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VARIANT LIPASES AND USES THEREOF

CROSS REFERENCE
{801} This application clamms the bepefit of U.S. Provisional Apphication No. 637216612,

filed June 30, 2021, and 1s incorporated by reference in s entirety.

[602] The present disclosure relates to vartant hpolvtic enzymes, more particudarly vartant
Lipolvtic enzvmes that have mmproved stabilify andfor mmproved hydrolyviic activity on a
polvester. Such variant lipolytic enzymes find use i the degradation of polvesters, such as
polvethylene terephthalate. Also provided are compositions and methods related to such variant

lipolytic enzvmes.

BACKGROUND
0031 Polvesters, such as polvethviene terephthalate (PET), are used in a large number of
producis and processes, such as i the manufacture of clothes, carpets, various packaging and
plastics {e.g. automobile plastics), which has led to the accumulation of peolvesters mn landfills
and may be an ecological probleny
004} Various enzymes, such as lipolyiic enzyvines, are able io catalyse the hydrolysis of a
variety of polvmers, mcluding polvesters. Some of these enzyimes are being investigated for use
it a pumber of mdustral applications, such as detergents for laundry and dishwashing
applications, as degrading enzyines for processing biomass and food, as biocatalysts m
defoxification of environmental pollutants or for the freatment of polvester fabrics m the texiile
industry. The use of such enzymes is of particular mterest for hydrolysing polyesters, such as
PET.
[B05] There is a continuing need for lipolvtic enzymes with improved activity andfor
unproved stabilify that can be used in compositions for treating fabrics and/or textiles and for

metheds for degrading polvesters.

SUMMARY
306} In one embodiment, the present disclosure provides variant lipolytic enzvmes

comprising an amine actd sequence having at least 70% identity to the full length anuno acid
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sequence of SEQ ID NOQ: 2, comprising the substitutions TOMV-THTL-TI7TIN/R-I178L-F180P-
Y182A-RIODL-8205G-S212D-F226L-Y2391-L.249P-82321-L.258F, and further comprising at
least one additional substitution selected from the group consisting of VOI4S, RO40A/T, GOSOY,
GOG1D, AG66D, SOT0E, QIoiH, GITSAVE, F207TL/T, V2101 Q227H, A236P, S244E, E254Q,
and R256K, where the positions are munbered by reference to the amino actd sequence of SEQ
D NO: 2, and wheremn the variant has esterase activily. In some embodiments, the variant
Lipolvtic enzyme comprises an amino acid sequence having at least 75%, 80%, 83%, 90%, 91%,
92%, 93%%, D4%, 953%, 96%,57%, 98%, or 99% wdentity fo the full length anmune acid sequence of
SEQ ID NO: 2. In some embodiments, the variant lipolytic enzvme 1s dertved from a parent
enZYIe comprisme an amino acid sequence having at least 75%;, 80%, 85%, 90%, 9196, 92%,
93%, 94%, 95%, 96%,97%, 98%, or 99% wdentity o the full length anune acid sequence of SEQ
1D NO: 2.

{8071 In another embodiment, the present disclosure provides polvnucleotides comprising a
nucleic acid sequence encoding a vartant hipolytic enzyme comprising an amino acid sequence
having af least 70% wdentity fo the full length anuno acid sequence of SEQ ID NO: 2, comprising
the substitutions TOGV-TH7L-TI77N/R-T1 78L-F180P-Y1&2A-R190L-S2053G-R212D-F2261-
Y239I-L.249P-82521-L.258F, and further comprising at least one additional substitution selected
from the group consisting of VO148, RO40A/T, GOSFY, GO61D, A0G6D, SO70E, Ql161H,
GITSAE, FR07TL/T, V2101, Q227H, A236P, S244E, E254Q, and R236K, where the positions
are numbered by reference fo the amino acid sequence of SEQ ID NO: 2, and wherein the varant
has esterase activity. In some embodments, the vartant hipolviic enzyme comprises an amino
acid sequence having at least 75%, 80%, 85%, 90%, 9195, 92%, 93%, 04%, 93%, 96%%,97%,
§8%, o1 99% rdentity to the full length ammo acid sequence of SEQ ID NO: 2. In some
embodiments, the variant ipolytic enzyme 1s derrved from a parent enzyme cComprising an anino
acid sequence having at least 75%, 80%, 83%%, 90%, 01%, 92%, 93%, 94%5. 93%, 96%6,97%,
98%, or 99% 1dentity to the full length amuno acid sequence of SEQ ID NO: 2.

[008] In another embodiment, the disclosure provides expression vectors or cassettes
comprising polynucleotides encoding the variant lipolyvtic enzyme and recombinant host cells
contamnng such expression vectors or cassettes.

[309] Also provided are enzyme compositions comprising a vanant lipolviic enzyvime

comprising an amine actd sequence having at least 70% identity to the full length anuno acid

[N
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sequence of SEQ ID NOQ: 2, comprising the substitutions TOMV-THTL-TI7TIN/R-I178L-F180P-
Y182A-RIODL-8205G-S212D-F226L-Y2391-L.249P-82321-L.258F, and further comprising at
least one additional substitution selected from the group consisting of VOI4S, RO40A/T, GOSOY,
GO61D, Ad66D, SOTOE, QI6IH, GITAAVE, F207TL/T, V2101 Q227H, A236P, S244E, E254Q,
and R256K, where the positions are munbered by reference to the amino actd sequence of SEQ
D NO: 2, and wheremn the variant has esterase activily. In some embodiments, the variant
Lipolvtic enzyme comprises an amino acid sequence having at least 75%, 80%, 83%, 90%, 91%,
92%, 93%%, D4%, 953%, 96%,57%, 98%, or 99% wdentity fo the full length anmune acid sequence of
SEQ ID NO: 2. In some embodiments, the variant lipolytic enzvme 1s dertved from a parent
enZYIe comprisme an amino acid sequence having at least 75%;, 80%, 85%, 90%, 9196, 92%,

6. 94%, 95%, D6%,97%, 98%, or 9% wdentity to the full length anmuno acid sequence of SEQ
IDNO:2
{0010} Further provided in the present disclosure are methods for degrading a polvester or
polvester-contaimng material and methods for the enzymatic depolymerization of a polyester or
polvesier-contammg material. Such methods find use where the polyester is selected from the
group consisting of polvethvlene ferephthalate (PET) polvinimethviene terephthalate {PTT),
polybutviene terephihalate (PBT), polvethiviene sosorbide terephithalste (FEIT), polviactic acid
{PLA), polvhivdroxy alkancate {(PHAL polvbaatyiene succinate {PBYNY, polvbutyilane sucomate

adipate {PBSA), polybutyvlene adipate {erephthalate (FBAT), polyethivlene franoate (PEF).

AS

By

podveaprolactone (PCL), polvethiviene nsphihalate (PEN), polvester pobvurethane, polviethiviens

~

adipate} {PEA), and combmations thereof
DESCRIPTION

(0011} The present disclosure provides variant hipolytic enzymes, composifions {e.g. enzyme

and detergent composttions) comprising such variant hipolytic enzymes, and methods using such

vartant bipelvtic enzymes and compositions, for example, for washing or freating textiles and/or

fabrics, and the degradation of polyesters.

[0012] Prior to describmg embodunents of present compositions and niethods, the followimng

terms are defined.

[6013] ‘idess defined otherwise herein, all technical and scientific terms used hereimn have

the sarse meaning as cornmonly nnderstood by one of ordmary skill in the art to which this

(]
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mvention pertamns. Although any methods and materials sumilar or equivalent to those described
heremn find use m the practice of the present mvention, the preferred methods and materials are
described heren. Accordingly, the terms defined munediately below are more fully described by
reference o the specification as a whole. Also, as used heremn, the singular terms “a,” “an,” and
“the” mchade the plural reference nnless the context clearly indicates otherwise. It stobe
understood that thus wvention 1s not lunifed to the paricular methodology, protocels, and
reagents described, as these may vary, depending upon the context thev are used by those of skill
1 the art.

[0014] It 1s mtended that every maxunum numerical Iimitation given throughout this
specification mchides every lower mumerical limitation, as if such lower numerical limitations
were expressly written heretn. Every mintmum nurnerical lintfation given throughont this
spectfication will inclnde every higher numerical hnutation, as if such higher numerical
Limitations were expressly written herein. Every numerical range given throughout this
specification will inchade every narrower numerical range that falls within such broader
numerical range, as if such parrower numerical ranges were all expressly wriiten herein.

[B015] As used herein, the term “polvmer™ refers to a chenucal compound or nuxture of
compounds whose structure 1s constifuied of multiple repeating units hinked by covalent
chemical bonds. Withun the context of the disclosure, the ferm polymer mcludes natural or
synthetic polvamers, constitating of a single type of repeat umt {1.e., homopolymers) or of a
mixture of different repeat wnits (1.e., block copolymers and random copolvmers).

[6016] The term: “polvester-contaming material” or “polyester-contaimng product”, as used
herein, refer to a product, such as a texiile, fabric, or plastic preduct, comprising af least one
polvester in orystalline, senu-crvstalline, or substantially amorphous forms. In some
embodiments, the polyester-containing material refers to any ifem made from at least one plastic
material, such as plastic sheet, tube, rod, profile, shape, film, block, etc., which contains at least
one polvester, and possibly other substances or additives, such as plasticizers, mineral or organic
fillers. In some embodiments, the polyester-containing material refers to a plastic compound, or
plastic formulation, 1 a molten or solid state, suitable for making a plastic product. In some
embodiments, the polvesier-containing material refers to a textile or fabric or fibers comprising
at least one polvester. In some embodiments, the polvester-containing msterial refers to plastic

waste or fiber waste comprising at least one polyester.
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{0017 As used beremn, the term “polyester”™ refers fo its monomer bonded by ester hinkage.
As used herein, the term © poi\ms*er includes, but is not linuted to, those pelvesters selected
from the group consisting of polvethyiene terephthalare (PET), polvtrimethylene fereplithalate
{PTT), polvbutviene tex phﬁ alate {PBT), polvethylene sosmbude terephihalate (PEIT),
podviactic actd (PLAY, polvhvdroxy albanoate (PHA), polvbutylene sucoinate {PBS)
polvbuiviene succinate adipate (PBSA}L polybutylene adipate ferephthalate (FBATY,
;?soi}feih}\'iene furanoate {PEF}, polveaprolactone {PCLY, polvethyvlene naphthalate (PEN),
polyester polvurethane, polv{ethyviene adipate} (FEA), and corgbinations thereof.

[0018] The tern “falwie” refers fo, for example, woven, kni, and non-woven material, as
well as staple fibers and hlaments that can be converted to, for example, yvars and woven, kit

and non-woven fabries. The tern encompasses roalerial roade from patiral, as well a5 svothetic

s

{e.g., mannfactred) fibers, and combinations thereot,

[0019} The term “textide”, as used heremn, refers o any fextile matenal includmg vans, varn

<

miermediates, fbers, non-woven matenals, natural matenals, syathetic materials, and any other

textile material, fabnies made of these matenals and products made from fabnies {2z, garments

and other articles). The texhite or fabric may be m the form of lmts, wovens, denyms, non-

fl

wovens, fells, varps, and towelling. The texiile may mwlude cellndnse based such as natural
cellndosies, mohuding cotton, flax/bnen, jute, ranue, sisal or cowr or marsnade cellulosies {2,

ovtgipating frony wood pulp including viscosefravon, cellnlose acetate fibers {(tnicell), Ivocelt or

o

blends thereol The textile or fabric may also be non-cellulose based such as nahwral polvanudes
melnding wool, camel, cashimere, mobair, rabbit and silk or synthetic polvimers such as nyvlon,
aranud, polvesier, acevhe, polvpropyviene and spandex/elastane, or blends thereof as well as
blends of caliidose based and non~cellulose based fibers. Examples of blends are blends of cofton

By
by

andi/or rayon/viscose with ang or more companion material such as wool, synthetic fider (a.g.
polvanude fiber, acrvhic fiber, polvester fiber, polvvinyl chionde fiber, polyurethane fiber
polyurea fiber, aranud fiber), andfor cellnlose-contanung bber {e.g myoniviscose, ratgie,
Haxhinen, mie, cellulose acetate fiber, Iyocell). Fabrie mav be conventional washable lanndry,
for example stamed household lanndry. Whey the term fabrie or garment 18 used, it 1s intended fo
mclide the broader torm texitles as well. In the cortext of the presant apphication, the term

“texitile” 15 used mferchangeably with fabwic and cloth, In sone enmbodiments, textiles nclude

those miaterials that mclude af least one polyester.

A
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{0028] The tenn “lavndenng” mcludes both honsehold lsundering and sulostial lsonderimg
and means the process of freating textiles with a solution containing 8 cleamng or detergent
compoaition as provided hergin. The laundering process can for example be carvied ot using e

a bousehold or an mdastoial waslang reachie or can be carnied eut by hand.

{8021} The term “wash ovele™ refers to a washing operation i which textiles are imimersed
it g wash hguor, mechanical sction of some Xand 1s applied to the fextile to release stams or o

faciiitate fow of wash ligunor in and ont of the textile and finally the superfluons wash liguor i3
renoved. After one or more wash oyeles, the textile 15 generally rsed and dinied

[6622] The tern “wash hguor™ i3 defined heremn as the solution or mixture of water and
detergent components optionally welnding vartant hipolviic enzymes as provided herein

[0023] As used herem, “homologous genes” refers to a patr of genes irom different, but
usually related species, which correspod to each other and which are 1dentical or very sumilar fo
each other. The term encompasses genes that are separated by speciation (1.e., the developmenti
of new species) {e.z., orthologous genes), as well as genes that have been separated by genetic
duplication {e.g.. paralogous genes}.

[3024] As used herein, the term “vartant polyvpeptide” refers to a polvpeptide comprising an
anune acid sequence that differs 1 at least one amino acid residue from the anuno acid sequence
of a parent or reference polypeptide (inchiding but not linuted to wild-type polvpeptides). In
some embodiments, the parent polvpeptide for nse herein comprises an amino acid seqguence
having at least 50%, 53%, 60%, 63%, 70%, 75%, 80%, 85%, 00%, 0195, 92%, 93%, 04%, 93%,

6%, 87%, 98%, 99% or 100% sequence wdentity to SEQ ID NQO: 2.

Variant Lipelvtic enzymes

[0025] in one embodument, variant hpolyiic enzymes are provided. In some embodiments,
the varant lipolytic enzymes provided herein have hydrolvtic activity on at least one polyester.
{00261 As used heremn, a lipolytic enzvime mcludes an enzvme, polypeptide, ot protem
exhibiting a hipid degrading capability such as a capabiliy of degrading a triglycenide or a
phospholipid. The hipolytic enzvaie can be, for example, a lipase, a phospholipase, an esterase or
a cutinase. Lipolytic enzvies can be enzvmes having «/p hydrolase fold. These enzymes
tvpically have a catalytic triad of serine. aspartic acid and histidine residues. The o/ hydrolases

mchude lipases and cufmases. Cufinases show hittle, if any, mterfacial activation, where lipases
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often nodergo a confonmational change in the presence of a hipid-water mterface (Longhi and
Cambillan {1999) Biochimica et Biophysica Acta 1441:185-08), An active fragment of a
lipolyvtic enzyme i3 & portion of 2 hipolvtic enzyme that retains a hpid degrading capability. An
active fragment retatns the catalyiic friad. As nsed herem, hpolytic activily can be delermined
according fo any procedure known in the art {see, e.g., Gupia et al., Biotechnol. Appl. Biochem.,
37:063-71, 2003, US. Pat. No. 5,990,069, and International Patent Publication No. WO
Q6/1RT20A1).

{80271 In some embodiments, hipolytic enzyvmes of the present disclosure are @/P hydrolases.
In some embodiments, lipolytic enzyvmes of the present discloswre are lipases. In some
embodiments, lipolvtic enzyvines of the present disclosure are cutinases. In sonwe embodunents,
lipolytic enzvmes of the present disclosure are esterases.

[3028] In some embodiments, lipolytic enzymes of the present disclosure are alpha/beta
hydrolases. In some embodiments, lipolvtic enzyines of the present disclosure are hipases. In
some embodiments, lipolytic enzymes of the present disclosure are cutinases. In some
embodiments, lipolyiic enzymes of the present disclosure are polvesierases.

[3029] As used herein, a “a carboxyvlic ester hydrolase™ (E.C. 3.1.1} refers fo an enzyme that
acts on carboxylic acid esters.

{00301 As used herein, a “lipase”, “hipase enzvmie”, “lipolytic enzymes”, “lipolvtic
polypeptides”, or “lipolytic proteins” refers to an enzyme, polypeptide, or protein exlubiting a
lipid degrading capability such as a capability of degrading a trighveenide or a phospholipid. The
Lipolvtic enzyme may be. for example, a lipase, a phospholipase, an esterase, a polyvesterase, ora
cutinase. As used herein, lipolvtic activity may be determined according to anv procedure known
i the art (see, e.g., Gupta et al, Biotechnol. Appl. Biochem., 37:63-71, 2003; U.8. Pat. No.
5,990,069 and Interpational Patent Publication No. WO 96/1 8729A1). In one embodiment,
hipolytic activity can be deternuned on 4-nitrophenyl butyrate {(pNB}) as provided m Example 2.
{0031} A used herem, “cutinase™ refers to hipolytic enzymes capable of hydrelvzing cutin
substrates.

[6032] Cutmases inchide those denived from vanious fung: and from bacterial sources.
Cutinases mclude those described m P. E. Kolattukudy, “Lipases™, Ed. B Borgstrom and H. L.
Brockman, Elsevier 1984, 471-504; S. Longhu et al., J. of Molecular Biology, 268 {4), 779-799
{1997y, U.S Pat. No. 3,827 719; WO 94/14963; WO 94714064, WO 00/05389; Appl. Envivonm.

-]
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Microbiol 64, 2794-2799 1998, Protemns: Structure, Function and Geneties 26, 442-438, 1996 J.
of Computational Chemistry 17, 1783-1803, 1996; Protein Engmeering 6, 157-165, 1993,
Cutinases may be maturally cccwring or genetically modified cutinase obtained by UV
wrradiation, N-methyl-N'-nifrosoguanidine (INTG) treatment, ethyl methanesulfonate (EMS)
treatiment, nitrous acid freatment, acridine treatiment or the hike, recombinant strams induced by
the genetic engineering procedures such as cell fusion and gene recombimation and so forth.
[3033] As used herein, the term “polvesterase™ or “PETase™ refers to an enzyme that has
sigrnificant capability to catalvze the hydrolysis andfor surface modification of polvester. Suitable
polvesterases may be solated from animal, plant, fungal and bacterial souwrces. The
aforementioned microorganisms may be, in addition to being isolated from wild strains, may be
isolated from any of mutant sfrains obtamned by UV wrradiation, N-methyl-N'-nitrosoguanidine
{NTG) treatment, ethyl methanesulfonate (EMS) treatment, nitrons acid treatment, acridine
treatment or the like, recomabinant sirains induced by the genetic engineering procedures such as
cell fision and gene recombination and so forth. The polyvesterase may catalyze the hvdrolysis
and/or surface meodification of a polyester selected from the group cousisting of polvethylene
terephihalate (PET), polvirnmethyiene terephthalate (PTT), polvbutviene terephithalate {PRT),
polyethylene sosorbude terephithalate (PEIT), polviactic acud {PLA), polvhydroxy alkannate
{PHA}, polvbutvlene sucomate (PBX), polvbutviene succinate adipate {(PBRA), polvbutviene
adipate terephihalate (PBAT), polvethylens Rurapoate (PEF), polveaprelactone (PCL),

T

podvethviene naphthalate {(PEN}, polvester polvirethane, poly{ethyiene adipate} (FEA), and
contnuations thereof.

[0034] As used herein, % wdentity or percent rdentity” refers to sequence similarity. Percent
identity may be determined using standard techniques known o the art (See e.g., Smith and
Waterman, Adv. Appl. Math. 2:482 [1981}]; Needleman and Wunsch, J. Mol. Biol. 48:443
1976]; Pearson and Lipman, Proc. Natl. Acad. Sei. USA &5:2444 [ 1988]: software programs
such as GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Pa.ckage

- =
7
d

=393

{Genetics Computer Group. Madison. Wi}, and Devereux ef o/, Nucl. Acid Res, 12:38
[1984]). One example of a usefl 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 nses a

simplification of the progressive alignment method of Feng and Doohitile (See, Feng and

[o2e]



WO 2023/278297 PCT/US2022/035080

Dooliitle, J. Mol Evol. 35:351-360 [1987]). The methed is sumilar fo that desciibed by Higgins
and Sharp {See, Higgins and Sharp, CABIOS 5:151-153 [1988]). Useful PILEUP parameters
include & defanit gap weight of 3.00, a defanlt gap length weight of 0.10, and weighted end gaps.
Other useful algorithm is the BLAST algorithms described by Alischul ef o/, {See, Alischul er
af., 3. Mol Binl 215:403-410 [1990]: and Karlin and Altsehud, Proc. Natl. Acad. Sci. USA
90:5873-3787 [1893]). The BLAST program uses several search parameters, ynost of which are
set to the default values.

[O035] As used herein, “homologous protemns™, “homologs™ or “homologous profens” refers
to proteins that have distinet stmilarity in primary, secondary, and/or terfiary structure. Protem
homelogy can refer to the similarity in linear amino acid sequence when profeins are aligned.
Homology can be deternuned by anmuno acid sequence alignment, e.g., using a program such ag
BLAST, MUSCLE, or CLUSTAL. Homologous search of protein sequences can be done nsing
BLASTP and PSI-BLAST from NCBI BLAST with threshold (E-value cut-off) at 0.001.
{Altschul et al., “Gapped BLAST and PSI BLAST a new generation of protein database search
programs”, Nucleic dcids Res, Set 1. 23(1733389-402(1057)}. The BLAST program uses several
search parameters, most of which are set to the default values. The NCBI BLAST algorithm
finds the most relevant sequences m ferms of biological sinulartty but 1s not recommended for
query sequences of less than 20 residues {Alischul et al., Nucleic Acids Res, 25:3389-3402, 1997
and Schaffer et al., Mucleic Acids Res, 29:2094-3005, 2001}, Exemplary default BLAST
parameters for a nucleic acid sequence searches mclude: Neighbeoring words threshold=11; E-
value cutoff=10; Scoring Matrix=NUC 3.1 {match=1, nusmatch=-3}; Gap Opeming=3; and Gap
Extension=2. Exemplary default BLAST parameters for amino acid sequence searches include:
Word size = 3, E-value cutoff=10; Scoring Matrix=BLOSLM62; Gap Opening=11; and Gap
extension=1. Using this mformation, profem sequences can be grouped andior a phyvlogenetic
tree built therefrom.  Amino acid sequences can be entered m a program such as the Vector NT1
Advance suite and a Guide Tree can be created using the Neighbor Jomng (NJ} method (Satfou
and Nei, Mol Biol Evel, 4:406-425, 1987). The tree construction can be calculated using
Kinnwra's correction for sequence distance amd ignormng positions with gaps. A program such as
AlignX can display the calculated distance values 1 parentheses following the molecule name

displayved on the phyvlogenetic tree.
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[0036] A percent (%6} ammo acid sequence wlenfity value s defermitned by the munber of
matching identical residunes 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 s
90% wdentical to SEQ ID NO: A, SEQ ID NO: A 15 the “reference” sequenice. BLAST algonthms
refer the “reference” sequence as “query” sequence.
[6037] The CLUSTAL W algortthun 15 ancther example of a sequence abignment algorithm
{See, Thompson et al., Nucleic Aeidsy Res, 22:4073-4680, 1994). Default parameters for the
CLUSTAL W algortthun mclude: Gap opening penaliv=10.0; Gap extension penalty=0.03;
Protein weight matnx=BLOSUM sertes; DNA weight mattix=IUB; Delay divergent sequences
26=40; Gap separation distance=8; DNA transitions weight=0.5¢: List hyvdrophilic
residues—GPSNDQEKR,; Use negative matrix=0FF; Toggle Residue specific penalties=0ON;
Toggle hydrophilic penalties=ON; and Toggle end gap separation penalty=0OFF. In CLUSTAL
algorithins, deletions occurring at erther ternunus are inchided. For example, a vanant with a
five amino acid deletion at either termnus {or within the polypeptide} of a polypeptide of 300
amino acids would have a percent sequence identity of 99% (495/500 1dentical residues x 100}
relative to the “reference” polypeptide. Such a varant would be encompassed by a vartant
having “at least 99% sequence identity” to the polypeptide.
{0038} In some embodiments, the variant hipase mcludes those derived from 2FX3 A, and
those derived from the lipase disclosed in WORE/00367, US Patent Nos. 3,512,203, 5,389,536,
.S, Patent Publication No. US2003199068, European Patent Publication No. EP1543117, and
WO 03/076580.
{0039} In some embodiments, the variant hipolytic enzvmes provided berein comprise an
ammo acid sequence having at feast 30%, 35%, 60%, 65%, 70%. 73%, 80%, 85%, 00%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ IDNO: 2. In
somne embodiments, the variant hipolvtic enzvmes have an anmino acid sequence having at least
30%, 55%, 60%, 63%, T0%, 73%, 80%, 85%, G0%, 91%, 92%, 93%%, 94%, 953%, 86%, 97%,
O8%, 99% or 100% seguence wdenfity to SEQ ID NO: 2 and has esterase activity.
[O04H The disclosure provides variant lipolviic enzymes or an active fragment thereof,
comprisiig an amino acid sequence having at feast 70% 1dentity to the full length amino acid
sequence of SEQ ID NO: 2, comprising the substitutions TOGAV-THI7L-TI77N/R-I1 78L-F180P-
Y182A-RIG0L-S205G-8212D-F2261-Y2391-1L.240P-82321-L.258F, and further comprising at
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least one additional substitution selected from the group consisting of VO 4S8, RO4OAST, GOSOY,
GO61D. ADeeD, SOT0E, QI61H, GITIAE, F2OT7TL/T, V2I0L Q227H, A236P, S244E, E2544,
and R256K., where the positions are numbered by reference to the amino acid sequence of SEQ
ID NO: 2, and where the varianf bas esterase aciivity.
{6041} In some embodiments, the varant hpolyvtic enzymes provided heretn comprise an
aming acid sequence having at least 3095, 53%, 60%, 3%, 70%, 73%, 80%, 3%, 0%, 91%,
0209, 03%, 94%, 93%, 96%%, 97%, 98%, 99% or 100% sequence identity fo the full length anuno
acid sequence of SEQ ID NO: 2 comprising the substitutions TO4V-T117L-TI77N/R-I178L-
FIR0P-Y182A-RISGL-S205G-S212D-F226L-Y239I-L.249P-S2321-L.25&F, and huther
comprising at least one additional substitution selected from the group consisting of V3148,
RO4OAT, GOROY, GOGID, A066D, SOT0E, QI61H, GITSA/E, F207TL/T, V210L, Q227H,
AZ36P, S244E, E254Q), and R2356K., where the positions are nuunbered by reference fo the anuno
acid sequence of SEQ ID NO: 2, and where the variant has esterase activity.
[0042] In some embodiments, the vartant lipolytic enzymes provided herein conmprise an
amino acid sequence having at least 30%9, 55%, 60%, 03%, 70%, 753%, 80%, 3%, 0%, 91%,
0209, 03%, 94%, 93%, 96%%, 97%, 98%, 99% or 100% sequence identity fo the full length anuno
acid sequence of SEQ ID NO: 2 and comprises a combination of mutations selected from the
group consisting of R4OT-T64V-T117L-G1753E-TI77N-FI180P-Y 182 A-R190L-8205G-F207L-
S212D-F226L-Y23091-L.249P-82521-L.258F, R40T-GO61D-T64V-STOE-T117L-T177N-1178L-
FISOP-Y182A-RIG0OL-S205G-F207T-S212D-F2261-Q227TH-A236P-Y2391-L.240P-82521-
E234Q-L238F, R40OT-T64V-STOE-THI7L-TI7IN-1178L-F180P-Y 182 A-R190L-S205G-F207T-
S212D-F226L-A236P-Y2301-L240P-S25321-E254Q-L258F, R40A-Te4V-S70E-THI7TL-T177N-
I178L-F180P-YI82A-RI90L-S203G-F207T-S212D-F2261 -A236P-Y2391-1.249P-82521-
E254Q-L2538F, R40T-To4V-STOE-THTL-QI61H-T177N-11 78L-F180P-Y 182 A-R190L-8205G-
207T-S212D-F226L-A236P-Y239I-L.249P-S2321-E254Q-L238F, R40T-To4V-STOE-T117L-
G17SA-T177N-T178L-FI80P-Y 182A-R190L-S205G-F207T-8212D-F226L-A236P-Y2391-
L249P-S2521-E254Q-L258F, RAOT-To4V-S70E-T117L-T177N-11 78L-FI180P-Y 182 A-R190L-
S205G-F207T-V2101-8212D-F2261L-A236P-Y239I-L.249P-S2521-E254Q-L238F, R40T-TH4 V-
STOE-T1I7L-T177N-11 78L-FI80P-Y 182A-R190L-S205G-F207T-8212D-F2261.-A236P-
Y2391-S244E-1.249P-S2321-E2540-L.258F, R40T-TodV-S70E-T117L-T177N-11 78L-F180P-
YI182A-RIGOL-S205G-F207T-S212D-F2261L.-A236P-Y2391-L.249P-82521-E254Q-R256K -
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L258F. VI45-RA0A-GIOY-GE1ID-TodV-AsaD-S70E-T11 7L-Qi61 H-T177R- 11 78L-F180P-
Y182A-RIODL-82065G-F207T-V2101-8212D-F226L-A236P-Y2391-L.249P-S2821-E2540)-
R2536K-L238F, VI4S-RAGA-GIOY-GolD-T64V-S7TOE-TH I 7L-QI61H-T177R-I1 78L-F1R80P-
Y182A-RIGOL-S205G-F207T-V2101-5212D-F22061-A236P-Y2391-L249P-82521-E254Q-
R256K-L258F, RAOT-GOID-To4V-ST0E-T1 1 7L-QI61H-TI77R-I1 78L-FIROP-Y 182 A-R190L-
S205G-F207T-V210I-S212D-F226L-A236P-Y239[-1.249P-82521-E2534(-R256K-L.238F, and
VI48-RA0A-GIOY-GO1D-T64V-A66D-ST0E-T11 7L-Q161H-G175A-T177R-11 78L-F 1 80P-
YI182A-RIGOL-S205G-F207T-V210I-8212D-F226L-A236P-Y2391-1L.249P-82521-E254Q-
R236K-L238F, where the positions are numbered by reference to the amino acid sequence of
SEQIDN{O: 2.

[0043] In some embodiments, the variani lipolvtic enzymes provided herein have esterase
activity {e.g. ability to catalvze the hydrolysis andfor swwface modification) on at least one
polyester selected from the group consisting of polvethiviene terephthalate (PET),
polvirimethiviene terephthalate (PTT), polvbutvlene tereplhialate (PRT), polvethviene wosortnde
terephthalate (PEIT), polviactic acid (PLA), polvhvdroxy alkanoate {(PHA} polyvbutylens
sunecinate (PRS), polvbutylene sucoinate adipate (PRSA)Y, polvbutviene adipate terephthalate
{PBAT), polvethylene furanocate (PEF), polveaprolacione (PCL), polvethviene naplthalate
{PEN), polvester polvurethane, polvisthviene adipate} (PEA) and combinations thereof. In ong
embodinent, the vartad bpelviic eozymes provided herern have esterase achvity on PET.
[0044] Described berem 1s one or more 1solated, non-naturally occwring, or recombmnant
polynucleotide comprising a nucleic acid sequence that encodes one or more varat lipolyvtic
enzyme desecribed heremn, or recombinant polypeptide or active fragment thereof. One or more
nucleic acid sequence described herein 1s useful in recombinant production (e.g., expression) of
one or more vanant lipolviic enzyme described herein, typically through expression of a plasnud
expression vector comprising a sequence encoding the one or more vartant hipolytic enzyme
described heremn or fragment thereof. One embodunent provides nucleic acids encoding one or
niore variant lipolviic enzvme described herewn, wherein the variant 1s a mature form having
lipolytic activity. In some embodiments, one or more vanant lipolyvtic enzyine described heremn
1s expressed recombinantly with a homologous pro-peptide sequence. In other embodiments,
one or more vartant lipelvtic enzyne described heren is expressed recombinantly with a

heterologous pro-peptide sequence.
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{00435 Qe or more nucleic acid sequence described heretn can be geperafed by using any
suitable synthesis, manipulation, and/or 1solation technigues, or combinations thereof. For
example, one or more polynuclectide described herein may be produced using standard nucleic
acid synthesis technigues., such as sohid-phase synthesis techniques that are well-known to those
skilled m the art. In such techniques, fragments of up to 30 or more nucleotide bases are
typically synthesized, then jowed {e.g.. by enzymatic or chemical higation methods) to form
essentially any desired contumious nucleic acid sequence. The synthesis of the one or more
polynucleotide described herein can be also facilitated by any suifable method known m the art,
inchiding but not himited to chemical synthesis using the classical phosphoranmdite method {See
e.g., Beaucage et al. Tetrabhedron Letters 22:1859-69 (1981)), or the method described in Matthes
et al., EMBO J. 3:801-805 {1984) as s fvpically practiced in automated synthetic methods. Oue
or more polvoucleotide described herem can also be produced by using an automatic DNA
svithesizer. Customized nucleic acids can be ordered from a variety of commercial sources
{e.g.. ATUM (DNA 2.0y, Newark, CA, USA; Life Tech {GeneArt}, Carlsbad, CA, USA;
GenScript, Ontario, Canada; Base Clear B. V., Letden, Netherlands; Infegrated DNA
Technologtes, Skokie, IL, USA; Ginkgo Bioworks {Gend), Boston, MA, USA; and Twist
Bioscience, San Francisco, CA, USA). Other techniques for synthesizing nucleic acids and
related principles are described by, for example, Itakura ef al., Ann. Rev. Biochem. 53:323
{1984} and Itakura et al., Science 1981056 (1984).

[0046] Recombinant DNA techniques nseful in modification of nucleic acids are well known
i the art, such as. for example, restriction endonuclease digestion, hgation, reverse transcription
and ¢cDNA production, and polymerase chamn reaction {e.g., PCR). One or more pelviucleotide
described herein may also be obtained by screening ¢cDNA libraries using one or more
ohigonucleotide probes that can hybnidize to or PCR-amphify polynucleotides which encode one
or more vanant lipolytic enzyme described heretn, or recombinant polypeptide or active
fragment thereof. Procedures for screemung and isolating cDNA clones and PCR anmplification
procedures are well known to those of skill in the art and described in standard references known
to those skilled m the art. One or more polyvnucleotide described herem can be obtained by
altermg a naturally occurring polynucleotide backbone {e.g., that encodes one or more variant
Lipolvtic enzvme described herein or reference lipolytic enzvme) by, for example, a known

nmiageness procedure {e.g., site-directed mutagenesis, stfe saturation mutagenests, and m vitro

[
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recombination). A vanefy of methods are known m the art that are suttable for generating
modified polvoucleotides described herem that encode one or more variant lipolytic enzyvme
described herein, inchading, but not limited to, for example, site-safiwation mutagenesis, scaniing
nmifagenesis, wsertional nmiagenesis, deletion nwfagenesis, randon: mutagenesis, site-divected
mutagenesis, and directed-evolution, as well as vartous other recombinatorial approaches.

[0047] A further embodinient 1s directed to one or motre vector COMpPrisig Gne Ot [Nore
variant lipolvtic enzyme described heremn {e.g., a polymucleotide encoding one or more variant
Lipolvtic enzvme described herem); expression veciors or expression cassetfes comprising one or
more nucleic acid or polynucleotide sequence described herewny; 1solated, substantially pure, or
recombmant DNA constructs comprising one or more mucleic acid or polymmcleotide sequence
described herein; 1solated or recombinant cells comprising one or more polynucleotide sequence
described heremn; and compositions comprising one or more such vector, nucleic acid, expression
vector, expression cassette, DNA construct, cell, cell culture, or any combination or nuxtures
thereof.

[0048] Some embodiments are directed to one or more recombinant cell comprising one or
more vector {e.g., expression vector of DNA construct} deseribed herein which comprises one or
niore nucletc acid or polynucleotide sequence deseribed heremn. Some such recombinant cells
are transformed or fransfected with such at least one vector, although other methods are available
and known m the art. Such cells are typically referred to as host cells. Some such cells comprise
bacterial cells, mcluding, but not limited to Bucillis sp. cells, such as B. subrilis cells. Other
embodiments are directed to recombinant cells {e.g., recombinant host celis) comprising one or
miore variant lipolviic enzvime described herem.

[O049] In some embodments, one or more vector described herem 15 an expression vector or
expression casseffe comprising one or more polynucleotide sequence described herem operably
linked to one or more additional nucleic acid segments required for efficient gene expression
{e.g., a promoter operably linked to one or more polynuclectide sequence described herein). A
vector may inchide a franscription terminator and/or a selection gene {e.g., an antibiotic resistant
gene} that enables continuous cultural maintenance of plasnud-mfected host cells by growth in
antimicrobial-containing media.

EHIR ! An expression vector may be dertved from plasmid or viral DNA, or m alternative

embodunents, contains elements of both. Exemplary vectors include, butf are not hnmted to

14



WO 2023/278297 PCT/US2022/035080

pC194, pJHI101, pE194, pHP13 (See, Harwood and Cutiing {eds. ], Chapler 3, Molecular
Biological Methods for Bacillus, John Wiley & Sons (1990} suitable replicating plasmids for B,
suebuilis melude those listed onp. 92). {See alvo, Perego, “Integrational Vectors for Genetie
Manipulations m Bacillus sublilis™; Sonenshein et al, feds. ] “Bacillus subtilts and Other Gram-
Positive Bacteria: Biochenustry, Phvsinlogy and Molecular Geneties”, American Society for
Microbwology, Washington, D.C. {(1993), pp. 615-624); and p2IMIO3BBI).

[B051} For expression and production of a proteimn of interest {2.g., one ot more variant
Lipolvtic enzvme described heremn) m a cell, one or more expression vecior comprising one or
more copy of a polvaucleotide encoding one or more variant lipolytic enzvime described herein,
and 1 some mstances comprisig multiple copies, 1s transformed into the cell under conditions
suttable for expression of the variant. In some embodiments, a polvaucleotide sequence
encodimg one or more variant hipolvtic enzyme described herein {(as well as other sequences
meluded n the vector) 15 mtegrated nto the genome of the host cell, while m other embodiments,
a plasnud vector comprising a polvnucleotide sequence encoding one or more variant hipolvtic
enzyine described herem remains as autonomous extra-chromosomal element within the cell.
Some embodiments provide both extrachromosomal nucleic acid elements as well as meoming
nucleotide sequences that are mtegrated into the host cell genome. The vectors described herein
are useful for production of the one or more variant lipolvtic enzyme described heremn. In some
embodiments, a polvaucleotide construct encoding one or more vartant lipolvtic enzyme
described herein is present on an integrating vector that enables the integration and optionally the
amplification of the polynucleotide encoding the vartant mto the host chromosome. Examples of
sites for mtegration are well known to those skilled in the art.  In some embodiments,
transcription of a polvnucleotide encoding one or more vartant lipolytic enzvme described herein
1s effectuated by a promoter that 1s the wild-type promoter for the parent enzyme. In some other
embodiments, the promoter 13 heterologous to the one or more variant hipolytic enzyvme described
herein, but is functional i the host cell. Exemplary promoters for use m bacterial host cells
mchude, but are not limited to the amvE, amy(Q, amvL, pstS, sacB, pSPAC, pAmE, pVeg, pHpall
promaoters; the promoter of the B. stearofhermophilus maltogenic amvlase gene; the B.
crmviobiquefaciens (BAN) amylase gene; the B. subrilis alkaline protease gene; the B. clausii
atkaline protease gene; the B. pusifis xvlosidase gene; the B. thuringiensis crylllA; and the B.

licheniformis alpha-amylase gene. Additional promoters inclade, but are not himifed o the Ad
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promaoter, as well as phage Lambda PR or PL promoters and the K. colfi lac, trp or tac promoters.
[8052] One or more vartant hpolviic enzyme described herein can be produced in host cells
of any surtable microorganism, inchidug bactena and fung:. In some embodiments, one or more
vartant hipolvtic enzyvme described herem can be produced in Gram-postiive bacteria. 1o some
embodiments, the host cells are Bacillus spp., Streptovaces spp., Escherichia spp., dspergiilus
spp., Trichoderma spp., Pseudomonas spp., Corynebacterium spp., Saccharomyees spp., of
Pichia spp. In some embodunents, one or more vanant lipolviic enzyvime described herein 13
produced by Bacillus sp. host cells. Examples of Bacillus sp. host cells that find use m the
production of the one or more variant lipolytic enzvme described herein include, but are not
tinuted to B. fichenifarmis, B. lenius, B. subtilis, B. amvioliguefaciens, B. brevis, B.
stearothermophilus, B. alkalophilus, B. coagulans, B. circulans, B. pumilis, B. thuringiensis, B.
clansii, and B. megaterion, as well as other orgamisms within the genus Baciflir. In some
emboduments, B. subrilis host cells are used to produce the variants described herein. USPNg
5,264,366 and 4,760,025 (RE 34,606} describe various Bacillus host strains that can be used to
produce one or more vartant ipelvtic enzyme described herein, although other suttable strains
can be used.

{00331 Several bacterial strams that can be used to produce one or more variant lipolytic
enzyme described heremn mclude non-recombinant (1.e., wild-tvpe) Bacillus sp. strains, as well as
variants of naturallv-occurrmg strains and/or recombinant strams. In some embodments, the
host strain 15 a recombinant strain, wherein a polvmicleotide encoding one or more variant
Lipolvtic enzyme described herein has been introduced mto the host. In some embodiments, the
host stran 1s a B. subrifis host stratn and particularly a recombinant B, subrilis bost stramn.
Numerous B. subrifis strams are known, including, but not linited to for example, 1A6 (ATCC
39083, 168 (1A01), SB19, W23, Ts85, B637, PB1733 throngh PB1758, PB3360. JH642, 1A243
{ATCC 30.087), ATCC 21332, ATCC 6031, MI113. DEI00 (ATCC 39,094), GX4931, PBT
110, and PEP 21 1strain (See e.g., Hoch et al., Genetics 73:215-228 {1973} See also, US
4,450,235, US 4,302 544; and EP 0134048). The use of B. subfilis as an expression host cell 13
well known i the ot (See e.g., Palva et al., Gene 19:81-87 (1982); Fahnestock and Fischer, 1.
Bacteriol., 165:796-804 {1986}, and Wang et al., Gene 69:39—47 (1988)).

LHIRE ! In some embodiments, the Bacilliy host cell 13 a Baeilins sp. that inchides a nwitation

or deletion 1 at least one of the following genes: degU, degS8, degR and degQ. In some
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embodiments, the mutation s 1 a degll gene, and in some embodiments the nmiation is
degU{HY)32 (See e.g.. Msadek et al., J. Bacteriol. 172:824-834 (1990}; and Olmos et al., Mol
Gen. Genet. 2533:562-567 {1997)). In some embodiments, the Baciflus host comprises a
nmtation or deletion m sc0Cd {(See ez, Caldwell etal., 1. Bacteriol. 183:7329-7340 (2001 ));
spollE {See e.p., Arigont et al.,, Mol. Microbiol. 31:1407-1415 (1999}, and/or oppA or other
genes of the opp operon (See e g., Perego et al., Mol Microbiol. 5:173-183 (1991)). Indeed, tf s
contemplated that any mutation in the opp operon that causes the same phenotype as a mufation
i the oppA gene will find use i some embodiments of the altered Bacilfus strain described
herein. In some embodiments, these mutations ocour alone, while i other embodiments,
combinations of mutations are present. In some embodiments, an altered Baciflus bost cell strain
that can be used to produce one or more varnant lipolvtic enzyme described herem 15 a Bacillus
host strain that already mchades a mufation in one or more of the above-mientioned genes. In
addition, Bacillus sp. host cells that comprise mutation(s) and/or deletion(s) of endogenous
protease genes find ase. In some embodiments, the Baciflus host cell comprises a deletion of the
aptE and the nprE genes. In other embodiments, the Bacilfus sp. host cell comprises a deletion
of 3 protease genes, while in other embodiments the Baciflus sp. host cell comprises a deletion of
9 protease genes (See 2.z, US 2005/0202535).

[O03S] Host cells are fransformed with one or more nucleic acid sequence encoding one or
more variant lipolytic enzyme described herein using any suitable method known in the art.
Methods for introducmg a nucletc acid (e.g.. DNA) mito Bacillus cells or £ coli cells utilizing
plasmid DNA constructs or vectors and transforming such plasmid DNA constructs or vectors
wmio such cells are well known. In some embodiments, the plasouds are subsequently wolated
from £, cofi cells and transformed into Baoilies cells. However, it 1s not essential to use
mtervening microorganisms suich as £, coli, and i some embodiments, a DNA constriet or
vector 15 directly mtroduced into a Bacillus host.

[0056] Exemplary methods for mtroducing one or more nucleic acid sequence described
herem nto Bacillus cells are described ., for example, Ferrari et al., “Genetics,” in Harwood et
al. [eds |, Bacillus, Plenum Publishing Corp. {1989}, pp. 57-72; Saunders et al., J. Bacteriol.
I37.718-726 (1984); Hoch et al., T, Bacteriol. 93:1925-1937 {1967}, Mann et al., Current
Microbiol. 13:131-135 {19856}, Holubova, Folia Microbiol. 30:97 {1983); Chang et al.. Mol Gen.
Genet. 168:11-115 (1979}, Vorobjeva et al., FEMS Microbiol. Lett. 7:261-263 (1980}); Smith et
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al.. Appl. Eov. Microbiol. 51:634 {1986); Fisher et al., Arch. Microbiol. 139:213-217 (1981}, and
MeDonald, I. Gen. Microbiol. 130:203 (1984)). Indeed. such metheds as transformation,
including protoplast transformation and tansfection, fransduction, and protoplast fusion are well
konown and suited for use heretn. Methods known it the art to transform Bacillus cells include
such methods as plasomd marker rescue transformation, which mvolves the uptake of a donor
plasmud by competent cells carrying a partially homologous reswdent plasmid (See, Confente et
al., Plasmid 2:355-571 (1979}, Hamma et al., Mol. Gen. Genet. 223:185-191 {1994}, Wenwauch et
al., J. Bactertol. 134:1077-1087 {1983); and Wemrauch et al., I. Bacteriol. 169:12035-1211
{1987}). In this method, the incomng donor plasmid recombines with the homologous region of
the resident “helper” plasnud n a process that punucs chromosomal transformation.

(0057} In addition to commonly used methods, 1z some embodimuents, host cells are directly
transformed with a DNA constrizet or vector comprising a nucleie acid encoding one or miore
variant hipelvtic enzyme deseribed herem {1.e., an intermediate cell is not used to amphiy, or
otherwise process, the DNA construct or vector prior to miroduction mto the host cell).
Intreduction of a DNA construct or vector described herein mnto the host cell mcludes those
physical and chemical methods known m the art to mtroduce a nucleic acid sequence {e.g., DNA
sequence) mto a host cell without msertion into the host genome. Such methods mclude, but are
not linuted o calcium chloride precipitation, electroporation, naked DNA, and liposomes. In
additional embodiments, DNA constructs or vector are co-transformed with a plasnud, without
being mserted nto the plasnud. In further embodunents, a selective marker 1s deleted from the
altered Bacilfus stram by methods known in the art {See, Stahl et al., I Bacteriol. 15&8:411-418
{1984); and Palmeros et al,, Gene 247:255 -264 {2000}).

[0058] In some embodiments, the transformed cells are cultured m conventional nutrient
media. The suitable spectfic culture conditions, such as temperature, pH and the like are known
to those skilled in the art and are well deseribed in the scieptific hiteratwre. Some embodiments
provide a culture (e.g., cell culture) comprising one or more variant lipolyvtic enzyme or nucleic
acid sequence described herem.

[O059] In some embodiments, host cells transformed with onie or more polynucleotide
sequence encoding one or more vartant Hpolviic enzyme described heremn are caltwred 1 a
suitable nutrient medium under conditions permtting the expression of the variant, after which

the resulting variant 1s recovered from the culture. In some embodiments, the variant produced
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by the cells 1s recovered from the culiure medium by conventional procedures, melnding, but not
limited to, for example, separating the host cells from the medinm by cenfrifugation or filtration,
precipifating the protemaceous comnponentts of the supernatant or filtrate by means of a salt {e.g.,
anuncnnun sulfate), and chromatographic purification {e.g., 1on exchange, gel filtvalion, affinuty,
ete.).

[0060] Inn some epbodiments, one or more variant lipolytic enzyme produced by a
recombinant host cell 1s secreted mto the culfure mediim. A nucleic acid sequence that encodes
a purification facilifating domam may be used fo facilitate pwrification of the varniant. A vector
or DNA construct comprising & polynucleotide sequence encoding one or more variant hipolyvtic
enzyme described herem may further comprise & nucleic acid sequence encoding a purtfication
facthitatimg domain to facilifate purification of the vartant (See e.g., Kroll ef al., DNA Cell Biol.
12:441-53 (1993)). Such purtfication facilifating domains melude, but are not hnuted to, for
example, metal chelating peptides such as hustidine-trvptophan modules that allow purification
on immobilized metals {See, Porath, Protemn Expr. Punif. 3:263-281 [1992]), protein A domains
that allow purification on mmmobilized immunoglobulin, and the domam utilized 1 the FLAGS
extension/afimity purification system. The mclusion of a cleavable hinker sequence such as
Factor XA or enferokinase {e.g., sequences available from Invitrogen, San Diego, CA) between
the purification domain and the heferologous protem also find use to facilitate punification.
[6061] A variety of methods can be used to deternume the level of production of one or more
matire variant lipolviic enzvme described herein m a host cell. Such methods mclude, but are
not limited to, for example, methods that utilize either polvelonal or monoclonal antibodies
specific for the enzvme. Exemplary methods mclude, but are not hmited to, enzyme-linked
immunosorbent assavs (ELISA), radionmmunoassays (RIA), fluorescent immunoassavs (FIA},
and fhnorescent activated cell sorting (FACS). These and other assays are well known m the art
{See e.g., Maddox et al., J. Exp. Med. 158:1211 (1983)). In anocther embodument, the method
that can be used mcludes the assays provided m Examples 2 and 3.

{00621 Some other embodiments provide methods for making or producing one or more
mature vartant lipolyvtic enzyme described herein. A mature variant does not mclude a signal
peptide or a propepiide sequence. Some methods conprise making or produciiig one or more
variant lipolvtic enzyme described heremn 1n a recombinant bacterial host cell, such as for

example, a Bacillus sp. cell {(e.g., a B. subrilis cell). Other embodiments provide a method of
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producing one or more vartant described herem, wheremn the method coruprises cultivating a
recombinant host cell comprising a recombinant expression vector comprising a micleic acid
sequence encoding one or more vartant hipolytic enzvme deseribed heretn under conditions
conducive to the production of the vartant. Some such methods further comprise recovering the
variant from the culnwre.

{0063] Further embodiments provide methods of producing one or more variaat lipolytic
enzyvme described heremn, wherein the methods comprise: {a} miroducing a recombinant
expression vector comprising a nucleic acid encoding the variant imto a population of cells (e.g.,
bacterial cells, such as B subrilis cells); and (b) culturing the cells m a culture medium under
conditions conducive to produce the variant encoded by the expression vector. Some such

methods further comprise: {¢) 1solating the variant from the cells or from the culture medium.

{ enipositions

X

[0064] The vanant bpolvtic enzyvmes provided herein may be used m the production

of

various compostiions, such a5 argvine compostions and cleanmg or detergent corpostiions.

Thus, i one embodiment, the present disclosure provides enzyime compositions comprisang the

fr/
fl

vara bpolvic enzymes of the present disclosore, as well 85 cleaning or defergend composifions
conprising the vartand hpolvtie enzymes provided herein or the enzyvine compostiions
comprising such vartant hpolvtic enzymes,

[00635] As used berem, the “enzyvme composiiion” refers o any enzyvine product, preparation
o composiiion, which comprises at least one of the vanant hipolvtic polypeptides provided
herent. Snch an enzvime composiiion may be a spent cnlhure medium or filtvale contanung one
or more variant Upolvhie enzvnies, or one or more vanant Hpolyvtic enzymes and one of more
additinnal enzymes. Spent culture mednup means e cultire medinm of the host compusing the

produced enzymes. Preferably the host cells are separated from the medmim after the produchion.

({J
w

The enzyme composition 1@y be a “whole culture broth” composition, optionally affer
mactivahing the production host(s) or microorgantsmds) without any bioinass separation, down-
stream procesaing or purification of the desired variant hipolytic ensyme(s), because the variant
podvpephides can be secreted mto the onlhwre mednun, and they display actrvity m the ambuart

conditions of the spent cultwe mednun,
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[0066] The enzvme composiiion may contem the varant hipolyvtie enzynws m al least
partially parified and isolated form. B maay even eszenfially consiat of the desired enzynie or
enzvaies. If desired, the enzyms composifions nav be dried, spray-dried or lrophilized,
granulsied or the enpvinatic solivily may be otherwise concenirated and/or stabilized for storage.

Hrequured, a desired enzvose may be orvstallized or tsolated or puritied m accordance with

onverstional methods, such as filiration, extracton, precipiation, chromatography, athnly

(’:4

chromatography, electrophoresis, oy the hike.

{80671 Enzvme grapules nay be made, for exanple, by rotary stomization, wet granudation,
drv granulation, spray drving, dise granudation, extfrusion, pan coating, spheronization, drm
gramidation, fhud-bed agglomeration, high-shear gramulation, Smd-bed spray coating,
crysiallization, precipitation, expudsion gelation, spumuyg dise atonuzabion and other casting
approaches, and prifling processes. The core of the granude may be the gramile dself or the wmner

nucleus of a lavered granmie.

{0068] I some emabodivuents, the enzyme composifiions comprise 8 vanant hpolvtic enzyms
as provided berem m combination with one or more addibional coryvmes selected from the gronp

comsisting of acyl transferases, alpha-amiyviases, beta-amylases, alpha-galactosidases,
arabinostdases, arvl esterases, beta-galactosidases, carrageenases, catalases, cellobtohydrolases,
celtulases, chondroitinases, cutinases, endo-befa-1, 4-ghicanases, endo-beta-mannanases,
esterases, exo-mannanases, feruloyl esterase, galactanases, slucoamylases, henmicellulases,
hexosamudases, hyaluronidases, keratinases, laccases, lactases, higninases, lipases,
Lipoxyeenases, mannanases, metalloproteases, nucleases {e.g. deoxyribonucleases amnd
ribonucleases), oxidases, oxidoreductases, pectate lyases, pectin acetvl esterases, pectinases,
pentosanases, perhydrolases, peroxidases, phenoloxidases, phosphatases, phospholipases,
pliviases, polygalacturonases, polyesterases, proteases, pullulanases, reduciases,
rhammogalacturonases, beta-ghicanases, tannases, transglutaminases, xyvian acetyl-esterases,

xyianases, xvloghicanases, xylosidases, and any combination or mixture thereof. Generally, at

zast oo enEvine coating laver comnprises at least one vartand hipolytic enryvine.
[066Y9] The euzyme composifion can be m any form smitable. For example, the enzyine

By

cornpostiion cart be m the fonm of & hgwid composition or a solud corppostion such as solution,
dispersion, paste, powder, gramile, gramudate, coated granulate, taldet, cake, covstal, ervstal

shury, gel or pellel
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{0070] The enzvie composiiion can be wsed m clesung agonts or boosters that are added on
top of the defergent duving or before the wash and that are for example m the form of Hauid, gel,
powder, graniles or tablets. The enzyive composition and detergent conponents may also be
spaked i a carnier hike textiles.
{8071] The disclosure finther provides cleaning or detergent compositions comprising a
variant lipolyiic enzyme as provided herein. The cleaning or detergent compositions generally
comprise a variant lipolytic enzynie as provided herein amd one or more additional detergent
components, such as a surfactant.
[6672] The disclosure further includes detergent or cleaning compositions. As used herein,
the term “detergent composttion™ or “detergent formulation™ 1s used in reference to a
composttion urtended for use in a wash medium {e.g. a wash liquor) for the cleaning or treafment
of sotled or duty objects, meluding particular textile or non-textile objects or items. Such
compositions of the present ipvention are not hinuted to any particular detergent composition or
formudation. Indeed, in some embodiments, the detergents of the mvention comprise at least one
variant hipolytic enzyme as provided heremn and, m addtiion, one or more surfactants,
transferase(s), additional hydrolviic enzymes, oxido reductases, builders {2.g., a builder salt),
bleaching agents, bleach activators, bluing agents, fluorescent dves, calung mhibitors, masking
agents, enzyme activators, anttoxidants, and/or solubilizers. In some mstances, a builder salt s a
mixture of a silicate salt and a phosphate salt, preferably with more silicate {e.g., sodium
metasilicaie) than phosphate (e.g., sodium tripolyphosphate). Some compositions of the
invention, such as, but not himited to, cleaning compositions or detergent compositions, do not
contam any phosphate (e g., phosphate salt or phosphate builder).
[0073] The composifions having a variant hipelvtic enzvme, which find nse m the methods
provided beretn, mav comprise s vartant lipelytic enzyme at a concerdration of 1 use of 0.001 {o
10,000 mp/L, or 0.001 to 2000 me/L, or 001 to S0 me'L, or 0.1 t0 2000 me/L, o .01 o
1300 meL, or 0.1 10 3000 mg/L, or 8.1 0 2000 me/L, or 0.1 1o 1300 mg/L, or 1 o S000 mg/L,
or 1 to 1300 mg/L, or 1 o SO0 rug/L, or 10 to 3000 me/L, or 10 to 1300 mg/L, or 10 tn SO0
mg/L. In another embuodiment, the composition niay contamn a variant hpolytic enzyvme m an

amount of 0.002 o 3000 mg of protemn, such a3 8.003 to 1300 mg of proteny, or 8.01 o SH00 mg

of protein, or 001 to 1300 me of protein, or .1 fo 5000 mg of protemn, or 1 to 1330 mg of

protein, preferably 0.1 to 1300 mg of protewn, mwore preferably 1 to 1300 mg of protem, even

-'\, -~
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more prefersbly 10 {0 500 myg of profem, per biter of wash biquor, or i the amount of at feast
.01 pom achive Bipase.

[8874] In one embodiment, the composition comprises a variant lipelytic enzvme as
provided herem and at least one addifional defergent component, and optionally one or more
additional enzymes.

{0073 In some embodiments, the cleaning or detergent compostiions of the present
mvention further comprise adpnct matertals meluding, but not hnmted to. surfactants, builders,
bleaches, bleach activators, bleach catalysts, other enzymes, enzyvme stabilizing systems,
chelants, optical brighteners, soil release polymers, dye transfer agents, dispersants, suds
suppressors, dyes, perfiunes, colorants, filler salts. hydrotropes. photoactivators, fluorescers,
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 awds, pigments, and
pH control agents {See e.g., U.S. Pat. Nos. 6,610,642, 6,605 438, 5,705,464, 5,710,115,
5,698,504, 5,695,679, 5,686,014 and 3,646,101, all of which are mcorporated herein by
reference}.

{00761 The detergent or cleaning compositions of the present disclosure are advantageously
emploved for example. in laundry applications, hard surtace cleaning, dishwaslhung applications,
as well as cosmetic apphications such as dentures, teeth, haw and skin. In addition, n some
embodiments, the variant lipolytic enzyme of the present invention ave ideally suted for laundry
applications. Furthermore, the variants of the present disclosure find use in granular and haguid
COMpPOSHIOnNS.

{0677} Enzyine component weights are based on tofal active protein. Al percentages and

ratios are calculated by weight undess otherwise indicated. All percentages and ratios are
calenlated based on the total composition unless otherwise ndieated. In Isundey detergent

composittons, the engyvrne levels sre expressed m ppm, which equals myg active proteuvkg
defergent composition,

[0078] I sone enibodinents, the laundry detergent compositions describred herein further
coraprise a surfactant. In sorpe embodimenis, the surfactant 1s selecied fromm 8 nor-1oaue,
ampholytic, semi-polar, antonic, cationie, Zwitteniome, and combinations and nuxtures thereof.

0 yvet a fwther ebodunent, the surlactant 1 selected from an anonie swrisctant, a caliowue
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suvfactant, a pwittertone swisctant, and combinations thereot, In some embodiments, the

lncdry detergent compositions desoribed herain comprise from abount €195 1o about 80%, abow

1% to abont 3%, or about 3% fo about 40% swrfsctant by weight of the composition.

{807H Exemplary surfsetants mclude, but are not hnuted o sodnm dodecyibenzene
sulfonate, U12-14 pareth-7, C12-15 paretiy-7, sodivm C12-13 pareth sulfate, U14-15 paveth-4,

sodinm faneeth snlfste {oog., Steol C8-370), sodmm hvdrogenaied coongte, U112 ethoxyvlales
{Alfonic 1312-6, Hetoxol LAT, Hetoxol LA4Y, sediam allovi benzene sulfonates {e.g., Nacconol
90}, and commbinations and ruxtwes thereof. Anonic smrisotants moehude but ave not hnuted to
Hnear alkvibenzenesulfonate {LAXN), alpha-olefinnulfonate {AOS), alby! sulfate (fatty alcohol

sulfate} {AS), alcohol ethoxysulfate {AEGS or AES), secondary alkanesulfonates (SAS), alpha-

etl
sntfo fatty acud methyl esters, alkyl- or alkenvisuccmie acid, or soap. Nomome surfactands
mciude but are not hnuted to aleohol sthoxviate {AEQO or AE}, carboxylated aleohol ethoxylates,
nouvipheno! ethoxviate, alkvipolvelveoside, alkvidimethvlamme oxade, ethoxyiated fatty anid
mmonoethanolanude, fatty acid moncethanolanude, polvhvdroxy alyl fatty acid anude {e.g, a3

described m WOS2/061 54, polvoxyethyiene esters of fatty acuds, polvoxvethviene sorbitan

. TWE

eatars { Nz, polvoxyethiviene aleohols, polvoxyethylene wsoaleobiols, polvoxvethviens

rm

ethiers z’eg TRITONs and BRITY, polvoxvethviene esters, polvoxyvethylene-p- terf-octviphenols

&

or netviphenvl-ethylens oxide condensates (e g, KONIDET P40), ethylene oxude condensates
with fatty alcobols {e.g., LUBROL), polvoxvethvlens nonviphenols, polvallviene glveols

y \ FORE D s Py E e iy s H Hy S %X >y
{SYNPERONIC F108), sngar-based surfactants {e.g., ghveopyranosides, Huoglveopyranosudes),

and combinations and mixtures thereof.

[0080] in & further embodiment, the umdry defergent composiiions described bevem further

comprise a swrfaciant mixture that includes, but 18 not linuted to 5-15% antonie swriactants, <7 5%

nomromie surfactants, cationic snrfactants, phosphonates, soap, enzyvmes, perfinne, butviphenyl

methyipropionate, geraniod, zeolite, polvearboxyviates, bexvl cinnamal, lunonene, cationic
surfactants, cironallol, and bensotluyazolinone.

0081} The lodry defergent compositions descrtbed heretn may sdditionally wmelude one o

more detergent butlders or bmilder systenss, a complexing agent, a polvmer, a bleaching system, a

stabilizer, a foam booster, s suds suppressor, an anbi-corroston agent, a sotl-suspensling agent, an

arti-soil redeposition agent, a dve, a bactericide, a hydrotope, an optical brightener, a fabric

condiiioner, and a perfiune. The laundry detergent compositions described herem may also

24
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wchnde additinnal enzymes selecied from proteases, aniviases, cellulases, hipases, marmanases
nucleases, pectmases, xyloglucanases, or perhydrolases, as provided in nrore detail beremn,
[BO82] In zome embodinents, the lanndry detergent composiiions descrtbed herein huther
comprises from abeut 194, from about 3% to sbout 60% or even from about 5% to about 40%
tanlder by weight of the cleaning composition. Butlders may wclnde, but are not himited 1o, the
atkal metals, amooninm and alkanclammoninn salts of polvphosphates, slkalt mootal silicales,
atialineg earth and alkali metal carbonates, alminosilicates, polvearboxviate componnds, ether
hvdroxypolvearboxylates, copobvimers of maleic aghvdnide with ethyvlene or vinyl methyl ether,
1.3, 5-tnlvdroxy benzene-2 4. 6-tnisudphonic acid, and cm.‘bo.xymethﬁm‘}{ysug{.tin,ic acid, the
varions alkali nietals, ammoniom and substitnted ammoninm salts of polvacetic acuds such as
ethyvienediamme tefraacetic acud and mirdotniacetic acid, as well as pﬁi}:"aarbaxyiaies such a3
medlitic actd, sucoinie actd, eitrie acd, oxvdisuecinie acid, polyvmaleie acid, benzene 1,3.5-

incarboxvhic actd, carboxyvmethviogysuccune aoid, and soluble salts thereot

o -

X

[0083] u somwe ewshbodnvents, the builders form water-soluble hardness ion complexes {e.g.,
sequestering buldersy, such as cifrates and polyphosphates {e.g., sodam tripolyphosphate snd

AS Far)
sodinim tnpoelvphospate hexahydrate, potassiun wipolyphosphiate, and mixed sodiun and
T TR TS B e 3 T ety gt A o ~erito e R b3 o R e vy FE
potassain inpolvphosphate, elc ) Any satable buwilder can fnd use 1 {he compositions
descrihed heremn, meluding those kuowa mi the art.
[0084] i some ewsbodnvents, the aundry detergent compositions descnibed herein fiwther

cornprise an adjunct mgredient nchidmg, but not lunited to swrfactants, builders, bleaches,

bleach activators, bleach catalysts, additional enzymes, an enzyme stalnlizey (including, for
example. an enrvine stabihizing systemy, chelants, optical by ghiums sonld release polymers, dye
anster agents, dye transfer inhibiting agents, catalvhic matentals, hydvogen peroxide, sources of

hvdrogen peraxide, preformed peracids, polvimerts dispersing ageats, clay sod removval agends,

<

structure elasticizing agents, dispersants, suds suppressors, dves, perfumes, colorants, filler salts,

hydretropes, photoachivators, Huorescers, fabrie conditioners, hvdroivzable surfactants, solvents,

preservatives, anii-oxadants, anti-shrmkage agents, anti-wrinkle ageats, genmcides, ungicides,
color speckles, anfi-corrosion agents, allalinily sources, solubihzing ageuts, carners, processig
ands, mgments, pH condrol agents, and combinations thereot (See, e.g., USS810642,
USH603438, USS703404, USSTIOLS, USSS0R304, US3693679, USS8R0014, and 1IX3646101)

By

In some embodiments, one or more adjunct 18 meorporated for example, o assist or enbance
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clessung performmance, oy reatment of the subsirate fo be cleaned, or to modily the sesthetics of
the cleaning conposition as s the case with perfiunes, colorants, dves or the like. Aoy awh
adnmet mpredient 1s m addifion fo vanant ensyme provided herenn. In some embodiments, the
adpumet mgredient 1s selected frovn swiactands, enzyme stabilizers, butlder componnds,
podymerte compownds, beaclung agents, additional enzvmes, suds suppressors, dispersants,
iime-soap dispersants, soil suspension agenis, soflesng agents, anti-redepostiion agents,
corrosion mubitors, and comunations thereof
[O085] In sorme further embodmmends, the lsondey defergent comnpostiions desenbed berem
comprise one of more enzyine stabilizer. In some embodiments, the enzyvme stabilizer 1s a water-
sohuble sowrce of caloiun andfor magnesiin ons. fu sone embodinrents, the eneyne stabilizery
melnde oligosaccharudes, polvssechartdes, and morgane divalent metal sals, welnding alkaline
carth metals, such as calomum salts. In some embodiments, the ensymes emploved herem are
stabilized by the presence of waler-soluble sonrces of zine (11, calonmn (1) andior agnesnun
{11} 1ons i the fimished compositions that provide such tons o the enzvmes, as well as other
rpetal wons (e.g., bavmm (8}, scandmm (1), won {11}, mangsuese (31, alunmum (05, e (033,

cobalt (11, copper (3}, nickel (1), and oxovanaduun {1V Chiondes and sulfates also find use

Io]

i sone embodiments, Exemplary oligosacchandes and polysaccharides {e g, dextrins} are

’E

descrihed, for example, m WOOT 145964 In soine erpbodiunents, the laundry detergent
compositions deseribed heretn contain reversible protease mhibitors selected from a boron-
corttammg compound {e.g, borate, 4-formvl phenyi boronie acid, snd phenyl-boronie acid

deryvatives, such as, e.g., are described in WOS641839Y ap p? whe aldebvde (suchas, ez a8

X

descrthed 1n WO20031 18375 and WO20 130046386, and combnstions thereot,
[00856] The cleaning composifions erein are typreally formulated such that, during use
aqueocus clesnung operations, the wash water will have a pH of fronabout 3.0 fo about 11
Ligwmd product formulations are typically formudated to have a neat pH from abont 3.0 to about
9.0, more preferably from about 7.5 o about 9. Grannlar laundry products are typically
formulated {0 have s pH from about 8.0 o about 11.0. Techmques for controlling pH al
recommended usage levels mchide the use of baffers, alkaliz, acids, efe., and are well kunows t©
those skalled 1 the st

[B087] Swtable high pH cleaning compostions typreally have a neat pH of from about 8.8 o

about 11.0, or even a nest pH of from 9.5 in 105, Such clesning compositions typieally comprise

20
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a suffictent amount of 8 pH moedifier, such as soednnn hydroxade, moneethanolanune, or

hydrochionic acid, o provide such cleaning compostiion with a neat pH of from asbont 0.0 o

atront 11.0. Such cm‘;}poséfmﬁs ryproally comprise at least ove baze-stable ensyme. Insome

temn,

=]

¥

entboduments, the composittons gre hguds, while m other embodinenis, they are soluds.

{6088] In one embodiment, the cleanming compositions melude those having a pH of from 7.4
topHIl3 orpH74topH 110, ovpH75topH 115 orpH 75 topH 110, 0t pH 7.5 to pH
105 orpH75t0pH 100,00 pH 7 5t0pH O S orpH75t0o pH S0, orpH 7.5 to pH 8.5, or pH
T3topHS O orpH76topH IS, orpH7 6topH 110, orpH 7.6 to pH 105, or pH 8.7 to pH
100, orpHEOwpH 115, orpHE8OtopH 11.0, or pH 80 to pH 105, or pH 80 to pH 100
[O089] Concentrations of detergent compositions i tvpical wash solufions throughout the
world vary frosn less than about 800 ppn of defergerd composition (Mlow dCiéi}‘i concestiration
gepgraphies™}, for example abiout 867 ppin 1o Japan, to betwesn about 800 ppm to about 2064
pom {“median detergent conceniration geographies™), for example sbout 875 ppro m US. and
about 1500 ppm i Brazid, to greater than about 2000 ppm {(“high detergent concentration
geograplues ™), for example about 4500 ppm to about S600 ppm 1 BEuwrope and about 6000 ppan
u high suds phosphate builder geographies.

{00991 In some ernbodinents, the detergent composiions described herem may be nithized ai
a temperature of from about 1070 to about 80°C, or from about 20°C 1o about 60°C, or from
about 39°C to about &PC, from about 40°C o abowt 66°C, fromy about 40°C to about 53°C, or all
ranges within 10°C e 60°C. In some embodiments, the detergent compositions desoribed herem
are used m “cold water washing” at femperatures of from abowt 10°C o about 40°C, or from
abont 20°C to sbont 30°C, from about 13°C o about 25°C, frora sbond 153°C to about 353°C, or all
ranges within 10°C to 408,

(0091} As a further example, different geograplues typipally have different water hardness.
g

Water hardness 13 nsually deseribed in terms of the grams per gallon mixed €

YI Q

Hardiess is a measore of the amonnt of caleiian (Ca™) and magnesivan Mg} in the water.

Most water i the United States s hard, but the degree of hardness varies. Moderately hard (60~

120 ppm) to hard {121-181 ppm) water has 69 to 181 parts per mullion {parts per mullion
onverted o gramns per ULS. gallon s ppin # drvided by 17,1 eguals gramns per gatlon) of

hardness minerals.

b2
-



WO 2023/278297

Table I, Waler Hardness Lovels

PCT/US2022/035080

Water Grains per gallon Paris per million
Soft less than 1.0 less than 17
Shightly hard 1035 17 to 60
Moderately hard 35076 &0 1o 120
Hard 7080 105 120 t0 180
Very hard sreater than 103 sreater than 180

tart fees than Furopean water hardness. Fo

between ghont 3 in about 10 grams, about 3 to about §

hardness s t

exampde about 3

orth American water bavdpess i

opean water hardness 13 typically greader than about 105

o

P

~

atns per gallon mixed Ca g™

{for example about 105

3 grains per gallon mixed Ca¥ /Mg {e.g., about 15 grains per gallon mixed

15 typically grester than Japanese water hardnes

v example, North American water hardness can be
grams or about & gramms. Japanese waker

tvprcally lower than North American water hardoess, nsually less than shont 4, for

{00931 In other embodimeni& the composition described herewnn comprises one or more

additional enzyme. The one or more additzonal enzyvme is selected from acyl transferases, alpha-

amylases, beta-amvlases, alpha-galaciosidases, arabinosidases, aryl esterases, beta-

galactosidases, carrageenases, catalases, cellobiohvdrolases, cellulases, chondrotinases,

cuimases, DNases, endo-betfa-1, 4-glucanases, endo-beta-maunanases, esterases, exo-

mannanases, galactanases, glucoamvlases, henucellulases, hexpanunidases, byaluromdases,

keratinases, laccases, lactases, higninases, lipases, lipoxvgenases, mannanases, metalloproteases,

nucleases {e.g. deoxyvribonucleases and ribonucleases), oxidases, oxidoreductases, pectate lvases,

pectin acetyl esterases, pectinases, pentosanases, peroxidases, phenoloxidases, phosphatases,

phospholipases. phyvtases, polygalacturonases, polyesterases, additional proteases, pullulanases,

reductases. thamunogalachironases, beta-glucanases, tannases, transglutammases, xvlan acetyl-

esterases, Xylanases, xvloglucanases, xvlosidases, and any cornbmation or mixture thereof

Some embodiments are directed to a combination of enzynies (1.2, a “cocktall”) comprising

enzymes like amylase, protease, lipase, mannanase, and‘or nuclease in conpunction with one or

nmiore variant lipolviic enzvime m the compositions provided herem.

[6094] In some embodments, the compositions provided herein comprise a variant hipolvtic

enzyime i combination with a protease. The protease for nse m combmation with the variant

Lipolvtic enzyme in the compositions of the mstant disclosure mnchide any polypeptide having
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protease activily. In one embodiment, the additional protease 15 a serme protease. In another
embodiment, the additional protease is a metalloprotease, a fumgal subtilisin, or an alkaline
microbial protease or a rypsin-like protease. Suitable proteases include those of animal,
vegelable or microbial ortgin. In some embodiuments, the protease 1s a microbial protease. Inn
other embodunents, the protease 13 a chenneally or genetically modified mutant. In another
embodiment, the protease is sublihisin like profease or a trypsin-like protease.  In other
embodiments, the additional protease does not contamn cross-reactive epitopes with the variant as
measured by antibody binding or other assays available in the art. Exemplarv subtilisin
proteases mchade those derived from for example, Bacillus {(e.g., e.g., BPN, Carlsberg, subtilisin
309, subtilisin 147, and subtilisin 168), or fungal onigin, such as, for example, those desertbed m
US Patent No. 8,362,222, Exemplary additional proteases mchude but are not linuted to those
described in WO092/21760, WOOS/23221, WO2(08/010925, WD09/149200, WO08/149144,
WO09/149145, WO 1070560640, WOIH/056053, WO2010/0566356, WO11/072099,
WO2011/13022, WO11/140364, WO 12/151534, WO2015/038792, WO2015/089447
WO2015/089441, WO 2017215925, US Publ. No. 20080090747, US 5,801,039, US 5,340,735,
US 3,500,364, US 5,835,625, RE 34,606, US 5,955,340, US 5,700,676 US 6,312,936, US
6,482,628, US &,530,219, US Provisional Appl Nos. 62/180673 and 62/161077, and PCT Appl
Nes. PCT/US2015/021813, PCT/US2015/055900, PCT/US2015/057497, PCTAIS2015/057492,
PCT/AIS2015/037512, PCT/US2615/057526, PUT/US2015/457520, PCTAIS2015/057502,
PCTUS2016/022282, and PCT/US16/32514, International publications WO2016001449,
WO2016087017, WO2016096714, WO2016203064, WO2017089093, and W(2019180111, as
well as metalloproteases described m WO 1999014341, WO1999033960, WO1999014342,
WOI999034003, WOR007044993, WO200038303, WO 2009058661, WO2(14071410,
WO2014104032, W0O2014194034, WO 2014194054, and WO 2014/194117. Exemplary
additional proteases include, buf are not limited to frvpsin (e.g., of porcine or bovine origin) and
the Fusarium protease described in WOR9/06270. Exemplary comumercial proteases inchude, but
are not limited to MAXATASE®, MAXACAL™, MAXAPEM™, OPTICLEAN®, OPTIMASE®,
PROPERASE® PURAFECT®, PURAFECT® OXP, PURAMAX"™, EXCELLASE™,
PREFERENZ™ proteases {e.g. P100, P110, P280), EFFECTENZ" proteases (e.g. P1000, P1050,
P2000), EXCELLENZ™ proteases (e.g. P1000), ULTIMASE®, and PURAFAST™ {DuPont);
ALCALASE® BLAZE® BLAZE® variants, BLAZE® EVITY™, BLAZE® EVITY® 161,
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CORONASE®, SAVINASE®, SAVINASE® ULTRA, SAVINASE®Y EVITY™, SAVINASE®
EVERIS®, PRIMASE®, DURAZYM™, POLARZYME®, OVOZYME® KANNASE®,
LIQUANASE®, LIQUANASE EVERIS® NEUTRASE®, PROGRESS UNQ® RELASE®, and
ESPERASE® (Novozymes); BLAP™ and BLAP™ vaniants (Henkel); LAVERGY ™ PRO 104 L,
LAVERGY "PRO 106 LS | LAVERGY ™ PR{) 114 LS (BASF), KAP (B alkalophilus subtilisin
{Kao}} and BIOTOUCHR (AB Enzymes).

[B095] In some embodiments, the compeositions provided herein comprise a vartant hipolytic
enzvme i combination with one or more amyvlases. In one embodiment, the composition
comprises from about 0.00601% to about 10%, about 0.0001% to about 18%, about 0.001% to
about 5%, about 0.001% to about 2%, or about 0.905% to about 0.5% amylase by weight
composttion. Any amylase {e.g., alpha and/or beta) snitable for use i alkaline solutions may be
usefill to melude m such composition. An exemplary amylase can be a chemucally or genetically
modified mutant. Exemplary amylases mclude, but are not linuted fo those of bacterial or fungal
origin, such as, for example, amiviases described 1 GB 1,296,839, WO9100353, WO0402507,
WOO4183314, WOOS10603, WO0326397, WOOS35382, WOS603205, WQO623873,
WOOE23874, W 0630481, WOO710342, W0741213, WO9743424, WOOR13481, WO
0826078, WO9002702, WO 9909183, W09919467, WQOH23211, WO9929876, WO9942567,
WO 9943793, WO0943704, WO 9946399, WOO020560, WQO060058, WO060059,
WOD060060, WO 0114532, WOO0134784, WO 01648352, WO0166712, WOOLRRI07,
WOO106537, WO02092797, WO 0210355, W00231124, WO 2004035178, WQ2004113551,
WO2003001064, WO2005003311, WO 2005018336, WO2005019443, WO2005066338,
WO2006002643, WO2006012899, WO20006012902, WO2006031554, WO 2006063594,
WO2006066394, WO2006066396, WO2006136161, WO 2008000825, WO2(030R8493,
WO2008092919, WO20081018%4, WOQ2008/112459, WO2009061380, WO2009061381, WO
2000100102, WQ2009140504, WO2009140419, WO 2010/059413, WO 2010088447,
WO2010091221, WO2010104675, WO2010115021, WO10115028, WO2010117511L, WO
2011076123, WO2011076897, WO2011080352, WO2011080353, WO 201 1080354,
WO2011082425 WOR011082429, WO 2011087836, W(O2011008531, WO2(13063460,
WO2013184577, WO 2014009523, WO2014164777, and WO2015077126. Exemplary
commercial amylases include, but are not limited to AMPLIFY®, DURAMYL®,
TERMAMYL® FUNGAMYL®, STAINZYME® STAINZYME PLUS®, STAINZYME PLUS®,
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STAINZYME ULTRA®EVITY®, and BAN™ (Novezvmes); EFFECTENZ™ 8 1000,
POWERASE™ PREFERENZ™ S 100, PREFERENZ™ S 110, EXCELLENZ™ § 2000,
RAPIDASE® and MANAMYL®™ P {DuPont}.

{0096] In some embodiments, the compostiions provided heretn cotuprise a vanant hpolviic
enzyme in combination with one or more additional lipases.  In some embodiments, the
composttion comprises from about 0.00001% to about 10%, about 0.0001% to about 10%, about
0.001%s to about 3%, about §.001% to about 2%, or about 9.005% to about 0.5% lipase by
weight composition. An exemplary lipase can be a chemically or genetically modified mutant.
Exemplary lipases mclude, but are not lntted to, e.g., those of bacterial or fungal origin, such as,
e.g., H lamuginosa lipase {see, eg., EP 238068 and EP 303216), 7. lomuginosa hpase (see, e.g.,
WO 2014/059360 and WO2015/010009), Rbizomucor miehei lipase (see, e.g., EP 238023),
Candide hpase, such as C agntarctica lpase (e.g., C. antarctica lipase A or B) (see, e.p., EP
214761), Pseudomonas lipases sach as P. alcaligenes and P. psendoalealigenes lipase {see, e.g.,
EP 218272y, P. cepacia lipase {see, e.g., EP 331378}, P. snszeri lipase {see, e.g., GB 1,372,034),
P. fluorescens lipase, Bacillus lipase (e.g., B. subrilis lipase (Dartois et al., Biochem. Biophyvs.
Acta 1131:233-260 {19930}, B. stearothermophilus lipase {see, e.g., JP 64/744902), and B.
pumifus ipase {see, e.g., WO 91/10422)). Exemplary cloned lipases include, but are not lnnifed
to Penicilliion camembertii hipase {See, Yamaguchi et al., Gene 103:61-67 (1991)), Geofrichum
candidum ipase (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)), R. nivens lipase
{Kugimiya et al., Biosci. Biotech. Biochem. 56:716-719 (1992)) and R. orvzae lipase. Other
Lipolvtic enzvmes, such as cutinases, may also find use 1 one or more composition described
herem, mecluding, but not himited to, e.g., cutinase derived from Psendomanas mendocing {see,
WO BR093a67) andfor Fusarium solani pisi {see, WOO0/09446). Exemplary commercial lipases
include, but are not limited to M1 LIPASE™, LUMA FAST™, and LIPOMAX™ (DuPont):
LIPEX®, LIPOCLEAN®, LIPOLASE® and LIPOLASE® ULTRA {Novozymes); and LIPASE
P™ {Amano Pharmaceutical Co. Lid).

{6097} In some embodiments, the compositions provided herein comprise a variant lipolvtic
enzyie 1 combination with one or more mannanases. In one embodiment, the composition
comprises from about 8.00001% to about 10%, about 0.0001% to about 10%%, about 9.001% to

about 5%, about 0.001% to about 2%, or about 0.005% to about 0.5% mannanase by weight
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composthion. An exemplary mannanase can be a chemnically or geaetically modified routant.
Exemplary mannanases mclnde, but are not limited to, those of bacterial or fungal origin, such
as, for example, those described m WO 2016/0067929,; USPNs 6,506,114, 6,602 842 and
6,440,991 and US Provisional Appl Nos. 62/251516, 62/278383, and 62/278387. Exemplary
commmercial mannanases include, but are not limited to MANNAWAY® (Novozymes) and
EFFECTENZ™ M 1000, EFFECTENZ™ M 2000, PREFERENZ® M 100, MANNASTAR®, and
PURABRITE™ {DuPont).

[O098] i some embodiments, the compostiions and methods provided hereln comprise
variant hipolytic enzvime in combmation with a nuclease, such as a DNase or RNase. Exemplary
nmucleases mehude, but are not lnnited to, those described 10 WO201S181287, WO20151585330,
WO2016162556, WO2017162836, WO2017060475 {(e.g. SEQ ID NO: 21, WO2018184816,
WO2018177936, WO20181 77938, WO201&/185269, WO201 8185285, WO2018177203,
WO201R184817, WQ2019084340, WO2019084350, WOZ019081721, WO2018076800,
WO201R8185267, WO20181&5280, and WO2018206533. Other nucleases which can be used in
combination with the variant lipolviic enzymes in the composihions and methods provided herem
include those described m Niland R, Hall MI, Burgess JG (2010) Dispersal of Biofilms by
Secreted, Mainix Degradmng, Bacterial DNase. PLoS ONE 3(12) and Whatchnrch, C.B., Tolker-
Nielsen, T., Ragas, P.C., Mattick, IS, (2002} Extracellular DNA required for bacterial biofilm
formation. Science 295: 1487

[0099] Yet a stil further embodiment 1s directed to a composition coraprising one of more
variant lipolvtic enzymes described herein and one or more cellulase. In one embodiment, the
composition comprises from about 8.00001% to about 10%, 0.0001% fo about 10%, about
€.001% to about 3%, about 8.001% to about 2%, or about ¢.005% to about 0.3% cellulase by
weight of composition. Any suitable cellulase mayv find use 1 a composition described herem.
An exemplary cellunlase can be a chemically or genetically modified mutant. Exemplary
celtulases include but are not himited, to those of bacterial or fungal origin, such as, for example,
those described in WO2005054473, WO2003056787, US 7449 318, US 7,833,773, US
4,435,307 EP 0495257 and US Provisional Appl. No. 62/296,678. Exemplary commercial
cellulases include, but are not limited to, CELLUCLEAN®, CELLUZYME®, CAREZYME®,
ENDOLASE® RENOZYME®, and CAREZYME® PREMIUM (Novozymes); REVITALENZ™
100, REVITALENZ™ 200/220, and REVITALENZ® 2000 (DuPont); and KAC-300(B)™ (Kao
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Corporation}. In some embodunents, cellulases are incorporated as porhions or fragments of
mature wild-type or variant cellulases, wherein a portion of the N-terminus 15 deleted {see, ¢ g,
US 3.874,276).

{80108] Io some embodiments, the laundry detergent compositions described herein comprise
at least one chelating agent. Suitable chelatng agents may wchade, but are not himited to copper,
iron, and/or manganese chelating agenis, and muxtures thereof. In some embodunents, the
laundry detergent compositions desertbed herein comprises from about 0.1% to about 15% or
even from about 3.0% to about 10% chelating agent by weight of compostiion.

[00101]  In some still further embodiments, the laundry detergent composifions described
heremn comprise at least one deposttion atd. Suitable deposttion aids mchude, but are not lnted
to, polvethylene glycol, polypropvlene glveel, polyvecarboxylate, soil release polvmers such as
polyterephthalic acid. clays such as kaolinite, montmorilionste, attapulgite, illite, bentonite,
halloystie, and nuxtures thereof.

[00102]  In some embodmments, the laundry detergent compositions described herein comprise
at least one anti-redeposition agent.

[60103] In some embodiments, the lanndryv detergent compositions described herein comprise
one or more dve transfer inhibiting agent. Sustable polyvmeric dye transfer inhibiting agenis
melude, but are not limited to, polvvinylpyirelidone polymers, polvamine N-oxide polymers,
copotviners of N-vinvipyrrolidone and N-vinvhinudazole, polyvinyioxazolidones, and
polvvinvhimdazeles, or mixtires thereof. In some embediments, the laundry detergent
compositions described herem comprise from about 0.0001% to about 10%, from about 8.61% to
about 5%, or even from aboutf 0.1% fo about 3% dve transfer infubiting agent by weighi of
composition.

[00104]  In some emboduments, the laundry detergent composttions described herein comprise
one or more silicates. In some such embodiments, sodmim stlicates {e.g., sodinm disilicate,
sodim metasilicate, and crvstalline phyvllosihicates) find use. In some embodiments, the laundry
defergent compositions described heremn comprise from about 1% to about 20% or from about
5% to about 15% sihicate by weight of the composition.

[00105]  In vet further embodiments, the laundry detergent composttions described heremn
comprise one or more dispersant. Suitable water-soluble organic materials melude, but are not

limited to the homo- or co-polymeric acids or their salts, in which the polycarboxvlic acid
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comprises at least two carboxyl radicals separated from each other by not more than two carbon
atoms.
{80106]  In some embodiments, the laundry detergent compositions described heremn comprise
one or more bleach, bleach activalor, and/or bleach cafalyst. In some embodunents, the laundry
detergent compositions desertbed herein comprise morganic anddor organic bleaching
compound(s). Inorganic bleaches may wnclude, but are not limifed to perhvdrate salis {e.g.,
perborate, percarbonate, perphosphate, persulfate, and persilicate salts). In some embodiments,
morgantc perhydrate salts are alkali metal salts. In some embodiments, inorganic perhvdrate
salts are included as the erystalline sohid, without additional protection, although in some other
embodiments, the salt 15 coated. Sutable salts melude, for example, those described in
EP2100949. Bleach activators are fypically organic peracid precursors that enhance the
bleachmg action m the course of cleaning at temperatures of 60°C and below. Bleach activators
suitable for nse heremn mclude compounds which, under perhivdrolysis condifions, give aliphatic
peroxyvearboxylic acids baving preferably from about 1 to about 10 carbon atoms, m particular
from about 2 to about 4 carbon atoms, andfor optionally substituted perbenzoic acid. Bleach
catalysts typieally include, for example, manganese tnazacvclononane and related complexes,
and cobalt, copper, manganese, and ron complexes, as well as those described m US4246612,
F83227084, US4S10410, WOO906321, and EP2100949.
[00107]  In some embodmments, the laundry detergent compositions described herein comprise
one ot more catalyvtic metal complex. In some embodiments, a metal-containing bleach catalyst
finds use. In other embodiments, the metal bleach catalyst comprises a catalyst system
comprising a fransiiion metal cation of defined bleach catalytic activity {e.g., copper, wron,
titansun, rutheninm, fungsten, molvbdenuny, or manganese cations), an auxiliary metal cation
having little or no bleach catalvtic achivity {e.g., zmc or alumumm cations), and a sequestrate
having defined stability constants for the catalytic and auxiliary metal cations, particularly
ethvienedianunetetraacetic acud, ethylenediamineteira (methvienephosphonic acid) and water-
soluble salts thereof are used (See, e.g.. US4430243). In some emboduments, the laundry
detergent compositions described herein are catalyzed by means of a manganese compound.
Such compounds and levels of use are well known 1o the art (See, e g, US5576282). In
additional embodiments, cobalt bleach catalvsts find use in the laundry detergent composttions

described heren. Various cobalf bleach catalysts are known m the art {Seg, e.g., US5397936 and
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UIS 3595967 and are readily prepared by known procedures.
[30108] Polvesters as used herein inchude polymers that contain at least one ester repeating
untt in their matn chain polyvmers. In their simplest forny, polvesters are produced by
polycondensation reaction of a glveol {diol) with a dicarboxyhic acid {diaeid) or sts diester.
Polvesters inclnde naturally oconrring chemicals, such as m the cutin of plant cuficles, as well as
synthetics through step-growth polvmenization such as polvbuaiyrate.
[00109] Polvesters that can be contacted with the variant lipases provided hevemn {e.g. in the
metheds provided herein), or a composition mcluding such variant ipase mclude any ester bond-
containg polvimer. Such polvesters melude aliphatic and aromatic polvesters. The aliphatic
polvesters inchide: polvhydroxvalkanoates {PHA), which can be divided mto
polvhydroxvbutyrate (PHB), polyhydroxyvalerate (PHV), polvhydroxyvhexanoate (PHH), and
then copolvmers; polylactide (PLAY, poly(e-caprolactone) {PCL}; polybutvlenesuccinate (PBS)
and 1ts dertvative polv{butvlenesnccinate adipate} (PBSA). The aromatic polvesiers mclude:
modified poly(ethylene terephthalate} {PET) such as peoly{(butylene adipate/terephthalate)
{PBAT) and poly(tetramethviene adipate-coterephthalate) (PTMAT); and aliphatic-aromatic
copolvesters (AAC)Y In some embodiments, polvesters may be partially or substantially
biodegradable. In other embodments, the polyesters may be partially or substantially resistant to
nucrobial and enzymatic atiack.
[00116]  In some embodmments, a polyester may be an aliphatic pelyvester. In some
embodiments, a polvester may be an aromatic polvester. In some emboduments, an aromatic
polyester mavbe a polvethylene terephthalate (PET}. In some embodiments, an aronatic
polyester maybe a polytrumethylene terephthalate (PTT).
[60111]  Accordingly, in one embodiment, the polyesters that find use m the methods provided
herein mclude those selected from the group consisting of polvethyvlene terpphithalate (PET),
polvtrunethyiens terephthalate (PTT), polvinstviene terephthalate {(PBT), polyvethyvlens sosorbide
terephithalate (PEIT), polviactic acd {PLA), polvhvdroxy alkanoate (FHA), polvbutyiene
sucomate (PHR), polvbutviene succinate adipate {PBRA), polvbutviene adipate terepihalate
{PBAT), polvethyiene Bwanoate (PEF), polveaprolactone {PCLY, polvethyiene naphthalate
{PEN), polvester polyvurethane, poly{ethviene adipate} (PEA), and combmations thereot
[80112] In another embodmzent, the fabrics or textiles that find use m the methods provided

herein include fabrics and textiles that confain at least one polyvesier selected from the gronp
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consisting of polyethviene tevephthalate (PET), polvirnnethylene terephilalate (PTT),
polvbuiviens terephthnalate (PET). polvethylene wosorbade terephihalate (PEITY, pelviactic acid
{PLA}, polvhydroxy alkanoate (PHA), polybutylese succinate (PRS), polvbutylene sncoinate
adipate {PBSA), polvbuiviene adipate torephthalate (PBAT), polvethyvione francate {PEF),
podveaprolactone (POL), polvethviene naphthalate (PENY, polvester pobvnrethane, polviethviens
adrpaie) (PEAY, and vomtunations thereol

[80113] In some embodinents, the disclosure provides methods for treating a fabric or a
textile comprising confacting a fabric or a textile with a vanant lipolytic enzyme as provided
herein, or a composition comprising such variant hpolvtic enzyme and optionally rinsing the
fabric or textile.

[00114] In some emboduments, the contacting steps of the methods provided herein comprise
a variant lipolviic enzyvime in an amount selected from the group consisting of 6.002 1o 10,000
mg of protein, 0.003 o 3000 myg of profern, 0.01 fo 5000 og of protem, 0.05 o S000 mg of
protein, §.03 to 1300 mg of protemn, €.1 1o 13060 mg of protem, 6.1 to 5300 mg of protemn, 8.1 to

1040 rog of protem, per hiter ofwash bguor,

Esterase for surface modification

[801153] In some embodunents, a polvester (e.g. PET}contaming textie, fabric, or filny may
have a hydrolyzable polymer end or a loop on thew smface. The varant ipolytic enzymes
provided herein find use 1n methods for surface modification of polyester {e.g. PET) fibers,
which may nuprove factors such as finishing fastness, dyeability, wettability, de-pilling and
preventing piiling. In some embodiments, polvmer chams that protrude or form a loop on the
surface of a polvester {e.g. PET)-contamung textile, fiber or film mayv be hydrolyzed by the
variant lipases herein to carboxvlic acid and hydroxyl residues, thus increasmg surface
hvdrophilicity. Pilling 15 the formation of small, fuzzy balls on the surface of polyester {e.g
PET} fabrics resulting m an unsightly worn appearance of the textile. Generally, these nodules
are produced by loose fibers m the fabric or those which have been released from the tissue.
[00116] Thus, in some embodiments, the vartant lipolvtic enzymes of the present disclosure
can be nsed m methods for finmshing fastness, dyeability, wettalulity, de-pilling, and preventing
pilling of polyester {e.g. PET) textiles, fabrics, and films. In other embodiments, the variant
Lipolvtic enzymes of the present disclosure may be used in a detergent composttion mn order fo
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reduce pitlling during textie cleaning. In some embodiments, the varnant hipolvtic enzymes of the
present disclosure have PETase activity.

[80117] In one embodiment, methods for degrading a polyester or 8 polyester-contaming
miaterial are provided, where the methods comprise contacting a polvester-confaming material
with a variant hpolvtic enzyme or composition comprising a variant Hpolytic enzyme as
provided herem. In some embodiments, the polvester-contaming material 1s a polyester textile or
fabric.

[00118] Iun another embodiment, the disclosure provides a method for the enzymatic
depolvmerization of a polvester-containing material, where the method comprises contacting a
polvester-containing material with a variant lipolytic enzyme or composition conmprising a
variant lipolytic enzyme as provided herein, and recovening monomers and/or cligomers of the
polyester. In some embodiments, the polyester-contaming material 1s a polyester textile or
fabric.

[60119]  In other embodiments, the variant lipolytic enzvies of the present disclosure can be
used in methods for cleaning or conditioning a textile or fabric, improving the
thermophysielogical properties {e.g. heat or moisture management, of wear conort) of a fextile
or fabric comprising a polyester, and increasing the hydrophilicity of a textile or fabric
comprising a polyester. In other embodiments, the variant ipolviic enzvimes of the present
disclosure may be used m a detergent composition in order to clean or condition a textile or
fabric, improve the thermophysiological properties {e.g. heat or moisiure management, or wear
contfort} of a textile or fabric comprising a polvester, and mcrease the hivdrophilicity of a textile
or fabric comprising a polyester. In some embodiments, the vanant bipolytic enzymes of the
present disclosure have PETase activity.

[00120] In other embodiments, the vanant hipolytic enzymes of the present disclosure can be
used 1 methods for reducing the pilling effects andfor increasing the anti-graving effect of a
cleaning compostiion on a texfile or fabiic comprisig a polvester. In other embodiments, the
vartant lipolvtic enzymes of the present disclosure may be used i a detergent composifion 1n
order to reduce the pilling effects and/or mereasing the anti-graying effect of a detergent
composition on a textile or fabric comprising a polvester. In some embodiments, the vanant
Lipolvtic enzymes of the present disclosure have PETase activity. In some embodiments, the

vartant hipelvtic enzyme of the present disclosure 1s combined with a second enzyine, for
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example a cellulase.

[30121]  The textile or fabsic can be contacted with the variant lipolytic enzvime or a
composition comprising the variant lipolyiic enzyme i a washing nrachine or in a manual wash
fub {e.g. for handwashing}. In one embodiment, the fextile or fabric 1s contacted with the varant
lipolytic enzyme or a composttion comprising the vanant lipolytic enzyme i a wash higuor. In
apother exnbodument, a solution contammng the vanant lipolviic enzyme is mcubated with or
flowed over the polvester-containmyg material, such as by pumping the selution through tubing or
pipes or by filling a reservoir with the solution.

[00122]  In some embodmments, the textiles or articles are contacted with the variant lipolytic
enzyme or a composition comprising the variant lipelyvtic enzyme vnder conditions having a
temperature that allows for activity of the vanant hpolytic enzyme. In some embodiments, the
temperature in the methods disclosed herein include those befween 10° to 60° C, between 10° to
about 45° C, between 15° to gbout 553° €, between 13° to about 50° €, between 13° {o about 45°
. between 20° to about 60° C, between 20° to about 30°  and between 20° {o about 45° .
[00123] The polypeptides, compositions, and metheds provided herein have utihity m a wide
array of apphications in which degradmg polvester {e.g. PET} 15 desired, such as household
cleaning, including 1 wasling machines, dishwashers, and on househiold surfaces.

[00124]  Other aspects and embodiments of the present compositions and methods will be
apparent from the foregoing description and following examples. Various alternative
embodiments bevond those described herein can be emploved i practicing the mvention without
departing from the spirit and scope of the invention. Accordingly, the claims, and not the
spectfic emboduments described herein, define the scope of the mvention and as such methods

and structures within the scope of the clauns and their equivalents are covered thereby.

EMBODIMENTS

[00125] Embodiment 1. A variant lipolytic enzynie comprising an anuno acid sequence
having af least 70% wdentity fo the full length anuno acid sequence of SEQ ID NO: 2, comprising
the substitutions TOGV-TH7L-TI77N/R-T1 78L-F180P-Y1&2A-R190L-S2053G-R212D-F2261-
Y239I-L.249P-82521-L.258F, and further comprising at least one additional substitution selected
from the group consisting of V0145, RO40A/T, GOIOY, GE61D, AD6eD, SG70E, Q161H,
GITSAE, FR07TL/T, V2101, Q227H, A236P, S244E, E254Q, and R236K, where the positions
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are numbered by reference fo the amino acid sequence of SEQ ID NO: 2, and where the variant
has esterase activity.
[80126] Embodiment 2. The vanant ipolyvtic enzvme of Embodiment 1, where the vartant
conprises an amino acud sequence having at least 73%, 80%, 83%, 90%, 91%, 92%, 03%, 94%,
§3%, 96%,87%, 98%, or ¥9% identity to the full length amino acid sequence of SEQ IDNO: 2.
[60127] Fmboduuent3.  The variant hpolytic enzynie of Embodiments 1 or 2, where the
variant 1s derrved from a parent enzynie comprising an amino acid sequence having at least 75%,
80%, 83%, D0%, 91%, 92%, 93%, 9:4%, 95%, 96%,97%, V8%, or 99% identity to the full length
ammng acid sequence of SEQ ID NO: 2.
[00128] Embodiment 4.  The varmant lipolytic enzyme of any of the precedmng
Embodiments, where the variant comprises a combination of substifutions selected from the
group consisting of R40T-To4V-T117L-G173E-T177N-FIR0P-Y182A-R190L-8205G-F207L-
S212D-F226L-Y2391-1L.249P-S2521-L238F, RAOT-GOID-Te4V-S7OE-T117L-T177N-I178L-
FIROP-YI82A-RIS0L-S205G-F207T-8212D-F226L-Q227TH-A236P-Y2391-1L.249P-82521-
E254Q-L258F, R40T-T64V-STOE-THITL-TI77N-I178L-F180P-Y182A-R190L-8205G-F207T-
S212D-F226L-A236P-Y2301-L249P-S2521-E2340Q0-L258F, R40A-T64V-STOE-THI7L-T177N-
H78L-FISOP-Y182A-RIG0L-8205G-F207T-S212D-F226L-A236P-Y2391-1 249P-8232]-
E254Q-L258F, R40T-T64V-S70E-TH1 7L-Q161H-T177N-11 78L-F180P-Y 182 A-R190L-S203G-
F207T-S212D-F226L-A236P-Y230I-L.240P-82521-E254Q-L258F, R40T-T64V-S70E-T117L-
GI75A-T177N-117SL-F180P-Y 182A-RI80L-S205G-F207T-S212D-F226L-A236P-Y2391-
L240P-S2521-E254Q-1L.258F, RAOT-To4V-S70E-THI7L-TI77N-T178L-FI80P-Y182A-R190L-
S205G-F207T-V2101-8212D-F226L-A236P-Y2391-L.249P-S2521-E254Q-L258F, R40T-To4V-
STOE-T117L-TI77N-I1 78L-FIB0P-Y 182A-R190L-S205G-F207T-8212D-F226L-A236P-
Y2301-S244E-L249P-S2521-E234Q-L258F, R4OT-To4V-STOE-TH 7L-T177N-11 78L-F 1 S0P-
Y182A-RI90L-8205G-F207T-8212D-F226L-A236P-Y2391-L249P-S2821-E2543-R256K -
L238F, VI4S-R40A-GS9Y-G61D-To4V-A66D-S70E-T117L-Qi61H-T177R-11 78L-F 1 80P-
YI182A-RIGOL-S205G-F207T-V210I-8212D-F226L-A236P-Y2391-1L.249P-82521-E254Q-
R236K-L258F, V14S-R40A-GSOY-G61D-Te4V-S7OE-T117L-Q161H-T177R-11 78L-F180P-
YI82A-RIDOL-S205G-F07T-V210I-S212D-F226L-A236P-Y2391-L.249P-S2521-E254(Q-
256K-L238F, R40T-G6ID-To4V-S7OE-TH7L-Q161H-T177R-T1 78L-FI180P-Y 182 A-R190L-
S205G-F207T-V2101-8212D-F226L-A236P-Y2391-L.249P-S2521-F254Q-R256K-L25&F, and
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V145-R40A-GIOY-GH1D-TO4V-AGGD-STO0E-TH 7L-Q161 H-G175A-T177R-11 78L-F 1 OP-
Y182A-RIODL-82065G-F207T-V2101-8212D-F226L-A236P-Y2391-L.249P-S2821-E2540)-
R236K-L238F, where the positions are nminbered by reference to the anyino acid sequence of
SEQ D NO: 2.
[6012%] Embodiment 5. The varmant lipolytic enzyme of any of the precedmng
Embodnnents, where the varmant has one or more unproved properties when compared to a
parent or reference lipolytic enzyme. where the improved property 1s selected from mmproved
stability, improved hydrolytic activity on a polyester, or combinaiions thereof.
[001306] Embodiment 6.  The varmant lipolytic enzyme of any of the precedmng
Embodmments, where the improved property 1s:

{1y mproved stabilify, where said variant has a residnal activity at least 5% when

measured in accordance with the stability assay of Example 3 andéor

{11} improved hydrolytic activity on a polvester, wherein said vartant hasa PI > 1.2
compared to the lipolvtic enzyme having the amine acid sequence of SEQ 1D NO: 2 having the
substifutions RAOT-T64V-T117L-T177N-11 78L-F180P-Y182A-R190L-S205G-F207T-8212D-
F2261-Y2301-1.240P-S2521-L.238F when measured i accordance with the PET assay of

Example 2.

[60131] FEmbodunent 7. The hpolytic enzvme of any of Embodiments 1-6, where the
vartant has hydrolytic activity on a polyester selected from the group consisting of polvethyvleng
terephithalate (PET), polvtiimethviene terephthalate (PTT), polybuiviene terephihalate (FBT),
podvethvlene isosorbide terephthalate (PEITY, polvlactic acad (PLA}Y, polvhydroxy alkancate
{PHA}, polvbutviene sncomate (PBS), polybutviene succnate adipate {(PBSA}, polyvbutyiene
adipate terephthalate (PBAT), polvethylene furanoate {PEF), polveapralactone (PCLY,
polyethylene naphthslate (PEN), polvester polynrethane, polviethyiene adipaie} (PEA), and
combinations thereof

[00132] Embodupent 8 A polynucleotide comprising a nucleic acid sequence encodmng a
variant lipolvtic enzyme of any one of Embodiments 1-7.

[60133] Embodiment 9. The polynucleotide of Embodiment 8, where the nucleic acid
sequence 1s operably linked to a promoter.

[060134] Embodiment 18, An expression vector or cassefte comprising the polvancleotide of
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Embodnnent § or 9.
[30135] FEmbodiment 11. A recombinant host cell comprising the expression vector or
cassette of Embodiment 10
{80136] Embodument 12. An enzyme composition comprising a variaat hpolytic enzyme of
any one of Embodiments 1-7.
{60137] Embodunent 13. The enwvine composition of Embodumnent 12, where the
composttion further comprises at least at least one addifional enzvme selected from the group
consisting of: acyl transferases, alpha-amylases, beta-anivlases. alpha-galactosidases,
arabinosidases, arvl esterases, beta-galactosidases, carrageenases, catalases, cellobiohydrolases,
cellulases, chondrottinases, cutinases, endo-beta-1, 4-glucanases. endo-beta-inannanases,
esterases, exo-mannanases, feraloyl esterase, galactanases, glucoamylases, henucellulases,
hexosamimdases, hvaluromdases, keratinases, laccases, lactases, igninases, lipases,
Lipoxygenases, mannanases, metalloprofeases, nucleases {e.g. deoxyribonucleases and
ribomacleases). oxidases, oxidoreductases, pectate lvases, pectin acetyl esterases, pectinases,
penttosanases, perhvdrolases, peroxidases, phenoloxidases, phosphatases, phosphelipases,
phytases, polvgalactronases. polvesterases, proteases, pullulanases, reductases,
rhanmogalacturonases, befa-glucanases, tannases, fransghutanunases, xylan acefvl-esterases,
xyianases, xyvloghicanases, xylosidases, and any combination or mixture thereof.
[00138] 14 The enzyme composition of Embodiment 13, wherein the af least one additional
enzyie 1s selected from the group consisting of a protease, an alpha-amylase, a cellulase, and a
DIANANASE.
[00139] Embodiment 15, A method for degrading a polvester or a polyester contanung
material comprising

1} contacting the polyester containing matersal with a variant hipolvtic enzvime according
to any one of Embodiments 1-7 or a composttion comprising a vartant lipolvtic enzyme

according to any oue of Embodunents 1-7, and, optionally,
i) rinsing said polyvester containg material.

[80140] Embodmment 16, A method for the enzymatic depolvmerization of a polyester or a
polyester containing material comprisig,

1} contacting the polyester or polyester containing material with a variant hipolytic
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enzyme accordmg {o any one of Embodunents 1-7 ot 2 composition comprismig a variaut

ipolviic enzyme according to any one of Embodiments 1-7. and, optionally,
it} recovermg monomers and/or oligomers of the polyester.

[00141] Fmboduuent 17, The method of Embodunent 15 or 16, where the polvester is
selected from the group consisting of polvethvlene terephthalate (PETY, polyvirimethylens
terephithalate (FTT), polvbutviene terephihalate (PBT), polyethiviene wosarbnde terephithalate
{PEIT), polviachic aced {(PLA), polvhydroxy alkanoate (PHA), polvbutviene succnate (PRR),
podvbuiviene sucomate adipate (PBSAL polybutviene adipate ferephthalate (PBAT),
polvethviene furanoate (PEF), polyvcaprolactone (PCL), polvethvlens naphthalate (PEN),

polyester polvurethane, polv{ethyviene adipate} (FEA), and corgbinations thereof.

EXAMPLES
EXAMPLE 1
Recombinant expression and generation of P. mendocinag lipase variants

[00142] A syothetfic, codon-optimized gene {SEQ ID NO:1) encoding the wild-type
Preudomanas mendocing Hpase (SEQ ID NO:2) was made and served as template for the
construction of plasmids expressing variant polypeptides thereof. Lipase genes were produced
by either GeneArt AG (Regensburg, Germany} or Twist Bioscience {San Francisco, U.S.A ) and
cloned mto the pSB expression vector {Babe, LM, ef al. {1998) Bivtechnol Appi Biochem.
27:117-24) usmg standard molecular biology technigues resulting in expression plasnuds
suitable for expression m Bacillus subtifis. Elements of the constructs mncluded: DNA fragments
comprising the aprE promoter sequence {SEQ ID NO:3}, the nucleotide sequence encoding
etther the aptE signal peptide sequence (SEQ ID NO:4) or a hybrid aprE-P. mendocing lipase
signal peptide sequence (SEQ ID NQ:5), the sequence correspondimg to the gene encoding a
mature lipase, the BPN termumnator (SEQ ID: NOG:6), and additzonal elements from pUB110
{McKenzie er al. {1986} Plasmid 15: 93-103) mcluding a replicase gene {reppUB), a
neomvem/kanamyein resistance gene (neo), and a bleomyem resistance miarker {bleo).
[O0143] A sutable B. swhwilis host strain was fransformed with the pSB expression plasmid

using a method knowan 1n the art {WO 02/14490). The transformation muxtures were plated onto
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LA plates contaming [0ppm neomvein sulfate and meubated overnight at 37°C. Single colones
were picked and grown in Luria broth at 37°C under antibiotic selection.

{00144]  To generate the enzyme samples for screening, the fransformed B. sudwifiz cells

were grown i 96 well nucrotifer plates (MTPs, manufacture) at 37°C for 68 hours i cultivation
medium {enriched senu-defined nedia based on MOPS buffer, with urea as the magor nifrogen
source, glicose as the mamn carbon source, and supplemented with 1% sovione for robust cell
growth) in each well. Cultures were harvested by centrifugation at 3600 rpm for 13 min and
filtered through Multiscreen®™ filter plates {(EMD Millipore, Billerica, MA, USA) using a
Millipore vacnum system. The filtered culture supernatants were used for the assays described
below. Typically, the culiure broth was diluted tn 100mM Tris pHS 1n 96 well plate

{NUNC, 267245). Enzyme concentration was deternuned by separation of protemn components
using a Zorbax 300 SB-C3 column (Agilent) and running a hnear gradient of .1%
Trifluoroacetic acid 1 water (Buffer A) and 0.1% Trifluoroacetic acid tn Acetomutrile {Buffer B)
with detection at 220nm colmmn on UHPLC. The enzvine concentration of the samples was

calculated using a standard curve of the puritied reference enzvme PEV132.

EXAMPLE 2

Enzyme activity of P. mendocing lipase variants
[00143] The enzvmatic activity of P. mendocing lipase variants (listed on Table 1} was tested
ont PET {Polvethylene terephihalate) substrate by measuring the hyvdrolysis of PET
Pellet substrate in solution. PET pellets were purchased from Scientific Polymer
Products (Cat#138). One PET pellet {20-30mg) was added to each well of a nucrotiter plate
{Nunc, 267245} and detergent solations were added. Specifically, the detergent solution consists
of two hundred microliters of Formula A HDL (3.0g/L) {composition m Table 2} prepared

10 mM Tris-HCI buffer with 6 gpg water hardness CaMg =31, pH&.

4;.‘,’.
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Table 1: List of variants constructed with sample 1D and amino acid substitutions with
respect 1o P mendocing wild type enzyine

;;mple Amine acid substitution with respect to £, mendocing wild-type lipase
PEV13Z RAOT-To4V-TH7L-TI7TTN-II 78L-FI180P-Y 182 A-RI90L-8205G-F207T-
S SZ1Z2D-F226L-Y2381-L240P-R2521-L.258F

PEVI32v] ROGOA-TOAV-THI7L-TI77N-IT7RL-F180P-Y I 82 A-R100L-S205G-
s F2O07T-8212D-F226L-Y2301-1.240P-82521-L.258F

PEVI32v2 ROOT-TOSV-TIT7L-TI77R-II 78L-FI8OP-YIR2A-R190GL-S205G-

VAV E207T-8212D-F2261 -Y 2391-L 249P-82321-1L 258F
PEVIT6 RAOT-TadV-THI7L-GI7SE-TI77N-FIROP-Y 182 A-R198L-8205G-F207L-

S212D-F226L-Y2391-1.249P-82521-L.258F

R40T-GOID-To4V-S70E-TH7L-TI77N-I1 78L-FI1ROP-Y 182 A-R190L-
PEV192 S205G-F207T-S212D-F226L-Q227TH-A236P-Y2391-L249P-8252 - E2534Q)-
L258F

RAOT-T6AV-STOE-THTL-T177N-I178L-FIS0P-Y 182A-R190L-8205G-

PEVIOS | £a077-8212D-F226L-A236P-Y 2391-1 240P-S2521-E254Q-L.258F
pEvies | RADA-TOAV-STOE-TI17L-TI77N-I178L-F180P-Y182A-R190L-S205G-
F207T-S212D-F226L-A236P-Y2301-L.240P-52321-E254Q-L258F
pEvaly | RAOT-T64V-STOE-T1I7L-QL61H-T177N-1178L-FI80P-Y 182A-R190L-
§205G-F207T-S212D-F226L-A236P-Y2391-L249P-S2521-E254Q-L258F
pEvals | RAOT-TE4V-S7OE-T117L-G175A-T177N-11 78L-FI80P-Y 182A-R190L-
§205G-F207T-S212D-F226L-A236P-Y2391-L249P-S2521-E254Q-L258F
pEvalg | RAOT-TE4V-STOE-THITL-T177N-IL 78L-F180P-Y 182A-R190L-8205G-
F207T-V210I-8212D-F226L -A236P-Y2391-L240P-S2521-E254Q-L25&F
pEvao | RAOT-T64V-STOE-TI17L-T177N-1178L-F180P-Y 182A-R190L-8205G-
F207T-8212D-F226L-A236P-Y2391-S244E-1. 249P-82521-E254Q-L258F
pEvisg | R4OT-T64V-STOE-TI17L-T177N-1178L-F180P-Y 182A-R190L-S205G-

F207T-S212D-F2261L-A236P-Y2301- L. 249P-8252-E2534Q-R256K-L258F

VI4S-RA0A-GIOY-G61D-TOo4V-A66D-S7TOE-T117L-QI61H-T177R-
PEV325 IT78L-FISOP-YI82A-RIDOL-8205G-F207T-V210I-8212D-F2261L-A236P-
Y2301 249P-S232-E2540Q-R256K-1.258F

VI48-RA0A-GIOY-GOID-TH4V-870E-T117L-QIolH-T177/R-I178L-
PEV32S F180P-YIR2A-RIG0L-S205G-F207T-V2101-8212D-F226L-A236P-
Y230F-L249P-S232-E254Q-R256K-1.258F
RAOT-GOID-To4V-870E-T117L-QIo1H-"T177R-I1 78L-F180P-Y 182 A-
PEV329 RISGL-8205G-F207T-V210I-S212D-F226L-A236P-Y239]-1.240P-825321-
E254Q-R250K-L258F

VI48-RA0A-GIOY-GOID-TH4V-Ac6D-S7TOE-TH TL-Q161 H-G173A-
PEV334 T177R-1178L-FIR0P-Y 182 A-R190L-S205G-F207T-V2 10I-S212D-F226L-
A236P-Y2391-L240P-82521-E254Q-R236K-L258F
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Table 2: Compaosition of Custom-made Formula A HDL Detergent
WT % of active WT % of active

substance m the maw substance m the
Chemical name material formulation
Water denun. 100 Ad 100
Alkyl benzene sulfonic acid 96 3-7
{LAS)
Amnone surfactant (FAEOS) 70 2-6
Coconut fatty acid 30 0.3-1
Non-tonic surfactant (FAEO) 160 3-7
Citric acid 100 0.1-2
NaOH S50 0.3-1
Glycerol 99,5 0.3-1
Preserving agent 160 0.05-0.1
Boric acid 100 0.3-1
Optical Brightener 00 0.01-0.08
Thickener 25 1-3
Enzyimes {except hipase) 140 0.5-2
Dequest 440 0.1-2
Dye, Perfume, Antifoam t.q. Muors
pH=821i0 8.6
Dosage = S0 mL

[00146] A sef of plates without PET 1 the well were also set up to serve as controls for

enzvme backsround. Twenty nucroliters of each enzyme sample were added per well of the

assay plate o intiiate the reaction. The reaction was carried ouf at 40 ©

C for 24 hours with

shaking {180 rpm} m mcubation shaker {Infors HT, Multstron). After incubation, 100ul of the

reaction supernatant was fransferred mto a new UV-transparent plate (Corning 3635) and

measured at 240 nm on Microplate reader (Molecudar devices, SpectraMax plus 384). The

resulting absorbance affer subtracting absorbance from enzyme background plate was faken as a
nmeasure of PET hydrolysis activity. The absorbance values were plotied agamst enzyme
concentration. Each variant was assaved m triphicates. PET activity 1s reported as Performance
Index (PI) values, which were calculated by dividing the PET activity of each varniant by that of
the parent, tested at the same protein concentration. Table 3 shows the polyesterase activity on
PET substrate {(performance mdex} of varants from Table 1. Theoretical values for the PET
activity of the parent enzyme at the relevant protem concentrations were calculated using the
parameters extracted from a Langnr fit of measured values from a standard curve of the parent

enzvime actvity.
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Table 3: PET Activity of P. mendocing
lipase variants in Fermula A HDL, Relative
activity on PET substrate is reported as
Performance Index values {P1) calculated
relative to P mendocing lipase PEVI32
sample I iigf:f?;‘;i
PEVI32 1.4
PEVI32vi 11
PEV1I32v2 1.0
PEV3IR 1.4
PEV3iQ 1.5
PEV3id 1.7
PEV194 1.8
PEV329 1.8
PEVIO2 1.9
PEV32R 1.9
PEV31S 1.9
PEV334 1.9
PEV32S 2.1
PEV320 22
PEV304 2.2
EXAMPIE3

Thermal stability of P mendocing varianis

{00147]  The siability of P. mendocing lipase varants {shown ont Table 1} was fested under
stress conditron m a 30% (v/v) aqueous solution of Fornnda A HDL detergent by measuring the
restdual activity of samples after meubation at 36°C for 16 hours. A 67% (v/v} aquecus solution
of the detergent was prepared and enzynwe samples from filtered culture supernatants were mixed
with the appropriate volume of tlus detergent solution to achieve 50% {(v/v) fnal defergent
concentration. To measure the mtiial (unstressed) activity, aliguots of this mixture were
immediately diluted in 100mM Tris-HCL €.196 Triton X-100, pHR and assaved for activity on
pNB substrate. pNB substrate (4-nutropheyl butyrate, Sigma) selution (1 mM)} was prepared by
adding 0.2 mL of pNB stock solution (100 mM m DMSOQ) 1o 26mL of bufter (100mM Tris-HCL
0.1% Triton X-100, pHE). Ten microliters of diluted enzyme solution were nuxed o 190ul of
imM pNB 1 assay buffer in 96 well plate {Costar, #9017, ThermoFisher) to start the reaction.
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The plate was nuxed thoroughly, and absorbance was montiored at OD 405 nm every 12 segconds
for 3 minutes in a Microplate reader (Molecular devices, SpectraMax plus 384). The Vimax in
mOD/mm value of a sample not containing enzyme {(blank) was subtracted from Vmax values of
ihe enzynie - containing saniples. The resulting Vmax m ;0D mm was recorded as enzyme
activity on pNB substrate. Once stressed and unstressed activity values were measured by
hvdrolysis of pNB substraie as descrtbed above, the percent {%6) residual activities were
calculated by taking a ratio of the stressed to unstressed activity and multiplymg by 100. Table 4

shows the % residual activity of the P. mendocing lipase variaats tested.

Table 4: Stability of P. mendocinag lipase
variants in Formula A liguid detergent.
Stability is reported as % residual activity
remaining after incubation at 56°C for 16
hours.

sample ID % Residual activity
PEVI132 20

PEV176 90

PEV102 20
PEV104 40
PEV34 40
PEV3ld4 50
PEV31S 30
PEV31g 60
PEV3IS 80
PEV320 100
PEV325 a0
PEV3I2R 100
PEV329 20
PEV334 20

[00148] Although the discloswre has been desertbed in conpunetion with specific embodiments
thereot, 1t 1s evident that many alternatives, meodifications and variations will be apparent fo
those skilled 1 the art. Accordingly, it is intended to embrace all such alternatives, meodifications
and variations that fall withan the spirit and broad scope of the appended claums.

[00149]  All publications, patents and patent applications mentioned in this specification are

herein mcorporated in thetr entirety by reference mto the specification, to the same extent as if

4
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each mdividual publication, patent or pateni application was specifically and individually
mdicated to be incorporated herein by reference. In addition, citation or identification of any
reference 1 this application shall not be construed as an adimission that such reference i3
available as prior art to the present disclosure. To the extent that section headwgs are used, they

should not be construed as necessarily imiting.

SEQUENCE LISTING

SEQ ID NO: 1 {codon-optimized gene sequence for wild-type lipase from P. mendocina)

GCTCCTCTTICCTGATACACCGGLGAGCGCCATTTCUTGCTGTCGCAAACTTCGACCGU
AGUGGUCCCTTACACTGTTICTAGCCAGTCAGAAGGGUCGAGCTGTCGCATCTATAGA
CCTCGUGACCTGOGTCAGGGAGGUGTACGCCATCCGOTTATICTTTGGGGCAACGRC
ACTOGTGCTGGACCGTCTACATATGCAGGUTI TGCTT TCACACTGOGGLAAGCCACGGT
TTCGTTGTAGCGGUTGCGGAAACATCTAACGUTGGTACCGGACGCGAAATGCTCGCC
TGCCTGLACTATCTGOTACGTGAGAACGACACCCOCCTACGGUACCTATTICCGGCAAG
CTCAATACCGGGCGAGTUGGUACTTCTGOGUATTCTCAAGGTGGAGGUGGHLTCAATC
ATGGCTGGCCAGGATACGAGAGTACGTACAACGGCOGUCGATCCAGCUTTACATTCT
TGGCCTGOGACACGACAGUGCTTCTCAACGUCGUCAACAGGGACCGATGTTCCTITAT
GTCTGOTGOOGGAGACACAATCGUTTTCCCTTACCTCAACGUTCAGCCGGTCTALCG
CCGTGCAAACGTACCTGTATICTGGGGUCGAAAGACGTITACGTTITCACACTTCGAACC
GGTAGGTAGCGGTGGGGECTTATCGUGGUCCGETCTACAGCATGOGTTCCGUTTCCAACT
TATGGATGACCAAGACGCTCGUGUTACATTCTACGGCGUGCAGTGCAGCCTTTGCAC
TICTTTACTITGGTCAGTCGAACGCCGUGGGUTTTAA

SEQ ID NO:2 (anmuno acid sequence of wild-tvpe lipase from P. mendocing)
APLPDTPGAPFPAVANFDRSGPYTVSSQSEGPSCRIYRPRDLGQGGVRHPVILWGNGTG
AGPSTYAGLLSHWASHGEFVVAAAETSNAGTGREMLACLDYLVRENDTPYGTYSGKLN
TGRVGTSGHSQGGGGSIMAGODTRVRTTAPIQPY TLGLGHDSASQRROQQGPMFLMSGG
GDTIAFPYLNAQPVYRRANVPVFWGERRYVSHFEPVGSGGAYRGPSTAWFRFQLMDDQ
DARATFYGAQUSLCTSLLWSVERRGL

SEQ ID NO:3 (aptE promoter DNA sequence)
GAATTCTCCATTTTCTTICTGUTATCAAAATAACAGACTCGTGATTTTCCAAACGAGCT
TTCAAAAAAGCCTCTGCCCCTTGCAAATCGGATGOCTGTCTATAAAATTCCCGATAT
TGGTTAAACAGCGGCGUAATOGGUGGCCGUATCTGATGTICTTTGUTTGGUGAATGTTC
ATCTTATTTCTTCCTCCCTCTCAATAATTTTTITCATICTATCCCTTTTCTGTAAAGTTY
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ATTTTTCAGAATACTTITTATCATCATGUTTTGAAAAAATATCACGATAATATCCATIG
TTCTCACGGAAGCACACGCAGGTCATTTGAACGAATTTITITCGACAGGAATTTIGUCG
GUGACTCAGGAGCATTTAACCTAAAAAAGCATCGACATTTCAGCATAATGAACATTTAL
TCATGTCTATTITCGTTICTITICTGTATGAAAATAGTTATTICGAGTCTCTACGGAAA
TAGCGAGAGATGATATACCTAAATAGAGATAAAATCATCTCAAAAAAATGOGOGTICTA
CTAAAATATTATICCATCTATTACAATAAATTCACAGAATAGTCTTTTAAGTAAGTCT
ACTCTGAATTTITTITTAAAAGGAGAGGGTAAAGA

SEQ ID NO:4 {(aprE signal peptide DNA sequence)
GTGAGAAGCAAAAAATTGTGGATCAGUTTGTTGTTIGCGTTAACGTTAATCTTTACG
ATGGCGTTCAGCAACATGTCTGCGCAGGCT

SEQ ID NO:5 (hybrid aprE-P. mendocino hipase signal peptide DNA sequence)
GTGAGAAGCAAAAAATTGTGGATCAGUTITGTTGTTTGCGTTAACGTTAGCGGCTTCT
TGCCTGAGCGTCTGTGCAACTGTAGCTGCA

SEQ ID N(:6 {(BPN ternunator DNA sequence}

ACATAAAAAACCGLGCCTTIGGCCCCGCCOGTTTTITATTATITTTICTTICCTCCGCATGT
TCAATCCGCTCCATAATCGACGGATGGCTCCCTCTGAAAATTTTAACGAGAAACGGC
GOUTTGACCCGGUTCAGTCCUGTAACGGUUAAGTCCTGAAACGTCTCAATCGCOGCT
TCCCGETTTCOCGETCAGUTCAATGCCGTAACGGTOCGGCGGUGTTTTCCTGATACCGG
GAGACGGCATTUGTAATC
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Claims
What is elaumed 1

i A variant hpolytic enzyme comprising an amino acid sequence having at least 70%
identity fo the full length anine acid sequence of SEQ ID NO: 2, comprising the substiftutions
TOSV-TH7L-TI77N/R-11 78L-FISOP-Y 182 A-R190L-8205G-3212D-F226L.-Y2301-L.2409P-
S2321-L25RF, and further comprising at least one additional substitution selected from the group
consisting of V0148, RO40A/T, GOSOY, GO61D, A066D, SOT0E, Q161H, GI7SA/E, F2O7TL/T,
V2101 Q227H, A236P, S244E, E254Q, and R2536K, wherem the postiions are numbered by

reference to the anuno acid sequence of SEQ ID NO- 2, and wherein the variant has esterase

activity.
2. The variant hpolytic enzvme of claum 1, wherem the variant comprises an amino acid

sequence having at least 75%. 80%, 85%, 90%, 01%, 92%, 3%, 94%, 93%, 96%%,97%, 98%, or

99% 1dentity to the full length amino acid sequence of SEQ ID NO: 2.

“a
.

The vanant bpolvtic enzyme of claims 1 or 2, wheremn the variant 1s derived from a
parent enZynie comprising an amino acid sequence having at least 75%, 80%, 83%, 90%, 91%,
§2%, ¥3%, 04%, 953%, 96%,97%, 08%, or 99% wdentity to the firll length amme acid sequence of

SEQ ID NO: 2.

4. The variant hpolytic enzvme of anv of the precedmng claims, wherein the variant
comprises a combmnation of substitutions selected from the group consisting of R4OT-T64V-
TII7L-GI75E-T177N-F180P-Y182A-R190L-S205G-F207L-S212D-F2261.-Y2391-1.249P-
S252I-L.258F, RAOT-GOID-T64V-STOE-TH7L-T177N-I178L-FIR0P-Y 182 A-R190L-8205G-
F207T-S212D-F226L-Q227H-A236P-Y2391-L.249P-S2521-E254(-L238F, R40T-Te4V-870E-
TH7L-TI7IN-I178L-F180P-Y182A-R100L-S205G-F207T-S212D-F226L-A236P-Y2391-
L240P-S2521-E254Q-L258F, R40A-TO4V-ST0E-T117L-T177N-11 78L-F180P-Y182A-R1%0L-
S205G-F207T-8212D-F226L-A236P-Y2391-L.249P-S2521-E2 54Q-L258F, R40T-To4V-8ST0E-
TH7L-QI6TH-TI7IN-II78L-F180P-YI82A-RI9GL-S205G-F207T-S212D-F226L-A236P-
Y239I-L249P-82521-E254Q-L238F, R40T-T64V-ST0E-T117L-G175A-T177N-11 78L-F180OP-
Y182A-RI90L-8205G-F207T-8212D-F226L-A236P-Y2391-L249P-S2821-E2543-1L.238F,
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RAOT-TadV-STOE-TH 7L-T177N-11 78L-FIR0P- Y182 A-RI00L-S205G-F207T-V210I-S212D-
F2261-A236P-Y2301-L.249P-R25321-E254Q-L2538F, RAOT-Te4V-8S70E-TH1 7L-T177N-11 7&L-
F180P-YIR2A-RIQ0L-S205G-F207T-S212D-F2261-A236P-Y230[-S244F-1 2409P-82521-
E234Q-L258F, RAOT-T64AV-S7OE-TH7L-T177N-11 78L-FISOP-Y 182 A-RI90L-S205G-F2071-
S212D-F226L-A236P-Y230L-L249P-R2521-E254Q-R256K-L238F, V145-R40A-GAOY-G61D-
TO4V-AGGD-STOE-TH7L-QlolH-TI77R-1178L-FI80P-Y IB2A-R190L-S205SG-F207T-V2 101-
S212D-F226L-A236P-Y2301-L249P-S2521-E2340Q0-R256K-L258F, VI48-R4GA-GS9Y-G61D-
TadV-S70E-T117L-Q161H-T177R-1178L-F180P-Y182A-R190L-S205G-F207T-V2101-5212D-
F226L-A236P-Y2301-L.249P-S252]-E2543-R256K-1L.258F, R4GT-Go1D-T64V-STOE-T117L-
QI6TH-TI77R-T1 78L-FI180P-Y182A-RI9GL-S203G-F207T-V210I-S2 1 2D-F2261L-A236P-
Y230I-L.249P-82321-E2540Q-R256K-L258F, and VI4S8-R40A-GSOY-GO1D-T64V-A66D-S70E-
THT7L-Q161H-GI7T5A-TI77R-I1 78L-FI80P-Y182A-RIDOL-S205G-F207T-V2I10I-S212D-
226L-A236P-Y2391-L2409P-S2521-E254Q-R256K-L258F, wherem the positions are numbered

by reference to the amine acid sequence of SEQ ID NO: 2.

5. The variant lipolvtic enzyne of any of the precedmg claims, wheremn the variant has one
or more muproved properties when compared to a parent or reference lipolyvtic enzvme, wheremn
the mproved property is selected from mproved stability, improved hydrolytic activity ona

polyester, or combinations thereofl

5. The variant lipolvtic enzyme of any of the preceding claims, wherein the mmproved

property is:

{1} wmproved stability, wherein said variant has a residual activity at least 5% when

measured m accordance with the stability assay of Example 3 andfor

{11} improved hydrolytic activity on a polvester, wherein said vananthas a PI1> 1.2
compared fo the lipolytic enzvine having the amino acid sequence of SEQ ID NO: 2 having the
substitutions RAOT-To4V-THTL-TI7IN-I1 78L-FI180P-Y182A-R190L-S205G-F207T-8212D-
F226L-Y2391-L.249P-82521-L.258F when measured 1o accordance with the PET assav of

Example 2.

7. The lpolvtic enzyme of any of claims 1-6, wheremn the variant has hydrolytic activity on
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a polvester selecied from the group consisting of polyethiviene terephithalate (PETY,
polytrunethylens ferephtlnlate (PTT), polvingtviene terephihalate (PBT}, polvethviene izosorbide

X

terephthalate (PEITY, polvlactic acid (PLA), polvhvdroxy alkancate {PHA), polyvbutylene
suecinate {(FBR), polvbutylene succmate mlipaie {E‘*ESA polvhitviene adipate terephthalate
{PFBAT), polvethylene furanvate {PEF), polveaprolactone (PCLY, polvethylene naphthalat

{PEN), pobvester polywrethane, polviethviene adipate} (PEA), and combinations thereof

8. A polvnucleotide comprising a nucleic acid sequence encoding a variant lipolvtic enzyme

of anv one of clams 1-7.

Q. The polynucleotide of claim 8, wherein the nucleic acid sequence 1s operably linked to a
promoter.

10,  An expression vector or cassefte comprising the polvnucleotide of claim S or 9.

1. Arecombinant host cell comprising the expression vector or cassette of claim 10,

12, Anenzyme composttion comprising a vartant lipolytic enzyme of any one of claims 1-7.
13,  The enzvime composition of clamm 12, wheremn the composition Ruther conprises at least

at least one additivnal enzyme selected from the group consisting of! acyl transferases, alpha-
amylases, beta-amylases, alpha-galactosidases, arabinosidases, aryl esterases, beta-
galactosidases, carrageenases, catalases, cellobiohvdrolases, cellulases, chondroitinases,
cutinases, endo-beta-1, 4-glucanases, endo-beta-mannanases, esterases, exo-mannanases,
ferulovl esterase, galactanases, glucoamyvlases, hemicellnlases, hexosamunidases, hyvalwondases,
keratinases, laccases, lactases, ligninases, lipases, ipoxygenases, mannanases, metalloproteases,
nucleases {e.g. deoxyribonucleases and ribonucleases), oxidases, oxidoreductases, pectate lvases,
pectin acetyl esferases, pectmases, pentosanases, perhydrolases, perexidases, phenoloxidases,
phosphatases, phospholipases, phvtases, polygalacturonases, polyesterases, proteases,
pullulanases, reduciases, thammogalacturonases, beta-glucanases, fannases, transglataminases,
xvian acetyl-esterases, xvlanases. xvloglacanases, xvlosidases, and any combination or nuxture

thereof.

14, The enzyme composition of claim 13, wherein the at lease one additional enzyme is

LA
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selected from the group counsisimg of a protease, an alpha-amylase, a cellulase, and a mannanase.
15, A method for degrading a polvester or a polyester contauung material comptising

1} contacting the polvester contaming material with a variant hipolytic enzyime according
to any one of clamms 1-7 or a compostiion comprising a variand hipolvlic enzyime according o any

one of claims 1-7, and, optionally,
i) rinsing said polvester containing material.

16, A nwethoed for the enzymatic depolymenization of a polyester or a polvester contammg

material comprising,

1} contacting the polvesier or polvester containung matertal with a variant hipolvtic
enzvme according to any one of claims 1-7 or a compostlion comprising a variant lipolytic

enzyme according to any one of claims 1-7, and, optionally,
11} recovering monomers and/or oligomers of the polyester.

17.  The method of clamm 15 or 16, wheremn the polvester 15 selected from the group consisting
of polvetliviene terephthalate (PET), polytrunethyviene tereplihalate (PTT), polvbuiviene
terephthalate (PRT), polvethylene isosorbide terephthalate (PEIT), polviactic acid (PLA},
polyhydroxy alianoate (PHA), polvbutylene succinate (FBS), polvbutviene sncomate adipate
{PBSA), polvbutyiene adipate ferephthalate (PBAT), polvethviens furanoate (PEF),
podveaprolactone (PCL), polvethiviene nsphihalate (PEN), polvester pobvurethane, polviethiviens

~

acipate} {PEA), and combinations thereof.

s
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