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(57) ABSTRACT 

The present invention provides engineered protease variants. 
In particular, the protease variants comprise combinable 
mutations at selected Surface positions that affect the charge 
and/or hydrophobicity of the enzyme to enhance at least one 
desired property of the resulting variant enzyme in a chosen 
application. Compositions comprising the protease variants, 
and methods for using the same are also provided. 
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2 3. SO 
SN ASSGSKA.A.S.GYGSNKVAVSESSEEKAg3AS: 
EA ASVEYGVSEEKAEA.HSgYTGSNVKWAVESG SSHEDE.KWAGGAS8i 
G38 ASSGSERVA.A.A.NRGGSGVKAVG SONRGGAS: 

s: 70 8. O 
3. WSE'S SONNSEGEE, A.A.A.SNSEGV.G.A.S.A.S.YAVEVEGADG 
N. WBSETNFRINESSEIGHVAGVA&NNSGVGVASASYAVKW.G.G 

GG38 WGES: GNGEGHVAGEAAINNSIVEGVAESAEE.YAVKVEGASG 

. 2 3. 
N' SGYSSENGEWAASNMWNiSEGGSGSAALKAAVERAVASGVVVV 
A. SQYSSENGERAEANNMOVERESEGGSGSAAKAAVKAVASVVVV 

GG38 SGSWSSAGEWAGNNGMEVASSGSSFSA.E.WNS&SRGWWW 

O EO O 
N AAAGNEGSGSSSEWGYGKYSWAWGAWDSSNQRASESSWG.E.D.W.A 

SA AAAGNEGTSGSSSWGYGEYSWAWGAVISSNQRASFSSWGSEIDWMA 
G38 AASGRESGAGS : * * SYEARYANAMAWGANESNRASFSQYGAGE, EVA 

2. 3. SO 
N. PWSSYGNKY GAYNGESNASPEVAGAAAISKENWSEVRSS, 

EN GWSQSIGNKYGASGSMASPEWAGAAAA. SKENFENEQWRSSE. 
GS8 PGVNWSSYSGSTYASINGSSMA PEVAGAAALWKKNPSWSNVQRN HE, 

s s 2 
3N ENTEKLGDSFYYGKG.INVQAAAQ (SEQ ID NO: } 
NA ENTEDSEYYGKG.INVQAAA (SE O NO; ; ) 

GG38 KNEASGSEN.E.Y.SG.W.NAEAAE, SE : NEO : 4) 
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Matrix of Hydrogathicity Changes by Amino Acid Substitution (Kyte-Doolittle 
Amin'" -I-T- attract 

Acid A CD E | FG H K M N P QR S T | V | WY 
A loot 5353,225.025, 200533.45.363-26.2524-27-31 
C EO60.000529, 2013E304E00333.338 
D 53 60083: 38,435.00028 is 22 

F 100363630.32801181.0834463-33s,35434 
G 22.283-3320284.93542 2-3-2-3-4-4-03-605-09 

.324 25 FA 23.9 
27.2-80.8.0. 7-49.77 C-84 272.808-149,034726.3068.933523.458 
2013:33.142 alologicials 3.834645-451 

A 106545409-233,238 19034335-64-2726 23:23-32 
N 36,000633438-435.0000272.877222 
p 344-19-1944, 2466 235.485-1900-1929.08.095,803 
Q 53 600000633038E434109010272.877222 
R 637 to 390.68364,0210.0338873,632 
S 2633.22.3694245.33462298-273,00050903 
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W. 27326263705235,304.23262:360025,000 
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PROTEASE COMPRISING ONE ORMORE 
COMBINABLE MUTATIONS 

0001. The present application claims priority to U.S. Pro 
visional Patent Application Ser. No. 61/113,545, filed on Nov. 
11, 2008 and U.S. Provisional Patent Application Ser. No. 
61/218,802, filed on Jun. 19, 2009, both of which are herein 
incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention provides engineered protease 
variants. In particular, the protease variants comprise com 
binable mutations at selected surface positions that affect the 
charge and/or hydrophobicity of the enzyme to enhance at 
least one desired property of the resulting variant enzyme in a 
chosen application. Compositions comprising the protease 
variants, and methods for using the same are also provided. 

BACKGROUND OF THE INVENTION 

0003 Serine proteases are a subgroup of carbonyl hydro 
lases comprising a diverse class of enzymes having a wide 
range of specificities and biological functions. Much research 
has been conducted on the subtilisins, due largely to their 
usefulness in cleaning and feed applications. Additional work 
has been focused on the adverse environmental conditions 
(e.g., exposure to oxidative agents, chelating agents, extremes 
oftemperature and/or pH) that can diminish the functionality 
of these enzymes in various applications. Nonetheless, there 
remains a need in the art for enzyme systems that are able to 
resist these adverse conditions and retain or have improved 
activity over those currently known in the art. 

SUMMARY OF THE INVENTION 

0004. The present invention provides engineered protease 
variants. In particular, the protease variants comprise com 
binable mutations at selected surface positions that affect the 
charge and/or hydrophobicity of the enzyme to enhance at 
least one desired property of the resulting variant enzyme in a 
chosen application. Compositions comprising the protease 
variants, and methods for using the same are also provided. 
0005. In one embodiment, the protease variant is the 
mature form of an isolated subtilisin variant of a Bacillus 
Subtilisin that has proteolytic activity and comprises a Substi 
tution two or more positions selected from positions 24, 45. 
101, 109, 118, 213 and 217, wherein the positions are num 
bered by correspondence with the amino acid sequence of B. 
amyloliquefaciens subtilisin BPN' set forth as SEQID NO:1. 
0006. In another embodiment, the protease variant is the 
mature form of an isolated subtilisin variant of a Bacillus 
Subtilisin that has proteolytic activity and comprises a Substi 
tution two or more positions selected from positions 24, 45. 
101, 109, 118, 213 and 217, wherein the positions are num 
bered by correspondence with the amino acid sequence of B. 
amyloliquefaciens subtilisin BPN' set forth as SEQID NO:1, 
and that has a relative protein expression level performance 
index (TCAPI) and/or a stain removal activity performance 
index (BMIPI) that is greater or equal to 0.5. 
0007. In another embodiment, the protease variant is the 
mature form of an isolated subtilisin variant of Bacillus sub 
tilisin GG36 that has proteolytic activity and comprises two 
or more Substitutions at two or more positions selected from 
S24Q, S24E, S24L, S24R, R45Q, R45E, R45L, S101Q, 
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S101E, S101L, S101R, Q109E, Q109L, Q109 R, G 118Q, 
G118E, G 118L, G118R, T213Q, T213L. T213R, T213E, 
L217Q, and L217E, wherein the positions are numbered by 
correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1. 
0008. In another embodiment, the protease variant is the 
mature form of an isolated subtilisin variant of Bacillus sub 
tilisin GG36 that has proteolytic activity and comprises two 
or more Substitutions at two or more positions selected from 
: S24Q, S24E, S24L, S24R, R45Q, R45E, R45L, S101Q, 
S101E, S101L, S101R, Q109E, Q109L, Q109 R, G 118Q, 
G118E, G 118L, G118R, T213Q, T213L. T213R, T213E, 
L217Q, and L217E, wherein the positions are numbered by 
correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1, and 
that has a relative protein expression level performance index 
(TCAPI) and/or a stain removal activity performance index 
(BMI PI) that is greater or equal to 0.5. 
0009. In another embodiment, the protease variant is the 
mature form of an isolated subtilisin variant of Bacillus sub 
tilisin FNA that has proteolytic activity and comprises two or 
more Substitutions at two or more positions selected from 
S24Q, S24E, S24L, S24R, A45Q, A45E, A45L, A45R, 
S101Q, S101E, S101L, S101R, N109Q, N109E, N109L, 
N109R, K213Q, K213E, K213L, K213R, L217Q, and 
L217E, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQID NO:1. 
0010. In another embodiment, the protease variant is the 
mature form of an isolated subtilisin variant of Bacillus sub 
tilisin FNA that has proteolytic activity and comprises two or 
more Substitutions at two or more positions selected from 
S24Q, S24E, S24L, S24R, A45Q, A45E, A45L, A45R, 
S101Q, S101E, S101L, S101R, N109Q, N109E, N109L, 
N109R, K213Q, K213E, K213L, K213R, L217Q, and 
L217E, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQ ID NO:1, and that has a 
relative protein expression level performance index (TCAPI) 
and/or a stain removal activity performance index (BMI PI) 
that is greater or equal to 0.5. 
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S101Q-G118Q-T213Q-L217Q, and S24O-R45Q-S101Q 
G118Q-T213Q-L217E, wherein the positions are numbered 
by correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1 
0012. In another embodiment. the protease variant is the 
mature form of an isolated subtilisin variant of a Bacillus 
subtilisin GG36 that has proteolytic activity and comprises 
the substitution T213Q, wherein said position is numbered by 
correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1. 
0013. In another embodiment. the protease variant is the 
mature form of an isolated subtilisin variant of a Bacillus 
subtilisin FNA that has proteolytic activity and a combination 
of substitutions selected from S24O-A45Q-S101Q-N109Q 
N118Q-K213Q, A45Q-S101Q-N109Q-N118Q-K213Q, 
S101Q-N109Q-N118Q-K213Q, N109Q-N118Q-K213Q, 
N118Q-K213Q, S24E-A45Q-S101Q-N109Q-N118Q 
K213Q, S24E-A45E-S101Q-N109Q-N118Q-K213Q, 
S24E-A45E-S101E-N109Q-N118Q-K213Q, S24E-A45E 
S101E-N109E-N118Q-K213Q, S24E-A45E-S101E 
N109E-N118E-K213Q, S24E-A45E-S101E-N109E 
N118E-K213E, S24L-A45Q-S101Q-N109Q-N118Q 
K213Q, S24L-A45L-S101Q-N109Q-N118Q-K213Q, 
S24L-A45L-S101L-N109Q-N118Q-K213Q, S24L-A45L 
S101 L-N109L-N118Q-K213Q, S24L-A45L-S101 L 
N109L-N118L-K213Q, S24L-A45L-S101L-N109L 
N118L-K213L, S24R-A45Q-S101Q-N109Q-N118Q 
K213Q, S24R-A45R-S101Q-N109Q-N118Q-K213Q, 
S24R-A45R-S101R-N109Q-N118Q-K213Q, S24R-A45R 
S101R-N109R-N118Q-K213Q, S24R-A45R-S101R 
N109R-N118R-K213Q, S24R-A45R-S101R-N109R 
N118R-K213R, S24E-A45R-S101R-N109R-N118R 
K213R, S24E-A45E-S101R-N109R-N118R-K213R, S24E 
A45E-S101E-N109R-N118R-K213R, S24E-A45E-S101E 
N109E-N118R-K213R, S24E-A45E-S101E-N109E 
N118E-K213R, S24E-A45E-S101E-N109E-N118E 
K213E, S24O-A45Q-S101Q-N109Q-N118Q-K213Q 
L217Q, and S24Q-A45Q-S101Q-N109Q-N118Q-K213Q 
L217E, wherein the positions correspond to the positions of 
BPN' subtilisin of SEQID NO:1. 
0014. In another embodiment. the protease variant is the 
mature form of an isolated subtilisin variant of a Bacillus 
subtilisin FNA that has proteolytic activity and comprises the 
substitution K213Q, wherein said position is numbered by 
correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1. 
0015. In another embodiment, the invention provides an 
isolated nucleic acid that encodes any one of the protease 
variants described above. 
0016. In another embodiment, the invention provides an 
expression vector that comprises an isolated nucleic acid that 
encodes any one of the protease variants described above. 
0017. In another embodiment, the invention provides a 
host cell that comprises an expression vector, which in turn 
comprises an isolated nucleic acid that encodes any one of the 
protease variants described above. 
0018. In another embodiment, the invention provides a 
cleaning composition that comprises at least one protease 
variant that is the mature form of an isolated subtilisin variant 
of a Bacillus subtilisin that has proteolytic activity and com 
prises a Substitution two or more positions selected from 
positions 24, 45, 101, 109, 118, 213 and 217, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
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forth as SEQ ID NO:1. In some embodiments, the cleaning 
composition is a detergent. In some embodiments, the deter 
gent is a dish detergent. In other embodiments, the detergent 
is a laundry detergent e.g. heavy duty liquid or dry laundry 
detergent. In alternative embodiments, the cleaning compo 
sition further comprises at least one stabilizing agent. 
0019. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin that has 
proteolytic activity and comprises a Substitution two or more 
positions selected from positions 24, 45, 101, 109, 118, 213 
and 217, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQ ID NO:1, and that has a 
relative protein expression level performance index (TCAPI) 
and/or a stain removal activity performance index (BMI PI) 
that is greater or equal to 0.5. In some embodiments, the 
cleaning composition is a detergent. In some embodiments, 
the detergent is a dish detergent. In other embodiments, the 
detergent is a laundry detergent e.g. heavy duty liquid or dry 
laundry detergent. In alternative embodiments, the cleaning 
composition further comprises at least one stabilizing agent. 
0020. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of Bacillus subtilisin GG36 
that has proteolytic activity and comprises two or more Sub 
stitutions at two or more positions selected from S24O, S24E, 
S24LS24R, R45Q, R45E, R45L, S101Q, S101E, S101 L, 
S101R, Q109E, Q109L, Q109 R, G118Q, G118E, G118L, 
G118R, T213Q, T213L. T213R, T213E, L217Q, and L217E, 
wherein the positions are numbered by correspondence with 
the amino acid sequence of B. amyloliquefaciens Subtilisin 
BPN' set forth as SEQID NO:1. In some embodiments, the 
cleaning composition is a detergent. In some embodiments, 
the detergent is a dish detergent. In other embodiments, the 
detergent is a laundry detergent e.g. heavy duty liquid or dry 
laundry detergent. In alternative embodiments, the cleaning 
composition further comprises at least one stabilizing agent. 
0021. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of Bacillus subtilisin GG36 
that has proteolytic activity and comprises two or more Sub 
stitutions at two or more positions selected from : S24O. 
S24E, S24LS24R, R45Q, R45E, R45L, S101Q, S101E, 
S101L, S101R, Q109E, Q109L, Q109 R, G 118Q, G118E, 
G118L, G118R, T213Q, T213LT213R, T213E, L217Q, and 
L217E, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQ ID NO:1, and that has a 
relative protein expression level performance index (TCAPI) 
and/or a stain removal activity performance index (BMI PI) 
that is greater or equal to 0.5. In some embodiments, the 
cleaning composition is a detergent. In some embodiments, 
the detergent is a dish detergent. In other embodiments, the 
detergent is a laundry detergent e.g. heavy duty liquid or dry 
laundry detergent. In alternative embodiments, the cleaning 
composition further comprises at least one stabilizing agent. 
0022. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisinvariant of Bacillus subtilisin FNA that 
has proteolytic activity and comprises two or more substitu 
tions at two or more positions selected from S24O, S24E, 
S24L, S24R, A45Q, A45E, A45L, A45R, S101Q, S101E, 
S101L, S101R, N109Q, N109E, N109L, N109R, K213Q, 
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K213E, K213L. K213R, L217Q, and L217E, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
forth as SEQID NO:1, and that has a relative protein expres 
sion level performance index (TCAPI) and/or a stain removal 
activity performance index (BMIPI) that is greater or equal to 
0.5. In some embodiments, the cleaning composition is a 
detergent. In some embodiments, the detergent is a dish deter 
gent. In other embodiments, the detergent is a laundry deter 
gent e.g. heavy duty liquid or dry laundry detergent. In alter 
native embodiments, the cleaning composition further 
comprises at least one stabilizing agent. 
0023. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin GG36 
that has proteolytic activity and comprises a combination of 
substitutions selected from S24Q-R45Q-S101O-G 118Q 
T213Q, R45Q-S101Q-G118Q-T213Q, S101Q-G118Q 
T213Q, G118Q-T213Q, S24E-R45Q-S101Q-G118Q 
T213Q, S24E-R45E-S101Q-G118Q-T213Q, S24E-R45E 
S101E-G 118Q-T213Q, S24E-R45E-S101E-Q109E 
G118Q-T213Q, S24E-R45E-S101E-Q109E-G 118E 
T213Q, S24E-R45E-S101E-Q109E-G 118E-T213E, S24L 
R45Q-S101Q-G118Q-T213Q, S24L-R45L-S101Q-G118Q 
T213Q, S24L-R45L-S101L-G 118Q-T213Q, S24L- R45L 
S101 L-Q109L-G 118Q-T213Q, S24L-R45L-S101L-Q109L 
G118L-T213Q, S24L-R45L-S101 L-Q109L-G 118L-T213L, 
S24R-R45Q-S101Q-G118Q-T213Q, S24R-S101Q-G118Q 
T213Q, S24R-S101R- G118Q-T213Q, S24R-S101R 
Q109R-G118Q-T213Q, S24R-S101R-Q109R-G118R 
T213Q, S24R-S101R-Q109R-G118R-T213R, S24E 
S101R-Q109R-G118R-T213R, S24E-R45E-S101R 
Q109R-G118R-T213R, S24E-R45E-S101E-Q109R 
G118R-T213R, S24E-R45E-S101E-Q109E-G 118R-T213R, 
S24E-R45E-S101E-Q109E-G 118E-T213R, S24E-R45E 
S101E-Q109E-G118E-T213E, S24O-R45Q-S101Q 
G118Q-T213Q-L217Q, and S24O-R45Q-S101Q- G118Q 
T213Q-L217E, 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 cleaning composition is a detergent. 
In some embodiments, the detergent is a dish detergent. In 
other embodiments, the detergent is a laundry detergent e.g. 
heavy duty liquid or dry laundry detergent. In alternative 
embodiments, the cleaning composition further comprises at 
least one stabilizing agent. 
0024. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin GG36 
that has proteolytic activity and comprises the Substitution 
T213Q, wherein said position is 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 cleaning composition is a detergent. In some 
embodiments, the detergent is a dish detergent. In other 
embodiments, the detergent is a laundry detergent e.g. heavy 
duty liquid or dry laundry detergent. In alternative embodi 
ments, the cleaning composition further comprises at least 
one stabilizing agent. 
0025. In another embodiment, the invention provides a 
cleaning composition that comprises at least one protease 
variant that is the mature form of an isolated subtilisin variant 
of a Bacillus subtilisin FNA that has proteolytic activity and 
comprises a combination of Substitutions selected from 
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S24Q-A45Q-S101Q-N109Q-N118Q-K213Q, A45Q 
S101Q-N109Q-N118Q-K213Q, S101Q-N109Q-N118Q 
K213Q, N109Q-N118Q-K213Q, N118Q-K213Q, S24E 
A45Q-S101Q-N109Q-N118Q-K213Q, S24E-A45E 
S101Q-N109Q-N118Q-K213Q, S24E-A45E-S101E 
N109Q-N118Q-K213Q, S24E-A45E-S101E-N109E 
N118Q-K213Q, S24E-A45E-S101E-N109E-N118E 
K213Q, S24E-A45E-S101E-N109E-N118E-K213E, S24L 
A45Q-S101Q-N109Q-N118Q-K213Q, S24L-A45L 
S101Q-N109Q-N118Q-K213Q, S24L-A45L-S101 L 
N109Q-N118Q-K213Q, S24L-A45L-S101L-N109L 
N118Q-K213Q, S24L-A45L-S101L-N109L-N118L 
K213Q, S24L-A45L-S101L-N109L-N118L-K213L, S24R 
A45Q-S101Q-N109Q-N118Q-K213Q, S24R-A45R 
S101Q-N109Q-N118Q-K213Q, S24R-A45R-S101R 
N109Q-N118Q-K213Q, S24R-A45R-S101R-N109R 
N118Q-K213Q, S24R-A45R-S101R-N109R-N118R 
K213Q, S24R-A45R-S101R-N109R-N118R-K213R, S24E 
A45R-S 101R-N109R-N118R-K213R, S24E-A45E-S101 R 
N109R-N118R-K213R, S24E-A45E-S101E-N109R 
N118R-K213R, S24E-A45E-S101E-N109E-N118R 
K213R, S24E-A45E-S101E-N109E-N118E-K213R, S24E 
A45E-S101E-N109E-N118E-K213E, S24Q-A45Q-S101Q 
N109Q-N118Q-K213Q-L217Q, and S24Q-A45Q-S101Q 
N109Q-N118Q-K213Q-L217E, wherein the positions 
correspond to the positions of BPN' subtilisin of SEQ ID 
NO:1. In some embodiments, the cleaning composition is a 
detergent. In other embodiments, the detergent is a dish deter 
gent. In yet other embodiments, the detergent is a laundry 
detergent e.g. heavy duty liquid or dry laundry detergent. In 
alternative embodiments, the cleaning composition further 
comprises at least one stabilizing agent. 
0026. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin FNA 
that has proteolytic activity and comprises the Substitution 
K213Q, wherein said position is 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 cleaning composition is a detergent. In some 
embodiments, the detergent is a dish detergent. In other 
embodiments, the detergent is a laundry detergent e.g. heavy 
duty liquid or dry laundry detergent. In alternative embodi 
ments, the cleaning composition further comprises at least 
one stabilizing agent. 
0027. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin that has 
proteolytic activity and comprises a Substitution two or more 
positions selected from positions 24, 45, 101, 109, 118, 213 
and 217, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQ ID NO:1, and that further 
comprises one or more additional enzymes or enzyme deriva 
tives. The additional enzymes or enzyme derivatives are 
selected from hemicellulases, cellulases, peroxidases, pro 
teases, metalloproteases, Xylanases, lipases, phospholipases, 
esterases, perhydrolases, cutinases, pectinases, pectate 
lyases, mannanases, keratinases, reductases, oxidases, phe 
noloxidases, lipoxygenases, ligninases, pullulanases, tan 
nases, pentosanases, malanases, f-glucanases, arabinosi 
dases, hyaluronidase, chondroitinase, laccase, and amylases, 
or mixtures thereof. In some embodiments, the cleaning com 
position is a detergent. In some embodiments, the detergent is 
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a dish detergent. In other embodiments, the detergent is a 
laundry detergent e.g. heavy duty liquid or dry laundry deter 
gent. In alternative embodiments, the cleaning composition 
further comprises at least one stabilizing agent. 
0028. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin that has 
proteolytic activity and comprises a Substitution two or more 
positions selected from positions 24, 45, 101, 109, 118, 213 
and 217, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQ ID NO:1, and that has a 
relative protein expression level performance index (TCAPI) 
and/or a stain removal activity performance index (BMI PI) 
that is greater or equal to 0.5, and that further comprises one 
or more additional enzymes or enzyme derivatives. The addi 
tional enzymes or enzyme derivatives are selected from hemi 
cellulases, peroxidases, proteases, metalloproteases, cellu 
lases, Xylanases, lipases, phospholipases, esterases, 
perhydrolases, cutinases, pectinases, keratinases, reductases, 
oxidases, phenol oxidases, lipoxygenases, ligninases, pullu 
lanases, tannases, pentosanases, malanases, B-glucanases, 
arabinosidases, hyaluronidase, chondroitinase, laccase, and 
amylases, or mixtures thereof. In some embodiments, the 
cleaning composition is a detergent. In some embodiments, 
the detergent is a dish detergent. In other embodiments, the 
detergent is a laundry detergent e.g. heavy duty liquid or dry 
laundry detergent. In alternative embodiments, the cleaning 
composition further comprises at least one stabilizing agent. 
0029. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of Bacillus subtilisin GG36 
that has proteolytic activity and comprises two or more Sub 
stitutions at two or more positions selected from S24O, S24E, 
S24L, S24R, R45Q, R45E, R45L, S101Q, S101E, S101 L, 
S101R, Q109E, Q109L, Q109 R, G 118Q, G118E, G 118L, 
G118R, T213Q, T213L. T213R, T213E, L217Q, and L217E, 
wherein the positions are numbered by correspondence with 
the amino acid sequence of B. amyloliquefaciens Subtilisin 
BPN' set forth as SEQID NO:1, and that further comprises 
one or more additional enzymes or enzyme derivatives. The 
additional enzymes or enzyme derivatives are selected from 
hemicellulases, peroxidases, proteases, metalloproteases, 
cellulases, Xylanases, lipases, phospholipases, esterases, per 
hydrolases, cutinases, pectinases, keratinases, reductases, 
oxidases, phenol oxidases, lipoxygenases, ligninases, pullu 
lanases, tannases, pentosanases, malanases, f-glucanases, 
arabinosidases, hyaluronidase, chondroitinase, laccase, and 
amylases, or mixtures thereof. In some embodiments, the 
cleaning composition is a detergent. In some embodiments, 
the detergent is a dish detergent. In other embodiments, the 
detergent is a laundry detergent e.g. heavy duty liquid or dry 
laundry detergent. In alternative embodiments, the cleaning 
composition further comprises at least one stabilizing agent. 
0030. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of Bacillus subtilisin GG36 
that has proteolytic activity and comprises two or more Sub 
stitutions at two or more positions selected from : S24O. 
S24E, S24L, S24R, R45Q, R45E, R45L, S101Q, S101E, 
S101L, S101R, Q109E, Q109L, Q109 R, G 118Q, G118E, 
G118L, G118R, T213Q, T213L. T213R, T213E, L217Q, and 
L217E, wherein the positions are numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
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subtilisin BPN' set forth as SEQ ID NO:1, and that has a 
relative protein expression level performance index (TCAPI) 
and/or a stain removal activity performance index (BMI PI) 
that is greater or equal to 0.5, and that further comprises one 
or more additional enzymes or enzyme derivatives. The addi 
tional enzymes or enzyme derivatives are selected from hemi 
cellulases, peroxidases, proteases, metalloproteases, cellu 
lases, Xylanases, lipases, phospholipases, esterases, 
perhydrolases, cutinases, pectinases, keratinases, reductases, 
oxidases, phenol oxidases, lipoxygenases, ligninases, pullu 
lanases, tannases, pentosanases, malanases, f-glucanases, 
arabinosidases, hyaluronidase, chondroitinase, laccase, and 
amylases, or mixtures thereof. In some embodiments, the 
cleaning composition is a detergent. In some embodiments, 
the detergent is a dish detergent. In other embodiments, the 
detergent is a laundry detergent e.g. heavy duty liquid or dry 
laundry detergent. In alternative embodiments, the cleaning 
composition further comprises at least one stabilizing agent. 
0031. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisinvariant of Bacillus subtilisin FNA that 
has proteolytic activity and comprises two or more substitu 
tions at two or more positions selected from S24O, S24E, 
S24L, S24R, A45Q, A45E, A45L, A45R, S101Q, S101E, 
S101L, S101R, N109Q, N109E, N109L, N109R, K213Q, 
K213E, K213L. K213R, L217Q, and L217E, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
forth as SEQID NO:1, and that has a relative protein expres 
sion level performance index (TCAPI) and/or a stain removal 
activity performance index (BMIPI) that is greater or equal to 
0.5, and that further comprises one or more additional 
enzymes or enzyme derivatives. The additional enzymes or 
enzyme derivatives are selected from hemicellulases, peroxi 
dases, proteases, metalloproteases, cellulases, Xylanases, 
lipases, phospholipases, esterases, perhydrolases, cutinases, 
pectinases, keratinases, reductases, oxidases, phenol oxi 
dases, lipoxygenases, ligninases, pullulanases, tannases, pen 
tosanases, malanases, B-glucanases, arabinosidases, hyalu 
ronidase, chondroitinase, laccase, and amylases, or mixtures 
thereof. In some embodiments, the cleaning composition is a 
detergent. In some embodiments, the detergent is a dish deter 
gent. In other embodiments, the detergent is a laundry deter 
gent e.g. heavy duty liquid or dry laundry detergent. In alter 
native embodiments, the cleaning composition further 
comprises at least one stabilizing agent. 
0032. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin GG36 
that has proteolytic activity and comprises a combination of 
substitutions selected from S24Q-R45Q-S101 Q-G118Q 
T213Q, R45Q-S101Q-G118Q-T213Q, S101Q-G118Q 
T213Q, G118Q-T213Q, S24E-R45Q-S101Q-G118Q 
T213Q, S24E-R45E-S101Q-G118Q-T213Q, S24E-R45E 
S101E-G 118Q-T213Q, S24E-R45E-S101E-Q109E 
G118Q-T213Q, S24E-R45E-S101E-Q109E-G 118E 
T213Q, S24E-R45E-S101E-Q109E-G 118E-T213E, S24L 
R45Q-S101Q-G118Q-T213Q, S24L-R45L-S101Q-G118Q 
T213Q, S24L-R45L-S101 L-G 118Q-T213Q, S24L- R45L 
S101 L-Q109L-G 118Q-T213Q, S24L-R45L-S101L-Q109L 
G118L-T213Q, S24L-R45L-S101 L-Q109L-G 118L-T213L, 
S24R-R45Q-S101Q-G118Q-T213Q, S24R-S101Q-G118Q 
T213Q, S24R-S101R- G 118Q-T213Q, S24R-S101 R 
Q109R-G118Q-T213Q, S24R-S101R-Q109R-G118R 
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T213Q, S24R-S101R-Q109R-G118R-T213R, S24E 
S101R-Q109R-G118R-T213R, S24E-R45E-S101R 
Q109R-G118R-T213R, S24E-R45E-S101E-Q109R 
G118R-T213R, S24E-R45E-S101E-Q109E-G 118R-T213R, 
S24E-R45E-S101E-Q109E-G 118E-T213R, S24E-R45E 
S101E-Q109E-G118E-T213E, S24O-R45Q-S101Q 
G118Q-T213Q-L217Q, and S24O-R45Q-S101Q- G118Q 
T213Q-L217E, wherein the positions are numbered by 
correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1, and 
that further comprises one or more additional enzymes or 
enzyme derivatives. The additional enzymes or enzyme 
derivatives are selected from hemicellulases, peroxidases, 
proteases, metalloproteases, cellulases, Xylanases, lipases, 
phospholipases, esterases, perhydrolases, cutinases, pecti 
nases, keratinases, reductases, oxidases, phenol oxidases, 
lipoxygenases, ligninases, pullulanases, tannases, pentosan 
ases, malanases, B-glucanases, arabinosidases, hyalu 
ronidase, chondroitinase, laccase, and amylases, or mixtures 
thereof. In some embodiments, the cleaning composition is a 
detergent. In some embodiments, the detergent is a dish deter 
gent. In other embodiments, the detergent is a laundry deter 
gent e.g. heavy duty liquid or dry laundry detergent. In alter 
native embodiments, the cleaning composition further 
comprises at least one stabilizing agent. 
0033. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin GG36 
that has proteolytic activity and comprises the substitution 
T213Q, wherein said position is numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQ ID NO:1, and that further 
comprises one or more additional enzymes or enzyme deriva 
tives. The additional enzymes or enzyme derivatives are 
selected from hemicellulases, peroxidases, proteases, metal 
loproteases, cellulases, Xylanases, lipases, phospholipases, 
esterases, perhydrolases, cutinases, pectinases, keratinases, 
reductases, oxidases, phenol oxidases, lipoxygenases, ligni 
nases, pullulanases, tannases, pentosanases, malanases, 
B-glucanases, arabinosidases, hyaluronidase, chondroitinase, 
laccase, and amylases, or mixtures thereof. In some embodi 
ments, the cleaning composition is a detergent. In some 
embodiments, the detergent is a dish detergent. In other 
embodiments, the detergent is a laundry detergent e.g. heavy 
duty liquid or dry laundry detergent. In alternative embodi 
ments, the cleaning composition further comprises at least 
one stabilizing agent. 
0034. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin FNA 
that has proteolytic activity and comprises a combination of 
substitutions selected from S24O-A45Q-S101Q-N109Q 
N118Q-K213Q, A45Q-S101Q-N109Q-N118Q-K213Q, 
S101Q-N109Q-N118Q-K213Q, N109Q-N118Q-K213Q, 
N118Q-K213Q, S24E-A45Q-S101Q-N109Q-N118Q 
K213Q, S24E-A45E-S101Q-N109Q-N118Q-K213Q, 
S24E-A45E-S101E-N109Q-N118Q-K213Q, S24E-A45E 
S101E-N109E-N118Q-K213Q, S24E-A45E-S101E 
N109E-N118E-K213Q, S24E-A45E-S101E-N109E 
N118E-K213E, S24L-A45Q-S101Q-N109Q-N118Q 
K213Q, S24L-A45L-S101Q-N109Q-N118Q-K213Q, 
S24L-A45L-S101L-N109Q-N118Q-K213Q, S24L-A45L 
S101 L-N109L-N118Q-K213Q, S24L-A45L-S101 L 
N109L-N118L-K213Q, S24L-A45L-S101L-N109L 
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N118L-K213L. S24R-A45Q-S101Q-N109Q-N118Q 
K213Q, S24R-A45R-S101Q-N109Q-N118Q-K213Q, 
S24R-A45R-S101R-N109Q-N118Q-K213Q, S24R-A45R 
S101R-N109R-N118Q-K213Q, S24R-A45R-S101R 
N109R-N118R-K213Q, S24R-A45R-S101R-N109R 
N118R-K213R, S24E-A45R-S101R-N109R-N118R 
K213R, S24E-A45E-S101R-N109R-N118R-K213R, S24E 
A45E-S101E-N109R-N118R-K213R, S24E-A45E-S101E 
N109E-N118R-K213R, S24E-A45E-S101E-N109E 
N118E-K213R, S24E-A45E-S101E-N109E-N118E 
K213E, S24Q-A45Q-S101Q-N109Q-N118Q-K213Q 
L217Q, and S24O-A45Q-S101Q-N109Q-N118Q-K213Q 
L217E, wherein the positions correspond to the positions of 
BPN' subtilisin of SEQID NO:1, and that further comprises 
one or more additional enzymes or enzyme derivatives. The 
additional enzymes or enzyme derivatives are selected from 
hemicellulases, peroxidases, proteases, metalloproteases, 
cellulases, Xylanases, lipases, phospholipases, esterases, per 
hydrolases, cutinases, pectinases, keratinases, reductases, 
oxidases, phenol oxidases, lipoxygenases, ligninases, pullu 
lanases, tannases, pentosanases, malanases, B-glucanases, 
arabinosidases, hyaluronidase, chondroitinase, laccase, and 
amylases, or mixtures thereof. In some embodiments, the 
cleaning composition is a detergent. In other embodiments, 
the detergent is a dish detergent. In yet other embodiments, 
the detergent is a laundry detergent e.g. heavy duty liquid or 
dry laundry detergent. In alternative embodiments, the clean 
ing composition further comprises at least one stabilizing 
agent. 
0035. In another embodiment, the cleaning composition 
comprises at least one protease variant that is the mature form 
of an isolated subtilisin variant of a Bacillus subtilisin FNA 
that has proteolytic activity and comprises the Substitution 
K213Q, wherein said position is numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQ ID NO:1, and that further 
comprises one or more additional enzymes or enzyme deriva 
tives. The additional enzymes or enzyme derivatives are 
selected from hemicellulases, peroxidases, proteases, metal 
loproteases, cellulases, Xylanases, lipases, phospholipases, 
esterases, perhydrolases, cutinases, pectinases, keratinases, 
reductases, oxidases, phenol oxidases, lipoxygenases, ligni 
nases, pullulanases, tannases, pentosanases, malanases, 
B-glucanases, arabinosidases, hyaluronidase, chondroitinase, 
laccase, and amylases, or mixtures thereof. In some embodi 
ments, the cleaning composition is a detergent. In some 
embodiments, the detergent is a dish detergent. In other 
embodiments, the detergent is a laundry detergent e.g. heavy 
duty liquid or dry laundry detergent. In alternative embodi 
ments, the cleaning composition further comprises at least 
one stabilizing agent. 
0036. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
variantofa Bacillus subtilisin that has proteolytic activity and 
comprises a Substitution two or more positions selected from 
positions 24, 45, 101, 109, 118, 213 and 217, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
forth as SEQID NO:1. 
0037. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
variantofa Bacillus subtilisin that has proteolytic activity and 
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comprises a Substitution two or more positions selected from 
positions 24, 45, 101, 109, 118, 213 and 217, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
forth as SEQID NO:1, and that has a relative protein expres 
sion level performance index (TCAPI) and/or a stain removal 
activity performance index (BMIPI) that is greater or equal to 
O.5. 
0038. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
variant of Bacillus subtilisin GG36 that has proteolytic activ 
ity and comprises two or more Substitutions at two or more 
positions selected from S24Q, S24E, S24L.S24R, R45Q, 
R45E, R45L, S101Q, S101E, S101L, S101R, Q109E, 
Q109L, Q109 R, G 118Q, G118E, G 118L, G118R, T213Q, 
T213L. T213R, T213E, L217Q, and L217E, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
forth as SEQID NO:1. 
0039. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
variant of Bacillus subtilisin GG36 that has proteolytic activ 
ity and comprises two or more Substitutions at two or more 
positions selected from : S24Q, S24E, S24L.S24R, R45Q, 
R45E, R45L, S101Q, S101E, S101L, S101R, Q109E, 
Q109L, Q109 R, G 118Q, G118E, G 118L, G118R, T213Q, 
T213L. T213R, T213E, L217Q, and L217E, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
forth as SEQID NO:1, and that has a relative protein expres 
sion level performance index (TCAPI) and/or a stain removal 
activity performance index (BMIPI) that is greater or equal to 
O.5. 

0040. In another embodiment, the invention provides a 
cleaning composition comprising at least 0.0001 weight per 
cent of at least one subtilisin variant that is the mature form of 
an isolated subtilisin variant of Bacillus subtilisin FNA that 
has proteolytic activity and comprises two or more substitu 
tions at two or more positions selected from S24O, S24E, 
S24L, S24R, A45Q, A45E, A45L, A45R, S101Q, S101E, 
S101L, S101R, N109Q, N109E, N109L, N109R, K213Q, 
K213E, K213L. K213R, L217Q, and L217E, wherein the 
positions are numbered by correspondence with the amino 
acid sequence of B. amyloliquefaciens subtilisin BPN' set 
forth as SEQID NO:1. 
0041. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
variant of Bacillus subtilisin FNA that has proteolytic activity 
and comprises two or more Substitutions at two or more 
positions selected from S24O, S24E, S24L, S24R, A45Q, 
A45E, A45L, A45R, S101Q, S101E, S101L, S101R, N109Q, 
N109E, N109L, N109R, K213Q, K213E, K213L, K213R, 
L217Q, and L217E, wherein the positions are numbered by 
correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1, and 
that has a relative protein expression level performance index 
(TCAPI) and/or a stain removal activity performance index 
(BMI PI) that is greater or equal to 0.5. 
0042. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
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correspondence with the amino acid sequence of B. amy 
loliquefaciens subtilisin BPN' set forth as SEQID NO:1 
0043. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
variant of a Bacillus subtilisin GG36 that has proteolytic 
activity and comprises the substitution T213Q, wherein said 
position is numbered by correspondence with the amino acid 
sequence of B. amyloliquefaciens subtilisin BPN' set forth as 
SEQID NO:1. 
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N109Q-N118Q-K213Q-L217E, wherein the positions corre 
spond to the positions of BPN' subtilisin of SEQID NO:1. 
0045. In another embodiment, the cleaning composition 
comprises at least 0.0001 weight percent of at least one sub 
tilisin variant that is the mature form of an isolated subtilisin 
variant of a Bacillus subtilisin FNA that has proteolytic activ 
ity and comprises the substitution K213Q, wherein said posi 
tion is numbered by correspondence with the amino acid 
sequence of B. amyloliquefaciens subtilisin BPN' set forth as 
SEQID NO:1. 
0046. In another embodiment, the invention provides a 
method of cleaning that comprises contacting a Surface and/ 
or an article comprising a fabric with any one of the cleaning 
compositions described, and optionally washing and/or rins 
ing said Surface or article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIG. 1 provides an alignment of the mature form of 
parent proteases GG36 (SEQID:4) and FNA (SEQID NO:7) 
with BPN' (SEQID NO:1). Unless otherwise specified, sub 
stitution positions are given in relationship to BPN' 
0048 FIG. 2 provides a charge change matrix indicating 
the charge change for amino acid residue substitutions at pH 
8.6. From this matrix the net charge change of a variant 
enzyme as compared to a parent enzyme can be easily deter 
mined. 
0049 FIG. 3 provides a Kyte-Doolittle hydropathicity 
change matrix indicating the hydropathicity change for 
amino acid residue substitutions. From this matrix the net 
hydropathicity change of a variant enzyme as compared to a 
parent enzyme can be easily determined. 
0050 FIG. 4 provides a map of p AC-GG36ci 
0051 FIG. 5 provides a map of p AC-FNAre. 

DETAILED DESCRIPTION OF THE INVENTION 

0052. The present invention provides engineered protease 
variants. In particular, the protease variants comprise com 
binable mutations at selected surface positions that affect the 
charge and/or hydrophobicity of the enzyme to enhance at 
least one desired property of the resulting variant enzyme in a 
chosen application. Compositions comprising the protease 
variants, and methods for using the same are also provided. 
0053 As indicated herein, introducing substitutions that 
affect the charge and/or hydrophobicity of subtilisin results in 
an enzyme that comprises at least one combinable mutation to 
provide a variant protease having a Performance Index for at 
least one property of interest being a performance index >0.5 
when compared to that of the parent enzyme. The combinable 
mutations serve to enhance the performance index for at least 
one desired enzyme property in a variety of applications. 
Properties of interest include but are not limited to charge, 
hydrophobicity, Solubility, cleaning performance e.g. stain 
removal from fabric and/or hard surfaces, thermal stability, 
storage stability, detergent stability, Substrate binding, 
enzyme inhibition, expression level, reaction rate, and Sub 
strate degradation. In some embodiments, the property of 
interest is one or more properties selected from charge, 
hydrophobicity, expression level (TCAPI) and cleaning per 
formance e.g. stain removal (BMI PI). Although described 
herein in relationship to proteases and blood, milk and ink 
stains (BMI), it is contemplated that the protease variants of 
the present invention are optimized for any enzyme-substrate 
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interaction in any a variety of reaction media dictated by the 
application e.g. cleaning applications. 
0054 Previously, efforts to develop superior proteins 
focused upon minimizing enzyme binding to Surfaces. For 
example, some methods involved altering the Subtilisin 
sequence to obtain variant enzymes with decreased adsorp 
tion to insoluble substrates (See e.g., WO95/07991). In 
another approach, the p of subtilisin was altered in order to 
obtain variant enzymes with a net charge of Zero at a defined 
pH (See e.g., WO 91/00345). However, as determined during 
development of the present invention, these approaches are 
not always Successful. During the development of the present 
invention, it was determined that Surface properties of 
enzymes generally have optima that are determined as a func 
tion of change in Surface charge and/or hydrophobicity. Even 
for enzymes that are normally quite active, Surface properties 
can cause the overall reaction to be much slower under some 
conditions and with some Substrates than under other condi 
tions and/or with other substrates. In some embodiments the 
present invention provides variant proteases that comprise 
modified Surface properties obtained by changing the nature 
of one or more amino acids on the enzyme Surface. When 
these changes are made at sites on the Surface that do not 
interact with any other amino acids and are not necessary for 
enzyme function, the properties of the protein are predicted 
based on the properties of the amino acids substituted at those 
positions as described herein. 
0055 Sites are readily identified from structure data; alter 
natively, homologous sequence alignments, site evaluation 
library data and/or any combination thereof find use. Amino 
acid scoring matrices (e.g. FIG. 1) and/or hydrophobicity 
scales (e.g. FIG.2) find use in guiding amino acid Substitution 
(s) and to identify those physical properties of the protein that 
correlate with the properties of the substituted amino acids. 

DEFINITIONS 

0056. Unless otherwise indicated, the practice of the 
present invention involves conventional techniques com 
monly used in molecular biology, microbiology, and recom 
binant DNA, which are within the skill of the art. Such tech 
niques are known to those of skill in the art and are described 
in numerous texts and reference works well known to those 
skilled in the art. All patents, patent applications, articles and 
publications mentioned herein, both Supra and infra, are 
hereby expressly incorporated herein by reference. 
0057. Unless defined otherwise herein, all technical and 
Scientific terms used herein have the same meaning as com 
monly understood by one of ordinary skill in the art to which 
this invention pertains. Although any methods and materials 
similar or equivalent to those described herein find use in the 
practice of the present invention, some of the preferred meth 
ods and materials are described herein. Accordingly, the 
terms defined immediately below are more fully described by 
reference to the Specification as a whole. 
0.058 Also, as used herein, the singular “a,” “an and 
“the include the plural reference unless the context clearly 
indicates otherwise. Numeric ranges are inclusive of the num 
bers 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 orien 
tation, respectively. It is to be understood that this invention is 
not limited to the particular methodology, protocols, and 
reagents described, as these may vary, depending upon the 
context they are used by those of skill in the art. 



US 2012/0003718A1 

0059. It is intended that every maximum numerical limi 
tation given throughout this specification includes every 
lower numerical limitation, as if such lower numerical limi 
tations were expressly written herein. Every minimum 
numerical limitation given throughout this specification will 
include every higher numerical limitation, as if such higher 
numerical limitations were expressly written herein. Every 
numerical range given throughout this specification will 
include every narrower numerical range that falls within Such 
broader numerical range, as if such narrower numerical 
ranges were all expressly written herein. 
0060. 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. 
0061. As used herein, there term “performance index (PI)” 
refers to the ratio of the performance of a variant enzyme 
relative to that of the parent or reference enzyme in a given 
assay. The PI for cleaning performance is provided herein as 
the performance to remove blood, milk, and ink stains (BMI), 
and is provided as a BMIPI value. The PI for expression level 
performance is provided herein as the level of protein pro 
duced as measured by trichloroacteic (TCA) acid precipita 
tion, and is provided as a TCAPI value. 
0062. As used herein, “combinable mutations' are those 
mutations for which the variant comprising the mutations has 
Performance Index (PI) a value >0.5 for at least one property. 
Combinable mutations are mutations that can be combined to 
deliverproteins with appropriate Performance Indices for one 
or more desired properties, and have changes in charge and/or 
hydrophobicity. Positions at which mutations occur are 
classed as follows: Non-restrictive positions have =20% neu 
tral mutations for at least one property; and Restrictive posi 
tions have <20% neutral mutations for activity and stability. 
0063. 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. 
0064. 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 
cDNA and genomic clones. Isolated DNA molecules of the 
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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'. 
0065. 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. 

0066. As used herein, a “parent protein refers to the pro 
tein that is modified e.g. by introducing one or more amino 
acid Substitutions, to generate one or more variant of the 
parent protein. Thus, the terms “protease variant' and “vari 
ant protease' are used in reference to parent proteases that are 
similar to variant protease, particularly in their function, but 
have mutations in their amino acid sequence that make them 
different in sequence from the parent protease at from one to 
20 amino acid positions. The amino acid sequences of the 
mature region of exemplary parent proteases are shown in the 
alignment of FIG. 1. FNA (SEQID NO:7) and GG36 (SEQ 
ID NO:4) are the mature parent proteases which have been 
modified to contain one or more combinable substitutions to 
generate the variant proteases of the invention. GG36 is a 
wild-type Bacillus lentus protease, and FNA is the Bacillus 
amyloliquefaciens BPN'portease containing the Y217L sub 
stitution. 

0067. 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 
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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. 
0068. 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, Nucleic Acids Res, 34 
Database issue, D270-272, 2006, at the website merops. 
sanger.ac.uk/cgi-bin/merops.cgi?id=S08:action.). The fol 
lowing information was derived from MEROPS The Pep 
tidase Data base as of Nov. 6, 2008 “Peptidase family S8 
contains the serine endopeptidase Subtilisin and its homo 
logues (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 for 
merly 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 SBA, 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 II3 such as 
eglin C (II3.001) and barley inhibitor CI-1A (II3.005), 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. 
0069. As used herein, the terms “Bacillus’ and “genus 
Bacillus’ include all species within the genus “Bacillus, as 
known to those of skill in the art, including but not limited to 
B. subtilis, B. licheniformis, B. lentus, B. brevis, B. Stearo 
thermophilus, B. alkalophilus, B. amyloliquefaciens, B. 
clausii, B. halodurans, B. megaterium, B. coagulans, B. cir 
culans, B. lautus, and B. thuringiensis. It is recognized that 
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the genus Bacillus continues to undergo taxonomical reorga 
nization. Thus, it is intended that the genus include species 
that have been reclassified, including but not limited to such 
organisms as B. Stearothermophilus, which is now named 
“GeoBacillus Stearothermophilus.” The production of resis 
tant endospores in the presence of oxygen is considered the 
defining feature of the genus Bacillus, although this charac 
teristic also applies to the recently named AlicycloBacillus, 
AmphiBacillus, AneuriniBacillus, AnoxyBacillus, BreviBa 
cillus, FiloBacillus, GraciliBacillus, HaloBacillus, PaeniBa 
cillus, SaliBacillus, ThermoBacillus, UreiBacillus, and Vir 
giBacillus. 
(0070. 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. 
0071. A "prosequence' is an amino acid sequence 
between the signal peptide and the mature region of a pro 
tease. The prosequence is cleaved during the maturation pro 
cess that results in the production of the active mature form of 
the protease. 
0072 The term “signal sequence' or “signal peptide' 
refers to any sequence of nucleotides and/or amino acids that 
participate in the secretion of the mature or precursor 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 partici 
pate 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 B. subtilis Subtilisin fused to the 
remainder of the signal sequence of the subtilisin from B. 
lentus (ATCC 21536). 
0073. 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. 

0074 The term “mature' form of a protein or peptide 
refers to the final functional form of the protein or peptide. To 
exemplify, the mature form of the FNA protease provided 
herein includes the amino acid sequence of SEQ ID NO:7. 
while a mature form of the GG36 protease includes the amino 
acid sequence of SEQID NO:4. 
(0075. The term “precursor herein refers to the form of a 
protein or peptide having a prosequence operably linked to 
the amino or carbonyl terminus of the mature protein. To 
exemplify, SEQID NOS:3 and 6 are sequences of the precur 
sors of the mature GG36 (SEQID NO:4) and FNA (SEQID 
NO:7), respectively. The precursor may also have a “signal 
sequence operably linked, to the amino terminus of the prose 
quence. The precursor may also have additional polynucle 
otides that are involved in post-translational activity (e.g., 
polynucleotides cleaved therefrom to leave the mature form 
of a protein or peptide). 
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0076 “Naturally occurring enzyme” and “naturally occur 
ring protein’ refer to an enzyme or protein 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. 
0077. The terms “derived from and “obtained from refer 
to not only an enzyme (e.g., protease) produced or producible 
by a strain of the organism in question, but also an enzyme 
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 enzyme that is encoded by a 
DNA sequence of synthetic and/or cDNA origin and which 
has the identifying characteristics of the enzyme in question. 
0078. A "derivative” within the scope of this definition 
generally retains the characteristic proteolytic activity 
observed in the wild-type, native or parent form to the extent 
that the derivative is useful for similar purposes as the wild 
type, native or parent form. Functional enzyme derivatives 
encompass naturally occurring, synthetically or recombi 
nantly produced peptides or peptide fragments having the 
general characteristics of the parent enzyme. 
0079. As used herein, “by correspondence to refers to a 
residue at the enumerated position in a protein or peptide. 
0080. As used herein, “substituted and “substitutions' 
refer to replacement(s) of one or more amino acid residues or 
nucleic acid bases in a parent sequence. In some embodi 
ments, the substitution involves the replacement of a naturally 
occurring residue or base. In some embodiments, two or more 
amino acids are substituted to generate a variant protease that 
comprises a combination of amino acid Substitutions. In some 
embodiments, combinations of substitutions are denoted by 
the amino acid position at which the substitution is made. For 
example, a combination denoted by E6A-E30G means that 
glutamic acid (E) at position 6 is Substituted with Alanine (A) 
and the glutamic acid (E) at position 30 is substituted with a 
Glycine (G) Amino acid positions are given by correspon 
dence to the numbered position in the mature region of the 
subtilisin BPN' (SEQID NO:1). 
0081. The phrase “substitution at two or more positions' 
herein refers to a combination of two or more substitutions 
that are made in the same protein. Thus, “a substitution at two 
or more positions' refers to any one of a combination of 2, 3, 
4, 5, 6, and 7 amino acid substitutions. 
0082. As used herein, the terms “expression cassette' and 
“expression vector” refer to nucleic acid constructs generated 
recombinantly or synthetically, with a series of specified 
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. 
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I0083. 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. 
I0084 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. 
0085. As used herein, the terms “Host strain or “host cell 
refers to a suitable host for an expression vector comprising 
DNA according to the present invention. 
I0086. 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, powder or spray composition), used 
in the composition. The specific selection of cleaning com 
position materials are readily made by considering the Sur 
face, item or fabric to be cleaned, and the desired form of the 
composition for the cleaning conditions during use. 
I0087. 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). 
I0088 Indeed, the term “cleaning composition' as used 
herein, includes unless otherwise indicated, dry e.g. granular 
or powder-form all-purpose or heavy-duty washing agents, 
especially cleaning detergents; liquid, gel or paste-form all 
purpose 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, car or carpet 
shampoos, bathroom cleaners; hair shampoos and hair 
rinses; shower gels and foam baths and metal cleaners; as well 
as cleaning auxiliaries such as bleach additives and 'stain 
Stick’ or pre-treat types. 
I0089. 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). 
0090. As used herein, “non-fabric cleaning compositions' 
include non-textile (i.e., fabric) Surface cleaning composi 
tions, including but not limited to dishwashing detergent 
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compositions, oral cleaning compositions, denture cleaning 
compositions, and personal cleansing compositions. 
0091. 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 
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. 
0092. 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. 
It is not intended that the present invention be limited to any 
particular type or dishware composition. Indeed, the present 
invention finds use in cleaning dishware (e.g., dishes, includ 
ing, but not limited to plates, cups, glasses, bowls, etc.) and 
cutlery (e.g., utensils, including 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 “dishware' is used herein in reference 
to both dishes and cutlery. 
0093. As used herein, “non-phosphate containing dish 
washing detergents' are detergents that contain no more than 
0.5% phosphorus (i.e., phosphorus is a trace element). 
0094. As used herein, “wash performance' or “cleaning 
performance of a variant protease refers to the contribution 
made by a variant protease to the cleaning ability of a cleaning 
composition when compared to that obtained in the absence 
of the protease variant. 
0095. The term “relevant washing conditions” is used 
herein to indicate the conditions, particularly washing tem 
perature, time, washing mechanics, Sud concentration, type 
of detergent and water hardness, actually used in households 
in a dish or laundry detergent market segment. 
0096. 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. 

0097. 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. 
0098. As used herein, “effective amount of enzyme” refers 
to the quantity of enzyme necessary to achieve the enzymatic 
activity required in the specific application (e.g., personal 
care product, cleaning composition, etc.). Such effective 
amounts are readily ascertained by one of ordinary skill in the 
art and are based on many factors, such as the particular 
enzyme variant used, the cleaning application, the specific 
composition of the cleaning composition, and whether a liq 
uid or dry (e.g., granular, bar) composition is required, and the 
like. 
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0099. 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 presentinamounts 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 
earth-metal salts of sulfates and chlorides. A preferred filler 
salt is sodium sulfate. 
0100. As used herein, “adjunct ingredient’ or “adjunct 
material refers to cleaning materials that 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 trans 
fer agents, dispersants, Suds Suppressors, dyes, perfumes, 
colorants, filler salts, hydrotropes, photoactivators, fluoresc 
ers, fabric conditioners, 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). 
0101. As used herein, “dishwashing composition” refers 
to all forms for compositions for cleaning dishes, including 
but not limited to granular and liquid forms. 
0102. As used herein, “fabric cleaning composition' 
refers to all forms of detergent compositions for cleaning 
fabrics, including but not limited to, granular, liquid and bar 
forms. 
0103) As used herein, “fabric' encompasses any textile 
material. Thus, it is intended that the term encompass gar 
ments, as well as fabrics, yarns, fibers, non-woven materials, 
natural materials, synthetic materials, and any other textile 
material. 

0104. As used herein, “textile” refers to woven fabrics, as 
well as staple fibers and filaments suitable for conversion to or 
use as yarns, woven, knit, and non-woven fabrics. The term 
encompasses yarns made from natural, as well as Synthetic 
(e.g., manufactured) fibers. 
0105. As used herein, “textile materials” is a general term 
for fibers, yarn intermediates, yarn, fabrics, and products 
made from fabrics (e.g., garments and other articles). 
0106 Most strategies currently utilized for improving pro 
tein performance in industrial, consumer or pharmaceutical 
applications have focused on amino acid Substitutions at or 
near an enzyme’s active site, in order to increase catalytic 
efficiency. However, during the development of the present 
invention, it was determined that mutations elsewhere on the 
enzyme surface dramatically increase enzyme performance 
beyond what is possible through catalytic efficiency improve 
ments. Basically, the reaction rate governing conversion of 
Substrates to products mediated by enzymes is only partially 
controlled by the rate of the chemical catalytic conversion 
step alone. Enzymes and Substrates interact as colloids prior 
to their association as an enzyme-Substrate ES complex, as 
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well as during dissociation from the enzyme-product EP 
complex that is formed after chemical conversion. Even if the 
reaction step proceeds at a fast rate, enzyme approach towards 
Substrate can be extremely slow (e.g., diffusion-limited), as in 
the case of same-sign colloids experiencing electrostatic 
repulsive forces. Likewise, release of enzyme from the 
enzyme-product EP complex can be extremely slow (e.g., 
diffusion-limited), as in the case of colloids experiencing 
attractive short-range hydrophobic and dispersive forces. 
Both conditions increase the enzyme transit time from sub 
strate to product and become rate-step limiting compared to 
chemical conversion. While it is possible to envisage that 
oppositely-charged colloids would actually accelerate the 
formation of ES complexes (e.g., above the diffusion limit), 
subsequent dissociation of the EP complex would be pain 
fully slow (assuming that no charges are created nor lost) and 
the overall reaction rate would decrease. Therefore, the asym 
metry of the pair-wise interaction potential is exploited in 
order to ensure minimal transit times for both the ES and EP 
complexes. This is particularly important in industrial bio 
technology, since it is desirable to convert all of the substrate 
to product in the shortest amount of time possible under often 
enzyme-limited conditions. Historically, protein engineers 
have focused on specific enzyme-substrate interactions of the 
chemical conversion step and have failed to recognize the 
contribution of both short- and long-range non-specific inter 
actions, arising from intermolecular colloidal and Surface 
forces, which govern the association and dissociation steps. 
An objective of the present invention is to provide protease 
variants having altered Surface properties obtained by chang 
ing the nature of one or more amino acids on the enzyme 
surface that optimize intermolecular forces to the point where 
the chemical conversion step becomes rate-limiting. 
0107 Modification of surface properties is achieved by 
introducing amino acid substitutions that alter the charge 
and/or the hydrophobicity of the enzyme using the methods 
described herein. Once the chemical conversion step 
becomes rate limiting, further improvements in the perfor 
mance of the variant enzyme can be achieved through 
changes in the enzyme active site. This objective is applicable 
whether the substrate is a small peptide in solution or an 
insoluble macroscopic Substrate. Nonetheless, knowledge of 
the mechanism(s) involved is not necessary in order to make 
and use the present invention. Nor is it intended that the 
present invention be limited to any particular mechanism. 
0108 Briefly the methods used to generate the protease 
variants of the present invention involve (I) Assaying Probe 
Proteins Spanning a Physical Property Range; (II) Determin 
ing Physical Property Optimum for a Given Favorable Out 
come; and (III) Providing Variant Proteins Having The Physi 
cal Property Optimum. 
0109 I. Assay Probe Proteins 
0110 Assaying probe proteins involves the testing of mul 

tiple probe proteins (i.e., “probe protein folds’) spanning the 
range of a physical property of interest (i.e., a “property of 
interest”) in an appropriate assay. Probe proteins include a 
limited set of proteins and/or variants thereof. In some exem 
plary embodiments, at least one serine protease was tested for 
one or more benefits. For instance, the change in net charge of 
the variant relative to the parent enzyme for two serine pro 
teases, GG36 and FNA were provided. The net charge change 
for the variants of GG36 and FNA as described herein, span a 
relative net charge change range of-7 to 0 as compared to the 
respective parent enzymes. 
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0111 II. Determine Physical Property Optimum 
0112 Determining the physical property optimum i.e. 
determining the optimum of a property of interest, involves 
identifying a physical property optimum or range thereof for 
a favorable outcome. In some exemplary embodiments, the 
cleaning performance index, herein provided as the BMIPI of 
FNA and GG36 protease variants was measured. In other 
embodiments, the expression level herein provided as the 
TCAPI of the FNA and GG36 protease variants was mea 
Sured. In the present embodiments, when comparing benefits 
obtained with proteins having the same fold i.e. serine pro 
teases, a relative was be employed (e.g., net charge differen 
tial relative to wild-type or parent protein). Alternatively, 
when comparing benefits obtained with proteins having dif 
ferent folds, e.g. serine proteases and metalloproteases, a 
common physical property Scale is employed (e.g., protein 
charge reported as Zeta potential). Probe proteins spanning a 
wide physical property range are employed, in order to 
increase the likelihood of defining an optimum for that physi 
cal property. Once the optimum value or optimum range for a 
benefit of interest has been established by assaying the probe 
proteins, it is possible to predict both the general direction and 
magnitude of change likely to be required for converting an 
inferior performer (e.g., lying outside of the optimal range) to 
a Superior performer (e.g., within the optimal range). 
0113 Use of more than one probe protein series is con 
templated to permit the identification of different physical 
property optima for a benefit of interest. For instance in some 
embodiments, both changes in net charge and hydrophobicity 
relative to that of the parent enzyme of the detergent proteases 
GG36 and FNA are tested for cleaning performance in a 
blood, milk, ink assay. In some instances, the same physical 
property is contemplated to exhibit different optima for dif 
ferent benefits. For example, there exists an optimal protease 
charge for cleaning performance for FNA (BMIPI), which is 
distinct from the optimal protease charge for expression level 
(TCAPI). 
0114. In some embodiments, charge-related physical 
properties are compared across parent and variant proteins in 
terms of measured Zeta potential, net charge, charge density, 
and/or Surface count of ionizable groups. In general, any 
method of determining protein charge from titration or elec 
trophoretic measurements is Suitable for comparing different 
protein folds. Comparing different protein variants is done by 
calculation of one or more of the above quantities based upon 
protein primary, secondary and/or tertiary sequence informa 
tion when available. Typical bioinformatics tools employed 
for Such purposes include isoelectric point calculators using 
the Henderson-Hesselbach equation (e.g., European Molecu 
lar Biology Laboratory) or Poisson-Boltzmann electrostatic 
solvers (e.g., DelPhi, MOE). 
0115 III. Provide Variant Proteins Having The Physical 
Property Optimum 
0116. Once an optimum value or range has been deter 
mined in the previous step, a plurality of candidate proteins 
are provided which are constrained for the physical property 
of interest. Suitable methods for providing candidate proteins 
include, but are not limited to the production of artificial 
enzymes variants by recombinant techniques, as well as the 
purification of natural enzyme variants (e.g., homologues) by 
chromatography, the in vitro synthesis of glycosylation or 
phosphorylation enzyme variants or the in vitro production of 
enzyme conjugates. Another way to alter the hydrophobicity 
of a protein via glycosylation is to generate new glycosylation 
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sites on the surface of the enzyme. These variants will be 
glycosylated in vivo during expression. 
0117. In some embodiments, hydrophobicity-related 
physical properties are compared across protease variants in 
terms of the overall contribution by the substituted residues to 
the net change in hydrophobicity of the resulting variant 
relative to that of the parent enzyme. In some embodiments, 
the overall hydrophobic contribution is calculated using one 
or more of the many amino-acid hydrophobicity Scales avail 
able in the literature and known to those in the art, that take 
into account protein primary, secondary and/or tertiary struc 
ture information. In instances when hydrophobicity-related 
physical properties are compared across different protein 
folds in terms of measured protein partitioning between its 
native aqueous environment and a hydrophobic phase. 
Examples include but are not limited to surface tension at the 
air-water or heptane-water interfaces, as well as contactangle 
and wetting measurements between aqueous and Solid Sub 
strate-containing phases. In general, any method suitable for 
characterizing the partitioning of a protein between two 
phases is suitable for use in the present invention, including 
optical (e.g., ellipsometry, Surface plasmon resonance, inter 
ferometry, and/or reflectivity), acoustic (e.g., quartZ-crystal 
microbalance), fluorescence, spectroscopy (e.g., attenuated 
total reflection infrared) or concentration (e.g., enzyme activ 
ity) determinations. 
0118 Charge and hydrophobicity scales are not indepen 
dent from each other since charged residues add hydrophilic 
character. Thus, rather than simply choosing one scale over 
another, Some embodiments of the present invention employ 
multiple different scales (e.g., theoretical or experimentally 
determined) for identifying physical property dependencies. 
References for 23 of the most commonly used hydrophobic 
ity scales include: hydrophobicity (Rao and Argos) calculates 
membrane buried helix parameter. (Rao and Argos, Biochim 
Biophys. Acta 869: 197-214 (1986); hydrophobicity (Black 
and Mould) calculates hydrophobicity of physiological L-al 
pha amino acids (Black and Mould, Anal. Biochem., 193:72 
82 (1991); hydrophobicity (Bull and Breese) calculates 
hydrophobicity (free energy of transfer to surface in kcal/ 
mole)(Bull and Breese, Arch. Biochem. Biophys. 161:665 
670 (1974); hydrophobicity (Chothia) calculates proportion 
of residues 95% buried (in 12 proteins) (Chothia, J. Mol. 
Biol. 105:1-14 1976); hydrophobicity (Kyte and Doolittle) 
calculates hydropathicity (Kyte and Doolittle, J. Mol. Biol. 
157:105-132 (1982); hydrophobicity (Eisenberg et al.) cal 
culates normalized consensus hydrophobicity Scale (Eisen 
berget al., J. Mol. Biol.179:125-142.1984); hydrophobicity 
(Fauchere and Pliska) calculates hydrophobicity scale (pi-r) 
(Fauchere and Pliska, Eur. J. Med. Chem., 18:369-375 
1983); hydrophobicity (Guy) calculates hydrophobicity 
scale based on free energy of transfer (kcal/mole) (Guy, Bio 
phys J., 47:61-70 (1985); hydrophobicity (Janin) calculates 
free energy of transfer from inside to outside of a globular 
protein (Janin, Nature 277:491-492 (1979); hydrophobicity 
(Abraham and Leo) calculates hydrophobicity (delta 
G1/2cal) (Abraham and Leo, Proteins: Structure, Function 
and Genetics 2: 130-152 (1987); hydrophobicity (Manavalan 
et al.) calculates average Surrounding hydrophobicity 
(Manavalan et al., Nature 275:673-674 (1978); Hydropho 
bicity (Miyazawa et al.) calculates hydrophobicity scale (con 
tact energy derived from 3D data) (Miyazawa et al., Macro 
molecules 18:534-552 (1985); hydrophobicity (Aboderin) 
calculates mobilities of amino acids on chromatography 
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paper (RF) (Aboderin, Int. J. Biochem., 2:537-544 1971): 
hydrophobicity HPLC (Parker et al.) calculates hydrophilic 
ity scale derived from HPLC peptide retention times (Parker 
et al., Biochem. 25:5425-5431 (1986); Hphob. HPLC pH3.4 
calculates hydrophobicity indices at ph 3.4 determined by 
HPLC (Cowan and Whittaker, Peptide Res.,3:75-801990); 
Hphob. HPLC pH7.5 calculates hydrophobicity indices at ph 
7.5 determined by HPLC (Cowan and Whittaker, Peptide 
Res., 3:75-801990); hydrophobicity (Rose et al.)(AA) cal 
culates the mean fractional area loss (f) average area buried/ 
standard state area (Rose et al., Science 229:834-838 
1985)); and hydrophobicity (Roseman) calculates hydro 
phobicity scale (pi-r) (Roseman, J. Mol. Biol., 200:513-522 
1988)). 
0119) Other physical properties that are compared across 
proteases and variants thereof within the same protein fold or 
across different protein folds include but are not limited to 
solubility-related physical properties, size-related physical 
properties, and protein melting temperatures. Solubility-re 
lated physical properties are compared across different pro 
tein folds in terms of both charge and hydrophobicity scales 
previously described. In general, any thermodynamic or 
kinetic quantity characterizing protein-protein Versus pro 
tein-solvent interactions is suitable for use with the methods 
of the present invention. For instance second virial coefficient 
(See, Wilson, Acta Crystallographica, D50:361-365 (1994), 
chiparameter, osmotic pressure, and activity or fugacity coef 
ficients reflecting deviations from ideal mixing behavior find 
use (See e.g., Reid et al., “The Properties of Gases and Liq 
uids', 4' Ed. McGraw-Hill, 1987). Size-related physical 
properties are compared across different protein folds using 
any experimental means Suitable for determining protein or 
polymer dimensions. Size is inferred from molecular weight 
using commonly available correlations between protein or 
polymer conformation (coil, globular, branched), their 
molecular weight and hydrodynamic or gyration radius. Suit 
able techniques for size or molecular weight determination 
include, but are not limited to static and dynamic light scat 
tering, gel electrophoresis, mass spectroscopy and chroma 
tography. Alternatively, size is readily estimated from knowl 
edge of the experimentally determined protein crystal 
structures or structural homology models. 
I0120 Protein melting temperatures (T,) are typically 
determined through monitoring of a physical reporter prop 
erty across a temperature Scan. Suitable methods include, but 
are not limited to differential scanning calorimetry, circular 
dichroism, dynamic light scattering, and UV-visible spectros 
copy. 

Applications for Serine Protease Enzymes 
I0121 The combinable mutations created to generate the 
protease variants are contemplated to serve to enhance the 
performance indeX e.g. locate the performance optimum, for 
at least one desired enzyme property in a variety of applica 
tions. The location of the performance/property optimum is 
largely influenced by medium utilized (e.g., detergent formu 
lation, pH, ionic strength, etc), as well as the net charge and 
charge distribution of amino acid residues of the enzyme of 
interest. Thus, an optimal enzyme is contemplated to exist for 
different formulations of varying pH, ionic strength, Surfac 
tant type and ratio, builders and chelators, all of which affect 
electrostatic phenomena. The use of enzyme blends, in which 
each member of the blend possesses a different charge opti 
mum, is contemplated for the production of formulations 
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Suitable for a wide range of conditions (e.g., proteases in 
detergent formulations sold in different geographies or 
locales having differences in water hardness). The use of 
enzyme blends, in which each member of the blend excels in 
the cleaning of a different stain, is also contemplated for the 
production of formulations suitable for cleaning a wide vari 
ety of stains. Additionally, the use of enzyme blends, in which 
each member of the blend possesses a different charge opti 
mum, is contemplated in cases where the enzyme substrate 
itself undergoes charge changes during enzyme reaction 
0122 Although described herein in relationship to pro 
teases and blood, milk and ink stains, it is contemplated that 
the protease variants of the present invention are optimized 
for any enzyme-substrate interaction in any a variety of reac 
tion media (i.e. conditions) dictated by the application e.g. 
cleaning applications. 
0123. As described in greater detail herein, the variant 
proteases of the present invention have important character 
istics that make them very Suitable for certain applications. 
For example, in Some preferred embodiments, the variant 
proteases of the present invention have altered charge and/or 
hydrophobicity as compared to some currently used pro 
teases. Thus, these proteases find particular use in cleaning 
compositions. Indeed, under certain wash conditions, the 
present proteases exhibit comparative or enhanced expres 
sion and/or stain removal activity as compared with currently 
used Subtilisin proteases. Thus, it is contemplated that the 
cleaning and/or enzyme compositions of the present inven 
tion will be provided in a variety of cleaning compositions. 
Thus, the present proteases find use in various cleaning com 
positions, as well as animal feed applications, leather pro 
cessing (e.g., bating), protein hydrolysis, and in textile uses. 
The identified proteases also find use in personal care appli 
cations. 
0.124 Indeed, the protease variants of the present inven 
tion find use in a number of industrial applications, in par 
ticular within the cleaning, disinfecting, animal feed, and 
textile/leather industries. In some embodiments, the protease 
(s) of the present invention are combined with detergents, 
builders, bleaching agents and other conventional ingredients 
to produce a variety of novel cleaning compositions useful in 
the laundry and other cleaning arts Such as, for example, 
laundry detergents (both powdered and liquid), laundry pre 
soaks, all fabric bleaches, automatic dishwashing detergents 
(both liquid and powdered), household cleaners, particularly 
bar and liquid Soap applications, and drain openers. In addi 
tion, the variant proteases find use in the cleaning of contact 
lenses, as well as other items, by contacting Such materials 
with an aqueous solution of the cleaning composition. In 
addition these variant proteases can be used, for example in 
peptide hydrolysis, waste treatment, textile applications, 
medical device cleaning, biofilm removal and as fusion 
cleavage enzymes in protein production, etc. The composi 
tion of these products is not critical to the present invention, as 
long as the variant protease(s) maintain their function in the 
setting used. In some embodiments, the compositions are 
readily prepared by combining a cleaning effective amount of 
the protease variant or an enzyme composition comprising 
the variant protease enzyme preparation with the conven 
tional components of Such compositions in their art recog 
nized amounts. 

Cleaning Compositions 
0.125 Unless otherwise noted, all component or composi 
tion levels provided herein are made in reference to the active 
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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. 
0.126. 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.). 
I0127. 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. 
I0128. 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 
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 
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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. 
0129. 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. 
0130. The cleaning compositions herein are typically for 
mulated Such that, during use in aqueous cleaning operations, 
the washwater 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. 
0131 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. 

0.132. 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 
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 
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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.). 
I0133. 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. 
0.134 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. 
0.135 A low detergent concentration system includes 
detergents where less than about 800 ppm of detergent com 
ponents are present in the wash water. Japanese detergents are 
typically considered low detergent concentration system as 
they have approximately 667 ppm of detergent components 
present in the wash water. 
0.136. A medium detergent concentration includes deter 
gents where between about 800 ppm and about 2000 ppm of 
detergent components are present in the wash water. North 
American detergents are generally considered to be medium 
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. 
0.137. A high detergent concentration system includes 
detergents where greater than about 2000 ppm of detergent 
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components are present in the wash water. European deter 
gents are generally considered to be high detergent concen 
tration systems as they have approximately 4500-5000 ppm 
of detergent components in the wash water. 
0138 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. 
0.139. 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. 
0140. 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. 
0141. 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 10° 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 10°C. to about 40°C. As a further 
example, different geographies typically 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 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. 

Jan. 5, 2012 

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.O 60 to 120 
Hard 7.0 to 10.5 120 to 18O 
Very hard greater than 10.5 greater than 180 

0.142 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". 
0.143 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. 

0144. 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. 
0145. 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, 
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 
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used (i.e., a "cocktail') comprising conventional applicable 
enzymes like protease, lipase, cutinase and/or cellulase in 
conjunction with amylase is used. 
0146 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 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 incorporated 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 MAX 
ATASER, MAXACALTM, MAXAPEMTM, OPTICLEANR, 
OPTIMASER, PROPERASE(R), PURAFECTOR PROP 
ERASER, EXCELLASETM, PURAFASTTM, and 
PURAFECTR. OXP (Genencor); ALCALASER), SAVI 
NASER, PRIMASER, DURAZYMTM, POLARZYMER, 
OVOZYMER, LIQUANASE(R), KANNASER, NEU 
TRASE(R), RELASER and ESPERASE(R) (Novozymes); and 
BLAPTM (Henkel Kommanditgesellschaft auf Aktien, Dues 
seldorf, Germany. Various proteases are described in WO95/ 
23221, WO 92/21760, U.S. Pat. Applin. Publ. No. 2008/ 
0090747, and U.S. Pat. Nos. 5,801,039, 5,340,735, 5,500, 
364, 5,855,625, US RE 34,606, 5,955,340, 5,700,676, 6,312, 
936, and 6,482.628, and various other patents. In some 
embodiments, metalloproteases find use in the present inven 
tion, including, but not limited to the neutral metalloprotease 
described in WO 07/044993. 

0147 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). 
0148. 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 
(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 H9911), a R. niveus lipase 
(Kugimiya et al., Biosci. Biotech. Biochem. 56:716–719 
1992) and R. oryzae lipase. 
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0149 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). 
0150. 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). 
0151. 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. 
0152. 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 a-amylases 
obtained from B. licheniformis (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), STAINZYME ULTRAR, NATALASER, 
and BANTM (Novozymes), as well as POWERASETM, RAPI 
DASE(R) and MAXAMYL(R) P(Genencor). 
0153. 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. 
0154) 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 
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 
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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. 
0155 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. 
0156. In some embodiments, peroxidases are used in com 
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. 
0157. 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 
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). 
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0158 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.). 
0159. 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.). 
0160. 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). 
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 
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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. 
0161 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. 
0162. 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). 
0163. 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. 
0164. 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. No. 6,376,450, and 6,376,450. 
The formulations and descriptions of the compounds and 
cleaning adjunct materials contained in the aforementioned 
US Pat. Nos. 6,376,450, 6,605,458, 6,605,458, and 6,610, 
642, find use with the variant proteases provided herein. 
0.165. 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. 
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. 
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0166 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. 
0167. 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. 
0.168. 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- 
tricarboxylic acid, carboxymethyloxysuccinic acid, and 
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soluble salts thereof. Indeed, it is contemplated that any suit 
able builder will find use in various embodiments of the 
present invention. 
0169. 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). 
0170 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. 
0171 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. 
0172. 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). 
0173. 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. 
0174. 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. 
0.175. 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. 
0176). 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 07/145964). 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. 
0177. 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). 
0.178 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). 
0179. 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. No. 4,246,612, 
5,227,084, 4,810410, WO 99/06521, and EP 2 100 949). 
0180. In some embodiments, the cleaning compositions of 
the present invention contain one or more catalytic metal 
complexes. In some embodiments, a metal-containing bleach 
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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. 
0181. In additional embodiments, the cleaning composi 
tions of the present invention include a transition metal com 
plex of a macropolycyclic rigid ligand (MRL). As a practical 
matter, and not by way of limitation, in Some embodiments, 
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. 
0182 Preferred transition-metals in the instant transition 
metal bleach catalyst include, but are not limited to manga 
nese, 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 pre 
pared by known procedures (See e.g., WO 2000/32601, and 
U.S. Pat. No. 6,225,464). 
0183 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. 
0184 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. 
0185. 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 
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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 

0186 The following Examples are provided in order to 
demonstrate and further illustrate certain preferred embodi 
ments and aspects of the present invention and are not to be 
construed as limiting the scope thereof. 
0187. In the experimental disclosure which follows, the 
following abbreviations apply: C. (degrees Centigrade); 
rpm (revolutions per minute); HO (water); HCl (hydrochlo 
ric acid); aa and AA (amino acid); by (base pair); kb (kilobase 
pair); kD (kilodaltons); gm (grams); Lugandug (micrograms); 
mg (milligrams); ng (nanograms); ul and ul (microliters); ml 
(milliliters); mm (millimeters); nm (nanometers); um and um 
(micrometer); M (molar); mM (millimolar); uManduM (mi 
cromolar); U (units); V (volts); MW (molecular weight); sec 
(seconds); min(s) (minute/minutes); hr(s) (hour/hours); 
MgCl, (magnesium chloride); NaCl (sodium chloride); 
OD.so (optical density at 280 nm); ODos (optical density at 
405 nm); ODoo (optical density at 600 nm); PAGE (poly 
acrylamide gel electrophoresis): EtOH (ethanol); PBS (phos 
phate buffered saline 150 mM NaCl, 10 mM sodium phos 
phate buffer, pH 7.2); LAS (lauryl sodium sulfonate); SDS 
(sodium dodecyl sulfate); Tris (tris(hydroxymethyl)ami 
nomethane); TAED (N.N.N'N'-tetraacetylethylenediamine); 
BES (polyesstersulfone); MES (2-morpholinoethanesulfonic 
acid, monohydrate; f, w. 195.24; Sigma il M-3671); CaCl 
(calcium chloride, anhydrous; fiv. 110.99: Sigma il C-4901); 
SRI (Stain Removal Index), BMI (blood milk ink) and BMI 
PI (blood milk ink performance index), TCA (tricholoroace 
tic acid) and TCA PI (tricholoroacetic acid performance 
index). 
0188 In addition materials were obtained from some of 
the following institutions: TIGR (The Institute for Genomic 
Research, Rockville, MD); AATCC (American Association 
of Textile and Coloring Chemists); Amersham (Amersham 
Life Science, Inc. Arlington Heights, Ill.); Corning (Corning 
International, Corning, N.Y.); ICN (ICN Pharmaceuticals, 
Inc., Costa Mesa, Calif.); Pierce (Pierce Biotechnology, 
Rockford, Ill.); Equest (Equest, Warwick International 
Group, Inc., Flintshire, UK); EMPA (Eidgenossische Mate 
rial Prufungs and Versuch Anstalt, St. Gallen, Switzerland); 
CFT (Center for Test Materials, Vlaardingen, The Nether 
lands); Amicon (Amicon, Inc., Beverly, Mass.); ATCC 
(American Type Culture Collection, Manassas, Va.); Becton 
Dickinson (Becton Dickinson Labware, Lincoln Park, N.J.); 
Perkin-Elmer (Perkin-Elmer, Wellesley, Mass.); Rainin (Rai 
nin Instrument, LLC, Woburn, Mass.): Eppendorf (Eppen 
dorf AG, Hamburg, Germany); Waters (Waters, Inc., Milford, 
Mass.); Geneart (Geneart GmbH, Regensburg, Germany); 
Perseptive Biosystems (Perseptive Biosystems, Ramsey, 
Minn.); Molecular Probes (Molecular Probes, Eugene, 
Oreg.): BioRad (BioRad, Richmond, Calif.); Clontech 
(CLONTECH Laboratories, Palo Alto, Calif.); Cargill 
(Cargill, Inc., Minneapolis, Minn.); Difco (Difco Laborato 
ries, Detroit, Mich.); GIBCO BRL or Gibco BRL (Life Tech 
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nologies, Inc., Gaithersburg, Md.).; New Brunswick (New 
Brunswick Scientific Company, Inc., Edison, N.J.); Thermo 
electron (Thermoelectron Corp., Waltham, Mass.); BMG 
(BMG Labtech, GmbH, Offenburg, Germany); Greiner 
(Greiner Bio-One, Kremsmuenster, Austria); Novagen 
(Novagen, Inc., Madison, Wis.); Novex (Novex, San Diego, 
Calif.); Finnzymes (Finnzymes OY, Finland) Qiagen 
(Qiagen, Inc., Valencia, Calif.), Invitrogen (Invitrogen Corp., 
Carlsbad, Calif.); Sigma (Sigma Chemical Co., St. Louis, 
Mo.); DuPont Instruments (Asheville, N.Y.); Global Medical 
Instrumentation or GMI (Global Medical Instrumentation; 
Ramsey, Minn.); MJ Research (MJ Research, Waltham, 
Mass.); Infors (Infors AG, Bottmingen, Switzerland); Strat 
agene (Stratagene Cloning Systems, La Jolla, Calif); Roche 
(Hoffmann La Roche, Inc., Nutley, N.J.); Agilent (Agilent 
Technologies, Palo Alto, Calif.); Merck (Merck & Co., Rah 
way, N.J.); Ion Beam Analysis Laboratory (Ion Bean Analysis 
Laboratory, The University of Surrey Ion Beam Centre 
(Guildford, UK); TOM (Terg-o-Meter): BMI (blood, milk, 
ink); BaChem (BaChem AG, Bubendorf, Switzerland); 
Molecular Devices (Molecular Devices, Inc., Sunnyvale, 
Calif.); Corning (Corning International, Corning, N.Y.); 
MicroCal (Microcal, Inc., Northhampton, Mass.); Chemical 
Computing (Chemical Computing Corp., Montreal, Canada); 
NCBI (National Center for Biotechnology Information); 
Beckman (Beckman-Coulter, Fullerton, Calif.); SeitzSchenk 
(SeitzSchenk Filtersystems GmbH, Bad Kreuznach, Ger 
many); Pall (Pall Corp., East Hills, N.Y.); Malvern Instru 
ments (Malvern Instruments, Inc., Worcestershire, UK), 
DNA 2.0 (Menlo Park, Calif.), Molecular Devices (Sunny 
vale, Calif.), Costar (Cambridge, Mass.). 

EXAMPLE1 

Assays 

0189 In the following examples, 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 
Microliter Plates 
0190. For FNA (e.g., parent protease) and variants thereof, 

this assay was started using filtered culture Supernatant 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 NHCl was placed in each well. Then, 50 L 
of filtered culture broth was added. The light scattering/ab 
Sorbance 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) trichloroace 
tic acid (TCA) was placed in the plates and incubated between 
5 and 30 min at room temperature. The light scattering/ab 
Sorbance at 405 nm (use 5 sec mixing mode in the plate 
reader) was then determined. 
0191 For GG36 (e.g., parent protease) and variants 
thereof, this assay was performed using filtered culture Super 
natant from microtiter plates grown approximately 3 days at 
37°C. with shaking at 300 rpm and humidified aeration. In 
this assay 100LL of a 0.25 MHCl solution was added to each 
well of a 96-well flat bottom microtiter plate. Subsequently, 
25ull aliquots of the filtered culture Supernatants (containing 
the proteases) were added to wells. The light scattering/ab 
Sorbance at 405 nm (using the 5 sec mixing mode in the plate 
reader) was then determined, in order to provide the “blank” 
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reading. After this measurement, 100LL of a 30% (w/v) TCA 
solution was added to each well and the microtiterplates were 
incubated between 5 and 15 minutes at room temperature. 
Finally, the resulting light scattering/absorbance at 405 nm 
(using the 5 sec mixing mode in the plate reader) was deter 
mined 
0.192 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). The equipment used was a Biomek FX Robot (Beck 
man Coulter) and a SpectraMAX type 340 (Molecular 
Devices) MTP Reader; and the MTPs were type 9017 (Cos 
tar). 
0193 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 
of protein per ml (ppm) and can thus be plotted directly 
against enzyme performance for the purpose of choosing 
good-performing variants. The turbidity/light scatter increase 
in the samples correlates to the total amount of precipitable 
protein in the culture Supernatant. 

B. Cleaning Performance Assays 

0194 The stain removal performance of reference serine 
proteases and variants thereof on microSwatches was deter 
mined on a microtiter plate (MTP) scale in commercially 
availableTIDE(R)2X Cold detergent. Heatinactivated TIDE(R) 
2X Cold (off-the-shelf detergent) in which lack of protease 
activity was confirmed was used in the assays. Heat inactiva 
tion of commercial detergent formulas serves to destroy the 
enzymatic activity of any protein components while retaining 
the properties of non-enzymatic components. Thus this 
method was suitable for preparing commercially purchased 
detergents for use intesting the enzyme variants of the present 
invention. The reagents used were: 5 mM HEPES, pH 8.0 or 
5 mM MOPS, pH 7 buffer, 3:1 Ca:Mg for medium water 
hardness: (CaCl2: MgCl2.6H2O): 15000 grains per gallon 
(gpg) stock diluted to 6 gpg. Two EMPA-116 BMI (blood/ 
milk/ink) cotton Swatches processed by CFT were used per 
well. The microswatches were pre-washed in deionised 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). The 
working detergent Solution is shown in Table 1-1. 

TABLE 1-1 

Working Detergent Solution 

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

TIDE OR 2X Cold 16 O.98 8 5 mM 6 FNA, 
HEPES GG36 

(0195 The incubator was set 16°C. 10 uL samples from the 
master dilution plate of ~10 ppm enzyme was added to BMI 
2-swatch plates with 190 uL working detergent solutions 
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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 incubator/shaker 
(Thermo/Labsystems); and incubated for 30 minutes with 
1400 rpm shaking at given temperature. Following incuba 
tion, 100LL of supernatant was transferred into a new 96-well 
plate (Costar type 9017 used for reading reaction plates after 
incubation) and the absorbance was measured in Spectra 
MAX MTP Reader (type 340; Molecular Devices) at 405 nm. 
and/or 600 nm. Control wells, containing 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 mea 
surement at 600 nm tracks turbidity and cleaning. 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. 

Calculation of the Stain Removal Activity 
0196. 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 
concentration. In addition, the theoretical values can be cal 
culated, using the parameters of the Langmuir equation of the 
standard enzyme. 

Performance Index 

0197) The performance index compares the performance 
of the variant (actual value) and the parent protease (theoreti 
cal value) at the same protein concentration. In addition, the 
theoretical values can be calculated, using the parameters of 
the binding curve (i.e., Langmuir equation) of the standard 
protease. A performance index (PI) that has a value >0.5 for at 
least one property identifies a variant comprising at least one 
mutation that can be combined with one or more mutations to 
generate proteins having appropriate performance indices for 
one or more properties of interest other than or in addition to 
the property of interest for which a PI value of >0.5 was 
measured. 

EXAMPLE 2 

Bacillus subtilis GG36 Subtilisin Variants 

0198 In this example, experiments conducted to produce 
GG36 (also referred to herein as Bacillus lentus subtilisin) in 
B. subtilis are described. Transformation was performed as 
known in the art (See e.g., WO 02/14490). 
GG36 Protease Production in Bacillus subtilis 
0199 The expression plasmid pAC-GG36ci was 
assembled using the GG36 codon-improved gene fused at the 
8" codon of the aprE signal sequence under the control of the 
consensus aprE promoter and the BPN' transcriptional termi 
nator. In the sequence provided below (SEQID NO:2), bold 
and italicized font indicates consensus aprE promoter, stan 
dard font indicates the signal sequence, underlined font indi 
cates the pro sequence, and bold font indicates DNA that 
encodes GG36 mature protease, and underlined italicized 
font indicates BPN' terminator. The DNA sequence encoding 
the GG36 mature region (SEQID NO:4) is flanked by KpnI 
and XhoI restriction sites for cloning (see FIG. 4). 
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(SEQ ID NO: 2) 
atctoaaaaaaatggg to tactaaaata t tact 

ccatc tattataataaatticacagaa 

tag tott ttaagtaagttctactctgaattitt tittaaaaggaga 

giggitaaagagtgagaa.gcaaaaaattgttggat.cgtc.gcgt.cgaccgca 

ttgctgatttctgttgcttittagct catcCatcgcatcc.gctgctgaa 

acaatgg.cgcaatcgg taccatggggaattagcagagtacaa.gc.ccca 

gctgcacatalacc.gtggattgacaggttctggtgtaaaagttgctgtc. 

cttgataccgg tatt to cact catccagacittaaa tattogtggtgga 

gctagotttgtaccaggggalaccatccact caagatggcaatgga cat 

gg cact catgttgc.cgg cacaatcgcggctic ttaacaattcaattggit 

gttcttgg.cg tag cgc.caag.cgcagaactatacgctgttaaagtatta 

ggagcaag.cggttcaggctctgtcagotc tattgcc caaggattggaa 

tgggcagggaacaatgg catgcacgttgctaatct tag tittaggat.ct 

cc titc.gc.caagtgcc acacttgagcaa.gctgttaatagog.cgact tct 

agaggcgttcttgttgtagcggcc totggalaattcaggtgcaggotca 

atcagota to cggc.ccgittatgcgaacgctatggcag toggagc tact 

gaccaaaacaacaac cgc.gc.cagottt to acag tatgg.cgc agggott 

gacattgtc.gcaccaggtgtaaacgtgcagag cact tacccaggttca 

acatatgc.ca.gct taaacgg tacatcaatggc tactic ct catgttgca 

ggtgcggctgcacttgttaaacaaaagaac coatc.ttgg to caatgta 

caaatcc.gcaatcatct taagaatacggcaactagottaggaag caca 

aacttg tatggaag.cgg acttgttcaatgcagaagctgcaactcgittaa. 

aag Cittaa. Ct. C9agataaaaaa CC99CCttggCCCC9CC99tt t t t t at 

0200. The plasmid paC-GG36ci shown in FIG. 4, was 
used for the expression of GG36 protease in B. subtilis. The 
plasmid elements are as follows: puB 110-DNA fragment 
from plasmid puB110 McKenzie T., Hoshino T., Tanaka T., 
Sueoka N. (1986) The Nucleotide Sequence of puB110: 
Some Salient Features in Relation to Replication and Its 
Regulation. Plasmid 15:93-103), pBR322=DNA fragment 
from plasmid pBR322 Bolivar F. Rodriguez RL, Greene PJ, 
BetlachMC, Heyneker HL, Boyer H.W. (1977) Construction 
and characterization of new cloning vehicles. II. A multipur 
pose cloning system. Gene 2:95-113, pC194=DNA frag 
ment from plasmid pC194 Horinouchi S. Weisblum B. 
(1982) Nucleotide sequence and functional map of pC194, a 
plasmid that specifies inducible chloramphenicol resistance. 
J. Bacteriol 150:815-825). 
0201 Plasmid features are as follows: Ori for B. 
subtilis-origin of replication from pUB110, 
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CAT-chloramphenicol resistance gene from pC194, pMB1 
origin origin of replication from pBR322, bla=beta-lacta 
mase from pBR322, Short aprE promoter-consensus tran 
Scriptional promoter, Signal Peptide signal peptide, Pro 
Peptide-GG36 pro region, GG36ci Mature Peptide-mature 
GG36 (replaced by the coding regions for each variant 
expressed in this study), BPN' Terminator-transcriptional 
terminator from Subtilisin BPN'. 
0202 The amino acid sequence of GG36 precursorprotein 

is provided below (SEQ ID NO:3). In this sequence, bold 
indicates the mature GG36 protease (wildtype), which is also 
provided as SEQID NO:4: 

(SEQ ID NO : 3) 
MRSKKLWIVASTALLISWAFSSSIASAAEEAKEKYLIGFNEOEAVSEF 

VEOVEANDEVAILSEEEEVEIELLHEFETIPVLSVELSPEDVDALELD 

PAISYIEEDAEWTTMAQSWPWGISRVQAPAAHNRGLTGSGWKVAWLDT 

GISTHPDLNIRGGASFWPGEPSTODGNGHGTHVAGTIAALNNSIGWLG 

WAPSAELYAWKVLGASGSGSWSSIAQGLEWAGNINGMHWANLSLGSPSP 

SATLEQAVNSATSRGWLW WAASGNSGAGSISYPARYANAMAWGATDON 

NNRASFSQYGAGLDIWAPGWNWQSTYPGSTYASLNGTSMATPHVAGAA 

ALWKQKNPSWSNVQIRNHLKNTATSLGSTNLYGSGLVNAEAATR* 

(SEQ ID NO : 4) 
AQSWPWGISRVQAPAAHNRGLTGSGWKVAWLDTGISTHPDLNIRGGAs 

FWPGEPSTQDGNGHGTHVAGTIAALNNSIGWLGWAPSAELYAWKVLGA 

SGSGSWSSIAQGLEWAGNNGMHVANLSLGSPSPSATLEQAVNSATSRG 

WLWWAASGNSGAGSISYPARYANAMAWGATDONNNRASFSQYGAGLDI 

WAPGWNWQSTYPGSTYASLNGTSMATPHVAGAAALWKQKNPSWSNWOI 

RNHLKNTATSGSTNLYGSGIWNAEAATRk 

Design and Generation of Bacillus lentus subtilisin (GG36) 
Combinatorial Charge/Hydrophobic Library (CCHL) 
0203 The Bacillus lentus subtilisin combinatorial charge/ 
hydrophobicity library (CCHL) was designed by identifying 
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seven well-distributed, Surface-exposed amino-acids. These 
residues are S24, R45, S101, Q109, G118, T213, and L217. 
The number of the position of the substitution is by corre 
spondence to the enumerated position in the BPN' subtilisin 
(BPN' numbering; FIG. 1). A 33-member combinatorial 
hydrophobic library (GH2-GH33) was created by making 
combinations of four possibilities at each site: wild-type, 
glutamine (Q), glutamic acid (E), leucine (L)and arginine (R) 
as shown in Table 2-1. 
0204 The pAC-GG36ci plasmid containing the codon 
improved GG36 gene was sent to DNA 2.0 Inc. (Menlo Park, 
Calif.) for the generation of the CHL. The Bacillus subtilis 
strain (genotype: AaprE, AnprE, ASpoE, amyE::XylRPxy 
lAcomK-phleo) was provided as the host strain for the trans 
formation of the DNA encoding the GG36 variant subtilisins. 
Variants were supplied as glycerol stocks in 96-well plates. 
0205 Table 2-2 shows the substitutions made in GG36 to 
create the variants. Table 2-1 also provides the difference in 
net charge and hydrophobicity between the variant GG36 and 
the wild-type. 

Expression of Protease Variants 
0206 Bacillus subtilis clones containing GG36 or FNA 
expression vectors were replicated with a steel 96-well rep 
licator from glycerol stocks into 96-well culture plates (BD, 
353.075) containing 200 ul of LB media+25ug/ml chloram 
phenicol, grown overnight at 37°C., 220 rpm in a humidified 
enclosure. 200 ul from the overnight culture was used to 
inoculate 2000 ul defined media+25 g/ml chloramphenicol 
in 5 ml plastic shake 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. Shake tubes were incubated at 37°C., 220 rpm, for 60 
hours. Following 60 hours, Supernatants spun down in a cen 
trifuge at greater than 8000xRCF. Solution was decanted into 
15 ml polypropylene conical tubes for storage. No further 
purification or concentration was performed. Supernatant 
stocks were formulated to 40% propylene glycol for long 
term stability and stored at 4°C. 

TABLE 2-1 

GG36 Combinatorial Charge,Hydrophobicity Library. 
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TABLE 2-1-continued 

GG36 Combinatorial Charge? Hydrophobicity Library. 
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EXAMPLE 3 

Bacillus subtilis FNA Subtilisin Variants 

0207 FNA Protease Production in B. subtilis 
0208. In this example, experiments conducted to produce 
FNA (also referred to herein as Bacillus subtilis subtilisin 
BPN'-Y217L (FNA)) in B. subtilis are described. Transfor 
mation was performed as known in the art (See e.g., WO 
02/14490). 
0209. The expression plasmid paC-FNAre was 
assembled using the FNA gene, fused at the 8' codon of the 
aprE signal sequence, under the control of the consensus aprE 
promoter and BPN transcriptional terminator. In the 
sequence provided below (SEQID NO:5), bold and italicized 
font indicates consensus aprE promoter, standard font indi 
cates the signal sequence, underlined font indicates the pro 
sequence, bold font indicates DNA that encodes FNA mature 
protease, and underlined italicized font indicates BPN' termi 
nator. The FNA mature region contains the KpnI and XhoI 
restriction sites for cloning (see FIG. 5). 

(SEO ID NO; 5) 
gaattcatctoaaaaaaatggg to tac 

taaaa tattattocatctattata 

ataaatticacagaa tag tottt taagt 

aagttctactctgaatttittttaaaaggagagggitaaagagtgag 

aagcaaaaaattgtggat cagtttgctgtttgctittagcgittaatctt 

tacgatgg.cgttcggcagcacat CC agcgc.gcaggctgcagggaaatc. 

tgaagaagat Cacgtag caca C9C9tacgc.gcagtc.cgt.gc.catatgg 

cgitatic acaa attaaag.cc cctgctctgcactic toaaggctacaccgg 

ttcaaatgttaaagtagcggittatcgacagogg tatcgattic titc to a 

to cagatc ttaaagtag cagg.cggagc.cagoatggttcc ttctgaaac 

aaatcc tittc caagacaacaactic toacggaacacacgttgctgg tac 

cgttgcggctic ttaataacticaatcggtg tattagg.cgttgcgc.caag 

cgcatc actttacgctgtaaaagttctogg.cgc.cgacggttc.cggc.ca 

a tacagctggat cattalacggaatcgagtggg.cgatc.gcaaacaa tat 

ggacgittattaa catgagcc togg.cggaccgtocggttctgctgc titt 

aaaag.cggcagttgataaag.ccgttgcatc.cggcgt.cg tag togttgc 

ggcago.cggcaa.cgaaggc actt.ccggcagotcaag cacagtgggcta 

c cotgg taaatacc ctitctgtcattgcag tagg.cgctgtcgacagoag 

caac caaagagcatctt to tcaag.cg tagg acctgagotcgatgtcat 

ggcacctgg.cgitatictato caaag.cacgct to ctggaaacaaatacgg 

cgcgttgaacgg tacatcaatggcatctocgcacgttgc.cggagcc.gc 

ggctittgattic tittctaag caccc.gaactgga caaacacticaag to cg 
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cagotc to tagaaaa.caccactacaaaacttggtgattic tt to tacta 

tggaaaagggctgat caatgtacagg.cggcagotcagtaaaacticgag 

at aaaaaa CC99CCttggCCCC9 CC99tt t t t tat. 

0210. The plasmid pAC-FNAre as shown in FIG. 5, was 
used for the expression of FNA protease in B. subtilis. The 
plasmid elements are as follows: pUB110-DNA fragment 
from plasmid puB110 McKenzie T., Hoshino T., Tanaka T., 
Sueoka N. (1986) The Nucleotide Sequence of puB110: 
Some Salient Features in Relation to Replication and Its 
Regulation. Plasmid 15:93-103), pBR322=DNA fragment 
from plasmid pBR322 Bolivar F. Rodriguez RL, Greene PJ, 
BetlachMC, Heyneker HL, Boyer H.W. (1977) Construction 
and characterization of new cloning vehicles. II. A multipur 
pose cloning system. Gene 2:95-113, pC194 =DNA frag 
ment from plasmid pC194 Horinouchi S. Weisblum B. 
(1982) Nucleotide sequence and functional map of pC194, a 
plasmid that specifies inducible chloramphenicol resistance. 
J. Bacteriol 150:815-825). 
0211 Plasmid features are as follows: Ori for B. 
subtilis-origin of replication from puB 110, 
CAT-chloramphenicol resistance gene from pC194, pMB1 
origin origin of replication from pBR322, bla=beta-lacta 
mase from pBR322, Short aprE promoter-consensus tran 
scriptional promoter, Signal Peptide-signal peptide 
specify. Pro Peptide-FNA pro region, FNA Mature 
Peptide-mature FNA (replaced by the coding regions for 
each variant expressed in this study), BPN' 
Terminator-transcriptional terminator from subtilisin BPN'. 
0212. The amino acid sequence of FNA precursor protein 

is provided below (SEQ ID NO:6). In this sequence, bold 
indicates the mature FNA protease (wildtype), which is also 
provided as SEQID NO:7. 

(SEQ ID NO : 6) 
MRSKKLWISLLFALALIFTMAFGSTSSAOAAGKSNGEKKYIVOFKOTM 

STMSAAKKKDVISEKGGKVOKOFKYWDAASATLNEKAVKELKKDPSVA 

YWEEDHVAHAYAQSWPYGWSOIKAPALHSQGYTGSNWKVAWIDSGIDS 

SHPDLKWAGGASMVPSETNPFQDNNSHGTHVAGTWAALNNSIGWLGVA 

PSASLYAWKVLGADGSGQYSWIINGIEWAIANNMDWINMSLGGPSGSA 

AKAAWDKAWASGWWWWAAAGNEGTSGSSSIWGYPGKPSWAWGAWD 

SSNORASFSSWGPELDWMAPGWSIQSTLPGNKYGALNGTSMASPHVAG 

AAALILSKHPNWTNTOVRSSLENTTTKLGDSFYYGKGLINVQAAAQ'k 

(SEO ID NO: 7) 
AQSWPYGWSQIKAPALHSQGYTGSNWKVAWIDSGIDSSHPDLKWAGGA 

SMVPSETNPFQDNNSHGTHVAGTWAALNNSIGWLGVAPSASLYAWKVL. 

GADGSG9YSWIINGIEWAIANNMDWINMSLGGPSGSAALKAAWDKAWA 

SGWWWWAAAGNEGTSGSSSTWGYPGKYPSWIAWGAWDSSNORASFSSW 

GPELDWMAPGWSIQSTLPGNKYGALNGTSMASPHVAGAAALILSKHPN 

WTNTOWRSSLENTTTKLGDSFYYGKGLINVQAAAQ:k 

  



US 2012/0003718A1 

Design and Generation of subtilisin BPN'-Y217L (FNA) 
Combinatorial Charge/Hydrophobic Libraries (CHL) 
0213. The subtilisin BPN'-Y217L combinatorial charge 
hydrophobic library was designed by identifying seven well 
distributed, Surface-exposed amino acids. These residues are 
S24, A45, S101, N109, N118, K213, and L217. A 32-member 
combinatorial hydrophobic library (FH2-FH33) was created 
by making combinations of four possibilities at each site: 
wild-type, glutamine (Q), glutamic acid (E), leucine (L) and 
arginine (R) as shown in Table 3-1. 
0214. The p AC-FNAre plasmid containing the FNA gene 
was sent to DNA 2.0 Inc. (Menlo Park, Calif.) for the genera 
tion of the Combinatorial Hydrophobic Libraries. The Bacil 
lus subtilis Strain (genotype: AaprE, AnprE, ASpoE, amyE:: 
xylRPxylAcomK-phleo) was provided for the 
transformations of the DNA encoding the FNA variant sub 
stitutions. Variants were Supplied as glycerol stocks in 
96-well plates. 
0215 Table 3-1 shows the substitutions made in FNA to 
create the variants. Table 3-1 also provides the difference in 
net charge and hydrophobicity between the variant FNA and 
the wild-type. 
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Expression of Protease Variants 

0216 Bacillus subtilis clones containing GG36 or FNA 
expression vectors were replicated with a steel 96-well rep 
licator from glycerol stocks into 96-well culture plates (Bec 
ton Dickinson, 353075) containing 200 ul of LB media+25 
ug/ml chloramphenicol, grown overnight at 37°C., 220 rpm 
in a humidified enclosure. 200 ul from the overnight culture 
was used to inoculate 2000 ul defined media+25 g/ml 
chloramphenicol in 5 ml plastic shake 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. Shake tubes were incubated at 37°C., 220 
rpm, for 60 hours. Following 60 hours, Supernatants spun 
down in a centrifuge at greater than 8000xRCF. Solution was 
decanted into 15 ml polypropylene conical tubes for storage. 
No further purification or concentration was performed. 
Supernatant stocks were formulated to 40% propylene glycol 
for long-term stability and stored at 

TABLE 3-1 

FNA Combinatorial Charge/Hydrophobicity Library. 

Net 
Charge Kyte-Doolitle 
Change Hydrophobicity 
Relative Change relative 
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TABLE 3-1-continued 
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FNA Combinatorial Charge/Hydrophobicity Library. 

EXAMPLE 4 

Evaluation of Stain Removal and Relative Expres 
sion 

0217. This Example describes the testing of GG36 and 
FNA combinatorial hydrophobic library variants in a BMI 
microswatch assay. The methods provided in Example 1 were 
used. The results shown in Tables 4-1 (GG36), and 4-2 (FNA) 
are performance indices in which the performance of the 
variant is compared to the respective parent for relative pro 
tein expression (TCAPI) and stain removal activity (BMIPI). 
Those variants with a performance index greater than 0.5 (PI 
>0.5) have improved performance. Performance index less 
than or equal to 0.05 were set at 0.05 and are indicated in bold 
italics. ND indicates not determined. 

TABLE 4-1 

Relative Expression and Stain Removal Performance of 
GG36 Combinatorial/Charge Hydrophobicity Library Variants. 

Mutations are Listed According to BPN'Numbering. 
Performance Index and Charge? Hydrophobicity Changes 

Calculated Relative to GG36 (parent 

Net Charge Kyte-Doolitle 
Change Hydrophobicity 

Variant Relative Change relative TCA BMI 
i Variant to GG36 to GG36 PI PI 

GG36 Combinatorial/Charge Hydrophobicity Library Variants. 

Net 
Charge Kyte-Doolitle 
Change Hydrophobicity 
Relative Change relative 
to FNA 

1 

2 

to FNA 

-12.3 

-13.3 

-14.3 

-153 

-16.3 

-153 

-14.3 

-13.3 

-12.3 

-11.3 

-10.3 

-17.6 

-17.6 

TABLE 4-1-continued 

Relative Expression and Stain Removal Performance of 

Mutations are Listed According to BPN'Numbering. 
Performance Index and Charge? Hydrophobicity Changes 

Calculated Relative to GG36 (parent) 

Variant 

S24 
O 

2 
24 
O 

S 

2 
S24 

Net Charge 
Change 
Relative 
to GG36 

-1 

Kyte-Doolitle 
Hydrophobicity 
Change relative TCA 

to GG36 

-10.3 

-7.6 

-8.6 

-5.9 

-5.9 

PI 

1.03 

1.OS 

O.87 

1.00 

ND 

BMI 
PI 

O.23 

O.OS 

ND 
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Calculated Relative to GG36 (parent 

Net Charge 

Variant 
i 

-7 

-20 

-21 

-22 

TABLE 4-1-continued 

Relative Expression and Stain Removal Performance of 
GG36 Combinatorial/Charge Hydrophobicity Library Variants. 

Mutations are Listed According to BPN'Numbering. 
Performance Index and Charge? Hydrophobicity Changes 

Variant 

S- Q10 
- T2 

Change 
Relative 
to GG36 

O 

Kyte-Doolitle 
Hydrophobicity 
Change relative TCA BMI 

to GG36 

-2.8 

4.3 

11.6 

18.9 

26.2 

33.5 

-11.3 

-12.3 

-13.3 

PI 

0.79 

1.01 

O.89 

1.28 

1.09 

1.10 

1.06 

O.96 

O.99 

O.88 

O.90 

O.96 

1.06 

1.OS 

O.78 

PI 

O.38 

O.47 

O.26 

O.04 

O.29 

0.37 

O.08 

O.09 

5 

O.21 

O.19 
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TABLE 4-1-continued 

Relative Expression and Stain Removal Performance of 
GG36 Combinatorial/Charge Hydrophobicity Library Variants. 

Mutations are Listed According to BPN' Numbering. 
Performance Index and Charge? Hydrophobicity Changes 

Calculated Relative to GG36 (parent 

Net Charge Kyte-Doolitle 
Change Hydrophobicity 

Variant Relative Change relative TCA BMI 
i Variant to GG36 to GG36 PI PI 

2 3 S 2 4 R R4 5 R 3 -14.3 0.75 0.15 

GH-24 S24R-R45R- 4 -15.3 O.68 O.O7 
O 

GH-2S S24R-R45R- 5 -16.3 1.09 t.t5 

- R45R- 3 -15.3 0.90 t.d5 

1 -14.3 0.79 0.05 

- R45E- -1 -13.3 O.87 OO6 

- R45E- -3 -12.3 O.92 O.31 

- R45E- -5 -11.3 O.93 0.47 

- R45E- -7 -10.3 1.01 O40 

GH-32 S24O-R45Q- -1 -17.6 1.10 O.O7 

GH-33 S24O-R45Q- -2 -17.6 1.11 O.47 

TABLE 4-2 

Relative Expression and Stain Removal Performance of 
FNA Combinatorial Charge/Hydrophobicity Library Variants. 

Mutations are Listed According to BPN' Numbering. 
Performance Index and Charge? Hydrophobicity Changes 

Calculated Relative to FNA (parent). 

Net Charge Kyte-Doolitle 
Change Hydrophobicity 

Variant Relative Change relative TCA BMI 
i Variant to FNA to FNA PI PI 

FNA S24S-A45A- O O 1.OO 100 
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Calculated Relative to FNA (parent). 

Variant 
i 

-2 

TABLE 4-2-continued 

Relative Expression and Stain Removal Performance of 
FNA Combinatorial Charge/Hydrophobicity Library Variants. 

Mutations are Listed According to BPN'Numbering. 
Performance Index and Charge? Hydrophobicity Changes 

Variant 

S24 
O s 
2 
24 
O 

S 

s 
2 
24 
O 

S 

s 
2 
24 
O 

S 

s 
2 
24 
O 

S 

s 
2 
24 

Net Charge 
Change 
Relative 
to FNA 

Kyte-Doolitle 
Hydrophobicity 
Change relative TCA BMI 

to FNA 

-10.3 

-7.6 

-2.3 

0.4 

0.4 

0.4 

4.3 

11.6 

18.9 

PI 

1.62 

2.08 

.46 

29 

70 

95 

55 

37 

52 

2.72 

55 

27 

68 

47 

17 

PI 

O.93 

1.OO 

1.01 

O.95 

5 

O.95 

O.90 

O.88 

O.68 

O.81 

1.02 

O.98 

O.94 
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TABLE 4-2-continued 

Relative Expression and Stain Removal Performance of 
FNA Combinatorial Charge/Hydrophobicity Library Variants. 

Mutations are Listed According to BPN'Numbering. 
Performance Index and Charge? Hydrophobicity Changes 

Calculated Relative to FNA (parent). 

Net Charge 
Change 
Relative 
to FNA 

Kyte-Doolitle 
Hydrophobicity 
Change relative 

to FNA PI 
TCA BMI 

PI 

-19 

-20 

-21 

-22 

-23 

-24 

-26 

-27 

-28 

-29 

-30 

-31 

-32 

-33 

i2 44 
i 4 

i 4 

i 4 

ii 44 
s 

-1 26.2 

33.5 

.11 

19 

31 

29 

28 

.21 

.11 

O.98 

22 

.23 

55 

48 

2.89 

1.55 

1.68 

O.23 

O.20 

1.01 

0.75 

O.33 

O.28 

O.23 

0.37 

O.65 

O.89 

O.84 

O.65 

1.07 

1.07 
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0218 All patents and publications mentioned in the speci 
fication are indicative of the levels of those skilled in the art to 
which the invention pertains. Those of skill in the art readily 
appreciate that the present invention is well adapted to carry 
out the objects and obtain the ends and advantages men 
tioned, as well as those inherent therein. The compositions 
and methods described herein are representative of preferred 
embodiments, are exemplary, and are not intended as limita 
tions on the scope of the invention. It is readily apparent to one 
skilled in the art that varying Substitutions and modifications 
may be made to the invention disclosed herein without 
departing from the scope and spirit of the invention. 
0219. The invention illustratively described herein suit 
ably may be practiced in the absence of any element or ele 
ments, limitation or limitations which is not specifically dis 
closed herein. The terms and expressions which have been 
employed are used as terms of description and not of limita 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 11 

<21 Os SEQ ID NO 1 
&211s LENGTH: 275 
212s. TYPE: PRT 

<213> ORGANISM: B. amyloliquefaciens 

<4 OOs SEQUENCE: 1 

Ala Glin Ser Val Pro Tyr Gly Val Ser Glin Ile Lys Ala 
1. 5 1O 

His Ser Glin Gly Tyr Thr Gly Ser Asn Val Llys Val Ala 
2O 25 

Ser Gly Ile Asp Ser Ser His Pro Asp Lieu Lys Val Ala 
35 4 O 45 

Ser Met Val Pro Ser Glu Thr Asn Pro Phe Glin Asp Asn 
SO 55 60 

Gly Thr His Val Ala Gly. Thr Val Ala Ala Lieu. Asn. Asn 
65 70 7s 

Val Lieu. Gly Val Ala Pro Ser Ala Ser Lieu. Tyr Ala Val 
85 90 

Gly Ala Asp Gly Ser Gly Glin Tyr Ser Trp Ile Ile Asn 
1OO 105 

Trp Ala Ile Ala Asn. Asn Met Asp Val Ile Asn Met Ser 
115 12O 125 

Pro Ser Gly Ser Ala Ala Lieu Lys Ala Ala Val Asp Llys 
13 O 135 14 O 

Ser Gly Val Val Val Val Ala Ala Ala Gly Asn. Glu Gly 
145 15 O 155 

Ser Ser Ser Thr Val Gly Tyr Pro Gly Lys Tyr Pro Ser 
1.65 17 O 

Val Gly Ala Val Asp Ser Ser Asn Glin Arg Ala Ser Phe 
18O 185 

Gly Pro Glu Lieu. Asp Val Met Ala Pro Gly Val Ser Ile 
195 2 OO 2O5 

Tyr Pro Gly Asn Llys Tyr Gly Ala Tyr Asn Gly Thr Ser 
210 215 22 O 

Jan. 5, 2012 

tion, and there is no intention that in the use of Such terms and 
expressions of excluding any equivalents of the features 
shown and described or portions thereof, but it is recognized 
that various modifications are possible within the scope of the 
invention claimed. Thus, it should be understood that 
although the present invention has been specifically disclosed 
by preferred embodiments and optional features, modifica 
tion and variation of the concepts herein disclosed may be 
resorted to by those skilled in the art, and that such modifi 
cations and variations are considered to be within the scope of 
this invention as defined by herein. The invention has been 
described broadly and generically herein. Each of the nar 
rower species and Subgeneric groupings falling within the 
generic disclosure also form part of the invention. This 
includes the generic description of the invention with a pro 
Viso or negative limitation removing any Subject matter from 
the genus, regardless of whether or not excised material is 
specifically recited herein. 

Pro Ala Lieu. 
15 

Wall Ile Asp 
3 O 

Gly Gly Ala 

ASn Ser His 

Ser Ile Gly 

Llys Val Lieu. 
95 

Gly Ile Glu 
110 

Lieu. Gly Gly 

Ala Wall Ala 

Thir Ser Gly 
16 O 

Wall Ile Ala 

Ser Ser Wall 
190 

Glin Ser Thr 

Met Ala Ser 
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Pro His Val Ala Gly Ala Ala Ala Lieu. Ile Lieu. Ser Llys His Pro Asn 
225 23 O 235 24 O 

Trp. Thir Asn Thr Glin Val Arg Ser Ser Leu Glu Asn Thr Thr Thr Lys 
245 250 255 

Lieu. Gly Asp Ser Phe Tyr Tyr Gly Lys Gly Lieu. Ile Asn Val Glin Ala 
26 O 265 27 O 

Ala Ala Glin 
27s 

<210s, SEQ ID NO 2 
&211s LENGTH: 1303 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized oligonucleotide used in 
GG36 protease production 

<4 OOs, SEQUENCE: 2 

atct caaaaa aatgggtcta ctaaaatatt act coat cita ttataataaa titcacagaat 6 O 

agticttittaa gtaagttctac totgaattitt tittaaaagga gaggg taaag agtgaga agc 12 O 

aaaaaattgt gigatcgt.cgc gtcgaccgca ttgctgattt citgttgctitt tagct catcc 18O 

atcgcatc.cg Ctgctgaaga agcaaaagaa aaatatttaa ttggctittaa tagcaggaa 24 O 

gctgtcagtg agtttgtaga acaagttgag gcaaatgacg agg tagc cat t ct citctgag 3OO 

gaagaggaag togaaattga attgctt cat gaatttgaaa cqatt cotgt totgtc.cgtt 360 

gagittaagcc Cagaagatgt ggacgcgitta gagct catc Cagct attt C titat attgaa 42O 

gaggatgcag aagtaactac aatggcgcaa t cqgtaccat ggggaattag cagagtacaa 48O 

gccc.ca.gctg. Cacatalaccg tdgattgaca ggttctggtg taaaagttgc tigt ccttgat 54 O 

accogg tattt coacticatcc agacittaaat attcgtggtg gagctagott td taccaggg 6OO 

gaac catcca citcaagatgg caatggacat ggcact catgttgc.cggcac aatcgcggct 660 

cittaacaatt caattggtgt tottgg.cgta gcgc.caag.cg cagaactata cqctgttaaa 72 O 

gt attaggag caa.gcggttc aggctctgtc. agctictattg cccaaggatt ggaatgggca 78O 

gggaacaatg gCatgcacgt totaatctt agtttaggat CtcCttcgcc aagtgccaca 84 O 

Cttgagcaag Ctgttaatag cqcgacttct agaggcgttc ttgttgtagc ggcct Ctgga 9 OO 

aatt Caggtg Caggct caat cagct atc.cg gcc.cgittatgcaacgctat ggcagtcgga 96.O 

gctact gacc aaaacaacaa cc.gc.gc.ca.gc titt to acagt atggcgcagg gcttgacatt 1 O2O 

gtc.gcaccag gtgtaaacgt gcagagcact tacccaggtt Caacatatgc cagcttaaac 108 O 

ggta catcaa tigctact co to atgttgca ggtgcggctg. Cacttgttaa acaaaagaac 114 O 

c catcttggit coaatgtaca aatcc.gcaat catcttaaga atacggcaac tagct tagga 12 OO 

agcacaaact t tatggaag C9g acttgtc. aatgcagaag Ctgcaacticg ttaaaagctt 126 O 

aact cq agat aaaaaaccogg ccttggcc cc gcc.ggitttitt tat 1303 

<210s, SEQ ID NO 3 
&211s LENGTH: 38O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized GG36 precursor protein 



US 2012/0003718A1 Jan. 5, 2012 
33 

- Continued 

<4 OOs, SEQUENCE: 3 

Met Arg Ser Lys Llys Lieu. Trp Ile Val Ala Ser Thr Ala Lieu. Lieu. Ile 
1. 5 1O 15 

Ser Val Ala Phe Ser Ser Ser Ile Ala Ser Ala Ala Glu Glu Ala Lys 
2O 25 3O 

Glu Lys Tyr Lieu. Ile Gly Phe Asn. Glu Glin Glu Ala Val Ser Glu Phe 
35 4 O 45 

Val Glu Glin Val Glu Ala Asn Asp Glu Val Ala Ile Lieu. Ser Glu Glu 
SO 55 6 O 

Glu Glu Wall Glu. Ile Glu Lieu Lleu. His Glu Phe Glu. Thir Ile Pro Wall 
65 70 7s 8O 

Lieu. Ser Val Glu Lieu. Ser Pro Glu Asp Wall Asp Ala Lieu. Glu Lieu. Asp 
85 90 95 

Pro Ala Ile Ser Tyr Ile Glu Glu Asp Ala Glu Val Thr Thr Met Ala 
1OO 105 11 O 

Gln Ser Val Pro Trp Gly Ile Ser Arg Val Glin Ala Pro Ala Ala His 
115 12 O 125 

Asn Arg Gly Lieu. Thr Gly Ser Gly Val Llys Val Ala Val Lieu. Asp Thr 
13 O 135 14 O 

Gly Ile Ser Thr His Pro Asp Lieu. Asn. Ile Arg Gly Gly Ala Ser Phe 
145 150 155 160 

Val Pro Gly Glu Pro Ser Thr Glin Asp Gly Asn Gly His Gly Thr His 
1.65 17O 17s 

Val Ala Gly. Thir Ile Ala Ala Lieu. Asn. Asn. Ser Ile Gly Val Lieu. Gly 
18O 185 19 O 

Val Ala Pro Ser Ala Glu Lieu. Tyr Ala Val Llys Val Lieu. Gly Ala Ser 
195 2OO 2O5 

Gly Ser Gly Ser Val Ser Ser Ile Ala Glin Gly Lieu. Glu Trp Ala Gly 
21 O 215 22O 

Asn Asn Gly Met His Val Ala Asn Lieu Ser Leu Gly Ser Pro Ser Pro 
225 23 O 235 24 O 

Ser Ala Thr Lieu. Glu Glin Ala Val Asn. Ser Ala Thir Ser Arg Gly Val 
245 250 255 

Lieu Val Val Ala Ala Ser Gly Asn. Ser Gly Ala Gly Ser Ile Ser Tyr 
26 O 265 27 O 

Pro Ala Arg Tyr Ala Asn Ala Met Ala Val Gly Ala Thr Asp Glin Asn 
27s 28O 285 

Asn Asn Arg Ala Ser Phe Ser Glin Tyr Gly Ala Gly Lieu. Asp Ile Val 
29 O 295 3 OO 

Ala Pro Gly Val Asn Val Glin Ser Thr Tyr Pro Gly Ser Thr Tyr Ala 
3. OS 310 315 32O 

Ser Lieu. Asn Gly Thr Ser Met Ala Thr Pro His Val Ala Gly Ala Ala 
3.25 330 335 

Ala Lieu Val Lys Gln Lys Asn Pro Ser Trp Ser Asn Val Glin Ile Arg 
34 O 345 35. O 

Asn His Lieu Lys Asn. Thir Ala Thir Ser Lieu. Gly Ser Thr Asn Lieu. Tyr 
355 360 365 

Gly Ser Gly Lieu Val Asn Ala Glu Ala Ala Thr Arg 
37 O 375 38O 

<210s, SEQ ID NO 4 
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&211s LENGTH: 269 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized mature GG36 protease 

<4 OOs, SEQUENCE: 4 

Ala Glin Ser Val Pro Trp Gly Ile Ser Arg Val Glin Ala Pro Ala Ala 
1. 5 1O 15 

His Asn Arg Gly Lieu. Thr Gly Ser Gly Val Llys Val Ala Val Lieu. Asp 
2O 25 3O 

Thr Gly Ile Ser Thr His Pro Asp Lieu. Asn. Ile Arg Gly Gly Ala Ser 
35 4 O 45 

Phe Val Pro Gly Glu Pro Ser Thr Glin Asp Gly Asn Gly His Gly Thr 
SO 55 6 O 

His Val Ala Gly. Thir Ile Ala Ala Lieu. Asn. Asn. Ser Ile Gly Val Lieu. 
65 70 7s 8O 

Gly Val Ala Pro Ser Ala Glu Lieu. Tyr Ala Val Llys Val Lieu. Gly Ala 
85 90 95 

Ser Gly Ser Gly Ser Val Ser Ser Ile Ala Glin Gly Lieu. Glu Trp Ala 
1OO 105 11 O 

Gly Asn. Asn Gly Met His Val Ala Asn Lieu. Ser Lieu. Gly Ser Pro Ser 
115 12 O 125 

Pro Ser Ala Thr Lieu. Glu Glin Ala Val Asn Ser Ala Thr Ser Arg Gly 
13 O 135 14 O 

Val Lieu Val Val Ala Ala Ser Gly Asn. Ser Gly Ala Gly Ser Ile Ser 
145 150 155 160 

Tyr Pro Ala Arg Tyr Ala Asn Ala Met Ala Val Gly Ala Thir Asp Glin 
1.65 17O 17s 

Asn Asn. Asn Arg Ala Ser Phe Ser Glin Tyr Gly Ala Gly Lieu. Asp Ile 
18O 185 19 O 

Val Ala Pro Gly Val Asn Val Glin Ser Thr Tyr Pro Gly Ser Thr Tyr 
195 2OO 2O5 

Ala Ser Lieu. Asn Gly Thr Ser Met Ala Thr Pro His Val Ala Gly Ala 
21 O 215 22O 

Ala Ala Lieu Val Lys Gln Lys Asn Pro Ser Trp Ser Asn Val Glin Ile 
225 23 O 235 24 O 

Arg Asn His Lieu Lys Asn. Thir Ala Thir Ser Lieu. Gly Ser Thr Asn Lieu 
245 250 255 

Tyr Gly Ser Gly Lieu Val Asn Ala Glu Ala Ala Thr Arg 
26 O 265 

<210s, SEQ ID NO 5 
&211s LENGTH: 1309 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized oligonucleotide used in 
FNA protease production 

<4 OOs, SEQUENCE: 5 

gaattcatct caaaaaaatg ggit ctactaa aat attatt c catct attat aataaattica 6 O 

Cagaat agtic titttalagtaa gtc tactctgaattitttitta aaaggagagg gtaaagagtg 12 O 

agaa.gcaaaa aattgttggat cagtttgctg tttgctt tag cittaatctt tacgatggcg 18O 
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titcggcagca catc.ca.gc.gc gcaggctgca gggaaat caa acggggaaaa gaalatatatt 24 O 

gtcgggttta alacaga caat gag cacgatg agcgc.cgcta agaagaaaga cqt catttct 3OO 

gaaaaaggcg ggaaagtgca aaa.gcaattic aaatatgtag acgcagctag cqctacatta 360 

aacgaaaaag Ctgtaaaaga attgaaaaaa gaccc.gagcg tcgcttacgit talagaagat 42O 

cacgtagcac acgcgtacgc gcagt ccgtg C catatggcg tat cacaaat taaagcc cct 48O 

gctctgcact Ctcaaggcta Caccggttca aatgttaaag tagcggittat cacagoggit 54 O 

atcgattctt ct catccaga t cittaaagta gcaggcggag ccago atggit tocttctgaa 6OO 

acaaatcc tt to caagacaa caact ct cac ggaacacacg ttgctgg tac cqttgcggct 660 

cittaataact caatcggtgt attagg.cgitt gcgc.caag.cg cat cactitta cqctgtaaaa 72 O 

gttcticggcg ccgacggttc. c99ccaatac agctggat.ca ttaacggaat cagtgggcg 78O 

atcgcaaaca atatggacgt tattalacatg agc ct cqgcg gaccgt.ccgg ttctgctgct 84 O 

ttaaaag.cgg cagttgataa agc.cgttgca t ccggcgt.cg tagt cqttgc ggcagc.cggc 9 OO 

aacgaaggca Ctt Coggcag Ctcaa.gcaca gtgggct acc Ctggtaaata CCCttctgtc. 96.O 

attgcagtag gcgctgtcga cagcagdaac Caaagagcat Ctttct caag C9taggacct 1 O2O 

gagotcgatgtcatggcacc tigcgitat ct atcCaaag.ca cqctt Cotgg aaacaaatac 108 O 

ggcgcgttga acggta catc aatggcatct ccdcacgttg ccggagcc.gc ggctittgatt 114 O 

Ctttctaagc accc.gaactg gacaaacact caagt cogca gct ct ctaga aaacaccact 12 OO 

acaaaacttg gtgatt Cttt Ctact atgga aaagggctga t caatgtaca ggcggcagct 126 O 

cagtaaaact cqagataaaa aaccoggcctt ggc.ccc.gc.cg gttttitt at 1309 

<210s, SEQ ID NO 6 
&211s LENGTH: 382 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized FNA precursor protein 

<4 OOs, SEQUENCE: 6 

Met Arg Ser Lys Llys Lieu. Trp Ile Ser Lieu. Lieu. Phe Ala Lieu Ala Lieu. 
1. 5 1O 15 

Ile Phe Thr Met Ala Phe Gly Ser Thr Ser Ser Ala Glin Ala Ala Gly 
2O 25 3O 

Lys Ser Asn Gly Glu Lys Llys Tyr Ile Val Gly Phe Lys Glin Thr Met 
35 4 O 45 

Ser Thr Met Ser Ala Ala Lys Llys Lys Asp Val Ile Ser Glu Lys Gly 
SO 55 6 O 

Gly Llys Val Glin Lys Glin Phe Llys Tyr Val Asp Ala Ala Ser Ala Thr 
65 70 7s 8O 

Lieu. Asn. Glu Lys Ala Val Lys Glu Lieu Lys Lys Asp Pro Ser Val Ala 
85 90 95 

Tyr Val Glu Glu Asp His Val Ala His Ala Tyr Ala Glin Ser Val Pro 
1OO 105 11 O 

Tyr Gly Val Ser Glin Ile Lys Ala Pro Ala Lieu. His Ser Glin Gly Tyr 
115 12 O 125 

Thr Gly Ser Asn. Wall Lys Val Ala Val Ile Asp Ser Gly Ile Asp Ser 
13 O 135 14 O 

Ser His Pro Asp Lieu Lys Val Ala Gly Gly Ala Ser Met Val Pro Ser 
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145 150 155 160 

Glu Thir Asn Pro Phe Glin Asp Asn Asn Ser His Gly Thr His Val Ala 
1.65 17O 17s 

Gly Thr Val Ala Ala Lieu. Asn. Asn. Ser Ile Gly Val Lieu. Gly Val Ala 
18O 185 19 O 

Pro Ser Ala Ser Lieu. Tyr Ala Wall Lys Val Lieu. Gly Ala Asp Gly Ser 
195 2OO 2O5 

Gly Glin Tyr Ser Trp Ile Ile Asin Gly Ile Glu Trp Ala Ile Ala Asn 
21 O 215 22O 

Asn Met Asp Val Ile Asn Met Ser Lieu. Gly Gly Pro Ser Gly Ser Ala 
225 23 O 235 24 O 

Ala Lieu Lys Ala Ala Val Asp Lys Ala Val Ala Ser Gly Val Val Val 
245 250 255 

Val Ala Ala Ala Gly Asn Glu Gly Thr Ser Gly Ser Ser Ser Thr Val 
26 O 265 27 O 

Gly Tyr Pro Gly Lys Tyr Pro Ser Val Ile Ala Val Gly Ala Val Asp 
27s 28O 285 

Ser Ser Asn Glin Arg Ala Ser Phe Ser Ser Val Gly Pro Glu Lieu. Asp 
29 O 295 3 OO 

Val Met Ala Pro Gly Val Ser Ile Glin Ser Thr Lieu Pro Gly Asn Lys 
3. OS 310 315 32O 

Tyr Gly Ala Lieu. Asn Gly Thr Ser Met Ala Ser Pro His Val Ala Gly 
3.25 330 335 

Ala Ala Ala Lieu. Ile Lieu. Ser Lys His Pro Asn Trp Thr Asn Thr Glin 
34 O 345 35. O 

Val Arg Ser Ser Lieu. Glu Asn. Thir Thr Thr Lys Lieu. Gly Asp Ser Phe 
355 360 365 

Tyr Tyr Gly Lys Gly Lieu. Ile Asin Val Glin Ala Ala Ala Glin 
37 O 375 38O 

<210s, SEQ ID NO 7 
&211s LENGTH: 275 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized mature FNA protease 

<4 OO > SEQUENCE: 7 

Ala Glin Ser Val Pro Tyr Gly Val Ser Glin Ile Lys Ala Pro Ala Lieu 
1. 5 1O 15 

His Ser Glin Gly Tyr Thr Gly Ser Asn Val Llys Val Ala Val Ile Asp 
2O 25 3O 

Ser Gly Ile Asp Ser Ser His Pro Asp Lieu Lys Val Ala Gly Gly Ala 
35 4 O 45 

Ser Met Val Pro Ser Glu Thr Asn Pro Phe Glin Asp Asn Asn Ser His 
SO 55 6 O 

Gly. Thir His Val Ala Gly. Thr Val Ala Ala Lieu. Asn. Asn. Ser Ile Gly 
65 70 7s 8O 

Val Lieu. Gly Val Ala Pro Ser Ala Ser Lieu. Tyr Ala Wall Lys Val Lieu 
85 90 95 

Gly Ala Asp Gly Ser Gly Glin Tyr Ser Trp Ile Ile Asn Gly Ile Glu 
1OO 105 11 O 

Trp Ala Ile Ala Asn. Asn Met Asp Val Ile Asn Met Ser Lieu. Gly Gly 
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115 12 O 125 

Pro Ser Gly Ser Ala Ala Lieu Lys Ala Ala Val Asp Lys Ala Val Ala 
13 O 135 14 O 

Ser Gly Val Val Val Val Ala Ala Ala Gly Asn. Glu Gly. Thir Ser Gly 
145 150 155 160 

Ser Ser Ser Thr Val Gly Tyr Pro Gly Lys Tyr Pro Ser Val Ile Ala 
1.65 17O 17s 

Val Gly Ala Val Asp Ser Ser Asn Glin Arg Ala Ser Phe Ser Ser Val 
18O 185 19 O 

Gly Pro Glu Lieu. Asp Val Met Ala Pro Gly Val Ser Ile Glin Ser Thr 
195 2OO 2O5 

Lieu Pro Gly Asn Llys Tyr Gly Ala Lieu. Asn Gly. Thir Ser Met Ala Ser 
21 O 215 22O 

Pro His Val Ala Gly Ala Ala Ala Lieu. Ile Lieu. Ser Llys His Pro Asn 
225 23 O 235 24 O 

Trp. Thir Asn Thr Glin Val Arg Ser Ser Leu Glu Asn Thr Thr Thr Lys 
245 250 255 

Lieu. Gly Asp Ser Phe Tyr Tyr Gly Lys Gly Lieu. Ile Asn Val Glin Ala 
26 O 265 27 O 

Ala Ala Glin 
27s 

<210s, SEQ ID NO 8 
&211s LENGTH: 4 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide motif 

<4 OOs, SEQUENCE: 8 

His Gly Thr His 
1. 

<210s, SEQ ID NO 9 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide motif 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (6) . . (6) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<4 OOs, SEQUENCE: 9 

Gly. Thir Ser Met Ala Xaa Pro 
1. 5 

<210s, SEQ ID NO 10 
&211s LENGTH: 4 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide motif 

<4 OOs, SEQUENCE: 10 

His Gly Thr Arg 
1. 
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<210s, SEQ ID NO 11 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide motif 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) ... (4) 
<223> OTHER INFORMATION: Xaa is Ala or Wall 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (5) . . (5) 
<223> OTHER INFORMATION: Xaa is Ala or Ser 

<4 OOs, SEQUENCE: 11 

Gly. Thir Ser Xaa Xaa Pro 
1. 5 

1. An isolated subtilisin variant of a Bacillus subtilisin, 
wherein said Subtilisin variant is a mature form having pro 
teolytic activity and comprising a Substitution at two or more 
positions selected from positions 24, 45, 101, 109, 118, 213 
and 217, wherein said positions wherein the positions are 
numbered by correspondence with the amino acid sequence 
of B. amyloliquefaciens subtilisin BPN' set forth as SEQID 
NO:1. 

2. The isolated subtilisin variant of claim 1, wherein said 
Subtilisin variant has a relative protein expression level per 
formance index (TCAPI) and/or a stain removal activity 
performance index (BMI PI) that is greater or equal to 0.5. 

3. The isolated subtilisin variant of claim 1, wherein said 
Bacillus subtilisin is GG36, and wherein said substitution at 
two or more positions is selected from: S24O, S24E, S24L, 
S24R, R45Q, R45E, R45L, S101Q, S101E, S101L, S101R, 
Q109E, Q109L, Q109 R, G 118Q, G118E, G 118L, G118R, 
T213Q, T213L. T213R, T213E, L217Q, and L217E, wherein 
the positions correspond to the positions of BPN' subtilisin of 
SEQID NO:1. 

4. The isolated subtilisin variant of claim 1, wherein said 
Bacillus subtilisin is FNA, and wherein said substitution at 
two or more positions is selected from: S24O, S24E, S24L, 
S24R, A45Q, A45E, A45L, A45R, S101Q, S101E, S101 L, 
S101 R, N109Q, N109E, N109L, N109R, K213Q, K213E, 
K213L, K213R, L217Q, L217E, wherein the positions cor 
respond to the positions of BPN' subtilisin of SEQID NO:1. 

6. An isolated subtilisin variant of the Bacillus subtilisin 
GG36, wherein said subtilisin variant is a mature form having 
proteolytic activity and comprising the substitution T213Q. 
wherein said position corresponds to the amino acid sequence 
of B. amyloliquefaciens subtilisin BPN' set forth as SEQID 
NO:1. 
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8. The isolated subtilisin variant of claim 1, wherein said 
variant has proteolytic activity and comprises the Substitution 
K213Q, wherein said position is numbered by correspon 
dence with the amino acid sequence of B. amyloliquefaciens 
subtilisin BPN' set forth as SEQID NO:1. 

9. An isolated nucleic acid encoding the subtilisin variant 
of claim 1. 

10. An expression vector comprising the nucleic acid of 
claim 9. 

11. A host cell comprising the expression vector set forth 
claim 10. 

12. A cleaning composition comprising at least one Sub 
tilisin variant of claim 1. 

13. The cleaning composition of claim 12, wherein said 
cleaning composition is a detergent. 

14. The cleaning composition of claim 13, wherein said 
detergent is a heavy duty liquid or dry laundry detergent. 

15. The cleaning composition of claim 13, wherein said 
detergent is a dish detergent. 

16. The cleaning composition of any of claim 12, further 
comprising one or more additional enzymes or enzyme 

39 
Jan. 5, 2012 

derivatives selected from hemicellulases, cellulases, peroxi 
dases, proteases, metalloproteases, Xylanases, lipases, phos 
pholipases, esterases, perhydrolasess, cutinases, pectinases, 
pectate lyases, mannanases, keratinases, reductases, oxi 
dases, phenoloxidases, lipoxygenases, ligninases, pullula 
nases, tannases, pentosanases, malanases, f-glucanases, ara 
binosidases, hyaluronidase, chondroitinase, laccase, and 
amylases, or mixtures thereof. 

17. The cleaning composition of claim 16, further compris 
ing at least one stabilizing agent. 

18. A cleaning composition comprising at least 0.0001 
weight percent of at least one subtilisin variant of claim 1, and 
optionally, at least one Suitable adjunct ingredient. 

19. A method of cleaning, said method comprising the 
steps of: 

a) contacting a surface and/oran article comprising a fabric 
with the cleaning composition of claim 12; and 

b) optionally washing and/or rinsing said Surface or article. 
c c c c c 


