
(19) DANMARK (1°) DK/EP 3110833 T3
(12) Oversættelse af 

europæisk patentskrift

Patent- og
Varemærkestyreisen

(51) Int.CI.: C07K 14/43(2006.01)

(45) Oversættelsen bekendtgjort den: 2020-04-06

(80) Dato for Den Europæiske Patentmyndigheds
bekendtgørelse om meddelelse af patentet: 2020-01-08

(86) Europæisk ansøgning nr.: 14732785.2

(86) Europæisk indleveringsdag: 2014-05-29

(87) Den europæiske ansøgnings publiceringsdag: 2017-01-04

(86) International ansøgning nr.: US2014039928

(87) Internationalt publikationsnr.: WO2014194034

(30) Prioritet: 2013-05-29 WO PCT/CN2013/076419 2013-05-29 WO PCT/CN2013/076384
2013-05-29 WO PCT/CN2013/076387
2013-05-29 WO PCT/CN2013/076401
2013-05-29 WO PCT/CN2013/076414

2013-05-29 WO PCT/CN2013/076415
2013-05-29 WO PCT/CN2013/076406
2013-05-29 WO PCT/CN2013/076398

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR HR HU IE IS IT LI LT LU LV 
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Danisco US Inc., 925 Page Mill Road, Palo Alto, California 94304, USA

(72) Opfinder: BABE, Lilia Μ., Danisco US Inc., 925 Page Mill Road, Palo Alto, California 94304, USA
GHIRNIKAR, Roopa, Danisco US Inc., 925 Page Mill Road, Palo Alto, California 94304, USA 
GOEDEGEBUUR, Frits, Danisco US Inc., 925 Page Mill Road, Palo Alto, California 94304, USA 
GU, Xiaogang, Danisco US Inc., 925 Page Mill Road, Palo Alto, California 94304, USA 
KOLKMAN, Marc, Danisco Us Inc., 925 Page Mill Road, Palo Alto, California 94304, USA 
YAO, Jian, Danisco US Inc., 925 Page Mill Road, Palo Alto, California 94304, USA

(74) Fuldmægtig i Danmark: Marks & Clerk (Luxembourg) LLP, 44 rue de la Vallée, B.P. 1775, L-1017 Luxembourg, 
Luxembourg

(54) Benævnelse: HIDTIL UKENDTE METALLOPROTEASER

(56) Fremdragne publikationer:
W0-A1-2015/094714
WO-A2-2007/044993
DATABASE Geneseq [Online] 13 August 2015 (2015-08-13), "Mature metalloprotease (PhuProl), SEQ 2.", 
XP002783411, retrieved from EBI accession no. GSP:BCB41602 Database accession no. BCB41602 
DATABASE UniProt [Online] 2 November 2010 (2010-11-02), "SubName: Full=Bacillolysin 
{ECO:0000313|EMBL:ADM71641.1}; Paenibacillus polymyxa (strain E681)", XP002783412, retrieved from EBI 
accession no. UNIPROT:E0RBT3 Database accession no. E0RBT3
ANTUNEZ KARINA ET AL: "Metalloprotease production by Paenibacillus larvae during the infection of 
honeybee larvae", MICROBIOLOGY (READING), vol. 157, no. Part 5, May 2011 (2011-05), pages 1474-1480, 
XP002783413, ISSN: 1350-0872

Fortsættes ...



DK/EP 3110833 T3

DATABASE UniProt [Online] 18 April 2012 (2012-04-18), "SubName: Full=Bacillolysin;", XP002730720, retrieved 
from EBI accession no. UNIPROT:H6CMZ7 Database accession no. H6CMZ7
DATABASE EMBL [Online] 8 February 1992 (1992-02-08), "Paenibacillus polymyxa npr gene for extracellular 
neutral protease, complete eds.", XP002730722, retrieved from EBI accession no. EM STD:D00861 Database 
accession no. D00861
DATABASE EMBL [Online] 26 February 2013 (2013-02-26), "Paenibacillus polymyxa strain EJS-3 fibrinolytic 
enzyme gene, complete eds.", XP002730723, retrieved from EBI accession no. EM STD:KC176802 Database 
accession no. KC176802



DK/EP 3110833 T3

DESCRIPTION
FIELD OF THE INVENTION

[0001] The present disclosure relates to proteases and variants thereof Compositions 
containing the proteases are suitable for use in cleaning, food and feed as well as in a variety 
of other industrial applications.

BACKGROUND

[0002] Metalloproteases (MPs) are among the hydrolases that mediate nucleophilic attack on 
peptide bonds using a water molecule coordinated in the active site. In their case, a divalent 
ion, such as zinc, activates the water molecule. This metal ion is held in place by amino acid 
ligands, usually 3 in number. The clan MA consists of zinc-dependent MPs in which two of the 
zinc ligands are the histidines in the motif: HisGluXXHis. This Glu is the catalytic residue. These 
are two domain proteases with the active site between the domains. In subclan MA(E), also 

known as Glu-zincins, the 3rd ligand is a Glu located C-terminal to the HDXXH motif. Members 
of the families: M1, 3, 4, 13, 27 and 34 are all secreted proteases, almost exclusively from 
bacteria (Rawlings and Salvessen (2013) Handbook of Proteolytic Enzymes, Elsevier Press). 
They are generally active at elevated temperatures and this stability is attributed to calcium 
binding.

[0003] UniProtKB accession number E0RBT3, entry verson 41, sequence version 1, sequence 
dated 2 November 2010, discloses a 592 amino acid sequence from Paenibacillus polymyxa 
(strain E681) predicted to have metalloendopeptidase activity.

[0004] AntOnez et al., 2011, Microbiology, Vol. 157, pp. 1474-1480, describes metalloprotease 
production by Paenibacillus larvae during infection of honeybee larvae.

[0005] Thermolysin-like proteases are found in the M4 family as defined by MEROPS 
(Rawlings et al., (2012) Nucleic Acids Res 40:D343-D350). Although proteases have long been 
known in the art of industrial enzymes, there remains a need for novel proteases that are 
suitable for particular conditions and uses.

SUMMARY

[0006] In a first aspect the present invention provide a composition comprising a polypeptide 
comprising an amino acid sequence having at least 90% or at least 95% sequence identity to 
the amino acid sequence of SEQ ID NO: 33 and a surfactant, wherein said polypeptide has 
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protease activity and wherein said polypeptide has cleaning activity in a detergent composition. 
In some embodiments, said polypeptide is derived from a member of the order Bacillales or is 
derived from a Pianococcus species. In some embodiments, the Bacillales member is a 
Paenibacillaceae family member or a Paenibacillus spp., such as Paenibacillus hunanensis In 
some embodiments, the protease activity comprises casein hydrolysis, collagen hydrolysis, 
elastin hydrolysis, keratin hydrolysis, soy protein hydrolysis or corn meal protein hydrolysis. In 
various embodiments of the invention, the polypeptide retains at least 50% of its maximal 
protease activity between pH 4.5 and 10 and/or between 30°C and 70°C. In various 
embodiments the detergent composition is selected from an ADW detergent composition, a 
laundry detergent composition, a liquid laundry detergent composition, and a powder laundry 
detergent composition. In some embodiments, the polypeptide is a recombinant polypeptide. In 
some embodiments, the composition of the invention is a cleaning composition or a detergent 
composition. In particular, the detergent composition may be selected from the group 
consisting of a laundry detergent, a fabric softening detergent, a dishwashing detergent, and a 
hard-surface cleaning detergent.

[0007] In some embodiments, the composition further comprises at least one calcium ion 
and/or zinc ion, at least one stabilizer, at least one bleaching agent, and can contain 
phosphate, or be phosphate-free. In some embodiments, the composition further comprises 
one or more additional enzymes or enzyme derivatives selected from the group consisting of 
acyl transferases, alpha-amylases, beta-amylases, alpha-galactosidases, arabinosidases, aryl 
esterases, beta-galactosidases, carrageenases, catalases, cellobiohydrolases, cellulases, 
chondroitinases, cutinases, endo-beta-1, 4-glucanases, endo-beta-mannanases, esterases, 
exo-mannanases, galactanases, glucoamylases, hemicellulases, hyaluronidases, keratinases, 
laccases, lactases, ligninases, lipases, lipoxygenases, mannanases, oxidases, pectate lyases, 
pectin acetyl esterases, pectinases, pentosanases, peroxidases, phenoloxidases, 
phosphatases, phospholipases, phytases, polygalacturonases, proteases, pullulanases, 
reductases, rhamnogalacturonases, beta-glucanases, tannases, transglutaminases, xylan 
acetyl-esterases, xylanases, xyloglucanases, and xylosidases, and combinations thereof. In 
some embodiments, the composition is formulated at a pH of from about 5.5 to about 8.5. In 
some embodiments, the invention is a method of cleaning comprising contacting a surface or 
an item with the cleaning composition of the first aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1.1 provides a plasmid map of pGX085 (aprE-PspPro3), described in Example 1.2.

Figure 1.2 provides a dose response curve of PspPro3 in the azo-casein assay.

Figure 1.3 provides the pH profile of PspPro3.

Figure 1.4 provides the temperature profile of PspPro3.



DK/EP 3110833 T3

Figure 1.5A shows dose response for cleaning of PA-S-38 microswatches by PspPro3 protein 
in ADW detergent at pH 6 and 8.

Figure 1.5B shows dose response for cleaning of PA-S-38 microswatches shows by PspPro3 
protein in ADW detergent at pH 6 and 8 in the presence of bleach.

Figure 1.6 shows cleaning performance of PspPro3 protein in liquid laundry detergent.

Figure 1.7 shows alignment of PspPro3with other protein homologs.

Figure 1.8 provides the phylogenetic tree for PspPro3 and its homologs.

Figure 2.1 provides a plasmid map of pGX084 (aprE-PspPro2), described in Example 2.2.

Figure 2.2 provides a dose response curve of PspPro2 in the azo-casein assay.

Figure 2.3 provides the pH profile of purified PspPro2.

Figure 2.4 provides the temperature profile of purified PspPro2.

Figure 2.5A shows dose response for cleaning performance of PspPro2 at pH 6 in AT dish 
detergent with bleach.

Figure 2.5B shows dose response for cleaning performance of purified PspPro2 at pH 8 in AT 
detergent with bleach.

Figure 2.6A shows cleaning performance of PspPro2 protein in liquid laundry detergent.

Figure 2.6B shows cleaning performance of PspPro2 protein in powder laundry detergent.

Figure 2.7 shows alignment of PspPro2with other protein homologs.

Figure 2.8 provides the phylogenetic tree for PspPro2 and its homologs.

Figure 3.1 provides a plasmid map of pGX150 (aprE-PhuPro2), described in Example 3.2.

Figure 3.2 provides a dose response curve of PhuPro2 in the azo-casein assay.

Figure 3.3 provides the pH profile of purified PhuPro2.

Figure 3.4 provides the temperature profile of purified PhuPro2.

Figure 3.5A shows dose response for c leaning performance of PhuPro2 in AT dish detergent 
at pH 6.

Figure 3.5B shows dose response for cleaning performance of PhuPro2 in AT dish detergent at 
pH 8.

Figure 3.6 shows alignment of PhuPro2with other protein homologs.

Figure 3.7 provides the phylogenetic tree for PhuPro2 and its homologs.
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Figure 4.1 provides a plasmid map of pGX148 (aprE-PehPro1), described in Example 4.2.

Figure 4.2 provides a dose response curve of PehPrd in the azo-casein assay.

Figure 4.3 provides the pH profile of purified PehPrd.

Figure 4.4 provides the temperature profile of purified PehPrd.

Figure 4.5A shows dose response for cleaning performance of PehPrd at pH 6 in AT dish 
detergent with bleach.

Figure 4.5B shows dose response for cleaning performance of purified PehPrd at pH 8 in AT 
detergent with bleach.

Figure 4.6 shows alignment of PehProlwith other protein homologs.

Figure 4.7 provides the phylogenetic tree for PehPrd and its homologs.

Figure 5.1 provides a plasmid map of pGX147 (aprE-PbaPrd), described in Example 5.2.

Figure 5.2 provides a dose response curve of PbaPrd in the azo-casein assay.

Figure 5.3 provides the pH profile of purified PbaPrd.

Figure 5.4 provides the temperature profile of purified PbaPrd.

Figure 5.5A shows dose response for cleaning of PA-S-38 microswatches by PbaProlprotein in 
ADW detergent at pH 6.

Figure 5.5B shows dose response for cleaning of PA-S-38 microswatches shows by 
PbaProlprotein in ADWdetergent at pH 8.

Figure 5.6 shows the alignment of PbaPrd with protease homologs.

Figure 5.7 provides the phylogenetic tree for PbaPrd and its homologs.

Figure 6.1 provides a plasmid map of pGX138 (aprE-PpoPrd), described in Example 6.2.

Figure 6.2 provides a dose response curve of PpoPrd in the azo-casein assay.

Figure 6.3 provides the pH profile of purified PpoPrd.

Figure 6.4 provides the temperature profile of purified PpoPrd.

Figure 6.5A shows dose response for cleaning of PA-S-38 microswatches by PpoProlprotein in 
ADW detergent at pH 6 in the presence of bleach.

Figure 6.5B shows dose response for cleaning of PA-S-38 microswatches shows by 
PpoPrd protein in ADW detergent at pH 8 in the presence of bleach.

Figure 6.6 shows the alignment of PpoPrd with protease homologs.
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Figure 6.7 provides the phylogenetic tree for PpoProl and its homo logs.

Figure 7.1 provides a plasmid map of pGX149 (aprE-PhuPro1), described in Example 7.2.

Figure 7.2 provides a dose response curve of PhuProl in the azo-casein assay.

Figure 7.3 provides the pH profile of purified PhuPro!

Figure 7.4 provides the temperature profile of purified PhuPrd.

Figure 7.5A shows dose response for cleaning of PA-S-38 microswatches by PhuPrd protein 
in ADW detergent at pH 6.

Figure 7.5B shows dose response for cleaning of PA-S-38 microswatches shows by Phu Prd 
protein in ADW detergent at pH 8.

Figure 7.6 shows alignment of PhuProlwith other protein homologs.

Figure 7.7 provides the phylogenetic tree for PhuPrd and its homologs.

Figures 7.8A and 7.8B show cleaning performances of PhuPrd and Purafect® Prime HA 
proteases.

Figure 8.1 provides a plasmid map of pGX146 (aprE-PamPrd), described in Example 8.2.

Figure 8.2 provides a dose response curve of PamPrd in the azo-casein assay.

Figure 8.3 provides the pH profile of purified PamPrd.

Figure 8.4 provides the temperature profile of purified PamPrd.

Figure 8.5A shows dose response for cleaning of PA-S-38 microswatches by PamPrd protein 
in ADW detergent at pH 6.

Figure 8.5B shows dose response for cleaning of PA-S-38 microswatches shows by PamPrd 
protein in ADW detergent at pH 8.

Figure 8.6 shows the alignment of PamPrd with protease homologs.

Figure 8.7 provides the phylogenetic tree for PamPrd and its homologs.

Figures 9.1 A thru 9.1 D show the alignment of the various Paenibacillus metalloproteases with 
other bacterial metalloprotease homologs.

Figure 9.2 provides the phylogenetic tree of the various Paenibacillus metalloproteases with 
other bacterial metalloprotease homologs.

DETAILED DESCRIPTION
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[0009] The present invention provides compositions comprising novel metalloprotease 
enzymes, as defined in the claims,. The compositions and methods are based, in part, on the 
observation that the novel metalloproteases of the present invention have proteolytic activity in 
the presence of detergent compositions. This feature makes metalloproteases of the present 
invention particularly well suited to and useful in a variety of cleaning applications where the 
enzyme can hydrolyze polypeptides in the presence of surfactants and other components 
found in detergent compositions. The metalloprotease enzymes of the present invention can 
be combined with other enzymes useful in detergent compositions. The invention also provides 
methods of cleaning using metalloprotease enzymes of the present invention.

Definitions and Abbreviations

[0010] Unless otherwise indicated, the practice of the present invention involves conventional 
techniques commonly used in molecular biology, protein engineering, microbiology, and 
recombinant DNA technology, which are within the skill of the art. Such techniques are known 
to those of skill in the art and are described in numerous texts and reference works well known 
to those of skill in the art.

[0011] Unless defined otherwise herein, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention pertains. Many technical dictionaries are known to those of skill in the art. Although 
any methods and materials similar or equivalent to those described herein find use in the 
practice of the present invention, some suitable methods and materials are described herein. 
Accordingly, the terms defined immediately below are more fully described by reference to the 
Specification as a whole. Also, as used herein, the singular "a", "an" and "the" includes the 
plural reference unless the context clearly indicates otherwise. Unless otherwise indicated, 
nucleic acids are written left to right in 5' to 3' orientation; amino acid sequences are written left 
to right in amino to carboxy orientation, respectively. It is to be 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.

[0012] Furthermore, the headings provided herein are not limitations of the various aspects or 
embodiments of the invention.

[0013] It is intended that every maximum numerical limitation given throughout this 
specification includes every lower numerical limitation, as if such lower numerical limitations 
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.
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[0014] As used herein, the terms "protease" and "proteinase" refer to an enzyme that has the 
ability to break down proteins and peptides. A protease has the ability to conduct "proteolysis," 
by hydrolysis of peptide bonds that link amino acids together in a peptide or polypeptide chain 
forming the protein. This activity of a protease as a protein-digesting enzyme is referred to as 
"proteolytic activity." Many well known procedures exist for measuring proteolytic activity (See 
e.g., Kalisz, "Microbial Proteinases," In: Fiechter (ed.), Advances in Biochemical 
Engineering/Biotechnology, (1988)). For example, proteolytic activity may be ascertained by 
comparative assays which analyze the respective protease's ability to hydrolyze a suitable 
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 Biomedical 902111). 
Colorimetric assays utilizing these substrates are well known in the art (See e.g., WO 99/34011 
and U.S. Pat. No. 6,376,450). The pNA peptidyl assay (See e.g., Del Mar et al., Anal. Biochem. 
99:316-320 [1979]) also finds use in determining the active enzyme concentration. This assay 
measures the rate at which p-nitroaniline is released as the enzyme hydrolyzes a soluble 
synthetic substrate, such as succinyl-alanine-alanine-proline-phenylalanine-p-nitroanilide (suc- 
AAPF-pNA). The rate of production of yellow color from the hydrolysis reaction is measured at 
410 nm on a spectrophotometer and is proportional to the active enzyme concentration. In 
addition, absorbance measurements at 280 nanometers (nm) can be used to determine the 
total protein concentration in a sample of purified protein. The activity on substrate/protein 
concentration gives the enzyme specific activity.

[0015] As used herein, the term "variant polypeptide" refers to a polypeptide comprising an 
amino acid sequence that differs in at least one amino acid residue from the amino acid 
sequence of a parent or reference polypeptide (including but not limited to wild-type 
polypeptides).

[0016] As used herein, "the genus Bacillus" includes all species within the genus "Bacillus,"as 
known to those of skill in the art, including but not limited to B. subtilis, B. licheniformis, B. 
lentus, B. brevis, B. stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. clausii, B. 
halodurans, B. megaterium, B. coagulans, B. circulans, and B. thuringiensis. It is recognized 
that the genus Bacillus continues to undergo taxonomical reorganization. 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 resistant endospores under stressful environmental conditions is considered 
the defining feature of the genus Bacillus, although this characteristic also applies to the 
recently named Alicyclobacillus, Amphibacillus, Aneurinibacillus, Paenibacillus, Brevibacillus, 
Filobacillus, Gracilibacillus, Halobacillus, Paenibacillus, Salibacillus, Thermobacillus, 
Ureibacillus, and Virgibacillus.

[0017] The terms "polynucleotide" and "nucleic acid," which are used interchangeably herein, 
refer to a polymer of any length of nucleotide monomers covalently bonded in a chain. DNA 
(deoxyribonucleic acid), a polynucleotide comprising deoxyribonucleotides, and RNA 
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(ribonucleic acid), a polymer of ribonucleotides, are examples of polynucleotides or nucleic 
acids having distinct biological function. Polynucleotides or nucleic acids include, but are not 
limited to, a single-, double- or triple-stranded DNA, genomic DNA, cDNA, RNA, DNA-RNA 
hybrid, or a polymer comprising purine and pyrimidine bases, or other natural, chemically, 
biochemically modified, non-natural or derivatized nucleotide bases. The following are non­
limiting examples of polynucleotides: genes, gene fragments, chromosomal fragments, 
expressed sequence tag(s) (EST(s)), exons, introns, messenger RNA (mRNA), transfer RNA 
(tRNA), ribosomal RNA (rRNA), ribozymes, complementary DNA (cDNA), recombinant 
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, 
isolated RNA of any sequence, nucleic acid probes, and primers.

[0018] As used herein, the term "mutation" refers to changes made to a reference amino acid 
or nucleic acid sequence. It is intended that the term encompass substitutions, insertions and 
deletions.

[0019] As used herein, the term "vector" refers to a nucleic acid construct used to introduce or 
transfer nucleic acid(s) into a target cell or tissue. A vector is typically used to introduce foreign 
DNA into a cell or tissue. Vectors include plasmids, cloning vectors, bacteriophages, viruses 
(e.g., viral vector), cosmids, expression vectors, shuttle vectors, and the like. A vector typically 
includes an origin of replication, a multicloning site, and a selectable marker. The process of 
inserting a vector into a target cell is typically referred to as transformation. The present 
invention includes, in some embodiments, a vector that comprises a DNA sequence encoding 
a metalloprotease polypeptide (e.g., precursor or mature metalloprotease polypeptide) that is 
operably linked to a suitable prosequence (e.g., secretory, signal peptide sequence, etc.) 
capable of effecting the expression of the DNA sequence in a suitable host, and the folding and 
translocation of the recombinant polypeptide chain.

[0020] As used herein, the term "expression cassette," "expression plasmid" or "expression 
vector" refers to a nucleic acid construct or vector generated recombinantly or synthetically for 
the expression of a nucleic acid of interest in a target cell. An expression vector or expression 
cassette typically comprises a promoter nucleotide sequence that drives expression of the 
foreign nucleic acid. The expression vector or cassette also typically includes any other 
specified nucleic acid elements that permit transcription of a particular nucleic acid in a target 
cell. A recombinant expression cassette can be incorporated into a plasmid, chromosome, 
mitochondrial DNA, plastid DNA, virus, or nucleic acid fragment. Many prokaryotic and 
eukaryotic expression vectors are commercially available.

[0021] In some embodiments, the ends of the sequence are closed such that the DNA 
construct forms a closed circle. The nucleic acid sequence of interest, which is incorporated 
into the DNA construct, using techniques well known in the art, may be a wild-type, mutant, or 
modified nucleic acid. In some embodiments, the DNA construct comprises one or more 
nucleic acid sequences homologous to the host cell chromosome. In other embodiments, the 
DNA construct comprises one or more non-homologous nucleotide sequences. Once the DNA 
construct is assembled in vitro, it may be used, for example, to: 1) insert heterologous 
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sequences into a desired target sequence of a host cell; and/or 2) mutagenize a region of the 
host cell chromosome (i.e., replace an endogenous sequence with a heterologous sequence); 
3) delete target genes; and/or 4) introduce a replicating plasmid into the host. "DNA construct" 
is used interchangeably herein with "expression cassette."

[0022] As used herein, a "plasmid" refers to an extrachromosomal DNA molecule which is 
capable of replicating independently from the chromosomal DNA. A plasmid is double stranded 
(ds) and may be circular and is typically used as a cloning vector.

[0023] As used herein in the context of introducing a nucleic acid sequence into a cell, the term 
"introduced" refers to any method suitable for transferring the nucleic acid sequence into the 
cell. Such methods for introduction include but are not limited to protoplast fusion, transfection, 
transformation, electroporation, conjugation, and transduction (See e.g., Ferrari et al., 
"Genetics," in Hardwood et al. (eds.), Bacillus, Plenum Publishing Corp., pp. 57-72 [1989]).

[0024] Transformation refers to the genetic alteration of a cell which results from the uptake, 
optional genomic incorporation, and expression of genetic material (e.g., DNA).

[0025] As used herein, a nucleic acid is "operably linked" with another nucleic acid sequence 
when it is placed into a functional relationship with another nucleic acid sequence. For 
example, a promoter or enhancer is operably linked to a nucleotide coding sequence if the 
promoter affects the transcription of the coding sequence. A ribosome binding site may be 
operably linked to a coding sequence if it is positioned so as to facilitate translation of the 
coding sequence. Typically, "operably linked" DNA sequences are contiguous. However, 
enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient 
restriction sites. If such sites do not exist, synthetic oligonucleotide adaptors or linkers may be 
used in accordance with conventional practice.

[0026] As used herein the term "gene" refers to a polynucleotide (e.g., a DNA segment), that 
encodes a polypeptide and includes regions preceding and following the coding regions as well 
as intervening sequences (introns) between individual coding segments (exons).

[0027] As used herein, "recombinant" when used with reference to a cell typically indicates that 
the cell has been modified by the introduction of a foreign nucleic acid sequence or that the cell 
is derived from a cell so modified. For example, a recombinant cell may comprise a gene not 
found in identical form within the native (non-recombinant) form of the cell, or a recombinant 
cell may comprise a native gene (found in the native form of the cell) but which has been 
modified and re-introduced into the cell. A recombinant cell may comprise a nucleic acid 
endogenous to the cell that has been modified without removing the nucleic acid from the cell; 
such modifications include those obtained by gene replacement, site-specific mutation, and 
related techniques known to those of ordinary skill in the art. Recombinant DNA technology 
includes techniques for the production of recombinant DNA in vitro and transfer of the 
recombinant DNA into cells where it may be expressed or propagated, thereby producing a 
recombinant polypeptide. "Recombination," "recombining," and "recombined" of 
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polynucleotides or nucleic acids refer generally to the assembly or combining of two or more 
nucleic acid or polynucleotide strands or fragments to generate a new polynucleotide or nucleic 
acid. The recombinant polynucleotide or nucleic acid is sometimes referred to as a chimera. A 
nucleic acid or polypeptide is "recombinant" when it is artificial or engineered.

[0028] A nucleic acid or polynucleotide is said to "encode" a polypeptide if, in its native state or 
when manipulated by methods known to those of skill in the art, it can be transcribed and/or 
translated to produce the polypeptide or a fragment thereof. The anti-sense strand of such a 
nucleic acid is also said to encode the sequence.

[0029] "Host strain" or "host cell" refers to a suitable host for an expression vector comprising 
a DNA sequence of interest.

[0030] A "protein" or "polypeptide" comprises a polymeric sequence of amino acid residues. 
The terms "protein" and "polypeptide" are used interchangeably herein. The single and 3-letter 
code for amino acids as defined in conformity with the IUPAC-IUB Joint Commission on 
Biochemical Nomenclature (JCBN) is used through out this disclosure. The single letter X 
refers to any of the twenty amino acids. 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. 
Mutations can be named by the one letter code for the parent amino acid, followed by a 
position number and then the one letter code for the variant amino acid. For example, mutating 
glycine (G) at position 87 to serine (S) is represented as "G087S" or "G87S". Mutations can 
also be named by using the three letter code for an amino acid followed by its position in the 
polypeptide chain as counted from the N-terminus; for example, Ala10 for alanine at position 
10. Multiple mutations are indicated by inserting a between the mutations. Mutations at 
positions 87 and 90 are represented as either "G087S-A090Y" or "G87S-A90Y" or "G87S + 
A90Y" or "G087S + A090Y". For deletions, the one letter code "Z" is used. For an insertion 
relative to the parent sequence, the one letter code "Z" is on the left side of the position 
number. For a deletion, the one letter code "Z" is on the right side of the position number. For 
insertions, the position number is the position number before the inserted amino acid(s), plus 
0.01 for each amino acid. For example, an insertion of three amino acids alanine (A), serine 
(S) and tyrosine (Y) between position 87 and 88 is shown as "Z087.01A-Z087.02S-Z087.03Y." 
Thus, combining all the mutations above plus a deletion at position 100 is: "G087S- Z087.01A- 
Z087.02S-Z087.03Y-A090Y-A100Z." When describing modifications, a position followed by 
amino acids listed in parentheses indicates a list of substitutions at that position by any of the 
listed amino acids. For example, 6(L,I) means position 6 can be substituted with a leucine or 
isoleucine.

[0031] A "prosequence" or "propetide sequence" refers to an amino acid sequence between 
the signal peptide sequence and mature protease sequence that is necessary for the proper 
folding and secretion of the protease; they are sometimes referred to as intramolecular 
chaperones. Cleavage of the prosequence or propeptide sequence results in a mature active 
protease. Bacterial metalloproteases are often expressed as pro-enzymes.
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[0032] The term "signal sequence" or "signal peptide" refers to a sequence of amino acid 
residues that may participate in the secretion or direct transport of the mature or precursor 
form of a protein. The signal sequence is typically located N-terminal to the precursor or 
mature protein sequence. The signal sequence may be endogenous or exogenous. A signal 
sequence is normally absent from the mature protein. A signal sequence is typically cleaved 
from the protein by a signal peptidase after the protein is transported.

[0033] The term "mature" form of a protein, polypeptide, or peptide refers to the functional 
form of the protein, polypeptide, or peptide without the signal peptide sequence and propeptide 
sequence.

[0034] The term "precursor" form of a protein or peptide refers to a mature form of the protein 
having a prosequence operably linked to the amino or carbonyl terminus of the protein. The 
precursor may also have a "signal" sequence operably linked to the amino terminus of the 
prosequence. The precursor may also have additional polypeptides that are involved in post- 
translational activity (e.g., polypeptides cleaved therefrom to leave the mature form of a protein 
or peptide).

[0035] The term "wild-type" in reference to an amino acid sequence or nucleic acid sequence 
indicates that the amino acid sequence or nucleic acid sequence is native or naturally 
occurring sequence. As used herein, the term "naturally-occurring" refers to anything (e.g., 
proteins, amino acids, or nucleic acid sequences) that are found in nature.

[0036] As used herein, the term "non-naturally occurring" refers to anything that is not found in 
nature (e.g., recombinant nucleic acids and protein sequences produced in the laboratory), as 
modification of the wild-type sequence.

[0037] As used herein with regard to amino acid residue positions, "corresponding to" or 
"corresponds to" or "corresponds" refers to an amino acid residue at the enumerated position 
in a protein or peptide, or an amino acid residue that is analogous, homologous, or equivalent 
to an enumerated residue in a protein or peptide. As used herein, "corresponding region" 
generally refers to an analogous position in a related proteins or a reference protein.

[0038] The terms "derived from" and "obtained from" refer to not only a protein produced or 
producible by a strain of the organism in question, but also a protein 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 protein which is encoded by a DNA sequence of 
synthetic and/or cDNA origin and which has the identifying characteristics of the protein in 
question. To exemplify, "proteases derived from Bacillus" refers to those enzymes having 
proteolytic activity which are naturally produced by Bacillus, as well as to serine proteases like 
those produced by Bacillus sources but which through the use of genetic engineering 
techniques are produced by non-Bacillus organisms transformed with a nucleic acid encoding 
the serine proteases.
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[0039] The term "identical" in the context of two nucleic acids or polypeptidesequences refers 
to the residues in the two sequences that are the same when aligned for maximum 
correspondence, as measured using one of the following sequence comparison or analysis 
algorithms.

[0040] As used herein, "homologous genes" refers to a pair of genes from different, but usually 
related species, which correspond to each other and which are identical or very similar to each 
other. The term encompasses genes that are separated by speciation (i.e., the development of 
new species) (e.g., orthologous genes), as well as genes that have been separated by genetic 
duplication (e.g., paralogous genes).

[0041] As used herein, "% identity or percent identity" refers to sequence similarity. Percent 
identity may be determined using standard techniques known in the art (See e.g., Smith and 
Waterman, Adv. Appl. Math. 2:482 [1981]; Needleman and Wunsch, J. Mol. Biol. 48:443 
[1970]; Pearson and Lipman, Proc. Natl. Acad. Sei. USA 85:2444 [1988]; software programs 
such as GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package 
(Genetics Computer Group, Madison, Wl); and Devereux et al., Nucl. Acid Res. 12:387-395 
[1984]). One example of a useful algorithm is PILEUP. PILEUP creates a multiple sequence 
alignment from a group of related sequences using progressive, pair-wise alignments. It can 
also plot a tree showing the clustering relationships used to create the alignment. PILEUP uses 
a simplification of the progressive alignment method of Feng and Doolittle (See, Feng and 
Doolittle, J. Mol. Evol. 35:351-360 [1987]). The method is similar to that described by Higgins 
and Sharp (See, Higgins and Sharp, CABIOS 5:151-153 [1989]). Useful PILEUP parameters 
include a default gap weight of 3.00, a default gap length weight of 0.10, and weighted end 
gaps. Other useful algorithm is the BLAST algorithms described by Altschul et al., (See, 
Altschul et al., J. Mol. Biol. 215:403-410 [1990]; and Karlin and Altschul, Proc. Natl. Acad. Sei. 
USA 90:5873-5787 [1993]). The BLAST program uses several search parameters, most of 
which are set to the default values.

[0042] The NCBI BLAST algorithm finds the most relevant sequences in terms of biological 
similarity but is not recommended for query sequences of less than 20 residues (Altschul, SF 
et al. (1997) Nucleic Acids Res. 25:3389-3402 and Schaffer, AA et al. (2001) Nucleic Acids 
Res. 29:2994-3005). Example default BLAST parameters for a nucleic acid sequence searches 
are:

• Neighboring words threshold : 11
• E-value cutoff: 10
• Scoring Matrix : NUC.3.1 (match = 1, mismatch = -3)
• Gap Opening : 5
• Gap Extension : 2

and the following parameters for amino acid sequence searches:

• Word size : 3
• E-value cutoff: 10
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• Scoring Matrix : BLOSUM62
• Gap Opening : 11
• Gap extension : 1

[0043] A percent (%) amino acid sequence identity value is determined by the number of 
matching identical residues divided by the total number of residues of the "reference" 
sequence including any gaps created by the program for optimal/maximum alignment. If a 
sequence is 90% identical to SEQ ID NO: A, SEQ ID NO: A is is the "reference" sequence. 
BLAST algorithms refer the "reference" sequence as "query" sequence.

[0044] The CLUSTAL W algorithm is another example of a sequence alignment algorithm. See 
Thompson et al. (1994) Nucleic Acids Res. 22:4673-4680. Default parameters for the 
CLUSTAL W algorithm are:

Gap opening penalty: 10.0
Gap extension penalty: 0.05
Protein weight matrix: BLOSUM series
DNA weight matrix: IUB
Delay divergent sequences %: 40
Gap separation distance: 8
DNA transitions weight: 0.50
List hydrophilic residues: GPSNDQEKR
Use negative matrix: OFF
Toggle Residue specific penalties: ON
Toggle hydrophilic penalties: ON
Toggle end gap separation penalty OFF.

[0045] In CLUSTAL algorithms, deletions occurring at either terminus are included. For 
example, a variant with five amino acid deletion at either terminus (or within the polypeptide) of 
a polypeptide of 500 amino acids would have a percent sequence identity of 99% (495/500 
identical residues x 100) relative to the "reference" polypeptide. Such a variant would be 
encompassed by a variant having "at least 99% sequence identity" to the polypeptide.

[0046] A polypeptide of interest may be said to be "substantially identical" to a reference 
polypeptide if the polypeptide of interest comprises an amino acid sequence having at least 
about 60%, least about 65%, least about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at 
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 
98%, at least about 99%, or at least about 99.5% sequence identity to the amino acid 
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sequence of the reference polypeptide. The percent identity between two such polypeptides 
can be determined manually by inspection of the two optimally aligned polypeptide sequences 
or by using software programs or algorithms (e.g., BLAST, ALIGN, CLUSTAL) using standard 
parameters. One indication that two polypeptides are substantially identical is that the first 
polypeptide is immunologically cross-reactive with the second polypeptide. Typically, 
polypeptides that differ by conservative amino acid substitutions are immunologically cross- 
reactive. Thus, a polypeptide is substantially identical to a second polypeptide, for example, 
where the two peptides differ only by a conservative amino acid substitution or one or more 
conservative amino acid substitutions.

[0047] A nucleic acid of interest may be said to be "substantially identical" to a reference 
nucleic acid if the nucleic acid of interest comprises a nucleotide sequence having least about 
60%, least about 65%, at least about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at 
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 
98%, at least about 99%, or at least about 99.5% sequence identity to the nucleotide sequence 
of the reference nucleic acid. The percent identity between two such nucleic acids can be 
determined manually by inspection of the two optimally aligned nucleic acid sequences or by 
using software programs or algorithms (e.g., BLAST, ALIGN, CLUSTAL) using standard 
parameters. One indication that two nucleic acid sequences are substantially identical is that 
the two nucleic acid molecules hybridize to each other under stringent conditions (e.g., within a 
range of medium to high stringency).

[0048] A nucleic acid or polynucleotide is "isolated" when it is at least partially or completely 
separated from other components, including but not limited to for example, other proteins, 
nucleic acids, cells, etc. Similarly, a polypeptide, protein or peptide is "isolated" when it is at 
least partially or completely separated from other components, including but not limited to for 
example, other proteins, nucleic acids, cells, etc. On a molar basis, an isolated species is more 
abundant than are other species in a composition. For example, an isolated species may 
comprise at least about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, 
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 
97%, about 98%, about 99%, or about 100% (on a molar basis) of all macromolecular species 
present. Preferably, the species of interest is purified to essential homogeneity (i.e., 
contaminant species cannot be detected in the composition by conventional detection 
methods). Purity and homogeneity can be determined using a number of techniques well 
known in the art, such as agarose or polyacrylamide gel electrophoresis of a nucleic acid or a 
protein sample, respectively, followed by visualization upon staining. If desired, a high- 
resolution technique, such as high performance liquid chromatography (HPLC) or a similar 
means can be utilized for purification of the material.

[0049] "Hybridization" refers to the process by which one strand of nucleic acid forms a duplex 
with, i.e., base pairs with, a complementary strand. A nucleic acid sequence is considered to 
be "selectively hybridizable" to a reference nucleic acid sequence if the two sequences 
specifically hybridize to one another under moderate to high stringency hybridization and wash 
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conditions. Hybridization conditions are based on the melting temperature (Tm) of the nucleic 
acid binding complex or probe. For example, "maximum stringency" typically occurs at about 
Tm-5°C (5° below the Tm of the probe); "high stringency" at about 5-10°C below the Tm; 
"intermediate stringency" at about 10-20°C below the Tm of the probe; and "low stringency" at 
about 20-25°C below the Tm. Functionally, maximum stringency conditions can be used to 
identify sequences having strict identity or near-strict identity with the hybridization probe; while 
intermediate or low stringency hybridization can be used to identify or detect polynucleotide 
sequence homo logs.

[0050] Moderate and high stringency hybridization conditions are well known in the art. 
Stringent hybridization conditions are exemplified by hybridization under the following 
conditions: 65°C and 0.1X SSC (where 1X SSC = 0.15 M NaCI, 0.015 M Na3 citrate, pH 7.0). 

Hybridized, duplex nucleic acids are characterized by a melting temperature (Tm), where one 

half of the hybridized nucleic acids are unpaired with the complementary strand. Mismatched 
nucleic acids within the duplex lower the Tm. Very stringent hybridization conditions involve 

68°C and 0.1X SSC. A nucleic acid encoding a variant metalloprotease can have a Tm reduced 

by 1 °C - 3°C or more compared to a duplex formed between the nucleic acid and its identical 
complement.

[0051] Another example of high stringency conditions includes hybridization at about 42°C in 
50% formamide, 5X SSC, 5X Denhardt's solution, 0.5% SDS and 100 pg/ml denatured carrier 
DNA followed by washing two times in 2X SSC and 0.5% SDS at room temperature and two 
additional times in 0.1X SSC and 0.5% SDS at 42°C. An example of moderate stringent 
conditions include an overnight incubation at 37°C in a solution comprising 20% formamide, 5 x 
SSC (150mM NaCI, 15 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5 x 
Denhardt's solution, 10% dextran sulfate and 20 mg/ml denatured sheared salmon sperm 
DNA, followed by washing the filters in 1x SSC at about 37 - 50°C. Those of skill in the art know 
how to adjust the temperature, ionic strength, etc. to accommodate factors such as probe 
length and the like.

[0052] The term "purified" as applied to nucleic acids or polypeptides generally denotes a 
nucleic acid or polypeptide that is essentially free from other components as determined by 
analytical techniques well known in the art (e.g., a purified polypeptide or polynucleotide forms 
a discrete band in an electrophoretic gel, chromatographic eluate, and/or a media subjected to 
density gradient centrifugation). For example, a nucleic acid or polypeptide that gives rise to 
essentially one band in an electrophoretic gel is "purified." A purified nucleic acid or polypeptide 
is at least about 50% pure, usually at least about 60%, about 65%, about 70%, about 75%, 
about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 
95%, about 96%, about 97%, about 98%, about 99%, about 99.5%, about 99.6%, about 99.7%, 
about 99.8% or more pure (e.g., percent by weight on a molar basis). In a related sense, the 
invention provides methods of enriching compositions for one or more molecules of the 
invention, such as one or more polypeptides or polynucleotides of the invention. A composition 
is enriched for a molecule when there is a substantial increase in the concentration of the 
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molecule after application of a purification or enrichment technique. A substantially pure 
polypeptide or polynucleotide of the invention (e.g., substantially pure metalloprotease 
polypeptide or polynucleotide encoding a metalloprotease polypeptide of the invention, 
respectively) will typically comprise at least about 55%, about 60%, about 65%, about 70%, 
about 75%, about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 
94%, about 95%, about 96%, about 97%, about 98, about 99%, about 99.5% or more by 
weight (on a molar basis) of all macromolecular species in a particular composition.

[0053] The term "enriched" refers to a compound, polypeptide, cell, nucleic acid, amino acid, 
or other specified material or component that is present in a composition at a relative or 
absolute concentration that is higher than a starting composition.

[0054] In a related sense, the invention provides methods of enriching compositions for one or 
more molecules of the invention, such as one or more polypeptides of the invention (e.g., one 
or more metalloprotease polypeptides of the invention) or one or more nucleic acids of the 
invention (e.g., one or more nucleic acids encoding one or more metalloprotease polypeptides 
of the invention). A composition is enriched for a molecule when there is a substantial increase 
in the concentration of the molecule after application of a purification or enrichment technique. 
A substantially pure polypeptide or polynucleotide will typically comprise at least about 55%, 
about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 
91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98, about 
99%, about 99.5% or more by weight (on a molar basis) of all macromolecular species in a 
particular composition.

[0055] As used herein, the term "functional assay" refers to an assay that provides an 
indication of a protein's activity. In some embodiments, the term refers to assay systems in 
which a protein is analyzed for its ability to function in its usual capacity. For example, in the 
case of a protease, a functional assay involves determining the effectiveness of the protease to 
hydrolyze a proteinaceous substrate.

[0056] The terms "modified nucleic acid sequence" and "modified gene" are used 
interchangeably herein to refer to a nucleic acid sequence that includes a deletion, insertion or 
interruption of naturally occurring (i.e., wild-type) nucleic acid sequence. In some 
embodiments, the expression product of the modified nucleic acid sequence is a truncated 
protein (e.g., if the modification is a deletion or interruption of the sequence). In some 
embodiments, the truncated protein retains biological activity. In alternative embodiments, the 
expression product of the modified nucleic acid sequence is an elongated protein (e.g., 
modifications comprising an insertion into the nucleic acid sequence). In some embodiments, a 
nucleotide insertion in the nucleic acid sequence leads to a truncated protein (e.g., when the 
insertion results in the formation of a stop codon). Thus, an insertion may result in either a 
truncated protein or an elongated protein as an expression product.

[0057] A "mutant" nucleic acid sequence typically refers to a nucleic acid sequence that has an 
alteration in at least one codon occurring in a host cell's wild-type sequence such that the 
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expression product of the mutant nucleic acid sequence is a protein with an altered amino acid 
sequence relative to the wild-type protein. The expression product may have an altered 
functional capacity (e.g., enhanced enzymatic activity).

[0058] As used herein, the phrase "alteration in substrate specificity" refers to changes in the 
substrate specificity of an enzyme. In some embodiments, a change in substrate specificity is 
defined as a change in kcat and/or Km for a particular substrate, resulting from mutations of the 

enzyme or alteration of reaction conditions. The substrate specificity of an enzyme is 
determined by comparing the catalytic efficiencies it exhibits with different substrates. These 
determinations find particular use in assessing the efficiency of mutant enzymes, as it is 
generally desired to produce variant enzymes that exhibit greater ratios of kcat/Km for 

substrates of interest. However, it is not intended that the present invention be limited to any 
particular substrate composition or substrate specificity.

[0059] As used herein, "surface property" is used in reference to electrostatic charge, as well 
as properties such as the hydrophobicity and hydrophilicity exhibited by the surface of a 
protein. As used herein, the term "net charge" is defined as the sum of all charges present in a 
molecule. "Net charge changes" are made to a parent protein molecule to provide a variant 
that has a net charge that differs from that of the parent molecule (i.e., the variant has a net 
charge that is not the same as that of the parent molecule). For example, substitution of a 
neutral amino acid with a negatively charged amino acid or a positively charged amino acid 
with a neutral amino acid results in net charge of -1 with respect to the parent molecule. 
Substitution of a positively charged amino acid with a negatively charged amino acid results in 
a net charge of -2 with respect to the parent. Substitution of a neutral amino acid with a 
positively charged amino acid or a negatively charged amino acid with a neutral amino acid 
results in net charge of +1 with respect to the parent. Substitution of a negatively charged 
amino acid with a positively charged amino acid results in a net charge of +2 with respect to 
the parent. The net charge of a parent protein can also be altered by deletion and/or insertion 
of charged amino acids. A net change change applies to changes in charge of a variant versus 
a parent when measured at the same pH conditions.

[0060] The terms "thermally stable" and "thermostable" and "thermostability" refer to proteases 
that retain a specified amount of enzymatic activity after exposure to identified temperatures 
over a given period of time under conditions prevailing during the proteolytic, hydrolyzing, 
cleaning or other process of the invention, while being exposed to altered temperatures. 
"Altered temperatures" encompass increased or decreased temperatures. In some 
embodiments, the proteases retain at least about 50%, about 60%, about 70%, about 75%, 
about 80%, about 85%, about 90%, about 92%, about 95%, about 96%, about 97%, about 
98%, or about 99% proteolytic activity after exposure to altered temperatures over a given time 
period, for example, at least about 60 minutes, about 120 minutes, about 180 minutes, about 
240 minutes, about 300 minutes, etc.

[0061] The term "enhanced stability" in the context of an oxidation, chelator, thermal, chemical, 
autolytic and/or pH stable protease refers to a higher retained proteolytic activity over time as
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compared to other proteases (e.g., thermolysin proteases) and/or wild-type enzymes.

[0062] The term "diminished stability" in the context of an oxidation, chelator, thermal and/or 
pH stable protease refers to a lower retained proteolytic activity over time as compared to 
other proteases (e.g., thermolysin proteases) and/or wild-type enzymes.

[0063] The term "cleaning activity" refers to a cleaning performance achieved by a 
metalloprotease polypeptide or reference protease under conditions prevailing during the 
proteolytic, hydrolyzing, cleaning, or other process of the invention. In some embodiments, 
cleaning performance of a metalloprotease polypeptide or reference protease may be 
determined by using various assays for cleaning one or more various enzyme sensitive stains 
on an item or surface (e.g., a stain resulting from food, grass, blood, ink, milk, oil, and/or egg 
protein). Cleaning performance of a variant or reference protease can be determined by 
subjecting the stain on the item or surface to standard wash condition(s) and assessing the 
degree to which the stain is removed by using various chromatographic, spectrophotometric, 
or other quantitative methodologies. Exemplary cleaning assays and methods are known in the 
art and include, but are not limited to those described in WO 99/34011 and U.S. Pat. 
6,605,458, as well as those cleaning assays and methods included in the Examples provided 
below.

[0064] The term "cleaning effective amount" of a metalloprotease polypeptide or reference 
protease refers to the amount of protease that achieves a desired level of enzymatic activity in 
a specific cleaning composition. Such effective amounts are readily ascertained by one of 
ordinary skill in the art and are based on many factors, such as the particular protease used, 
the cleaning application, the specific composition of the cleaning composition, and whether a 
liquid or dry (e.g., granular, tablet, bar) composition is required, etc.

[0065] The term "cleaning adjunct material" refers to any liquid, solid, or gaseous material 
included in cleaning composition other than a metalloprotease polypeptide of the invention. In 
some embodiments, the cleaning compositions of the present invention include one or more 
cleaning adjunct materials. Each cleaning adjunct material is typically selected depending on 
the particular type and form of cleaning composition (e.g., liquid, granule, powder, bar, paste, 
spray, tablet, gel, foam, or other composition). Preferably, each cleaning adjunct material is 
compatible with the protease enzyme used in the composition.

[0066] The term "enhanced performance" in the context of cleaning activity refers to an 
increased or greater cleaning activity by an enzyme with respect to a parent or reference 
protein as measured on certain enzyme sensitive stains such as egg, milk, grass, ink, oil, 
and/or blood, as determined by usual evaluation after a standard wash cycle and/or multiple 
wash cycles.

[0067] The term "diminished performance" in the context of cleaning activity refers to a 
decreased or lesser cleaning activity by an enzyme on certain enzyme sensitive stains such as 
egg, milk, grass or blood, as determined by usual evaluation after a standard wash cycle
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and/or multiple wash cycles.

[0068] Cleaning compositions and cleaning formulations include any composition that is suited 
for cleaning, bleaching, disinfecting, and/or sterilizing any object, item, and/or surface. Such 
compositions and formulations include, but are not limited to for example, liquid and/or solid 
compositions, including cleaning or detergent compositions (e.g., liquid, tablet, gel, bar, 
granule, and/or solid laundry cleaning or detergent compositions and fine fabric detergent 
compositions; hard surface cleaning compositions and formulations, such as for glass, wood, 
ceramic and metal counter tops and windows; carpet cleaners; oven cleaners; fabric 
fresheners; fabric softeners; and textile, laundry booster cleaning or detergent compositions, 
laundry additive cleaning compositions, and laundry pre-spotter cleaning compositions; 
dishwashing compositions, including hand or manual dishwash compositions (e.g., "hand" or 
"manual" dishwashing detergents) and automatic dishwashing compositions (e.g., "automatic 
dishwashing detergents").

[0069] Cleaning composition or cleaning formulations, as used herein, include, unless 
otherwise indicated, granular or powder-form all-purpose or heavy-duty washing agents, 
especially cleaning detergents; liquid, granular, gel, solid, tablet, or paste-form all-purpose 
washing agents, especially the so-called heavy-duty liquid (HDL) detergent or heavy-duty 
powder detergent (HDD) types; liquid fine-fabric detergents; hand or manual dishwashing 
agents, including those of the high-foaming type; hand or manual dishwashing, automatic 
dishwashing, or dishware or tableware washing agents, including the various tablet, powder, 
solid, granular, liquid, gel, 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 shampoos, carpet shampoos, bathroom cleaners; hair 
shampoos and/or hair-rinses for humans and other animals; shower gels and foam baths and 
metal cleaners; as well as cleaning auxiliaries, such as bleach additives and "stain-stick" or 
pre-treat types. In some embodiments, granular compositions are in "compact" form; in some 
embodiments, liquid compositions are in a "concentrated" form.

[0070] 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).

[0071] As used herein, "non-fabric cleaning compositions" include non-textile (i.e., non-fabric) 
surface cleaning compositions, including, but not limited to for example, hand or manual or 
automatic dishwashing detergent compositions, oral cleaning compositions, denture cleaning 
compositions, and personal cleansing compositions.

[0072] As used herein, the term "fabric and/or hard surface cleaning and/or treatment 
composition" is a subset of cleaning and treatment compositions that includes, unless 
otherwise indicated, granular or powder-form all-purpose or "heavy-duty" washing agents, 
especially cleaning detergents; liquid, gel or paste-form all-purpose washing agents, especially 
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the so-called heavy-duty liquid types; liquid fine-fabric detergents; hand dishwashing 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, car or carpet shampoos, bathroom 
cleaners including toilet bowl cleaners; fabric conditioning products including softening and/or 
freshening that may be in liquid, solid and/or dryer sheet form ; as well as cleaning auxiliaries 
such as bleach additives and "stain-stick" or pre-treat types, substrate-laden products such as 
dryer added sheets. All of such products which are applicable may be in standard, 
concentrated or even highly concentrated form even to the extent that such products may in 
certain aspect be non-aqueous.

[0073] As used herein, the term "detergent composition" or "detergent formulation" is used in 
reference to a composition intended for use in a wash medium for the cleaning of soiled or 
dirty objects, including particular fabric and/or non-fabric objects or items. Such compositions 
of the present invention are not limited to any particular detergent composition or formulation. 
Indeed, in some embodiments, the detergents of the invention comprise at least one 
metalloprotease polypeptide of the invention and, in addition, one or more surfactants, 
transferase(s), hydrolytic enzymes, oxido reductases, builders (e.g., a builder salt), bleaching 
agents, bleach activators, bluing agents, fluorescent dyes, caking inhibitors, masking agents, 
enzyme activators, antioxidants, and/or solubilizers. In some instances, a builder salt is a 
mixture of a silicate salt and a phosphate salt, preferably with more silicate (e.g., sodium 
metasilicate) than phosphate (e.g., sodium tripolyphosphate). Some compositions of the 
invention, such as, but not limited to, cleaning compositions or detergent compositions, do not 
contain any phosphate (e.g., phosphate salt or phosphate builder).

[0074] As used herein, the term "bleaching" refers to the treatment of a material (e.g., fabric, 
laundry, pulp, etc.) or surface for a sufficient length of time and/or under appropriate pH and/or 
temperature conditions to effect a brightening (i.e., whitening) and/or cleaning of the material. 
Examples of chemicals suitable for bleaching include, but are not limited to, for example, CIO2, 

H2O2, peracids, NO2, etc.

[0075] As used herein, "wash performance" of a protease (e.g., a metalloprotease polypeptide 
of the invention) refers to the contribution of a metalloprotease polypeptide to washing that 
provides additional cleaning performance to the detergent as compared to the detergent 
without the addition of the metalloprotease polypeptide to the composition. Wash performance 
is compared under relevant washing conditions. In some test systems, other relevant factors, 
such as detergent composition, sud concentration, water hardness, washing mechanics, time, 
pH, and/or temperature, can be controlled in such a way that condition(s) typical for household 
application in a certain market segment (e.g., hand or manual dishwashing, automatic 
dishwashing, dishware cleaning, tableware cleaning, fabric cleaning, etc.) are imitated.

[0076] The term "relevant washing conditions" is used herein to indicate the conditions, 
particularly washing temperature, time, washing mechanics, sud concentration, type of 
detergent and water hardness, actually used in households in a hand dishwashing, automatic 
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dishwashing, or laundry detergent market segment.

[0077] 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 metalloprotease 
polypeptide, on weight basis, is needed to obtain the same end result relative to the 
corresponding wild-type or starting parent protease.

[0078] 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.

[0079] The "compact" form of the cleaning compositions herein is best reflected by density 
and, in terms of composition, 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 contrast, in compact compositions, the filler salt is 
present in amounts not exceeding about 15% of the total composition. In some embodiments, 
the filler salt is present in amounts that do not exceed about 10%, or more preferably, about 
5%, by weight of the composition. In some embodiments, the inorganic filler salts are selected 
from the alkali and alkaline-earth-metal salts of sulfates and chlorides. In some embodiments, 
the filler salt is sodium sulfate.

[0080] As used herein in connection with a numerical value, the term "about" refers to a range 
of +/- 0.5 of the numerical value, unless the term is otherwise specifically defined in context. 
For instance, the phrase a "pH value of about 6" refers to pH values of from 5.5 to 6.5, unless 
the pH value is specifically defined otherwise.

[0081] The position of an amino acid residue in a given amino acid sequence is typically 
numbered herein using the numbering of the position of the corresponding amino acid residue 
of the wild type Paenibacillus metalloprotease amino acid sequences shown in SEQ ID NOs: 3, 
8, 13, 18, 23, 28, 33 or 38. The Paenibacillus sp. metalloprotease amino acid sequences, thus 
serves as a reference parent sequence. A given amino acid sequence, such as a 
metalloprotease enzyme amino acid sequence and variants thereof described herein, can be 
aligned with the wild type metalloprotease sequence (e.g., SEQ ID NO: 3) using an alignment 
algorithm as described herein, and an amino acid residue in the given amino acid sequence 
that aligns (preferably optimally aligns) with an amino acid residue in the wild type sequence 
can be conveniently numbered by reference to the corresponding amino acid residue in the 
metalloprotease sequence.

[0082] Oligonucleotide synthesis and purification steps are typically performed according to 
specifications. Techniques and procedures are generally performed according to conventional 
methods well known in the art and various general references that are provided throughout this 
document. Procedures therein are believed to be well known to those of ordinary skill in the art
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and are provided for the convenience of the reader.

Metalloorotease Polypeptides of the present invention

[0083] The present invention provides compositions comprising novel metalloprotease enzyme 
polypeptides, as defined in the claims. The metalloprotease polypeptide of the composition 
may be referred to as "enzymes of the invention" or "polypeptides of the invention." 
Polypeptides of the invention include isolated, recombinant, substantially pure, or non-naturally 
occurring polypeptides. In some embodiments, polypeptides of the invention are useful in 
cleaning applications and are incorporated into cleaning compositions that are useful in 
methods of cleaning an item or a surface in need of cleaning.

[0084] The enzyme of the present invention has 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% 
identity to SEQ ID NO: 33.

[0085] In some embodiments, the enzyme of the present invention, including all embodiments 
supra, can be derived from a member of the order Bacillales or family Bacillaceae, 
Paenibacillaceae, Alicyclobacillaceae, or Lactobacillaceae. In some embodiments, the enzyme 
of the present invention, including all embodiments supra, can be derived from a Bacillus, 
Alicyclobacillus, Geobacillus, Exiguobacterium, Lactobacillus, or Paenibacillus species. In some 
embodiments, the enzyme of the present invention, including all embodiments supra, can be 
derived from a member of the Pseudococcidae family. In some embodiments, the enzyme of 
the present invention, including all embodiments supra, can be derived from a Pianococcus 
species. Various enzyme metalloproteases have been found that have a high identity to each 
other and to the Paenibacillus enzymes as shown in SEQ ID NO: 33.

[0086] In a particular embodiment, the enzyme of the invention is derived from the genus 
Paenibacillus. In a particular embodiment, the enzyme of the invention is derived from the 
genus Paenibacillus and from the species Paenibacillus hunanensis.

[0087] Described are compositions and methods relating to enzymes cloned from 
Paenibacillus. The compositions and methods are based, in part, on the observation that 
cloned and expressed enzymes of the present invention have proteolytic activity in the 
presence of a detergent composition. Enzymes of the present invention also demonstrate 
excellent stability in detergent compositions. These features makes enzymes of the present 
invention well suited for use in a variety of cleaning applications, where the enzyme can 
hydrolyze proteins in the presence of surfactants and other components found in detergent 
compositions.

[0088] As noted above, the variant enzyme polypeptides of the invention have protease 
enzymatic activities and thus are useful in cleaning applications, including but not limited to, 
methods for cleaning dishware items, tableware items, fabrics, and items having hard surfaces 
(e.g., the hard surface of a table, table top, wall, furniture item, floor, ceiling, etc.). Exemplary 
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cleaning compositions comprising one or more variant metalloprotease enzyme polypeptides 
of the invention are described infra. The protease activity of an enzyme polypeptide of the 
invention can be determined readily using procedures well known to those of ordinary skill in 
the art. The Examples presented infra describe methods for evaluating the enzymatic activity 
and cleaning performance. The performance of polypeptide enzymes of the invention in 
removing stains (e.g., a protein stain such as blood/milk/ink or egg yolk), cleaning hard 
surfaces, or cleaning laundry, dishware or tableware item(s) can be readily determined using 
procedures well known in the art and/or by using procedures set forth in the Examples.

[0089] The metalloprotease polypeptides of the invention have protease activity such that they 
are useful in casein hydrolysis, collagen hydrolysis, elastin hydrolysis, keratin hydrolysis, soy 
protein hydrolysis or corn meal protein hydrolysis. Thus, the polypeptides of the invention find 
use in other applications such as pretreatments for food, feed, or protein degradation.

[0090] The polypeptides of the invention are also useful in pretreatment of animal feed 
products, such as soy protein, corn meal, and other protein rich components. Pretreatment of 
these animal feed products with a polypeptide of the invention may help in the breakdown of 
complex proteins into their hydrolysates which are easily digestible by animals.

[0091] In yet further disclosure, the disclosed metalloprotease polypeptides find use in 
hydrolysis of corn soy protein. The disclosed metalloprotease polypeptides may be used alone 
or in combination with other proteases, amylases or lipases to produce peptides and free 
amino acids from the corn or soy protein. In some disclosure, the recovered proteins, peptides 
or amino acids can be subsequently used in animal feed or human food products.

[0092] The polypeptides of the disclosure are also useful in treatment of wounds, particularly in 
wound debridement. Wound debridement is the removal of dead, damaged or infected tissue 
to improve the healing potential of the remaining healthy tissue. Debridement is an important 
part of the healing process for burns and other serious wounds. The wounds or burns may be 
treated with a composition comprising a polypeptide of the disclosure which would result in 
removal of unwanted damaged tissue and improving the healthy tissue.
The metalloprotease polypeptides of the present invention can have protease activity over a 
broad range of pH conditions. In some embodiments, the metalloprotease polypeptides have 
protease activity on azo-casein as a substrate, as demonstrated in Examples 3.1 to 3.8. In 
some embodiments, the metalloprotease polypeptides have protease activity at a pH of from 
about 3.0 to about 12.0. In some embodiments, the metalloprotease polypeptides have 
protease activity at a pH of from about 4.0 to about 10.5. In some embodiments, the 
metalloprotease polypeptides have at least 70% of maximal protease activity at a pH of from 
about 5.5 to about 9.0. In some embodiments, the metalloprotease polypeptides have at least 
80% of maximal protease activity at a pH of from about 6.0 to about 8.5. In some 
embodiments, the metalloprotease polypeptides have maximal protease activity at a pH of 
about 7.5.

[0093] In some embodiments, the metalloprotease polypeptides of the present invention have 
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protease activity at a temperature range of from about 10°C to about 100°C. In some 
embodiments, the metalloprotease polypeptides of the present invention have protease activity 
at a temperature range of from about 20°C to about 90°C. In some embodiments, the 
metalloprotease polypeptides have at least 70% of maximal protease activity at a temperature 
of from about 45°C to about 60°C. In some embodiments, the metalloprotease polypeptides 
have maximal protease activity at a temperature of 50°C.

[0094] In some embodiments, the metalloprotease polypeptides of the present invention 
demonstrate cleaning performance in a cleaning composition. Cleaning compositions often 
include ingredients harmful to the stability and performance of enzymes, making cleaning 
compositions a harsh environment for enzymes, e.g. metalloproteases, to retain function. 
Thus, it is not trivial for an enzyme to be put in a cleaning composition and expect enzymatic 
function (e.g. metalloprotease activity, such as demonstrated by cleaning performance). In 
some embodiments, the metalloprotease polypeptides of the present invention demonstrate 
cleaning performance in automatic dishwashing (ADW) detergent compositions. In some 
embodiments, the cleaning performance in automatic dishwashing (ADW) detergent 
compositions includes cleaning of egg yolk stains. In some embodiments, the metalloprotease 
polypeptides of the present invention demonstrate cleaning performance in laundry detergent 
compositions. In some embodiments, the cleaning performance in laundry detergent 
compositions includes cleaning of blood/milk/ink stains. In each of the cleaning compositions, 
the metalloprotease polypeptides of the present invention demonstrate cleaning performance 
with or without a bleach component.

[0095] The metalloprotease polypeptides of the invention have protease activity such that they 
are useful in casein hydrolysis, collagen hydrolysis, elastin hydrolysis, keratin hydrolysis, soy 
protein hydrolysis or corn meal protein hydrolysis. Thus, the polypeptides of the invention find 
use in other applications such as pretreatments for food, feed, or protein degradation.

[0096] A polypeptide of the invention can be subject to various changes, such as one or more 
amino acid insertions, deletions, and/or substitutions, either conservative or non-conservative, 
including where such changes do not substantially alter the enzymatic activity of the 
polypeptide, and wherein the polypeptide is as defined in the claims. Similarly, a nucleic acid of 
the disclosure can also be subject to various changes, such as one or more substitutions of 
one or more nucleotides in one or more codons such that a particular codon encodes the 
same or a different amino acid, resulting in either a silent variation (e.g., when the encoded 
amino acid is not altered by the nucleotide mutation) or non-silent variation, one or more 
deletions of one or more nucleic acids (or codons) in the sequence, one or more additions or 
insertions of one or more nucleic acids (or codons) in the sequence, and/or cleavage of or one 
or more truncations of one or more nucleic acids (or codons) in the sequence. Many such 
changes in the nucleic acid sequence may not substantially alter the enzymatic activity of the 
resulting encoded polypeptide enzyme compared to the polypeptide enzyme encoded by the 
original nucleic acid sequence. A nucleic acid sequence of the disclosure can also be modified 
to include one or more codons that provide for optimum expression in an expression system 
(e.g., bacterial expression system), while, if desired, said one or more codons still encode the
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same amino acid(s).

[0097] The present disclosure provides a genus of enzyme polypeptides having the desired 
enzymatic activity (e.g., protease enzyme activity or cleaning performance activity) which 
comprise sequences having the amino acid substitutions described herein and also which 
comprise one or more additional amino acid substitutions, such as conservative and non­
conservative substitutions, wherein the polypeptide exhibits, maintains, or approximately 
maintains the desired enzymatic activity (e.g., proteolytic activity, as reflected in the cleaning 
activity or performance of the polypeptide enzymes of SEQ ID NO: 33). Amino acid 
substitutions in accordance with the disclosure may include, but are not limited to, one or more 
non-conservative substitutions and/or one or more conservative amino acid substitutions. A 
conservative amino acid residue substitution typically involves exchanging a member within 
one functional class of amino acid residues for a residue that belongs to the same functional 
class (conservative amino acid residues are considered functionally homologous or conserved 
in calculating percent functional homology). A conservative amino acid substitution typically 
involves the substitution of an amino acid in an amino acid sequence with a functionally similar 
amino acid. For example, alanine, glycine, serine, and threonine are functionally similar and 
thus may serve as conservative amino acid substitutions for one another. Aspartic acid and 
glutamic acid may serve as conservative substitutions for one another. Asparagine and 
glutamine may serve as conservative substitutions for one another. Arginine, lysine, and 
histidine may serve as conservative substitutions for one another. Isoleucine, leucine, 
methionine, and valine may serve as conservative substitutions for one another. 
Phenylalanine, tyrosine, and tryptophan may serve as conservative substitutions for one 
another.

[0098] Other conservative amino acid substitution groups can be envisioned. For example, 
amino acids can be grouped by similar function or chemical structure or composition (e.g., 
acidic, basic, aliphatic, aromatic, sulfur-containing). For instance, an aliphatic grouping may 
comprise: Glycine (G), Alanine (A), Valine (V), Leucine (L), Isoleucine (I). Other groups 
containing amino acids that are considered conservative substitutions for one another include: 
aromatic: Phenylalanine (F), Tyrosine (Y), Tryptophan (W); sulfur-containing: Methionine (M), 
Cysteine (C); Basic: Arginine (R), Lysine (K), Histidine (H); Acidic: Aspartic acid (D), Glutamic 
acid (E); non-polar uncharged residues, Cysteine (C), Methionine (M), and Proline (P); 
hydrophilic uncharged residues: Serine (S), Threonine (T), Asparagine (N), and Glutamine (Q). 
Additional groupings of amino acids are well-known to those of skill in the art and described in 
various standard textbooks. Listing of a polypeptide sequence herein, in conjunction with the 
above substitution groups, provides an express listing of all conservatively substituted 
polypeptide sequences.

[0099] More conservative substitutions exist within the amino acid residue classes described 
above, which also or alternatively can be suitable. Conservation groups for substitutions that 
are more conservative include: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine­
arginine, alanine-valine, and asparagine-glutamine.
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[0100] Conservatively substituted variations of a polypeptide sequence of the invention (e.g., 
variant metalloproteases of the invention) include substitutions of a small percentage, 
sometimes less than 25%, 20%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, or 6% of the 
amino acids of the polypeptide sequence, or less than 5%, 4%, 3%, 2%, or 1%, or less than 10, 
9, 8, 7, 6, 5, 4, 3, 2, or 1 amino acid substitution of the amino acids of the polypeptide 
sequence, with a conservatively selected amino acid of the same conservative substitution 
group.

[0101] As described elsewhere herein in greater detail and in the Examples provided herein, 
polypeptides of the invention may have cleaning abilities that may be compared to known 
proteases, including known metalloproteases.

Nucleic Acids

[0102] The disclosure provides isolated, non-naturally occurring, or recombinant nucleic acids, 
which encode polypeptides of the invention. Nucleic acids of the disclosure, including all 
described below, are useful in recombinant production (e.g., expression) of polypeptides of the 
invention, typically through expression of a plasmid expression vector comprising a sequence 
encoding the polypeptide of interest or fragment thereof. As discussed above, polypeptides 
include metalloprotease polypeptides having enzymatic activity (e.g., proteolytic activity) which 
are useful in cleaning applications and cleaning compositions for cleaning an item or a surface 
(e.g., surface of an item) in need ofcleaning.

[0103] In some embodiments, the disclosure provides an isolated, recombinant, substantially 
pure, or non-naturally occurring nucleic acid comprising a nucleotide sequence encoding any 
polypeptide (including any fusion protein, etc.) of the invention described above in the section 
entitled "Polypeptides of the Invention" and elsewhere herein. The disclosure also provides an 
isolated, recombinant, substantially pure, or non-naturally-occurring nucleic acid comprising a 
nucleotide sequence encoding a combination of two or more of any polypeptides of the 
invention described above and elsewhere herein. In some cases, the nucleic acid of the 
disclosure has 50, 60, 65, 70, 75, 80, 85, 90, 91,92, 93, 94, 95, 96, 97, 98, 99 or 100% identity 
to SEQ ID NO: 4, 9, 14, 19, 24, 29, 34 and 39.

[0104] The present disclosure provides nucleic acids encoding a metalloprotease polypeptide 
of the present invention, wherein the metalloprotease polypeptide is a mature form having 
proteolytic activity, wherein the amino acid positions of the variant are numbered by 
correspondence with the amino acid sequence of Paenibacillus metalloprotease polypeptides 
set forth as SEQ ID NOs: 3, 8, 13, 18, 23, 28, 33 or 38.

[0105] Nucleic acids of the disclosure can be generated by using any suitable synthesis, 
manipulation, and/or isolation techniques, or combinations thereof. For example, a 
polynucleotide of the disclosure may be produced using standard nucleic acid synthesis 
techniques, such as solid-phase synthesis techniques that are well-known to those skilled in 
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the art. In such techniques, fragments of up to 50 or more nucleotide bases are typically 
synthesized, then joined (e.g., by enzymatic or chemical ligation methods) to form essentially 
any desired continuous nucleic acid sequence. The synthesis of the nucleic acids of the 
disclosure can be also facilitated by any suitable method known in the art, including but not 
limited to chemical synthesis using the classical phosphoramidite method (See e.g., Beaucage 
et al. Tetrahedron Letters 22:1859-69 [1981]); or the method described by Matthes et al. (See, 
Matthes et al., EMBO J. 3:801-805 [1984], as is typically practiced in automated synthetic 
methods. Nucleic acids of the disclosure also can be produced by using an automatic DNA 
synthesizer. Customized nucleic acids can be ordered from a variety of commercial sources 
(e.g., The Midland Certified Reagent Company, the Great American Gene Company, Operon 
Technologies Inc., and DNA2.0). Other techniques for synthesizing nucleic acids and related 
principles are known in the art (See e.g., Itakura et al., Ann. Rev. Biochem. 53:323 [1984]; and 
Itakura et al., Science 198:1056 [1984]).

[0106] As indicated above, recombinant DNA techniques useful in modification of nucleic acids 
are well known in the art. For example, techniques such as restriction endonuclease digestion, 
ligation, reverse transcription and cDNA production, and polymerase chain reaction (e.g., PCR) 
are known and readily employed by those of skill in the art. Nucleotides of the disclosure may 
also be obtained by screening cDNA libraries using one or more oligonucleotide probes that 
can hybridize to or PCR-amplify polynucleotides which encode a metalloprotease polypeptide 
polypeptide(s) of the invention. Procedures for screening and isolating cDNA clones and PCR 
amplification procedures are well known to those of skill in the art and described in standard 
references known to those skilled in the art. Some nucleic acids of the disclosure can be 
obtained by altering a naturally occurring polynucleotide backbone (e.g., that encodes an 
enzyme or parent protease) by, for example, a known mutagenesis procedure (e.g., site- 
directed mutagenesis, site saturation mutagenesis, and in vitro recombination).

Methods for Making Modified Metalloprotease polypeptides of the Invention

[0107] A variety of methods are known in the art that are suitable for generating modified 
polynucleotides of the disclosure that encode metalloprotease polypeptides of the invention, 
including, but not limited to, for example, site-saturation mutagenesis, scanning mutagenesis, 
insertional mutagenesis, deletion mutagenesis, random mutagenesis, site-directed 
mutagenesis, and directed-evolution, as well as various other recombinatorial approaches. 
Methods for making modified polynucleotides and proteins (e.g., metalloprotease polypeptides) 
include DNA shuffling methodologies, methods based on non-homologous recombination of 
genes, such as ITCHY (See, Ostermeier et al., 7:2139-44 [1999]), SCRACHY (See, Lutz et al. 
98:11248-53 [2001]), SHIPREC (See, Sieber et al., 19:456-60 [2001]), and NRR (See, Bittker 
et al., 20:1024-9 [2001]; Bittker et al., 101:7011-6 [2004]), and methods that rely on the use of 
oligonucleotides to insert random and targeted mutations, deletions and/or insertions (See, 
Ness et al., 20:1251-5 [2002]; Coco et al., 20:1246-50 [2002]; Zha et al., 4:34-9 [2003]; Glaser 
et al., 149:3903-13 [1992]).
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Vectors, Cells, and Methods for Producing Metalloprotease polypeptides of the 
Invention

[0108] The present disclosure provides vectors comprising at least one metalloprotease 
polynucleotide of the disclosure described herein (e.g., a polynucleotide encoding a 
metalloprotease polypeptide of the invention described herein), expression vectors or 
expression cassettes comprising at least one nucleic acid or polynucleotide of the disclosure, 
isolated, substantially pure, or recombinant DNA constructs comprising at least one nucleic 
acid or polynucleotide of the disclosure, isolated or recombinant cells comprising at least one 
polynucleotide of the disclosure, and compositions comprising one or more such vectors, 
nucleic acids, expression vectors, expression cassettes, DNA constructs, cells, cell cultures, or 
any combination or mixtures thereof.

[0109] In some embodiments, the disclosure provides recombinant cells comprising at least 
one vector (e.g., expression vector or DNA construct) of the disclosure which comprises at 
least one nucleic acid or polynucleotide of the disclosure. Some such recombinant cells are 
transformed or transfected with such at least one vector. Such cells are typically referred to as 
host cells. Some such cells comprise bacterial cells, including, but are not limited to Bacillus sp. 
cells, such as B. subtilis cells. The disclosure also provides recombinant cells (e.g., 
recombinant host cells) comprising at least one metalloprotease polypeptide of the invention.

[0110] In some embodiments, the disclosure provides a vector comprising a nucleic acid or 
polynucleotide of the disclosure. In some embodiments, the vector is an expression vector or 
expression cassette in which a polynucleotide sequence of the disclosure which encodes a 
metalloprotease polypeptide of the invention is operably linked to one or additional nucleic acid 
segments required for efficient gene expression (e.g., a promoter operably linked to the 
polynucleotide of the disclosure which encodes a metalloprotease polypeptide of the 
invention). A vector may include a transcription terminator and/or a selection gene, such as an 
antibiotic resistance gene, that enables continuous cultural maintenance of plasmid-infected 
host cells by growth in antimicrobial-containing media.

[0111] An expression vector may be derived from plasmid or viral DNA, or in alternative 
embodiments, contains elements of both. Exemplary vectors include, but are not limited to 
pC194, pJH101, pE194, pHP13 (See, Harwood and Cutting [eds.], Chapter 3, Molecular 
Biological Methods for Bacillus, John Wiley & Sons [1990]; suitable replicating plasmids for B. 
subtilis include those listed on p. 92) See also, Perego, Integrational Vectors for Genetic 
Manipulations in Bacillus subtilis, in Sonenshein et al., [eds.] Bacillus subtilis and Other Gram- 
Positive Bacteria: Biochemistry, Physiology and Molecular Genetics, American Society for 
Microbiology, Washington, D.C. [1993], pp. 615-624), and p2JM103BBI.

[0112] For expression and production of a protein of interest (e.g., metalloprotease 
polypeptide) in a cell, at least one expression vector comprising at least one copy of a 
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polynucleotide encoding the metalloprotease polypeptide, and in some instances comprising 
multiple copies, is transformed into the cell under conditions suitable for expression of the 
metalloprotease. In some embodiments of the present disclosure, a polynucleotide sequence 
encoding the metalloprotease polypeptide (as well as other sequences included in the vector) 
is integrated into the genome of the host cell, while in other embodiments, a plasmid vector 
comprising a polynucleotide sequence encoding the metalloprotease polypeptide remains as 
autonomous extra-chromosomal element within the cell. The disclosure provides both 
extrachromosomal nucleic acid elements as well as incoming nucleotide sequences that are 
integrated into the host cell genome. The vectors described herein are useful for production of 
the metalloprotease polypeptides of the invention. In some embodiments, a polynucleotide 
construct encoding the metalloprotease polypeptide is present on an integrating vector that 
enables the integration and optionally the amplification of the polynucleotide encoding the 
metalloprotease polypeptide into the host chromosome. Examples of sites for integration are 
well known to those skilled in the art. In some embodiments, transcription of a polynucleotide 
encoding a metalloprotease polypeptide of the invention is effectuated by a promoter that is 
the wild-type promoter for the selected precursor protease. In some other embodiments, the 
promoter is heterologous to the precursor protease, but is functional in the host cell. 
Specifically, examples of suitable promoters for use in bacterial host cells include, but are not 
limited to, for example, the amyE, amyQ, amyL, pstS, sacB, pSPAC, pAprE, pVeg, pHpall 
promoters, the promoter of the B. stearothermophilus maltogenic amylase gene, the B. 
amyloliquefaciens (BAN) amylase gene, the B. subtilis alkaline protease gene, the B. clausii 
alkaline protease gene the B. pumilis xylosidase gene, the B. thuringiensis crylllA, and the B. 
licheniformis alpha-amylase gene. Additional promoters include, but are not limited to the A4 
promoter, as well as phage Lambda PR or PL promoters, and the E. coli lac, trp or tac 
promoters.

[0113] Metalloprotease polypeptides of the present invention can be produced in host cells of 
any suitable microorganism, including bacteria and fungi. In some embodiments, 
metalloprotease polypeptides of the present invention can be produced in Gram-positive 
bacteria. In some embodiments, the host cells are Bacillus spp., Streptomyces spp., 
Escherichia spp., Aspergillus spp., Trichoderma spp., Pseudomonas spp., Corynebacterium 
spp., Saccharomyces spp., or Pichia spp. In some embodiments, the metalloprotease 
polypeptides are produced by Bacillus sp. host cells. Examples of Bacillus sp. host cells that 
find use in the production of the metalloprotease polypeptides of the invention include, but are 
not limited to B. licheniformis, B. lentus, B. subtilis, B. amyloliquefaciens, B. lentus, B. brevis, B. 
stearothermophilus, B. alkalophilus, B. coagulans, B. circulans, B. pumilis, B. thuringiensis, B. 
clausii, and B. megaterium, as well as other organisms within the genus Bacillus. In some 
embodiments, B. subtilis host cells are used for production of metalloprotease polypeptides. 
U.S. Patents 5,264,366 and 4,760,025 (RE 34,606) describe various Bacillus host strains that 
can be used for producing metalloprotease polypeptide of the invention, although other 
suitable strains can be used.

[0114] Several bacterial strains that can be used to produce metalloprotease polypeptides of 
the invention include non-recombinant (i.e., wild-type) Bacillus sp. strains, as well as variants of
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naturally-occurring strains and/or recombinant strains. In some embodiments, the host strain is 
a recombinant strain, wherein a polynucleotide encoding a polypeptide of interest has been 
introduced into the host. In some embodiments, the host strain is a B. subtilis host strain and 
particularly a recombinant Bacillus subtilis host strain. Numerous B. subtilis strains are known, 
including, but not limited to for example, 1A6 (ATCC 39085), 168 (1A01), SB19, W23, Ts85, 
B637, PB1753 through PB1758, PB3360, JH642, 1A243 (ATCC 39,087), ATCC 21332, ATCC 
6051, MI113, DE100 (ATCC 39,094), GX4931, PBT 110, and PEP 211 strain (See e.g., Hoch et 
al., Genetics 73:215-228 [1973]; See also, U.S. Patent Nos. 4,450,235 and 4,302,544, and EP 
0134048). The use of B. subtilis as an expression host cells is well known in the art (See e.g., 
Palva etal., Gene 19:81-87 [1982]; Fahnestock and Fischer, J. Bacteriol., 165:796-804 [1986]; 
and Wang et al., Gene 69:39-47 [1988]).

[0115] In some embodiments, the Bacillus host cell is a Bacillus sp. that includes a mutation or 
deletion in at least one of the following genes, degU, degS, degR and degQ. In some 
embodiments, the mutation is in a degU gene, and in some embodiments the mutation is 
degU(Hy)32 (See e.g., Msadek et al., J. Bacteriol. 172:824-834 [1990]; and Olmos et al., Mol. 
Gen. Genet. 253:562-567 [1997]). In some embodiments, the Bacillus host comprises a 
mutation or deletion in scoC4 (See e.g., Caldwell et al., J. Bacteriol. 183:7329-7340 [2001]); 
spollE (See e.g., Arigoni et al., Mol. Microbiol. 31:1407-1415 [1999]); and/or oppA or other 
genes of the opp operon (See e.g., Perego etal., Mol. Microbiol. 5:173-185 [1991]). Indeed, it 
is contemplated that any mutation in the opp operon that causes the same phenotype as a 
mutation in the oppA gene will find use in some embodiments of the altered Bacillus strain of 
the disclosure. In some embodiments, these mutations occur alone, while in other 
embodiments, combinations of mutations are present. In some embodiments, an altered 
Bacillus host cell strain that can be used to produce a metalloprotease polypeptide of the 
invention is a Bacillus host strain that already includes a mutation in one or more of the above- 
mentioned genes. In addition, Bacillus sp. host cells that comprise mutation(s) and/or deletions 
of endogenous protease genes find use. In some embodiments, the Bacillus host cell 
comprises a deletion of the aprE and the nprE genes. In other embodiments, the Bacillus sp. 
host cell comprises a deletion of 5 protease genes, while in other embodiments, the Bacillus 
sp. host cell comprises a deletion of 9 protease genes (See e.g., U.S. Pat. Appln. Pub. No. 
2005/0202535).

[0116] Host cells are transformed with at least one nucleic acid encoding at least one 
metalloprotease polypeptide of the invention using any suitable method known in the art. 
Methods for introducing a nucleic acid (e.g., DNA) into Bacillus cells or E. coli cells utilizing 
plasmid DNA constructs or vectors and transforming such plasmid DNA constructs or vectors 
into such cells are well known. In some embodiments, the plasmids are subsequently isolated 
from E. coli cells and transformed into Bacillus cells. However, it is not essential to use 
intervening microorganisms such as E. coli, and in some embodiments, a DNA construct or 
vector is directly introduced into a Bacillus host.

[0117] Those of skill in the art are well aware of suitable methods for introducing nucleic acid 
sequences of the disclosure into Bacillus cells (See e.g., Ferrari et al., "Genetics," in Harwood 
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et al. [eds.], Bacillus, Plenum Publishing Corp. [1989], pp. 57-72; Saunders et al., J. Bacteriol. 
157:718-726 [1984]; Hoch et al., J. Bacteriol. 93:1925 -1937 [1967]; Mann et al., Current 
Microbiol. 13:131-135 [1986]; Holubova, Folia Microbiol. 30:97 [1985]; Chang et al., Mol. Gen. 
Genet. 168:11-115 [1979]; Vorobjeva et al., FEMS Microbiol. Lett. 7:261-263 [1980]; Smith et 
al., Appl. Env. Microbiol. 51:634 [1986]; Fisher et al., Arch. Microbiol. 139:213-217 [1981]; and 
McDonald, J. Gen. Microbiol. 130:203 [1984]). Indeed, such methods as transformation, 
including protoplast transformation and transfection, transduction, and protoplast fusion are 
well known and suited for use in the present invention. Methods known in the art to transform 
Bacillus cells include such methods as plasmid marker rescue transformation, which involves 
the uptake of a donor plasmid by competent cells carrying a partially homologous resident 
plasmid (See, Contente et al., Plasmid 2:555-571 [1979]; Haima et al., Mol. Gen. Genet. 
223:185-191 [1990]; Weinrauch et al., J. Bacteriol. 154:1077-1087 [1983]; and Weinrauch et 
al., J. Bacteriol. 169:1205-1211 [1987]). In this method, the incoming donor plasmid 
recombines with the homologous region of the resident "helper" plasmid in a process that 
mimics chromosomal transformation.

[0118] In addition to commonly used methods, in some embodiments, host cells are directly 
transformed with a DNA construct or vector comprising a nucleic acid encoding a 
metalloprotease polypeptide of the invention (i.e., an intermediate cell is not used to amplify, or 
otherwise process, the DNA construct or vector prior to introduction into the host cell). 
Introduction of the DNA construct or vector of the disclosure into the host cell includes those 
physical and chemical methods known in the art to introduce a nucleic acid sequence (e.g., 
DNA sequence) into a host cell without insertion into the host genome. Such methods include, 
but are not limited to calcium chloride precipitation, electroporation, naked DNA, liposomes and 
the like. In additional embodiments, DNA constructs or vector are co-transformed with a 
plasmid, without being inserted into the plasmid. In further embodiments, a selective marker is 
deleted from the altered Bacillus strain by methods known in the art (See, Stahl et al., J. 
Bacteriol. 158:411-418 [1984]; and Palmeros et al., Gene 247:255 -264 [2000]).

[0119] In some embodiments, the transformed cells of the present disclosure are cultured in 
conventional nutrient media. The suitable specific culture conditions, such as temperature, pH 
and the like are known to those skilled in the art and are well described in the scientific 
literature. In some embodiments, the disclosure provides a culture (e.g., cell culture) 
comprising at least one metalloprotease polypeptide or at least one nucleic acid of the 
disclosure.

[0120] In some embodiments, host cells transformed with at least one polynucleotide 
sequence encoding at least one metalloprotease polypeptide of the invention are cultured in a 
suitable nutrient medium under conditions permitting the expression of the present protease, 
after which the resulting protease is recovered from the culture. In some embodiments, the 
protease produced by the cells is recovered from the culture medium by conventional 
procedures, including, but not limited to for example, separating the host cells from the 
medium by centrifugation or filtration, precipitating the proteinaceous components of the 
supernatant or filtrate by means of a salt (e.g., ammonium sulfate), chromatographic
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purification (e.g., ion exchange, gel filtration, affinity, etc.).

[0121] In some embodiments, a metalloprotease polypeptide produced by a recombinant host 
cell is secreted into the culture medium. A nucleic acid sequence that encodes a purification 
facilitating domain may be used to facilitate purification of proteins. A vector or DNA construct 
comprising a polynucleotide sequence encoding a metalloprotease polypeptide may further 
comprise a nucleic acid sequence encoding a purification facilitating domain to facilitate 
purification of the metalloprotease polypeptide (See e.g., Kroll et al., DNA Cell Biol. 12:441-53 
[1993]). Such purification facilitating domains include, but are not limited to, for example, metal 
chelating peptides such as histidine-tryptophan modules that allow purification on immobilized 
metals (See, Porath, Protein Expr. Purif. 3:263-281 [1992]), protein A domains that allow 
purification on immobilized immunoglobulin, and the domain utilized in the FLAGS 
extension/affinity purification system. The inclusion of a cleavable linker sequence such as 
Factor XA or enterokinase (e.g., sequences available from Invitrogen, San Diego, CA) between 
the purification domain and the heterologous protein also find use to facilitate purification.

[0122] Assays for detecting and measuring the enzymatic activity of an enzyme, such as a 
metalloprotease polypeptide of the invention, are well known. Various assays for detecting and 
measuring activity of proteases (e.g., metalloprotease polypeptides of the invention), are also 
known to those of ordinary skill in the art. In particular, assays are available for measuring 
protease activity that are based on the release of acid-soluble peptides from casein or 
hemoglobin, measured as absorbance at 280 nm or colorimetrically using the Folin method. 
Other exemplary assays involve the solubilization of chromogenic substrates (See e.g., Ward, 
"Proteinases," in Fogarty (ed.)., Microbial Enzymes and Biotechnology, Applied Science, 
London, [1983], pp. 251-317). Other exemplary assays include, but are not limited to succinyl- 
Ala-Ala-Pro-Phe-para nitroanilide assay (suc-AAPF-pNA) and the 2,4,6-trinitrobenzene 
sulfonate sodium salt assay (TNBS assay). Numerous additional references known to those in 
the art provide suitable methods (See e.g., Wells et al., Nucleic Acids Res. 11:7911-7925 
[1983]; Christianson et al., Anal. Biochem. 223:119 -129 [1994]; and Hsia et al., Anal Biochem. 
242:221-227 [1999]).

[0123] A variety of methods can be used to determine the level of production of a mature 
protease (e.g., mature metalloprotease polypeptides of the present invention) in a host cell. 
Such methods include, but are not limited to, for example, methods that utilize either polyclonal 
or monoclonal antibodies specific for the protease. Exemplary methods include, but are not 
limited to enzyme-linked immunosorbent assays (ELISA), radioimmunoassays (RIA), 
fluorescent immunoassays (FIA), and fluorescent activated cell sorting (FACS). These and 
other assays are well known in the art (See e.g., Maddox et al., J. Exp. Med. 158:1211 [1983]).

[0124] In some other embodiments, the disclosure provides methods for making or producing 
a mature metalloprotease polypeptide of the invention. A mature metalloprotease polypeptide 
does not include a signal peptide or a propeptide sequence. Some methods comprise making 
or producing a metalloprotease polypeptide of the invention in a recombinant bacterial host 
cell, such as for example, a Bacillus sp. cell (e.g., a B. subtilis cell). In some embodiments, the 
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disclosure provides a method of producing a metalloprotease polypeptide of the invention, the 
method comprising cultivating a recombinant host cell comprising a recombinant expression 
vector comprising a nucleic acid encoding a metalloprotease polypeptide of the invention under 
conditions conducive to the production of the metalloprotease polypeptide. Some such 
methods further comprise recovering the metalloprotease polypeptide from the culture.

[0125] In some embodiments the disclosure provides methods of producing a metalloprotease 
polypeptide of the invention, the methods comprising: (a) introducing a recombinant 
expression vector comprising a nucleic acid encoding a metalloprotease polypeptide of the 
invention into a population of cells (e.g., bacterial cells, such as B. subtilis cells); and (b) 
culturing the cells in a culture medium under conditions conducive to produce the 
metalloprotease polypeptide encoded by the expression vector. Some such methods further 
comprise: (c) isolating the metalloprotease polypeptide from the cells or from the culture 
medium.

Fabric and Home Care Products

[0126] In some embodiments, the metalloprotease polypeptides of the present invention can 
be used in compositions comprising an adjunct material and a metalloprotease polypeptide, 
wherein the composition is a fabric and home care product.

[0127] In some embodiments, the fabric and home care product compositions comprising at 
least one metalloprotease polypeptide comprise one or more of the following ingredients 
(based on total composition weight): from about 0.0005 wt% to about 0.1 wt%, from about 
0.001 wt% to about 0.05 wt%, or even from about 0.002 wt% to about 0.03 wt% of said 
metalloprotease polypeptide ; and one or more of the following: from about 0.00003 wt% to 
about 0.1 wt% fabric hueing agent; from about 0.001 wt% to about 5 wt %, perfume capsules; 
from about 0.001 wt% to about 1 wt%, cold-water soluble brighteners; from about 0.00003 wt% 
to about 0.1 wt% bleach catalysts; from about 0.00003 wt% to about 0.1 wt% first wash lipases; 
from about 0.00003 wt% to about 0.1 wt% bacterial cleaning cellulases; and/or from about 
0.05wt% to about 20 wt% Guerbet nonionic surfactants.

[0128] In some embodiments, the fabric and home care product composition is a liquid laundry 
detergent or a dishwashing detergent, such as an automatic dishwashing (ADW) detergent or 
hand dishwashing detergent.

[0129] It is intended that the fabric and home care product is provided in any suitable form, 
including a fluid or solid, or granular, powder, solid, bar, liquid, tablet, gel, or paste form. The 
fabric and home care product may be in the form of a unit dose pouch, especially when in the 
form of a liquid, and typically the fabric and home care product is at least partially, or even 
completely, enclosed by a water-soluble pouch. In addition, in some embodiments of the fabric 
and home care products comprising at least one metalloprotease polypeptide, the fabric and 
home care product may have any combination of parameters and/or characteristics detailed
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above.

Compositions having the metalloorotease polypeptide of the present invention

[0130] Unless otherwise noted, all component or composition levels provided herein are made 
in reference to the active level of that component or composition, and are exclusive of 
impurities, for example, residual solvents or by-products, which may be present in 
commercially available sources. Enzyme components weights are based on total active 
protein. 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. Compositions of the invention include cleaning compositions, such as detergent 
compositions. 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.

[0131] As indicated herein, in some embodiments, the cleaning compositions of the present 
invention further comprise adjunct materials including, but not limited to, surfactants, builders, 
bleaches, bleach activators, bleach catalysts, other enzymes, enzyme stabilizing systems, 
chelants, optical brighteners, soil release polymers, dye transfer agents, dispersants, suds 
suppressors, dyes, perfumes, colorants, filler salts, hydrotropes, photoactivators, fluorescere, 
fabric conditioners, hydrolyzable surfactants, preservatives, 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). Embodiments of specific cleaning 
composition materials are exemplified in detail below. In embodiments in which the cleaning 
adjunct materials are not compatible with the metalloprotease polypeptides 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 components is appropriate are used. Such separation methods include any suitable 
method known in the art (e.g., gelcaps, encapsulation, tablets, physical separation, etc.).

[0132] The cleaning compositions of the present invention are advantageously employed for 
example, in laundry applications, hard surface cleaning, dishwashing applications, including 
automatic dishwashing and hand dishwashing, 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 applications. Furthermore, the enzymes of the present invention find use in 
granular and liquid compositions.

[0133] The metalloprotease polypeptides of the present invention also find use in cleaning 
additive products. In some embodiments, low temperature solution cleaning applications find 
use. In some embodiments, the present disclosure provides cleaning additive products 
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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 embodiments, the 
additive is packaged in dosage form for addition to a cleaning process where a source of 
peroxygen is employed and increased bleaching effectiveness is desired. Any suitable single 
dosage unit form finds use with the present invention, including but not limited to pills, tablets, 
gelcaps, or other single dosage units such as pre-measured powders or liquids. In some 
embodiments, filler(s) or carrier material(s) are included to increase the volume of such 
compositions. Suitable 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.

[0134] The present cleaning compositions and cleaning additives require an effective amount 
of at least one of the metalloprotease polypeptides 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 metalloprotease polypeptides of the present invention. Typically 
the present cleaning compositions comprise at least about 0.0001 weight percent, from about 
0.0001 to about 10, from about 0.001 to about 1, or from about 0.01 to about 0.1 weight 
percent of at least one of the metalloprotease polypeptides of the present invention.

[0135] The cleaning compositions herein are typically formulated such that, during use in 
aqueous cleaning operations, the wash water will have a pH of from about 4.0 to about 11.5, or 
even from about 5.0 to about 11.5, or even from about 5.0 to about 8.0, or even from about 7.5 
to about 10.5. Liquid product formulations are typically formulated to have a 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 
recommended usage levels include the use of buffers, alkalis, acids, etc., and are well known 
to those skilled in the art.

[0136] Suitable "low pH cleaning compositions" typically have a 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 alkyl sulfate 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 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 
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pH of such liquid compositions 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.

[0137] In some embodiments, when the metalloprotease polypeptide (s) is/are employed in a 
granular composition or liquid, it is desirable for the metalloprotease polypeptide to be in the 
form of an encapsulated particle to protect the metalloprotease polypeptide from other 
components of the granular composition during storage. In addition, encapsulation is also a 
means of controlling the availability of the metalloprotease polypeptide during the cleaning 
process. In some embodiments, encapsulation enhances the performance of the 
metalloprotease polypeptide (s) and/or additional enzymes. In this regard, the metalloprotease 
polypeptides of the present invention are encapsulated with any suitable encapsulating 
material known in the art. In some embodiments, the encapsulating material typically 
encapsulates at least part of the metalloprotease polypeptide (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 typically 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, 
oligosaccharides, polysaccharides, and combinations thereof. In some typical embodiments, 
the encapsulating material is a starch (See e.g., EP 0 922 499; US 4,977,252; US 5,354,559, 
and US 5,935,826). In some embodiments, the encapsulating material is a microsphere made 
from plastic such as thermoplastics, acrylonitrile, methacrylonitrile, polyacrylonitrile, 
polymethacrylonitrile and mixtures thereof; commercially available microspheres that find use 
include, but are not limited to those supplied by EXPANCEL® (Stockviksverken, Sweden), and 
PM 6545, PM 6550, PM 7220, PM 7228, EXTENDOSPHERES®, LUXSIL®, Q-CEL®, and 
SPHERICEL® (PQ Corp., Valley Forge, PA).

[0138] As described herein, the metalloprotease polypeptides 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 environmental stresses. The metalloprotease 
polypeptides of the present invention provide advantages over many currently used enzymes, 
due to their stability under various conditions.

[0139] Indeed, there are a variety of wash conditions including varying detergent formulations, 
wash water volumes, wash water temperatures, and lengths of wash time, to which proteases 
involved in washing 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 components in the wash water, while Japanese detergents typically have 
approximately 667 ppm of detergent components in the wash water. In North America, 
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particularly the United States, detergents typically have about 975 ppm of detergent 
components present in the wash water.

[0140] A low detergent concentration system includes detergents where less than about 800 
ppm of the detergent components 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.

[0141] A medium detergent concentration includes detergents where between about 800 ppm 
and about 2000ppm of the 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.

[0142] A high detergent concentration system includes detergents where greater than about 
2000 ppm of the detergent components are present in the wash water. European detergents 
are generally considered to be high detergent concentration systems as they have 
approximately 4500-5000 ppm of detergent components in the wash water.

[0143] 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 detergent 
concentrations as they range from 1500 ppm to 6000 ppm of detergent components in the 
wash water. As mentioned 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.

[0144] In light of the foregoing, it is evident that concentrations of detergent compositions in 
typical wash solutions throughout the world varies from less than about 800 ppm of detergent 
to about 6000 ppm in high suds phosphate builder geographies.

[0145] 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 64.4 L 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.

[0146] As a further example, different geographies use different 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 40°C (e.g., about 20°C), whereas the temperature of wash water in Europe is 



DK/EP 3110833 T3

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 invention utilizes 
"cold water detergent" suitable for washing at temperatures from about 10°C to about 40°C, or 
from about 20°C to about 30°C, or from about 15°C to about 25°C, as well as all other 
combinations within the range of about 15°C to about 35°C, and all ranges within 10°C to 
40°C.

[0147] As a further example, different geographies typically have different water hardness. 

Water hardness is usually described in terms of the grains per gallon mixed Ca2+/Mg2+. 

Hardness is a measure of the amount of calcium (Ca2+) and magnesium (Mg2+) 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 # divided by 17.1 equals grains per gallon) of 
hardness minerals.

Water Grains per gallon Parts per million
Soft less than 1.0 less than 17

Slightly hard 1.0 to 3.5 17 to 60
Moderately hard 3.5 to 7.0 60 to 120

Hard 7.0 to 10.5 120 to 180
Very hard greater than 10.5 greater than 180

[0148] European water hardness is typically greater than about 10.5 (for example about 10.5 

to about 20.0) grains per gallon mixed Ca2+/Mg2+ (e.g., about 15 grains per gallon mixed 

Ca2+/Mg2+). North American water hardness is typically 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 hardness, 

usually less than about 4, for example about 3 grains per gallon mixed Ca2+/Mg2+.

[0149] Accordingly, in some embodiments, the present invention provides metalloprotease 
polypeptides that show surprising wash performance in at least one set of wash conditions 
(e.g., water temperature, water hardness, and/or detergent concentration). In some 
embodiments, the metalloprotease polypeptides of the present invention are comparable in 
wash performance to other metalloprotease polypeptide proteases. In some embodiments of 
the present invention, the metalloprotease polypeptides provided herein exhibit enhanced 
oxidative stability, enhanced thermal stability, enhanced cleaning capabilities under various 
conditions, and/or enhanced chelator stability. In addition, the metalloprotease polypeptides of 
the present invention find use in cleaning compositions that do not include detergents, again
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either alone or in combination with builders and stabilizers.

[0150] In some embodiments of the present invention, the cleaning compositions comprise at 
least one metalloprotease polypeptide 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 some other 
embodiments of the present invention, the cleaning compositions of the present invention 
comprises at least one metalloprotease polypeptide 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.

[0151] In some embodiments, the cleaning compositions of the present invention comprise 
one or more additional detergent enzymes, which provide cleaning performance and/or fabric 
care and/or dishwashing benefits. Examples of suitable enzymes include, but are not limited to, 
acyl transferases, alpha-amylases, beta-amylases, alpha-galactosidases, arabinosidases, aryl 
esterases, beta-galactosidases, carrageenases, catalases, cellobiohydrolases, cellulases, 
chondroitinases, cutinases, endo-beta-1, 4-glucanases, endo-beta-mannanases, esterases, 
exo-mannanases, galactanases, glucoamylases, hemicellulases, hyaluronidases, keratinases, 
laccases, lactases, ligninases, lipases, lipoxygenases, mannanases, oxidases, pectate lyases, 
pectin acetyl esterases, pectinases, pentosanases, peroxidases, phenoloxidases, 
phosphatases, phospholipases, phytases, polygalacturonases, proteases, pullulanases, 
reductases, rhamnogalacturonases, beta-glucanases, tannases, transglutaminases, xylan 
acetyl-esterases, xylanases, xyloglucanases, and xylosidases, or any combinations or mixtures 
thereof. In some embodiments, a combination of enzymes is used (i.e., a "cocktail") comprising 
conventional applicable enzymes like protease, lipase, cutinase and/or cellulase in conjunction 
with amylase is used.

[0152] In addition to the metalloprotease polypeptides 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 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., subtilisin, lentus, amyloliquefaciens, subtilisin Carlsberg, subtilisin 
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. 
Additional protease examples include, but are not limited to trypsin (e.g., of porcine or bovine 
origin), and the Fusarium protease described in WO 89/06270. In some embodiments, 
commercially available protease enzymes that find use in the present invention include, but are 
not limited to MAXATASE®, MAXACAL™, MAXAPEM™, OPTICLEAN®, OPTIMASE®, 
PROPERASE®, PURAFECT®, PURAFECT® OXP, PURAMAX™, EXCELLASE™, and 
PURAFAST™ (Genencor); ALCALASE®, SAVINASE®, PRIMASE®, DURAZYM™, 
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POLARZYME®, OVOZYME®, KANNASE®, LIQUANASE®, NEUTRASE®, RELASE® and 
ESPERASE® (Novozymes); BLAP™ and BLAP™ variants (Henkel Kommanditgesellschaft auf 
Aktien, Duesseldorf, Germany), and KAP (B. alkalophilus subtilisin; Kao Corp., Tokyo, Japan). 
Various proteases are described in WO95/23221, WO 92/21760, WO 09/149200, WO 
09/149144, WO 09/149145, WO 11/072099, WO 10/056640, WO 10/056653, WO 11/140364, 
WO 12/151534, U.S. Pat. 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 further embodiments, metalloproteases find use in the present 
invention, including but not limited to the neutral metalloprotease described in WO 07/044993.

[0153] 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 genetically 
modified mutants are encompassed by the present invention. Examples of useful lipases 
include Humicola lanuginosa lipase (See e.g., EP 258 068, and EP 305 216), 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., EP 214 761), Pseudomonas lipases such as P. alcaligenes 
lipase and P. pseudoalcaligenes lipase (See e.g., EP 218 272), P. cepacia lipase (See e.g., EP 
331 376), P. stützen lipase (See e.g., GB 1,372,034), P. fluorescens 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]).

[0154] Furthermore, a number of cloned lipases find use in some embodiments of the present 
invention, including but not limited to PeniciUium 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. delemar lipase (See, Hass et 
al., Gene 109:117-113 [1991]), a R. niveus lipase (Kugimiya et al., Biosci. Biotech. Biochem. 
56:716-719 [1992]) and R. oryzae lipase.

[0155] Other types of lipase polypeptide 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 cutinase derived from Fusarium 
solani pisi (See, WO 90/09446).

[0156] Additional suitable lipases include commercially available lipases such as M1 LIPASE™, 
LUMA FAST™, and LIPOMAX™ (Genencor); LIPEX®, LIPOLASE® and LIPOLASE® ULTRA 
(Novozymes); and LIPASE P™ "Amano" (Amano Pharmaceutical Co. Ltd., Japan).

[0157] In some embodiments of the present invention, the cleaning compositions of the 
present invention further comprise lipases at a level from about 0.00001 % to about 10% of 
additional lipase by weight of the composition and the balance of cleaning adjunct materials by 
weight of composition. In some other embodiments of the present invention, the cleaning 
compositions 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
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0.5% lipase by weight of the composition.

[0158] 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). Additional suitable 
amylases include those found in WG9510603, WO9526397, WO9623874, WO9623873,
WO9741213, WO9919467, WG0060060, WG0029560, WO9923211, WO9946399,
WG0060058, WG0060059, WO9942567, WO0114532, WO02092797, WO0166712,
WG0188107, WO0196537, WG0210355, WO9402597, WO0231124, WO9943793,
WO9943794, WG2004113551, WG2005001064, WG2005003311, WO0164852,
WG2006063594, WG2006066594, WG2006066596, WG2006012899, WG2008092919,
WG2008000825, WG2005018336, WG2005066338, WG2009140504, WG2005019443,
W02010091221, WG2010088447, WO0134784, WG2006012902, WG2006031554,
W02006136161, WG2008101894, WG2010059413, WG2011098531, WG2011080352,
WG2011080353, WG2011080354, WO2011082425, WO2011082429, WG2011076123,
WO2011087836, WO2011076897, WO94183314, WO9535382, WO9909183, WO9826078,
WG9902702, WO9743424, WO9929876, WO9100353, WO9605295, WO9630481,
WO9710342, WG2008088493, WO2009149419, WG2009061381, WG2009100102,
WO2010104675, WO2010117511, and WO2010115021. Commercially available amylases that 
find use in the present invention include, but are not limited to DURAMYL®, TERMAMYL®, 
FUNGAMYL®, STAINZYME®, STAINZYME PLUS®, STAINZYME ULTRA®, and BAN™ 
(Novozymes), as well as POWERASE™, RAPIDASE® and MAXAMYL® P (Genencor).

[0159] In some embodiments of the present invention, the cleaning compositions of the 
present invention further comprise 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 composition. In some other embodiments 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.

[0160] In some further embodiments, any suitable cellulase finds used in the cleaning 
compositions of the present invention. 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 cellulases include, but are not limited to Humicola insolens cellulases 
(See e.g., U.S. Pat. No. 4,435,307). Especially suitable cellulases are the cellulases having 
color care benefits (See e.g., EP 0 495 257). Commercially available cellulases that find use in 
the present include, but are not limited to CELLUZYME, CELLUCLEAN, CAREZYME 
(Novozymes), PURADEX AND REVITALENZ (Danisco US Inc.), and KAC-500(B) (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., 
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U.S. Pat. No. 5,874,276). Additional suitable cellulases include those found in W02005054475, 
W02005056787, U.S. Pat. Nos. 7,449,318, and 7,833,773. In some embodiments, 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 composition and the balance 
of cleaning adjunct materials by weight of composition. In some other embodiments 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.

[0161] Any mannanase suitable for use in detergent compositions 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. Nos. 
6,566,114; 6,602,842; 5,476,775 and 6,440,991). Commercially available mannanases that 
find use in the present invention include, but are not limited to MANNASTAR, PURABRITE, and 
MANNAWAY. 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 some embodiments 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.

[0162] In some embodiments, peroxidases are used in combination 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, oxidases 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), preferably together with an enhancing agent (See e.g., WO 94/12621 and WO 
95/01426). 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 some other embodiments of the 
present invention, the cleaning compositions of the present invention also comprise, 
peroxidase and/or oxidase 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.

[0163] In some embodiments, additional enzymes find use, including but not limited to 
perhydrolases (See e.g., WO 05/056782). In addition, in some 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 
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contemplated that various mixtures of these enzymes will find use in the present invention. It is 
also contemplated that the varying levels of the metalloprotease polypeptide (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).

[0164] 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 peracids, polymeric dispersing agents, clay soil removal agents, structure 
elasticizing agents, dispersants, suds suppressors, dyes, perfumes, colorants, filler salts, 
hydrotropes, photoactivators, fluorescers, fabric conditioners, fabric softeners, carriers, 
hydrotropes, processing aids, solvents, pigments, hydrolyzable surfactants, preservatives, 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). 
Embodiments of specific cleaning composition materials are exemplified in detail below. In 
embodiments in which the cleaning adjunct materials are not compatible with the 
metalloprotease polypeptides 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 components is appropriate are 
used. Such separation methods include any suitable method known in the art (e.g., gelcaps, 
encapsulation, tablets, physical separation, etc.).

[0165] In some embodiments, an effective amount of one or more metalloprotease polypeptide 
(s) provided herein is included in compositions useful for cleaning a variety of surfaces in need 
of proteinaceous stain removal. Such cleaning 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 compositions. 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 cleaning 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.).

[0166] By way of example, several cleaning compositions wherein the metalloprotease 
polypeptides 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 
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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 suppressors, dispersants, lime-soap 
dispersants, soil suspension and anti-redeposition agents and corrosion inhibitors. In some 
embodiments, laundry compositions also contain softening agents (i.e., as additional cleaning 
adjunct materials). The compositions of the present invention also find use in detergent 
additive products in solid or liquid form. Such additive products are intended to supplement 
and/or boost the performance of conventional detergent compositions and can be added at 
any stage of the cleaning process. In some embodiments, 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.

[0167] In embodiments formulated as compositions for use in manual dishwashing methods, 
the compositions of the invention preferably contain at least one surfactant and preferably at 
least one additional cleaning adjunct material selected from organic polymeric compounds, 
suds enhancing agents, group II metal ions, solvents, hydrotropes and additional enzymes.

[0168] In some embodiments, various cleaning compositions such as those provided in U.S, 
Pat. No. 6,605,458, find use with the metalloprotease polypeptides of the present invention. 
Thus, in some embodiments, the compositions comprising at least one metalloprotease 
polypeptide of the present invention is a compact granular fabric cleaning composition, while in 
other embodiments, the composition is a granular fabric cleaning composition 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 metalloprotease polypeptide of the 
present invention are fabric cleaning compositions such as those described in U.S. Pat. Nos. 
6,610,642 and 6,376,450. In addition, the metalloprotease polypeptides of the present 
invention find use in granular laundry detergent compositions of particular utility under 
European or Japanese washing conditions (See e.g., U.S. Pat. No. 6,610,642).

[0169] In some alternative embodiments, the present invention provides hard surface cleaning 
compositions comprising at least one metalloprotease polypeptide provided herein. Thus, in 
some embodiments, the compositions comprising at least one metalloprotease polypeptide 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.

[0170] In yet further embodiments, the present invention provides dishwashing compositions 
comprising at least one metalloprotease polypeptide provided herein. Thus, in some 
embodiments, the compositions comprising at least one metalloprotease polypeptide of the 
present invention is a hard surface cleaning composition 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 metalloprotease polypeptide provided 
herein. In some further embodiments, the compositions comprising at least one 
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metalloprotease polypeptide of the present invention comprise oral care compositions 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 metalloprotease 
polypeptides provided herein.

[0171] 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. When a low pH cleaning composition is desired, the pH 
of such composition is adjusted via the addition of a material such as monoethanolamine or an 
acidic material such as HCI.

[0172] In some embodiments, the cleaning compositions of the present invention can be 
formulated to have an alkaline pH under wash conditions, such as a pH of from about 8.0 to 
about 12.0, or from about 8.5 to about 11.0, or from about 9.0 to about 11.0. In some 
embodiments, the cleaning compositions of the present invention can be formulated to have a 
neutral pH under wash conditions, such as a pH of from about 5.0 to about 8.0, or from about 
5.5 to about 8.0, or from about 6.0 to about 8.0, or from about 6.0 to about 7.5. In some 
embodiments, the neutral pH conditions can be measured when the cleaning composition is 
dissolved 1:100 (wt:wt) in de-ionised water at 20°C., measured using a conventional pH meter.

[0173] While not essential for the purposes of the present invention, the non-limiting list of 
adjuncts illustrated hereinafter 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 treatment 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 metalloprotease polypeptides of the 
present invention. 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 operation 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, dispersants, additional enzymes, and enzyme stabilizers, catalytic materials, bleach 
activators, bleach boosters, hydrogen peroxide, sources of hydrogen peroxide, preformed 
peracids, polymeric dispersing agents, clay soil removal/anti-redeposition agents, brighteners, 
suds suppressors, dyes, perfumes, structure elasticizing agents, fabric softeners, carriers, 
hydrotropes, 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. Patent Nos. 5,576,282, 
6,306,812, and 6,326,348. The aforementioned adjunct ingredients may constitute the balance 
of the cleaning compositions of the present invention.

[0174] In some embodiments, the cleaning compositions according to the present invention 
comprise an acidifying particle or an amino carboxylic builder. Examples of an amino carboxylic 
builder include aminocarboxylic acids, salts and derivatives thereof. In some embodiment, the 
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amino carboxylic builder is an aminopolycarboxylic builder, such as glycine-N,N-diacetic acid or 
derivative of general formula MOOC-CHR-N (CH2COOM)2 where R is C-1.12 alkyl and M is 

alkali metal. In some embodiments, the amino carboxylic builder can be methylglycine diacetic 
acid (MGDA), GLDA (glutamic-N,N-diacetic acid), iminodisuccinic acid (IDS), carboxymethyl 
inulin and salts and derivatives thereof, aspartic acid-N-monoacetic acid (ASMA), aspartic acid- 
Ν,Ν-diacetic acid (ASDA), aspartic acid-N-monopropionic acid (ASMP), iminodisuccinic acid 
(IDA), N-(2-sulfomethyl) aspartic acid (SMAS), N-(2-sulfoethyl)aspartic acid (SEAS), N-(2- 
sulfomethyl)glutamic acid (SMGL), N-(2-sulfoethyl) glutamic acid (SEGL), IDS (iminodiacetic 
acid) and salts and derivatives thereof such as N-methyliminodiacetic acid (MIDA), alpha- 
alanine-N,N-diacetic acid (alpha-ALDA), serine-N,N-diacetic acid (SEDA), isoserine-N.Ndiacetic 
acid (ISDA), phenylalanine-N,N-diacetic acid (PHDA), anthranilic acid-N,N-diacetic acid 
(ANDA), sulfanilic acid-N,N-diacetic acid (SLDA), taurine-N,N-diacetic acid (TUDA) and 
sulfomethyl-N,N-diacetic acid (SMDA) and alkali metal salts and derivative thereof. In some 
embodiments, the acidifying particle has a weight geometric mean particle size of from about 
400 μ to about 1200 μ and a bulk density of at least 550 g/L. In some embodiments, the 
acidifying particle comprises at least about 5% of the builder.

[0175] In some embodiments, the acidifying particle can comprise any acid, including organic 
acids and mineral acids. Organic acids can have one or two carboxyls and in some instances 
up to 15 carbons, especially up to 10 carbons, such as formic, acetic, propionic, capric, oxalic, 
succinic, adipic, maleic, fumaric, sebacic, malic, lactic, glycolic, tartaric and glyoxylic acids. In 
some embodiments, the acid is citric acid. Mineral acids include hydrochloric and sulphuric 
acid. In some instances, the acidifying particle of the invention is a highly active particle 
comprising a high level of amino carboxylic builder. Sulphuric acid has been found to further 
contribute to the stability of the final particle.

[0176] In some embodiments, the cleaning compositions according to the present invention 
comprise at least one surfactant and/or a surfactant system wherein the surfactant is selected 
from nonionic surfactants, anionic surfactants, cationic surfactants, ampholytic surfactants, 
zwitterionic surfactants, 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 sulfate, as it is believed 
that such surfactant may be hydrolyzed by such compositions the acidic contents. In some 
embodiments, 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 
embodiments the level is from about 5% to about 40%, by weight of the cleaning composition.

[0177] 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 composition. 
Builders include, but are not limited to, the alkali metal, ammonium and alkanolammonium salts 
of polyphosphates, alkali metal silicates, alkaline earth and alkali metal carbonates, 
aluminosilicates, polycarboxylate compounds, ether hydroxypolycarboxylates, copolymers of 
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maleic anhydride with ethylene or vinyl methyl ether, 1, 3, 5-trihydroxy benzene-2, 4, 6- 
trisulphonic acid, and carboxymethyloxysuccinic acid, the various alkali metal, ammonium and 
substituted ammonium salts of polyacetic acids such as ethylenediamine 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 soluble salts thereof. Indeed, it is contemplated that any suitable builder will find use 
in various embodiments of the present invention.

[0178] In some embodiments, the builders form water-soluble hardness ion complexes (e.g., 
sequestering builders), such as citrates and polyphosphates (e.g., sodium tripolyphosphate 
and sodium tripolyphospate hexahydrate, potassium tripolyphosphate, and mixed sodium and 
potassium tripolyphosphate, etc.). It is contemplated that any suitable builder will find use in the 
present invention, including those known in the art (See e.g., EP 2 100 949).

[0179] In some embodiments, builders for use herein include phosphate builders and non­
phosphate builders. In some embodiments, the builder is a phosphate builder. In some 
embodiments, the builder is a non-phosphate builder. If present, builders are used in a level of 
from 0.1% to 80%, or from 5 to 60%, or from 10 to 50% by weight of the composition. In some 
embodiments the product comprises a mixture of phosphate and non-phosphate builders. 
Suitable phosphate builders include mono-phosphates, di-phosphates, tri-polyphosphates or 
oligomeric-poylphosphates, including the alkali metal salts of these compounds, including the 
sodium salts. In some embodiments, a builder can be sodium tripolyphosphate (STPP). 
Additionally, the composition can comprise carbonate and/or citrate, preferably citrate that 
helps to achieve a neutral pH composition of the invention. Other suitable non-phosphate 
builders include homopolymers and copolymers of polycarboxylic acids and their partially or 
completely neutralized salts, monomeric polycarboxylic acids and hydroxycarboxylic acids and 
their salts. In some embodiments, salts of the above mentioned compounds include the 
ammonium and/or alkali metal salts, i.e. the lithium, sodium, and potassium salts, including 
sodium salts. Suitable polycarboxylic acids include acyclic, alicyclic, hetero-cyclic and aromatic 
carboxylic acids, wherein in some embodiments, they can contain at least two carboxyl groups 
which are in each case separated from one another by, in some instances, no more than two 
carbon atoms.

[0180] 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 copper, 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.

[0181] 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, bentonite, halloysite, and
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mixtures thereof.

[0182] As indicated herein, in some embodiments, anti-redeposition agents find use in some 
embodiments of the present invention. In some 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 embodiments, the anti-redeposition agent is a non-ionic surfactant as known in 
the art (See e.g., EP 2 100 949). In some embodiments, the non-ionic surfactant can be 
ethoxylated nonionic surfactants, epoxy-capped poly(oxyalkylated) alcohols and amine oxides 
surfactants.

[0183] In some embodiments, the cleaning compositions of the present invention include one 
or more dye transfer inhibiting agents. Suitable polymeric dye transfer inhibiting agents include, 
but are not limited to, polyvinylpyrrolidone polymers, polyamine N-oxide polymers, copolymers 
of N-vinylpyrrolidone and N-vinylimidazole, polyvinyloxazolidones and polyvinylimidazoles or 
mixtures thereof. In embodiments in which at least one dye transfer inhibiting agent is used, 
the cleaning compositions of the present invention 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.

[0184] 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 embodiments, silicates are present 
at a level of from about 5% to about 15% by weight of the composition.

[0185] In some still additional embodiments, the cleaning compositions of the present invention 
also contain dispersants. Suitable water-soluble organic materials include, but are not limited to 
the homo- or co-polymeric acids or their salts, in which the polycarboxylic acid comprises at 
least two carboxyl radicals separated from each other by not more than two carbon atoms.

[0186] In some further embodiments, the enzymes used in the cleaning compositions are 
stabilized by any suitable technique. 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, polysaccharides, and inorganic divalent metal 
salts, including alkaline earth metals, such as calcium salts, such as calcium formate. 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 magnesium (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), aluminum (III), Tin (II), cobalt (II), copper 
(II), nickel (II), and oxovanadium (IV). Chlorides and sulfates also find use in some 
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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 phenyl boronic acid) and/or a tripeptide aldehyde find use to 
further improve stability, as desired.

[0187] In some embodiments, bleaches, bleach activators and/or bleach catalysts are present 
in the compositions of the present invention. In some embodiments, the cleaning compositions 
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, percarbonate, 
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 protection, 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).

[0188] 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 at temperatures of 60°C and below. Bleach 
activators suitable for use herein include compounds which, under perhydrolysis conditions, 
give aliphatic peroxoycarboxylic acids having preferably from about 1 to about 10 carbon 
atoms, in particular from about 2 to about 4 carbon atoms, and/or optionally substituted 
perbenzoic acid. Additional bleach activators are known in the art and find use in the present 
invention (See e.g., EP 2 100 949).

[0189] 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, manganese, and iron complexes. Additional bleach catalysts find use in the 
present invention (See e.g., US 4,246,612, 5,227,084, 4,810410, WO 99/06521, and EP 2 100 
949).

[0190] In some embodiments, the cleaning compositions of the present invention contain one 
or more catalytic metal complexes. In some embodiments, a metal-containing bleach catalyst 
finds use. In some 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, molybdenum, 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 
ethylenediaminetetraacetic acid, ethylenediaminetetra (methylenephosphonic acid) and water­
soluble salts thereof are used (See e.g., US Patent 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., US Patent 
No. 5,576,282). In additional embodiments, cobalt bleach catalysts find use in the cleaning 
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compositions of the present invention. Various cobalt bleach catalysts are known in the art 
(See e.g., US Patent Nos. 5,597,936 and 5,595,967) and are readily prepared by known 
procedures.

[0191] In some additional embodiments, the cleaning compositions of the present invention 
include a transition metal complex 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 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.

[0192] In some embodiments, transition-metals in the instant transition-metal bleach catalyst 
include, but are not limited to manganese, iron and chromium. MRLs also include, but are not 
limited to special ultra-rigid ligands that are cross-bridged (e.g., 5,12-diethyl-1,5,8,12- 
tetraazabicyclo[6.6.2]hexadecane). Suitable transition metal MRLs are readily prepared by 
known procedures (See e.g., WO 2000/32601, and US Patent No. 6,225,464).

[0193] 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 copper). 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.

[0194] In some embodiments, the cleaning composition is a high density liquid (HDL) 
composition having a variant metalloprotease polypeptide protease. The HDL liquid laundry 
detergent can comprise a detersive surfactant (10%-40%) comprising anionic detersive 
surfactant (selected from a group of linear or branched or random chain, substituted or 
unsubstituted alkyl sulphates, alkyl sulphonates, alkyl alkoxylated sulphate, alkyl phosphates, 
alkyl phosphonates, alkyl carboxylates, and/or mixtures thereof); and optionally non-ionic 
surfactant (selected from a group of linear or branched or random chain, substituted or 
unsubstituted alkyl alkoxylated alcohol, for example a Cg-C-|g alkyl ethoxylated alcohol and/or 

Cg-C-|2 alkyl phenol alkoxylates), optionally wherein the weight ratio of anionic detersive 

surfactant (with a hydrophilic index (HIc) of from 6.0 to 9) to non-ionic detersive surfactant is 
greater than 1: 1.

[0195] The composition can comprise optionally, a surfactancy boosting polymer consisting of 
amphiphilic alkoxylated grease cleaning polymers (selected from a group of alkoxylated 
polymers having branched hydrophilic and hydrophobic properties, such as alkoxylated 
polyalkylenimines in the range of 0.05wt%-10wt%) and/or random graft polymers (typically 
comprising of hydrophilic backbone comprising monomers selected from the group consisting 
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of: unsaturated C-|-C6 carboxylic acids, ethers, alcohols, aldehydes, ketones, esters, sugar 

units, alkoxy units, maleic anhydride, saturated polyalcohols such as glycerol, and mixtures 
thereof; and hydrophobic side chain(s) selected from the group consisting of: C4-C25 alkyl 

group, polypropylene, polybutylene, vinyl ester of a saturated C-Cg mono-carboxylic acid, C-|- 

Cß alkyl ester of acrylic or methacrylic acid, and mixtures thereof.

[0196] The composition can comprise additional polymers such as soil release polymers 
(include anionically end-capped polyesters, for example SRP1, polymers comprising at least 
one monomer unit selected from saccharide, dicarboxylic acid, polyol and combinations 
thereof, in random or block configuration, ethylene terephthalate-based polymers and co­
polymers thereof in random or block configuration, for example Repel-o-tex SF, SF-2 and 
SRP6, Texcare SRA100, SRA300, SRN100, SRN170, SRN240, SRN300 and SRN325, 
Marloquest SL), anti-redeposition polymers (0.1 wt% to 10wt%, include carboxylate polymers, 
such as polymers comprising at least one monomer selected from acrylic acid, maleic acid (or 
maleic anhydride), fumaric acid, itaconic acid, aconitic acid, mesaconic acid, citraconic acid, 
methylenemalonic acid, and any mixture thereof, vinylpyrrolidone homopolymer, and/or 
polyethylene glycol, molecular weight in the range of from 500 to 100,000 Da); cellulosic 
polymer (including those selected from alkyl cellulose, alkyl alkoxyalkyl cellulose, carboxyalkyl 
cellulose, alkyl carboxyalkyl cellulose examples of which include carboxymethyl cellulose, 
methyl cellulose, methyl hydroxyethyl cellulose, methyl carboxymethyl cellulose, and mixures 
thereof) and polymeric carboxylate (such as maleate/acrylate random copolymer or 
polyacrylate homopolymer).

[0197] The composition can further comprise saturated or unsaturated fatty acid, preferably 
saturated or unsaturated C-12-C24 fatty acid (θ wt% to 10 wt%); deposition aids (examples for 

which include polysaccharides, preferably cellulosic polymers, poly diallyl dimethyl ammonium 
halides (DADMAC), and co-polymers of DAD MAC with vinyl pyrrolidone, acrylamides, 
imidazoles, imidazolinium halides, and mixtures thereof, in random or block configuration, 
cationic guar gum, cationic cellulose such as cationic hydoxyethyl cellulose, cationic starch, 
cationic polyacylamides, and mixtures thereof.

[0198] The composition can further comprise dye transfer inhibiting agents examples of which 
include manganese phthalocyanine, peroxidases, polyvinylpyrrolidone polymers, polyamine N- 
oxide polymers, copolymers of N-vinylpyrrolidone and N-vinylimidazole, polyvinyloxazolidones 
and polyvinylimidazoles and/or mixtures thereof; chelating agents examples of which include 
ethylene-diamine-tetraacetic acid (EDTA); diethylene triamine penta methylene phosphonic 
acid (DTPMP); hydroxy-ethane diphosphonic acid (HEDP); ethylenediamine N,N'-disuccinic 
acid (EDDS); methyl glycine diacetic acid (MGDA); diethylene triamine penta acetic acid 
(DTPA); propylene diamine tetracetic acid (PDT A); 2-hydroxypyridine-N-oxide (HPNO); or 
methyl glycine diacetic acid (MGDA); glutamic acid Ν,Ν-diacetic acid (N,N-dicarboxymethyl 
glutamic acid tetrasodium salt (GLDA); nitrilotriacetic acid (NTA); 4,5-dihydroxy-m- 
benzenedisulfonic acid; citric acid and any salts thereof; N-hydroxyethylethylenediaminetri- 
acetic acid (HEDTA), triethylenetetraaminehexaacetic acid (TTHA), N- 
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hydroxyethyliminodiacetic acid (HEIDA), dihydroxyethylglycine (DHEG), 
ethylenediaminetetrapropionic acid (EDTP) and derivatives thereof.

[0199] The composition can further comprise enzymes (0.01 wt% active enzyme to 0.03wt% 
active enzyme) selected from a group of acyl transferases, alpha-amylases, beta-amylases, 
alpha-galactosidases, arabinosidases, aryl esterases, beta-galactosidases, carrageenases, 
catalases, cello biohydrolases, cellulases, chondroitinases, cutinases, endo-beta-1, 4- 
glucanases, endo-beta-mannanases, esterases, exo-mannanases, galactanases, 
glucoamylases, hemicellulases, hyaluronidases, keratinases, laccases, lactases, ligninases, 
lipases, lipoxygenases, mannanases, oxidases, pectate lyases, pectin acetyl esterases, 
pectinases, pentosanases, peroxidases, phenoloxidases, phosphatases, phospholipases, 
phytases, polygalacturonases, proteases, pullulanases, reductases, rhamnogalacturonases, 
beta-glucanases, tannases, transglutaminases, xylan acetyl-esterases, xylanases, 
xyloglucanases, and xylosidases, and any mixture thereof. The composition may comprise an 
enzyme stabilizer (examples of which include polyols such as propylene glycol or glycerol, 
sugar or sugar alcohol, lactic acid, reversible protease inhibitor, boric acid, a boric acid 
derivative, e.g., an aromatic borate ester, or a phenyl boronic acid derivative such as 4- 
formylphenyl boronic acid, peptides or formate).

[0200] The composition can further comprise silicone or fatty-acid based suds suppressors; 
heuing dyes, calcium and magnesium cations, visual signaling ingredients, anti-foam (0.001 
wt% to about 4.0wt%), and/or structurant/thickener (0.01 wt% to 5wt%, selected from the group 
consisting of diglycerides and triglycerides, ethylene glycol distearate, microcrystalline 
cellulose, cellulose based materials, microfiber cellulose, biopolymers, xanthan gum, gellan 
gum, and mixtures thereof).

[0201] Suitable detersive surfactants also include cationic detersive surfactants (selected from 
a group of alkyl pyridinium compounds, alkyl quarternary ammonium compounds, alkyl 
quarternary phosphonium compounds, alkyl ternary sulphonium compounds, and/or mixtures 
thereof); zwitterionic and/or amphoteric detersive surfactants (selected from a group of 
alkanolamine sulpho-betaines); ampholytic surfactants; semi-polar non-ionic surfactants and 
mixtures thereof.

[0202] The composition can be any liquid form, for example a liquid or gel form, or any 
combination thereof. The composition may be in any unit dose form, for example a pouch.

[0203] In some embodiments, the cleaning composition is a high density powder (HDD) 
composition having a variant metalloprotease polypeptide protease. The HDD powder laundry 
detergent can comprise a detersive surfactant including anionic detersive surfactants (selected 
from a group of linear or branched or random chain, substituted or unsubstituted alkyl 
sulphates, alkyl sulphonates, alkyl alkoxylated sulphate, alkyl phosphates, alkyl phosphonates, 
alkyl carboxylates and/or mixtures thereof), non-ionic detersive surfactant (selected from a 
group of linear or branched or random chain, substituted or unsubstituted Cg-C-|g alkyl 

ethoxylates, and/or Cg-C^ alkyl phenol alkoxylates), cationic detersive surfactants (selected 
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from a group of alkyl pyridinium compounds, alkyl quaternary ammonium compounds, alkyl 
quaternary phosphonium compounds, alkyl ternary sulphonium compounds, and mixtures 
thereof), zwitterionic and/or amphoteric detersive surfactants (selected from a group of 
alkanolamine sulpho-betaines); ampholytic surfactants; semi-polar non-ionic surfactants and 
mixtures thereof; builders (phosphate free builders [for example zeolite builders examples of 
which include zeolite A, zeolite X, zeolite P and zeolite MAP in the range of 0wt% to less than 
10wt%]; phosphate builders [examples of which include sodium tri-polyphosphate in the range 
of 0wt% to less than 10wt%]; citric acid, citrate salts and nitrilotriacetic acid or salt thereof in the 
range of less than 15 wt%); silicate salt (sodium or potassium silicate or sodium meta-silicate in 
the range of 0wt% to less than 10wt%, or layered silicate (SKS-6)); carbonate salt (sodium 
carbonate and/or sodium bicarbonate in the range of 0 wt% to less than 10 wt%); and 
bleaching agents (photobleaches, examples of which include sulfonated zinc phthalocyanines, 
sulfonated aluminum phthalocyanines, xanthenes dyes, and mixtures thereof; hydrophobic or 
hydrophilic bleach activators (examples of which include dodecanoyl oxybenzene sulfonate, 
decanoyl oxybenzene sulfonate, decanoyl oxybenzoic acid or salts thereof, 3,5,5-trimethy 
hexanoyl oxybenzene sulfonate, tetraacetyl ethylene diamine-TAED, and nonanoyloxybenzene 
sulfonate-NOBS, nitrile quats, and mixtures thereof; hydrogen peroxide; sources of hydrogen 
peroxide (inorganic perhydrate salts examples of which include mono or tetra hydrate sodium 
salt of perborate, percarbonate, persulfate, perphosphate, or persilicate); preformed 
hydrophilic and/or hydrophobic peracids (selected from a group consisting of percarboxylic 
acids and salts, percarbonic acids and salts, perimidic acids and salts, peroxymonosulfuric 
acids and salts) & mixtures thereof and/or bleach catalyst (such as imine bleach boosters 
examples of which include iminium cations and polyions; iminium zwitterions; modified amines; 
modified amine oxides; N-sulphonyl imines; N-phosphonyl imines; N-acyl imines; thiadiazole 
dioxides; perfluoroimines; cyclic sugar ketones and mixtures thereof; metal-containing bleach 
catalyst for example copper, iron, titanium, ruthenium, tungsten, molybdenum, or manganese 
cations along with an auxiliary metal cations such as zinc or aluminum and a sequestrate such 
as ethylenediaminetetraacetic acid, ethylenediaminetetra(methylenephos-phonic acid) and 
water-soluble salts thereof).

[0204] The composition can further comprise enzymes selected from a group of acyl 
transferases, alpha-amylases, beta-amylases, alpha-galactosidases, arabinosidases, aryl 
esterases, beta-galactosidases, carrageenases, catalases, cellobiohydrolases, cellulases, 
chondroitinases, cutinases, endo-beta-1, 4-glucanases, endo-beta-mannanases, esterases, 
exo-mannanases, galactanases, glucoamylases, hemicellulases, hyaluronidases, keratinases, 
laccases, lactases, ligninases, lipases, lipoxygenases, mannanases, oxidases, pectate lyases, 
pectin acetyl esterases, pectinases, pentosanases, peroxidases, phenoloxidases, 
phosphatases, phospholipases, phytases, polygalacturonases, proteases, pullulanases, 
reductases, rhamnogalacturonases, beta-glucanases, tannases, transglutaminases, xylan 
acetyl-esterases, xylanases, xyloglucanases, and xylosidases and any mixture thereof.

[0205] The composition can further comprise additional detergent ingredients including 
perfume microcapsules, starch encapsulated perfume accord, hueing agents, additional 
polymers including fabric integrity and cationic polymers, dye lock ingredients, fabric-softening 
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agents, brighteners (for example C.l. Fluorescent brighteners), flocculating agents, chelating 
agents, alkoxylated polyamines, fabric deposition aids, and/or cyclodextrin.

[0206] In some embodiments, the cleaning composition is an automatic dishwashing (ADW) 
detergent composition having a metalloprotease of the present invention. The ADW detergent 
composition can comprise two or more non-ionic surfactants selected from a group of 
ethoxylated non-ionic surfactants, alcohol alkoxylated surfactants, epoxy-capped 
poly(oxyalkylated) alcohols, or amine oxide surfactants present in amounts from 0 to 10% by 
weight; builders in the range of 5-60% comprising either phosphate (mono-phosphates, di­
phosphates, tri-polyphosphates or oligomeric-poylphosphates, preferred sodium 
tripolyphosphate-STPP or phosphate-free builders [amino acid based compounds, examples of 
which include MGDA (methyl-glycine-diacetic acid), and salts and derivatives thereof, GLDA 
(glutamic-N.Ndiacetic acid) and salts and derivatives thereof, IDS (iminodisuccinic acid) and 
salts and derivatives thereof, carboxy methyl inulin and salts and derivatives thereof and 
mixtures thereof, nitrilotriacetic acid (NTA), diethylene triamine penta acetic acid (DTPA), B- 
alaninediacetic acid (B-ADA) and their salts], homopolymers and copolymers of polycarboxylic 
acids and their partially or completely neutralized salts, monomeric polycarboxylic acids and 
hydroxycarboxylic acids and their salts in the range of 0.5% to 50% by weight; 
sulfonated/carboxylated polymers (provide dimensional stability to the product) in the range of 
about 0.1 % to about 50% by weight; drying aids in the range of about 0.1 % to about 10% by 
weight (selected from polyesters, especially anionic polyesters optionally together with further 
monomers with 3 to 6 functionalities which are conducive to polycondensation, specifically acid, 
alcohol or ester functionalities, polycarbonate-, polyurethane- and/or polyurea- 
polyorganosiloxane compounds or precursor compounds thereof of the reactive cyclic 
carbonate and urea type); silicates in the range from about 1 % to about 20% by weight 
(sodium or potassium silicates for example sodium disilicate, sodium meta-silicate and 
crystalline phyllosilicates); bleach-inorganic (for example perhydrate salts such as perborate, 
percarbonate, perphosphate, persulfate and persilicate salts) and organic (for example organic 
peroxyacids including diacyl and tetraacylperoxides, especially diperoxydodecanedioc acid, 
diperoxytetradecanedioc acid, and diperoxyhexadecanedioc acid); bleach activators- organic 
peracid precursors in the range from about 0.1% to about 10% by weight; bleach catalysts 
(selected from manganese triazacyclononane and related complexes, Co, Cu, Mn and Fe 
bispyridylamine and related complexes, and pentamine acetate cobalt(lll) and related 
complexes); metal care agents in the range from about 0.1% to 5% by weight (selected from 
benzatriazoles, metal salts and complexes, and/or silicates); enzymes in the range from about 
0.01 to 5.0mg of active enzyme per gram of automatic dishwashing detergent composition 
(acyl transferases, alpha-amylases, beta-amylases, alpha-galactosidases, arabinosidases, aryl 
esterases, beta-galactosidases, carrageenases, catalases, cellobiohydrolases, cellulases, 
chondroitinases, cutinases, endo-beta-1, 4-glucanases, endo-beta-mannanases, esterases, 
exo-mannanases, galactanases, glucoamylases, hemicellulases, hyaluronidases, keratinases, 
laccases, lactases, ligninases, lipases, lipoxygenases, mannanases, oxidases, pectate lyases, 
pectin acetyl esterases, pectinases, pentosanases, peroxidases, phenoloxidases, 
phosphatases, phospholipases, phytases, polygalacturonases, proteases, pullulanases, 
reductases, rhamnogalacturonases, beta-glucanases, tannases, transglutaminases, xylan 
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acetyl-esterases, xylanases, xyloglucanases, and xylosidases, and any mixture thereof); and 
enzyme stabilizer components (selected from oligosaccharides, polysaccharides and inorganic 
divalent metal salts).

[0207] The metalloproteases are normally incorporated into the detergent composition at a 
level of from 0.000001 % to 5% of enzyme protein by weight of the composition, or from 
0.00001 % to 2 %, or from 0.0001% to 1%, or from 0.001 % to 0.75% of enzyme protein by 
weight of the composition.

Metalloprotease polypeptides of the present invention for use in Animal Feed

[0208] In a further aspect of the disclosure, the metalloprotease polypeptides of the present 
invention can be used as a compontent of an animal feed composition, animal feed additive 
and/or pet food comprising a metalloprotease and variants thereof. The present disclosure 
further relates to a method for preparing such an animal feed composition, animal feed 
additive composition and/or pet food comprising mixing the metalloprotease polypeptide with 
one or more animal feed ingredients and/or animal feed additive ingredients and/or pet food 
ingredients. Furthermore, the present disclosure relates to the use of the metalloprotease 
polypeptide in the preparation of an animal feed composition and/or animal feed additive 
composition and/or pet food.

[0209] The term "animal" includes all non-ruminant and ruminant animals. In a particular 
embodiment, the animal is a non-ruminant animal, such as a horse and a mono-gastric animal. 
Examples of mono-gastric animals include, but are not limited to, pigs and swine, such as 
piglets, growing pigs, sows; poultry such as turkeys, ducks, chicken, broiler chicks, layers; fish 
such as salmon, trout, tilapia, catfish and carps; and crustaceans such as shrimps and prawns. 
In a further embodiment the animal is a ruminant animal including, but not limited to, cattle, 
young calves, goats, sheep, giraffes, bison, moose, elk, yaks, water buffalo, deer, camels, 
alpacas, llamas, antelope, pronghorn and nilgai.

[0210] In the present context, it is intended that the term "pet food" is understood to mean a 
food for a household animal such as, but not limited to, dogs, cats, gerbils, hamsters, 
chinchillas, fancy rats, guinea pigs; avian pets, such as canaries, parakeets, and parrots; 
reptile pets, such as turtles, lizards and snakes; and aquatic pets, such as tropical fish and 
frogs.

[0211] The terms "animal feed composition," "feedstuff and "fodder" are used interchangeably 
and can comprise one or more feed materials selected from the group comprising a) cereals, 
such as small grains (e.g., wheat, barley, rye, oats and combinations thereof) and/or large 
grains such as maize or sorghum; b) by products from cereals, such as corn gluten meal, 
Distillers Dried Grain Solubles (DDGS) (particularly corn based Distillers Dried Grain Solubles 
(cDDGS), wheat bran, wheat middlings, wheat shorts, rice bran, rice hulls, oat hulls, palm 
kernel, and citrus pulp; c) protein obtained from sources such as soya, sunflower, peanut, 
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lupin, peas, fava beans, cotton, canola, fish meal, dried plasma protein, meat and bone meal, 
potato protein, whey, copra, sesame; d) oils and fats obtained from vegetable and animal 
sources; e) minerals and vitamins.

Metalloprotease polypeptides of the present invention for use in Textile Desizing

[0212] Also contemplated are compositions and methods of treating fabrics (e.g., to desize a 
textile) using a metalloprotease polypeptide of the present invention. Fabric-treating methods 
are well known in the art (see, e.g., U.S. Patent No. 6,077,316). For example, the feel and 
appearance of a fabric can be improved by a method comprising contacting the fabric with a 
metalloprotease in a solution. The fabric can be treated with the solution under pressure.

[0213] A metalloprotease of the present invention can be applied during or after the weaving of 
a textile, or during the desizing stage, or one or more additional fabric processing steps. During 
the weaving of textiles, the threads are exposed to considerable mechanical strain. Prior to 
weaving on mechanical looms, warp yarns are often coated with sizing starch or starch 
derivatives to increase their tensile strength and to prevent breaking. A metalloprotease of the 
present invention can be applied during or after the weaving to remove these sizing starch or 
starch derivatives. After weaving, the metalloprotease can be used to remove the size coating 
before further processing the fabric to ensure a homogeneous and wash-proof result.

[0214] A metalloprotease of the present invention can be used alone or with other desizing 
chemical reagents and/or desizing enzymes to desize fabrics, including cotton-containing 
fabrics, as detergent additives, e.g., in aqueous compositions. An amylase also can be used in 
compositions and methods for producing a stonewashed look on indigo-dyed denim fabric and 
garments. For the manufacture of clothes, the fabric can be cut and sewn into clothes or 
garments, which are afterwards finished. In particular, for the manufacture of denim jeans, 
different enzymatic finishing methods have been developed. The finishing of denim garment 
normally is initiated with an enzymatic desizing step, during which garments are subjected to 
the action of proteolytic enzymes to provide softness to the fabric and make the cotton more 
accessible to the subsequent enzymatic finishing steps. The metalloprotease can be used in 
methods of finishing denim garments (e.g., a "bio-stoning process"), enzymatic desizing and 
providing softness to fabrics, and/or finishing process.

Metalloprotease polypeptides of the present invention for use in Paper Pulp Bleaching

[0215] The metalloprotease polypeptides described herein find further use in the enzyme 
aided bleaching of paper pulps such as chemical pulps, semi-chemical pulps, kraft pulps, 
mechanical pulps or pulps prepared by the sulfite method. In general terms, paper pulps are 
incubated with a metalloprotease polypeptide of the present invention under conditions suitable 
for bleaching the paper pulp.
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[0216] In some embodiments, the pulps are chlorine free pulps bleached with oxygen, ozone, 
peroxide or peroxyacids. In some embodiments, the metalloprotease polypeptides are used in 
enzyme aided bleaching of pulps produced by modified or continuous pulping methods that 
exhibit low lignin contents. In some other embodiments, the metalloprotease polypeptides are 
applied alone or preferably in combination with xylanase and/or endoglucanase and/or alpha­
galactosidase and/or cellobiohydrolase enzymes.

Metalloprotease polypeptides of the present invention for use in Protein degradation

[0217] The metalloprotease polypeptides described herein find further use in the enzyme 
aided removal of proteins from animals and their subsequent degradation or disposal, such as 
feathers, skin, hair, hide, and the like. In some instances, immersion of the animal carcass in a 
solution comprising a metalloprotease polypeptide of the present invention can act to protect 
the skin from damage in comparison to the traditional immersion in scalding water or the 
defeathering process. In one embodiment, feathers can be sprayed with an isolated 
metalloprotase polypeptide of the present invention under conditions suitable for digesting or 
initiating degradation of the plumage. In some embodiments, a metalloprotease of the present 
invention can be used, as above, in combination with an oxidizing agent.

[0218] In some embodiments, removal of the oil or fat associated with raw feathers is assisted 
by using a metalloprotease polypeptide of the present invention. In some embodiments, the 
metalloprotease polypeptides are used in compositions for cleaning the feathers as well as to 
sanitize and partially dehydrate the fibers. In some other embodiments, the metalloprotease 
polypeptides are applied in a wash solution in combination with 95% ethanol or other polar 
organic solvent with or without a surfactant at about 0.5% (v/v).

[0219] In yet other embodiments, the disclosed metalloprotease polypeptides find use in 
recovering protein from plumage. The disclosed metalloprotease polypeptides may be used 
alone or in combination in suitable feather processing and proteolytic methods, such as those 
disclosed in WO2014/013080, WO2014/013081, and WO2014/013082. In some embodiments, 
the recovered protein can be subsequently used in animal or fish feed.

EXPERIMENTAL

[0220] The claimed invention is described in further detail in the following examples and may 
be compared with the following comparative examles, which are not in any way intended to 
limit the scope of the invention as claimed.

COMPARATIVE EXAMPLE 1.1
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Cloning of Paenibacillus sp. metalloprotease PspPro3

[0221] A strain of Paenibacillus sp. was selected as a potential source for enzymes which may 
be useful for various industrial applications. Genomic DNA for sequencing was obtained by first 
growing the strain on Heart Infusion agar plates (Difco) at 37°C for 24 hours. Cell material was 
scraped from the plates and used to prepare genomic DNA with the ZF Fungal/Bacterial DNA 
miniprep kit from Zymo (Cat No. D6005). The genomic DNA was used for genome sequencing. 
The entire genome of the Paenibacillus sp. strain was sequenced by BaseClear (Leiden, The 
Netherlands) using the Illumina's next generation sequencing technology. After assembly of the 
data, contigs were annotated by BioXpr (Namur, Belgium). One of the genes identified after 
annotation in Paenibacillus sp. encodes a metalloprotease and the sequence of this gene, 
called PspPro3, is provided in SEQ ID NO: 1. The corresponding protein encoded by the 
PspPro3 gene is shown in SEQ ID NO: 2. At the N-terminus, the protein has a signal peptide 
with a length of 26 amino acids as predicted by SignalP version 4.0 (Nordahl Petersen et al. 
(2011) Nature Methods, 8:785-786). The presence of a signal sequence suggests that 
PspPro3 is a secreted enzyme. The propeptide region was predicted based on protein 
sequence alignment with the Paenibacillus polymyxa Npr protein (Takekawa et al. (1991) 
Journal of Bacteriology, 173 (21): 6820-6825). The predicted mature region of PspPro3 protein 
is shown on SEQ ID NO: 3.

[0222] The nucleotide sequence of the PspPro3 gene isolated from Paenibacillus sp. is set 
forth as SEQ ID NO: 1. The sequence encoding the predicted native signal peptide is shown in 
italics:
A TGTTAA TGAAAAAAGTA TGGGTTTCGCTTCTTGGA GGA GCGA TGTTA TTA GGGTCTGTA G

CGTCTGGTGCA TCA GG4GCGGAGAGTTCCGTTTCGGGGCCGGCTCAGCTTACGCCAA 
CCTTCCATGCCGAACAATGGAAAGCACCTTCATCGGTATCGGGTGATGACATCGTAT 
GGAGCTATTTAAATCGGCAAAAGAAAACGTTGCTGGGTACGGACAGCACCAGTGTC 
CGTGATCAATTCCGTATCGTAGATCGCACAAGCGACAAATCCGGCGTGAGCCATTA 
TCGGCTGAAGCAATATGTAAACGGAATTCCCGTATATGGAGCTGAACAGACCATTC 
ATGTGGGCAAATCCGGTGAAGTGACCTCTTATCTGGGAGCCGTGATTACTGAGGAT 
CAGCAAGAAGAAGCTACGCAAGGTACAACTCCGAAAATCAGCGCTTCTGAAGCGGT  
CCATACCGCATATCAGGAGGCAGCTACACGGGTTCAAGCCCTCCCTACCTCCGATG 
ATACGATTTCTAAAGATGCGGAGGAGCCAAGCAGTGTAAGCAAAGACACTTACTCC 
GAAGCAGCTAACAACGGAAAAACGAGTTCTGTTGAAAAGGACAAGCTCAGCCTTG  
AGAAAGCGGCTGACCTGAAAGATAGCAAAATTGAAGCGGTGGAGGCAGAGCCAAA 
CTCCATTGCCAAAATCGCCAACCTGCAGCCTGAGGTAGATCCTAAAGCCGAACTAT 
ATTTCTATGCGAAGGGCGATGCATTGCAGCTGGTTTATGTGACTGAGGTTAATATTT  
TGCAGCCTGCGCCGCTGCGTACACGCTACATCATTGACGCCAATGATGGCAAAATC 
GTATCCCAGTATGACATCATTAATGAAGCGACAGGCACAGGCAAAGGTGTACTCGG  
TGATACCAAAACATTCAACACTACTGCTTCCGGCAGCAGCTACCAGTTAAGAGATA
CGACTCGCGGGAATGGAATCGTGACTTACACGGCCTCCAACCGTCAAAGCATCCCA
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GGTACGATCCTGACCGATGCCGATAACGTATGGAATGATCCAGCCGGCGTGGATGC
CCACGCTTATGCAGCCAAAACCTATGATTATTATAAGGAAAAGTTCAATCGCAACA
GCATTGACGGACGAGGCCTGCAGCTCCGTTCGACAGTTCATTACGGCAATCGTTAC
AACAACGCCTTCTGGAACGGCTCCCAAATGACTTATGGAGACGGAGACGGCACCAC
ATTTATCGCTTTTAGCGGTGATCCGGATGTAGTTGGTCATGAACTCACACACGGTGT
TACGGAGTATACTTCCAATTTGGAATATTACGGAGAATCCGGTGCGTTGAACGAGG
CCTTCTCGGACATCATCGGCAATGACATCCAGCGTAAAAACTGGCTTGTAGGCGAT
GATATTTACACGCCACGCATTGCGGGTGATGCACTTCGTTCTATGTCCAATCCTACG
CTGTACGATCAACCGGATCACTATTCGAACTTGTACAGAGGCAGCTCCGATAACGG
CGGCGTTCATACGAACAGCGGTATTATAAATAAAGCCTATTATCTGTTGGCACAAG
GCGGCACCTTCCATGGTGTAACTGTCAATGGGATTGGCCGCGATGCAGCGGTTCAA
ATTTACTACAGCGCCTTTACGAACTACCTGACTTCTTCTTCTGACTTCTCCAATGCAC
GTGATGCCGTTGTACAAGCGGCAAAAGATCTCTACGGCGCGAGCTCGGCACAAGCT
ACCGCAGCAGCCAAATCTTTTGATGCTGTAGGCGTTAAC

[0223] The amino acid sequence of the PspPro3 precursor protein is set forth as SEQ ID NO:
2. The predicted signal peptide is shown in italics, and the predicted pro-peptide is shown in 
underlined text:
'WWÅ:XK^rÆÅGGÆWÅÅGSG4SGrf&4AESSVSGPAQLTPTFHAEOWKAPSSVSGDDlVW
SYLNROKKTLLGTDSTSVRDOFRIVDRTSDKSGVSHYRLKOYVNGIPVYGAEQTIHVGK
SGEVTSYLGAVITEDOOEEATOGTTPKISASEAVHTAYQEAATRVQALPTSDDTISKDAE
EPSSVSKDTYSEAANNGKTSSVEKDKLSLEKAADLKDSKIEAVEAEPNSIAKIANLQPEV
DPKAELYFYAKGDALQLVYVTEVNILQPAPLRTRYIIDANDGKIVSQYDIINEATGTGKG
VLGDTKTFNTTASGSSYQLRDTTRGNGIVTYTASNRQSIPGTILTDADNVWNDPAGVDA
HAYAAKTYDYYKEKFNRNSIDGRGLQLRSTVHYGNRYNNAFWNGSQMTYGDGDGTT
F1AFSGDPDVVGHELTHGVTEYTSNLEYYGESGALNEAFSDI1GND1QRKNWLVGDD1YT
PRIAGDALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGGTFHG
VTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARDAVVQAAKDLYGASSAQATAAAKSF
DAVGVN

[0224] The amino acid sequence of the predicted mature form of PspPro3 is set forth as SEQ
ID NO: 3:
ATGTGKGVLGDTKTFNTTASGSSYQLRDTTRGNGIVTYTASNRQSIPGTILTDADNVWN
DPAGVDAHAYAAKTYDYYKEKFNRNSIDGRGLQLRSTVHYGNRYNNAFWNGSQMTY

GDGDGTTF1AFSGDPDVVGHELTHGVTEYTSNLEYYGESGALNEAFSD11GNDIQRKNW
LVGDDIYTPRIAGDALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLA
QGGTFHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARDAVVQAAKDLYGASSAQA
TAAAKSFDAVGVN



DK/EP 3110833 T3

COMPARATIVE EXAMPLE 1.2

Expression of Paenibacillus sp. metalloprotease PspPro3

[0225] The DNA sequence of the propeptide-mature form of PspPro3 was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX085 (AprE- 
PspPro3) (Figure 1.1). Ligation of the gene encoding the PspPro3 protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the Bacillus 
subtilis AprE signal sequence and the 5' end of the predicted PspPro3 native propeptide. The 
gene has an alternative start codon (GTG). As shown in Figure 1.1, pGX085(AprE-PspPro3) 
contains an AprE promoter, an AprE signal sequence used to direct target protein secretion in
B. subtilis, and the synthetic nucleotide sequence encoding the predicted propeptide and 
mature region of PspPro3 (SEQ ID NO: 4). The translation product of the synthetic AprE- 
PspPro3 gene is shown in SEQ ID NO: 5.

[0226] B. subtilis cells (degUHy32, AscoC) were transformed with the pGX085(AprE- PspPro3) 
plasmid and the transformed cells were spread on Luria Agar plates supplemented with 5 ppm 
Chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest clear halos 
on the plates were selected and subjected to fermentation in a 250 ml shake flask with MBD 
medium (a MOPS based defined medium, supplemented with additional 5 mM CaCl2). The 

broth from the shake flasks was concentrated and buffer-exchanged into the loading buffer 
containing 20 mM Tris-HCI (pH 8.5), 1 mM CaCl2 and 10% propylene glycol using a VivaFlow 

200 ultra filtration device (Sartorius Stedim). After filtering, this sample was applied to a 150 mL 
Q Sepharose High Performance column pre-equilibrated with the loading buffer above and 
PspPro3 was then eluted from the column via the loading buffer supplemented with a linear 
NaCI gradient from 0 to 0.7 Μ. The corresponding active purified protein fractions were further 
pooled and concentrated via lOKAmicon Ultra for further analyses.

[0227] The nucleotide sequence of the synthesized PspPro3 gene in plasmid pGX085(AprE- 
PspPro3) is depicted in SEQ ID NO: 4. The sequence encoding the predicted native signal 
peptide is shown in italics and the region encoding the three residue addition (AGK) is shown in 
bold:
GTGA GAA GCAAAAAA TTGTGGA TCA GCTTGTTGTTTGCGTTAA CGTTAA TCTTTA CGA TGG

CGTTCAGCAACATGAGCGCGCAGGCTGCTGGWWGCAGAAAC.ATCAGTGTCAGGAC 
CGGCTCAGCTTACGCCGACGTTTCATGCAGAGCAGTGGAAAGCACCGAGCAGCGTT  
AGCGGAGATGACATCGTGTGGAGCTACCTGAACAGACAGAAGAAAACGCTTCTTGG 
CACGGACAGCACGAGCGTCAGAGACCAGTTCAGAATCGTGGATAGAACAAGCGAC 
AAAAGCGGCGTCAGCCATTATAGACTGAAGCAGTATGTGAACGGAATCCCGGTTTA  
TGGGGG A G A A C A A A Γ A A TG G A TGTG GG A A A G A GG GGCG A A GTT A GG A GGT A TGTGG
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GCGCGGTTATTACAGAGGACCAGCAAGAGGAGGCTACACAAGGCACGACACCGAA
AATTTCAGCATCAGAGGCAGTTCATACGGCCTACCAAGAAGCTGCAACGAGAGTTC
AAGCCCTGCCTACGTCAGATGATACAATCAGCAAAGACGCTGAGGAACCTAGCTCA
GTTAGCAAGGACACGTATAGCGAAGCCGCGAACAATGGCAAGACGTCAAGCGTGG
AAAAAGACAAGCTTTCACTGGAGAAGGCCGCTGATCTGAAAGACTCAAAGATCGA
GGCTGTGGAAGCGGAACCGAATAGCATTGCAAAGATTGCCAACCTGCAACCGGAG
GTGGACCCGAAGGCGGAGCTGTATTTCTACGCTAAAGGCGATGCACTGCAACTGGT
TTACGTCACGGAGGTTAACATCCTGCAGCCGGCACCGCTTAGAACGAGATACATCA

TTGACGCGAACGACGGCAAGATCGTGAGCCAGTACGACATTATCAACGAGGCCACG
GGAACGGGCAAGGGAGTCCTTGGCGACACGAAGACATTCAATACAACGGCCTCAG
GCTCATCATACCAGCTGAGAGACACGACGAGAGGCAACGGAATCGTCACGTACACG
GCTAGCAATAGACAGAGCATTCCGGGCACAATCCTTACGGACGCAGACAATGTGTG
GAATGACCCGGCAGGCGTGGACGCACATGCCTACGCAGCGAAGACGTACGACTACT
ACAAGGAGAAGTTCAACAGAAACAGCATCGACGGAAGAGGACTGCAACTTAGAAG
CACGGTGCATTACGGCAACAGATACAACAACGCTTTCTGGAACGGCAGCCAAATGA
CGTATGGAGACGGCGATGGAACAACGTTTATCGCATTCTCAGGCGACCCTGACGTT
GTGGGACATGAACTGACGCATGGAGTCACAGAATACACGAGCAATCTGGAGTATTA
CGGAGAATCAGGCGCACTTAATGAGGCCTTCAGCGACATCATCGGAAACGACATCC
AGAGAAAGAACTGGCTGGTTGGCGATGATATCTACACGCCGAGAATTGCGGGCGAC
GCGCTGAGATCAATGAGCAACCCTACGCTGTACGATCAGCCGGATCATTACAGCAA
CCTGTATAGAGGCTCAAGCGATAATGGCGGCGTGCATACAAACAGCGGCATCATCA
ACAAAGCCTATTATCTGCTGGCGCAAGGCGGCACATTCCATGGCGTTACAGTTAAT
GGCATTGGCAGAGACGCAGCCGTGCAGATCTACTACAGCGCATTCACGAATTACCT
GACATCAAGCAGCGACTTTTCAAATGCAAGAGATGCAGTGGTGCAGGCGGCTAAAG
ACCTTTATGGAGCTTCAAGCGCTCAGGCCACAGCTGCGGCAAAAAGCTTCGACGCG 
GTTGGAGTGAAT

[0228] The amino acid sequence of the PspPro3 precursor protein expressed from plasmid 
pGX085(AprE- PspPro3) is depicted in SEQ ID NO: 5. The predicted signal sequence is shown 
in italics, the three residue addition (AGK) shown in bold and the predicted pro-peptide is 
shown in underlined text. :
WSFÅZR7ÆZFÆT£/Fm4FSÅWriOAAGKAESSVSGPAOETPTFHAEQWKAPSSVSGD
DIVWSYLNRQKKTLLGTDSTSVRDQFRIVDRTSDKSGVSHYRLKQYVNGIPVYGAEQTI  
HVGKSGEVTSYLGAVITEDQQEEATQGTTPKISASEAVHTAYQEAATRVQALPTSDDTI
SKDAEEPSSVSKDTYSEAANNGKTSSVEKDKLSLEKAADLKDSKIEAVEAEPNSIAKIAN
LOPEVDPKAELYFYAKGDALOLVYVTEVNILOPAPLRTRYIIDANDGKIVSOYDIINEAT 
GTGKGVLGDTKTFNTTASGSSYQLRDTTRGNGIVTYTASNRQSIPGTILTDADNVWNDP 
AGVDAHAYAAKTYDYYKEKFNRNSIDGRGLQLRSTVHYGNRYNNAFWNGSQMTYGD 
ητΊΠττπτΔπςίητΊΤϊΤΊληζηΐτπτ TunvTiivTW fvvcikcat χτπ δ γ^τίττπχττίτηο vxtxvt az
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GDDIYTPRIAGDALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQG
GTFHGVTVNG1GRDAAVQ1YYSAFTNYLTSSSDFSNARDAVVQAAKDLYGASSAQATA
AAKSFDAVGVN

[0229] The amino acid sequence of the PspPro3 recombinant protein isolated from Bacillus 
subtilis culture was determined by tandem mass spectrometry, and shown below. It is the same 
as predicted and depicted in SEQ ID NO: 3.
ATGTGKGVLGDTKTFNTTASGSSYQLRDTTRGNGIVTYTASNRQSIPGTILTDADNVWN 
DPAGVDAHAYAAKTYDYYKEKFNRNSIDGRGLQLRSTVHYGNRYNNAFWNGSQMTY 

GDGDGTTF1AFSGDPDVVGHELTHGVTEYTSNLEYYGESGALNEAFSD11GND1QRKNW 
LVGDDTYTPRTAGDALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGTINKAYYLLA 

QGGTFHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARDAVVQAAKDLYGASSAQA 
TAAAKSFDAVGVN

COMPARATIVE EXAMPLE 1.3

Proteolytic Activity of metalloprotease PspPro3

[0230] The proteolytic activity of purified PspPro3 was measured in 50 mM Tris (pH 7), using 
azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, the enzyme was 
diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein was dissolved in 
100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the reaction, 50 pL 
of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to the non-binding 

96-well microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on ice, followed by the 
addition of 50 pL of 1.5% azo-casein. After sealing the 96-MTP, the reaction was carried out in 
a Thermomixer (Eppendorf) at 40°C and 650 rpm for 10 min. The reaction was terminated by 
adding 100 pL of 5% Trichloroacetic Acid (TCA). Following equilibration (5 min at the room 
temperature) and subsequent centrifugation (2000 g for 10 min at 4 °C) , 120 pL supernatant 
was transferred to a new 96-MTP, and absorbance of the supernatant was measured at 440 
nm (A440) using a SpectraMax 190. Net A440 was calculated by subtracting the A440 of the 

blank control from that of enzyme, and then plotted against different protein concentrations 
(from 1.25 ppm to 40 ppm). Each value was the mean of duplicate assays, and the value 
varies no more than 5%. The proteolytic activity is shown as Net A440. The proteolytic assay 

with azo-casein as the substrate (Figure 1.2) indicates that PspPro3 is an active protease.

COMPARATIVE EXAMPLE 1.4
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pH profile of metalloprotease PspPro3

[0231] With azo-casein as the substrate, the pH profile of PspPro3 was studied in 12.5 mM 
acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from pH 4 to 11). To 
initiate the assay, 50 μΙ_ of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a specific pH was 
first mixed with 2 μΙ_ diluted enzyme (250 ppm in Milli-Q H2O) in a 96-MTP placed on ice, 

followed by the addition of 48 μΙ_ of 1.5% (w/v) azo-casein prepared in H2O. The reaction was 

performed and analyzed as described in Example 1.3. Enzyme activity at each pH was 
reported as relative activity where the activity at the optimal pH was set to be 100%. The pH 
values tested were 4, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 10 and 11. Each value was the mean of 
triplicate assays. As shown in Figure 1.3, the optimal pH of PspPro3 is 7.5, with greater than 
70% of maximal activity retained between pH 5.5 and 9.

COMPARATIVE EXAMPLE 1.5

Temperature profile of metalloprotease PspPro3

[0232] The temperature profiles of PspPro3 were analyzed in 50 mM Tris buffer (pH 7) using 
the azo-casein assay. The enzyme sample and azo-casein substrate were prepared as in 
Example 3. Prior to the reaction, 50 pL of 1.5% azo-casein and 45 μΙ Milli-Q H2O were mixed in 

a 200pL PCR tube, which was then subsequently incubated in a Peltier Thermal Cycler 
(BioRad) at desired temperatures (i.e. 20~90°C) for 5 min. After the incubation, 5 pL of diluted 
PspPro3 (100 ppm) or H2O (the blank control) was added to the substrate mixture, and the 

reaction was carried out in the Peltier Thermal Cycle for 10 min at different temperatures. To 
terminate the reaction, each assay mixture was transferred to a 96-MTP containing 100 pL of 
5% TCA per well. Subsequent centrifugation and absorbance measurement were performed 
as described in Example 1.3. The activity was reported as relative activity where the activity at 
the optimal temperature was set to be 100%. The tested temperatures were 20, 30, 40, 50, 60, 
70, 80, and 90°C. Each value was the mean of triplicate assays. The data in Figure 1.4 
suggest that PspPro3 showed an optimal temperature at 50°C, and retained greater than 70% 
of its maximal activity between 45°C and 60°C.

COMPARATIVE EXAMPLE 1.6

Cleaning Performance of metalloprotease PspPro3 in Automatic Dishwashing (ADW) 
conditions
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[0233] The cleaning performance of PspPro3 in automatic dishwashing (ADW) conditions was 
tested using PA-S-38 (egg yolk, with pigment, aged by heating) microswatches (CFT- 
Vlaardingen, The Netherlands) at pH 6 or 8 using a model automatic dishwashing (ADW) 
detergent. Prior to the reaction, purified PspPro3 were diluted with a dilution solution containing 
10 mM NaCI, 0.1 mM CaCl2, 0.005% TWEEN® 80 and 10% propylene glycol to the desired 

concentrations. The reactions were performed in AT detergent (composition shown in Table 

1.1) with 100 ppm water hardness (Ca2+ : Mg2+ = 3 : 1), in the absence or presence of a 
bleach component (Peracid A/,A/-phthaloylaminoperoxycaproic acid-PAP). To initiate the 
reaction, 180 pL of AT detergent buffered at pH 6 or 8 was added to a 96-MTP placed with PA- 
S-38 microswatches, followed by the addition of 20 pL of diluted enzymes (or the dilution 
solution as the blank control). The 96-MTP was sealed and incubated in an incubator/shaker 
for 30 min at 50°C and 1150 rpm. After incubation, 100pL of wash liquid from each well was 
transferred to a new 96-MTP, and its absorbance was measured at 405 nm (A405) (referred 

here as the "Initial performance") using a spectrophotometer. The remaining wash liquid in the 
96-MTP was discarded and the microswatches were rinsed once with 200 pL water. Following 
the addition of 180 pL of 0.1 M CAPS buffer (pH 10), the second incubation was carried out in 
the incubator/shaker at 50 °C and 1150 rpm for 10 min. One hundred microliter of the resulting 
wash liquid was transferred to a new 96-MTP, and its absorbance measured at 405 nm 
(referred here as "Wash-off'). The sum of two absorbance measurements ("Initial 
performance" plus "Wash-off') gives the "Total performance", which measures the protease 
activity on the model stain. Dose response in cleaning the PA-S-38 microswatches at pH 6 and 
pH 8 for PspPro3 in AT detergent, in the absence or presence of bleach, is shown in Figures 
5A and 5B, respectively.
Table 1.1. Composition of AT dish detergent formula with bleach

Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
Sodium citrate 1.86
Citric acid* varies
PAP (peracid A/,A/-phthaloylaminoperoxycaproic acid) 0.057
Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

*The pH of the AT detergent is adjusted to the desired value (pH 6 or 8) by the 
addition of 0.9 M citric acid.

COMPARATIVE EXAMPLE 1.7
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Cleaning performance of metalloprotease PspPro3 in laundry conditions

[0234] The cleaning performance of PspPro3 protein in liquid laundry detergent was tested 
using EMPA-116 (cotton soiled with blood/milk/ink) microswatches (obtained from CFT 
Vlaardingen, The Netherlands) at pH 8.2 using a commercial detergent. Prior to the reaction, 
purified PspPro3 protein samples were diluted with a dilution solution (10 mM NaCI, 0.1 mM 
CaCI2, 0.005% TWEEN® 80 and 10% propylene glycol) to the desired concentrations; and the 

commercial detergent (Tide®, Clean Breeze®, Proctor & Gamble, USA, purchased September 
2011) was incubated at 95°C for 1 hour to inactivate the enzymes present in the detergent. 
Proteolytic assays were subsequently performed to confirm the inactivation of proteases in the 
commercial detergent. The heat treated detergent was further diluted with 5 mM HEPES (pH 
8.2) to a final concentration of 0.788 g/L. Meanwhile, the water hardness of the buffered liquid 

detergent was adjusted to 103 ppm (Ca2+ : Mg2+ = 3 : 1). The specific conductivity of the 
buffered detergent was adjusted to either 0.62 mS/cm (low conductivity) or 3.5 mS/cm (high 
conductivity) by adjusting the NaCI concentration in the buffered detergent. To initiate the 
reaction, 190 μΙ of either the high or low conductivity buffered detergent was added to a 96- 
MTP containing the EMPA-116 microswatches, followed by the addition of 10 μΙ of diluted 
enzyme (or the dilution solution as blank control). The 96-MTP was sealed and incubated in an 
incubator/shaker for 20 min at 32°C and 1150 rpm. After incubation, 150 μΙ of wash liquid from 
each well was transferred to a new 96-MTP, and its absorbance was measured at 600 nm 
using a spectrophotometer, which indicates the protease activity on the model stain; and Net 
Aqoo was subsequently calculated by subtracting the A8oo °f the blank control from that of the 

enzyme.. Dose response for the cleaning of EMPA-116 microswatches in liquid laundry 
detergent at high or low conductivity is shown in Figure 1.6.

COMPARATIVE EXAMPLE !8

Comparison of PspPro3 to other metalloproteases

A. Identification of Homologous Proteases

[0235] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The mature protein amino acid 
sequence for PspPro3 (SEQ ID NO: 3) was used as the query sequence. Percent identity (PID) 
for both search sets is defined as the number of identical residues divided by the number of
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length of the homologous proteases.

aligned residues in the pairwise alignment. Tables 1.2Aand 1.2B provide a list of sequences 
with the percent identity to PspPro3. The length in Table 1.2 refers to the entire sequence

Table 1.2A: List of sequences with percent identity to PspPro3 protein 
identified from the NCBI non-redundant protein database
Accession # PID to PspPro3 Organism Length
ZP_10321515.1 55 Bacillus macauensis

ZFHKF-1
552

AAC43402.1 57 Alicyclobacillus 
acidocaldarius

546

P00800 57 Bacillus 
thermoproteolyticus

548

AAA22621.1 58 Geobacillus 
stearothermophilus

548

ZP-01862236.1 59 Bacillus sp. SG-1 560
YP_002884504.1 59 Exiguobacterium sp. 

ATHb
509

AEI46285.1 60 Paenibacillus 
mucilaginosus KNP414

525

ZP_08093424 60 Pianococcus 
donghaensis MPA1U2

553

ZP-10324092.1 61 Bacillus macauensis
ZFHKF-1

533

YP_006792441.1 61 Exiguobacterium 
antarcticum B7

498

AAK69076.1 63 Bacillus thuringiensis 
serovar finitimus

566

NP_976992.1 64 Bacillus cereus ATCC 
10987

566

ZP_04321694 64 Bacillus cereus 566
BAA06144 64 Lactobacillus sp. 566
ZP-10241029.1 78 Paenibacillus peoriae 

KCTC 3763
599

YP_005073223 93 Paenibacillus terrae
H PL-003

591

YP_003872179 94 Paenibacillus polymyxa
E681

592

ZP_09775364 100 Paenibacillus sp. Aloe-11 593
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B. Alignment of Homologous Protease Sequences

Table 1.2B: List of sequences with percent identity to PspPro3 protein 
identified from the Genome Quest Patent database
Patent # PIDto 

PspPro3
Organism Length

US20120107907-0184 57.88 Bacillus caldoyticus 319
US20120107907-0177 57.88 Bacillus caldolyticus 544
WO2012110563-0002 58.2 Bacillus caldolyticus 319
EP2390321-0176 58.52 Bacillus 

stearothermophilis
548

US6518054-0002 59.22 Bacillus sp. 316
W020040 11619-0044 60.6 Empty 507
W02004011619-0047 62.14 Empty 532
W02004011619-0046 62.26 Empty 536
WO2012110563-0004 63.02 Bacillus megaterium 320
JP2002272453-0003 63.67 Empty 562
US8114656-0186 64.24 Bacillus brevis 304
WO2012110562-0005 64.52 Bacillus cereus 320
W02007044993-0178 64.74 Bacillus thuringiensis 566
EP2178896-0184 65.38 Bacillus anthracis 566
WO2012110563-0005 65.48 Bacillus cereus 320
JP1995184649-0001 65.71 Lactobacillus sp. 566
US5962264-0004 65.81 Empty 566
US20120107907-0185 66.13 Bacillus cereus 317
US8114656-0187 93.36 Bacillus polymyxa 302
JP2005229807-0019 93.38 Paenibacillus polymyxa 566

[0236] The amino acid sequence for mature PspPro3 (SEQ ID NO: 3) was aligned with 
thermolysin (P00800, Bacillus thermoproteolyticus) and protease from Paenibacillus sp. Aloe- 
11 (ZP_09775364) using CLUSTALW software (Thompson et al., Nucleic Acids Research, 
22:4673-4680, 1994) with the default parameters. Figure 1.7 shows the alignment of PspPro3 
with these protease sequences.

C. Phylogenetic Tree
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[0237] A phylogenetic tree for full length sequence of PspPro3 (SEQ ID NO: 2) was built using 
sequences of representative homologs from Tables 2Aand the Neighbor Joining method (NJ) 
(Saitou, N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for reconstructing 
Guide Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of distances 
between all pairs of sequences to be analyzed. These distances are related to the degree of 
divergence between the sequences. The phylodendron-phylogenetic tree printer software 
(http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the phylogenetic 
tree shown in Figure 1.8.

COMPARATIVE EXAMPLE 1.9

Terg-o-Tometer performance evaluation of PspPro3

[0238] The wash performance of PspPro3 was tested in a laundry detergent application using 
a Terg-o-Tometer (Instrument Marketing Services, Inc, Fairfield, NJ). The performance 
evaluation was conducted at 32°C and 16°C. The soil load consisted of two of each of the 
following stain swatches: EMPA1 16 Blood, Milk, Ink on cotton (Test materials AG, St. Gallen, 
Switzerland), EMPA117 Blood, Milk, Ink on polycotton (Test materials AG, St. Gallen, 
Switzerland), EMPA1 12 Cocoa on cotton (Test materials AG, St. Gallen, Switzerland), and 
CFT C-10 Pigment, Oil, and Milk content on cotton (Center for Testmaterials BV, Vlaardingen, 
Netherlands), plus extra white interlock knit fabric to bring the total fabric load to 40 g per 
beaker of the Terg-o-Tometer, which was filled with 1 L of deionized water. The water hardness 
was adjusted to 6 grains per gallon, and the pH in the beaker was buffered with 5 mM HEPES, 
pH 8.2. Heat inactivated Tide Regular HDL (Procter & Gamble), a commercial liquid detergent 
purchased in a local US supermarket, was used at 0.8 g/L. The detergent was inactivated 
before use by treatment at 92°C in a water bath for 2-3 hours followed by cooling to room 
temperature. Heat inactivation of commercial detergents serves to destroy the activity of 
enzymatic components while retaining the properties of the non-enzymatic components. 
Enzyme activity in the heat inactivated detergent was measured using the Suc-AAPF-pNA 
assay for measuring protease activity. The Purafect® Prime HA, (Genencor Int'l) and PspPro3 
proteases were each added to final concentrations of 0, 0.2, 0.5, 1, and 1.5 ppm. The wash 
time was 12 minutes. After the wash treatment, all swatches were rinsed for 3 minutes and 
machine-dried at low heat.

[0239] Four of each types of swatch were measured before and after treatment by optical 
reflectance using a Tristimulus Minolta Meter CR- 400. The difference in the L, a, b values was 
converted to total color difference (dE), as defined by the CIE-LAB color space. Cleaning of the 
stains is expressed as percent stain removal index (%SRI) by taking a ratio between the color 
difference before and after washing, and comparing it to the difference of unwashed soils 
(before wash) to unsoiled fabric, and averaging the eight values obtained by reading two 
different regions of each washed swatch and is reported in Tables 1,9A and 1,9B as Average %

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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SRI (dE) ±95CI. Table 1.9A summarizes the cleaning performance of PspPro3 at 32°C and 
Table 1.9Bat 16°C.

Table 1.9A: Cleaning performance of PspPro3 at 32°C
EMPA-116 EMPA-117

PPm 
enzyme

Purafect Prime 
HA

PspPro3 Purafect Prime 
HA

SprPro3

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI
[%SRI
(dE)] I

0 0.19 0.01 0.19 0.01 0.17 0.01 017 0.01
0.2 0.27 0.02 0.27 0.02 0.25 0.03 0.30 0.02
0.5 0.28 0.03 0.311 0.01 0.30 0.03 0.31 0.02

1 0.30 0.01 0.32 0.02 0.35 0.02 0.34 0.03
1.5 0.31 0.02 0.31 0.01 0.37 0.01 0.37 0.03

EMPA-112 CFTC-10
PPm 
enzyme

Purafect Prime 
HA

PspPro3 Purafect Prime 
HA

PspPro3

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average : 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average : 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)] I

0 0.11 0.03 0.111 0.03 0.07 0.01 0.07 0.01
0.2 0.11 0.05 0.18 0.04 0.12 0.01 0.11 0.01
0.5 0.13 0.04 0.17 0.03 0.15 0.01 0.16 0.01

1 0.18 0.03 0.19 0.04 0.17 0.01 0.21 0.01
1.5 0.19 0.03 0.18 0.04 0.18 0.01 0.23 0.01

Table 1.9B: Cleaning performance of PspPro3 at 16°C
EMPA-116 EMPA-117

PPm 
enzyme

Purafect Prime 
HA

PspPro3 Purafect Prime 
HA

PspPro3

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average ί 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average ί 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI
[%SRI
(dE)] I

0 0.15 0.02 0.15 0.02 0.13 0.01 0.13 0.01
0.2 0.19 0.02 0.20 0.03 0.15 0.02 0.15 0.02
0.5 0.20 0.02 0.19 0.02 0.21 0.02 0.20 0.02

1 0.24 0.04 0.21 0.02 0.22 0.02 0.20 0.01
1.5 0.19 0.02 0.25 0.04 0.23 0.03 0.20 0.01
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EMPA-112 CFTC-10
PPm 
enzyme

Purafect Prime 
HA

PspPro3 Purafect Prime 
HA

PspPro3

Average 
%SRI 

(dE)|

95CI 
[%SRI

(dE)]|

Average 
%SRI 

(dE)

95CI 
[%SRI

(dE)]

Average 
%SRI 

(dE)|

95CI 
[%SRI

(dE)]

Average 
%SRI 

(dE)

95CI 
[%SRI

(dE)]|
0 0.08 0.03 0.08 0.03 0.04 0.08 0.04 0.08

0.2 0.12 0.02 0.09 0.01 0.06 0.12 0.06 0.09
0.5 0.08 0.02 0.11 0.02 0.08 0.08 0.08 0.11

1 0.11 0.02 0.10 0.03 0.08 0.11 0.09 0.10
1.5 0.13 0.02 0.11 0.03 0.11 0.13 0.10 0.11

COMPARATIVE EXAMPLE 2.1

Cloning of Metalloprotease PspPro2 from Paenibacillus sp.

[0240] A strain of Paenibacillus sp. was selected as a potential source for enzymes which may 
be useful for various industrial applications. Genomic DNA for sequencing was obtained by first 
growing the strain on Heart Infusion agar plates (Difco) at 37°C for 24 hr. Cell material was 
scraped from the plates and used to prepare genomic DNA with the ZF Fungal/Bacterial DNA 
miniprep kit from Zymo (Cat No. D6005). The genomic DNA was used for genome sequencing. 
The entire genome of the Paenibacillus sp. strain was sequenced by BaseClear (Leiden, The 
Netherlands) using the Illumina's next generation sequencing technology. After assembly of the 
data, contigs were annotated by BioXpr (Namur, Belgium). One of the genes identified after 
annotation in Paenibacillus sp. encodes a metalloprotease and the sequence of this gene, 
called PspPro2, is provided in SEQ ID NO: 6. The corresponding protein encoded by the 
PspPro2 gene is shown in SEQ ID NO: 7. At the N-terminus, the protein has a signal peptide 
with a length of 24 amino acids as predicted by SignalP version 4.0 (Nordahl Petersen et al. 
(2011) Nature Methods, 8:785-786). The presence of a signal sequence suggests that 
PspPro2 is a secreted enzyme. The propeptide region of PspPro2 was predicted based on 
protein sequence alignment with the Paenibacillus polymyxa Npr protein (Takekawa et al. 
(1991) Journal of Bacteriology, 173 (21): 6820-6825). The predicted mature region of PspPro2 
is shown in SEQ ID NO: 8.

[0241] The nucleotide sequence of the PspPro2 gene isolated from Paenibacillus sp. is set 
forth as SEQ ID NO: 6. The sequence encoding the predicted native signal peptide is shown in 
italics:
A TGAAAAAA GT A TGGGTTTCA CTTCTTGGAGGA GCGA TGTTA TTA GGGGCTGTA GCACCA

GGTGCATCAGCAGCAGAGCKXTCTGTTCGYGNACCTACTCAGCAAACACCGA.CCTTIC
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ACGCCGAGCAATGGAAGGCTCCTTCCACGGTAACCGGCGACAATATTGTATGGAGC
TATTTGAATCGACAAAAGAAAACCTTATTGAATACAGACAGCACCAGTGTGCGTGA
TCAGTTCCGCATCATTGATCGTACAAGCGACAAATCCGGTGCAAGCCATTATCGGCT
CAAGCAATATGTAAACGGGATCCCCGTATATGGGGCTGAACAGACCATTCATGTGA
ACAACGCCGGTAAAGTAACCTCTTATTTGGGTGCTGTCATTTCAGAGGATCAGCAGC
AAGACGCGACCGAAGATACCACTCCAAAAATCAGCGCGACTGAAGCCGTTTATACC
GCATATGCAGAAGCCGCTGCCCGGATTCAATCCTTCCCTTCCATCAATGATAGTCTT
TCTGAGGCTAGTGAGGAACAAGGGAGTGAGAATCAAGGCAATGAGATTCAAAACA
TTGGGATTAAAAGCAGTGTAAGTAATGACACTTACGCAGAGGCGCATAACAACGTA
CTTTTAACCCCCGTTGACCAAGCAGAGCAAAGTTACATTGCCAAAATTGCTAATCTG
GAGCCAAGTGTAGAGCCCAAAGCAGAATTATACATCTATCCAGATGGTGAGACTAC
ACGACTGGTTTATGTAACAGAGGTTAATATTCTTGAACCTGCGCCTCTGCGCACACG
CTACTTCATTGATGCGAAAACCGGCAAAATCGTATTCCAGTATGACATCCTCAACCA
CGCAACAGGCACCGGCCGCGGCGTGGATGGCAAAACAAAATCATTTACGACTACAG
CTTCAGGCAACCGGTATCAGTTGAAAGACACGACTCGCAGCAATGGAATCGTGACT
TACACCGCTGGCAATCGCCAGACGACGCCAGGTACGATTTTGACCGATACAGATAA
TGTATGGGAGGACCCTGCGGCTGTTGATGCCCATGCCTACGCCATTAAAACCTATGA
CTATTATAAGAATAAATTCGGTCGCGACAGTATTGATGGACGTGGCATGCAAATTC
GTTCGACAGTCCATTACGGCAAAAAATATAACAATGCCTTCTGGAACGGCTCGCAA
ATGACCTACGGAGACGGAGACGGGTCCACATTTACCTTCTTCAGCGGCGATCCCGA
TGTCGTGGGGCATGAGCTCACCCACGGCGTCACCGAGTTCACCTCCAATTTGGAGTA
TTATGGTGAGTCCGGTGCATTGAACGAAGCCTTCTCGGATATTATCGGTAATGATAT
AGATGGCACCAGTTGGCTTCTTGGCGACGGCATTTATACGCCTAATATTCCAGGCGA
CGCTCTGCGTTCCCTGTCCGATCCTACACGATTCGGCCAGCCGGATCACTACTCCAA
TTTCTATCCGGACCCCAACAATGATGATGAAGGCGGAGTCCATACGAACAGCGGTA
TTATCAACAAAGCCTATTATTTGCTGGCACAAGGCGGTACGTCCCATGGTGTAACGG
TAACTGGTATCGGACGCGAAGCGGCTGTATTCATTTACTACAATGCCTTTACCAACT

ATTTGACCTCTACCTCCAACTTCTCTAACGCACGCGCTGCTGTTATACAGGCAGCCA

AGGATTTTTATGGTGCTGATTCGCTGGCAGTAACCAGTGCTATTCAATCCTTTGATG
CGGTAGGAATCAAA

[0242] The amino acid sequence of the PspPro2 precursor protein is set forth as SEQ ID NO:
7. The predicted signal peptide is shown in italics, and the predicted pro-peptide is shown in 
underlined text:
JÆKFRTffiZGGrilÆZGriFriFGriSriAEHSVPPPTOETPTFHAEQWKAPSTVTGPNIVWSY
ΕΝΚΟΚΚΤΕΕΝΤΡ8Τ8νΚΡΟΕΚΤΐΡΚΤ8ΡΚ50Α8ΗΥΚΕΚΟΥ\ΓΝ01ΡνΥΟΑΕΟΤΤΗνΝΝΑΟ
KVTSYLGAVISEPQQOPATEPTTPKISATEAVYTAYAEAAARIQSFPSINPSLSEASEEQ
GSENQGNEIQNIGIKSSVSNPTYAEAHNNVLLTPVPQAEQSYIAKIANLEPSVEPKAELYI
YPDGETTRLWVTEVNILEPAPLRTRYFIPAKTGKIVFQYPILNHATGTGRGVPGKTKSF
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TTTASGNRYQLKDTTRSNGIVTYTAGNRQTTPGTILTDTDNVWEDPAAVDAHAYAIKT
YDYYKNKFGRDSTDGRGMQIRSTVHYGKKYNNAFWNGSQMTYGDGDGSTFTFFSGDP
DVVGHELTHGVTEFTSNLEYYGESGALNEAFSDIIGNDIDGTSWLLGDGIYTPNIPGDAL
RSLSDPTRFGQPDHYSNFYPDPNNDDEGGVHTNSGIINKAYYLLAQGGTSHGVTVTGIG 
REAAVFIYYNAFTNYETSTSNFSNARAAVIQAAKDFYGADSLAVTSAIQSFDAVGIK

[0243] The amino acid sequence of the predicted mature form of PspPro2 is set forth as SEQ 
ID NO: 8.
ATGTGRGVDGKTKSFTTTASGNRYQLKDTTRSNGIVTYTAGNRQTTPGTILTDTDNVW 
EDPAAVDAHAYAIKTYDYYKNKFGRDSIDGRGMQIRSTVHYGKKYNNAFWNGSQMT 

YGDGDGSTFTFFSGDPDVVGHELTHGVTEFTSNLEYYGESGALNEAFSDIIGNDIDGTS 
WLLGDGIYTPNIPGDALRSLSDPTRFGQPDHYSNFYPDPNNDDEGGVHTNSGIINKAYY 
LLAQGGTSHGVTVTGIGREAAVFIYYNAFTNYLTSTSNFSNARAAVIQAAKDFYGADSL 

AVTSAIQSFDAVGIK

COMPARATIVE EXAMPLE 2.2

Expression of Paenibacillus sp. Metalloprotease PspPro2

[0244] The DNA sequence of the propeptide-mature form of PspPro2 was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX084 (AprE- 
PspPro2) (Figure 2.1). Ligation of this gene encoding the PspPro2 protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the Bacillus 
subtilis AprE signal sequence and the 5' end of the predicted PspPro2 native propeptide. The 
gene has an alternative start codon (GTG). As shown in Figure 2.1, pGX084(AprE-PspPro2) 
contains an AprE promoter, an AprE signal sequence used to direct target protein secretion in
B. subtilis, and the synthetic nucleotide sequence encoding the predicted propeptide and 
mature regions of PspPro2, (SEQ ID NO: 9). The translation product of the synthetic AprE- 
PspPro2 gene is shown in SEQ ID NO: 10.

[0245] The pGX084(AprE-PspPro2) plasmid was transformed into B. subtilis cells (degUHy32, 
AscoC) and the transformed cells were spread on Luria Agar plates supplemented with 5 ppm 
chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest clear halos 
on the plates were selected and subjected to fermentation in a 250 ml shake flask with MBD 
medium (a MOPS based defined medium, supplemented with additional 5 mM CaCl2).

[0246] The broth from the shake flasks was concentrated and buffer-exchanged into the 
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loading buffer containing 20 mM Tris-HCI (pH 8.5) and 1 mM CaCI2 using a VivaFlow200 ultra 

filtration device (Sartorius Stedim). After filtering, this sample was applied to a 150 ml Q 
Sepharose High Performance column pre-equilibrated with the loading buffer above, PspPro2 
was eluted from the column with a linear salt gradient from 0 to 0.5 M NaCI in the loading 
buffer. The corresponding active fractions were collected, concentrated and buffer-exchanged 
again into the loading buffer described above. The sample was loaded onto a 20 ml DEAE Fast 
Flow column pre-equilibrated with the same loading buffer. PspPro2 was eluted from the 
column with a linear salt gradient from 0 to 0.3 M NaCI in the loading buffer. The corresponding 
active purified protein fractions were further pooled and concentrated via WKAmicon Ultra for 
further analyses. The nucleotide sequence of the synthesized PspPro2 gene in plasmid 
pGX084 (AprE-PspPro2) is depicted in SEQ ID NO: 9. The sequence encoding the predicted 
native signal peptide is shown in italics and the oligo-nucleotide encoding the three residue 
addition (AGK) is shown in bold:
GTGA GAA GCAAAAAA TTGTGGA TCA GCTTGTTGTTTGCGTTAACGTTAA TCTTTACGA TGG

CGTTCA GCAACA TGA GCGCGCA GGC7GCTGGAAAAGCAGAGCATTCAGTTCCTGACC 
CGACGCAACTTACACCGACATTTCATGCTGAGCAGTGGAAGGCACCGAGCACGGTC 
ACGGGCGACAACATCGTGTGGAGCTACCTGAACAGACAGAAAAAGACGCTGCTGA 
ACACGGACTCAACGAGCGTGAGAGACCAGTTCAGAATCATCGACAGAACGAGCGA 
CAAGTCAGGCGCGTCACATTATAGACTGAAGCAGTACGTGAACGGCATCCCGGTCT 
ACGGAGCCGAGCAAACGATCCATGTGAATAATGCGGGCAAAGTTACATCATACCTG 
GGCGCCGTCATCTCAGAAGACCAGCAGCAAGATGCAACGGAGGATACAACACCGA

AGATCAGCGCCACAGAAGCGGTCTATACGGCTTACGCCGAAGCGGCTGCAAGAATC  
CAGAGCTTCCCGTCAATTAATGACAGCCTGAGCGAAGCATCAGAGGAACAAGGCAG  
CGAGAACCAGGGCAATGAAATCCAAAACATCGGCATCAAGAGCAGCGTGTCAAAC 
GACACGTATGCGGAGGCTCATAACAACGTTCTGCTGACACCGGTCGATCAGGCCGA  
ACAGAGCTATATTGCAAAGATCGCGAATCTGGAGCCGTCAGTCGAGCCGAAGGCCG 
AGCTGTATATCTATCCGGACGGCGAGACGACGAGACTGGTGTACGTTACGGAGGTC 
AACATCCTTGAGCCTGCGCCGCTGAGAACAAGATACTTTATCGACGCCAAGACGGG 
CAAGATCGTGTTTCAGTACGATATCCTGAACCATGCGACGGGAACAGGCAGAGGCG  
TGGACGGCAAAACAAAATCATTCACGACAACGGCAAGCGGCAACAGATACCAGCT 
GAAGGACACAACAAGATCAAATGGCATCGTCACATACACGGCCGGAAATAGACAG 
ACGACGCCGGGAACGATTCTGACGGATACAGATAACGTGTGGGAAGATCCGGCAG
CAGTTGATGCACATGCATACGCGATCAAGACGTACGACTACTACAAGAACAAATTC
GGAAGAGATTCAATCGATGGAAGAGGCATGCAAATCAGATCAACGGTTCATTATGG  
CAAAAAGTACAACAATGCCTTCTGGAACGGCAGCCAAATGACATACGGCGATGGA 
GACGGCTCAACGTTTACATTCTTTTCAGGCGACCCGGACGTCGTCGGCCATGAACTG 
ACGCATGGCGTTACAGAGTTCACGAGCAACCTGGAGTATTACGGCGAATCAGGCGC 
ACTGAATGAGGCTTTCAGCGACATCATTGGCAACGACATTGATGGCACATCATGGC 
TGCTTGGCGACGGCATTTACACACCTAACATTCCGGGCGATGCACTGAGAAGCCTG 
TCAGACCCTACGAGATTCGGCCAACCTGACCATTACAGCAACTTCTACCCGGATCCT
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AATAACGATGATGAGGGCGGAGTGCATACGAACAGCGGCATTATCAACAAAGCGT
ACTATCTGCTGGCACAAGGCGGAACGTCACATGGAGTGACGGTGACAGGAATCGGC
AGAGAGGCGGCAGTGTTTATCTACTACAACGCCTTCACAAACTACCTGACGAGCAC
GTCAAATTTCAGCAACGCTAGAGCGGCGGTCATCCAGGCAGCAAAGGACTTTTATG
GAGCAGACTCACTGGCAGTTACGTCAGCAATTCAGTCATTCGACGCAGTTGGAATT
AAG

[0247] The amino acid sequence of the PspPro2 precursor protein expressed from plasmid 
pGX084(AprE-PspPro2) is depicted in SEQ ID NO: 10. The predicted signal sequence is shown 
in italics, the three residue addition (AGK) is shown in bold, and the predicted pro-peptide is 
shown in underlined text:
MRSKKL WISLLFAL TLIFTMAFSNMSA QA AGKAEHSVPDPTQLTPTFHAEQWKAPSTVTG
DN1VWSYLNROKKTL·LNTDSTSVRDQFR11DRTSDKSGASHYRLKQYVNG1PVYGAEQT 
IHVNNAGKVTSYLGAVISEDQOQDATEDITPKISATEAVYTAYAEAAARIQSFPSINDSL 

SEASEEOGSENOGNEIONIGIKSSVSNDTYAEAHNNVLLTPVDOAEQSYIAKIANLEPSV

EPKAELYIYPDGETTRLVYVTEVNILEPAPLRTRYFIDAKTGKIVFQYDILNHATGTGRG
VDGKTKSFTTTASGNRYQLKDTTRSNGIVTYTAGNRQTTPGTILTDTDNVWEDPAAVD
AHAYAIKTYDYYKNKFGRDSIDGRGMQIRSTVHYGKKYNNAFWNGSQMTYGDGDGS
TFTFFSGDPDVVGHELTHGVTEFTSNLEYYGESGALNEAFSDIIGNDIDGTSWLLGDG1Y
TPN1PGDALRSLSDPTRFGQPDHYSNFYPDPNNDDEGGVHTNSGI1NKAYYLL·AQGGTS 
HGVTVTGIGREAAVFIYYNAFTNYLTSTSNFSNARAAVIQAAKDFYGADSLAVTSAIQS 
FDAVGTK

[0248] The amino acid sequence of the recombinant PspPro2 protein isolated from Bacillus 
subtilis culture was determined by tandem mass spectrometry, and shown below. It is the same 
as predicted and depicted in SEQ ID NO: 8.
ATGTGRGVDGKTKSFTTTASGNRYQLKDTTRSNGTVTYTAGNRQTTPGTTLTDTDNVW 
EDPAAVDAHAYAIKTYDYYKNKFGRDSIDGRGMQIRSTVHYGKKYNNAFWNGSQMT 

YGDGDGSTFTFFSGDPDVVGHELTHGVTEFTSNLEYYGESGALNEAFSDIIGNDIDGTS 
WLLGDGIYTPNIPGDALRSLSDPTRFGQPDHYSNFYPDPNNDDEGGVHTNSGIINKAYY 
LLAQGGTSHGVTVTGIGREAAVFIYYNAFTNYLTSTSNFSNARAAVIQAAKDFYGADSL

AVTSA1QSFDAVG1K

COMPARATIVE EXAMPLE 2.3

Proteolytic Activity of Metalloprotease PspPro2
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[0249] The proteolytic activity of purified PspPro2 was measured in 50 mM Tris (pH 7), using 
azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, the enzyme was 
diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein was dissolved in 
100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the reaction, 50 μΙ 
of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to the non-binding 

96-well Microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on ice, followed by the 
addition of 50 μΙ of 1.5% azo-casein. After sealing the 96-MTP, the reaction was carried out in 
a Thermomixer (Eppendorf) at 40°C and 650 rpm for 10 min. The reaction was terminated by 
adding 100 μΙ of 5% Trichloroacetic Acid (TCA). Following equilibration (5 min at the room 
temperature) and subsequent centrifugation (2000 g for 10 min at 4°C) , 120 μΙ supernatant 
was transferred to a new 96-MTP, and absorbance of the supernatant was measured at 440 
nm (A440) using a SpectraMax 190. Net A440 was calculated by subtracting the A440 of the 

blank control from that of enzyme, and then plotted against different protein concentrations 
(from 1.25 ppm to 40 ppm). Each value was the mean of duplicate assays, and the value 
varies no more than 5%. The proteolytic activity is shown as Net A440. The proteolytic assays 

with azo-casein as the substrate (Figure 2.2) indicate that PspPro2 is an active protease.

COMPARATIVE EXAMPLE 2.4

pH profile of Metalloprotease PspPro2

[0250] With azo-casein as the substrate, the pH profile of PspPro2 was studied in 12.5 mM 
acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from pH 4 to 11). To 
initiate the assay, 50 μΙ of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a specific pH was 
first mixed with 2 μΙ diluted enzyme (500 ppm in Milli-Q H2O) in a 96-MTP placed on ice, 

followed by the addition of 48 μΙ of 1.5% (w/v) azo-casein prepared in H2O. The reaction was 

performed and analyzed as described in Example 2.3. Enzyme activity at each pH was 
reported as the relative activity, where the activity at the optimal pH was set to be 100%. The 
pH values tested were 4, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 10 and 11. Each result was the mean 
of triplicate assays. As shown in Figure 2.3, the optimal pH of PspPro2 is 7.5 with greater than 
70% of its maximal activity retained between pH 5.5 and 9.5.

COMPARATIVE EXAMPLE 2.5

Temperature profile of Metalloprotease PspPro2

[0251] The temperature profile of PspPro2 was analyzed in 50 mM Tris buffer (pH 7) using the 
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azo-casein assay. The enzyme sample and azo-casein substrate were prepared as in Example 
2.3. Prior to the reaction, 50 pl of 1.5% azo-casein and 45 pl Milli-Q H2O were mixed in a 200 

pl PCR tube, which was then subsequently incubated in a Peltier Thermal Cycler (BioRad) at 
desired temperatures (i.e. 20~90°C) for 5 min. After the incubation, 5 pl of diluted PspPro2 
(200 ppm) or H2O (the blank control) was added to the substrate mixture, and the reaction was 

carried out in the Peltier Thermal Cycle for 10 min at different temperatures. To terminate the 
reaction, each assay mixture was transferred to a 96-MTP containing 100 pl of 5% TCA per 
well. Subsequent centrifugation and absorbance measurement were performed as described 
in Example 3. The activity was reported as the relative activity, where the activity at the optimal 
temperature was set to be 100%. The tested temperatures are 20, 30, 40, 50, 60, 70, 80 and 
90°C. Each result was the mean of triplicate assays. The data in Figure 2.4 suggest that 
PspPro2 showed an optimal temperature at 50°C, and retained greater than 70% of its 
maximal activity between 40 and 65°C.

COMPARATIVE EXAMPLE 2.6

Cleaning performance of Metalloprotease PspPro2 in Automatic Dishwashing (ADW) 
conditions

[0252] The cleaning performance of PspPro2 protein in automatic dishwashing (ADW) 
conditions was tested using PA-S-38 (egg yolk, with pigment, aged by heating) microswatches 
(CFT-Vlaardingen, The Netherlands) at pH 6 and 8 using a model automatic dishwashing 
(ADW) detergent. Prior to the reaction, purified PspPro2 protein samples were diluted with the 
dilution solution containing 10 mM NaCI, 0.1 mM CaCI2, 0.005% TWEEN® 80 and 10% 

propylene glycol to the desired concentrations. The reactions were performed in AT detergent 

with 100 ppm water hardness (Ca2+ : Mg2+ = 3 : 1), in the presence of a bleach component 
(Peracid A/,A/-phthaloylaminoperoxycaproic acid-PAP) (AT detergent composition shown in 
Table 1). To initiate the reaction, 180 pl of the AT detergent solution at pH 6 or pH 8 was added 
to a 96-MTP placed with PA-S-38 microswatches, followed by the addition of 20 pl of diluted 
enzymes (or the dilution solution as the blank control). The 96-MTP was sealed and incubated 
in an incubator/shaker for 30 min at 50°C and 1150 rpm. After incubation, 100 pl of wash liquid 
from each well was transferred to a new 96-MTP, and its absorbance was measured at 405 nm 
(referred here as the "Initial performance") using a spectrophotometer. The remaining wash 
liquid in the 96-MTP was discarded and the microswatches were rinsed once with 200 pl water. 
Following the addition of 180 pl of 0.1 M CAPS buffer (pH 10), the second incubation was 
carried out in the incubator/shaker at 50 °C and 1150 rpm for 10 min. One hundred microliters 
of the resulting wash liquid was transferred to a new 96-MTP, and its absorbance was 
measured at 405 nm (referred here as "Wash-off'). The sum of two absorbance 
measurements ("Initial performance" plus "Wash-off') gives the "Total performance", which 
measures the protease activity on the model stain. Dose response for cleaning of PA-S-38 
microswatches at pH 6 and pH 8 for PspPro2 in AT detergent in the presence of bleach, is
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shown in Figure 2.5Aand 2.5B, respectively.

Table 2.1. Composition of AT dish detergent with bleach
Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
Sodium citrate 1.86
Citric acid* varies
PAP (peracid A/,A/-phthaloylaminoperoxycaproic 
acid)

0.057

Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

* The pH of the AT formula detergent is adjusted to the desired pH value (pH 6 or 
8) by the addition of 0.9 M citric acid.

COMPARATIVE EXAMPLE 2.7

Cleaning performance of Metalloprotease PspPro2 in laundry conditions

A. Cleaning performance in liquid laundry detergent

[0253] The cleaning performance of PspPro2 protein in liquid laundry detergent was tested 
using EMPA-116 (cotton soiled with blood/milk/ink) microswatches (obtained from CFT 
Vlaardingen, The Netherlands) at pH 8.2 using a commercial detergent. Prior to the reaction, 
purified PspPro2 protein samples were diluted with a dilution solution (10 mM NaCI, 0.1 mM 
CaCl2, 0.005% TWEEN® 80 and 10% propylene glycol) to the desired concentrations; and the 

commercial detergent (Tide®, Clean Breeze®, Proctor & Gamble, USA, purchased September 
2011) was incubated at 95°C for 1 hour to inactivate the enzymes present in the detergent. 
Proteolytic assays were subsequently performed to confirm the inactivation of proteases in the 
commercial detergent. The heat treated detergent was further diluted with 5 mM HEPES (pH 
8.2) to a final concentration of 0.788 g/L. Meanwhile, the water hardness of the buffered liquid 

detergent was adjusted to 103 ppm (Ca2+ : Mg2+ = 3 : 1). The specific conductivity of the 
buffered detergent was adjusted to either 0.62 mS/cm (low conductivity) or 3.5 mS/cm (high 
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conductivity) by adjusting the NaCI concentration in the buffered detergent. To initiate the 
reaction, 190 μΙ of either the high or low conductivity buffered detergent was added to a 96- 
MTP containing the EMPA-116 microswatches, followed by the addition of 10 μΙ of diluted 
enzyme (or the dilution solution as blank control). The 96-MTP was sealed and incubated in an 
incubator/shaker for 20 min at 32°C and 1150 rpm. After incubation, 150 μΙ of wash liquid from 
each well was transferred to a new 96-MTP, and its absorbance was measured at 600 nm 
using a spectrophotometer, which indicates the protease activity on the model stain; and Net 
Aqoo was subsequently calculated by subtracting the A8oo °f the blank control from that of the 

enzyme. Dose response for the cleaning of EMPA-116 microswatches in liquid laundry 
detergent at high or low conductivity is shown in Figure 2.6A.

B. Cleaning performance in powder laundry detergent

[0254] The cleaning performance of PspPro2 protein in powder laundry detergent was tested 
using PA-S-38 (egg yolk, with pigment, aged by heating) microswatches (CFT-Vlaardingen, 
The Netherlands) using a commercial detergent. Prior to the reaction, purified PspPro2 protein 
samples were diluted with a dilution solution (10 mM NaCI, 0.1 mM CaCI2, 0.005% TWEEN® 

80 and 10% propylene glycol) to the desired concentrations. The powder laundry detergent 
(Tide®, Bleach Free, Proctor & Gamble, China, purchased in December 2011) was dissolved in 

water with 103 ppm water hardness (Ca2+ : Mg2+ = 3 : 1) to a final concentration of 2 g/L (with 
conductivity of 2.3 mS/cm-low conductivity) or 5 g/L (with conductivity of 5.5 mS/cm-high 
conductivity). The detergents of different conductivities were subsequently heated in a 
microwave to near boiling in order to inactivate the enzymes present in the detergent. 
Proteolytic activity was measured following treatment to ensure that proteases in the 
commercial detergent had been inactivated. To initiate the reaction, 190 μΙ of either the high or 
low conductivity heat-treated detergent was added to a 96-MTP containing the PA-S-38 
microswatches, followed by the addition of 10 μΙ of diluted enzyme (or the dilution solution as 
blank control). The 96-MTP was sealed and incubated in an incubator/shaker for 15 minutes at 
32°C and 1150 rpm. After incubation, 150 μΙ of wash liquid from each well was transferred to a 
new 96-MTP, and its absorbance was measured at 405 nm using a spectrophotometer, which 
indicates the protease activity on the model stain; and Net A405 was subsequently calculated by 

subtracting the A405 of the blank control from that of the enzyme. Dose response for the 

cleaning of PA-S-38 microswatches in powder laundry detergent at high or low conductivity is 
shown in Figure 2.6B.

COMPARATIVE EXAMPLE 2.8

Comparison of PspPro2 to Other Metalloproteases

Identification of Homologous Proteases
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[0255] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The mature protein amino acid 
sequence for PspPro2 (SEQ ID NO: 8) is used as query sequence. Percent identity (PID) for 
both search sets is defined as the number of identical residues divided by the number of 
aligned residues in the pairwise alignment. Tables 2.2Aand 2.2B provide a list of sequences 
with the percent identity to PspPro2. The length in Table 2.2 refers to the entire sequence 
length of the homologous proteases.

Table 2.2A: List of sequences with percent identity to PspPro2 protein 
identified from the NCBI non-redundant protein database
Accession # PID to PspPro2 Organism Length
AAB02774.1 55 Geobacillus 

stearothermophilus
552

AAA22623.1 56 Bacillus caldolyticus 544
P00800 56 Bacillus thermoproteolyticus 548
YP_003670279.1 57 Geobacillus sp. C56-T3 546
BAD60997.1 57 Bacillus megaterium 562
ZP_02326503.1 58 Paenibacillus larvae subsp. 

larvae BRL-230010
520

ZP_08640523.1 58 Brevibacillus laterosporus
LMG 15441

564

YP_003597483.1 58 Bacillus megaterium DSM
319

562

ZP_09069025.1 59 Paenibacillus larvae subsp. 
larvae B-3650

520

YP-001373863.1 59 Bacillus cytotoxicus NVH
391-98

565

ZP_04149724.1 59 Bacillus pseudomycoides
DSM 12442

566

CAA43589.1 60 Brevibacillus brevis 527
ZP-10738945.1 60 Brevibacillus sp. CF112 528
ZP_04216147.1 60 Bacillus cereus Rock3-44 566
ZP-10575942.1 61 Brevibacillus sp. BC25 528
YP_002770810.1 62 Brevibacillus brevis NBRC 

100599
528

ZP_08511445.1 63 Paenibacillus sp. HGF7 525
ZP_09077634.1 64 Paenibacillus elgii B69 524
ZP_09071078.1 67 Paenibacillus larvae subsp. 529
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Table 2.2A: List of sequences with percent identity to PspPro2 protein 
identified from the NCBI non-redundant protein database
Accession # PID to PspPro2 Organism

larvae B-3650
Length

YP_003872180.1 73 Paenibacillus polymyxa E681 587
YP_005073223.1 78 Paenibacillus terrae HPL-003 591
ZP_09775364.1 78 Paenibacillus sp. Aloe-11 593
YP_003948511.1 80 Paenibacillus polymyxa SC2 ...... 592....... I
YP_005073224.1 94 Paenibacillus terrae HPL-003 595
ZP-10241029.1 96 Paenibacillus peoriae KCTC

3763
599

ZP_09775365.1 100 Paenibacillus sp. Aloe-11 580
Table 2.2B: List of sequences with percent identity to PspPro2 protein 
identified from the Genome Quest database

Patent # PID to 
PspPro2 Organism Length

JP2002272453-0002 57.01 Bacillus megaterium 562
US6518054-0001 57.19 Bacillus sp. 319
EP2390321-0177 57.19 Bacillus caldolyticus 544
US20120107907-0176 57.19 Bacillus 

stearothermophilis
548

W09520663-0003 57.51 empty 319
WO2012110562-0003 57.51 Geobacillus 

stearothermophilus
319

WO2012110563-0002 57.51 Bacillus caldolyticus 319
W02004011619-0056 57.51 empty 546
W02004011619-0003 57.51 empty 546
JP2002272453-0003 57.64 empty 562
US6518054-0002 57.88 Bacillus sp. 316
EP2178896-0184 58.15 Bacillus anthracis 566
WO2012110563-0004 58.28 Bacillus megaterium 320
JP1995184649-0001 58.79 Lactobacillus sp. 566
JP1994014788-0003 58.84 empty 317
US8114656-0178 59.42 Bacillus thuringiensis 566
WO2012110562-0005 59.49 Bacillus cereus 320
US5962264-0004 59.81 empty 566
US20120107907-0185 59.81 Bacillus cereus 317
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Table 2.2B: List of sequences with percent identity to PspPro2 protein 
identified from the Genome Quest database

Patent #

'ΰ320ΐ'20ϊ07907-0Ϊ79'''''''Ί

PIDto 
PspPro2 Organism

Bacillus cereus

Length

WO2012110563-0005 60.13 Bacillus cereus 320
EP2390321-0186 60.33 Bacillus brevis 304
JP2005229807-0018 78.62 Paenibacillus 

polymyxa
566

EP2390321-0187 79.21 Bacillus polymyxa 302

B. Alignment of Homologous Protease Sequences

[0256] The amino acid sequence of mature PspPro2 (SEQ ID NO: 8) was aligned with 
thermolysin (P00800, Bacillus thermoproteolyticus) and protease from Paenibacillus sp. Aloe- 
11 (ZP_09775365.1) sequences using CLUSTALW software (Thompson et al., Nucleic Acids 
Research, 22:4673-4680, 1994) with the default parameters. Figure 2.7 shows the alignment 
of PspPro2 with these protease sequences.

C. Phylogenetic Tree

[0257] A phylogenetic tree for precursor PspPro2 protein sequence (SEQ ID NO: 7) was built 
using sequences of representative homologs from Table 2Aand the Neighbor Joining method 
(NJ) (Saitou, N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for 
reconstructing Guide Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of 
distances between all pairs of sequences to be analyzed. These distances are related to the 
degree of divergence between the sequences. The phylodendron-phylogenetic tree printer 
software (http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the 
phylogenetic tree shown in Figure 2.8.

COMPARATIVE EXAMPLE 3.1

Cloning of Paenibacillus humicus metalloprotease PhuPro2

[0258] A strain (DSM18784) of Paenibacillus humicus was selected as a potential source of 
enzymes which may be useful in various industrial applications. Genomic DNA for sequencing 

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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was obtained by first growing the strain on Heart Infusion agar plates (Difco) at 37°C for 24 hr. 
Cell material was scraped from the plates and used to prepare genomic DNA with the ZF 
Fungal/Bacterial DNA miniprep kit from Zymo (Cat No. D6005). The genomic DNA was used 
for genome sequencing. The entire genome of the Paenibacillus humicus strain was 
sequenced by BaseClear (Leiden, The Netherlands) using the Illumina's next generation 
sequencing technology. After assembly of the data, contigs were annotated by BioXpr (Namur, 
Belgium). One of the genes identified after annotation in Paenibacillus humicus encodes a 
metalloprotease and the sequence of this gene, called PhuPro2, is provided in SEQ ID NO: 11. 
The corresponding protein encoded by the PhuPro2 gene is shown in SEQ ID NO: 12. At the 
N-terminus, the protein has a signal peptide with a length of 23 amino acids as predicted by 
SignalP version 4.0 (Nordahl Petersen et al. (2011) Nature Methods, 8:785-786). The 
presence of a signal sequence suggests that PhuPro2 is a secreted enzyme. The propeptide 
region was predicted based on its protein sequence alignment with the Paenibacillus polymyxa 
Npr protein (Takekawa et al. (1991) Journal of Bacteriology, 173 (21): 6820-6825). The 
predicted mature region of PhuPro2 protein in shown in SEQ ID NO: 13. The nucleotide 
sequence of the PhuPro2 gene isolated from Paenibacillus humicus is set forth as SEQ ID NO: 
11. The sequence encoding the predicted native signal peptide is shown in italics:
A TGAAAAAAA TGA TTCCTA CTCTGCTCGGTACCGTA TTGCTGCTTTCTTCCGCTTCCGCTG

TCGCTGCZGAATCGCCAAGCCTCGGAGCGGCCGGAACTCCCGGGGTCAGCGTCGTG 
AACAATCAGCTCGTGACTCAATTCATCGAGGCTTCCAAGGATGCCAAGATTGTCCC 
GGGCTCTTCCGAGGATAAAATCTGGGCTTTCCTTGAAGGCCAGCAAGCAAAGCTGG 
GTGTATCCGCAGCGGATGTAAAAACCTCGTTCCTGATCCAGAAGAAGGAAGTCGAT
CCGACTTCGGGCGTCGAGCATTTCCGCCTGCAGCAATATGTGAATGGCATCCCGGTA
TATGGCGGTGACCAAACCATTCACATCGACAAGGCCGGCCAGGTTACGTCGTTCGT
AGGAGCTGTTCTGCCGGCTCAAAATCAAATCACGGCAAAATCCAGCGTACCAGCCA 
TAAGCGCATCCGACGCTCTGGCTATCGCGGCGAAGGAAGCCAGTTCCCGCATCGGC 
GAGCTGGGAGCACAGGAGAAGACTCCGTCGGCTCAGCTGTACGTATATCCGGAAGG 
CAACGGGTCGCGTCTCGTCTACCAGACGGAAGTGAATGTGCTTGAGCCGCAGCCTC
TGCGCACCCGCTATCTTATCGATGCGGCCGACGGCCATATCGTGCAGCAGTACGATC  
TGATCGAGACGGCGACCGGTTCGGGCACGGGCGTGCTGGGCGACAATAAGACGTTC 
CAGACGACTCTTTCCGGCAGCACGTACCAGCTGAAAGACACCACTCGCGGCAACGG  
CATCTACACCTACACAGCCAGCAATCGGACCACGATTCCGGGCACGCTGCTGACGG
ACGCCGACAACGTATGGACGGATGGAGCCGCCGTCGATGCCCATACTTATGCCGGA 
AAAGTATATGATTTCTACAAAACGAAGTTCGGACGCAACAGCCTCGACGGCAACGG

CCTGCTGATCCGTTCCTCGGTCCACTACAGCAGCAGGTACAACAATGCCTTCTGGAA
CGGCACCCAGATTGTATTCGGCGACGGCGACGGCTCGACGTTCATTCCGCTGTCGG 
GCGATCTCGACGTGGTCGGCCATGAGCTGTCCCACGGAGTCATCGAGTACACGTCC
AACCTTCAATACCTCAATGAATCCGGCGCGCTGAACGAGTCCTATGCCGACGTCCTC
GGCAACTCGATCCAGGCGAAAAACTGGCTTATCGGCGACGATGTCTATACGCCTGG
CATCTCCGGAGATGCTCTCCGTTCCATGTCCAACCCGACGCTTTACGGGCAGCCGGA
CAACTATGCCAACCGCTATACGGGATCTTCCGACAACGGCGGCGTTCATACGAACA
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GCGGCATCACGAACAAAGCGTTCTACCTGCTCGCCCAAGGCGGCACCCAGAACGGC
GTTACCGTCGCCGGCATCGGGCGCGACGCAGCCGTGAACATTTTCTACAACACAGT
GGCCTATTACCTTACTTCCACTTCCAACTTCGCCGCGGCGAAGAACGCCTCGATCCA 
GGCAGCCAAAGACCTGTACGGAACGGGCTCCTCTTATGTCACCTCGGTGACCAATG 
CATTCAGAGCCGTAGGCCTG

[0259] The amino acid sequence of the PhuPro2 precursor protein is set forth as SEQ ID NO: 
12. The predicted signal sequence is shown in italics, and the predicted propeptide is shown in 
underlined text:
MKKM1PTLL GTVLLLSSASA EITESPSLGAAGTPGVSVA^NNQLVTQFIEASKDAKIVPGSSE
DKIWAFLEGQQAKLGVSAADVKTSFLIQKKEVDPTSGVEHFRLQQYVNG1PVYGGDQTI 
HIDKAGOVTSFVGAVLPAQNQITAKSSVPAISASDALAIAAKEASSRIGELGAQEKTPSA 
QLYVYPEGNGSRLVYQTEVNVLEPQPLRTRYLIDAADGHIVQQYDLIETATGSGTGVLG 
DNKTFQTTLSGSTYQLKDTTRGNGIYTYTASNRTTIPGTLLTDADNVWTDGAAVDAHT 
YAGKVYDFYKTKFGRNSLDGNGLLIRSSVHYSSRYNNAFWNGTQIVFGDGDGSTFIPLS 
GDLDVVGHELSHGVIEYTSNLQYLNESGALNESYADVLGNSIQAKNWLIGDDVYTPGIS 
ΟΟΑΕΕ8Μ8ΝΡΤΕΥΟ0ΡΟΝΥΑ^ΥΤΟ88ΟΝΟθνΗΤΝ8Ο1ΤΝΚΑΕΥΕΕΑ0ΟΟΤ0Νθντν
AGI GRD AAVN1FYNTVAYYLTSTSNFAAAKNAS1QAAKDLYGTGSSYVTSVTN AFRAV
GL
The amino acid sequence of the predicted mature form of PhuPro2 is set forth as SEQ ID NO: 
13:
ATGSGTGVLGDNKTFQTTLSGSTYQLKDTTRGNGIYTYTASNRTTIPGTLLTDADNVWT 

DGAAVDAHTYAGKVYDFYKTKFGRNSLDGNGLLIRSSVHYSSRYNNAFWNGTQIVFG  
DGDGSTFIPLSGDLDVVGHELSHGVIEYTSNLQYLNESGALNESYADVLGNSIQAKNWL 
IGDDVYTPGISGDALRSMSNPTLYGQPDNYANRYTGSSDNGGVHTNSGITNKAFYLLA 
QGGTQNGVTVAGIGRDAAVNIFYNTVAYYLTSTSNFAAAKNASIQAAKDLYGTGSSYV 
TSVTNAFRAVGL

COMPARATIVE EXAMPLE 3.2

Expression of Paenibacillus humicus s metalloprotease PhuPro2

[0260] The DNA sequence of the propeptide-mature form of PhuPro2 was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX150(AprE- 
PhuPro2) (Figure 1). Ligation of this gene encoding the PhuPro2 protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the B. 
subtilis AprE signal sequence and the 5' end of the predicted PhuPro2 native propeptide. The 
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gene has an alternative start codon (GTG). The resulting plasmid shown in Figure 1 was 
labeled pGX150(AprE-PhuPro2). As shown in Figure 3.1, pGX150(AprE-PhuPro2) contains an 
AprE promoter, an AprE signal sequence used to direct target protein secretion in B. subtilis, 
and the synthetic nucleotide sequence encoding the predicted propeptide and mature regions 
of PhuPro2 (SEQ ID NO: 14). The translation product of the synthetic AprE- PhuPro2 gene is 
shown in SEQ ID NO: 15.

[0261] The pGX150 (AprE-PhuPro2) plasmid was then transformed into B. subtilis cells 

(degUHy32, AscoC) and the transformed cells were spread on Luria Agar plates supplemented 
with 5 ppm Chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest 
clear halos on the plates were selected and subjected to fermentation in a 250 ml shake flask 
with MBD medium (a MOPS based defined medium, supplemented with additional 5 mM 
CaCI2).

[0262] The broth from the shake flasks was concentrated and buffer-exchanged into the 
loading buffer containing 20 mM Tris-HCI (pH 8.5), 1 mM CaCI2 and 10% propylene glycol 
using a VivaFlow 200 ultra filtration device (Sartorius Stedim). After filtering, this sample was 
applied to an 80 ml Q Sepharose High Performance column pre-equilibrated with the loading 
buffer above; and the active flow-through fractions were collected and concentrated. The 
sample was loaded onto a 320 ml Superdex 75 gel filtration column pre-equilibrated with the 
loading buffer described above containing 0.15 M NaCI. The corresponding active purified 
protein fractions were further pooled and concentrated via 10K Amicon Ultra for further 
analyses.

[0263] The nucleotide sequence of the synthesized PhuPro2 gene in plasmid pGX150(AprE- 
PhuPro2) is depicted in SEQ ID NO: 14. The sequence encoding the three residue addition 
(AGK) is shown in bold:
GTGAGAAGCAAAAAATTGTGGATCAGCTTGTTGTTTGCGTTAACGTTAATCTTTACG
ATGGCGTTCAGCAACATGAGCGCGCAGGCTGCTGGAAAAGAATCACCGAGCCTTG
GCGCTGCAGGAACACCGGGCGTTAGCGTTGTGAATAACCAACTGGTCACGCAGTTC
ATCGAAGCATCAAAAGACGCGAAAATTGTCCCTGGATCAAGCGAAGATAAGATTTG

GGCATTTCTGGAAGGCCAGCAAGCAAAGCTTGGCGTCTCAGCTGCCGACGTGAAGA
CGAGCTTCCTGATCCAGAAGAAGGAGGTTGACCCGACATCAGGCGTTGAGCACTTT
AGACTGCAACAGTACGTCAACGGCATCCCGGTTTATGGAGGCGATCAAACAATCCA
TATTGATAAGGCAGGCCAGGTCACATCATTCGTCGGAGCTGTCCTGCCGGCTCAGA 
ACCAAATTACAGCAAAATCATCAGTTCCGGCAATTTCAGCCTCAGACGCTCTGGCA 
ATCGCTGCCAAGGAGGCAAGCTCAAGAATTGGCGAACTGGGCGCACAAGAAAAGA  
CACCGAGCGCCCAACTTTATGTCTATCCGGAGGGCAACGGAAGCAGACTGGTGTAC  
CAGACAGAGGTCAATGTTCTGGAGCCGCAACCGCTGAGAACGAGATACCTTATCGA 
TGCTGCGGATGGCCACATTGTTCAGCAATACGACCTGATTGAGACAGCAACAGGAA 
GCGGAACGGGCGTGCTGGGCGACAACAAGACGTTTCAGACAACACTTAGCGGCAG 
CACGTACCAACTTAAGGACACGACGAGAGGCAATGGCATTTACACGTACACGGCCT
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CAAACAGAACGACAATCCCAGGCACACTGCTGACGGATGCAGACAATGTTTGGACG
GACGGCGCAGCAGTTGACGCACACACGTACGCCGGCAAGGTGTACGACTTTTACAA  
GACGAAGTTCGGCAGAAACAGCCTTGATGGAAATGGACTGCTGATCAGAAGCAGC  
GTCCACTACAGCAGCAGATACAATAACGCCTTCTGGAACGGCACACAAATCGTCTT 
TGGCGATGGAGACGGATCAACATTCATCCCGCTGTCAGGCGACCTGGACGTTGTGG 
GCCACGAGCTGAGCCACGGCGTCATCGAGTACACGAGCAACCTGCAGTACCTGAAT 
GAAAGCGGCGCACTGAACGAGTCATATGCTGATGTGCTTGGCAATAGCATCCAGGC 
CAAGAACTGGCTTATCGGAGACGACGTCTACACACCTGGCATCAGCGGCGATGCTC 
TGAGAAGCATGAGCAATCCTACACTTTACGGCCAACCGGACAACTACGCGAATAGA 
TATACGGGCAGCAGCGACAATGGCGGCGTTCATACAAACTCAGGCATCACGAACAA 
GGCGTTCTACCTGCTGGCACAGGGAGGCACGCAAAACGGCGTTACAGTTGCGGGCA 
TTGGCAGAGATGCGGCCGTCAACATCTTCTACAACACAGTCGCCTACTACCTGACG 
AGCACGTCAAACTTCGCAGCGGCAAAGAACGCATCAATTCAAGCAGCAAAGGATCT 
GTACGGAACAGGCAGCTCATATGTCACGTCAGTTACGAATGCGTTTAGAGCCGTCG  
GCCTTTAA

[0264] The amino acid sequence of the PhuPro2 precursor protein expressed from plasmid 
pGX150(AprE- PhuPro2) is depicted in SEQ ID NO: 15. The predicted signal sequence is 
shown in italics, the three residue addition (AGK) is shown in bold, and the predicted 
propeptide is shown in underlined text.
Wm<LmZZF4Z7TZFZM4FÆ\WAQAAGKESPSLGAAGTPGVSVVNNOLVTQFIEASK

DAK1VPGSSEDK1WAFLEGQQAKLGVSAADVKTSFL1QKKEVDPTSGVEHFRLQQYVN 
GIPVYGGDOTIHIDKAGOVTSFVGAVLPAQNOITAKSSVPAISASDALAIAAKEASSRIGE 
LGAQEKTPSAQLYVYPEGNGSRLVYOTEVNVLEPQPLRTRYLIDAADGHIVQQYDLIET

ATGSGTGVLGDNKTFQTTLSGSTYQLKDTTRGNGIYTYTASNRTT1PGTLLTDADNVWT 

DGAAVDAHTYAGKVYDFYKTKFGRNSLDGNGLLIRSSVHYSSRYNNAFWNGTQIVFG  
DGDGSTFIPLSGDLDWGHELSHGVIEYTSNLQYLNESGALNESYADVLGNSIQAKNWL 

IGDDVYTPGISGDALRSMSNPTLYGQPDNYANRYTGSSDNGGVHTNSGITNKAFYLLA 
QGGTQNGVTVAGIGRDAAVNIFYNTVAYYLTSTSNFAAAKNASIQAAKDLYGTGSSYV 
TSVTNAFRAVGL (SEQ ID NO: 15).

COMPARATIVE EXAMPLE 3.3

Proteolytic Activity of Metalloprotease PhuPro2

[0265] The proteolytic activity of purified metalloprotease PhuPro2 was measured in 50 mM 
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Tris (pH 7), using azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, 
the enzyme was diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein 
was dissolved in 100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the 
reaction, 50 μΙ of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to 

the non-binding 96-well Microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on 
ice, followed by the addition of 50 μΙ of 1.5% azo-casein. After sealing the 96-MTP, the reaction 
was carried out in a Thermomixer (Eppendorf) at 40°C and 650 rpm for 10 min. The reaction 
was terminated by adding 100 μΙ of 5% Trichloroacetic Acid (TCA). Following equilibration (5 
min at the room temperature) and subsequent centrifugation (2000 g for 10 min at 4°C) , 120 
μΙ supernatant was transferred to a new 96-MTP, and absorbance of the supernatant was 
measured at 440 nm (A440) using a SpectraMax 190. Net A440 was calculated by subtracting 

the A440 of the blank control from that of enzyme, and then plotted against different protein 

concentrations (from 1.25 ppm to 40 ppm). Each value was the mean of triplicate assays.

[0266] The proteolytic activity is shown as Net A440. The proteolytic assay with azo-casein as 

the substrate (shown in Figure 3.2) indicates that PhuPro2 is an active protease.

COMPARATIVE EXAMPLE 3.4

pH Profile of Metalloprotease PhuPro2

[0267] With azo-casein as the substrate, the pH profile of metalloprotease PhuPro2 was 
studied in 12.5 mM acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from 
pH 4 to 11). To initiate the assay, 50 μΙ of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a 
specific pH was first mixed with 2 μΙ Milli-Q H2O diluted enzyme (125 ppm) in a 96-MTP placed 

on ice, followed by the addition of 48 μΙ of 1.5% (w/v) azo-casein prepared in H2O. The 

reaction was performed and analyzed as described in Example 3.3. Enzyme activity at each pH 
was reported as the relative activity, where the activity at the optimal pH was set to be 100%. 
The pH values tested were 4, 5, 6, 7, 8, 9, 10 and 11. Each value was the mean of triplicate 
assays. As shown in Figure 3.3, the optimal pH of PhuPro2 is 6, with greater than 70% of 
maximal activity retained between 5.5 and 8.5.

COMPARATIVE EXAMPLE 3.5

Temperature Profile of Metalloprotease PhuPro2

[0268] The temperature profile of metalloprotease PhuPro2 was analyzed in 50 mM Tris buffer 
(pH 7) using the azo-casein assays. The enzyme sample and azo-casein substrate were 
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prepared as in Example 3.3. Prior to the reaction, 50 pl of 1.5% azo-casein and 45 pl Milli-Q 
H2O were mixed in a 200 pl PCR tube, which was then subsequently incubated in a Peltier 

Thermal Cycler (BioRad) at desired temperatures (i.e. 20~90°C) for 5 min. After the 
incubation, 5 pl of diluted enzyme (50 ppm) or H2O (the blank control) was added to the 

substrate mixture, and the reaction was carried out in the Peltier Thermal Cycle for 10 min at 
different temperatures. To terminate the reaction, each assay mixture was transferred to a 96- 
MTP containing 100 pl of 5% TCA per well. Subsequent centrifugation and absorbance 
measurement were performed as described in Example 3.3. The activity was reported as the 
relative activity, where the activity at the optimal temperature was set to be 100%. The tested 
temperatures are 20, 30, 40, 50, 60, 70, 80, and 90°C. Each value was the mean of duplicate 
assays (the value varies no more than 5%). The data in Figure 3.4 suggests that PhuPro2 
showed an optimal temperature at 50°C, and retained greater than 70% of its maximum 
activity between 45 and 65°C.

COMPARATIVE EXAMPLE 3.6

Cleaning performance of metalloprotease PhuPro2

[0269] The cleaning performance of PhuPro2 was tested using PA-S-38 (egg yolk, with 
pigment, aged by heating) microswatches (CFT-Vlaardingen, The Netherlands) at pH 6 and 8 
using a model automatic dishwashing (ADW) detergent. Prior to the reaction, purified protease 
samples were diluted with a dilution solution containing 10 mM NaCI, 0.1 mM CaCI2, 0.005% 

TWEEN® 80 and 10% propylene glycol to the desired concentrations. The reactions were 

performed in AT detergent with 100 ppm water hardness (Ca2+ : Mg2+ = 3 : 1) (detergent 
composition shown in Table 3.1). To initiate the reaction, 180 pl of the AT detergent buffered at 
pH 6 or pH 8 was added to a 96-MTP placed with PA-S-38 microswatches, followed by the 
addition of 20 pl of diluted enzymes (or the dilution solution as the blank control). The 96-MTP 
was sealed and incubated in an incubator/shaker for 30 min at 50 °C and 1150 rpm. After 
incubation, 100 pl of wash liquid from each well was transferred to a new 96-MTP, and its 
absorbance was measured at 405 nm (referred here as the "Initial performance") using a 
spectrophotometer. The remaining wash liquid in the 96-MTP was discarded and the 
microswatches were rinsed once with 200 pl water. Following the addition of 180 pl of 0.1 M 
CAPS buffer (pH 10), the second incubation was carried out in the incubator/shaker at 50 °C 
and 1150 rpm for 10 min. One hundred microliters of the resulting wash liquid was transferred 
to a new 96-MTP, and its absorbance measured at 405 nm (referred here as the "Wash-off'). 
The sum of two absorbance measurements ("Initial performance" plus "Wash-off") gives the 
"Total performance", which measures the protease activity on the model stain; and Net A405 

was subsequently calculated by subtracting the A405 of the "Total performance" of the blank 

control from that of the enzyme. Dose response in cleaning the PA-S-38 microswatches at pH 
6 and pH 8 in AT dish detergent for PhuPro2 is shown in Figures 3.5A and 3.5B.
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Table 3.1. Composition of AT dish detergent

Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
Sodium citrate 1.86
Citric acid* varies
Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

*The pH of the AT formula detergent is adjusted to the desired value (pH 6 or 8) by 
the addition of 0.9 M citric acid.

COMPARATIVE EXAMPLE 3.7

Comparison of PhuPro2 to Other Proteases

A. Identification of Homologous Proteases

[0270] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The predicted mature protein 
amino acid sequence for PhuPro2 (SEQ ID NO: 13) is used as the query sequences. Percent 
identity (PID) for both search sets is defined as the number of identical residues divided by the 
number of aligned residues in the pairwise alignment. Tables 3.2A and 3.2B provide a list of 
sequences with the percent identity to PhuPro2. The length in Table 3.2 refers to the entire 
sequence length of the homologous proteases.

Table 3.2A: List of sequences with percent identity to PhuPro2 protein 
identified from the NCBI non-redundant protein database
Accession # PID to PhuPro2 Organism Length
P00800 59 Bacillus thermoproteolyticus 548
YP_003872180.1 59 Paenibacillus polymyxa E681 587
ZP-10575942.1 59 Brevibacillus sp. BC25 528
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Table 3.2A: List of sequences with percent identity to PhuPro2 protein 
identified from the NCBI non-redundant protein database
Accession #

ZP-02326602.1

PID to PhuPro2

60

Organism
Paenibacillus larvae subsp. 
larvae BRL-230010

Length

520
ADM87306.1 61 Bacillus megaterium 562

ZP_09069025.1 61
Paenibacillus larvae subsp. 
larvae B-3650 520

ZP_09069194.1 62
Paenibacillus larvae subsp. 
Larvae B-3650 502

ZP-10738945.1 63 Brevibacillus sp. CF112 528
ZP_08511445.1 64 Paenibacillus sp. HGF7 525
ZP_09077634.1 65 Paenibacillus elgii B69 524
ZP_09775365.1 65 Paenibacillus sp. Aloe-11 580
ZP_09775364.1 70 Paenibacillus sp. Aloe-11 593
P29148 71 Paenibacillus polymyxa 590

ZP-10241030.1 71
Paenibacillus peoriae KCTC
3763 593

ZP-09071078.1 71
Paenibacillus larvae subsp. 
larvae B-3650 529

YP_003872179.1 72 Paenibacillus polymyxa E681 592
YP_005073223.1 72 Paenibacillus terrae HPL-003 591

Table 3.2B: List of sequences with percent identity to PhuPro2 protein 
identified from the Genome Quest Patent database
Patent ID # PID to 

PhuPro2
Organism Length

US20090208474-0030 59.22 Bacillus 
thermoproteolyticus

316

JP2002272453-0002 59.42 Bacillus megaterium 562
JP2006124323-0003 59.55 Bacillus 

thermoproteolyticus
316

US8114656-0183 59.87 Bacillus 
stearothermophilis

316

JP1989027475-0001 59.87 Bacillus subtilis 316
US20120009651-0002 59.87 Geobacillus 

caldoproteolyticus
548

JP2002272453-0003 60.45 empty 562
WO2012110563-0004 60.77 Bacillus megaterium 320
EP2390321-0186 62.25 Bacillus brevis 304
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Table 3.2B: List of sequences with percent identity to PhuPro2 protein 
identified from the Genome Quest Patent database
Patent ID # PIDto 

PhuPro2 
^-7^85™™”

Organism

rPaenibacilluspoiymyxa

Length

US8114656-0187 72.09 Bacillus polymyxa 302

B. Alignment of Homologous Protease Sequences

[0271] The amino acid sequence of predicted mature PhuPro2 (SEQ ID NO: 13) protein was 
aligned with thermolysin (P00800, Bacillus thermoproteolyticus), and protease from 
Paenibacillus terrae HPL-003 (YP_005073223.1) sequences using CLUSTALW software 
(Thompson et al., Nucleic Acids Research, 22:4673-4680, 1994) with the default parameters. 
Figure 3.6 shows the alignment of PhuPro2 with these protease sequences.

C. Phylogenetic Tree

[0272] A phylogenetic tree for full length sequence of PhuPro2 (SEQ ID NO: 12) was built 
using sequences of representative homologs from Table 2Aand the Neighbor Joining method 
(NJ) (Saitou, N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for 
reconstructing Guide Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of 
distances between all pairs of sequences to be analyzed. These distances are related to the 
degree of divergence between the sequences. The phylodendron-phylogenetic tree printer 
software (http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the 
phylogenetic tree shown in Figure 3.7.

COMPARATIVE EXAMPLE 4.1

Cloning of Paenibacillus ehimensis Metalloprotease PehProl

[0273] A strain (DSM11029) of Paenibacillus ehimensis was selected as a potential source of 
enzymes which may be useful in various industrial applications. Genomic DNA for sequencing 
was obtained by first growing the strain on Heart Infusion agar plates (Difco) at 37°C for 24 hr. 
Cell material was scraped from the plates and used to prepare genomic DNA with the ZF 
Fungal/Bacterial DNA miniprep kit from Zymo (Cat No. D6005). The genomic DNA was used 
for genome sequencing. The entire genome of the Paenibacillus ehimensis strain was 
sequenced by BaseClear (Leiden, The Netherlands) using the Illumina's next generation 

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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sequencing technology. After assembly of the data, contigs were annotated by BioXpr (Namur, 
Belgium). One of the genes identified after annotation in Paenibacillus ehimensis encodes a 
metalloprotease and the sequence of this gene, called PehProl, is provided in SEQ ID NO: 16. 
The corresponding protein encoded by the PehProl gene is shown in SEQ ID NO: 17. At the N- 
terminus, the protein has a signal peptide with a length of 23 amino acids as predicted by 
SignalP version 4.0 (Nordahl Petersen et al. (2011) Nature Methods, 8:785-786). The 
presence of a signal sequence suggests that PehProl is a secreted enzyme. The propeptide 
region was predicted based on protein sequence alignment with the Paenibacillus polymyxa 
Npr protein (Takekawa et al. (1991) Journal of Bacteriology, 173 (21): 6820-6825). The 
predicted mature region of PehProl protein is shown in SEQ ID NO: 18.

[0274] The nucleotide sequence of the PehProl gene isolated from Paenibacillus ehimensis is 
set forth as SEQ ID NO: 16. The sequence encoding the predicted native signal peptide is 
shown in italics:
A TGTTAAAAGTA TGGGCA TCGA TTA TTACA GGA GCA TTTTTGCTCGGGA GCGTGCAA GGG 

GTGCITGCTGCTCCACAAGATCAAGCTGCTCCCTTCGGAGGATTCACCCCTCAATTG 
ATTACCGGGGAAAGCTGGAGTGCGCCGCAAGGAGTATCGGGAGAGGAAAAAATCT 
GGAAGTATCTCGAATCCAAGCAGGAAAGCTTCCAAATCGGCCAAACCGTTGATCTG 
AAAAAGCAATTGAAAATTATCGGCCAAACGACCGACGAGAAAACGGGAACCACGC 
ATTACCGTCTACAGCAGTATGTGGGAGGCGTCCCCGTATACGGCGGCGTACAAACG 
ATCCATGTCAACAAAGAAGGACAAGTTACCTCGCTGATCGGCAGCCTGCTTCCCGA 
CCAGCAGCAGCAAGTTTCGAAAAGCTTGAATTCGCAAATCAGCGAAGCGCAAGCCA 
TCGCCGTGGCCCAGAAAGATACCGAGGCCGCCGTCGGCAAGCTGGGTGAACCGCAA 
AAGACACCGGAAGCGGATCTGTACGTTTATTTACACAACGGACAACCGGTCCTCGC 
TTATGTGACCGAGGTTAACGTTCTCGAACCGGAGGCAATCCGGACGCGCTACTTCAT  
CAGCGCCGAAGACGGCAGCATTTTATTCAAGTACGACATCCTCGCTCACGCTACAG 
GTACCGGAAAAGGCGTGCTCGGAGATACGAAATCGTTCACGACCACGCAATCCGGC 
TCCACTTATCAATTGAAGGATACGACGCGCGGGCAAGGTATCGTCACTTACAGCGC  
TGGCAACCGGTCCTCTCTGCCGGGAACGCTGCTCACCAGCTCCAGCAATATTTGGAA  
CGACGGCGCGGCGGTCGATGCGCATGCCTATACCGCCAAAGTGTACGATTACTATA 
AAAACAAATTTGGCCGCAACAGCATTGACGGCAACGGCTTCCAGCTTAAATCGACC 
GTGCACTATTCCTCCAGATACAACAACGCCTTCTGGAACGGTGTGCAAATGGTGTAC 
GGCGACGGCGACGGCGTAACCTTCATTCCGTTCTCCGCCGATCCGGACGTCATCGGC 
CACGAATTGACCCACGGCGTTACGGAACATACGGCCGGCCTGGAATACTACGGCGA 
ATCCGGAGCGCTGAACGAATCGATCTCCGATATTATCGGCAACGCGATCGACGGCA  
AAAACTGGCTGATCGGCGACTTGATTTATACGCCGAATACTCCCGGGGACGCCCTC  
CGCTCTATGGAGAACCCCAAGCTGTATAACCAACCCGACCGCTATCAAGACCGCTA 
TACGGGACCTTCCGATAACGGCGGCGTGCATATTAACAGCGGTATCAACAACAAAG  
CCTTCTACCTGATCGCCCAAGGCGGCACGCACTATGGCGTCACCGTGAACGGGATC 
GGACGCGATGCGGCTGTGCAAATTTTCTATGACGCCCTCATCAATTACCTGACTCCA 
ACTTCGAACTTCTCGGCGATGCGCGCAGCAGCCATTCAAGCGGCAACCGACCTGTA
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CGGAGCGAATTCTTCTCAAGTAAACGCTGTCAAAAAAGCGTATACTGCCGTCGGCG
TGAAC

[0275] The amino acid sequence of the PehPrd precursor protein is set forth as SEQ ID NO: 
17. The predicted signal sequence is shown in italics, and the predicted propeptide is shown in 
underlined text:
MLKVWASIITGAFLLGSVOGVOAAPODOAAPFGGFTPQLITGESWSAPQGVSGEEKIWK 
YLESKQESFQIGOTVDLKKQLKIIGQTTDEKTGTTHYRLQQYVGGVPVYGGVOTIHVNK
EGQVTSLIGSLLPDQQQQVSKSLNSQISEAQAIAVAQKDTEAAVGKLGEPOKTPEADLY 
VYLHNGQPVLAYVTFVNVLEPEAIRTRYFISAEDGSILFKYDILAHATGTGKGVLGDTK 
SFTFTQSGSTYQLKDTTRGQGIVTYSAGNRSSLPGTLLTSSSNIWNDGAAVDAHAYTAK
VYDYYKNKFGRNSIDGNGFQLKSTVHYSSRYNNAFWNGVQMVYGDGDGVTFIPFSAD  
PDVIGHELTHGVTEHTAGLEYYGESGALNESISDIIGNAIDGKNWLIGDLIYTPNTPGDAL
RSMENPKLYNQPDRYQDRYTGPSDNGGVH1NSGINNKAFYLIAQGGTHYGVTVNGIGR 
DAAVQIFYDALINYLTPTSNFSAMRAAAIQAATDLYGANSSQVNAVKKAYTAVGVN

[0276] The amino acid sequence of the predicted mature form of PehPrd is set forth as SEQ 
ID NO: 18:
ATGTGKGVLGDTKSFTTTQSGSTYQLKDTTRGQGIVTYSAGNRSSLPGTLLTSSSNIWN 
DGAAVDAHAYTAKVYDYYKNKFGRNSTDGNGFQEKSTVHYSSRYNNAFWNGVQMV
YGDGDGVTFIPFSADPDVIGHELTHGVTEHTAGLEYYGESGALNESISDIIGNAIDGKNW
L1GDL1YTPNTPGDALRSMENPKLYNQPDRYQDRYTGPSDNGGVH1NSG1NNKAFYL1A  
QGGTHYGVTVNGTGRDAAVQIFYDALINYLTPTSNFSAMRAAAIQAATDEYGANSSQV 
NAVKKAYTAVGVN

COMPARATIVE EXAMPLE 4.2

Expression of Paenibacillus ehimensis Metalloprotease PehProl

[0277] The DNA sequence of the propeptide-mature form of PehProl was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX148(AprE- 
PehProl) (Figure 4.1). Ligation of this gene encoding the PehProl protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the B. 
subtilis AprE signal sequence and the 5' end of the predicted PehProl native propeptide. The 
gene has an alternative start codon (GTG). The resulting plasmid shown in Figure 1 was 
labeled pGX148(AprE-PehProl). As shown in Figure 1, pGX148(AprE-PehProl) contains an 
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AprE promoter, an AprE signal sequence used to direct target protein secretion in B. subtilis, 
and the synthetic nucleotide sequence encoding the predicted propeptide and mature regions 
of PehProl (SEQ ID NO: 19). The translation product of the synthetic AprE-PehProl gene is 
shown in SEQ ID NO: 20.

[0278] The pGX148(AprE-PehProl) plasmid was then transformed into B. subtilis cells 

(degUHy32, AscoC) and the transformed cells were spread on Luria Agar plates supplemented 
with 5 ppm Chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest 
clear halos on the plates were selected and subjected to fermentation in a 250 ml shake flask 
with MBD medium (a MOPS based defined medium, supplemented with additional 5 mM 
CaCI2).

[0279] The broth from the shake flasks was concentrated and buffer-exchanged into the 
loading buffer containing 20 mM Tris-HCI (pH 8.5), 1 mM CaCI2 and 10% propylene glycol 

using a VivaFlow 200 ultra filtration device (Sartorius Stedim). After filtering, this sample was 
applied to an 80 ml Q Sepharose High Performance column pre-equilibrated with the loading 
buffer above, PehProl was eluted from the column with a linear salt gradient from 0 to 0.3 M 
NaCI in the loading buffer. The corresponding active fractions were collected, concentrated and 
buffer-exchanged again into the loading buffer described above. The sample was loaded onto 
a 40 ml DEAE Fast Flow column pre-equilibrated with the same loading buffer. PehProl was 
eluted from the column with a linear salt gradient from 0 to 0.15 M NaCI in the loading buffer. 
The corresponding active purified protein fractions were further pooled and concentrated via 
10K Amicon Ultra for further analyses.

[0280] The nucleotide sequence of the synthesized PehProl gene in plasmid pGX148(AprE- 
PehProl) is depicted in SEQ ID NO: 19. The sequence encoding the three residue addition 
(AGK) is shown in bold:
GTGAGAAGCAAAAAATTGTGGATCAGCTTGTTGTTTGCGTTAACGTTAATCTTTACG
ATGGCGTTCAGCAACATGAGCGCGCAGGCTGCTGGAAAAGCACCTCAAGATCAGG 
CAGCACCTTTTGGAGGCTTTACACCGCAACTTATCACAGGCGAATCATGGTCAGCAC 
CGCAGGGCGTTTCAGGCGAGGAAAAGATCTGGAAGTACCTTGAGAGCAAGCAGGA 
GTCATTTCAAATCGGCCAGACAGTCGACCTGAAAAAGCAACTGAAGATCATCGGCC 
AAACAACGGACGAAAAGACGGGCACGACGCATTATAGACTGCAACAATATGTTGG 
CGGCGTGCCGGTTTATGGAGGCGTGCAAACAATCCACGTGAACAAGGAAGGACAG 
GTCACGTCACTGATCGGCAGCCTGCTGCCGGATCAGCAGCAACAAGTCTCAAAGAG  
CCTGAACTCACAAATTAGCGAGGCACAAGCGATTGCAGTTGCACAAAAGGACACGG 
AAGCAGCTGTCGGCAAGCTGGGCGAACCGCAAAAAACACCTGAGGCTGACCTTTAC  
GTCTACCTGCATAACGGCCAGCCGGTCCTTGCGTACGTTACGGAAGTTAACGTGCTG  
GAGCCGGAGGCCATCAGAACGAGATACTTCATTAGCGCGGAGGATGGAAGCATTCT

GTTTAAGTACGATATTCTTGCTCACGCGACAGGCACAGGCAAGGGCGTCCTTGGCG 
ACACAAAAAGCTTCACGACAACGCAGAGCGGATCAACGTACCAGCTGAAAGATAC 
AACAAGAGGACAAGGCATCGTTACGTATTCAGCGGGCAATAGATCAAGCCTGCCGG
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GCACACTGCTGACATCAAGCTCAAACATTTGGAATGACGGCGCAGCAGTTGATGCC 
CATGCGTACACAGCCAAGGTGTACGACTACTATAAGAACAAGTTTGGCAGAAATAG 
CATCGACGGAAATGGATTTCAACTTAAATCAACGGTGCACTACTCATCAAGATATA 
ACAATGCGTTTTGGAACGGAGTGCAGATGGTCTACGGAGACGGCGACGGCGTGACA 
TTTATTCCGTTTAGCGCCGACCCGGACGTGATTGGACATGAACTGACACATGGAGTG  
ACAGAGCATACGGCGGGACTGGAATATTACGGCGAAAGCGGCGCACTGAACGAAA 
GCATCTCAGACATTATTGGAAACGCAATCGATGGCAAAAACTGGCTGATTGGCGAT 
CTGATTTATACGCCGAATACACCGGGCGATGCACTGAGATCAATGGAGAATCCGAA 
GCTGTACAACCAACCGGACAGATACCAAGATAGATACACAGGACCGTCAGACAAC 
GGCGGAGTCCATATCAACAGCGGAATCAATAACAAAGCCTTTTACCTGATCGCCCA 
AGGCGGAACGCACTATGGCGTTACAGTCAATGGCATCGGAAGAGATGCCGCAGTTC 
AGATTTTCTATGACGCGCTGATCAACTATCTGACGCCTACAAGCAATTTCTCAGCAA 
TGAGAGCCGCAGCAATCCAAGCAGCCACGGATCTGTATGGAGCCAATTCATCACAA 
GTTAATGCTGTTAAGAAGGCTTATACGGCAGTGGGAGTTAACTAA

[0281] The amino acid sequence of the PehProl precursor protein expressed from plasmid 
pGX148(AprE- PehProl) is depicted in SEQ ID NO: 20. The predicted signal sequence is shown 
in italics, the three residue addition (AGK) is shown in bold, and the predicted pro-peptide is 
shown in underlined text.
MRSKKL WISLLFA L TLIFTMAFSNMSA QA AGK APODQAAPFGGFTPQLITGESWSAPOGVS 
GEEKTWKYLESKQESFQTGQTVDLKKQLKnGQTTDEKTGTTHYRLQQYVGGVPVYGG  
VQTTHVNKEGOVTSLIGSLLPDQQQQVSKSLNSQISEAQAIAVAQKDTEAAVGKLGEPQ 
KTPEADLYVYLHNGQPVLAYVTEVNVLEPEAIRTRYFISAEDGSILFKYDILAHATGTGK 
GVLGDTKSFTTTQSGSTYQLKDTTRGQGIVTYSAGNRSSLPGTLLTSSSNIWNDGAAVD 
AHAYTAKVYDYYKNKFGRNSIDGNGFQLKSTVHYSSRYNNAFWNGVQMVYGDGDG 
VTFIPFSADPDVIGHELTHGVTEHTAGLEYYGESGALNESISDIIGNAIDGKNWLIGDLIY 
TPNTPGDALRSMENPKLYNQPDRYQDRYTGPSDNGGVHINSGINNKAFYLIAQGGTHY 
GVTVNGIGRDAAVQIFYDALINYLTPTSNFSAMRAAAIQAATDLYGANSSQWAVKKA 
YTAVGVN.

COMPARATIVE EXAMPLE 4.3

Proteolytic Activity of Metalloprotease PehProl

[0282] The proteolytic activity of purified metalloprotease PehProl was measured in 50 mM 
Tris (pH 7), using azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, 
the enzyme was diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein 
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was dissolved in 100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the 
reaction, 50 pl of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to 

the non-binding 96-well Microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on 
ice, followed by the addition of 50 pl of 1.5% azo-casein. After sealing the 96-MTP, the reaction 
was carried out in a Thermomixer (Eppendorf) at 40°C and 650 rpm for 10 min. The reaction 
was terminated by adding 100 pl of 5% Trichloroacetic Acid (TCA). Following equilibration (5 
min at the room temperature) and subsequent centrifugation (2000 g for 10 min at 4°C), 120 pl 
supernatant was transferred to a new 96-MTP, and absorbance of the supernatant was 
measured at 440 nm (A440) using a SpectraMax 190. Net Α440 was calculated by subtracting 

the A440 of the blank control from that of enzyme, and then plotted against different protein 

concentrations (from 1.25 ppm to 40 ppm). Each value was the mean of triplicate assays. The 
proteolytic activity is shown as Net A440. The proteolytic assay with azo-casein as the substrate 

(shown in Figure 4.2) indicates that PehProl is an active protease.

COMPARATIVE EXAMPLE 4.4

pH Profile of Metalloprotease PehProl

[0283] With azo-casein as the substrate, the pH profile of metalloprotease PehProl was studied 
in 12.5 mM acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from pH 4 to 
11). To initiate the assay, 50 pl of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a specific 
pH was first mixed with 2 pl Milli-Q H2O diluted enzyme (250 ppm) in a 96-MTP placed on ice, 

followed by the addition of 48 pl of 1.5% (w/v) azo-casein prepared in H2O. The reaction was 

performed and analyzed as described in Example 4.3. Enzyme activity at each pH was 
reported as the relative activity, where the activity at the optimal pH was set to be 100%. The 
pH values tested were 4, 5, 6, 7, 8,9, 10 and 11. Each value was the mean of triplicate assays. 
As shown in Figure 4.3, the optimal pH of PehProl is 7, with greater than 70% of maximal 
activity retained between 5.5 and 9.5.

COMPARATIVE EXAMPLE 4.5

Temperature Profile of Metalloprotease PehProl

[0284] The temperature profile of metalloprotease PehProl was analyzed in 50 mM Tris buffer 
(pH 7) using the azo-casein assays. The enzyme sample and azo-casein substrate were 
prepared as in Example 4.3. Prior to the reaction, 50 pl of 1.5% azo-casein and 45 pl Milli-Q 
H2O were mixed in a 200 pl PCR tube, which was then subsequently incubated in a Peltier 

Thermal Cycler (BioRad) at desired temperatures (i.e. 20~90 °C) for 5 min. After the 
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incubation, 5 μΙ of diluted enzyme (100 ppm) or H2O (the blank control) was added to the 

substrate mixture, and the reaction was carried out in the Peltier Thermal Cycle for 10 min at 
different temperatures. To terminate the reaction, each assay mixture was transferred to a 96- 
MTP containing 100 pl of 5% TCA per well. Subsequent centrifugation and absorbance 
measurement were performed as described in Example 4.3. The activity was reported as the 
relative activity, where the activity at the optimal temperature was set to be 100%. The tested 
temperatures are 20, 30, 40, 50, 60, 70, 80, and 90 °C. Each value was the mean of duplicate 
assays (the value varies no more than 5%). The data in Figure 4.4 suggest that PehProl 
showed an optimal temperature at 70°C, and retained greater than 70% of its maximum 
activity between 60 and 75°C.

COMPARATIVE EXAMPLE 4.6

Cleaning performance of Metalloprotease PehProl

[0285] The cleaning performance of PehProl was tested using PA-S-38 (egg yolk, with 
pigment, aged by heating) microswatches (CFT-Vlaardingen, The Netherlands) at pH 6 and 8 
using a model automatic dishwashing (ADW) detergent. Prior to the reaction, purified protease 
samples were diluted with a dilution solution containing 10 mM NaCI, 0.1 mM CaCI2, 0.005% 

TWEEN® 80 and 10% propylene glycol to the desired concentrations. The reactions were 

performed in AT detergent with 100 ppm water hardness (Ca2+ : Mg2+ = 3 : 1) (detergent 
composition shown in Table 4.1). To initiate the reaction, 180 pl of the AT detergent buffered at 
pH 6 or pH 8 was added to a 96-MTP placed with PA-S-38 microswatches, followed by the 
addition of 20 pl of diluted enzymes (or the dilution solution as the blank control). The 96-MTP 
was sealed and incubated in an incubator/shaker for 30 min at 50 °C and 1150 rpm. After 
incubation, 100 pl of wash liquid from each well was transferred to a new 96-MTP, and its 
absorbance was measured at 405 nm (referred here as the "Initial performance") using a 
spectrophotometer. The remaining wash liquid in the 96-MTP was discarded and the 
microswatches were rinsed once with 200 pl water. Following the addition of 180 pl of 0.1 M 
CAPS buffer (pH 10), the second incubation was carried out in the incubator/shaker at 50 °C 
and 1150 rpm for 10 min. One hundred microliters of the resulting wash liquid was transferred 
to a new 96-MTP, and its absorbance measured at 405 nm (referred here as the "Wash-off'). 
The sum of two absorbance measurements ("Initial performance" plus "Wash-off") gives the 
"Total performance", which measures the protease activity on the model stain; and Net A405 

was subsequently calculated by subtracting the A405 of the "Total performance" of the blank 

control from that of the enzyme. Dose response in cleaning the PA-S-38 microswatches at pH 
6 and pH 8 for PehProl in AT detergent is shown in Figure 4.5A and 4.5B.
Table 4.1. Composition of AT dish detergent

Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
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*The pH of the AT formula detergent is adjusted to the desired value (pH 6 or 8) by 
the addition of 0.9 M citric acid.

Ingredient Concentration (mg/ml)
Sodium citrate 1.86
Citric acid* varies
Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

COMPARATIVE EXAMPLE 4.7

Comparison of PehProl to Other Proteases

A. Identification of Homologous Proteases

[0286] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The mature protein amino acid 
sequence for PehProl (SEQ ID NO: 18) was used as the query sequence. Percent identity 
(PID) for both search sets is defined as the number of identical residues divided by the number 
of aligned residues in the pairwise alignment. Tables 4.2Aand 4.2B provide a list of sequences 
with the percent identity to PehProl. The length in Table 4.2 refers to the entire sequence 
length of the homologous proteases.

Table 4.2A: List of sequences with percent identity to PehProl protein 
identified from the NCBI non-redundant protein database
Accession # PID to PehProl Organism Length
ZP_09077634.1 88 Paenibacillus elgii B69 524
ZP_09071078.1 74 Paenibacillus larvae 

subsp. larvae B-3650
529

YP_003872179.1 74 Paenibacillus polymyxa
E681

592

P29148 73 Paenibacillus polymyxa 590
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Table 4.2A: List of sequences with percent identity to PehProl protein 
identified from the NCBI non-redundant protein database
Accession # PID to PehProl Organism

Brevibacillus brevis
Length

ZP_09775365.1 68 Paenibacillus sp. Aloe-11 580
ZP-10241029.1 67 Paenibacillus peoriae

KCTC 3763
599

ZP-10575942.1 66 Brevibacillus sp. BC25 528
YP_002770810.1 67 Brevibacillus brevis NBRC i 

100599
528

ZP_08640523.1 64 Brevibacillus laterosporus i
LMG 15441

564

YP_004646155.1 63 Paenibacillus 
mucilaginosus KNP414

525

ZP_08093424.1 60 Pianococcus donghaensis
MPA1U2

553

YP_003670279.1 59 Geobacillus sp. C56-T3 546
P00800 59 Bacillus 

thermoproteolyticus
548

Table 4.2B: List of sequences with percent identity to PehProl protein 
identified from the Genome Quest Patent database
Patent ID # PID to 

PehProl
Organism Length

JP2005229807-0019 74.5 Paenibacillus polymyxa 566
US20120107907-0187 74.09 Bacillus polymyxa 302
US8114656-0186 68.21 Bacillus brevis 304
W02004011619-0044 63.25 empty 507
EP2390321-0185 62.9 Bacillus cereus 317
WO2012110563-0004 62.7 Bacillus megaterium 320
WO2012110563-0005 62.58 Bacillus cereus 320
JP1995184649-0001 62.5 Lactobacillus sp. 566
JP2005333991-0002 62.38 empty 562
EP2178896-0184 62.18 Bacillus anthracis 566
JP1994014788-0003 61.94 empty 317
EP2390321-0178 61.86 Bacillus thuringiensis 566
US6518054-0002 60.84 Bacillus sp. 316
US8114656-0176 60.13 Bacillus 

stearothermophilus
548

US6103512-0003 59.81 empty 319
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Table 4.2B: List of sequences with percent identity to PehProl protein 
identified from the Genome Quest Patent database
Patent ID # PIDto 

PehProl
Organism Length

US20120107907-0184 59.49 Bacillus caldoyticus 319

B. Alignment of Homologous Protease Sequences

[0287] The amino acid sequence of predicted mature PehProl (SEQ ID NO: 18) was aligned 
with thermolysin (P00800, Bacillus thermoproteolyticus) and protease from Paenibacillus elgii 
B69 (ZP_09077634.1) using CLUSTALW software (Thompson et al., Nucleic Acids Research, 
22:4673-4680, 1994) with the default parameters. Figure 4.6 shows the alignment of PehPrd 
with these protease sequences.

C. Phylogenetic Tree

[0288] A phylogenetic tree for precursor protein PehProl (SEQ ID NO: 17) was built using 
sequences of representative homologs from Table 2A and the Neighbor Joining method (NJ) 
(Saitou, N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for reconstructing 
Guide Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of distances 
between all pairs of sequences to be analyzed. These distances are related to the degree of 
divergence between the sequences. The phylodendron-phylogenetic tree printer software 
(http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the phylogenetic 
tree shown in Figure 4.7.

COMPARATIVE EXAMPLE 5.1

Cloning of Paenibacillus barcinonensis metalloprotease PbaProl

[0289] A strain (DSM 15478) of Paenibacillus barcinonensis was selected as a potential source 
of enzymes which may be useful in various industrial applications. Genomic DNA for 
sequencing was obtained by first growing the strain on Heart Infusion agar plates (Difco) at 
37°C for 24 hr. Cell material was scraped from the plates and used to prepare genomic DNA 
with the ZF Fungal/Bacterial DNA miniprep kit from Zymo (Cat No. D6005). The genomic DNA 
was used for genome sequencing. The entire genome of the Paenibacillus barcinonensis strain 
was sequenced by BaseClear (Leiden, The Netherlands) using the Illumina's next generation 
sequencing technology. After assembly of the data, contigs were annotated by BioXpr (Namur, 

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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Belgium). One of the genes identified after annotation in Paenibacillus barcinonensis encodes 
a metalloprotease and the sequence of this gene, called PbaProl, is provided in SEQ ID NO: 
21. The corresponding protein encoded by the PbaProl gene is shown in SEQ ID NO: 22. At 
the N-terminus, the protein has a signal peptide with a length of 25 amino acids as predicted 
by SignalP version 4.0 (Nordahl Petersen et al. (2011) Nature Methods, 8:785-786). The 
presence of a signal sequence suggests that PbaProl is a secreted enzyme. The propeptide 
region was predicted based on protein sequence alignment with the Paenibacillus polymyxa 
Npr protein (Takekawa et al. (1991) Journal of Bacteriology, 173 (21): 6820-6825). The 
predicted mature region of PbaProl protein is shown in SEQ ID NO: 23.

[0290] The nucleotide sequence of the PbaProl gene isolated from Paenibacillus 
barcinonensis is set forth as SEQ ID NO: 21. The sequence encoding the predicted native 
signal peptide is shown in italics:
A TGAAA TTGA CCA AAA TTA TGCCAACAA TTCTTGCA GGA GCTCTTTTGCTCA CA TCCCTGTC

CT’CrGC/lGC/iGC/lATGCCGTTATCTGACTCATCCATTCCATTTGAGGGCCCCTACACC
TCCGAGGAGAGTATTCTGTTGAACAACAACCCGGACGAAATGATTTATAATTTTCTT
GCACAACAAGAGCAATTTCTGAATGCCGACGTCAAAGGACAGCTCAAAATCATTAA
ACGCAACACAGACACTTCCGGCATCAGACACTTTCGTCTGAAGCAATACATCAAAG
GTGTTCCGGTTTACGGCGCAGAACAAACGATCCATCTGGACAAGAACGGAGCTGTA
ACTTCCGCACTCGGCGATCTTCCGCCAATTGAAGAACAGGCTGTTCCGAATGATGGC
GTTCCCGCAATCAGTGCAGACGATGCCATCCGTGCCGCCGAGAATGAAGCCACCTC
CCGTCTTGGAGAGCTTGGCGCACCAGAGCTTGAGCCAAAGGCCGAATTAAACATTT
ATCATCATGAAGATGACGGACAAACCTACCTCGTTTACATTACGGAAGTTAACGTG 
CTTGAGCCTTCCCCGCTACGGACCAAATATTTTATTAACGCCCTTGATGGAAGCATC 
GTATCTCAATACGATATTATCAACTTTGCCACAGGCACCGGTACAGGCGTGCATGGT 
GATACCAAAACACTGACGACAACTCAATCCGGCAGCACCTATCAGCTGAAAGATAC 
AACTCGTGGAAAAGGCATTCAAACCTATACTGCGAACAATCGCTCCTCGCTTCCAG 
GCAGCTTGTCTACCAGTTCCAATAACGTATGGACAGACCGTGCAGCTGTAGATGCG 
CACGCCTATGCTGCCGCCACATATGACTTCTACAAAAACAAATTCAATCGCAACGG 
CATTGACGGAAACGGGCTGTTGATTCGCTCTACAGTGCATTATGGCTCCAACTATAA 
AAACGCCTTCTGGAACGGAGCACAGATTGTCTATGGAGATGGCGATGGCATCGAGT 
TCGGTCCCTTCTCCGGTGATCTCGATGTTGTCGGACATGAATTGACACACGGGGTGA 
TTGAATATACAGCCAATCTCGAATATCGCAATGAGCCGGGTGCTTTAAACGAAGCT 
TTTGCCGACATTATGGGGAACACCATCGAAAGCAAAAACTGGCTGCTTGGCGACGG  
AATCTATACTCCAAACATTCCAGGTGATGCCCTGCGCTCGTTATCCGACCCTACGCT 
GTATAACCAGCCTGACAAATACAGTGATCGCTACACTGGCTCTCAGGATAATGGCG 
GTGTGCATATCAACAGCGGGATCATTAACAAAGCATATTATCTTGCAGCCCAAGGC 
GGTACTCATAACGGGGTAACCGTTAGCGGCATCGGCCGGGATAAAGCAGTACGTAT 
TTTCTATAGCACGCTGGTGAACTACCTGACGCCAACCTCCAAATTTGCAGCAGCCAA 
AACAGCGACAATTCAGGCAGCCAAGGACCTGTACGGTGCCAATTCCGCTGAAGCTA 
CGGCAATCACCAAAGCTTATCAAGCGGTAGGTTTG
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[0291] The amino acid sequence of the PbaProl precursor protein is set forth as SEQ ID NO:
22. The predicted signal sequence is shown in italics, and the predicted pro-peptide is shown 
in underlined text:
MÅZ TXZWTÆriGriZZZ.raZS&jririMPLSDSSIPFEGPYTSEESlLLNNNPDEMIYNFLAOQE

QFLNADVKGQLKTTKRNTDTSGIRHFRLKQYIKGVPVYGAEQTIHLDKNGAVTSALGDL

PPIEEQAVPNDGVPAISADDAIRAAENEATSRLGELGAPELEPKAELNIYHHEDDGOTYL

VYITEVNVLEPSPLRTKYFINALDGSIVSOYDIINFATGTGTGVHGDTKTLTTTOSGSTYO

LKDTTRGKGIQTYTANNRSSLPGSLSTSSNNVWTDRAAVDAHAYAAATYDFYKNKFN
RNGIDGNGLLIRSTVHYGSNYKNAFWNGAQIVYGDGDGIEFGPFSGDLDVVGHELTHG

VIEYTANLEYRNEPGALNEAFADIMGNTIESKNWLLGDGIYTPNIPGDALRSLSDPTLYN
QPDKYSDRYTGSQDNGGVHINSGIINKAYYLAAQGGTHNGVTVSGIGRDKAVRIFYSTL 
VNYLTPTSKFAAAKTATIQAAKDLYGANSAEATAITKAYQAVGL

[0292] The amino acid sequence of the predicted mature form of PbaProl is set forth as SEQ 
ID NO: 23:
ATGTGTGVHGDTKTLTTTQSGSTYQLKDTTRGKGIQTYTANNRSSLPGSLSTSSNNVWT
DRAAVDAHAYAAATYDFYKNKFNRNGIDGNGLLIRSTVHYGSNYKNAFWNGAQIVYG
DGDGIEFGPFSGDLDWGHELTHGVTEYTANLEYRNEPGALNEAFADTMGNTIESKNWL

LGDGIYTPNIPGDALRSLSDPTLYNQPDKYSDRYTGSQDNGGVHINSGIINKAYYLAAQ
GGTHNGVTVSGIGRDKAVRIFYSTLVNYLTPTSKFAAAKTATIQAAKDLYGANSAEAT 
AITKAYQAVGL

COMPARATIVE EXAMPLE 5.2

Expression of Paenibacillus barcinonensis metalloprotease PbaProl

[0293] The DNA sequence of the propeptide-mature form of PbaProl was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX147(AprE- 
PbaProl) (Figure 5.1). Ligation of this gene encoding the PbaProl protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the B. 
subtilis AprE signal sequence and the 5' end of the predicted PbaProl native propeptide. The 
gene has an alternative start codon (GTG). The resulting plasmid shown in Figure 1 was 
labeled pGX147(AprE-PbaPro1). As shown in Figure 5.1, pGX147(AprE-PbaProl) contains an 
AprE promoter, an AprE signal sequence used to direct target protein secretion in B. subtilis, 
and the synthetic nucleotide sequence encoding the predicted propeptide and mature regions 
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of PbaProl (SEQ ID NO: 24). The translation product of the synthetic AprE- PbaProl gene is 
shown in SEQ ID NO: 25.

[0294] The pGX147(AprE-PbaProl) plasmid was then transformed into B. subtilis cells 

(degUHy32, kscoC) and the transformed cells were spread on Luria Agar plates supplemented 
with 5 ppm Chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest 
clear halos on the plates were selected and subjected to fermentation in a 250 ml shake flask 
with MBD medium (a MOPS based defined medium, supplemented with additional 5 mM 
CaCI2).

[0295] The broth from the shake flasks was concentrated and buffer-exchanged into the 
loading buffer containing 20 mM Tris-HCI (pH 8.5), 1 mM CaCI2 and 10% propylene glycol 

using a VivaFlow 200 ultra filtration device (Sartorius Stedim). After filtering, this sample was 
applied to an 80 ml Q Sepharose High Performance column pre-equilibrated with the loading 
buffer above; and the active flow-through fractions were collected and concentrated. The 
sample was loaded onto a 320 ml Superdex 75 gel filtration column pre-equilibrated with the 
loading buffer described above containing 0.15 M NaCI. The corresponding active purified 
protein fractions were further pooled and concentrated via 10K Amicon Ultra for further 
analyses.

[0296] The nucleotide sequence of the synthesized PbaProl gene in plasmid pGX147(AprE- 
PbaProl) is depicted in SEQ ID NO: 24. The sequence encoding the three residue addition 
(AGK) is shown in bold:
GTGAGAAGCAAAAAATTGTGGATCAGCTTGTTGTTTGCGTTAACGTTAATCTTTACG
ATGGCGTTCAGCAACATGAGCGCGCAGGCTGCTGGAAAAATGCCTCTGTCAGACA
GCAGCATTCCGTTTGAGGGCCCGTACACATCAGAAGAAAGCATCCTGCTGAACAAC
AACCCGGACGAGATGATCTACAATTTCCTGGCACAGCAGGAGCAGTTCCTGAACGC
AGACGTGAAGGGCCAGCTGAAAATCATCAAAAGAAACACAGACACGAGCGGCATC 
AGACACTTCAGACTGAAGCAGTACATCAAGGGCGTCCCGGTTTACGGCGCTGAGCA 
GACAATCCACCTGGACAAAAATGGCGCAGTGACGAGCGCACTTGGAGATCTGCCGC 
CGATTGAAGAGCAAGCAGTCCCGAACGATGGCGTTCCGGCGATTAGCGCTGATGAC  
GCTATCAGAGCCGCGGAAAACGAAGCGACGTCAAGACTGGGAGAACTTGGCGCAC 
CGGAACTTGAACCGAAGGCGGAACTGAACATCTATCACCACGAAGACGATGGACA 
GACGTACCTGGTGTACATCACGGAGGTGAATGTGCTGGAGCCGTCACCGCTGAGAA 
CAAAATACTTCATCAATGCGCTGGATGGCAGCATCGTTAGCCAATACGACATCATT 
AACTTCGCCACAGGCACGGGCACAGGCGTTCATGGCGACACAAAAACGCTTACGAC 
AACACAGTCAGGCTCAACGTACCAGCTGAAAGACACAACAAGAGGCAAGGGCATC 
CAGACGTATACAGCCAATAACAGAAGCTCACTTCCGGGCTCACTGTCAACAAGCAG 
CAATAATGTCTGGACGGACAGAGCTGCAGTGGACGCGCACGCGTATGCTGCGGCCA 
CGTACGACTTCTACAAGAACAAGTTCAACAGAAACGGCATTGATGGCAACGGCCTG 
CTTATTAGAAGCACGGTCCACTACGGCTCAAACTACAAGAATGCGTTTTGGAACGG
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υυυυΟΛΛΛΙ lUU IjAlVJVJVVJAlVJVJjAVJAVVJVJtojAl VVJjAVJI IL'JlJrtLLI I 1 IAVJVVJVJVVJ

ACCTGGATGTGGTCGGACATGAACTGACGCACGGCGTTATCGAGTATACGGCGAAT
CTGGAATACAGAAATGAACCGGGCGCTCTGAATGAGGCCTTCGCGGATATCATGGG

CAACACAATTGAGAGCAAAAACTGGCTTCTGGGCGACGGAATCTACACGCCGAACA
TTCCGGGAGATGCACTGAGATCACTGAGCGACCCTACGCTGTACAACCAGCCGGAC
AAATACAGCGACAGATACACGGGATCACAGGACAATGGCGGCGTCCATATTAACTC
AGGCATCATCAACAAAGCGTATTATCTGGCAGCTCAAGGCGGCACGCATAATGGCG
TCACAGTTAGCGGAATCGGCAGAGACAAGGCCGTCAGAATTTTCTACTCAACGCTG
GTGAACTACCTGACACCGACAAGCAAGTTTGCAGCCGCCAAAACAGCCACGATTCA
GGCAGCAAAGGACCTGTACGGAGCGAACTCAGCAGAGGCCACAGCGATTACGAAG
GCTTATCAAGCCGTGGGACTGTAA

[0297] The amino acid sequence of the PbaProl precursor protein expressed from plasmid 
pGX147(AprE-PbaProl) is depicted in SEQ ID NO: 25. The predicted signal sequence is 
shown in italics, the three residue addition (AGK) is shown in bold, and the predicted pro­
peptide is shown in underlined text.
jURSFÅZRZSZZFrilTZ/FWNFSAMSNGHAGKMPLSDSSIPFEGPYTSEESILLNNNPDEMIY
NFLAOOEOFLNADVKGOLKIIKRNTDTSGIRHFRLKOY1KGVPVYGAEOTIHLDKNGAV
TSALGDLPPIEEQAVPNDGVPAISADDAIRAAENEATSRLGELGAPELEPKAELNIYHHE
DDGQTYLVYITEVNVLEPSPLRTKYFINALDGSIVSOYDIINFATGTGTGVHGDTKTLTT
TQSGSTYQLKDTTRGKGIQTYTANNRSSLPGSLSTSSNNVWTDRAAVDAHAYAAATYD 
FYKNKFNRNGIDGNGLLIRSTVHYGSNYKNAFWNGAQIVYGDGDGIEFGPFSGDLDVV 
GHELTHGVIEYTANLEYRNEPGALNEAFADIMGNTIESKNWLLGDGIYTPNIPGDALRSL
SDPTLYNQPDKYSDRYTGSQDNGGVHINSGIINKAYYLAAQGGTHNGVTVSGIGRDKA 
VRIFYSTLVNYLTPTSKFAAAKTATIQAAKDLYGANSAEATAITKAYQAVGL

COMPARATIVE EXAMPLE 5.3

Proteolytic activity of metalloprotease PbaProl

[0298] The proteolytic activity of purified metalloprotease PbaProl was measured in 50 mM 
Tris (pH 7), using azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, 
the enzyme was diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein 
was dissolved in 100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the 
reaction, 50 pl of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to 

the non-binding 96-well Microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on 
ice, followed by the addition of 50 μΙ of 1.5% azo-casein. After sealing the 96-MTP, the reaction 
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was carried out in a Thermomixer (Eppendorf) at 40°C and 650 rpm for 10 min. The reaction 
was terminated by adding 100 pl of 5% Trichloroacetic Acid (TCA). Following equilibration (5 
min at the room temperature) and subsequent centrifugation (2000 g for 10 min at 4 °C), 120 
pl supernatant was transferred to a new 96-MTP, and absorbance of the supernatant was 
measured at 440 nm (A440) using a SpectraMax 190. Net A440 was calculated by subtracting 

the A440 of the blank control from that of enzyme, and then plotted against different protein 

concentrations (from 1.25 ppm to 40 ppm). Each value was the mean of triplicate assays.

[0299] The proteolytic activities are shown as Net A440. The proteolytic assay with azo-casein 

as the substrate (shown in Figure 5.2) indicates that PbaProl is an active protease.

COMPARATIVE EXAMPLE 5.4

pH profile of metalloprotease PbaProl

[0300] With azo-casein as the substrate, the pH profile of metalloprotease PbaProl was 
studied in 12.5 mM acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from 
pH 5 to 11). To initiate the assay, 50 pl of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a 
specific pH was first mixed with 2 pl Milli-Q H2O diluted enzyme (125 ppm) in a 96-MTP placed 

on ice, followed by the addition of 48 pl of 1.5% (w/v) azo-casein prepared in H2O. The 

reaction was performed and analyzed as described in Example 5.3. Enzyme activity at each pH 
was reported as the relative activity, where the activity at the optimal pH was set to be 100%. 
The pH values tested were 5, 6, 7, 8, 9, 10 and 11. Each value was the mean of triplicate 
assays. As shown in Figure 5.3, the optimal pH of PbaProl is 8, with greater than 70% of 
maximal activity retained between 7 and 9.

COMPARATIVE EXAMPLE 5.5

Temperature profile of metalloprotease PbaProl

[0301] The temperature profiles of metalloprotease PbaProl was analyzed in 50 mM Tris 
buffer (pH 7) using the azo-casein assays. The enzyme sample and azo-casein substrate were 
prepared as in Example 5.3. Prior to the reaction, 50 pl of 1.5% azo-casein and 45 pl Milli-Q 
H2O were mixed in a 200 pl PCR tube, which was then subsequently incubated in a Peltier 

Thermal Cycler (BioRad) at desired temperatures (i.e. 20~90°C) for 5 min. After the 
incubation, 5 pl of diluted enzyme (50 ppm) or H2O (the blank control) was added to the 

substrate mixture, and the reaction was carried out in the Peltier Thermal Cycle for 10 min at 
different temperatures. To terminate the reaction, each assay mixture was transferred to a 96- 
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MTP containing 100 μΙ of 5% TCA per well. Subsequent centrifugation and absorbance 
measurement were performed as described in Example 5.3. The activity was reported as the 
relative activity, where the activity at the optimal temperature was set to be 100%. The tested 
temperatures are 20, 30, 40, 50, 60, 70, 80, and 90°C. Each value was the mean of duplicate 
assays (the value varies no more than 5%). The data in Figure 5.4 suggest that PbaProl 
showed an optimal temperature at 50°C, and retained greater than 70% of its maximum 
activity between 45 and 55°C.

COMPARATIVE EXAMPLE 5.6

Cleaning performance of metalloprotease PbaProl

[0302] The cleaning performance of PbaProl was tested using PA-S-38 (egg yolk, with 
pigment, aged by heating) microswatches (CFT-Vlaardingen, The Netherlands) at pH 6 and 8 
using a model automatic dishwashing (ADW) detergent. Prior to the reaction, purified protease 
samples were diluted with a dilution solution containing 10 mM NaCI, 0.1 mM CaCl2, 0.005% 

TWEEN® 80 and 10% propylene glycol to the desired concentrations. The reactions were 

performed in AT detergent with 100 ppm water hardness (Ca2+ : Mg2+ = 3 : 1) (detergent 
composition shown in Table 5.1). To initiate the reaction, 180 pl of the AT detergent buffered at 
pH 6 or pH 8 was added to a 96-MTP placed with PA-S-38 microswatches, followed by the 
addition of 20 pl of diluted enzymes (or the dilution solution as the blank control). The 96-MTP 
was sealed and incubated in an incubator/shaker for 30 min at 50 °C and 1150 rpm. After 
incubation, 100 pl of wash liquid from each well was transferred to a new 96-MTP, and its 
absorbance was measured at 405 nm (referred here as the "Initial performance") using a 
spectrophotometer. The remaining wash liquid in the 96-MTP was discarded and the 
microswatches were rinsed once with 200 pl water. Following the addition of 180 pl of 0.1 M 
CAPS buffer (pH 10), the second incubation was carried out in the incubator/shaker at 50°C 
and 1150 rpm for 10 min. One hundred microliters of the resulting wash liquid was transferred 
to a new 96-MTP, and its absorbance measured at 405 nm (referred here as the "Wash-off'). 
The sum of two absorbance measurements ("Initial performance" plus "Wash-off") gives the 
"Total performance", which measures the protease activity on the model stain; and Net Α405 

was subsequently calculated by subtracting the Α405 of the "Total performance" of the blank 

control from that of the enzyme. Dose response in cleaning the PA-S-38 microswatches at pH 
6 and pH 8 in AT detergent for PbaProl is shown in Figures 5.5A and 5.5B.
Table 5.1. Composition of AT dish detergent formula with bleach

Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
Sodium citrate 1.86
Citric acid* varies
PAP (peracid A/,A/-phthaloylaminoperoxycaproic acid) 0.057
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Ingredient Concentration (mg/ml)

Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

*The pH of the AT formula detergent is adjusted to the desired value (pH 6 or 8) by i
the addition of 0.9 M citric acid.

COMPARATIVE EXAMPLE 5.7

Comparison of PbaProl to Other Proteases

A. Identification of Homologous Proteases

[0303] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The predicted mature protein 
amino acid sequence for PbaProl (SEQ ID NO: 23) was used as the query sequence. Percent 
identity (PID) for both search sets is defined as the number of identical residues divided by the 
number of aligned residues in the pairwise alignment. Tables 5.2A and 5.2B provide a list of 
sequences with the percent identity to PbaProl. The length in Table 5.2 refers to the entire 
sequence length of the homologous proteases.

Table 5.2A: List of sequences with percent identity to PbaProl protein 
identified from the NCBI non-redundant protein database

Accession # PID to 
PbaProl

Organism Length

AAB02774.1 56 Geobacillus 
stearothermophilus

552

P00800 56 Bacillus stermoproteolyticus 548
AAA22623.1 57 Bacillus caldolyticus 544
YP_003670279.1 57 Geobacillus sp. C56-T3 546
AAC43402.1 57 Alicyclobacillus acidocaldarius 546



DK/EP 3110833 T3

Table 5.2A: List of sequences with percent identity to PbaProl protein 
identified from the NCBI non-redundant protein database

Accession #

YPjÖÖ3597483T^

PIDto 
PbaProl

Organism

Bacillus megaterium DS M319

Length

ZP_08093424.1 57 Pianococcus donghaensis 
MPA1U2

553

ZP_08640523.1 59 Brevibacillus laterosporus 
LMG 15441

564

ZP_04216147.1 59 Bacillus cereus Rock3-44 566
YP-001373863.1 60 Bacillus cytotoxicus NVH 391- i

98
565

YP_004646155.1 60 Paenibacillus mucilaginosus 
KNP414

525

ZP-10738945.1 61 Brevibacillus sp. CF112 528
CAA43589.1 63 Brevibacillus brevis 527
ZP_02326602.1 64 Paenibacillus larvae subsp. 

larvae BRL-230010
520

ZP_02326503.1 65 Paenibacillus larvae subsp. 
larvae B-3650

520

ZP_09077634.1 66 Paenibacillus elgii B69 524
ZP_08511445.1 68 [Paenibacillus sp. HGF7 525
ZP_09775364.1 70 Paenibacillus sp. Aloe-11 593
YP_005073223.1 70 Paenibacillus terrae HPL-003 591
ZP-10241030.1 70 Paenibacillus peoriae KCTC 

3763
593

YP_003948511.1| 71 Paenibacillus polymyxa SC2 i 592

Table 5.2B: List of sequences with percent identity to PbaProl protein 
identified from the Genome Quest Patent database
Patent # PID to 

PbaProl
Organism Length

JP2005333991-0002 56.91 562
WO2012110562-0007 56.96 Bacillus cereus 320
WO2012110562-0006 57.23 Bacillus megaterium 320
EP2390321-0178 57.23 Bacillus thuringiensis 566
EP2390321-0184 57.56 Bacillus caldoyticus 319
W02007044993-0184 57.56 Bacillus sp. 319
US20120107907-0177 57.56 Bacillus caldolyticus 544
CN102168095-0002 57.88 319
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Table 5.2B: List of sequences with percent identity to PbaProl protein 
identified from the Genome Quest Patent database
Patent #

yyO2ÖT2TTÖ562^Ö0Ö4™™™"

PID to 
PbaProl

Organism

Bacillus caldolyticus

Length

WO2012110562-0003 57.88 Geobacillus 
stearothermophilus

319

W020040 11619-0056 57.88 546
JP1995184649-0001 57.88 Lactobacillus sp. 566
JP2010535248-0240 57.88 Bacillus anthracis 566
US6518054-0001 58.2 Bacillus sp. 319
US6103512-0003 58.2 319
WO2011163237-0001 58.2 Geobacillus 

stearothermophilus
548

JP1994014788-0003 58.25 317
US8114656-0185 58.9 Bacillus cereus 317
US20120107907-0179 58.9 Bacillus cereus 566
WO2012110563-0005 59.22 Bacillus cereus 320
W02004011619-0044 59.6 507
US20120107907-0186 63.25 Bacillus brevis 304
JP2005229807-0018 70.86 Paenibacillus polymyxa 566
EP2390321-0187 71.1 Bacillus polymyxa 302
JP2009511072-0203 71.1 Paenibacillus polymyxa 302

B. Alignment of Homologous Protease Sequences

[0304] The amino acid sequence of the predicted mature PbaProl (SEQ ID NO: 23) was 
aligned with Thermolysin (P00800, Bacillus thermoproteolyticus), and protease from 
Paenibacillus polymyxa SC2 (YP_00394851!1) using CLUSTALW software (Thompson et al., 
Nucleic Acids Research, 22:4673-4680, 1994) with the default parameters. Figure 5.6 shows 
the alignment of PbaProl with these protease sequences.

C. Phylogenetic Tree

[0305] A phylogenetic tree for full length sequence of PbaProl (SEQ ID NO: 22) was built 
using sequences of representative homologs from Table 2Aand the Neighbor Joining method 
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(NJ) (Saitou, N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for 
reconstructing Guide Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of 
distances between all pairs of sequences to be analyzed. These distances are related to the 
degree of divergence between the sequences. The phylodendron-phylogenetic tree printer 
software (http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the 
phylogenetic tree shown in Figure 5.7.

COMPARATIVE EXAMPLE 6.1

Cloning of Paenibacillus polymyxa SC2 metalloprotease PpoProl

[0306] The nucleic acid sequence for the PpoProl gene was identified in the NCBI database 
(NCBI Reference Sequence: NC_014622.1 from 4536397-4538175) and is provided in SEQ ID 
NO: 26. The corresponding protein encoded by the PpoProl gene is shown in SEQ ID NO: 27. 
At the N-terminus, the protein has a signal peptide with a length of 24 amino acids as predicted 
by SignalP version 4.0 (Nordahl Petersen et al. (2011) Nature Methods, 8:785-786). The 
presence of a signal sequence suggests that PpoProl is a secreted enzyme. The propeptide 
region was predicted based on protein sequence alignment with the Paenibacillus polymyxa 
Npr protein (Takekawa et al. (1991) Journal of Bacteriology, 173 (21): 6820-6825). The 
predicted mature region of PpoProl protein is shown in SEQ ID NO: 28.

[0307] The nucleotide sequence of the PpoProl gene identified from NCBI database is set 
forth as SEQ ID NO: 26. The sequence encoding the predicted native signal peptide is shown 
in italics:
A TGAAAAAA GT A TGGGTTTCGCTTCTTGGA GGA GCTA TGTTA TTAGGGTCTGTCGCGTCTG

GTGC4TCTGC6GAGAGTTCCGTTTCGGGGCCAGCTCAGCTTACACCGACCTTCCACG
CCGAGCAATGGAAAGCACCTACCTCGGTATCGGGGGATGACATTGTATGGAGCTAT
TTAAATCGACAAAAGAAATCGTTGCTGGGTGTGGATAGCTCCAGTGTACGTGAACA
ATTCCGAATCGTTGATCGCACAAGCGACAAATCCGGTGTAAGCCATTATCGACTGA
AGCAGTATGTAAACGGAATTCCCGTGTATGGAGCTGAACAAACTATTCATGTGGGC  
AAATCTGGTGAGGTCACCTCTTACTTAGGAGCGGTGGTTAATGAGGATCAGCAGGC 
AGAAGCTACGCAAGGTACAACTCCAAAAATCAGCGCTTCTGAAGCGGTCTACACCG 
CATATAAAGAAGCAGCTGCACGGATTGAAGCCCTCCCTACCTCCGACGATACTATTT 
CTAAAGACGCTGAGGAGCCAAGCAGTGTAAGTAAAGATACTTACGCCGAAGCAGCT 
AACAACGAAAAAACGCTTTCTGTTGATAAGGACGAGCTGAGTCTTGATCAGGCATC 
TGTCCTGAAAGATAGCAAAATTGAAGCAGTGGAACCAGAAAAAAGTTCCATTGCCA 
AAATCGCTAATCTGCAGCCTGAAGTAGATCCTAAAGCAGAACTCTACTACTACCCT 
AAGGGGGATGACCTGCTGCTGGTTTATGTAACAGAAGTTAATGTTTTAGAACCTGCC 
CCACTGCGTACCCGCTACATTATTGATGCCAATGACGGCAGCATCGTATTCCAGTAT 
GACATCATTAATGAAGCGACAGGCACAGGTAAAGGTGTGCTTGGTGATTCCAAATC

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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GTTCACTACTACCGCTTCCGGCAGTAGCTACCAGTTAAAAGATACAACACGCGGTA
ACGGAATCGTGACTTACACGGCCTCCAACCGTCAAAGCATCCCAGGTACCATTTTG
ACAGATGCCGATAATGTATGGAATGATCCAGCTGGTGTGGACGCCCATGCGTATGC
TGCTAAAACCTATGATTACTATAAAGCCAAATTTGGACGCAACAGCATTGACGGAC
GCGGTCTGCAACTTCGTTCGACGGTCCATTACGGTAGTCGCTACAACAATGCCTTCT
GGAACGGCTCCCAAATGACTTATGGAGATGGAGATGGTAGCACATTTATCGCCTTC
AGCGGGGACCCCGATGTAGTAGGACATGAACTTACGCATGGTGTCACAGAGTATAC
TTCGAATTTGGAATATTACGGAGAGTCCGGCGCATTGAATGAAGCTTTCTCAGACGT
TATCGGGAATGACATTCAGCGCAAAAACTGGCTTGTAGGCGATGATATTTACACGC
CAAACATTGCAGGCGATGCCCTTCGCTCAATGTCCAATCCAACCCTGTACGATCAAC
CAGATCACTATTCCAACCTGTACAGAGGCAGCTCCGATAACGGCGGTGTTCACACC
AACAGCGGTATTATCAATAAAGCTTACTACTTGTTAGCACAAGGTGGTAATTTCCAT

GGCGTAACTGTAAATGGAATTGGCCGTGATGCAGCGGTGCAAATTTACTACAGTGC
CTTTACGAACTACCTGACTTCTTCTTCCGACTTCTCCAACGCACGTGCTGCTGTGATC
CAAGCCGCAAAAGATCTGTACGGGGCGAACTCAGCAGAAGCAACTGCAGCTGCCA
AGTCTTTTGACGCTGTAGGCGTAAACTAA

[0308] The amino acid sequence of the PpoProl precursor protein is set forth as SEQ ID NO: 
27. The predicted signal sequence is shown in italics, and the predicted propeptide is shown in 
underlined text:

■WFFfm£ZGG.W£ZGSFNSGA£4ESSVSGPA0LTPTFHAE0WKAPTSVSGDDIVWSYL
NRQKKSLLGVDSSSVREQFRTVDRTSDKSGVSHYRLKQYVNGTPVYGAEQTTHVGKSGE
VTSYLGAVVNEDQQAEATQGTTPKISASEAVYTAYKEAAARIEALPTSDDTISKDAEEP
SSVSKDTYAEAANNEKTLSVDKDELSLDQASVLKDSKIEAVEPEKSSIAKIANLQPEVDP
KAELYYYPKGDDLLLVYVTEVNVLEPAPLRTRYIIDANDGSIVFQYDIINEATGTGKGVL
GDSKSFTTTASGSSYQEKDTTRGNG1VTYTASNRQS1PGT1LTDADNVWNDPAGVDAHA
YAAKTYDYYKAKFGRNSIDGRGLQLRSTVHYGSRYNNAFWNGSQMTYGDGDGSTFIA
FSGDPDWGHELTHGVTEYTSNLEYYGESGALNEAFSDVIGNDIQRKNWLVGDDIYTP
NIAGDALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGTINKAYYLEAQGGNFHGV
TVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARAAVIQAAKDLYGANSAEATAAAKSFD
AVGVN

[0309] The amino acid sequence of the predicted mature form of PpoPrd is set forth as SEQ
ID NO: 28:
ATGTGKGVLGDSKSFTTTASGSSYQLKDTTRGNGIVTYTASNRQSIPGTILTDADNVWN
DPAGVDAHAYAAKTYDYYKAKFGRNSIDGRGLQERSTVHYGSRYNNAFWNGSQMTY
GDGDGSTFIAFSGDPDVVGHELTHGVTEYTSNLEYYGESGALNEAFSDVIGNDIQRKNW
EVGDD1YTPN1AGDALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSG11NKAYYLEA 
ΓϊπηΝτπυηλζτλζκτητηΡΓϊλ awtvvq aftätvt tqqqtadqxtad a aazta a αιζπτ vc.aa'Qafa
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TAAAKSFDAVGVN

COMPARATIVE EXAMPLE 6.2

Expression of Paenibacillus polymyxa SC2 metalloprotease PpoProl

[0310] The DNA sequence of the propeptide-mature form of PpoProl was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX138(AprE- 
PpoProl) (Figure 1). Ligation of this gene encoding the PpoProl protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the B. 
subtilis AprE signal sequence and the 5' end of the predicted PpoProl native propeptide. The 
gene has an alternative start codon (GTG). The resulting plasmid shown in Figure 6.1, labeled 
pGX138(AprE-PpoProl contains an AprE promoter, an AprE signal sequence used to direct 
target protein secretion in B. subtilis, and the synthetic nucleotide sequence encoding the 
predicted propeptide and mature regions of PpoProl (SEQ ID NO: 29). The translation product 
of the synthetic AprE-PpoPro1 gene is shown in SEQ ID NO: 30.

[0311] The pGX138(AprE-PpoPro1) plasmid was then transformed into B. subtilis cells 

(degUHy32, LscoC) and the transformed cells were spread on Luria Agar plates supplemented 
with 5 ppm Chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest 
clear halos on the plates were selected and subjected to fermentation in a 250 ml shake flask 
with MBD medium (a MOPS based defined medium, supplemented with additional 5 mM 
CaCI2).

[0312] The broth from the shake flasks was concentrated and buffer-exchanged into the 
loading buffer containing 20 mM Tris-HCI (pH 8.5), 1 mM CaCI2 and 10% propylene glycol 

using a VivaFlow 200 ultra filtration device (Sartorius Stedim). After filtering, this sample was 
applied to an 80 ml Q Sepharose High Performance column pre-equilibrated with the loading 
buffer above, PpoProl was eluted from the column with a linear salt gradient from 0 to 0.25 M 
NaCI in the loading buffer. The corresponding active fractions were collected and concentrated. 
The sample was loaded onto a 320 ml Superdex 75 gel filtration column pre-equilibrated with 
the loading buffer described above containing 0.15 M NaCI. The corresponding active purified 
protein fractions were further pooled and concentrated via 10K Amicon Ultra for further 
analyses.

[0313] The nucleotide sequence of the synthesized PpoProl gene in plasmid pGX138(AprE- 
PpoProl) is depicted in SEQ ID NO: 29. The sequence encoding the three residue addition 
(AGK) is shown in bold:
GTGAGAAGCAAAAAATTGTGGATCAGCTTGTTGTTTGCGTTAACGTTAATCTTTACG
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ATGGCGTTCAGCAACATGAGCGCGCAGGCTGCTGGAAAAGAATCATCAGTGTCAG
GACCGGCTCAGCTTACACCGACATTTCACGCAGAACAATGGAAGGCTCCGACGTCA
GTTTCAGGAGACGACATCGTGTGGAGCTACCTGAATAGACAGAAGAAAAGCCTGCT
GGGAGTGGATAGCAGCAGCGTCAGAGAGCAGTTCAGAATCGTTGACAGAACGAGC
GACAAAAGCGGAGTCAGCCATTATAGACTGAAGCAGTACGTGAATGGCATCCCGGT
TTATGGCGCAGAGCAGACAATTCATGTTGGCAAGAGCGGAGAAGTCACAAGCTATC

TGGGCGCTGTGGTCAATGAAGATCAACAAGCCGAGGCTACACAGGGAACAACGCC
GAAAATTAGCGCCTCAGAGGCAGTCTACACGGCGTACAAAGAAGCGGCTGCAAGA
ATCGAAGCCCTGCCGACATCAGACGATACAATTTCAAAAGATGCGGAGGAGCCGAG
CTCAGTTAGCAAGGATACATACGCGGAAGCCGCAAACAATGAGAAAACACTGAGC
GTGGACAAGGACGAGCTGTCACTTGATCAGGCTAGCGTCCTTAAAGACAGCAAGAT
CGAGGCCGTTGAGCCTGAAAAGTCATCAATTGCGAAAATCGCCAATCTGCAACCTG
AAGTCGACCCGAAGGCGGAACTGTACTACTACCCGAAAGGCGATGACCTGCTTCTG
GTGTACGTCACGGAAGTGAACGTCCTGGAACCGGCACCGCTGAGAACAAGATACAT
CATCGACGCGAACGACGGAAGCATCGTCTTCCAGTATGACATTATCAACGAAGCAA
CGGGAACGGGCAAAGGCGTTCTTGGAGACTCAAAGAGCTTCACGACAACGGCTTCA
GGAAGCAGCTACCAGCTGAAAGACACGACGAGAGGAAACGGAATCGTCACATATA
CGGCGTCAAACAGACAAAGCATCCCTGGCACAATCCTGACGGATGCTGACAACGTT
TGGAATGATCCGGCTGGCGTGGATGCCCATGCTTATGCGGCAAAAACGTATGACTA
TTACAAGGCGAAGTTCGGCAGAAATTCAATCGATGGCAGAGGACTGCAGCTTAGAA
GCACGGTGCACTACGGATCAAGATATAACAATGCCTTCTGGAACGGCAGCCAGATG
ACATACGGAGACGGAGATGGAAGCACATTTATTGCATTCAGCGGCGACCCTGATGT
GGTTGGCCATGAGCTGACGCATGGCGTTACAGAATATACGAGCAATCTTGAATACT
ACGGCGAGTCAGGCGCTCTGAACGAGGCATTTAGCGATGTTATCGGCAATGACATC
CAGAGAAAAAACTGGCTGGTGGGCGACGATATTTACACGCCTAATATCGCTGGCGA
TGCCCTTAGATCAATGTCAAACCCGACGCTGTATGATCAGCCTGACCACTACTCAAA
CCTGTATAGAGGCTCATCAGATAACGGAGGCGTCCATACGAATAGCGGCATCATTA
ACAAGGCATATTATCTTCTGGCCCAGGGCGGCAATTTTCATGGAGTGACGGTTAATG
GAATTGGAAGAGACGCAGCCGTCCAAATCTACTACAGCGCTTTCACGAACTACCTT
ACATCAAGCTCAGACTTTAGCAATGCCAGAGCTGCTGTTATCCAGGCAGCGAAGGA
TCTTTACGGCGCCAACTCAGCCGAAGCTACGGCCGCAGCTAAATCATTTGATGCAGT
GGGCGTTAAT

[0314] The amino acid sequence of the PpoPrd precursor protein expressed from plasmid 
pGX138(AprE-PpoPro1) is depicted in SEQ ID NO: 30. The predicted signal sequence is 
shown in italics, the three residue addition (AGK) is shown in bold, and the predicted pro­
peptide is shown in underlined text.
A/7?SFÆLR7ÆZK4£7Z/F7M4FSWSri(9riAGKESSVSGPAQLTPTFHAEOWKAPTSVSGDD
IVWSYLNROKKSLLGVDSSSVREQFRIVDRTSDKSGVSHYRLKOYVNGTPVYGAEQTIH
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VGKSGEVTSYLGAWNEDOOAEATOGTTPKISASEAVYTAYKEAAARIEALPTSDDTIS
KDAEEPSSVSKDTYAEAANNEKTLSVDKDELSLDQASVLKDSKIEAVEPEKSSIAKIANL

QPEVDPKAELYYYPKGDDLLLVYVTEVNVLEPAPLRTRYIIDANDGSIVFQYDIINEATG
TGKGVLGDSKSFTTTASGSSYQLKDTTRGNG1VTYTASNRQS1PGTILTDADNVWNDPA 
GVDAHAYAAKTYDYYKAKFGRNSIDGRGLQLRSTVHYGSRYNNAFWNGSQMTYGDG 
DGSTFIAFSGDPDVVGHELTHGVTEYTSNLEYYGESGALNEAFSDVIGNDIQRKNWLVG 
DDIYTPNIAGDALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGG 
NFHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARAAVIQAAKDLYGANSAEATAA  
AKSFDAVGVN

COMPARATIVE EXAMPLE 6.3

Proteolytic Activity of metalloprotease PpoProl

[0315] The proteolytic activity of purified PpoProl was measured in 50 mM Tris (pH 7), using 
azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, the enzyme was 
diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein was dissolved in 
100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the reaction, 50 μΙ- 
of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to the non-binding 

96-well microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on ice, followed by the 
addition of 50 pL of 1.5% azo-casein. After sealing the 96-MTP, the reaction was carried out in 
a Thermomixer (Eppendorf) at 40 °C and 650 rpm for 10 min. The reaction was terminated by 
adding 100 pL of 5% Trichloroacetic Acid (TCA). Following equilibration (5 min at the room 
temperature) and subsequent centrifugation (2000 g for 10 min at 4 °C), 120 pL supernatant 
was transferred to a new 96-MTP, and absorbance of the supernatant was measured at 440 
nm (A440) using a SpectraMax 190. Net A440 was calculated by subtracting the A440 of the 

blank control from that of enzyme, and then plotted against different protein concentrations 
(from 1.25 ppm to 40 ppm). Each value was the mean of duplicate assays, and the value 
varies no more than 5%. The proteolytic activity is shown as Net A440. The proteolytic assay 

with azo-casein as the substrate (Figure 6.2) indicates PpoProl is an active protease.

COMPARATIVE EXAMPLE 6.4 

pH profile of metalloprotease PpoProl
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[0316] With azo-casein as the substrate, the pH profile of PpoPrd was studied in 12.5 mM 
acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from pH 4 to 11). To 
initiate the assay, 50 pl_ of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a specific pH was 
first mixed with 2 μΙ_ diluted enzyme (250 ppm in Milli-Q H2O) in a 96-MTP placed on ice, 

followed by the addition of 48 μΙ_ of 1.5% (w/v) azo-casein prepared in H2O. The reaction was 

performed and analyzed as described in Example 6.3. Enzyme activity at each pH was 
reported as relative activity where the activity at the optimal pH was set to be 100%. The pH 
values tested were 4, 5, 6, 7, 8, 9, 10 and 11. Each value was the mean of triplicate assays. As 
shown in Figure 6.3, the optimal pH of PpoPrd is about 7, with greater than 70% of maximal 
activity retained between 5.5 and 8.5.

COMPARATIVE EXAMPLE 6.5

Temperature profile of metalloprotease PpoProl

[0317] The temperature profile of PpoPrd was analyzed in 50 mM Tris buffer (pH 7) using the 
azo-casein assay. The enzyme sample and azo-casein substrate were prepared as in Example 
6.3. Prior to the reaction, 50 pL of 1.5% azo-casein and 45 μΙ Milli-Q H2O were mixed in a 

200pL PCR tube, which was then subsequently incubated in a Peltier Thermal Cycler (BioRad) 
at desired temperatures (i.e. 20~90 °C) for 5 min. After the incubation, 5 pL of diluted PpoPrd 
(100 ppm) or H2O (the blank control) was added to the substrate mixture, and the reaction was 

carried out in the Peltier Thermal Cycle for 10 min at different temperatures. To terminate the 
reaction, each assay mixture was transferred to a 96-MTP containing 100 pL of 5% TCA per 
well. Subsequent centrifugation and absorbance measurement were performed as described 
in Example 6.3. The activity was reported as relative activity where the activity at the optimal 
temperature was set to be 100%. The tested temperatures were 20, 30, 40, 50, 60, 70, 80, 
and 90 °C. Each value was the mean of duplicate assays (the value varies no more than 5%). 
The data in Figure 6.4 suggests that PpoPrd showed an optimal temperature at 50°C, and 
retained greater than 70% of its maximum activity between 40 and 55°C.

COMPARATIVE EXAMPLE 6.6

Cleaning Performance of metalloprotease PpoProl

[0318] The cleaning performance of PpoPrd was tested using PA-S-38 (egg yolk, with 
pigment, aged by heating) microswatches (CFT-Vlaardingen, The Netherlands) at pH 6 or 8 
using a model automatic dishwashing (ADW) detergent (AT detergent). Prior to the reaction, 
purified PpoPrd was diluted with a dilution solution containing 10 mM NaCI, 0.1 mM CaCI2, 
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0.005% TWEEN® 80 and 10% propylene glycol to the desired concentrations. The reactions 
were performed in AT detergent (composition shown in Table 6.1) with 100 ppm water 

hardness (Ca2+ : Mg2+ = 3 : 1), in the presence of a bleach component ((Peracid N,N- 
phthaloylaminoperoxycaproic acid-PAP). To initiate the reaction, 180 pl_ of AT detergent 
buffered at pH 6 or 8 was added to a 96-MTP placed with PA-S-38 microswatches, followed by 
the addition of 20 μΙ_ of diluted enzymes (or the dilution solution as the blank control). The 96- 
MTP was sealed and incubated in an incubator/shaker for 30 min at 50 °C and 1150 rpm. After 
incubation, 100 μΙ_ of wash liquid from each well was transferred to a new 96-MTP, and its 
absorbance was measured at 405 nm (referred here as the "Initial performance") using a 
spectrophotometer. The remaining wash liquid in the 96-MTP was discarded and the 
microswatches were rinsed once with 200 μΙ_ water. Following the addition of 180 μΙ_ of 0.1 M 
CAPS buffer (pH 10), the second incubation was carried out in the incubator/shaker at 50 °C 
and 1150 rpm for 10 min. One hundred microliter of the resulting wash liquid was transferred to 
a new 96-MTP, and its absorbance measured at 405 nm (referred here as "Wash-off). The 
sum of two absorbance measurements ("Initial performance" plus "Wash-off") gives the "Total 
performance", which measures the protease activity on the model stain; and Net A405 was 

subsequently calculated by subtracting the A405 of the "Total performance" of the blank control 

from that of the enzyme. Dose response in cleaning the PA-S-38 microswatches at pH 6 and 
pH 8 for PpoProl in AT dish detergent, in the presence of bleach, is shown in Figures 6.5Aand 
6.5B.
Table 6.1. Composition of AT dish detergent formula with bleach

Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
Sodium citrate 1.86
Citric acid* varies
PAP (peracid A/,A/-phthaloylaminoperoxycaproic acid) 0.057
Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

*The pH of the AT formula detergent is adjusted to the desired value (pH 6 or 8) by 
the addition of 0.9 M citric acid.

COMPARATIVE EXAMPLE 6.7

Comparison of PpoProl to other metalloproteases
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Identification of Homologous Proteases

[0319] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The predicted mature protein 
amino acid sequence for PpoProl (SEQ ID NO: 28) was used as the query sequence. Percent 
identity (PID) for both search sets is defined as the number of identical residues divided by the 
number of aligned residues in the pairwise alignment. Tables 6.2A and 6.2B provide a list of 
sequences with the percent identity to PpoProl. The length in Table 6.2 refers to the entire 
sequence length of the homologous proteases.

Table 6.2A: List of sequences with percent identity to PpoProl protein 
identified from the NCBI non-redundant protein database
Accession # PID to PpoProl Organism Length
P00800 56 Bacillus thermoproteolyticus 548

ZP-08640523.1 57
Brevibacillus laterosporus 
LMG 15441 564

AAA22623.1 57 Bacillus caldolyticus 544

ZP-08093424.1 59
Pianococcus donghaensis
MPA1U2 553

ZP-10738945.1 60 Brevibacillus sp. CF112 528
CAA43589.1 62 Brevibacillus brevis 527

ZP-02326503.1 62
Paenibacillus larvae subsp. 
larvae BRL-230010 520

YP 005495105.1 63
Bacillus megaterium WSH- 
002 562

YP-001373863.1 64
Bacillus cytotoxicus NVH 
391-98 565

ZP_04310163.1 64 Bacillus cereus BGSC 6E1 581
BAA06144.1 64 Lactobacillus sp.] 566
ZP_08511445.1 65 Paenibacillus sp. HGF7 525
ZP_04216147.1 65 Bacillus cereus Rock3-44 566

ZP-09071078.1 68
Paenibacillus larvae subsp. 
larvae B-3650

ZP_09077634.1 69 Paenibacillus elgii B69 524
YP_005073224.1 79 Paenibacillus terrae HPL-003 595

ZP-10241029.1 80
Paenibacillus peoriae KCTC
3763 599
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Table 6.2A: List of sequences with percent identity to PpoProl protein 
identified from the NCBI non-redundant protein database
Accession # PID to PpoProl Organism Length
YP_005073223.1 93 Paenibacillus terrae HPL-003 591

ZP-10241030.1 95
Paenibacillus peoriae KCTC
3763 593

ZP_09775364.1 95 Paenibacillus sp. Aloe-11 593
YP_003872179.1 97 Paenibacillus polymyxa E681 592
YP_003948511.1 100 Paenibacillus polymyxa SC2 592

Table 6.2B: List of sequences with percent identity to PpoProl protein 
identified from the Genome Quest Patent database
Patent # PID to 

PpoProl
Organism Length

US20120107907-0187 97.34 Bacillus polymyxa 302
US5962264-0004 65.48 empty 566
WO2012110563-0005 65.16 Bacillus cereus 320
JP1994070791-0002 64.52 empty 317
WO2012110562-0005 64.19 Bacillus cereus 320
WO2012110563-0004 63.34 Bacillus megaterium 320
JP2002272453-0002 61.98 Bacillus megaterium 562
W02004011619-0047 61.49 empty 532
EP2390321-0186 62.58 Bacillus brevis 304
US6518054-0002 59.22 Bacillus sp. 316
US6518054-0001 58.52 Bacillus sp. 319
US20120107907-0176 58.52 Bacillus 

stearothermophilis
548

JP2005229807-0019 93.05 Paenibacillus polymyxa 566
WO2012110562-0003 58.2 Geobacillus 

stearothermophilus
319

W02004011619-0044 59.27 empty 507
EP2390321-0185 66.13 Bacillus cereus 317
JP1995184649-0001 65.71 Lactobacillus sp. 566
EP2178896-0184 65.38 Bacillus anthracis 566

Alignment of Homologous Protease Sequences
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[0320] The amino acid sequence of predicted mature PpoProl (SEQ ID NO: 28) was aligned 
with thermolysin (P00800, Bacillus thermoproteolyticus) and protease from Paenibacillus 
polymyxa SC2 (YP_00394851!1) using CLUSTALW software (Thompson et al., Nucleic Acids 
Research, 22:4673-4680, 1994) with the default parameters. Figure 6.6 shows the alignment 
of PpoProl with these protease sequences.

Phylogenetic Tree

[0321] A phylogenetic tree for precursor PpoProl (SEQ ID NO: 27) was built using sequences 
of representative homologs from Tables 6.2A and the Neighbor Joining method (NJ) (Saitou, 
N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for reconstructing Guide 
Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of distances between all 
pairs of sequences to be analyzed. These distances are related to the degree of divergence 
between the sequences. The phylodendron-phylogenetic tree printer software 
(http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the phylogenetic 
tree shown in Figure 6.7.

EXAMPLE 7.1

Cloning of Paenibacillus hunanensis metalloprotease PhuProl

[0322] A strain (DSM22170) of Paenibacillus hunanensis was selected as a potential source of 
enzymes which may be useful in various industrial applications. Genomic DNA for sequencing 
was obtained by first growing the strain on Heart Infusion agar plates (Difco) at 37°C for 24 hr. 
Cell material was scraped from the plates and used to prepare genomic DNA with the ZF 
Fungal/Bacterial DNA miniprep kit from Zymo (Cat No. D6005). The genomic DNA was used 
for genome sequencing. The entire genome of the Paenibacillus hunanensis strain was 
sequenced by BaseClear (Leiden, The Netherlands) using the Illumina's next generation 
sequencing technology. After assembly of the data, contigs were annotated by BioXpr (Namur, 
Belgium). One of the genes identified after annotation in Paenibacillus hunanensis encodes a 
metalloprotease and the sequence of this gene, called PhuProl, is provided in SEQ ID NO: 3! 
This gene has an alternative start codon (TTG). The corresponding protein encoded by the 
PhuProl gene is shown in SEQ ID NO: 32. At the N-terminus, the protein has a signal peptide 
with a length of 23 amino acids as predicted by SignalP version 4.0 (Nordahl Petersen et al. 
(2011) Nature Methods, 8:785-786). The presence of a signal sequence suggests that PhuProl 
is a secreted enzyme. The propeptide region was predicted based on protein sequence 
alignment with the Paenibacillus polymyxa Npr protein (Takekawa et al. (1991) Journal of 
Bacteriology, 173 (21): 6820-6825). The predicted mature region of PhuProl protein is shown 
in SEQ ID NO: 33.

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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[0323] The nucleotide sequence of the PhuProl gene isolated from Paenibacillus hunanensis 
is set forth as SEQ ID NO: 3! The sequence encoding the predicted native signal peptide is 
shown in italics:
TTGAAAAAAA CA GTTGGTCTTTTA CTTGCA GGTA GCTTGCTCGTTGGTGCTA CM CGTCCG

C77TCGG4GCAGAAGCAAATGATCTGGCACCACTCGGTGATTACACGCCAAAAITGA
TTACGCAAGCAACAGGCATCACTGGCGCTAGTGGCGATGCTAAAGTATGGAAGTTC
CTGGAGAAGCAAAAACGTACCATCGTAACCGATGATGCAGCTTCTGCTGATGTGAA
GGAATTGTTTGAGATCACAAAACGTCAATCCGATTCTCAAACCGGTACAGAGCACT
ATCGCCTGAACCAAACCTTTAAAGGCATCCCAGTCTATGGCGCAGAGCAAACACTG
CACTTTGACAAATCCGGCAATGTATCTCTGTACATGGGTCAGGTTGTTGAGGATGTG
TCCGCTAAACTGGAAGCTTCCGATTCCAAAAAAGGCGTAACTGAGGATGTATACGC

TTCGGATACGAAAAATGATCTGGTAACACCAGAAATCAGCGCTTCTCAAGCCATCT
CGATTGCTGAAAAGGATGCAGCTTCCAAAATCGGCTCCCTCGGCGAAGCACAAAAA
ACGCCAGAAGCGAAGCTGTATATCTACGCTCCTGAGGATCAAGCAGCACGTCTGGC
TTATGTGACAGAAGTAAACGTACTGGAGCCATCTCCGCTGCGTACTCGCTATTTTGT
AGATGCAAAAACAGGTTCGATCCTGTTCCAATATGATCTGATTGAGCATGCAACAG
GTACAGGTAAAGGGGTACTGGGTGATACCAAGTCCTTCACTGTAGGTACTTCCGGTT
CTTCCTATGTGATGACTGATAGCACGCGTGGAAAAGGTATCCAAACCTACACGGCG
TCTAACCGCACATCACTGCCAGGTAGCACTGTAACGAGCAGCAGCAGCACATTTAA
CGATCCAGCATCTGTCGATGCCCATGCGTATGCACAAAAAGTATATGATTTCTACAA
ATCCAACTTTAACCGCAACAGCATCGACGGTAATGGTCTGGCTATCCGCTCCACTAC
GCACTATTCCACACGTTATAACAATGCGTTCTGGAATGGTTCCCAAATGGTATACGG
TGATGGCGATGGTTCGCAATTCATCGCATTCTCCGGCGACCTTGACGTAGTAGGTCA
CGAGCTGACACACGGTGTAACCGAGTACACAGCGAACCTGGAATACTATGGTCAAT
CCGGTGCACTGAACGAATCCATTTCGGATATCTTTGGTAACACAATCGAAGGTAAA
AACTGGATGGTAGGCGATGCGATCTACACACCAGGCGTATCCGGCGATGCTCTTCG
CTACATGGATGATCCAACAAAAGGTGGACAACCAGCGCGTATGGCAGATTACAACA
ACACAAGCGCTGATAATGGCGGTGTACACACAAACAGTGGTATCCCGAATAAAGCA
TACTACTTGCTGGCACAGGGTGGCACATTTGGCGGTGTAAATGTAACAGGTATCGG
TCGCTCGCAAGCGATCCAGATCGTTTACCGTGCACTAACATACTACCTGACATCCAC
ATCTAACTTCTCGAACTACCGTTCTGCAATGGTGCAAGCATCTACAGACCTGTACGG
TGCAAACTCTACACAAACAACAGCGGTGAAAAACTCGCTGAGCGCAGTAGGCATTA
AC

[0324] The amino acid sequence of the PhuProl precursor protein is set forth as SEQ ID NO: 
32. The predicted signal sequence is shown in italics, and the predicted pro-peptide is shown 
in underlined text:
MKKTVGLLLA GSLL VGA 7TS1F4AEANDLAPLGDYTPKLITQATGITGASGDAKVWKFLE
KOKRTIVTDDAASADVKELFEITKROSDSQTGTEHYRLNQTFKGIPVYGAEQTLHFDKS
/~Ε\ΤΛ70Τ ΛΛΝ /Γ/Τ/ΎΙ Γλ 7Τ7ΤΎΛ 70 Λ 1ΛΤ T7A 0ΓΑ0Τ7ΊΛ
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VJ1N V OL· I IVlkJV V V JZL·/ V V 1 J3J-7 V 1 AÖV 1 IV1M_7L V 1 EElöAOUAlölAErvJJrt

ASKIGSLGEAOKTPEAKLYIYAPEDQAARLAYVTEVNVLEPSPLRTRYFVDAKTGSILFQ

YDL1EHATGTGKGVLGDTKSFTVGTSGSSYVMTDSTRGKG1QTYTASNRTSLPGSTVTS
SSSTFNDPASVDAHAYAQKVYDFYKSNFNRNS1DGNGLA1RSTTHYSTRYNNAFWNGS 
QMVYGDGDGSQFIAFSGDLDVVGHELTHGVTEYTANLEYYGQSGALNESISDIFGNTIE 
GKNWMVGDAIYTPGVSGDALRYMDDPTKGGQPARMADYNNTSADNGGVHTNSGIPN

KAYYLLAQGGTFGGVNVTGIGRSQAIQIVYRALTYYLTSTSNFSNYRSAMVQASTDLY 
GANSTQTTAVKNSLSAVGIN

[0325] The amino acid sequence of the predicted mature form of PhuProl is set forth as SEQ 
ID NO: 33:
ATGTGKGVLGDTKSFTVGTSGSSYVMTDSTRGKGIQTYTASNRTSLPGSTVTSSSSTFN
DPASVDAHAYAQKVYDFYKSNFNRNSTDGNGLAIRSTTHYSTRYNNAFWNGSQMVYG
DGDGSQFIAFSGDLDVVGHELTHGVTEYTANLEYYGQSGALNESISDIFGNTIEGKNWM
VGDA1YTPGVSGDALRYMDDPTKGGQPARMADYNNTSADNGGVHTNSG1PNKAYYLL 
AQGGTFGGVNVTGtGRSQAIQTVYRALTYYLTSTSNFSNYRSAMVQASTDLYGANSTQT

TAVKNSLSAVGIN

EXAMPLE 7.2

Expression of Paenibacillus hunanensis metalloprotease PhuProl

[0326] The DNA sequence of the propeptide-mature form of PhuProl was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX149(AprE- 
PhuProl) (Figure 7.1). Ligation of this gene encoding the PhuProl protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the B. 
subtilis AprE signal sequence and the 5' end of the predicted PhuProl native propeptide. The 
gene has an alternative start codon (GTG). The resulting plasmid shown in Figure 1, labeled 
pGX149(AprE-PhuProl) contains an AprE promoter, an AprE signal sequence used to direct 
target protein secretion in B. subtilis, and the synthetic nucleotide sequence encoding the 
predicted propeptide and mature regions of PhuProl (SEQ ID NO: 34). The translation product 
of the synthetic AprE- PhuProl gene is shown in SEQ ID NO: 35.

[0327] The pGX149(AprE-PhuPro1) plasmid was then transformed into B. subtilis cells 

(degUHy32, LscoC) and the transformed cells were spread on Luria Agar plates supplemented 
with 5 ppm Chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest 
clear halos on the plates were selected and subjected to fermentation in a 250 ml shake flask 
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with MBD medium (a MOPS based defined medium, supplemented with additional 5 mM 
CaCI2).

The broth from the shake flasks was concentrated and buffer-exchanged into the loading 
buffer containing 20 mM Tris-HCI (pH 8.5), 1 mM CaCI2 and 10% propylene glycol using a 

VivaFlow 200 ultra filtration device (Sartorius Stedim). After filtering, this sample was applied to 
a 80 ml Q Sepharose High Performance column pre-equilibrated with the loading buffer above; 
and the active flow-through fractions were collected and concentrated via lOKAmicon Ultra for 
further analyses.

[0328] The nucleotide sequence of the synthesized PhuProl gene in plasmid pGX149(AprE- 
PhuProl) is depicted in SEQ ID NO: 34. The sequence encoding the three residue addition 
(AGK) is shown in bold:
GTGAGAAGCAAAAAATTGTGGATCAGCTTGTTGTTTGCGTTAACGTTAATCTTTACG
ATGGCGTTCAGCAACATGAGCGCGCAGGCTGCTGGAAAAGCAGAAGCTAATGATC
TTGCCCCGCTTGGCGATTATACACCGAAGCTTATTACACAGGCAACGGGAATTACA
GGCGCATCAGGCGATGCGAAGGTGTGGAAGTTCCTGGAGAAGCAGAAGAGAACGA 
TTGTCACGGACGACGCCGCAAGCGCGGATGTCAAGGAGCTGTTCGAGATCACGAAG 
AGACAGAGCGATAGCCAGACGGGAACGGAGCATTACAGACTGAACCAGACGTTCA
AGGGCATTCCGGTCTACGGAGCTGAACAAACGCTGCATTTTGATAAAAGCGGCAAC
GTCTCACTGTACATGGGCCAAGTCGTTGAGGACGTTAGCGCCAAACTTGAGGCTAG
CGACAGCAAGAAAGGCGTCACAGAAGATGTCTACGCGTCAGACACGAAAAACGAC
CTGGTTACACCGGAAATCTCAGCTTCACAGGCCATCTCAATTGCAGAGAAAGACGC
AGCGTCAAAAATCGGCTCACTGGGCGAGGCTCAGAAAACGCCGGAGGCGAAACTTT
ACATCTACGCCCCTGAGGACCAGGCTGCGAGACTGGCTTACGTGACAGAAGTTAAT
GTGCTGGAGCCGTCACCGCTTAGAACGAGATATTTCGTGGACGCAAAGACGGGCAG 
CATTCTGTTTCAGTACGATCTTATCGAACACGCGACAGGCACAGGAAAGGGAGTTC
TGGGAGACACAAAAAGCTTCACGGTTGGCACGTCAGGCAGCAGCTACGTGATGACA
GACAGCACGAGAGGCAAGGGCATTCAAACGTATACAGCGAGCAACAGAACAAGCC
TGCCGGGAAGCACAGTCACGAGCTCATCATCAACGTTTAATGACCCGGCCTCAGTG
GATGCTCACGCATACGCGCAGAAAGTGTACGACTTCTACAAAAGCAACTTCAATAG
AAACAGCATCGACGGAAACGGCCTTGCGATCAGAAGCACGACGCACTACAGCACA
AGATACAACAACGCCTTCTGGAACGGCAGCCAAATGGTTTACGGCGATGGCGACGG
ATCACAGTTTATCGCATTTAGCGGAGACCTGGACGTCGTTGGCCATGAGCTGACAC
ATGGCGTTACGGAGTACACAGCAAACCTGGAATACTATGGCCAGTCAGGCGCCCTT
AACGAGAGCATCAGCGACATTTTTGGCAATACGATCGAAGGAAAGAACTGGATGGT
CGGCGACGCAATCTACACACCGGGCGTTTCAGGCGATGCACTGAGATATATGGACG 
ACCCGACAAAGGGCGGACAGCCGGCCAGAATGGCGGATTACAATAATACGTCAGC
AGATAACGGCGGCGTGCATACAAATAGCGGCATCCCTAACAAAGCATATTACCTGC
TTGCGCAAGGAGGAACATTTGGCGGCGTGAATGTTACGGGCATTGGCAGATCACAA
GCGATTCAGATCGTTTACAGAGCGCTGACGTACTACCTTACGAGCACGAGCAATTTT
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AGCAACTACAGAAGCGCAATGGTGCAGGCAAGCACGGATCTGTATGGCGCAAATTC

AACACAAACGACGGCGGTCAAGAATAGCCTTTCAGCAGTGGGCATTAACTAA

[0329] The amino acid sequence of the PhuProl precursor protein expressed from plasmid 
pGX149(AprE- PhuProl) is depicted in SEQ ID NO: 35. The predicted signal sequence is shown 
in italics, the three residue addition (AGK) is shown in bold, and the predicted propeptide is 
shown in underlined text.
'UR^ÆLRZSZZFHETZ/FTWFSATf&IGTAGKAEANDLAPLGDYTPKLITQATGITGASGD
AKVWKFLEKOKRTIVTDDAASADVKELFEITKROSDSOTGTEHYRLNQTFKGIPVYGAE 
QTLHFDKSGNVSLYMGOVVEDVSAKLEASDSKKGVTEDVYASDTKNDLVTPETSASOA 

ISIAEKDAASKIGSLGEAQKTPEAKLYIYAPEDQAARLAYVTEVNVLEPSPLRTRYFVDA  
KTGSILFQYDLIEHATGTGKGVLGDTKSFTVGTSGSSYVMTDSTRGKGIQTYTASNRTSL
PGSTVTSSSSTFNDPASVDAHAYAQKVYDFYKSNFNRNS1DGNGLA1RSTTHYSTRYNN 
AFWNGSQMVYGDGDGSQFIAFSGDLDVVGHELTHGVTEYTANLEYYGQSGALNESISD 
IFGNTIEGKNWMVGDAIYTPGVSGDALRYMDDPTKGGQPARMADYNNTSADNGGVH 
TNSGTPNKAYYLLAQGGTFGGVNVTGIGRSQAIQTVYRALTYYLTSTSNFSNYRSAMVQ 
ASTDLYGANSTQTTAVKNSLSAVGIN

EXAMPLE 7.3

Proteolytic activity of metalloprotease PhuProl

[0330] The proteolytic activity of purified metalloprotease PhuProl was measured in 50 mM 
Tris (pH 7), using azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, 
the enzyme was diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein 
was dissolved in 100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the 
reaction, 50 pl of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to 

the non-binding 96-well Microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on 
ice, followed by the addition of 50 pl of 1.5% azo-casein. After sealing the 96-MTP, the reaction 
was carried out in a Thermomixer (Eppendorf) at 40 °C and 650 rpm for 10 min. The reaction 
was terminated by adding 100 pl of 5% Trichloroacetic Acid (TCA). Following equilibration (5 
min at the room temperature) and subsequent centrifugation (2000 g for 10 min at 4 °C), 120 
pl supernatant was transferred to a new 96-MTP, and absorbance of the supernatant was 
measured at 440 nm (A440) using a SpectraMax 190. Net A440 was calculated by subtracting 

the A440 of the blank control from that of enzyme, and then plotted against different protein 

concentrations (from 1.25 ppm to 40 ppm). Each value was the mean of triplicate assays. The 
proteolytic activity is shown as Net A440. The proteolytic assay with azo-casein as the substrate 

(shown in Figure 7.2) indicates that PhuProl is an active protease.
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EXAMPLE 7.4

pH profile of metalloprotease PhuProl

[0331] With azo-casein as the substrate, the pH profile of metalloprotease PhuProl was studied 
in 12.5 mM acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from pH 4 to 
11). To initiate the assay, 50 pl of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a specific 
pH was first mixed with 2 pl Milli-Q H2O diluted enzyme (125 ppm) in a 96-MTP placed on ice, 

followed by the addition of 48 pl of 1.5% (w/v) azo-casein prepared in H2O. The reaction was 

performed and analyzed as described in Example 3. Enzyme activity at each pH was reported 
as the relative activity, where the activity at the optimal pH was set to be 100%. The pH values 
tested were 4, 5, 6, 7, 8, 9, 10 and 11. Each value was the mean of triplicate assays. As shown 
in Figure 7.3, the optimal pH of PhuProl is about 6, with greater than 70% of maximal activity 
retained between 5 and 8.

EXAMPLE 7.5

Temperature profile of metalloprotease PhuProl

[0332] The temperature profile of metalloprotease PhuProl was analyzed in 50 mM Tris buffer 
(pH 7) using the azo-casein assays. The enzyme sample and azo-casein substrate were 
prepared as in Example 7.3. Prior to the reaction, 50 pl of 1.5% azo-casein and 45 pl Milli-Q 
H2O were mixed in a 200 pl PCR tube, which was then subsequently incubated in a Peltier 

Thermal Cycler (BioRad) at desired temperatures (i.e. 20~90 °C) for 5 min. After the 
incubation, 5 pl of diluted enzyme (50 ppm) or H2O (the blank control) was added to the 

substrate mixture, and the reaction was carried out in the Peltier Thermal Cycle for 10 min at 
different temperatures. To terminate the reaction, each assay mixture was transferred to a 96- 
MTP containing 100 pl of 5% TCA per well. Subsequent centrifugation and absorbance 
measurement were performed as described in Example 7.3. The activity was reported as the 
relative activity, where the activity at the optimal temperature was set to be 100%. The tested 
temperatures are 20, 30, 40, 50, 60, 70, 80, and 90°C. Each value was the mean of duplicate 
assays (the value varies no more than 5%). The data in Figure 7.4 suggests that PhuProl 
showed an optimal temperature at 60°C, and retained greater than 70% of its maximum 
activity between 45 and 65°C.

EXAMPLE 7.6
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Cleaning performance of metalloprotease PhuProl

[0333] The cleaning performance of PhuProl was tested using PA-S-38 (egg yolk, with 
pigment, aged by heating) microswatches (CFT-Vlaardingen, The Netherlands) at pH 6 and 8 
using a model automatic dishwashing (ADW) detergent. Prior to the reaction, purified protease 
samples were diluted with a dilution solution containing 10 mM NaCI, 0.1 mM CaCI2, 0.005% 

TWEEN® 80 and 10% propylene glycol to the desired concentrations. The reactions were 

performed in AT detergent with 100 ppm water hardness (Ca2+ : Mg2+ = 3 : 1) (detergent 
composition shown in Table 7.1). To initiate the reaction, 180 pl of the AT detergent buffered at 
pH 6 or pH 8 was added to a 96-MTP placed with PA-S-38 microswatches, followed by the 
addition of 20 μΙ of diluted enzymes (or the dilution solution as the blank control). The 96-MTP 
was sealed and incubated in an incubator/shaker for 30 min at 50 °C and 1150 rpm. After 
incubation, 100 μΙ of wash liquid from each well was transferred to a new 96-MTP, and its 
absorbance was measured at 405 nm (referred here as the "Initial performance") using a 
spectrophotometer. The remaining wash liquid in the 96-MTP was discarded and the 
microswatches were rinsed once with 200 μΙ water. Following the addition of 180 μΙ of 0.1 M 
CAPS buffer (pH 10), the second incubation was carried out in the incubator/shaker at 50 °C 
and 1150 rpm for 10 min. One hundred microliters of the resulting wash liquid was transferred 
to a new 96-MTP, and its absorbance measured at 405 nm (referred here as the "Wash-off'). 
The sum of two absorbance measurements ("Initial performance" plus "Wash-off") gives the 
"Total performance", which measures the protease activity on the model stain; and Net A405 

was subsequently calculated by subtracting the A405 of the "Total performance" of the blank 

control from that of the enzyme. Dose response in cleaning the PA-S-38 microswatches at pH 
6 and pH 8 in AT detergent for PhuProl is shown in Figures 7.5A and 7.5B.
Table 7.1. Composition of AT detergent

Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
Sodium citrate 1.86
Citric acid* varies
Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

*The pH of the AT formula detergent is adjusted to the desired value (pH 6 or 8) by 
the addition of 0.9 M citric acid.
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EXAMPLE 7.7

Comparison of PhuProl to Other Proteases

A. Identification of Homologous Proteases

[0334] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The predicted mature protein 
amino acid sequence for PhuProl (SEQ ID NO: 33) was used as the query sequence. Percent 
identity (PID) for both search sets is defined as the number of identical residues divided by the 
number of aligned residues in the pairwise alignment. Tables 7.2A and 7.2B provide a list of 
sequences with the percent identity to PhuProl. The length in Table 7.2 refers to the entire 
sequence length of the homologous proteases.

Table 7.2A: List of sequences with percent identity to PhuProl protein 
identified from the NCBI non-redundant protein database
Accession # PID to PhuProl Organism Length
P00800 55 Bacillus thermoproteolyticus 548
AAB02774.1 55 Geobacillus 

stearothermophilus
552

EJS73098.1 56 Bacillus cereus BAG2X1-3 566
BAD60997.1 56 Bacillus megaterium 562
ZP_04216147.1 57 Bacillus cereus Rock3-44 566
YP_893436.1 56 Bacillus thuringiensis str. Al 

Hakam
566

ZP_08640523.1 58 Brevibacillus laterosporus 564
ZP_09069194.1 59 Paenibacillus larvae subsp. 

larvae B-3650
502

YP_002770810.1 60 Brevibacillus brevis 528
ZP_08511445.1 61 Paenibacillus sp. HGF7 525
P43263 61 Brevibacillus brevis 527
ZP_09775365.1 62 Paenibacillus sp. Aloe-11 580
ZP_09077634.1 66 Paenibacillus elgii B69 524
P29148 68 NPRE_PAEPO 590
ZP_09775364.1 69 Paenibacillus sp. Aloe-11 593
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Table 7.2A: List of sequences with percent identity to PhuProl protein 
identified from the NCBI non-redundant protein database
Accession #
2pjPÖ2^hÖ30T^n

PID to PhuProl Organism
Paenibacillus peoriae KCTC
3763

Length

YP_005073223.1 69 Paenibacillus terrae HPL- 
003

591

Table 7.2B: List of sequences with percent identity to PhuProl protein 
identified from the Genome Quest Patent database

Patent ID # PID to 
PhuProl Organism Length

WO2012110562-0003 56.23 Geobacillus 
stearothermophilus

319

US6518054-0001 56.55 Bacillus sp. 319
JP2002272453-0002 56.69 Bacillus megaterium 562
US20090123467-0184 56.73 Bacillus anthracis 566
US6103512-0003 56.87 319
EP0867512-0002 56.96 316
WO2012110562-0005 57.1 Bacillus cereus 320
WO2012110563-0005 58.06 Bacillus cereus 320
US20120107907-0187 68.44 Bacillus polymyxa 302

B. Alignment of Homologous Protease Sequences

[0335] The amino acid sequence of predicted mature PhuProl (SEQ ID NO: 33) protein was 
aligned with Proteinase T (P00800, Bacillus thermoproteolyticus), and protease from 
Paenibacillus terrae HPL-003 (YP_005073223.1) using CLUSTALW software (Thompson et al., 
Nucleic Acids Research, 22:4673-4680, 1994) with the default parameters. Figure 7.6 shows 
the alignment of PhuProl with these protease sequences.

C. Phylogenetic Tree

[0336] A phylogenetic tree for full length sequence of PhuProl (SEQ ID NO: 2) was built using 
sequences of representative homologs from Table 2A and the Neighbor Joining method (NJ) 
(Saitou, N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for reconstructing 
Guide Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of distances 
between all pairs of sequences to be analyzed. These distances are related to the degree of 
divergence between the sequences. The phylodendron-phylogenetic tree printer software 
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(http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the phylogenetic 
tree shown in Figure 7.7.

EXAMPLE 7.8

Terg-o-Tometer performance evaluation of PhuProl

[0337] The wash performance of PhuProl was tested in a laundry detergent application using a 
Terg-o-Tometer (Instrument Marketing Services, Inc, Fairfield, NJ). The performance 
evaluation was conducted at 32°C and 16°C. The soil load consisted of two of each of the 
following stain swatches: EMPA116 Blood, Milk, Ink on cotton (Test materials AG, St. Gallen, 
Switzerland), EMPA117 Blood, Milk, Ink on polycotton (Test materials AG, St. Gallen, 
Switzerland), EMPA112 Cocoa on cotton (Test materials AG, St. Gallen, Switzerland), and CFT 
C-10 Pigment, Oil, and Milk content on cotton (Center for Testmaterials BV, Vlaardingen, 
Netherlands), plus extra white interlock knit fabric to bring the total fabric load to 40 g per 
beaker of the Terg-o-Tometer, which was filled with 1 L of deionized water. The water hardness 
was adjusted to 6 grains per gallon, and the pH in the beaker was buffered with 5 mM HEPES, 
pH 8.2. Heat inactivated Tide Regular HDL (Proctor & Gamble), a commercial liquid detergent 
purchased in a local US supermarket, was used at 0.8 g/L. The detergent was inactivated 
before use by treatment at 92°C in a water bath for 2-3 hours followed by cooling to room 
temperature. Heat inactivation of commercial detergents serves to destroy the activity of 
enzymatic components while retaining the properties of the non-enzymatic components. 
Enzyme activity in the heat inactivated detergent was measured using the Suc-AAPF-pNA 
assay for measuring protease activity. The Purafect® Prime HA, (Genencor Int'l) and PhuProl 
proteases were each added to final concentrations of 1ppm. A control sample with no enzyme 
was included. The wash time was 12 minutes. After the wash treatment, all swatches were 
rinsed for 3 minutes and machine-dried at low heat.

[0338] Four of each type of swatch were measured before and after treatment by optical 
reflectance using a Tristimulus Minolta Meter CR- 400. The difference in the L, a, b values was 
converted to total color difference (dE), as defined by the CIE-LAB color space. Cleaning of the 
stains is expressed as percent stain removal index (%SRI) by taking a ratio between the color 
difference before and after washing, and comparing it to the difference of unwashed soils 
(before wash) to unsoiled fabric, and averaging the eight values obtained by reading two 
different regions of each washed swatch. Cleaning performances of PhuProl and Purafect® 
Prime HA proteases at 32°C are shown in Tables 7.8A and Figure 7.8A and at 16°C are shown 
in Table 7.8B and Figure 7.8B.

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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Table 7.8A: Cleaning performance of PhuProl at 32°C
EMPA-116 EMPA-117

PPm 
enzyme

Purafect Prime 
HA

PhuProl Purafect Prime 
HA

PhuProl

Average ί 
%SRI 
(dE)

95CI 
[%SRI 
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI
[%SRI
(dE)] I

0 0.25 I 0.02 0.25 0.02 0.19 0.02 0.19 0.02
0.2 0.31 I 0.02 0.31 0.01 0.31 0.03 0.32 0.04 I
0.5 0.34 0.02 0.33 0.03 0.34 0.02 0.37 0.02 I

1 0.35 0.03 0.36 0.02 0.38 0.03 0.42 0.03
1.5 0.36 I 0.02 0.37 0.03 0.35 0.03 0.43 0.03

EMPA-112 CFTC-10
PPm 
enzyme

Purafect Prime 
HA

PhuProl Purafect Prime 
HA

PhuProl

Average ί 
%SRI 
(dE)

95CI 
[%SRI 
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI
[%SRI
(dE)] I

0 0.15 I 0.03 0.15 0.03 0.07 0.01 0.07 0.01 I
0.2 0.17 0.04 0.14 0.02 0.11 0.01 0.15 0.01 I

0.5 0.19 0.02 0.19 0.04 0.13 0.01 0.16 0.03
1_______ 0.20 I 0.03 0.22 0.03 0.17 0.01 0.17 0.01

1.5 0.24 I 0.03 0.25 0.04 0.17 0.02 0.20 0.02

Table 7.8B: Cleaning performance of PhuProl at 16°C
EMPA-116 EMPA-117

PPm 
enzyme

Purafect Prime 
HA

PhuProl Purafect Prime 
HA

PhuProl

Average ί 
%SRI 
(dE)

95CI 
[%SRI 
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI 
[%SRI 
(dE)] I

0 0.14 0.02 0.14 0.02 0.12 0.01 0.12 0.01
0.2_______ 0.19 I 0.02 0.17 0.03 0.17 0.02 0.14 0.03
0.5 0.22 I 0.03 0.28 0.04 0.20 0.03 0.22 0.01

1 0.24 I 0.02 0.26 0.02 0.20 0.01 0.24 0.04
1.5 0.23 I 0.03 0.26 0.03 0.23 0.02 0.25 0.02



DK/EP 3110833 T3

EMPA-112 CFTC-10
PPm 
enzyme

Purafect Prime 
HA

PhuProl Purafect Prime 
HA

PhuProl

Average ί 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average ί 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average ί 
%SRI 
(dE)

95CI 
[%SRI
(dE)]

Average 
%SRI 
(dE)

95CI
[%SRI
(dE)] I

0 0.09 I 0.03 0.09 1 0.03 0.07 I 0.01 0.07 0.01
0.2 0.07 I 0.01 0.09 1 0.02 0.08 I 0.02 0.06 0.01
0.5 0.11 I 0.02 0.12 0.03 0.10 0.01 0.09 0.01 I

1 0.11 0.02 0.12 0.02 0.13 0.01 0.15 0.01 I

1.5 0.13 0.03 0.19 0.03 0.13 0.01 0.11 0.01

COMPARATIVE EXAMPLE 8.1

Cloning of Paenibacillus amylolyticus metalloprotease PamProl

[0339] A strain (DSM11747) of Paenibacillus amylolyticus was selected as a potential source of 
enzymes which may be useful in various industrial applications. Genomic DNA for sequencing 
was obtained by first growing the strain on Heart Infusion agar plates (Difco) at 37°C for 24 hr. 
Cell material was scraped from the plates and used to prepare genomic DNA with the ZF 
Fungal/Bacterial DNA miniprep kit from Zymo (Cat No. D6005). The genomic DNA was used 
for genome sequencing. The entire genome of the Paenibacillus amylolyticus strain was 
sequenced by BaseClear (Leiden, The Netherlands) using the Illumina's next generation 
sequencing technology. After assembly of the data, contigs were annotated by BioXpr (Namur, 
Belgium). One of the genes identified after annotation in Paenibacillus amylolyticus encodes a 
metalloprotease and the sequence of this gene, called PamProl, is provided in SEQ ID NO: 
36. The corresponding protein encoded by the PamProl gene is shown in SEQ ID NO: 37. At 
the N-terminus, the protein has a signal peptide with a length of 25 amino acids as predicted 
by SignalP version 4.0 (Nordahl Petersen et al. (2011) Nature Methods, 8:785-786). The 
presence of a signal sequence suggests that PamProl is a secreted enzyme. The propeptide 
region was predicted based on protein sequence alignment with the Paenibacillus polymyxa 
Npr protein (Takekawa et al. (1991) Journal of Bacteriology, 173 (21): 6820-6825). The 
predicted mature region of PamProl protein is shown in SEQ ID NO: 3.

[0340] The nucleotide sequence of the PamProl gene isolated from Paenibacillus amylolyticus 
is set forth as SEQ ID NO: 36. The sequence encoding the predicted native signal peptide is 
shown in italics:
A TGAAA TTCGCCAAAGTTA TGCCAACAA TTCTTGGA GGA GCTCTTTTGCTCGCTTCCGTA T

CCTCTGCTriCTGCriGCTCCAGTGTCT’GriTCAATCCATTCCACTTCAGGCCCCTTATGCC
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TCTGAGGGGGGTATTCCATTGAACAGTGGAACAGATGACACTATC7T7/UTTATCTT
GGACAGCAGGAACAATTTCTGAATTCCGATGTGAAATCCCAGCTCAAAATTGTCAA

AAGAAACACAGATACATCTGGCGTAAGACACTTCCGCCTGAAACAGTATATTAAAG 
GTATCCCGGTTTATGGTGCAGAACAGACGGTCCACCTGGACAAAACCGGAGCCGZG  
AGCTCCGCACTTGGCGATCTTCCACCGATTGAAGAGCAGGCCATTCCGAATGATGG 
TGTAGCCGAGATCAGCGGAGAAGACGCGATCCAGATTGCAACCGAAGAAGCAACC  
TCCCGGATTGGAGAGCTTGGTGCCGCGGAAATCACGCCTCAAGCTGAATTGAACAT  
CTATCATCATGAAGAAGATGGTCAGACATA7CTGG7TZ4 CA TTA CGGAA GTAAACGTA 
CTGGAACCTGCCCCTCTA CG GA CCAAATATTTCATTAACGCAGTGGATGGCAGTATC

GTATCCCAGTTTGACCTCATTAACTTCGCTACTGGAACAGGTACAGGTGTACTCGGT 
GATACCAAAACCCTGACAACCACCCAATCCGGCAGCACCTTCCAACTGAAAGACAC 
CACTCGTGGCAATGGCATCCAAACGTATACGGCAAACAATGGCTCCTCACTGCCTG 
GTAGCTTGCTTACAGATTCGGATAATGTATGGACCGATCGTGCAGGTGTAGATGCTC 
ATGCTCATGCCGCTGCTACGTATGATTTCTACAAAAACAAATTCAACCGTAACGGTA 
TTAATGGTAACGGATTGTTGATCAGATCAACCGTGCACTACGGCTCCAATTACAATA 
ACGCCTTCTGGAACGGGGCACAGATTGTCTTTGGTGACGGAGATGGAACGATGTTC 
CGATCCCTGTCTGGTGATCTGGATGTTGTGGGTCATGAATTGACGCATGGTGTTATT 
GAATATACAGCCAATCTGGAATATCGCAATGAACCAGGTGCACTCAATGAAGCCTT 
TGCCGATATTTTCGGTAATACGATCCAAAGCAAAAACTGGCTGCTCGGTGATGATAT 
CTACACACCTAACACTCCAGGAGATGCGCTGCGCTCCCTCTCCAACCCTACATTGTA 
TGGTCAACCTGACAAATACAGCGATCGCTACACAGGCTCACAGGACAACGGCGGTG 
TCCATATCAACAGTGGTATCATCAATAAAGCCTATTTCCTTGCTGCTCAAGGCGGAA 
CACATAATGGTGTGACTGTTACCGGAATCGGCCGGGATAAAGCGATCCAGATTTTC 
TACAGCACACTGGTGAACTACCTGACACCAACGTCCAAATTTGCCGCTGCCAAAAC 
AGCTACCATTCAAGCAGCCAAAGATCTGTACGGAGCAACTTCCGCTGAAGCTACTG 
CTATTACCAAAGCATATCAAGCTGTAGGCCTG

[0341] The amino acid sequence of the PamProl precursor protein is set forth as SEQ ID NO: 
37. The predicted signal sequence is shown in italics, and the predicted propeptide is shown in 
underlined text:
MKFAK KMPTILGGALLLASFSSA ΤΑ APVSPQSIPLQAPYASEGGIPLNSGTPPTIFNYLGQQ
EQFENSPVKS0LK1VKRNTPTSGVRHFRLKQY1K.G1PVYGAEQTVHLPKTGAVSSALGP 
LPPIEEOAIPNPGVAEISGEPAIOIATEEATSRIGELGAAEITPOAELNIYHHEEPGOTYLV 
Y1TEVNVLEPAPLRTKYF1NAVPGS1VSQFPL1NFATGTGTGVEGPTKTETTTQSGSTFQL 
KPTTRGNGIQTYTANNGSSLPGSLLTPSPNVWTPRAGVPAHAH.AAATYPFYKNKFNR  
NGINGNGLLIRSTVHYGSNYNNAFWNGAQIVFGPGPGTMFRSLSGPLPVVGHELTHG 
VIEYTANLEYRNEPGALNEAFAPIFGNTIQSKNWLLGPPIYTPNTPGPALRSLSNPTLYG 
QPPKYSPRYTGSQPNGGVHrNSGIINKAYFLAAQGGTHNGVTVTGlGRPKAIQIFYSTL 
VNYLTPTSKFAAAKTATIQAAKPLYGATSAEATAITKAYQAVGL
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[0342] The amino acid sequence of the predicted mature form of PamProl is set forth as SEQ 
ID NO: 38:
ATGTGTGVLGDTKTLTTTQSGSTFQLKDTTRGNGIQTYTANNGSSLPGSLLTDSDNVWT

DRAGVDAFIAHAAATYDFYKNKFNRNGINGNGLLIRSTVHYGSNYNNAFWNGAQIVFG

DGDGTMFRSLSGDLDVVGHELTHGVIEYTANLEYRNEPGALNEAFADTFGNTTQSKNW

LLGDDIYTPNTPGDALRSLSNPTLYGQPDKYSDRYTGSQDNGGVHINSGIINKAYFLAA

QGGTHNGVTVTGIGRDKAIQIFYSTLVNYLTPTSKFAAAKTATIQAAKDLYGATSAEAT 

AITKAYQAVGL

COMPARATIVE EXAMPLE 8.2

Expression of Paenibacillus amylolyticus metalloprotease PamProl

[0343] The DNA sequence of the propeptide-mature form of PamProl was synthesized and 
inserted into the Bacillus subtilis expression vector p2JM103BBI (Vogtentanz, Protein Expr 
Purif, 55:40-52, 2007) by Generay (Shanghai, China), resulting in plasmid pGX146(AprE- 
PamProl) (Figure 1). Ligation of this gene encoding the PamProl protein into the digested 
vector resulted in the addition of three codons (Ala-Gly-Lys) between the 3' end of the B. 
subtilis AprE signal sequence and the 5' end of the predicted PamProl native propeptide. The 
gene has an alternative start codon (GTG). The resulting plasmid shown in Figure 8.1, labeled 
pGX146(AprE-PamPro1) contains an AprE promoter, an AprE signal sequence used to direct 
target protein secretion in B. subtilis, and the synthetic nucleotide sequence encoding the 
predicted propeptide and mature regions of PamProl (SEQ ID NO: 39). The translation 
product of the synthetic AprE- PamProl gene is shown in SEQ ID NO: 40.

[0344] The pGX146(AprE-PamPro1) plasmid was then transformed into B. subtilis cells 

(degUHy32, AscoC) and the transformed cells were spread on Luria Agar plates supplemented 
with 5 ppm Chloramphenicol and 1.2% skim milk (Cat#232100, Difco). Colonies with the largest 
clear halos on the plates were selected and subjected to fermentation in a 250 ml shake flask 
with MBD medium (a MOPS based defined medium, supplemented with additional 5 mM 
CaCI2).

[0345] The broth from the shake flasks was concentrated and buffer-exchanged into the 
loading buffer containing 20 mM Tris-HCI (pH 8.5), 1 mM CaCI2 and 10% propylene glycol 

using a VivaFlow 200 ultra filtration device (Sartorius Stedim). After filtering, this sample was 
applied to an 80 ml Q Sepharose High Performance column pre-equilibrated with the loading 
buffer above; and the active flow-through fractions were collected and concentrated. The 
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sample was loaded onto a 320 ml Superdex 75 gel filtration column pre-equilibrated with the 
loading buffer described above containing 0.15 M NaCI. The corresponding active purified 
protein fractions were further pooled and concentrated via 10K Amicon Ultra for further 
analyses.

[0346] The nucleotide sequence of the synthesized PamProl gene in plasmid pGX146(AprE- 
PamProl) is depicted in SEQ ID NO: 39. The sequence encoding the three residue addition 
(AGK) is shown in bold:
GTGAGAAGCAAAAAATTGTGGATCAGCTTGTTGTTTGCGTTAACGTTAATCTTTACG
ATGGCGTTCAGCAACATGAGCGCGCAGGCTGCTGGAAAAGCTCCGGTTAGCGACC
AGTCAATCCCTCTTCAAGCACCGTATGCCAGCGAAGGAGGCATTCCGCTTAACAGC
GGCACGGACGACACGATTTTCAATTACCTGGGCCAACAGGAGCAGTTCCTGAACAG
CGACGTCAAGAGCCAGCTGAAGATCGTCAAAAGAAACACAGACACATCAGGCGTG
AGACACTTCAGACTGAAGCAATACATCAAGGGCATCCCGGTTTATGGCGCTGAACA
AACGGTTCACCTGGACAAAACAGGCGCAGTTTCATCAGCACTGGGAGATCTGCCGC
CGATTGAAGAGCAAGCAATCCCGAATGATGGAGTTGCGGAAATTAGCGGCGAGGA
TGCAATCCAAATCGCGACGGAGGAGGCTACATCAAGAATTGGAGAACTTGGCGCAG
CGGAGATTACACCGCAGGCTGAACTGAACATCTATCACCATGAGGAAGACGGCCAG
ACGTACCTGGTTTACATTACGGAAGTGAACGTGCTGGAACCGGCACCTCTGAGAAC
AAAGTACTTTATCAACGCGGTTGACGGCAGCATCGTCTCACAGTTCGACCTGATTAA
CTTCGCCACGGGAACAGGAACGGGCGTTCTTGGAGACACAAAGACGCTGACGACG
ACGCAGTCAGGCAGCACATTCCAGCTGAAGGACACAACAAGAGGCAACGGCATCC
AAACGTACACGGCGAACAATGGATCATCACTGCCGGGCTCACTGCTGACGGATTCA
GATAACGTGTGGACGGATAGAGCTGGCGTTGACGCGCATGCTCACGCTGCTGCGAC
GTACGACTTCTACAAGAACAAGTTCAACAGAAACGGCATTAACGGAAATGGCCTGC
TGATCAGAAGCACGGTGCATTATGGCTCAAACTACAACAACGCTTTTTGGAACGGC
GCACAGATCGTGTTTGGCGACGGCGATGGCACAATGTTTAGAAGCCTGTCAGGAGA
CCTGGATGTGGTGGGCCACGAACTGACGCACGGCGTGATCGAGTATACGGCGAACC
TTGAATATAGAAACGAGCCGGGAGCACTGAATGAGGCGTTCGCGGACATTTTCGGC
AACACAATCCAGAGCAAAAACTGGCTGCTGGGCGACGATATCTATACACCGAACAC
ACCGGGCGATGCACTGAGATCACTGTCAAATCCGACGCTGTATGGCCAACCGGATA
AGTACTCAGACAGATATACGGGCAGCCAAGACAATGGCGGCGTTCACATCAACTCA
GGCATCATCAACAAGGCTTACTTCCTTGCGGCCCAAGGAGGAACACATAACGGCGT
TACAGTTACAGGCATTGGCAGAGACAAGGCGATCCAGATCTTTTACAGCACGCTGG
TGAACTACCTGACACCTACGTCAAAGTTTGCCGCAGCGAAAACAGCAACAATTCAG
GCGGCTAAAGACCTGTACGGAGCGACATCAGCCGAGGCCACAGCAATTACAAAAG
CATATCAAGCAGTTGGCCTTTAA

[0347] The amino acid sequence of the PamPro 1 precursor protein expressed from plasmid 
pGX146(AprE- PamProl) is depicted in SEQ ID NO: 40. The predicted signal sequence is 
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shown in italics, the three residue addition (AGK) is shown in bold, and the predicted 
propeptide is shown in underlined text.
MRSKKL WISLLFALTLIFTMAFSNMSA QA AGKAPVSDQSIPLQAPYASEGGIPLNSGTDDTI 
FNYLGOQEOFLNSDVKSOLKIVKRNTDTSGVRHFRLKOYIKGIPVYGAEQTVHLDKTG
AVSSALGDLPPIEEOAIPNDGVAEISGEDAJOIATEEATSRIGELGAAEITPOAELNIYHHE
EDGOTYLVYITEVNVLEPAPLRTKYFINAVDGSIVSOFDLINFATGTGTGVLGDTKTLTT
TQSGSTFQLKDTTRGNGIQTYTANNGSSLPGSLLTDSDNVWTDRAGVDAHAHAAATY
DFYKNKFNRNGINGNGLLIRSTVHYGSNYNNAFWNGAQIVFGDGDGTMFRSLSGDLDV
VGHELTHGVIEYTANLEYRNEPGALNEAFADIFGNTIQSKNWLLGDDIYTPNTPGDALR
SLSNPTLYGQPDKYSDRYTGSQDNGGVHINSGIINKAYFLAAQGGTHNGVTVTGIGRDK 
AIQIFYSTLVNYLTPTSKFAAAKTATIQAAKDLYGATSAEATAITKAYQAVGL

COMPARATIVE EXAMPLE 8.3

Proteolytic activity of metalloprotease PamProl

[0348] The proteolytic activity of purified metalloprotease PamProl was measured in 50 mM 
Tris (pH 7), using azo-casein (Cat# 74H7165, Megazyme) as a substrate. Prior to the reaction, 
the enzyme was diluted with Milli-Q water (Millipore) to specific concentrations. The azo-casein 
was dissolved in 100 mM Tris buffer (pH 7) to a final concentration of 1.5% (w/v). To initiate the 
reaction, 50 μΙ of the diluted enzyme (or Milli-Q H2O alone as the blank control) was added to 

the non-binding 96-well Microtiter Plate (96-MTP) (Corning Life Sciences, #3641) placed on 
ice, followed by the addition of 50 μΙ of 1.5% azo-casein. After sealing the 96-MTP, the reaction 
was carried out in a Thermomixer (Eppendorf) at 40°C and 650 rpm for 10 min. The reaction 
was terminated by adding 100 μΙ of 5% Trichloroacetic Acid (TCA). Following equilibration (5 
min at the room temperature) and subsequent centrifugation (2000 g for 10 min at 4°C) , 120 
μΙ supernatant was transferred to a new 96-MTP, and absorbance of the supernatant was 
measured at 440 nm (A440) using a SpectraMax 190. Net A440 was calculated by subtracting 

the A440 of the blank control from that of enzyme, and then plotted against different protein 

concentrations (from 1.25 ppm to 40 ppm). Each value was the mean of triplicate assays. The 
proteolytic activity is shown as Net A440. The proteolytic assay with azo-casein as the substrate 

(shown in Figure 8.2) indicates that PamProl is an active protease.

COMPARATIVE EXAMPLE 8.4 

pH profiles of metalloprotease PamProl
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[0349] With azo-casein as the substrate, the pH profiles of metalloprotease PamPrd were 
studied in 12.5 mM acetate/Bis-Tris/HEPES/CHES buffer with different pH values (ranging from 
pH 4 to 11). To initiate the assay, 50 pl of 25 mM acetate/Bis-Tris/HEPES/CHES buffer with a 
specific pH was first mixed with 2 μΙ Milli-Q H2O diluted enzyme (125 ppm) in a 96-MTP placed 

on ice, followed by the addition of 48 μΙ of 1.5% (w/v) azo-casein prepared in H2O. The 

reaction was performed and analyzed as described in Example 8.3. Enzyme activity at each pH 
was reported as the relative activity, where the activity at the optimal pH was set to be 100%. 
The pH values tested were 4, 5, 6, 7, 8, 9, 10 and 11. Each value was the mean of triplicate 
assays. As shown in Figure 8.3, the optimal pH of PamPrd is about 8, with greater than 70% 
of maximal activity retained between 7 and 9.5.

COMPARATIVE EXAMPLE 8.5

Temperature profile of metalloprotease PamProl

[0350] The temperature profile of metalloprotease PamPrd was analyzed in 50 mM Tris 
buffer (pH 7) using the azo-casein assays. The enzyme sample and azo-casein substrate were 
prepared as in Example 8.3. Prior to the reaction, 50 μΙ of 1.5% azo-casein and 45 μΙ Milli-Q 
H2O were mixed in a 200 μΙ PCR tube, which was then subsequently incubated in a Peltier 

Thermal Cycler (BioRad) at desired temperatures (i.e. 20~90°C) for 5 min. After the incubation, 
5 μΙ of diluted enzyme (50 ppm) or H2O (the blank control) was added to the substrate mixture, 

and the reaction was carried out in the Peltier Thermal Cycle for 10 min at different 
temperatures. To terminate the reaction, each assay mixture was transferred to a 96-MTP 
containing 100 μΙ of 5% TCA per well. Subsequent centrifugation and absorbance 
measurement were performed as described in Example 8.3. The activity was reported as the 
relative activity, where the activity at the optimal temperature was set to be 100%. The tested 
temperatures are 20, 30, 40, 50, 60, 70, 80, and 90°C. Each value was the mean of duplicate 
assays (the value varies no more than 5%). The data in Figure 8.4 suggest that PamPrd 
showed an optimal temperature at about 50°C, and retained greater than 70% of its maximum 
activity between 45 and 55°C.

COMPARATIVE EXAMPLE 8.6

Cleaning performance of metalloprotease PamProl

[0351] The cleaning performance of PamProl was tested using PA-S-38 (egg yolk, with 
pigment, aged by heating) microswatches (CFT-Vlaardingen, The Netherlands) at pH 6 and 8 
using a model automatic dishwashing (ADW) detergent. Prior to the reaction, purified protease 
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samples were diluted with a dilution solution containing 10 mM NaCI, 0.1 mM CaCl2, 0.005% 

TWEEN® 80 and 10% propylene glycol to the desired concentrations. The reactions were 

performed in AT detergent with 100 ppm water hardness (Ca2+ : Mg2+ = 3 : 1) (detergent 
composition shown in Table 8.1). To initiate the reaction, 180 pl of the AT detergent buffered at 
pH 6 or pH 8 was added to a 96-MTP placed with PA-S-38 microswatches, followed by the 
addition of 20 pl of diluted enzymes (or the dilution solution as the blank control). The 96-MTP 
was sealed and incubated in an incubator/shaker for 30 min at 50 °C and 1150 rpm. After 
incubation, 100 pl of wash liquid from each well was transferred to a new 96-MTP, and its 
absorbance was measured at 405 nm (referred here as the "Initial performance") using a 
spectrophotometer. The remaining wash liquid in the 96-MTP was discarded and the 
microswatches were rinsed once with 200 pl water. Following the addition of 180 pl of 0.1 M 
CAPS buffer (pH 10), the second incubation was carried out in the incubator/shaker at 50°C 
and 1150 rpm for 10 min. One hundred microliters of the resulting wash liquid was transferred 
to a new 96-MTP, and its absorbance measured at 405 nm (referred here as the "Wash-off'). 
The sum of two absorbance measurements ("Initial performance" plus "Wash-off') gives the 
"Total performance", which measures the protease activity on the model stain; and Net A405 

was subsequently calculated by subtracting the A405 of the "Total performance" of the blank 

control from that of the enzyme. Dose response in cleaning the PA-S-38 microswatches at pH 
6 and pH 8 in AT dish detergent for PamPrd is shown in Figures 5A and 5B.
Table 8.1. Composition of AT dish detergent formula with bleach

Ingredient Concentration (mg/ml)
MGDA (methylglycinediacetic acid) 0.143
Sodium citrate 1.86
Citric acid* varies
PAP (peracid A/,A/-phthaloylaminoperoxycaproic acid) 0.057
Plurafac® LF 18B (a non-ionic surfactant) 0.029
Bismuthcitrate 0.006
Bayhibit® S (Phosphonobutantricarboxylic acid 
sodium salt)

0.006

Acusol™ 587 (a calcium polyphosphate inhibitor) 0.029
PEG 6000 0.043
PEG 1500 0.1

*The pH of the AT formula detergent is adjusted to the desired value (pH 6 or 8) by i 
the addition of 0.9 M citric acid.

COMPARATIVE EXAMPLE 8.7

Comparison of PamProl to Other Proteases
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A. Identification of Homologous Proteases

[0352] Homologs were identified by a BLAST search (Altschul et al., Nucleic Acids Res, 
25:3389-402, 1997) against the NCBI non-redundant protein database and the Genome Quest 
Patent database with search parameters set to default values. The predicted mature protein 
amino acid sequence for PamPrd (SEQ ID NO: 38) was used as the query sequence. Percent 
identity (PID) for both search sets is defined as the number of identical residues divided by the 
number of aligned residues in the pairwise alignment. Tables 8.2A and 8.2B provide a list of 
sequences with the percent identity to PamPro 1. The length in Table 8.2 refers to the entire 
sequence length of the homologous proteases.

Table 8.2A: List of sequences with percent identity to PamProl protein 
identified from the NCBI non-redundant protein database
Accession # PID to PamProl Organism Length
P23384 56 Bacillus caldolyticus 544
P00800 56 Bacillus thermoproteolyticus 548
ZP_08640523.1 57 Brevibacillus laterosporus 

LMG 15441
564

BAA06144.1 57 Lactobacillus sp. 566
YP_003872180.1 58 Paenibacillus polymyxa E681 587
ZP_04149724.1 59 Bacillus pseudomycoides 

DSM 12442
566

EJR46541.1 60 Bacillus cereus VD107 566
YP-001373863.1 60 Bacillus cytotoxicus NVH 

391-98
565

ZP-10738945.1 61 Brevibacillus sp. CF112 528
YP_004646155.1 61 Paenibacillus mucilaginosus 

KNP414
525

ZP_02326602.1 62 Paenibacillus larvae subsp. 
larvae BRL-230010

520

P43263 63 Brevibacillus brevis 527
ZP_09775365.1 64 Paenibacillus sp. Aloe-11 580
ZP_09077634.1 65 Paenibacillus elgii B69 529
ZP_09071078.1 68 Paenibacillus larvae subsp. 

larvae B-3650
529

ZP_08511445.1 69 Paenibacillus sp. HGF7 525
YP_005073223.1 70 Paenibacillus terrae HPL-003 591
YP_003948511.1 71 Paenibacillus polymyxa SC2 592
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Table 8.2A: List of sequences with percent identity to PamProl protein 
identified from the NCBI non-redundant protein database
Accession #
ZPjÖ24^Ö3Ö?i'''''''

PID to PamProl Organism
Paenibacillus peoriae KCTC 
3763

Length
^^^593^1

Table 8.2B: List of sequences with percent identity to PamProl protein 
identified from the Genome Quest Patent database
Patent # PID to 

PamProl
Organism Length

US7335504-0030 56.63 Bacillus 
thermoproteolyticus

316

US20120107907-0184 56.91 Bacillus caldoyticus 319
JP2006124323-0003 56.96 Bacillus 

thermoproteolyticus
316

JP1993199872-0001 56.96 Bacillus sp. 316
JP1997000255-0001 56.96 empty 548
US6518054-0001 57.23 Bacillus sp. 319
US20120107907-0176 57.23 Bacillus 

stearothermophilis
548

US8114656-0183 57.28 Bacillus 
stearothermophilis

316

US20120009651-0002 57.28 Geobacillus 
caldoproteolyticus

548

JP2011103791-0020 57.28 Geobacillus 
stearothermophilus

552

WO2012110562-0006 57.88 Bacillus megaterium 320
EP2390321-0178 57.88 Bacillus thuringiensis 566
US6518054-0002 57.93 Bacillus sp. 316
WO2012110562-0007 58.25 Bacillus cereus 320
JP1995184649-0001 58.52 Lactobacillus sp. 566
EP2178896-0184 58.52 Bacillus anthracis 566
EP2390321-0195 59.55 Bacillus cereus 317
WO2012110563-0005 59.87 Bacillus cereus 320
US20080293610-0186 63.25 Bacillus brevis 304
JP2005229807-0018 71.19 Paenibacillus polymyxa 566
US8114656-0187 71.43 Bacillus polymyxa 302

B. Alignment of Homologous Protease Sequences
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[0353] The amino acid sequence of the predicted mature PamPrd (SEQ ID NO: 38) was 
aligned with thermolysin (P00800, Bacillus thermoproteolyticus), and protease from 
Paenibacillus peoriae KCTC 3763 (YP005073223.1) using CLUSTALW software (Thompson et 
al., Nucleic Acids Research, 22:4673-4680, 1994) with the default parameters. Figure 8.6 
shows the alignment of PamPrd with these protease sequences.

C. Phylogenetic Tree

[0354] A phylogenetic tree for full length sequences of PamPrd (SEQ ID NO: 37) was built 
using sequences of representative homologs from Table 8.2A and the Neighbor Joining 
method (NJ) (Saitou, N.; and Nei, Μ. (1987). The neighbor-joining method: a new method for 
reconstructing Guide Trees. MolBioI.Evol. 4, 406-425). The NJ method works on a matrix of 
distances between all pairs of sequences to be analyzed. These distances are related to the 
degree of divergence between the sequences. The phylodendron-phylogenetic tree printer 
software (http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the 
phylogenetic tree shown in Figure 8.7.

EXAMPLE 9

Comparison of the various Paenibacillus metalloproteases with other bacterial 
metalloprotease homologs

A. Alignment of Homologous Protease Sequences

[0355] The amino acid sequence of the predicted mature sequences for the Paenibacillus 
proteases described in Examples !1 to 8.7 were aligned with related bacterial 
metalloproteases using CLUSTALW software (Thompson et al., Nucleic Acids Research, 
22:4673-4680, 1994) with the default parameters. Figure 9.1 shows the alignment of the 
various Paenibacillus metalloproteases with other bacterial metalloprotease homologs.

B. Phylogenetic Tree

[0356] A phylogenetic tree for full length sequences of the metalloproteases aligned in Figure 
9.1 was created using the Neighbor Joining method (NJ) (Saitou, N.; and Nei, Μ. (1987). The 
neighbor-joining method: a new method for reconstructing Guide Trees. MolBioI.Evol. 4, 406-

http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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425). The NJ method works on a matrix of distances between all pairs of sequences to be 
analyzed. These distances are related to the degree of divergence between the sequences. 
The phylodendron-phylogenetic tree printer software
(http://iubio.bio.indiana.edu/treeapp/treeprint-form.html) was used to display the phylogenetic 
tree shown in Figure 9.2, where one can observe the clustering of the sequences from 
Paenibacillus genus.
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HIDTIL UKENDTE MET ALLOPROTEASER

PATENTKRAV

1. Sammensætning, der omfatter et polypeptid omfattende en aminosyresekvens med mindst 90 % 
eller 95 % sekvensidentitet med aminosyresekvensen ifølge SEQ ID NO: 33 og et overfladeaktivt middel, 
hvor polypeptidet har proteaseaktivitet, og hvor polypeptidet har rengøringsaktivitet i en 
detergentsammens ætning.

2. Sammensætning ifølge krav 1, hvor polypeptidet er afledt af et medlem af ordenen Bacillales eller 
er afledt af en Planococcus-aA.

3. Sammensætning ifølge krav 2, hvor Bacillales-medlemmet er et medlem af Paenibacillaceae- 
familien eller en Paenibacillus spp.

4. Sammensætning ifølge et hvilket som helst af de foregående krav, hvor proteaseaktiviteten 
omfatter caseinhydrolyse, collagenhydrolyse, elastinhydrolyse, keratinhydrolyse, sojaproteinhydrolyse eller 
majsmelproteinhydrolyse.

5. Sammensætning ifølge et hvilket som helst af de foregående krav, hvor polypeptidet bevarer 
mindst 50 % af dets maksimale proteaseaktivitet mellem pH 4,5 og 10 og/eller mellem 30 °C og 70 °C.

6. Sammensætning ifølge et hvilket som helst af krav 1 til 5, hvor detergentsammensætningen er 
udvalgt fra en ADW-detergentsammensætning, en tøjdetergentsammensætning, en flydende 
detergentsammensætning og en tøjdetergentsammensætning i pulverform.

7. Sammensætning ifølge et hvilket som helst af de foregående krav, hvor polypeptidet er et 
rekombinant polypeptid.

8. Sammensætning ifølge et hvilket som helst af de foregående krav, hvor sammensætningen er en 
rengøringssammensætning eller en detergentsammensætning.

9. Sammensætning ifølge krav 8, hvor detergentsammensætningen er udvalgt fra gruppen bestående 
af et tøjdetergen, et stofblødningsdetergent, et opvaskedetergent og et detergent til rengøring af hårde 
overflader.

10. Sammensætning ifølge et hvilket som helst af de foregående krav, hvor sammensætningen 
endvidere omfatter mindst ét calciumion og/eller zinkion; mindst ét stabiliseringsmiddel; fra ca. 0,001 til ca. 
0,1 vægt-% af polypeptidet; mindst ét blegemiddel; mindst én hjælpemiddelbestanddel; og/eller ét eller 
flere supplerende enzymer eller enzymderivater, der er udvalgt fra gruppen bestående af acyltransferaser, 
alpha-amylaser, beta-amylaser, alpha-galactosidaser, arabinosidaser, arylesteraser, beta-galactosidaser, 
carrageenaser, catalaser, cellobiohydrolaser, cellulaser, chondroitinaser, cutinaser, endo-beta-1,4- 
glucanaser, endo-beta-mannanaser, esteraser, exo-mannanaser, galactanaser, glucoamylaser, hemicellulaser, 
hyaluronidaser, keratinaser, laccaser, lactaser, ligninaser, lipaser, lipoxygenaser, mannanaser, oxidaser, 
pectatelyaser, pectinacetylesteraser, pectinaser, pentosanaser, peroxidaser, phenoloxidaser, phosphataser, 
phospholipaser, phytaser, polygalacturonaser, proteaser, pullulanaser, reduktaser, rhamnogalacturonaser, 
beta-glucanaser, tannaser, transglutaminaser, xylan-acetyl-esteraser, xylanaser, xyloglucanaser og 
xylosidaser, supplerende metallopoteaseenzymer og kombinationer deraf.

11. Sammensætning ifølge et hvilket som helst af krav 8 til 10, hvor rengøringssammensætningen 
indeholder phosphat eller er phosphatfri.
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12. Sammensætning ifølge et hvilket som helst af de foregående krav, hvor sammensætningen er en 
granulær, pulver-, faststof-, barre-, væske-, tablet-, gel- eller pastasammensætning.

13. Fremgangsmåde til rengøring omfattende at bringe en overflade eller en genstand i kontakt med 
rengøringssammensætningen ifølge et hvilket som helst af krav 1 til 12.

5 14. Fremgangsmåde ifølge krav 13, hvor genstanden er service eller stof.
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DRAWINGS

Figure 1.1. Plasmid map of pGX085(AprE-PspPro3).

Figure 1.2. Dose response of PspPro3 in azo-casein assay at pH 7.
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Figure 1.3. pH profile of PspPro3.
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Figure 1.4. Temperature profile of PspPro3.
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Figure 1.5A. Cleaning performance of PspPro3 at pH 6 and 8 in AT dish detergent.

Figure 1.5B. Cleaning performance of PspPro3 at pH 6 and 8 in AT dish detergent with bleach
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Figure 1.6. Cleaning performance of PspPro3 in liquid laundry detergent at pH 8



DK/EP 3110833 T3

CLUSTAL W (1.83) multiple sequence alignment

PspPro3
Paenibacil lu s_sp_Aloe-l 1
B_thermoproteolyticus_P00800

----------ATGTGKGVLGDTKTFNTTASGSSYQLRDTTRGNGIVTYTASNRQS
------NEATGTGKGVLGDTKTFNTTASGSSYQLRDTTRGNGIVTYTASNRQS
ITGTSTVGVGRGVLGDQKNiNTTYS-TYYYLQDNTRGNGIFTYDAKYRTT

PspPro'S
Paenibacil lu □_sp_Aloe—11
B_thermoproteolyticus_P00800

IPGTILTDADNVWN----- DPAGVDAHAYAAKTYDYYKEKFNRNSIDGRGLQ
IPGTILTDADNvWN—-DPAGVDAHAYAAKTYDYYKEKFNRNSIDGRGLQ
LPGSL’WADADNQFFASYDAPAVDAHYYAGVTYDYYKNVHNRLSYDGNNAA

PspPro3
Paenibacillus_sp_Aloe-11
B_thermoproteolyticus_P00800

LRSTVHYGNRYNNAFWNGSQMTYGDGDGTTFIAFSGDPDWGHELTHGVT 
LRSTVHYGNRYNNAFWNGSOMTYGDGDGTTFIAFSGDPDVVGHELTHGVT 
IRSSVHYSQGYNNAFWNGSQMVYGDGDGQTFIPLSGGIDVVAHELTHAVT 
» * * · * * * ■ xx*** + *xx*+ ++++++ + + + · + + + + Λ * * x * + +

PspPro3
Paenibacillus_sp_Aloe-ll
B_thermoproteolyticus_P00800

EYTSNLEYYGESGALNEAFSDIIGNDIQ---------RKNWLVGDDIYTPRIAG
EYTSNLEYYGESGALNEAFSDIIGNDIQ--------RKNWLVGDDIYTPRIAG
DYTAGLIYQNESGAINEAISDIFGTLVEFYANKNPDWEIGEDVYTPGISG

PspPro3
Paenibacillus_sp_Aloe-11
B_thermoproteolyticus_P0080O

DALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGGT
DALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGGT
DSLR3MSDPAKYGDPDHYSKRYTGTQDNGGVHINSGIINKAAYLISQGGT

PspPro3
Paenibacillus_sp_Aloe-ll
B_thermoproteolyticus_P00800

FHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARDAWQAAKDLYGA3 
FHGVTVNGI GRD AAVQIYYS AFTN YLTS S S DF SNARDAWQAAKDL YGAS 
HYGVSVVGIGRDKLGKIFYRALTQYLTPTSNFSQLRAAAVQSATDLYGST

• + + · + +++++ · + · + +·+·+ + + · + ·++· + + + + ,+ + + + +··

PspPro3
Paenibacillus_sp_Aloe-ll
B_t. h e r mo pr o t eolyticus_P 00800

SAQATAAAKSFDAVGVN
SAQATAAAKSFDAVGVN
SQEVASVKQAFDAVGVK

Figure 1.7. Alignment of PspPro3 with protease homologs
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Phy Iogenet i c tree

I----------------------- ,R_ac i does I dar i us_RRC43402.
____ I------------------------ B_ca I do I yt i cus_AAB18652. 1

I------------------------ Geobac i I I Lis_sp_YP003251828.
!_____ I------------------------- G_stearotherrftoph i I us_AAA22621.1

!  I----------------------- B_therrrioproteo I y t i cus_Pøø8øø
I----------------------- Bac i I I us_sp_EPø1882238. 1

-  !------------------------- E_antarct i cum_YP008792441.1
I--------------------------- Ex i guobacter i um_sp_YPøø28B45ø4.1

I---------------------------- P_muei I ag i nosus_AEI46285.1
I-------------------------------- PspPrö3_FL

!------------------ B_cereus_ATCC_lø987_NP_976992. 1
!------------------ B_cereus_R3ø98ø3_EF_ø4287é9ø. 1
_------------------B_cereus_VD169_EJR92763.1

I I------------------ B_cereus_Rock3-28_EEL36195.1
I------------------ B_thur i ng i ens i s_AAK69ø78.1

I-------------------------- B_macauens i s_EP10321515.1
I---------------------- B macauens is EPl0324092.1

Baci I Ius_sp_EP01858398.1

0. 1

Figure 1.8. Phylogenetic tree of PspPro3 and homologs.
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Figure 2.1. The map of plasmid pGX084(AprE-PspPro2).
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Figure 2.2. Dose response curve of PspPro2 in azo-casein assay at pH 7.

Figure 2.3. pH profile of purified PspPro2.
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Figure 2.4. Temperature profile of purified PspPro2.



DK/EP 3110833 T3

Figure 2.5A. Cleaning performance of PspPro2 protein at pH 6 in AT detergent with bleach.

Figure 2.5B. Cleaning performance of PspPro2 protein at pH 8 in AT detergent with bleach.
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Figure 2.6A. Cleaning performance of PspPro2 protein in liquid laundry detergent.

Figure 2.6B. Cleaning performance of PspPro2 protein in powder laundry detergent.
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CLUSTAL W (1.83) multiple sequence alignment

PspPro2
ZP_0 977 53 65. l_P_sp_Alo.e-l 1
E_themoprot eol yo icu s_P00 80 C1

----------ATGTC-RGVDGB^TKSFTTTASGNEYQLKDTTRSNC-IVCYTAGNRQT 
----------A TGT GR GVL· GK TKS FT TTA 3GN RYQLK TT TR3 NG I VT YT AGN RQT
I TGT ST VGV GR GVL GD QKNIN TTY S-T YY YLQ PN TRG NG I FT YD AKY RTT

PspPro2
ZP_0 977 53 65.l_P_sp_Aloe-l1
E_ t h em op r ot e ol y ~ i cu s_ P 0 0 8 0 0

ΤΡ6ΤΙΥ Τ9ΤΤΝ7τλτ---- EDPAAVDAHAYAIKTYLY YKNKF GRL· SI DGRGMQ
TPGTIL TDTTYVT---- EDPAAVDAHAYAIKTYPY YKNKF GRL· SIDGRGMQ
LPGSLWADADNQFFASYDAPAVDAHYYAGVTYDYYKNVHNRLSYDGNNAA

PspPrc2
ZP_0 977 53 65.l_P_3o_Aloe-l1
B_ther.Tioprot eol y" icu s_P00 80 0

I RST VH YGKKY NNAFaNGS QM TYGDGD GS TFT FF S GD PD VVG HE LTH GVT
I RST VH YGKKY NNAFWNGS QM TYG DGD GS TFT FF S GD PL· VVG HE LTH GVT
I RSSVHYSQGYNNAFWNGSQMVYGDGDGQTFIPLSGGIL·VVAHELTEAVT

Pspfro2
ZP_09775365.l_P_sp_Aloe-l1
E_thernoproteol y~ icus_P0080 0

E FTS NL EYY GE SGALNEAF SDITGNDID--------- G TSWLLGDGIYTPNIPG
EFTSNLEYYGESGALNEAFSDIIGNDID----------GTSWLLGDGIYTPNIPG
DYTAGLIYQNESGAINEAZSDIFGTLVEFYANKNPDWEIGEDVYTPGISG 
• · A » A λ A -Jt ä Λ ■ ä A λ · λ A · λ · · ΐ · λ ■ · k Å * A -Jt

Pspb'ro2
ZP_09775365.l_P_sp_Aloe-l1
E_th emop rot eolyo icus_P00 80 0

DALR SL SDP TRFGQPD HYS NF YPD PNNDD EGG VH TNS GI INKAY YLLAQG
DALRSLSDPIRFGQPDHYSNFYPDPNNDDEGGVHTNSGIINKAYYLLAQG 
D SLR SM SDP AK YGL· PL· HYS KR YT- -GT QDNGG VH INS GI I NKAAYLI SQG

PspPro2
ZP-0 9 77 53 65 . l_P_sp_A.loe-l 1 
B_t hem op rot eol yo icu s_PO0 80 C

G TSH GVTVT GIGRE AAVFZ YYNAF TNYLT STS NF SNARAAVZ QAAKD FYG
G TSH GVTVT GIGRE AAVFZ YYNAF TNYLT STS NF SNARAAVZ QAAKD FYG 
G THY GV SW GI GRD KL GKZ F Y RAL TQY LT P TS NF SQL RAAAVQS ATD LYG

PspPro2
ZP_0 977 5365.l_P_sp_Aloe-l1
B_t h emop rot eol yicu s_P 0 0 8 0 C1

Αϋ3ΕΑνΤ3ΑΙ0'ΞΓΡΑνΌΙΚ 
A D S L AV T S AIQ S F L· AV G I K 
S TSQEVASVKQ AFL· AVGLTC

Figure 2.7: Alignment of PspPro2 protein with homologous protease sequences.
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Phy I egenet i c tree

,--------------------B_brev i s_CRA43589.1
1--------------------Ereu i bac i I I us_sp_5P1073S945. 1

.-------------------- B.breu i s_YPøø277ø81 ø. 1I-------------------- Brevibaci I lus_sp_EP_lø575942.1
------------B_Iaterosporus_2Pø864ø523.1

--- B_caI do I yt i cus_AAA22623.1 
--- Geebaci IΙυΞ_Ξρ_ΥΡ003670279.: 
--- B_thermoproteoI yt i cus_Pøø8ø 
--- G_stearotherriioph i I usjAABSZ“!
— B_cereus_EJR46541.1
---- B_cereus_2PO4249501.1 
---- Lactobaci I I us_sp_BRA,061'44.
—B_cereus_£Pø4216147.1
— B_pseudomyco i des_SP04149724.1
B_cytotoxicus_YP001373863. 1 
---- B_megater i um_BAD6ø997.1 
----B_rftegaterium_YPøø3597483.1

------ P_peor i ae_SPlø241ø29.1
------- PaenibaciI Ius_sp_AIoe-11_ΞΡ_09775365.1
------- PspPro2_FL
---- F_terrae_YPøø5ø73224.1
--- P_poIymyxa_YPøø3948511.1
--- Paen i bac i I Ius_sp_AIoe-11_ΞΡΘ9775364.1
-- P_terrae_YPøø5ø73223.1
P_poIymyxa_YP_øø387218ø.1

!----------------- P_ I arvae_EPø23265ø3.1I----------------- P_ I aruae_2P09069025.1
I------------- P_ I aroae_EP09071078. 1
Ί--------- P_ I aruae_SP_ø233ø83ø. 1
---- Paen i bac i I Ius_eI g i i _£ΡΘ9Θ77634.1

Paenibaci Ilus_sp_SPø8511445.1

0. 1

Figure 2.8: Phylogenetic tree for PspPro2 and its homologs
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Figure 3.1. The plasmid map of pGX150 (AprE-PhuPro2).

Figure 3.2. Dose response curve of PhuPro2 in azo-casein assay at pH 7.



DK/EP 3110833 T3

pH

Figure 3.3. pH profile of PhuPro2.
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Figure 3.4. Temperature profile of PhuPro2.
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Enzyme concentration (ppm)

Figure 3.5A. Cleaning performance of PhuPro2 in AT dish detergent at pit 6.

Enzyme concentration (ppm)

Figure 3.5B. Cleaning performance of PhuPro2 in AT dish detergent al pH 8.
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CLUS TAL W (1.83)

PhuPro2
F_t e rra e_HPL -00 3.
B_thermop rot eol y

PhuProz
P_terrae_HPL-00 3_
E_thermoprot eol y

PhuProz
P_t e rra e._HPL - 0 0 3.
E_thermoprot eol y

PhuProz
P_terrae_HPL-00 3.
B_thermoprot eol y

PhuProl
P_t e rra e_ HPL -00 3.
B_thermoprot eol y

PhuProz
P_t e rra e_HPL - 00 3.
B_thermoprot eol y

Ph.uPro2
P_t e rra e_HPL - 0 0 3.
B_t hermoprot eoly

multiple sequence alignment

YF_,C0 507 32 23 .
icus_P0C800

YP-005073223.
icus_PÜC 80 0

YP_.C0 507 32: 23.
icus_PCC 80 0

YP_C05073223.
icus_P0C 80 0

YF_C05073223.
icus_POC 80 0

YP_C05073223.
icus_P0 C 80 0

YP_C05073223.
icuo_P0C80 0

-AL GS GTGVL GENKTFQT TLS GS TYQLKDTTRGNGI YTYTASNRTT
—-----AT GT GKGVL GETKS FNT TQS GS SYQLKETTRGNGIVTYTASNRQT
IT GT STVGVGRGVL GEQKN INT TYS -T YYYLQENTRGNGI FT YDAKYRTT

IPGTLLTDADNVWT---- DGAAVDAHTYAGKVYEFYKT KFGRNSLDGNGLL
IPGTLLTDADNVWN-----DP AGVDAHAYAAKTYEYYKDKFGRN SID GRGLQ
LP GS LWAD ADNQ FF ASYDAPAVDAH YY AGV TY D YY KN VHNRL S YD GNN AA

TR SSVEYSSRYNNAFWN GT QIVFGDGD GST FIPLS GE LDVVGHEL SHG VI
LRSTVEYGSRYNNAFWNGSQMTYGDGDGTTFIAFSGEPDVVGHELTHGVT
IRSSVEYSQGYNNAFWNGSQMVYGD GD GQTFIPLS GGIDVVAHEL THAVT

EYTSNLQYLNESGALNESYADVLGNSIQ -AKNWLIGDDVYTPGISG 
EYTSNLD YYGES GALNESF SDIIGNDIQ---------RKNWLVGDDIYTPSIAG
DYTAGLL YQNES GAINE AI SDIFGTLVEFYANKNIPDWEIGEDVYTPGI SG 
• ΐ λ · λ + λ + + A « Å A « · λ · · λ · · « A « κ · * ■ it Α λ · A

DALRSMSNPTLYGQPENYANRYTGSSDNGGVHINSGITNKAFYLLAQGGT
DALRSMSNPTLYDQFDHYSNLYKGS SDNGGVEINSGlINKAYYLLAQGGT
DS LR SMS DPAKY GD PEEYSKRYTGT QDNGGVHINS GIINKAAYLISQG GT

QN GV T VA. GI GRD AA VN IF Y NT V AY Y L T S I'S NF AAA KN AS T QA AKD L YG T G 
FHNVTVS GI GRDAAVQI YY SAF TNYLT STS NF SNT RAAWQAAKD LYGAN 
HY GV SW GlGRDKL GKIFY RAL TQY LT PTS NFSQL RAAAVQSAID LYG S T

S S YVTSVTNAFRAVGL-
SAQATAAAK SEDAVGVN
SQ EVASVKQAFDAVGVK

Figure 3.6: Alignment of PhuPro2 with homologous protease sequences.
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Figure 3.7: Phylogenetic tree for PhuPro2 and homologs.
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Figure 4.1. The plasmid map of pGX148 (AprE-PehProl).
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Figure 4.2. Dose response curve of PehProl in azo-casein assay at pH 7.

Figure 4.3. pH profile of PehProl.
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Figure 4.4. Temperature profile of PehProl.
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Enzyme concentration (ppm)

Figure 4.5A: Cleaning performance of PehProl in AT detergent at pH 6.

Enzyme concentration (ppm)

Figure 4.5B: Cleaning performance of PehProl in AT detergent at pll 8.
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CLUSTAL W (1.83) multiple sequence alignment

Pe hP rol_mature
Paeniba ci llu s_elgii_B6 9_ZP_09'Ü
B_ t ti ermop rot eol y~ i cu s_P 0 C 8 0 0

--------- AT.GTGKGVLGDTKSFTSTQSGSTYQLKDTTRGQGTVTYSAGNRSS
----------AIGTGKGVLGDTKSFTITQSGSSYQLKETTRGQGIVTYSAGNRTS
“TGT STU GV GRG VL GDQ KNIN“ TYS -T YYY LQ ENT RG NGl FT YDAKYR TT

Pe hP rol„mature
Pa en iba cillus_elgic_B6 9_ZP_090
B_thermoproteolyuicus_PÜC 8Ü ü

LP GT LLT S S SNIWN EGAAVDAHAY TAKVYEYY KNKFGRN SID GNGFQ 
LPGSLLTSTNNIWN DGSAVDAHAYTGKVYEYY KNKFGRN SIDGNGLQ
LP GS LWADAENQ FF AS Y EAPAVDAH YYAGV TY E YY KN VEN RL S YE GNNAA

Pe hP rol„matu re
Paen iba cillu s_elgia_B6 9_Z P_090
B_thermopro'teolyu.icus_POC 80 0

LKSTVEYSSRYNNAFWNGVQMVYGEGDGVTFIPFSAEPDVIGHELTHGVT 
LKSTVEYSTRYNNAEWNGVQMVYGDGDGVTFRSFPAEPDVIGHELTHGVT 
TRSS.VEY SQ GYNNAEWN GS QMVYGD GDGQTFTPLS GGIDVVAHEL THAVT

Pe hP r ol„mature
Paenibacillus_elgia_B6 9_Ξ P_090
B_thermoproteolyc.icus_POC 8C1 0

EH TAGLE YY GES GALNE S~SD“IGN AID—------- GKNWLIGDLIYT PNTPG
ES TAGLE YYGES GALNE S _SDIFGNAIE— ■GKNWLIGDL I----- TLNA
DY TAGLI YQNES GA INE AD SD” FG“ LVEFYANKNP DWEIGEDVYT PGI SG

Pebh-'rol „mature
Paenibacillus_elgii_B6 9_Ξ P_090
B_ t h ermop r et eol y~ i cu s_P00 80 0

DALRSMENPKLYNQPE'RYQDRYTGP SDNGGVH INS GINNKAF YLIAQGGT
iALRSMENPKLYRQPE'RYQDRYTGP SDNGGVHINS GI NNKAFHLI AQGGT

DSLRSMSDPAKYGDPEHYSKRYTGIQDNGGVHINSGIINKAAYLISQGGT

PehProl_mature
Paen iba cillu s_elgii_B6 9_Ξ P_0 9 ü
B—thermoproteolyc.icus_P0C 80 0

HYGVTVNGIGRD AAVQIFYDALINYLTPTSNF SAMRAAATQAATDLYGAN 
HYGVTVNGIGRSAAEQIFYDALTEILTPTSNF SAIRAAAI QAATD SFGAN 
HY GV SWGl GRD KL GKIFYRALTQYLTPTS NFSQLRAAAVQSAID LYG ST

Pe hP rol„matu re
Paenibaci llus_elgii_B6 9_ΣΡ_090'
B_thermoproteoly“ icus_P0C 80 0

S S QVNAVKK AYT AVGVN
S S QV DAV KK AYN AV GVN
S Q E V AS V KQ AFD AV G VK

Figure 4.6: Alignment of PehProl protein with homologous protease sequences.
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I--------------------- Bae i I I us_therrnoproteo I yt i cus_PøøSøø
I----------------------Geobaci I Ius_sp._C56-T3_YP_øø367ø279. 1

I----------------------- P I anococcus_donghaens i g_HPRlLJ2_EP_08093424.1
I----------------- Paenibaci I I ,us_muc i I ag inosus_KHP414_YP_004646155.1

!----------------- Brev ibaci I I us.breu i s_NBRC_løø599_YP_øø277ø81ø
I----------------- Brevibaci I lussp._BC25EP 10575942. 1

I---------------- Brev i bac i I I us_brev i s_P43263
I------------------ Brev i bac i I I us_ I aterosporus_LMG_15441 _2P_ø864ø5.23.1

!------------------------P_peor i ae_=P_ 10241029.1
I----------------------- P_sp· _R I oe-11_EP_09775365.1

!---------------------- P_po I ymyxa_E6Bl_YP_003872179
I---------------------- P_po I ymyxa_P2914S

!---------------------- Paen i bac i I I us_e I g i i _B69_EP_ø9ø77&:
I--------------------- PehProl _FL

----------------------Paen i bac i I Ius_Iaruae_subsp._Iarvae_B-365ø_EP_ø9ø'

Figure 4.7: Phylogenetic tree for PehProl and its homologs.



DK/EP 3110833 T3

Figure 5.1. The plasmid map of pGX147(AprE-PbaProl).

Figure 5.2. Dose response curve of PbaProl in azo-casein assay at pH 7.
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Figure 5.3. pH profile of PbaProl.
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Figure 5.4. Temperature profile of PbaProl.
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Figure 5.5A: Cleaning performance of PbaProl in AT dish detergent at pH 6.

Figure 5.5B: Cleaning performance of PbaProl in AT dish detergent at pH 8.
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CLUSTAL W (1.83) multiple sequence alignment

PbaProl
P_po1ymyxa_SC2
B_t.he rmo prot e ο1yt i c us_P 0 0800

-ATGTGTGVHGDTKTLTTTQSGSTYQLKDTTRGKGIQTYTANNRSS
------NEATGTGKGVLGDSKSFTTTASGSSYQLKDTTRGNGTVTYTASNRQS
ITGTSTVGVGRGVLGDQKNINTTYS-TYYYLQDNTRGNGIFTYDAKYRTT

• + * + * * + · * + + · Λ * ·+ + + + · + + + * ·

PbaProl
P_polyrnyxa_3C2
B_t her mopr ot eo.lyticus_P 0 08 Ö0

LPGSLSTSSNNVWT----- DRAAVDAHAYAAATYDFYKNKFNRNGIDGNGLL
IPGTIL.TDÄDNVWN----- DPAGVDAHAYAAKTYDYYKAKFGRNSIDGRGLQ
LPGSLWADADNQFFASYDAPAVDAHYYAGVTYDYYKNVHNRLSYDGNNAA

PbaProl
P_po1ymyxa_SC2
B_thermoproteolyticus_P00800

IRSTVHYGSNYKNAFWNGAQIVYGDGDGIEFGPFSGDLDWGHELTHGVI
LRSTVHYGSRYNNAFWNGSQMTYGDGDG3TFIAFSGDPDVVGHELTHGVT
IRSSVHYSQGYNNAFWNGSQMVYGDGDGQTF.IPLSGGIDVVAHELTHAVT
·++·+★+ *.i*i***.*· + + + + + + w · Λ + + ~k + + + + -k k

PbaProl
P_polymyxa_SC2
B_t hermoproteolyticus_P 00800

EYTANLEYRNEPGALNEAFADIMGNTIE----------SKNWLLGDGIYTPNIPG
EYTSNLEYYGESGALNEAFSDVIGNDIQ· •RKNWLVGDDIYTPNIAG
ΟΥΤΑσΤΙΥΏΝΕ3ΰΑΙΝΕΑΙ3ϋΙΡΰΤίνΕΕΥΑΝΚΝΡϋτΛΈΐσΕϋνΥΤΡΟΙ3ΰ

PbaProl
P_polymyxa_SC2
B_thermoproteolyticus_P00800

DALRSLSDPTLYNQPDKYSDRYTGSQDNGGVHINSGIINKAYYLAAQGGT 
DALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGGN 
DSLRSMSDPAKYGDPDHYSKRYTGTQDNGGVHlNSGIiNKAAYLISQGGT 
+ ·+ +*· + ·*· + .·*··*·.*·*: ·*· + · + + + + + + ★* + ** + +* + * · + + -k

PbaProl
P_po1ymyxa_3C2
B_thermoproteoiyticus_P00800

HNGVTVSGIGRDKAVRIFYSTLVNYLTPTSKFAAAKTATIQAAKDLYGAN
FHGVTVNGIGRDAAVQIYYSAFTNYLTS:3SDFSNARAAVIQAA.KDLYGAN
HYGVSVVGIGRDKLGKIFYRALTQYLTPTSNFSQLRAAAVQSATDLYGST

PbaProl
P_polymyxa_SC2
B_thermoproteolyticus_P00800

3AEATAITKAYQAVGL-
SAEATAAAKSFDAVGVN
SQEVASVKQAFDAVGVK

Figure 5.6: Alignment of PbaProl protein with homologous protease sequences.
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-------------- P_Iaruae_2Pø9ø71ø73.1
---------- P_sp_EP08511445.1

P_peoriae_5P10241029.1

PbaProl_FL

-- P_peor i ae_EP'l 0241030.1
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0.1

Figure 5.7: Phylogenetic tree for PbaProl and homologs.
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Figure 6.1. The plasmid map of pGX138 (AprE-PpoProl).

Figure 6.2. Dose response of PpoProl in azo-casein assay al pH 7.
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Figure 6.4. Temperature profile of purified PpoProl.
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Figure 6.5A: Cleaning performance of PpoProl at pH 6 in AT detergent with PAP.

Figure 6.5B: Cleaning performance of PpoProl at pH 8 in AT detergent with PAP.
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CLUSTAL W (1.83) multiple sequence alignment

PpoProl
P_po.lymyxa_S.C2_YP_0039.485.11.1
B_thermoproteolyticus_P0 08i)0

----------ATGTGKGVLGDSKSFTTTASGSSYQLKDTTRGNGIVTYTASNRQS
------NEATGTGKGVLGDSKSFTTTASGSSYQLKDTTRGNGIVTYTASNRQS
ITGTSTVGVGRGVLGDQKNINTTYS-TYYYLQDNTRGNGIFTYDAKYRTT

PpoProl
P_polymyxa_SC2._YP_003948511.1
B_thermoproteolyticus_PO0800

IPGTILTDADNVWN------DPAGVDAHAYAAKTYDYYKAKFGRNSIDGRGLQ
IPGTILTDADNVWN------DPAGVDAHAYAAKTYDYYKAKFGRNSIDGRGLQ
LPGSLWADADNQFFASYDAPAVDAHYYAGVTYDYYKNVHNRLSYDGNNAA

PpoProl
P_polymyxa._S.C2_YP^003948511.1
B_thermoproteolyticus_P00800

LRSTVHYGSRYNNAFWNGSQMTYGDGDGSTFIAFSGDPDWGHELTHGVT
lrstvhygsrynnafwngsqmtygdgdgstfiafsgdpdvvghelthgvt
IRSSVHYSQGYNNAFWNGSQMVYGDGDGQTFIPLSGGIDVVAHELTHAVT

iii i i i i i k k

PpoProl
P_polymyxa_SC2_YP_00.3948511.1
B_thermoproteolyticus_P00800

EYTSNLEYYGESGALNEAFSDVIGNDIQ---------RKNWLVGDDIYTPNIAG
EYTSNLEYYGESGALNEAFSDVIGNDIQ--------RKNWLVGDDIYTPNIAG
DYTAGLIYQNESGAINEAISDIFGTLVEFYÄNKNPDWEIGEDVYTPGISG

PpoProl
P_polymyxa_SC2_YP_Ü03948511.1
B_thermoproteolyticus_P0080O

DALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGGN
DALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGGN
DSLRSMSDPAKYGDPDHYSKRYTGTQDNGGVHINSGIINKAAYLISQGGT

PpoProl
P_polymyxa_SC2_YP_003948511.1
B_thermoproteolyticus_P00800

FHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARAAVIQAAKDLYGAN 
FHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARAAVIQAAKDLYGAN 
HYGVSWGIGRDKLGKIFYRALTQYLTPTSNFSQLRAAAVQSATDLYGST 

• k k · k k k k k k · k · k k · k · k k * · k · Jr k · k k -k · k a k k k k k ·

PpoProl
P_polymyxa_S C2_YP_Q0 3948 511.1
B_thermop.roteolytiGU.s_PO 08 00

SAEATAAAKS F DAVGVN
SAEATAAAK S FDAVGVN
S QEVASVKQAFDAVGVK 
k -k .. . . * -k -k -k -k -k .

Figure 6.6. Alignment of PpoProl with protease homologs.
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.--------------------B_breu i s_CRR43589.1
I-------------------- Breu i bac i I I us_sp_SPlø738945.1
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---- B_eereus_2P4218147.1
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- B_megateri um_YPøø54951ø5.1
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--- P_peoriae_SPlø241ø3ø.1
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---- P_poIymyxa_YPøø3948511.1
---- PpoProl_FL
P_ter-rae_YPøø5ø73223.1

P_terrae_YPøø5ø73224.1
P_poIymyxa_YPøø387218ø.1
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ø. 1

Figure 6.7. Phylogenetic tree of PpoProl and homologs.
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Figure 7.1. The plasmid map of pGX149(AprE-PhuProl).
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Figure 7.3. pH profile of PhuProl.
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Figure 7.4. Temperature profile of PhuProl.
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Figure 7.5A. Cleaning performance of PhuProl in dish detergent at pll 6.

Figure 7.5B. Cleaning performance of PhuProl in dish detergent at pH 8.
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CLUSTAL W (1.83)

PhuProl·
P_te rra e_h.PL - 00 3_ 
E_thezmoprot eol y

PhuProl
P_terrae_HPL-00 3_ 
B_thermoprot eol y

PhuProl
P_te rra e_HPL-0 0 3. 
B_thermoprot eol y

multiple sequence alignment

,YP_C0 50 7 32 23 .
icus_P0C 800

YP_C0 507 32 23.
icus_P0C 80 0

YP_C0 50732 23.
icuS—FOCSO 0

--------- AP GT GKG VL GD T KS FTV GT S GS S YVMT PST RG KG “ QT YT A SNR T S 
----------AD GT GKGVL GDI KS FNI TQS GS SYQLKDIIRGNG1VT YTASNRQT
ZTGI STVGVGRGVL GDQKN INZ TYS -T YYYLQDNTRGNGZ FT YDAKYRTT

LPGSTVZSS SSTFN----- DPASVDAHAYAQKVYDEYK3NFNRNSIDGNGLA
ZPGZLLZDADNVWN----- DP AGVDAHAYAAKTYDYYKDKFGRN SID GRGLQ
LEGS LWADADNQFFASYDAFAVDAHYYAGVTYDYYKNVENRL SYD GNNAA

IRSITEYSTRYNNAFWNGSQMVYGDGDGSQFIAESGDLDVVGHELTHGVT 
LRSIVHYGSRYNNAFLDdGSQMIYGDGD GTTFIAFSGDPDVVGHEL THGVT
ZR SS VEY SQ GYNNAFWN GSQMV YGD GD GQT FI PLS GGIDVVAHEL THAVT

PhuProl
P_terrae_HPL-OO 3_
B_thermoprot eol y

PhuProl
P_terrae_HPL-00 3_
B_t hermop rot eol y~

PhuProl
P_t e rra e_HPL - 0 0 3_
E_thermoprot eol yz

PhuProl
P_terrae_HPL -00 3_
E_thermoprot eol y:

YP_C05073223.
ic.us_PÜÜ 8Ü 0

YP_C05073223.
icu s_P0C 80 0

YP_C05073223 .
ious_P0C 8 C1 0

YP_C05073223.
icus_P0C 80i 0

EYTANLEYYGQSGALNESISDZFGNTIE---------GKNWMVGDAIYTPGVSG
EYTSNLDYYGESGALNESFSDZIGNDIQ---------RKNWLVGDDIYTPSIAG
DYTAGL"YQNESGAINEAISDIFGTLVEFYANKNPDWEIGEDVYTPGISG

DALRYND DP TKG GQPARMADYNNTS ADNGGVH TNS GIPNKAYYLLAQG GT 
DALRSMSNPTLYDQPDHYSNLYKGS SDNGGVHTNS GIINKAYYLLAQGGT
DS LR SMS DPAKY GD PDH YSKRY TGIQDNGGVHINS GIINKAAYLT SQGGT

FG GVNVTGT GRS QAIQIVYRAL TYYLT STS NF SNYRS AMVQASTD LYGAN 
FHNVTVS GI GRD AAVQIYY S AF TNYLT STS NF 3NTRAAWQAAKD LYGAN 
HY GV S W GI GRD KL GKI FY RAL- TQY LT PTS NF SQL RAAAVQS ATD LYG S T

STOP TAVKN SLSAVGIN 
SAQATAAAK SFDAVGVN 
SQ EVASVKQAFDAVGVK

Figure 7.6: Alignment of PhuProl with homologous protease sequences.
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B brevis YPøø277øBlø.1
B_brevis_P43263
B_l aterosporus_2P_ø864ø523.1

B_cereus_EJS73698.1
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B_cereusSP04216147.1
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0.1

Figure7.7: Phylogenetic tree for PhuProl and homologs.
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Figure 7.8A: Cleaning performance in Tcrg-o-Tomctcr assay at 32°C, on four technical stains.

Figure 7.8B: Cleaning performance in Tcrg-o-Tomctcr assay at 16°C, on four technical stains.
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Figure 8.1. The plasmid map of pGX146(AprE-PamProl).

Figure 8.2. Dose response curve of PamProl the azo-casein assay at pH 7.
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Figure 8.3. pH profile of PamPro 1.

120%

0% 4................................ ;................................ .

0 50 100
Temperature (°C)

Figure 8.4. Temperature profile of PamProl.
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Figure 8.5A: Cleaning performance of PamProl in AT dish detergent at pH 6.

Figure 8.5B: Cleaning performance of PamProl in AT dish detergent at pH 8.
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CLUSTAL W (1.83) multiple sequence alignment

PamProl
P_pepriae_KCTC
B_thermoproteolytic.us_P.0Ö8ÖÖ

----------ATGTGTGVLGDTKTLTTTQSGSTFQLKDTTRGNGIQTYTANNGSS
DIINEATGTGKGVLGDTKSFTTTASGSSYQLRDTTRGNGIVTYTASNRQS 
ITGTΞTVGVGRGVLGDQKNINTTYΞ-TYYYL·QDNTRGNGIFTYDAKYRTT

• XX XXXXX X . XX X · . X · X X X X XXX XXX ·

PamProl
P_peoriae_KCTC
B_t her mopr ot eo.lyticu5_P 0 08 0/0

LPGSLLTDSDNVWT----- DRAGVDAHAHAAATYDFYKNKFNRNGINGNGLL
IPGTILTDADNVWN----- DPAGVDAHAYAAKTYDYYKEKFNRNSIDGRGLQ
LPGSLWADADNQFFASYDAPAVDAHYYAGVTYDYYKNVHNRLSYDGNNAA

PamProl
P_peoriae_KCTC
B_thermoproteolyticus_P00800

IRSTVHYGSNYNNAFWNGAQIVFGDGDGTMFRSLSGDLDWGHELTHGVI
LRSTVHYGNRYNNAFWNGSQMTYGDGDGT'TFIAFSGDPDVVGHELTHGVT 
IRSSVHYSQGYNNAFWNGSQMVYGDGDGQTFIPLSGGIDVVAHELTHAVT 
• X X · X XX X X X X X XX X · X · · XXXXX X · XX XXX X X X X X X

PamProl
P_peoriae_KCTC
B_t hermoproteolyticus_P 00800

EYTANLEYRNEPGALNEAFADIFGNTIQ·
EYTSNLEYYGESGALNESFSDIIGNDIQ·

• S KN WL LG DDIY T PNT PG 
•RKNWLVGDDlYTPRIAG

ΟΥΤΑΘΕΙΥΏΝΕ36ΑΙΝΕΑΙ3ϋΙΡΘΤίνΕΕΥΑΝΚΝΡϋτΛΈΐσΕϋνΥΤΡΟΙ3Ο

PamProl
P_peoriae_KCTC
B_thermoproteolyticus_P00800

DALRSLSNPTLYGQPDKYSDRYTGSQDNGGVHINSGIINKAYFLAAQGGT
DALRSMSNPTLYDQPDHYSNLYRGSSDNGGVHTNSGIINKAYYLLAQGGT
DSLRSMSDPAKYGDPDHYSKRYTGTQDNGGVHlNSGIiNKAAYLTSQGGT 
+ · XX X · X · X . X . X X · X X X X ·, X X X X X X X X X X X X X X · X · X X X X

PamProl
P_peoriae_KCTC
B_thermoproteolyticus_P00800

HNGVTVTGIGRDKAIQIFYSTLVNYLTPTSKFAAAKTATIQAAKDLYGAT
FHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARDAVVQAAKDLYGAS
HYGVSVVGIGRDKLGKIFYRALTQYLTPTSNFSQLRAA.AVQSATDLYGST

PamProl
P_peoriae_KCTG
B_thermoproteolyticus_P00800

SAEATAITKAYQAVGL-
SAQATAAAKAFDAVGVN
SQEVASVKQAFDAVGVK

Figure 8.6: Alignment of PamProl with homologous protease sequences
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B cereus VI107 EJR46541.1
Lactobaci Ilus_sp._BRRøél44

B.pséudomycoi des_ZPø4149724.
B.cytotoxicus_YPøøl373863.1

B_thermöpröteöI yt i eus_Pøø8øø
Bac i I Ius_caI do I yt i cus_F23384

B_I aterosporus_SPø864ø523. 1
Brev i bac i I Ius_breui s_P43263
Brev ibaci I Ius_sp_CFl12_EP_lø738945.1

P_muci I ag i nosus_KNP414_YP_øø4646155.1
P_peor i ae_KCTC3763_SP_lø241ø3ø. 1
P_poIymyxa_SC2_YP_øø3948511.1

P_sp_AIoe-ii_SP_ø97753é5.1
P_polymyxa_YPøø3S7218ø.1

P_eI g i i _B69_SP_ø9ø77634.1
P larvae Β-365Θ ΞΡ Θ9071078.1

P larvae 2Ρ023266Θ2.1
P_sp_HGF7_2P_ø8511445.1

PamProl_FL

ø. 1

Figure 8.7: Phylogenetic tree for PamProl and homologs
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IKEI .A
B_caldolyticus_AAA22623.1
B_ant.hraci s_NP843132.. 1 
B_thur ingiensis_YP893436.1
B_cereus_ZP04310163.1 
Lactobacillus_sp_BAA06144.1 
INPC.A
B_cytotoxicus_YP00.13 73863.1 
B_mega.terium_YPO05495105.1
B_sp_SG-l_ZP01858398.1 
PamProl
PbaProl
PhuPro2
PpeProl
PspPro2
PpoProl
PpoPro2
PspPro3
PehProl
PhuProl
PteProl
BbrProl
NprE
NprE_variant

ITGTSTVGVGRGVLGDQKNINTTYSTYY----- YLQDNTRGNGIFTYDAKYR 
----- TSTVGVGRGVLGDQKYINTTYSSYYGYYYLQDNTRGSGIFTYPGRNR 
VTGTNAVGTGKGVLGDTKSLNTTLSASS—YYLQDNTRGATIFTYDAKNR 
VTGTNAVGTGKGVLGDTKSLNTTLSASS—YYLQDNTRGATIFTYDAKNR 
--—TNAVGTGKGVLGDTKSLNTTLSASS--YYLQDNTRGATIFTYDAKNR 
VTGTNAVGTGKGVLGDTKSLNTTLSASS—YYLQDNTRGATIFTYDAKNR 
VTGTNKVGTGKGVLGDTKSLNTTLSGSS—YYLQDNTRGATIFTYDAKNR 
VTGTNAVGTGTGVLGDKKSINTTLSGST—YYLQDNTRGAQIFTYDAKN.R 
----- TNAIGSGKGVLGDTKSLKTTLSGSA—YYLQDNTRGATIYTYDAKNR 
VSGTDQVGTGKGVLGDTKSLNTTLSNGT—YYLQDNTRGGGIMTYDMKNR 
----------ATGTGTGVLGDTKTLTTTQSGST—FQLKDTTRGNGIQTYTANNG 
----------ATGTGTGVHGDTKTLTTTQSGST—YQLKDTTRGKGIQTYTANNR 
----------ATGSGTGVLGDNKTFQTTLSGST—YQLKDTTRGNGIYTYTASNR 
----------ATGTGRGVDGVTKSFTTTASGNG—YQLKDTTRSNGIVTYTANNR 
----------ATGTGRGVDGKTKSFTTTASGNR—YQLKDTTRSNGIVTYTAGNR 
----------ATGTGKGVLGDSKSFTTTASGSS—YQLKDTTRGNGIVTYTASNR 
----------ATGTGKGVLGDTKSFTTTASGSS—YQLKDTTRGNGIVTYTASNR 
----- —ATGTGKGVLGDTKTFNTTASGSS--YQLRDTTRGNGIVTYTASNR 
----------ATGTGKGVLGDTKSFTTTQSGST—YQLKDTTRGQGIVTYSAGNR 
----------A.TGTGKGVLGDTKSFTVGTSGS3—YVMTDSTRGKGIQTYTASNR 
--------- ATGTGVGVLGDTKTFTTTQSGTQ—YVMQDTTRGGGIVTYSAGNT 
—----- VTÄTGKGVLGDTKQFETTKQGST—YMLKDTTRGKGIETYTANNR 
----- AATTGTGTTLKGKTVSLNISSESGKYVLRDLSKPTGTQIITYDLQNR 
—-AATTGTGTTLKGKTVSLNISSESGKYVLRDLSKPTGTQIITYDLQNR

1KEI.A
B_caldolyticus_AAA22623.1
B_an.thracis_NP843132.1
B_t.hurihgiensis_YP8934.35.1
B_cereus_ZP04310163.1
Lactobacillus_sp_BAA06144.1
INPC.A
B_cyt.otoxicus_YPO013 73 863.1
B_megaterium_YP005495105.1
B_sp_SG-l_ZP01858398.1
PamProl
PbaProl
P.huPro2
PpeProl
PspPro2
PpoProl
PpoPro2
PspPro3
PehProl
PhuProl
PteProl
BbrProl
NprE
NprE_var iant

TT—■----- LPGSLWADADNQFFASYDAPAVDAHYYAGVTYDYYKNVHNRLS 
TV----------LPGSLWADGDNQFFASYDAAAVDAHYYAGVVYDYYKNVHGRLS 
ST----------LPGTLWVDADNVFNAAYDAAAVDAHYYAGRTYDYYKATFNRNS 
ST----------LPGTLWVDADNVFNAAYDAAAVDAHYYAGKTYDYYKATFNRNS 
ST—----- LPGTLKVDADNVFNAAYDAAAVDAHYYAGKTYDYYKATFNRNS 
ST----------LPGTLWVDADNVFNAAYDAAAVDAHYYAGKTYDYYKATFNRNS 
ST—--------LPGTLWADADNVFNAAYDAAAVDAHYYAGKTYDYYKATFNRNS 
ΞΞ----------LPGTLWADVDNAFHAKYDAAAVDAHYYAGVTYDYYKNTFNRNS 
ΤΞ----------LPGTLWADTpNTYNATRDAAAVDAHYYAGVTYDYYKNKFNRNS 
TFFPQFYLPGSLWSDADN.VYNQAYDAAAVDAHYFAGATFDYYKDVFGRNS 
ΞΞ---------------- -LPGSLLTDSDNVWTDRAGVDAHAHAAATYDFYKNKFNRNG 
ΞΞ---------------- lpgslstssnnvwtdraavdahayaaatydfyknkfnrng 
tt------------- ipgtlltdadnvwtdgaavdahtyagkvydfyktkfgrns 
QT------------ —tpgtimtdadnvwndpaavdahayaiktydyyknkfgrds 
QT-------------- -TPGTILTDTDNVWEDPAAVDAHAYAIKTYDYYKNKFGRDS 
qs------------- ipgtiltdadnvwndpagvdahayaaktydyykakfgrns 
QS---------------- IPGTLLTDADNVWNDPAGVDAHAYAAKTYDYYKSKFGRDS 
QS---------------- IPGTILTDADNVVJNDPAGVDAHAYAAKTYDYYKEKFNRNS 
SS---------------- LPGTLLTSSSNIWNDGAAVDAHAYTAKVYDYYKNKFGRNS 
TS---------------- LPGSTVTSSSSTFNDPASVDAHAYAQKVYDFYKSNFNRNS 
QS--------——LPGTLMRDTDNVWTDPAAVDAHAYAAVVYDYFKNNFNRDS 
TS---------------- LPGTLMTDSDNYWTDGAAVDAHAHAQKTYDYFRNVHNRNS 
EYN--------LPGTLVSSTTNQFTT3SQRAAVDAHYNLGKVYDYFYQKFNRNS 
EYN--------LPGTLVSSTTNQFTTSSQRAAVDAHYNLGKVYDYFYQKFNRNS

Figure 9.1 A CLUSTAL 2.0.10 multiple sequence alignment of the various Paenibacillus
metalloproteases with other bacterial metalloprotease homologs.
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YDGNNAAIRSSVHYSQGYNNAFWNGSQbiVYGDGDGQTFIPLSGGIDVVAH 
YDGSNAAIRSTVHYGRGYNNAFWNGSQMVYGDGDGQTFLPFSGGLDVVGH 
INDAGAPLKSTVHYGSRYNNAFWNGSQMVYGDGDGVTFTSLSGGIDVIGH 
INDAGAPLKSTVHYGSRYNNAFWNGSQMVYGDGDGVTFTSLSGGIDVIGH 
INDAGAPLKSTVWGSRYNNAFWNGSQMVYGDGDGVTFTSLSGGIDVTGH 
INDAGAPLKSTVHYGSKYNNAFWNGSQMVYGDGDGVTFTSLSGGIDVIGH 
INDAGAPLKSTVHYGSNYNNAFWNGSQMVYGDGDGVTFTELSGGIDVIGH 
indagaalkstvhygsnynnafwngsqmvygdgdgvtftslsggidvigh 
YDNAGAPLKSTVHYSSGYNNAFWNGSQMVYGDGDGTTFVPLSGGLDVIGH 
YDNKGTTIQSSVHYSKNYNNAFWNGSQMX'YGDGDGTTFIPLSGGLDVVAH 
INGNGLLIRSTVHYGSNYNNAFWNGAQIVFGDGDGTMFRSLSGDLDVVGH 
rDGNGLLIRSTVHYGSNYKNAFWNGAQIVYGDGDGIEFGPFSGDLDVVGH 
LDGNGLLrRSSVHYSSRYNNAFWNGTQIVFGDGDGSTFIPLSGDLDVVGH 
IDGRGMQIRSTVHYGKKYVNAFWNGSQMTYGDGDGSTFTFFSGDPDVVGH 
idgrgmqirstvhygkkynnafwngsqmtygdgdgstftffsgdpdvvgh 
IDGRGLQLRSTVHYG3RYNNAFWNGSQMTYGDGDG3TFIAFSGDPDVVGH 
vdgrglqlrstvhygsrynnafwngsqmtygdgdgstfiafsgdpdvvgh 
idgrglqlrstvhygnrynnafwngsqmtygdgdgttfiafsgdpdvvgh 
idgngfqlkstvhyssrynnafwngvqmvygdgdgvtfipfsadpdvigh 
idgnglairstthystrynnafwngsqmvygdgdgsqfiafsgdldvvgh  
ldgrgmaikstvhygsrynnafwngtqiaygdgdgttfrafsgdldvtgh 
ydgngavirstvhystrynnafwngsqmvygdgdgttflplsggldvvah 
ydnkggkivssvhygsrynnaawigdqmiygdgdgsffsplsgsmdvtah 
YDNKGGKIVSSVHYGSRYNNAAWIGDQMIYGDGDGILFSPLSGSLDVTAH

• . i * A * Λ * * . . Λ * A Λ * * ·Χ ii +

elthavtdytagliyqnesgaineaisdifgtlvefyanknpdweigedv 
elthavtdytaglvyqnesgaineamsdifgtlvefyanrnpdweigedi 
elthavteyssdliyqnesgalneAisdvfgtlveyYdnrnpdweigedi 
elthavteyssdliyqnesgalneaisdvfgtlvefydnrnpdweigedi 
E LTHAVTEYS S DLIYQNE SGALNEAISDVFGTLVEFYDNRNPDWEIGEDI 
ELTH/lVTEYSSDLIYQNESGALNEAISDVFGTLVEYYDNRNPDWEIGEDI 
ΕΝΤΗΑνΤΕΝ88ΝΡΙΥςΝΕ86ΑΝΝΕ?ίΙ3ΒΙΡσΤΝνΕΡΥ0ΝΡΝΡΠΜΕΙ8ΕΌΙ 
ELTHAVTEYSSNLIYQYESGALNEAISDIFGTLVEYYDNRNPDWEIGEDI 
ELTHAVTERSSNLTYQYESGALNEAISDiFGTLVEYYDNRNPDWEIGEDI 
ELTHAVTDTSSDLVYQNESGALNEAISDIFGTLVEYHENHNPDFEIGEDI
ELTHGVIEYTANLEYRNEPGALNEAFADIFGNTIQ----------SKNWLLGDDI
ELTHGVIEYTANLEYRNEPGALNEAFADIMGNTIE----------SKNVJLLGDGI 
ELSHGVIEYTSNLQYLNESGALNESYADVLGNSIQ----------AKNWLIGDDV 
ELTHGVTEFTSNLEYYGESGALNEAFSDIIGNDID---------GANWLLGDGI 
ELTHGVTEFTSNLEYYGESGALNEAFSDilGNDlD-——GTSWLLGDGI 
ELTHGVTEYTSNLEYYGESGALNEAFSDVIGNDIQ----------RKNWLVGDDI 
ELTHGVTEYTSNLEYYGESGALNEAFSDVIGNDIQ----------RKNWLVGDDI 
ELTHGVTEYTSNLEYYGESGALNEAFSDIIGNDIQ---------RKNWLVGDDI 
ELTHGVTEHTAGLEYYGESGALNESlSDriGNATD----------GKNWLIGDLI 
ELTHGVTEYTANLEYYGQSGALNESISDIFGNTIE----------GKNWMVGDAI 
ELTHGITEKTAGLIYQGESGALNESISDVFGNTIQ----------GKNWLIGDDI 
ELTHAVTERTAGLVYQNESGALNESMSDIFGAMVD----------NDDWLMGEDI 
EMTHGVTQETANLNYENQPGALNE3FSDVFGYFND----------TEDWDIGEDI 
EMTHGVTQETANLNYENQPGALNESFSDVFGYFND----------TEDWDIGEDI

Figure 9. I B CLUSTAL 2.0.10 multiple sequence alignment of the various Paenibacillus 
metalloproteases with other bacterial metalloprotease homologs.
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YTPGISGDSLRSMSDPAKYGDPDHYSKRYT--------GTQDNGGVHINSGIIN 
YTPGVAGDALRSMSDPAKYGDPDHYSKRYT——GTODNGGVHTNSGIIN 
YTPGKAGDALRSMSDPTKYGDPDHYSKRYT--------GTGDNGGVHTNSGIIN 
YTPGKAGDALRSMSDPTKYGDPDHYSKRYT--------GTGDNGGVHTNSGIIN 
YTPGKAGDALRSMSDPTKYGDPDHYSKRYT----- -GTGDNGGVHTNSGIIN 
YTPGKAGDALRSMSDPTKYGDPDHYSKRYT--------GTSDNGGVHTNSGIIN 
YTPGKAGDALRSMSDPTKYGDPDHYSKRYT--------GSSDNGGVHTNSGIIN 
YTPGKAGDALRSMSDPTKYGDPDHYSKRYT--------GSGDNGGVHTNSGIIN 
YTPGTSGDALRSMSNPAKYGDPDHYSKRYT--------GSSDNGGVHTNSGTIN 
YTPNTPNDALRSMSDPAKYGDPDHYSVRYT--------GTQDNGGVHTNSGTIN 
YTPNTPGDALRSLSNPTLYGQPDKYSDRYT--------GSQDNGGVHINSGIIN 
YTPNIPGDALRSLSDPTLYNQPDKYSDRYT--------GSQDNGGVHINSGIIN 
YTPGISGDALRSMSNPTLYGQPDNYANRYT--------GSSDNGGVHTNSGITN 
YTPGIPGDALRSLSDPTRFGQPDHYSNFYPDP--NNDDEGGVHTNSGIIN 
YTPNIPGDALRSLSDPTRFGQPDHYSNFYPDP—NNDDEGGVHTNSGIIN 
YTPNIAGDALRSMSNPTLYDQPDHYSNLYR--------GSSDNGGVHTNSGIIN 
YTPNIAGDALRSMSNPTLYDQPDHYSNLYK--------GSSDNGGVHTNSGIIN 
YTPRlAGDALRSMSNPTLYDQPDHYSNLYR----- --GSSDNGGVHTNSGIIN 
YTPNTPGDALRSMENPKLYNQPDRYQDRYT--------GPSDNGGVHINSGINN 
YTPGVSGDALRYMDDPTKGGQPARMADYNN--------TSADNGGVHTNSGIPN 
YTPSIPGDALRSMENPTLFNQPDHYSNIYR——GSDDNGGVHTNSGIPN 
YTPGRSGDALRSLQDPAAYGDPDHYSKRYT--------GSQDNGGVHTNSGINN 
----- TVSQPALRSLSNPTKYGQPDNFKNYKNLPNTDAGDYGGVHTNSGIPN 
—-TISQPALRSLSNPTKYGQPDNFKNYKNLPNTP-AGDYGGVHTNSGIPN

1KEI.A
B_caldolyticus_AAA22623.1
B_an.thracis_NP843132.1
B_t.hurihgiensis_YP8934.35.1
B_cereus_ZP04310163.1
Lactobacillus_sp_BAA06144.1
INPC.A
B_cytotoxicus_YPO01373863.1 
B_megaterium_YP005495105.1 
B_sp_SG-l_ZP01858398.1 
PamProl
PbaProl
PhuPro2
PpeProl
PspPro2
PpoProl
PpoPro2
PspPro3
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PhuProl
PteProl
BbrProl
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NprE_var iant

KAAYLISQGGTHYGVSVVGIGRDKLGKIFYRALTQYLTPTSNFSQLRAAA 
KAAYLLSQGGVHYGVSVTGIGRDKMGKIFYRALVYYLTPTSNFSQLRAAC 
KAA.YLLANGGTHYGVTVNGIGKDKVGAIYYRANTQYFTQSTTFSQARAGL 
KAAYLLANGGTHYGVTVNGIGKDKVGAIYYRANTQYFT.QSTTFSQARAGL 
KAA.YLLANGGTHYGVTVNGIGKDKVGAIYYRANTQYFTQSTTFSQARAGL 
KAAYLLANGGTHYGVTVNGIGKDKVGAIYYRANTQYFTQSTTFSQARAGL 
KQAYLLANGGTHYGVTVTGIGKDKLGAIYYRANTQYFTQSTTFSQARAGA 
KAAYLLANGGTHYGVTVNGIGKDKVGAIYYRANTQYFTQSTTFSQARAGL 
KAAYLLANGGTHYGVTVTGIGGDKLGKTYYRANTLYFTQSTTFSQARAGL 
KQAYLLSEGGTHYGVNVTGIGREKLGEIYYRMNTVYLTASSTFSQARSAA 
KAYFLAAQGGTHNGVTVTGIGRDKAIQIFYSTLVNYLTPTSKFAAAKTAT 
KAYYLAAQGGTHNGVTVSGIGRDKAVRIFYSTLVNYLTPTSKFAAAKTAT 
KAFYLLAQGGTQNGVTVAGIGRDAAWIFYNTVAYYLTSTSNFAAAKNAS 
KAYYLLAQGGTSHGVKVTGIGREAAVFIYYNAFTNYLTSTSNFSNARAAV 
KAYYLLAQGGTSHGVTVTGIGREAAVFIYYNAFTNYLTSTSNFSNARAAV 
KAYYLLAQGGNFHGVTVNGIGRDAAVQIYYSA.FTNYLTSSSDFSNARAAV 
KAYYLLAQGGTFHGVAVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARAAV 
KAYYLLAQGGTFHGVTVNGIGRDAAVQIYYSAFTNYLTSSSDFSNARDAV 
KAFYLIAQGGTHYGVTVNGIGRDAAVQIFYDALTNYLTPTSNFSAMRAAA 
KAYYLLAQGGTFGGVNVTGIGRSQAIQIVYRALTYYLTSTSNFSNYRSAM 
KAEYLLAQGGTHRGVSVTGIGRGDAAKIVYKALTYYLTSTSNFAAMRQAA 
KAAYLLAEGGTHYGVRVNGIGRTDTAKIYYHALTHYLTPYSNFSAMRRAA
KAAYN---------------------TITKIGVNECAEQIYYRALTVYLTPSSTFKDA.KAAL
KAAYN-------—--------- TITKIGVNKAEQIYYRALTVYLTPSSTFKDAKAAL

Figure 9.1C CLUSTAL 2.0.10 multiple sequence alignment of the various Paenibacillus 
metalloproteases with other bacterial metalloprotease homologs.
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VQSAT DLYGS T S QEVASVKQAFDAVGVK 
VQAAADLYGSTSQEVNSVKQAFNAVGVY 
VQA-----------------------------------------------------  
VQAATDLYGASSAEVAAVKQSYSAVGVN 
VQAAADLYGASΞΆΕVAAVKQSYΞAVGVN 
VQAAADLYGASSAEVAAVKQSYSAVGVN 
VQAAADLYGAN SAEVAAVKQSF ΞAVGVN 
VQAAADLYGANSAEVTAVKQSYDAVGVK 
VQAAADLYGSGSQEVISVGKSFDAVGVQ 
VQAAS.DLYGSNSPEVQSVNQSFDAVGIN 
IQAAKDLYGATSAEATAITKAYQAVGL- 
IQAAKDLYGAN 3AEATAITKAYQAVGL- 
IQAAKDLYGTGSSYVTSVTNAFRAVGL- 
IQAAKDFYGADSLAVTSAIKSFDAVGIK 
IQAAKDFYGADSLAVTSAIQSFDAVGIK 
IQAAKD L YGAN 3AEATAAAKSF DAVGVN 
IQAAKDL.YGANSAEATAAAKSFDAVGVN 
VQAAKDLYGAS SAQATAAAKSFDAVGVN 
IQAAT DLYGAN S SQVNAVKKAYTAVGVN 
VQAS T D LYGAN S TQTTAVKNΞ L ΞAVGIN 
IΞ SAT D L FGAN SAQVN SVKAAYAAVGI- 
VLSATDLFGANSRQVQAVNAAYDAVGVK 
IQSARDLYGSQDAASVEAAWNAVGL — - 
IQSARDLYGSQDAASVEAAWNAVGL-—

Figure 9. ID CLUSTAL 2.0.10 multiple sequence alignment of the various Paenibacillus 
metalloproteases with other bacterial metalloprotease homologs.
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Figure 9.2 The phylogenetic tree of the various Paenibacillus metalloproteases with other 
bacterial metalloprotease homologs.


