane sac, and diluted 20% (vol/weight) with Milli-Q 
water. The diluted yolk was stirred for 15 min at room tem 
perature using a magnetic stirrer. Five uI was carefully pipet 
ted into the center of each well of a 96-well V-bottom plate 
(Costar #3894) using an 8-channel pipette. The plates were 
baked at 90° C. for 1 hour and cooled at room temperature. 
The baked egg yolk Substrate plates were stored at room 
temperature and used within one week of preparation. Auto 
matic dish detergents were prepared as described herein and 
pre-heated to 50° C. A 190 uLaliquot of detergent was added 
to each well of the 96-well plate using an 8-channel pipette. 
Ten LL of diluted enzyme was added to each well using a 
96-channel pipetting device. The plate was carefully sealed 
with an adhesive foil sealer and incubated at 50° C. with 
shaking for 30 min. 120 uL of the reaction mixture was 
transferred to a new 96-well flat-bottom plate, and the absor 
bance/light scattering was determined at 405 nm. The absor 
banceflight scattering at 405 nm is proportional to egg yolk 
removal. 

Egg Yolk Microswatch Assay (“CS-38 Microswatch Assay’; 
or “EGG or “Dish") 
0249 Automatic dish detergents were prepared as 
described herein. The equipment used included a New Brun 
swick Innova 4230 shaker/incubator and a SpectraMAX 
(type 340)MTP reader. The MTPs were obtained from Costar 



US 2010/0192985 A1 

(type 9017). Aged egg yolk with pigment Swatches (CS-38) 
were obtained from Center for Test Materials (Vlaardingen, 
Netherlands). Before cutting 0.25-inch circular micros 
watches, the fabric was washed with water. One microSwatch 
was placed in each well of a 96-well microtiter plate. The test 
detergent was equilibrated at 50° C. 190 ul of detergent solu 
tion was added to each well of the MTP, containing micros 
watches. To this mixture, 10ul of the diluted enzyme solution 
was added. The MTP was sealed with adhesive foil and placed 
in the incubator for 30 minutes, with agitation. Following 
incubation, 100 ul of the solution from each well was trans 
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0252 For testing of enzyme activity in heat-inactivated 
detergents, working solutions of detergents were made from 
the heat inactivated Stocks. Appropriate amounts of water 
hardness (6 gpg or 12 gpg) and buffer were added to the 
detergent solutions to match the desired conditions. The solu 
tions were mixed by vortexing or inverting the bottles. Table 
1-1 provides information regarding some of the commer 
cially-available detergents and test conditions used herein. In 
Some experiments, additional and/or other commercially 
available detergents were used as described in the following 
Examples. 

TABLE 1-1 

Laundry and Dish Washing Conditions 

Region Form 

NA HDL 
WE HDL 
WE HDG 
JPN HDG 
NA HDG 

WE ADW 
NA ADW 

Dose Detergent Buffer Gpg pH T (C.) 

Laundry (Heavy Duty Liquid and Granular) 

0.78 g/l P&G TIDE(R) 2X S M HEPES 6 8.0 2O 
5.0 g/L Henkel PERSILTM 5 mM HEPES 12 8.2 40 
8.0 g/L P&G ARIEL(R) 2 mM Na2CO 12 10.5 40 
0.7 g/L P&G TIDE(R) 2 mM Na2CO 6 1 O.O 2O 
1.0 g/L P&G TIDE (R) 2 mM Na2CO 6 1 O.O 2O 

Automatic Dish Washing 

3.0 g/L RB CALGONIT TM 2 mM Na2CO 21 1 O.O 40 
3.0 g/L P&G CASCADE (R) 2 mM Na2CO 9 10.0 40 

*Abbreviations: Procter & Gamble (P&G); and Reckitt Benckiser (RB). 

ferred into a fresh MTP. This MTP was read at 405 nm using 
a SpectraMax MTP reader. Blank controls, as well as controls 
containing microSwatches and detergent but no enzyme were 
also included. 

“Pre-Washed Swatch 

0250. This type of microswatch was pre-washed in deio 
nised water for 20 minutes at ambient temperature. After the 
pre-washing step, the Swatches were put on top of paper 
towels to dry. The air-dried swatches were then punched 
using a /4" circular die on an expulsion press. Finally two 
microswatches were put into each well of a 96-well MTP 
vertically to expose the whole surface area (i.e. not flat on the 
bottom of the well). 

Detergents 

0251 For North American (NA) and Western European 
(WE) heavy duty liquid laundry (HDL) detergents, heat inac 
tivation was performed by placing pre-weighed liquid deter 
gent (in a glass bottle) in a water bath at 95°C. for 2 hours. All 
of the detergents used in the Examples were commercially 
available detergents purchased from local Supermarket 
stores. The enzymes present in these detergents were inacti 
vated by heat treatment, as described herein. The incubation 
time for heat inactivation of North American (NA) and Japa 
nese (JPN) heavy duty granular laundry (HDG) detergent was 
8 hours and that for Western European (WE) HDG detergent 
was 5 hours. The incubation time for heat inactivation of NA 
and WE auto dish washing (ADW) detergents was 8 hours. 
Both un-heated and heated detergents were assayed within 5 
minutes of dissolving the detergent to accurately determine 
percentage deactivated. Enzyme activity was tested by the 
AAPF assay. 

Enzymes and Equipment 

(0253) Samples of GCI-P036 and variants thereof were 
obtained from filtered culture broth of cultures grown in MTP 
plates. The equipment used was a Biomek FX Robot (Beck 
man Coulter), a SpectraMAX MTP Reader (type 340: 
Molecular Devices), an iEMS incubator/shaker (Thermo/ 
Labsystems); F-bottom MTPs (Costar type 9017 used for 
reading reaction plates after incubation); and V-bottom MTPs 
(Greiner 651 101 used for pre-dilution of supernatant). In this 
assay, the proteases hydrolyze the Substrate and liberate pig 
ment and insoluble particles from the substrate. Thus the rate 
of turbidity is a measure of enzyme activity. 
0254 The stain removal performance of reference serine 
proteases and variants therefrom on microSwatches was 
determined on a MTP scale in commercially available deter 
gent (Calgonit 5 in1). CS-38 microSwatches (egg-yolk with 
pigment, aged by heating), obtained from CFT Vlaardingen 
were used as substrate. Two Swatches were used per well. 
ADW tablets from Calgonit 5 in 1 were used to prepare the 
detergent Solution. To inactivate the protease activity present 
in the tablets, a 21 g tablet was dissolved in Milli-Q water 
heated in a water bath to a temperature of 60°C. The solution 
was cooled to room temperature and the volume of water 
adjusted to 700 mL. The solution was further diluted with 
water to achieve a final concentration of 3 g/l. Water hardness 
was adjusted to 21 GH by adding 1.46 ml of the Ca/Mg 
mixture (Ca/Mg mixture (3:1), 1.92 M CaCl282.3 g/L 
CaCl2HO: 0.64 M MgCl=130.1 g/L MgCl,6HO), 
15000 gpg. The enzyme samples were prediluted in 10 mM 
NaCl, 0.1 mM CaCl, 0.005% TWEENR)-80 solution and 
tested at appropriate concentrations. 
0255. The incubator was set at the desired temperature of 
50° C. 72 ul of dilution buffer was added to the empty V-bot 
tom plate (i.e., a "dilution plate”) followed by 8 ul superna 
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tant. 9 ul from the dilution plate was added to plates contain 
ing the microSwatches incubated in 171 ul detergent solution. 
9 ul from the dilution plate was added to plates containing the 
microswatches to give a total dilution of supernatant of 200x. 
The microSwatch plate (with detergent and enzyme) was cov 
ered with tape and placed in the incubator/shaker for 30 
minutes at 1400 rpm. Following incubation, 75 ul of the 
reaction mixture was transferred to an empty F-bottom plate 
and the absorbance was read in a MTP Reader at 405 nm after 
de-bubbling with a hair dryer. Blank controls, containing one 
or two microswatches and detergent without the addition of 
reference protease containing samples were also included in 
the test. 
0256 The stain removal performance of reference serine 
proteases and variants therefrom on microSwatches was also 
determined on a MTP scale in commercially available deter 
gent (Calgonit 5 in1). The reagents used were: 5 mM HEPES, 
pH 8.0 or 5 mMMOPS, pH7 buffer, 3:1 Ca:Mg for medium 
water hardness. (CaCl2: MgCl2.6H2O): 15000 grains per 
gallon (gpg) stock diluted to 6 gpg, 2 BMI (blood/milk/ink) 
swatches per plate: EMPA-116 BMI cotton Swatches pro 
cessed by CFT: pre-rinsed and punched 2 swatches per well, 
and heat inactivated TIDE(R) 2xColdwater off-the-shelf deter 
gent in which lack of protease activity was confirmed. In 
Some experiments described herein, the following solutions 
were used, as indicated in the Examples. 

TABLE 1-2 

Working Detergent Solutions 

Detergent 
Detergent Temp (C.) g/L pH Buffer gpg Protease 

TIDE OR 2X Cold 16 O.98 8 5 mM 6 BPN' 
HEPES 

TIDE OR 2X Cold 32 O.98 8 5 mM 6 GG36, 
HEPES BPN' 

TIDE OR 2X Cold 16 O.98 7 SIM 6 BPN' 
MOPS 

0257 The incubator was set at the desired temperature 
(16°C. or 32°C.). For the test, 10uL samples from the master 
dilution plate of ~10 ppm enzyme was added to BMI 
2-swatch plates with 190 uL working detergent solutions 
listed above. The Volume was adjusted to give final concen 
tration of 0.5 ppm for variants in the assay plates. The plates 
were immediately transferred to iEMS incubators and incu 
bated for 30 minutes with 1400 rpm shaking at given tem 
perature. Following incubation, 100 uL of Supernatant was 
transferred into a new 96-well plate and the absorbance was 
measured in MTP Reader at 405 nm and/or 600 nm. Control 
wells, containing 1 or 2 microSwatches and detergent without 
the addition of protease samples were also included in the 
test. The measurement at 405 nm provides a higher value and 
tracks pigment removal, while the measurement at 600 nm 
tracks turbidity and cleaning. 

Calculation of the Stain Removal Activity for all Micros 
watch Assay Methods: 
0258. The absorbance value obtained was corrected for 
the blank value (Substrate without enzyme), providing a mea 
sure of hydrolytic activity. For each sample (variant) the 
performance index was calculated. The performance index 
compares the performance of the variant (actual value) and 
the standard enzyme (theoretical value) at the same protein 
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concentration. In addition, the theoretical values can be cal 
culated, using the parameters of the Langmuir equation of the 
standard enzyme. 

E. Relative Specific Activity of Proteases and Variants 
Thereof 

0259. In order to discriminate the protease variants, the 
relative specific activity was calculated using Suc-AAPF 
pNA as a Substrate, which enabled the comparison and rank 
ing of the variants versus the wild-type or standard protease. 
The specific activity on the suc-AAPF-pNA substrate was 
determined by dividing the proteolytic activity by the mea 
SuredTCA-values of each sample, using the assays described 
above. Using these values, the relative specific activity was 
calculated (specific activity of variant/specific activity of ref 
erence protease). 

F. Eglin C Inhibition Assay 
0260. As described herein, serine protease concentration 
and specific activity was determined by titration with an 
inhibitor. Eglin c from the leech Hirudo medicinalis is a 
tight-binding protein inhibitor of subtilisins (Heinz et al., 
Biochemistry, 31: 8755-66, 1992), and can therefore be used 
to measure enzyme concentration, which in turn permits spe 
cific activity to be calculated. Briefly, one measures the 
amount of enzyme inhibition produced by several known 
concentrations of eglin c. From this information, the concen 
tration of eglin c required for complete inhibition is calcu 
lated. This is equivalent to the enzyme concentration in the 
sample. 
0261 Protease activity was measured using the chro 
mogenic AAPF assay described above. The gene for eglin c 
was synthesized and expressed in E. coli by standard meth 
ods. Its properties and inhibitory potency were the same as 
eglinc purchased from Sigma. The concentration of an eglin 
c Stock solution was determined by measuring the inhibition 
of a sample of Bacillus lentus subtilisin of known specific 
activity. Then the calibrated eglin c Sample was used to deter 
mine the concentration and specific activity of subtilisin vari 
ants. These values were used to create normalized 96-well 
enzyme stock plates, where all of the variants were diluted to 
a common concentration. 

G. Performance Index 

0262 The performance index compares the performance 
of the variant (actual value) and the standard or reference 
protease (theoretical value) at the same protein concentration. 
In addition, the theoretical values can be calculated, using the 
parameters of the Langmuir equation of the standard pro 
tease. A performance index (PI) that is greater than 1 (PID1) 
identifies a better variant as compared to the standard (e.g., 
wild-type), while a PI of 1 (PI-1) identifies a variant that 
performs the same as the standard, and a PI that is less than 1 
(PI31) identifies a variant that performs worse than the stan 
dard. Thus, the PI identifies winners, as well as variants that 
are less desirable for use under certain circumstances. 

Example 2 
Production of GCI-PO36 Protease in B. Subtilis 

0263. In this Example, experiments conducted to produce 
GCI-P036 protease in B. subtilis are described. Transforma 
tion of expression vector encoding GCI-P036 and variants 
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thereof into B. subtilis cells (AaprE, AnprE, oppA, AspoIIE, 
degUHy32, AamyE::XylR.pxylA-comK) was performed as 
described previously (See e.g., WO 2002/014490). 
GCI-P036 Protease Production paC-GCI-P036ci 
0264. Exemplary methods to produce GCI-P036 (also 
referred to herein as “B. lentus subtilisin” and “GG36) in B. 
subtilis are provided. The expression plasmid paC-GG36ci 
was assembled using the GCI-P036 codon-improved gene 
fused at the eighth codon of the aprE signal sequence under 
the control of the consensus aprE promoter and the BPN' 
transcriptional terminator. In the sequence provided below, 
bold and italicized font indicates the consensus aprE pro 
moter, standard font indicates the signal sequence, underlined 
font indicates the pro sequence, bold font indicates DNA that 
encodes the GCI-P036 mature protease, and underlined itali 
cized font indicates the BPN' terminator. The coding region of 
the GCI-P036 mature protease is flanked by KpnI and XhoI 
restriction sites for cloning purposes: 
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- Continued 
SATSRGWLW WAASGNSGAGSISYPARYANAMAWGATDONNNRASFSQYG 

AGLDIWAPGWNWOSTYPGSTYASLNGTSMATPHVAGAAALWKQKNPSWS 

NVQIRNHLKNTATSLGSTNLYGSGLVNAEAATR. 

0266 
protease: 

The amino acid sequence of the mature GCI-P036 

(SEQ ID NO: 2) 
AOSVPWGISRVOAPAAHNRGLTGSGVKVAVLDTGISTHPDLNIRGGASFV 

PGEPSTODGNGHGTHVAGTIAALNNSIGVLGVAPSAELYAVKVLGASGS 

GSWSSIAQGLEWAGNNGMHVANLSLGSPSPSATLEQAVNSATSRGVLV 

WAASGNSGAGSISYPARYANAMAVGATDONNNRASFSQYGAGLDIVAP 

(SEO ID NO. 5) 
atctoaaaaaaaggg to tactaaaata t tacticcatct attataataaatticacagaa tag tottt taagttctactctgaattitt tittaaaaggaga 

ggg taaagagtgagaa.gcaaaaaattgttggat.cgtc.gc.gtcgaccgcattgctgatttctgttgcttttagct catc catcgcatcc.gctgctdaagaagic 

aaaagaaaaat atttaattggct ttaatgagcagga agctgtcagtgagtttgtagaacaagttgaggcaaatgacgaggtagc cattct citctgaggaag 

aggaagttctgaaattgaattgctt catgaatttgaaacgatticctgttctgtc.cgttgagttaag.cccagaagatgtggacgcgittagagcticgatccagot at 

ttct tatattgaagaggatgcagaagtaactacaatgg.cgcaatcgg taccatgggga attagoagagtacaa.gc.cccagotgcacataa.ccgtgg 

attgacaggttctggtgtaaaagttgctgtcc ttgataccgg tattitcc acticatccagacittaaa tattogtggtggagctagotttgtaccaggg 

gaac catc. cacticaagatggcaatgga catgg cact catgttgc.cgg cacaatcgcggctic ttaacaattcaattggtgttcttgg.cg tag.cgc.c 

aag.cgcagaactatacgctgttaaagtattaggagcaa.gcggttcaggotctgtcagotc tattgcc.caaggattggaatggggagggaacaa. 

tggcatgcacgttgctaatct tag tittaggatc. tcc titcgc.caagtgcc acacttgagcaa.gctgttaatagog.cgact to tagagg.cgttcttgtt 

gtagcggcc totggaaattcaggtgcaggotcaatcagct atc.cggc.ccgittatgcgaacgctatggcagtcggagc tactglaccaaaacaac 

aaccgc.gc.ca.gc titt to acag tatgg.cgcagggcttgacattgtc.gcaccaggtgtaaacgtgcagagc acttacccaggttcaa.catatgc.ca 

gottaaacgg tacatcaatggc tactic c to atgttgcaggtg.cggctgcacttgttaaacaaaagaacc catc ttgg to caatgtacaaatc.cgc 

aatcatct taagaatacggcaactagottaggaag cacaaacttg tatggaag.cgg acttgttcaatgcaga agctgcaacticgittaaaagctta 

acticgagataaaaaaccggcc.ttggc.cccd.ccgettitt titat. 

0265. The amino acid sequence of the GCI-P036 precur 
Sor protein is provided below. In this sequence, the signal 
peptide is shown in italics (beginning with an N-terminal 
formylmethionine), the pro-sequence is underlined, and the 
mature GCI-P036 protease sequence is shown in bold: 

(SEQ ID NO : 6) 
MRSKKLWTVASTALLISVAFSSSIASAAEEAKEKYLIGFNEOEAVSEFVE 

QWEANDEVAILSEEEEVEIELLHEFETIPWLSWELSPEDWDALELDPAIS 

YIEEDAEWTTMAQSWPWGISRVQAPAAHNRGLTGSGWKVAWLDTGISTHP 

DLNIRGGASFWPGEPSTODGNGHGTHWAGTIAALNNSIGWLGWAPSAELY 

AWKVLGASGSGSWSSIAQGLEWAGNINGMHWANLSLGSPSPSATLEQAVN 

- Continued 

GVNVOSTYPGSTYASLNGTSMATPHVAGAAALWKOKNPSWSNVOIRNH 

LKNTATSLGSTNLYGSGLWNAEAATR. 

0267 Elements of plasmid pAC-GG36ci include: 
pUB110–DNA fragment from plasmid puB110 (McKenzie 
et al., Plasmid 15:93-103, 1986), pBR322=DNA fragment 
from plasmid pBR322 (Bolivar et al., Gene 2: 95-113, 1977), 
pC194=DNA fragment from plasmid pC194 (Horinouchi et 
al., J Bacteriol, 150:815-825, 1982). The plasmid features as 
follows: On for B. subtilis-origin of replication from 
pUB110, CAT=chloramphenicol resistance gene from 
pC194, pMB1 origin origin of replication from pBR322, 
bla=beta-lactamase from pBR322, Short aprE 
promoter consensus transcriptional promoter, Signal 
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Peptide-signal peptide, Pro Peptide-GCI-P036 pro region, 
GG36ci Mature Peptide-mature GCI-P036 (replaced by the 
coding regions for each variant expressed in this work), BPN' 
Terminator-transcriptional terminator from subtilisin BPN'. 
GCI-P036 Protease Production pHPLT-GCI-P036 
0268 Additional methods to produce the GCI-P036 refer 
ence protease in B. subtilis are described. The synthetic gene 
encoding GCI-P036 protease precursor was assembled from 
synthetic oligonucleotides and PCR products. The fragment 
was cloned into plasmid backbone pHPLT (U.S. Pat. No. 
5,024,943) using BsmBI and HindIII restriction sites. The 
amino acid sequence of the mature GCI-P036 protease (SEQ 
ID NO:2) of pHPLT-GCI-P036 is identical to that of paC 
GG36ci. The pHPLT B. subtilis expression vector contains 
the B. licheniformis LAT promoter (Plat), and additional ele 
ments from puB110 (McKenzie et al., Plasmid, 15:93-103, 
1986) including a replicase gene (reppUB), a neomycin/ 
kanamycin resistance gene (neo) and a bleomycin resistance 
marker (bleo). The plasmid DNA was purified from trans 
formed bacteria using Pure YieldTM Plasmid Midiprep kit 
(Promega), and DNA concentration was determined by UV 
spectroscopy as known in the art. The final vector construct 
was verified by DNA sequencing of the GCI-P036 gene and 
showed 100% sequence congruence to the expected 
sequence. The DNA sequence of the GCI-P036 protease gene 
of pHPLT-GCI-P036 is shown below with the cloning sites 
Sad and HindIII underlined: 
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Recombinant Proteases—2 ml Scale 

0269 B. subtilis clones containing protease expression 
vectors were replicated with a steel 96-well replicator from 
glycerol stocks into 96-well culture plates (BD, 353.075) con 
taining 200 ul of LB media+25 ug/ml chloramphenicol, 
grown overnight at 37°C., 220 rpm in a humidified enclosure. 
A 200 ul aliquot from the overnight culture was used to 
inoculate 2000 ul defined media+25 m/ml chloramphenicol 
in 5 ml plastic culture tubes. The cultivation media was an 
enriched semi-defined media based on MOPS buffer, with 
urea as major nitrogen source, glucose as the main carbon 
source, and supplemented with 1% soytone for robust cell 
growth. Culture tubes were incubated at 37°C., 220 rpm, for 
60 hours. Following this incubation, the culture broths were 
centrifuged at greater than 8000xRCF. The supernatant solu 
tion was decanted into 15 ml polypropylene conical tubes for 
storage. No further purification or concentration was per 
formed. Supernatant stocks were formulated to 40% propy 
lene glycol final concentration for long-term stability and 
stored at 4°C. 

Recombinant Proteases Microtiter Plate (MTP) Scale 
0270. Alternatively, the variant proteases were produced 
by growing the B. subtilis transformants in 96 well microtiter 
plates (MTP) in 200 uL of a MOPS-based defined medium 
(“MBD). MBD medium was made essentially as known in 

(SEO ID NO: 7) 
GTGAGAAGCAAAAAATTGTGGATCGTCGCGTCGACCGCACTACTCATTTCTGTTGCTTTCAG 

TTCATCGATCGCATCGGCTGCTGAAGAAGCAAAAGAAAAATATTTAATTGGCTTTAATGAGC 

AGGAAGCTGTCAGTGAGTTTGTAGAACAAGTAGAGGCAAATGACGAGGTCGCCATTCTCTC 

TGAGGAAGAGGAAGTCGAAATTGAATTGCTTCATGAATTTGAAACGATTCCTGTTTTATCCG 

TTGAGTTAAGCCCAGAAGATGTGGACGCGCTTGAGCTCGATCCAGCGATTTCTTATATTGAA 

GAGGATGCAGAAGTAACGACAATGGCGCAATCAGTGCCATGGGGAATTAGCCGTGTGCAAG 

CCCCAGCTGCCCATAACCGTGGATTGACAGGTTCTGGTGTAAAAGTTGCTGTCCTCGATACA 

GGTATTTCCACTCATCCAGACTTAAATATTCGTGGTGGCGCTAGCTTTGTACCAGGGGAACC 

ATCCACTCAAGATGGGAATGGGCATGGCACGCATGTGGCCGGGACGATTGCTGCTTTAAAC 

AATTCGATTGGCGTTCTTGGCGTAGCGCCGAGCGCGGAACTATACGCTGTTAAAGTATTAGG 

GGCGAGCGGTTCAGGTTCGGTCAGCTCGATTGCCCAAGGATTGGAATGGGCAGGGAACAAT 

GGCATGCACGTTGCTAATTTGAGTTTAGGAAGCCCTTCGCCAAGTGCCACACTTGAGCAAGC 

TGTTAATAGCGCGACTTCTAGAGGCGTTCTTGTTGTAGCGGCATCTGGAAATTCAGGTGCAG 

GCTCAATCAGCTATCCGGCCCGTTATGCGAACGCAATGGCAGTCGGAGCTACTGACCAAAA 

CAACAACCGCGCCAGCTTTTCACAGTATGGCGCAGGGCTTGACATTGTCGCACCAGGTGTAA 

ACGTGCAGAGCACATACCCAGGTTCAACGTATGCCAGCTTAAACGGTACATCGATGGCTAC 

TCCTCATGTTGCAGGTGCAGCAGCCCTTGTTAAACAAAAGAACCCATCTTGGTCCAATGTAC 

AAATCCGCAATCATCTAAAGAATACGGCAACGAGCTTAGGAAGCACGAACTTGTATGGAAG 

CGGACTTGTCAATGCAGAAGCTGCAACTCGTTAAAGCTT. 
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theart (See, Neidhardt et al., J Bacteriol, 119:736-747, 1974), 
except that NHCl2, FeSO, and CaCl were left out of the 
base medium, 3 mMKHPO was used, and the base medium 
was supplemented with 60 mMurea, 75 g/L glucose, and 1% 
Soytone. Also the micronutrients were made up as a 100x 
stock containing in one liter, 400 mg FeSO.7H2O, 100 mg 
MnSOHO, 100 mg ZnSO.7HO,50mg CuCl2.H2O, 100 
mg CoCl2.6H2O. 100 mg NaMoO2H2O, 100 mg NaBO7. 
1OHO, 10 ml of 1M CaCl, and 10 ml of 0.5 M sodium 
citrate. The plates were incubated at 37°C. for 68 hours, cells 
were separated by centrifugation, and proteins of interest 
were obtained from the culture medium. 

Example 3 

Generation of GCI-PO36 Variants 

0271 In this Example, methods used to produce the pro 
tease variants are described. 

Generation of GCI-P036 Site Evaluation Libraries (SELs) 
(0272 SEL production was performed by GENEART 
using a proprietary process (WO 2004/059556A3). Methods 
and devices for optimizing a nucleotide sequence for the 
purpose of expression of a protein by PCR, and the manufac 
ture of DNA molecules utilized technology owned by or 
licensed to GENEART (European Patent Nos. 0200362 and 
0 201 184; and U.S. Pat. Nos. 4,683,195, 4,683,202 and 
6,472,184). The construction of GCI-P036 SEL described in 
this example was performed by GENEART using their meth 
ods and technology platform for gene optimization, gene 
synthesis and library generation and analysis. 
0273 GCI-P036 SELs were produced by GENEART at 
positions pre-selected by the inventors. The pHPLT-GCI 
P036 plasmid DNA (See, FIG. 2) was digested with Sad and 
HindIII restriction enzymes, releasing a 3.9 kb fragment that 
was Subsequently purified from anagarose gel using a Qiagen 
gel purification kit. Each amino acid of the mature sequence 
was mutated into at least 16 different amino acids. To con 
struct GCI-P036 SELs, three PCR reactions were performed: 
two mutagenesis reactions to introduce the mutated codon of 
interest in the mature GCI-P036 DNA sequence, and a third 
reaction to fuse the two mutagenesis PCR products together 
to construct the pHPLT-GCI-P036 expression vector having 
the desired mutated codons in the mature GCI-P036 
Sequence. 

0274 The method of mutagenesis was based on the 
codon-specific mutation approach in which the creation of all 
possible mutations at once in a specific DNA triplet was 
performed using a forward and reverse oligonucleotide 
primer with a length of 25 up to 45 nucleotides using a 
specifically designed triple DNA sequence NNS (A.C.T or 
G), (A.C.T or G), (C or G)) that corresponded with the 
sequence of the codon to be mutated and guarantee random 
incorporation of nucleotides at the specific codon of interest. 
Two additional primers that are used to construct a site evalu 
ation library include an upstream primer containing a Sad 
site, and a downstream primer containing a HindIII site. Con 
struction of each SEL begins with two primary PCR ampli 
fications using the forward Sad primer and a specific GCI 
P036 reverse mutagenesis primer, and for the second PCR 
reaction the reverse HindIII primer and a specific GCI-P036 
forward mutagenesis primer (equal GCI-P036 mature codon 
positions for the forward and reverse mutagenesis primers). 
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0275. The introduction of the mutations in the mature 
GCI-P036 sequence was performed using Phusion High-Fi 
delity DNA Polymerase (Finnzymes catalog no. F-530L). All 
PCR reactions were executed according to manufacturer's 
protocols that were supplied with the polymerase. The PCR 
conditions were as follows: 

for primary PCR 1: 
FWSad primer and a specific GCI-P036 reverse mutagenesis 
primer both 1, uL (10 uM); and 
for primary PCR 2: 
RV HindIII primer and a specific GCI-P036 forward 
mutagenesis primer both 1 uL (10 uM). 
0276. The primer sequences used in this Example are pro 
vided below: 

CGCGCTTGAGCTCGATCCAGCGATTTC 

(SEO ID NO: 99) 
SacI-FW 

GTCTCCAAGCTTTAACGAGTTGCAG 

(SEQ ID NO: 1.OO) 
HindIII-RV 

GCAATTCAGATCTTCCTTCAGGTTATGACC 

(SEQ ID NO: 101) 
pHPLT-BglII-Fw 

GCATCGAAGATCTGATTGCTTAACTGCTTC 

(SEQ ID NO: 102) 
pHPLT-BglII-Rv 

(0277 Each reaction included: 10 uL of 5x Phusion HF 
buffer, 1 uL of 10 mM dNTP mixture, 0.75 uL of Phusion 
DNA polymerase (2 units/ul), 1 uL neat DMSO, 1 uL of 
pHPLT-GCI-P036 template DNA (0.1-1 ng/uL), and dH2O to 
50 uL total volume. 
(0278. PCR was completed using a MJ Research PTC-200 
Peltier thermal cycler with the following program: 30 seconds 
98°C., 30x(10 seconds 98°C., 20 seconds 55° C., 1 minute 
72°C.) and 5 min 72°C. The reactions yielded two fragments 
of approximately 2 to 3 kb having approximately 30 nucle 
otide overlap surrounding the GCI-P036 mature codon of 
interest. 

0279 Fragments were fused in a third reaction using the 
two aforementioned fragments and the forward and reverse 
SacI-Fw and HindIII-RV primers. The fusion PCR reaction 
was carried outina Solution containing: 1 uLeach of SacI-Fw 
and HindIII-Rv primers (10 uM), 10 uL of 5x Phusion HF 
buffer, 1 uL of 10 mM dNTP mixture, 0.75 uL of PhusionTM 
DNA polymerase (2 units/uIL), 1 uL of neat DMSO, 1 uL of 
primary PCR 1 reaction mix, 1 uL of primary PCR2 reaction 
mix, and dH2O to adjust final volume to 50 uL. The PCR 
fusion program was as follows: 30 seconds 98°C., 30x(10 
seconds 98°C., 20 seconds 55° C., 40 seconds 72°C.) and 5 
min 72° C., using a MJ Research PTC-200 Peltier thermal 
cycler. The amplified linear 859 by fragment encoding the 
GCI-P036 gene was purified (using QIAGENR) Qiaquick 
PCR purification kit, catalog no. 28.106) and digested with 
Sad and HindIIII restriction enzyme to create cohesive ends 
on both sides of the fusion fragment. About 50 ng of plasmid 
pHPLT-GCI-P036 was digested with Sad and HindIIII 
restriction enzymes. The 3.9 kb vector backbone fragment 
was isolated and ligated with 50 ng of the digested 859 bp 
fragment encoding the variant enzyme, using T4DNA ligase 
(Invitrogen) following the manufactuerer's protocol for clon 
ing of cohesive ends. Subsequently, the ligation mixture was 
used to transform B. subtilis cells (AaprE, AnprE, opp.A, 
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AspoIIE, degUHy32, AamyE::xylRpxylA-comK) as 
described (WO 2002/014490). 
0280 For each library, 96 single colonies were picked and 
grown in TSB (tryptone and soy based broth) liquid media 
under neomycin selection for Subsequent DNA isolation and 
gene sequence analysis. The library numbers ranged from 1 
up to 269, with each number representing the codon of the 
mature GCI-P036 sequence that was mutated. Each library 
contained a maximum of 19 GCI-P036 variants. 
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Generation of GCI-P036 Multiple Mutation Libraries (MML 
(0281. Each synthetic GCI-P036 multiple mutation library 
contains a mix of GCI-P036 genes in which two or more 
selected codons are replaced by specific DNA sequences. 
Cloning of the combinatorial GCI-P036 genes was performed 
by Sloning BioTechnology GmbH using the Slonomax Tech 
nology. Tables 3-1 and 3-2 below list the substitutions present 
in members of the MML numbered according to the GCI 
P036 reference sequence and the BPN' reference sequence 
respectively. 

TABLE 3-1 

GCI-PO36 Multiple Mutation Libraries (GCI-PO36 Numbering) 

Library 
Position (Amino Acids) Nos. 

Library 1 288 
001 (A, K) 044 (R, F, K) 070 (I, C, V)102 (V, I) 124 (L, F) 158 (S, F, I, Q) 
Library 2 288 
001 (A, K) 044 (R, F, K) 070 (I, C, V)102 (V, I) 125 (G, Q, R, T) 157 (G, P) 
Library 3 1372 
O24(S, H, L, N, R. T. W) 107 (Q, I, K, L, R, T, V) 116 (G, F, K, L, R, T, V) 
28 (S, N, R,Y) 
Library 4 S488 
O24(S, H, L, N, R. T. W) 107 (Q, I, K, L, R, T, V) 116 (G, F, K, L, R, T, V) 
25 (G, Q, R, T) 128 (S, N, R, Y) 
Library 5 SO4 
001 (A, K, R) 024 (S, H, L, N, R, T, W) 044 (R, F, K, N) 105 (I, V, T) 166 (A, Q) 
Library 6 2016 
001 (A, K, R) 024 (S, H, L, N, R. T. W) 044 (R, F, K, N) 105 (I, V, T) 125 (G, Q, R, T) 166 (A, 
Q) 
Library 7 576 
O24(S, H, L, W) 097 (S, K, Q, T) 101 (S, N, P) 116 (G,F, R, T) 130 (S, H, N) 
Library 8 2304 
O24(S, H, L, W) 097 (S, K, Q, T) 101 (S, N, P) 116 (G,F, R, T) 125 (G, Q, R, T) 130 (S, H, N) 
Library 9 288 
001 (A, K) 044 (R, F, K) 070 (I, C, V)102 (V, I) 124 (L, F) 158 (S, F, I, Q) 
with 85N, 116V, 126L, 127O and 128A 
Library 10 196 
O24(S, H, L, N, R. T. W) 107 (Q, I, K, L, R, T, V) 125 (G, Q, R, T) 
with 85N, 116V, 126L, 127O and 128A 
Library 11 SO4 
001 (A, K, R) 024 (S, H, L, N, R. T. W) 044 (R, F, K, N) 105 (I, V, T) 166 (A, Q) 
with 85N, 116V, 126L, 127O and 128A 
Library 12 576 
O24(S, H, L, W) 097 (S, K, Q, T) 101 (S, N, P) 125 (G, Q, R, T) 130 (S, H, N) 
with 85N, 116V, 126L, 127O and 128A 
Library 13 768 
018 (N, K, Q, R) 095 (G, P) 179 (N, K, Q, R) 203 (Y, W). 209 (A, I, R, V) 250 (S. P. W) 
Library 14 3456 
O42 (N, E, F, I, S, T, V, W), 096 (A, E, L, N, T, V) 099 (S, E, F, N, R., T, V, Y) 
15 (N, I, Y) 242 (N, I, K) 

Library 15 1200 
051 (P. I, V) 117 (M,F) 142 (S, T, V, W, Y) 179 (N, R, V) 203 (Y, W) 250 (S., I, P. T) 
Library 16 768 
018 (N, K, Q, R) 095 (G, P) 179 (N, K, Q, R) 203 (Y, W). 209 (A, I, R, V) 250 (S. P. W) with 
85N, 116V, 126L, 127O and 128 
Library 17 288O 
O42 (N, E, F, I, S, T, V, W),051 (P. I, V) 096 (A, E, L, N, T, V) 
099 (S, E, F, N, R., T, V,Y) 242 (N, I, K) with 85N, 116V, 126L, 127O and 128A 
Library 18 288O 
O24(S, H, L, W) 097 (S, K, Q, T) 101 (S, N, P) 125 (G, Q, R, T) 130 (S, H, N) 
with 85N, 116V, 126L, 127O and 128A 
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TABLE 3-2 
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GCI-PO36 Multiple Mutation Libraries (BPN Numbering 

Library 
Position (Amino Acids) Nos. 

Library 1 288 
001 (A, K) 045 (R, F, K) 072 (I, C, V) 104 (V, I) 126 (L, F) 164 (S, F, I, Q) 
Library 2 288 
001 (A, K) 045 (R, F, K) 072 (I, C, V) 104 (V, I) 127 (G, Q, R, T) 163 (G, P) 
Library 3 1372 
O24(S, H, L, N, R. T. W) 109 (Q, I, K, L, R, T, V) 118 (G, F, K, L, R, T, V) 
30 (S, N, R,Y) 
Library 4 S488 
O24(S, H, L, N, R. T. W) 109 (Q, I, K, L, R, T, V) 118 (G, F, K, L, R, T, V) 
27 (G, Q, R, T) 130 (S, N, R, Y) 
Library 5 SO4 
001 (A, K, R) 024 (S, H, L, N, R. T. W) 045 (R, F, K, N) 107 (I, V, T) 172 (A, Q) 
Library 6 2016 
001 (A, K, R) 024 (S, H, L, N, R. T. W) 045 (R, F, K, N) 107 (I, V, T) 127 (G, Q, R, T) 172 (A, 
Q) 
Library 7 576 
O24(S, H, L, W) 099 (S. K, Q, T) 103 (S, N, P) 118 (G, F, R, T) 132 (S, H, N) 
Library 8 2304 
O24(S, H, L, W) 099 (S. K, Q, T) 103 (S, N, P) 118 (G, F, R, T) 127 (G, Q, R, T) 132 (S, H, N) 
Library 9 288 
001 (A, K) 045 (R, F, K) 072 (I, C, V) 104 (V, I) 126 (L, F) 164 (S, F, I, Q) 
with 87N, 118V, 128L, 129Q and 130A 
Library 10 196 
O24(S, H, L, N, R. T. W) 109 (Q, I, K, L, R, T, V) 127 (G, Q, R, T) 
with 87N, 118V, 128L, 129Q and 130A 
Library 11 SO4 
001 (A, K, R) 024 (S, H, L, N, R. T. W) 045 (R, F, K, N) 107 (I, V, T) 172 (A, Q) 
with 87N, 118V, 128L, 129Q and 130A 
Library 12 576 
O24(S, H, L, W) 099 (S. K, Q, T) 103 (S, N, P) 127 (G, Q, R, T) 132 (S, H, N) 
with 87N, 118V, 128L, 129Q and 130A 
Library 13 768 
018 (N, K, Q, R) 097 (G, P) 185 (N, K, Q, R) 209 (Y, W) 215 (A., I, R, V) 256 (S. P. W) 
Library 14 3456 
043 (N, E, F, I, S, T, V, W), 098 (A, E, L, N, T, V) 101 (S, E, F, N, R., T, V, Y) 
17 (N, I, Y) 248 (N., I, K) 

Library 15 1200 
052 (P, I, V) 119 (M,F) 144 (S, T, V, W, Y) 185 (N, R, V) 209 (Y, W) 256 (S., I, P. T) 
Library 16 768 
018 (N, K, Q, R) 097 (G, P) 185 (N, K, Q, R) 209 (Y, W) 215 (A., I, R, V) 256 (S, P, W) with 
87N, 118V, 128L, 129Q and 130° 
Library 17 288O 
043 (N, E, F, I, S, T, V, W),052 (P. I, V) 098 (A, E, L, N, TV) 
O1 (S, E, F, N, R, T, V, Y) 248 (N., I, K) with 87N, 118V, 128L, 129Q and 130A 
Library 18 288O 
O24(S, H, L, W) 099 (S. K, Q, T) 103 (S, N, P) 127 (G, Q, R, T) 132 (S, H, N) 
with 87N, 118V, 128L, 129Q and 130A 

Example 4 

Performance of GCI-PO36 Variants 

0282 Experiments conducted to determine the stain 
removal performance of various single substitution GCI 
P036 variants in a BMI assay (TIDE 2X(R) Cold; 32° C., pH8) 
and CS-38 microswatch assay (CALGONITOR: WE ADW) 
are described. Performance indices for LAS/EDTA stability, 
AAPF activity and protein content were also determined. All 
assays were performed using the methods of Example 1. 
0283 Table 4-1 shows performance index values for 4.210 
variants of subtilisin GCI-P036 at 269 positions. The perfor 
mance of the variant GCI-P036 was compared to the wild 
type GCI-P036 enzyme. Those variants with a performance 
index greater than 1 (PD-1) have improved performance. Per 
formance indices less than or equal to 0.05 were fixed to 0.05 
and indicated in bold italics in the table. For the stability 

measure, if the performance index of activity in the stability 
assays was less than or equal to 0.05, the associated Stability 
performance index was assigned the value ND, for not deter 
mined. Also, variants for which the values were not deter 
mined are listed as ND. 

0284 Performance index (PI) is the ratio of performance 
of the variant to the parent or reference protease. Various 
terms set forth below are used to describe the mutation: up 
mutations have a PD1; neutral mutations have a PD-0.5, 
non-deleterious mutations have a PD0.05; deleterious muta 
tions have a PI=0.05; combinable mutations are those muta 
tions for which the variant has Performance index values=0.5 
for at least one property, and >0.05 for all properties. Com 
binable mutations are mutations that can be combined to 
deliver proteins with appropriate performance indices for one 
or more desired properties. Positions at which mutations 
occur are classified as follows: Non-restrictive positions have 
















































































































































































































































































































































