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pol ynucl eoti des having a nucleotide sequence whi ch encodes for the
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(c) a polypeptide which is encoded by a nucleotide sequence which hybridizes under low

stringency conditions with a polynucleotide probe selected from the group consisting of:

(i) the complementary strand of nucleotides 166 to 285 of SEQ ID NO:1,
(i) the complementary strand of nucleotides 70 to 285 of SEQ ID NO:1, and
25 (iii) the complementary strand of nucleotides 1 to 285 of SEQ ID NO:1; and

(d) afragment of (a), (b) or (c) that has antimicrobial activity.

In a second aspect the present invention relates to polynucleotides having a nucleotide
sequence which encodes for the polypeptide of the invention.

30 In a third aspect the present invention relates to a nucleic acid construct comprising the
nucleotide sequence, which encodes for the polypeptide of the invention, operably linked to
one or more control sequences that direct the production of the polypeptide in a suitable host.

In a fourth aspect the present invention relates to a recombinant expression vector
comprising the nucleic acid construct of the invention.

35 In a fifth aspect the present invention relates to a recombinant host cell comprising the

nucleic acid construct of the invention.



of the invention, the nethod conprising: (a) cultivating a strain, which in
its wild-type formis capable of producing the polypeptide, to produce the
pol ypept i we,03am4® (b) recovering the pol ypeptide. |In a secarmknasmact the
present invention relates to a nethod for producing a polypeptide of the

I nvention, the nethod conprisin a) cultivating,a reconbji nant h

of the |+ nventh Binasect SR Eranin Ealem e Bt MeiEdR0 AtRkPon atoretde

pol ypeplor B in@ihtlon, Rhe hREESIMgisinge pol ypeptide. ' Qther aspects of the
present invention will be apparent fromthe bel ow descrl tion and fromthe
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in furt h@gdégé@.{hb%ol)lplggt'ééﬂahgw ng terns and conventions will first be
defi ned ubstantially pure polypeptide: In the present context, the term
" sub&t akb) al I'§eONRNRg theolypeptilent i de” means a pol ypeptide preparation which
contains at the nost 10% by weight of other polypeptide material wth
which it is natively associated (|ower percentages of other _polypeptide
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s ap Iwucg&,/@,ngé%olybe&,det% the pol ypeptide constitutes at |east 92%
by wei ght of the total polypeptide material present in the preparation, and
hi gher (Pler c é¢roxgERg tedohireplide: ed such as af | east 94% pure, at |east 95%
pure, at |east 96% pure, at |east 96% pure, at |east 97% pure, at | east
98% pure, at |east 99% and at the nost 99.5% pure. The pol ypeptides

di scl osed her@her aspectsraiiths aigsgntiinveatian ik henarrares) fiam therkaloyw deserigtion and
par ti culegp, thletapbén&roeélﬁﬁfsed that the pol ypeptides disclosed herein are in

“essentially pure forn¥, i.e. that the polypeptide preparation is
esséﬁtlally free of ot her pol ypeptide material with which it is natively
associ a HRscan be acconplished, for exanple, by preparing the
pol ypepti by means of wel | -known reconbi nant nethods. Herein, the term

"subst anti aI IPylopmm aiscpsdipg dipe ipdesent gventivonipniudbendetails, htbe tfellaving iteroisaamad

pol ypeptide" .and @ eptide in isolated 35 form'. Antim crobial
activi tfon\ﬁ?é'ort’sew Qﬁ%ﬁ%afo%%g%bi al activity" is defined herein as an
activity 2 \SDbe@hOAH0AGePETyIa0d4:0078E prebenthcdntextatpebleemotubstantiaily pore
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other polypeptide material with which it is natively associated (lower percentages of other

polypeptide material are preferred, e.g. at the most 8% by weight, at the most 6% by weight,
at the most 5% by weight, at the most 4% at the most 3% by weight, at the most 2% by
weight, at the most 1% by weight, and at the most %% by weight). Thus, it is preferred that the
25  substantially pure polypeptide is at least 92% pure, i.e. that the polypeptide constitutes at least
92% by weight of the total polypeptide material present in the preparation, and higher
percentages are preferred such as at least 94% pure, at least 95% pure, at least 96% pure, at
least 96% pure, at least 97% pure, at least 98% pure, at least 99%, and at the most 99.5%
pure. The polypeptides disclosed herein are preferably in a substantially pure form. In
30 particular, it is preferred that the polypeptides disclosed herein are in “essentially pure form”,
i.e. that the polypeptide preparation is essentially free of other polypeptide material with which
it is natively associated. This can be accomplished, for example, by preparing the polypeptide
by means of well-known recombinant methods. Herein, the term “substantially pure
polypeptide” is synonymous with the terms “isolated polypeptide” and “polypeptide in isolated

35  form". |
Antimicrobial activity: The term “antimicrobial activity” is defined herein as an activity




I nvention the term"antimcrobial” is intended to mean that there is a
bactericidal and/or a bacteriostatic and/or fungicidal and/or fungistatic
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and in particular in an aqueous solution of %W w of the pol ypepti des
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25 when added in a concentration of 1000 ppm; preferably when added in a concentration of 500
ppm; more preferably when added in a concentration of 250 ppm; even more preferably when
added in a concentration of 100 ppm; most preferably when added in a concentration of 50
ppm; and in particular when added in a concentration of 25 ppm.

Polypeptides having antimicrobial activity may be capable of reducing the number of

30 living cells of Bacillus subtilis (ATCC 6633) to 1/100 after 30 min. incubation at 20°C in an
aqueous solution of 25%(w/w); preferably in an aqueous solution of 10%(w/w); more
preferably in an aqueous solution of 5%(w/w); even more preferably in an aqueous solution of |
1%(w/w); most preferably in an aqueous solution of 0.5%(w/w); and in particular in an aqueous
solution of 0.1%(w/w) of the polypeptides having antimicrobial activity.

35 Polypeptides having antimicrobial activity may also be capable of inhibiting the
outgrowth of Bacillus subtilis (ATCC 6633) for 24 hours at 25°C in a microbial growth
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genetically engineered protein production
25  sequence.

Allelic variant: In the present context, the term “allelic variant” denotes any of two or
more alternative forms of a gene occupying the same chromosomal locus. Allelic variation
arises naturally through mutation, and may result in polymorphism within populations. Gene
mutations can be silent (no change in the encoded polypeptide) or may encode polypeptides

30 having altered amino acid sequences. An allelic variant of a polypeptide is a polypeptide
encoded by an allelic variant of a gene.

Substantially pure polynucleotide: The term “substantially pure polynucleotide” as used

herein refers to a polynucleotide preparation, wherein the polynucleotide has been removed
from its natural genetic milieu, and is thus free of other extraneous or unwanted coding
35 sequences and is in a form suitable for use within genetically engineered protein production

systems. Thus, a substantially pure polynucleotide contains at the most 10% by weight of
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transcr |f'1@vln9§nélmpﬂf@@@||r%$6vlty WHIChNA keen HF@dLgTééé)Ytélﬁ'erGgWS@ whigh @senpfessmg a
processi I ﬁ}ﬂl\lﬁ,

I ncl ude ntqﬂjé rermv %E?ﬁﬁar{ta?gﬁ@ge@%ﬁ?es HgﬁOd'?g{j: gggca e Icwﬁ?gﬁagms\s/\hen
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modification of the nucleotide sequence disclosed in SEQ ID NO:1.

cDNA: The term "cDNA" when used in the present context, is intended to cover a DNA

molecule which can be prepared by reverse transcription from a mature, spliced, mRNA

molecule derived from a eukaryotic cell. cDNA lacks the intron sequences that are usually

30 present in the corresponding genomic DNA. The initial, primary RNA transcript is a precursor

to mRNA and it goes through a series of processing events before appearing as mature

spliced mRNA. These events include the removal of intron sequences by a process called
splicing. When cDNA is derived from mRNA it therefore lacks intron sequences.

Nucleic acid construct: When used herein, the term "nucleic acid construct” means a

35 nucleic acid molecule, either single- or double-stranded, which is isolated from a naturally

occurring gene or which has been modified to contain segments of nucleic acids in a manner
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Polypeptldes ntrmcrobial Activity"
molecule, linear or circular, that comprises a segmeént encoding a polypeptide of the invention,

and which is operably linked to additional segments that provide for its transcription.
Host cell: The term "host cell”, as used herein, includes any cell type which is
susceptible to transformation with a nucleic acid construct.
The terms “polynucleotide probe”, “hybridization” as well as the various stringency
30 conditions are defined in the section entitled “Polypeptides Having Antimicrobial Activity”.

DETAILED DESCRIPTION
Polypeptides Having Antimicrobial Activity

In a first embodiment, the present invention relates to polypeptides having antimicrobial
35 activity and where the polypeptides comprises, preferably consists of, an amino acid sequence
which has a degree of identity to amino acids 1 to 40 of SEQ ID NO:2 (i.e., the mature
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25 amino acid as compared to amino acids 1 to 40 of SEQ ID NO:2. Such artificial variants may

be constructed by standard techniques known in the art, such as by site-directed/random
mutagenesis of the polypeptide comprising the amino acid sequence shown as amino acids 1
to 40 of SEQ ID NO:2. In one embodiment of the invention, amino acid changes (in the
artificial variant as well as in wild-type polypeptides) are of a minor nature, that is conservative

30 amino acid substitutions that do not significantly affect the folding and/or activity of the protein;
small deletions, typically of one to about 30 amino acids; small amino- or carboxyl-terminal
extensions, such as an amino-terminal methionine residue; a small linker peptide of up to
about 20-25 residues; or a small extension that facilitates purification by changing net charge
or another function, such as a poly-histidine tract, an antigenic epitope or a binding domain.

35 Examples of conservative substitutions are within the group of basic amino acids

(arginine, lysine and histidine), acidic amino acids (glutamic acid and aspartic acid), polar
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| east 65% i dentity Wt he anti i crobi al poI ypeptide encoding part of the
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25  comprising, preferably consisting of, an amino acid sequence which has at least 65% identity

with the antimicrobial polypeptide encoding part of the nucleotide sequence present in
Pseudoplectania nigrella CBS 444.97. In an interesting embodiment of the invention, the
polypeptide comprises, preferably consists of, an amino acid sequence which has at least
70%, e.g. at least 75%, preferably at least 80%, such as at least 85%, more preferably at least
30 90%, most preferably at least 95%, e.g. at least 96%, such as at least 97%, and even most
preferably at least 98%, such as at least 99% identity with the antimicrobial polypeptide
encoding part of the nucleotide sequence present in Pseudoplectania nigrella CBS 444.97
(hereinafter "homologous polypeptides"). In an interesting embodiment, the amino acid
sequence differs by at the most ten amino acids (e.g. by ten amino acids), in particular by at
35 the most five amino acids (e.g. by five amino acids), such as by at the most four amino acids

(e.g. by four amino acids), e.g. by at the most three amino acids (e.g. by three amino acids)
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The nucleotide sequence of SEQ ID NO:1 or a subsequence thereof, as well as the
amino acid sequence of SEQ ID NO:2 or a fragment thereof, may be used to design a
30 polynucleotide probe to identify and clone DNA encoding polypeptides having antimicrobial
activity from strains of different genera or species according to methods well known in the art.
In particular, such probes can be used for hybridization with the genomic or cDNA of the
genus or species of interest, following standard Southern blotting procedures, in order to
identify and isolate the corresponding gene therein. Such probes can be considerably shorter
35 than the entire sequence, but should be at least 15, preferably at least 25, more preferably at

least 35 nucleotides in length, such as at least 70 nucleotides in length. It is, however,
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| mobi | i zed, Fgp ;mr;sasegeéfl HeOpR Bt mveﬁronsmybﬁ@m.oﬁarnaicafesrrmaerth@Irﬁ.clebme
order t0|dent|f clone or DNA which is honol ogous wi t h ID NO 1 the

carrier sﬁﬁﬁﬂ%}CPaﬂ‘YW'{Zﬂs o jabsissi PQ'!@&'GBF@@ |p§°belyh|9§eiwhr'r1'235$% ¢ d\usleptidn |
For pur geg&shcefshbig |rpseeqntN®nwmbr gér?/ nctwtwew ﬁ@h Isﬁmgbn@v @@fdﬂené hﬂéleém@s

nucl eoti de sequence hybridizes to abel ed nucleoti d robe which
ybr § i e8hich THhBONTHAIRGEH BEDeuIERES iR Ese FoRBBITRINDS dBiiad UG X1 ow
to vgry ri&) B Stey AR rﬁ&nea KkhoWs in tMBIaRC WiRhevérandvirfi pbﬂﬁu&éﬂtwegﬁét%?ﬁd de

probe hybridi zes under these conditions nay be detected usSin film
or by angediméie peespBldcaRENitiih tq e wnderstegriial such Beprobe rﬁOﬂﬁ@mSyaideaeoﬁ de
probe” igclebifd. i n the present context, it is to be understood that such a
probe contains at |east 15 nucl eotldes In an interesting enbodi nent, the

pol ynucl eot i dreapinieresting emeodimapt teepalvuglestideprgbeis theromaiamentary strand gf
285, nuql,erRbiidles1660 £85, IfRrRIeofilied PSS Gefuclectife BB 285 sESEQ NG 1

25 In another interesting embodiment, the polynucleotide probe is the complementary
strand of the nucleotide sequence which encodes the polypeptide of SEQ ID NO:2. In a further
interesting embodiment, the polynucleotide probe is the complementary strand of SEQ ID
NO:1. In a still further interesting embodiment, the polynucleotide probe is the complementary
strand of the mature polypeptide coding region of SEQ ID NO:1. In another interesting

30 embodiment, the polynucleotide probe is the complementary strand of the antimicrobial
polypeptide encoding region present in Pseudoplectania nigrella CBS 444.97. In still another
interesting embodiment, the polynucleotide probe is the complementary strand of the mature
antimicrobial polypeptide encoding region present in Pseudoplectania nigrella CBS 444.97.

For long probes of at least 100 nucleotides in length, very low to very high stringency

35 conditions are defined as prehybridization and hybridization at 42°C in 5X SSPE, 1.0% SDS,

5X Denhardt’s solution, 100 pug/ml sheared and denatured salmon sperm DNA, following
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25 In another interesting enbodi ment, the polynucl eotide probe is the
conplenentary strand of the nucl eoti de sequence whi ch encodes the

pol ypept iwe osfo4688EE) | D NO 2. In a further interesting enbedirmaar/ooishe
polynucleotide probe is the conpl emsntary strand of SEQ I D NOl In a

compl ensivdry SEMFERPTS RECRRLEE Eraistafe i MY BIER o 2858 fool Rlefives

NO 1. | doamttcoeatain nioex ¢edini TIPS Ouatedidds. nEusrtlpng Ipeot;eequraldéHjHOOeanramlndes #the

I d d i
oD oS ARl LS DL ReSh ke 1R BERIHY PR i 59
i nt er es0I19 SB®adé2rentverytibw sirirgenay)| peferdisly p\rasbed trsee times araph éoretd minutes

Pscuophale dht & Ty 8P SEcst i Cotol RVRBRnY Bl e oAy, Frdl e es '

nucl eot edets form4d emgités usieg .2 QVBSQO, @/e%ysbsgah £XCi (n@elnmy stridigesan dévenomsrear e

5% DonnBeRR ¥etier h<t, ifes MiEh ods bl MR s <G thoh SRS fh R
fol | owi (rgedid®-Agh e@mgmﬂ%m’&mmﬁkd tsiea nitiassckaBOLoNes mirltes ns';m@ 0.1

Cont ai n*rove D SEB08 Ay il BeBOSREY R eyl Riaeney Be ik earor s

nucheot nﬂraﬂes nsm¢ erlgt $SCt(b1e%C$JD$ ia€680R(veryi tagh steingémg).| y washed three tines

each for 1% S ry low strin enc
e or bl y ARl pat panfuRe isigtred df Sieniammted Tt SUPRY rokes: dgdorsel ),
fgs at 4AGh(drewrah ramgeggmb ggmu@%%gefsem Zééﬂg{h vxaamhe@b fromeabduit MBSto Qmm #oor

m nut e Sl n . X I U strln enc even nore
prefer aavée%@ﬁg@?%"ﬂ%my 'SgégHisieSr sugh %'HE@ Sngt ”U %@@t'o'@s 3%, SDS
at 55C défiredi ummemrnatammmwlzatmstanarwégrr@alpustmhaﬂaﬁ&ﬁ ge 5tC rt‘asw&ch

for nutes u X. SSC, 01‘VSDS at hi gh stringenc

par 3 cuB]‘a' wg?hgémﬂ%feg %rt che Pld%t'TSaC% g Hé %‘gt%‘sﬁﬂ% '\& ’%YS@@&'O 1%
SDS at t BRsebREY ohmhvaromm&sm@wy offdidhers kusmoz;s m\% wﬁlgaml N’afCW @b@@ﬂ ¢§s-ll5 t
is con ) ich are from abou

to 99 nE@?BQtfg é"ﬁ&Ef-ﬁz‘gb%% ‘?P aX 5?%1%’& utien, 1 ;M gaditmARyropteePe. des
in |engt hnMrmwuhem@hswashﬁpnb%pﬂateFon rBMGAT RS @10 D st Syeastt RNAGRA &Y following
conditions are ehybri di zati on, hybridi zati on, and washi ng

as
post - hyBﬁapﬂ?rEaﬁq“gﬁr%P'Oﬁﬁgt% %89e'e5 hel ow t he cal cul at ed Tm usi ng the
cal gul ati on geceHd# prebdsOwiReh taﬁmatﬁw 1%Qaébﬁués(tégﬁ%ucleefdé%qmnggﬁ thf cdrfié

Nat i onal Aca of Sciences USA 4 NaCl , Tris- HC
pH 7. 6, Mat ED ashes anzenp- %S%(Plyé%ér"’ﬁ% febﬂﬁtm'BHteslaWM“%Q?d%ﬁh for 15

pyr ophomiiaéLusing 6 X ¥segti sigtaa0aD Below theea8lake T,0. 1 mM ATP, and 0.2 ng of
yeast RNA per m following standard Southern blotting procedures 20 For

short probes which are about 15 nucleotides to 99 nucleotides in |ength,
t he car NLtefminaBx&nsidh |S washed once in 6X SCC plus 0.1% SDS for 15 m nutes

and_tw ce each for I5 mnutes using 6X SSC at 5C to 10C bel ow the
cal 8l at ed T N-terminal extension may suitably consist of from 1 to 50 amino acids, preferably 2-

20 amino acids, especially 3-15 amino acids. In one embodiment N-terminal peptide extension

does not contain an Arg (R). In another embodiment the N-terminal extension comprises a

kex2 or kex2-like cleavage site as will be defined further below. In a preferred embodiment the

N-terminal extension is a peptide, comprising at least two Glu (E) and/or Asp (D) amino acid
30 residues, such as a N-terminal extension comprising one of the following sequences:

EAE, EE, DE, DD.

Kex2 sites
Kex2 sites (see, e.g., Methods in Enzymology Vol 185, ed. D. Goeddel, Academic
35 Press Inc. (1990), San Diego, CA, “Gene Expression Technology”) and kex2-like sites are di-

basic recognition sites (i.e., cleavage sites) found between the pro-peptide encoding region
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N-term nal extension 25 A N-term nal extension may suitably consist of from
1 to 50 amno acids, preferably 2- 20 am no acids, especially 3-15 am no
aci ds. | rwomg/oewitodi mrent N-term nal peptide extension do®ETMKO200Tai n an
Arg (R). I'n another enbodiment the N-term nal extension conprises a kex2
or kex2- e cl gavage site as be defined further below In a preferred
enbodi m@ﬂ? ige uﬁ?f %%fﬁomeeﬁré\eﬁk\son IS a peptide, conprising at |east two
G u (E) and/ tMseAim c(fla)kexmsneoamkdxz[ﬂ(bsntemﬂamscermmbasw keehshewntmiaiprove

i1 oo KRaSd PiopRiieR Sodcessiy Elne” e e Ao fBnFoboe s g FiinbBasercl

Academ @rot@h sBtretisn levels. (1990), San Di ego, CA, "Gene Expr essi on

Techpol ogy" si.tes,.are di balcr n|t n sites
T enBaney: ] uB e St dng RIS Toseian PR kb BT RE 4 D Bhé TRl e
03/ 044049s4m6iTTty DK Q@B éRAvagenat 4 bertaimipasition egtmmmérnﬁmmnebalremltldgmem i on

of a kex2, .site.qr kex2-]ike sjit ave in cer ai,n ca

pr ove SntBier i nehaspis peS evishiel B ForaParfSh i W GRRES e RIR b s o
resul ti aghindadidet eas@df SPQADNM2secretion levels. 5 In the context of the
I nvention insertion of a kex2 or kex2-like site result in the possibility
to obtain cleavage at a certain position in the N-term nal extension
resubt i IBpurdesdér PEyHEptiEs IBavied Aptimhiviodil Admitbei ng extended in conpari son to

the mature pqgl ypepti.de shown as 0 40. of SEQ I D NO 2.

Sour ces. for " PobIRRRRIAAAL e Brope AR SToR OB BF OREATSH (oM AMEESAATSE 8 ¢ he
present gieﬁ%r@rﬂdr@mrmﬁs o i prRisetdniertion, nthe e Gebtaises frof” aanwsegeman skalr

pur poses o

t t th bt d front
el > Tt thASin b PR R DL e sl HGR SR e FEH oo SAER Wi

pr oducedwénuuae&ﬁblseqnem i€ hhatdrél@ presdre of irde mmua@mecleeumwuah&emﬁ peasmt
or into which the n{;écleotl e. sequence In a preferred

enbdai misertedHa aRse H@ﬂﬁ"&’é’d!“%e@éa‘? 8?'8%%5@?;‘%%%@%&? S?dl"?Fe '%laﬁ%l ypepti de of

the present W‘N&%ﬁépﬂﬂe BEthe pResenbifdrtioh aaysd a/a@aémad@olyt}@;snd@xraém@mpudﬂme
pol ypeptide may be a gram positive bacteri al ‘%a%ﬁz% g uch as a Bacillus
pol ypeptPPlyReptidegnay bga@iewmglv‘apﬂ%aﬂrﬂoiv@gpﬂ AGHE RANREPUds. &,
Baci | | ug Bi@MisSalkdapHilis, USachius @Mmaue@aghé Isas:,//ug BAGINH, EBb%AI/uB@%dléﬂsS BadlilS,
Bacillus lentus, Bacillus lLicheniform s, Bacillus E?ﬂ?terl um Baci || us 20

st ear ot KEAGHIBN 1Basilusiaefus) Baciusdentys Saclius hehanformys.Hasiius giegatgrgm, Bacillus

pol yBeptstdifotnOimdbhitis, BUCHDY GO5tiisP&! BRERSS! manngeergys p@ypeptiédt &Y SBEplomyteaNns
or Streptonyces nurinus pol ypeptide; or gram negative bacteri al

pol ypeptPPlygeptideg e.9.aa epmxceér"wa’a%@u&érﬁemcgﬁ mugEus POpPretide; gr a gram
pol ypeptnbgst.\/éfbafct@.apﬁ&mhdé,ra/@néﬁ ENca brscudbibaad s Polypemidede, and nore

A polypeptide of the present invention may be a fungal polypeptide, and more

preferably a yeast polypeptide such as a Candida, Kluyveromyces, Pichia, Saccharomyces,

25  Schizosaccharomyces, or Yarrowia polypeptide; or more preferably a filamentous fungal
polypeptide such as an Acremonium, Aspergillus, Aureobasidium, Cryptococcus, Filibasidium,
Fusarium, Humicola, Magnaporthe, Mucor, Myceliophthora, Neocallimastix, Neurospora,
Paecilomyces, Penicillium, Piromyces, Schizophyllum, Talaromyces, Thermoascus, Thielavia,
Tolypocladium, or Trichoderma polypeptide.

30 In an interesting embodiment, the polypeptide is a Saccharomyces carlsbergensis,
Saccharomyces cerevisiae, Saccharomyces diastaticus, Saccharomyces douglasii,
Saccharomyces kluyveri, Saccharomyces norbensis or Saccharomyces oviformis polypeptide.

In another interesting embodiment, the polypeptide is an Aspergillus aculeatus,
Aspergillus awamori, Aspergillus foetidus, Aspergillus japonicus, Aspergillus nidulans,
35  Aspergillus niger, Aspergillus oryzae, Fusarium bactridioides, Fusarium cerealis, Fusarium

crookwellense, Fusarium culmorum, Fusarium graminearum, Fusarium graminum, Fusarium
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preferably a yeast polypeptide such as a Candi da, Kl uyveronyces, Pichia,
Saccharonyces, 25 Schi zosaccharomyces, or Yarrow a pol ypeptide; or nore
pr ef er ablwoa3pidoadrent ous fungal pol ypeptide such as an AcPEemIK0)781
Aspergill us, Aureobasidium Cryptococcus, Filibasidium Fusarium

Hum col Magnapar the, .Micor A Lopht h o) | | u ra,
Paeci | O%Eeé%,&oﬂgﬂ’i ﬁ'ﬁ?'ﬁ”ﬁ% nqgiupgfngﬁjgéﬁu/gc | zsg%rﬁ)%? I ﬁ%anlf}a%f‘?rﬂg%ygg FOSaHent
Ther noasessgim, Fuisetiav isambudiolimpbedaaidimusarcanhrolmi, cfusdeumesppoitiob@idasd EusBim n

i nt ' di. t, th I ' LS. h .
o | SR PR Db lB. PELOREl iSRS SRR WS, o
Sacchar dmspfess, ddwgicalal ianugibesa; huoory arished] Wyoeliopht/tae ctharmopides Nerdsposi s
Che Bol Jsat) aben@iiy adbibreele! s litatdie® hdglerlym | IZhbdTgE RO
ﬁper gi :Tlhusodemmtaihﬁhgﬁbra&ﬁaram iTHithaslefrag cawisei) o, Trikspdend Vikde polghdptids., 35
pergillus

ni ger,. Aspergillus oryza Fusarium bagctri di oi des,, FEusari.um

cerealis, Fuérési Riﬁﬁeé’Pa df"éﬂg'et,hgﬁ?@&ﬂnﬂﬂsﬁ Gt %‘?‘ﬁfr?f)[eﬁggé?r'?'gfﬂ%f) 3&??PetgFUm
Fusar i usngmsdre dmvEFErdBlysaPisetmopﬂethﬂ@ 1Grel4 CBSA42CAT Wﬁb’ylpﬂﬂé&lg., thet pl ypeptideu m
Fusari um nequndi.,, Fusari um oxyspor | >t i cul atum  Fusari um
roseum Cﬁﬂﬁgﬂgﬁt%ﬁw&%ﬁﬁeq}éﬁﬁ%ﬁf@#iﬁf@%@ﬁ%‘{ﬁ Fusari um
sporiot ri chi oilow’, beFursirdtodd that Fgphihe aforemEntiomet wpetios, Lthe Snventidrusssompasses
trichot heﬁ_j %%des, Fu%ﬁri um venen tunh Hogrqn col am@?nsol ens, , Hum col a
| anugi 6o TeLBeiest AieMPeiPEk RIS EhE AN EX AR SRUNRIERI S o AMaMErkSs o,
Peni ci | lrégkriless pHthegsiedies nbiicChodRichahdyedrai knowm THosecskibarintheaniwigidadily
Tri choderma | onﬁjl brachl(g?t um Tri cho.d%rr{a reesei, or Trichoderma viride
pol ypeptFPgnizeihe idspily of PRRIORYAIG GANRIENSt he pol ypeptide is a
Eseugolo: ec: argtauird fofhlbh@ sggésiyﬁgw ge%any laadfliksmi_ﬁé ® ﬂfeef)mw?ﬂ;] Ya Aumber oft <_:ucllture

seudopl ectania nigrel|a . ) p i de, , e po epti de
Condb oL CRIEIPNS. ok erihe Adarcan e Coner Gt (<) BeREeBS SEBTINGFa be
g nflﬁr ﬂl Mkirob]tg%h{sfn@ndhh@ zéugmmmnt ':Gr?ﬂﬁd(m , i?ﬁntrafa{lﬂlrédmvwbi mhmiaamfwésas

o] e _perfect anc |n|per ect s es, and o r xonom ¢ w val ent s,
e.g., arﬁﬁ%%pﬁ%‘? Agricyiyral &esegent %r‘@ﬁe%?@gt o) %‘i‘tpﬁ’ t”ng&/ eq} Kegighigh.
Those siqdska@nidentdtgNRRL)W || readily recognize the identity of _
appropriate equivalents. Strains of these species are readi I% gt cessible to

e

the public i FUghAUMAIEr SuEh BRlYReRtides mravchy igentifieshand Qhtainedsfrp Rle FPHEES
Ty peo CulifdiicindCMit86igafRmsASSialed REHSHRNE @NMTEINEorPasts Muated O eBANLSAE fheand
Zel | kul turen GrbH (DSM, Centraal bureau Voor  Schi nmel cul tures CBS), and
Agri cul PEPYE-MRBHRNATProtes-viechnigue i Iegirting: BICERArgAEMS omMBatH iz ﬁb'ﬁgéﬁia%al
Resear chyfamb@n i MRbot - THAGIESHIER sBquéite mBPINER TRt detRed IR sirkiRarly defdehinges

and obtained from other sources 20 incl udi lnfg m croorqanl sne isolated from
nat ure @engmic arfPNA dibrapoet anothgitmaicroogganism. (nGega pHeeo

IS RAIUARGS: RAQEINI 2
probes. ,IEpBREdEUIRS bt dtodted Wie the BFoBR(sY Rt SEBudrceMARbe isdlatdtPér élahed BY ©
25  utilizing techniques which are known to those of ordinary skill in the art (see, e.g., Sambrook et
al., 1989, supra).

Polypeptides encoded by nucleotide sequences of the present invention also include
fused polypeptides or cleavable fusion polypeptides in which another polypeptide is fused at
the N-terminus or the C-terminus of the polypeptide or fragment thereof. A fused polypeptide

30 is produced by fusing a nucleotide sequence (or a portion thereof) encoding another
polypeptide to a nucleotide sequence (or a portion thereof) of the present invention.
Techniques for producing fusion polypeptides are known in the art, and include ligating the
coding sequences encoding the polypeptides so that they are in frame and that expression of
the fused polypeptide is under control of the same promoter(s) and terminator.

35
Polynucleotides and Nucleotide Sequences
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wel | known in the art. The nucl eoti de sequence nmay then be derived by
simlarly screening a genomc or cDNA library of another m croorgani sm
Once a nuwbDaedbi4ed sequence encoding a polypeptide has beeaTdXoeoomsd with
t he probe(s), the sequence may be isolated or cloned by 25 utilizing

t echni ques are. kno to,th ' A L], ] h

Lo daner ogibedreset Mead sk 8s o BhORAMNa8 halin b hedtick 4e3fner,

sequenca\mlctlfertobees)foesqrmWepumbﬂ tha iradestion. ﬂmbantieularf M'saeﬂeperhtym)eptlord@ates to

cl eavabl e, fu ti ch_anot he de LS t he

N tor o rantife el SorBEta 8 oh-Befle SRRt Fhish BAEPIRE It beyeatRAF of e

fused p(iﬂl\)ﬁﬂfkﬁt :clrda pBéi‘eg_ed prmbddicrestht, liiye ﬁ?mém‘ge_adequeﬂoeos sdtafoetbamSEQaD(Nm 1aln (
t t her eo encodi.ng. anot her ol.ypeptide to nuc)] eoti de se e (or

DO opL ahMPire PSP AR B rydkpue BhuSrer By e dHaLRS s VBB ARG

f usi on p@gl;lym)engdlem 21, klncn/mthandrﬁdfre mefbi]re@ndwbiodmhamlethblr?atebﬂ@ sépenc®ds ng

sequences encodin es so that t in frame.a

oy oo e TS pnam iR PRy PR fedia i iresem Boedonlgiingrerd Ees

pr onot erd4a)o7anthe eprgséarat tvenfion Rty nercbomphssiss p@lydubluoﬂuce@t indein&e referabty 13

WO 03/ 044049 PCT/ DKO2/ 00781 The present |nven I on o rel at to . .

Dol yocICaB B B 08 SETue s T ategEh APONRPIRE Ssiibd of Bhe gmino acid

pol yipeptseg@eret df IBEQ MY QIT:2 @R thd Mafudd bolgzpdpwe thidreofpwah RiifférirvenSEQNIDr ebat es

nuc| eot i des consi st eoti de sequence which encodes for a

to pol of I
pol ypep)&ydémﬁfoﬁﬂ??egeqeﬂ@@rﬂ’lof)ﬁ‘% qeﬁ’eg ‘f@f erred enbodi nent, the nucl eotide
sequence is gk a‘réuehhmwént&lﬁ@léd}elﬂﬁbslto donynﬁclaommapmgf @"efdidal?ﬁ@ﬁiﬁtlﬁgm ,a the

NG 1.1 SUESRERAETS i SEBr b cNBLt o AR MR R SERMD e Peve ¢ ne
mat ur e @rntuhwr&@o"ﬂlaicﬁ\htypmswewdedee ensediiDNO:e Gl amuaémequanﬁmae%oam a
nigrella CBS present i nvent‘ on, al corrpa

ol auc PUGEFAdS NQ sxsePbirB GRaIT moTe GHEleBiSRg T th BLPEYEI Seeih bR

whi ch engergsy a pol ypepti de consisting of the am no acid 10 sequence of SEQ
ID NO 2 or the mature pol ypeptide thereof, which differ from SE%% Ngl
by virtue of RPreREGhiNNeRiiap qlgo Eef?éesg'@rP@ﬂV”HCEBW@S heniBg pPreteiaRl!Y FPRAIPA Oh &l so

rel at es fhayif@l YnslEdtRet b@@.@nb@\/\hm& o@ﬁ@h@ésalat Memn@ﬁestmaw.c@f.on an thellRgGHENCE
of SEQID NO 1 which encode fragne D NO 2 that have

ant i ni cPORPEPdEFA0iG SLIURNE, BE@%Qe'Pc@O&f aSEQ’heI'_‘? Kk modided, nyeleptids: sequence

seq%nc%n@é@é&@ﬁ&ﬁﬁgt.aéwhwh%ﬁ%létl;)oNthommt tol408df SEE@ IPNQRr e nucl eot i des
fromthe 5 and have been deleted. The present invention also

rel ates to pdingreRhniases yeed knispiate offitess Autigotids fepuenceenspding a nebpeptidey
nucl eot ige kRQUNENER dMiapl .murafér isgﬁﬁoﬂroﬂneq&bnﬁ@@mcbréwaﬁdmm ONKE dref ure

pol ypepti de codi nhg sequence of where the nodif
nuci eot icQEbEagaR Heseof. The cloning of the nucleotide sequences of the present |nvent|on from
such genomic DNA can be effected, e.g., by using the well known polymerase chain reaction
25 (PCR) or antibody screening of expression libraries to detect cloned DNA fragments with
shared structural features. See, e.g., Innis et al.,, 1990, PCR: A Guide to Methods and
Application, Academic Press, New York. Other amplification procedures such as ligase chain
reaction (LCR), ligated activated transcription (LAT) and nucleotide sequence-based
amplification (NASBA) may be used. The nucleotide sequence may be cloned from a strain of
30 antimicrobial polypeptide encoding nucleotide sequence present in Pseudoplectania, or
another or related organism and thus, for example, may be an allelic or species variant of the

polypeptide encoding region of the nucleotide sequence.

The nucleotide sequence may be obtained by standard cloning procedures used in
genetic engineering to relocate the nucleotide sequence from its natural location to a different
35 site where it will be reproduced. The cloning procedures may involve excision and isolation of

a desired fragment comprising the nucleotide sequence encoding the polypeptide, insertion of
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20 encodes a pol ypeptide which consists of amno acids 1 to 40 of SEQ ID
NG 2. The techniques used to isolate or clone a nucl eotide sequence

encodi ng wopaloypept i de are known in the art and incl ude PSEIDEKRO07SIr om
genom ¢ DNA, preparation fromcDNA or a conbination thereof. The cloning

f th t h t h DNA
oan be b IEgtnt nRes VRGP holioyel And TR iatiny o it Jreorlidian RERHr AEES o8t D6
]£PCR) o;cemn/t/hdm@dyulﬂmee@fpiuemgoofcloeneprcﬁsmeomudledndarseesem@ ohdit cbetrepluammﬂ THNA
ragment s

t t S t 1990,
P P BRI RUENGH TR SIS DR S S Srfhene IMBIE ool oRE:
anplifi ccatribmatlmmedamres such as i gase chain react | on (LCR) I | gat ed
activated transcri t LAT% I eotb{ e '%ﬁ (ge | ftl catfl on
CRASBA) oray " DR et Filahiaied FoaiBe 1.6 Boh B RIS Fion TS MBndier BN, O
go agti lmimrocdm!tuaé sé@lwem:hﬁdehmoehlwntgszbudémm wille naelqou&mt R €1681te 288 tof s&lQ ID
seudo | r ano er.or rel at.e rga . us or m
b’ an PNt Brefiral, and BEUEOGH e Be e ARl R oG At at kst S BRNBY. (o
n:JcI eot isden &e(c]lmeém 90 elentiy| mtr? @%féreﬂly%deam%&!d@htyals?ad taﬁyat %a:n@a%d
clonin ure e n enetl C en neeri n r oca e nuc
eoneno e 8Pt Hen! St ol b Be e g b8t sBYe fRhfyy i Bt o] e
EI ep_r1od3c9fe% thhertmuHIesmueg 1B601ReR8E @% SEY IDNNOL YV ePreferalsly,Otheandcléctiak addquene a
esire ragnen

npr.i si.ng. t he nucl i de .sequence encqdi,ng.the
oLy pepENaaEs, ARAXHEBHIOS (Mading gy G P BAL GR Y e P OREE o0 PR JOTHEY BPMIERENIYT nt o
a ?/fact ornum@b@cfza;ﬂs@qu@d&sl mceémmbu (o7 Q:ffes%uLbédr @mmml tslval(eeevem:x @eclidh ﬁnﬁtlétDSt
ce e.nmultjple copies o es o e nucl eoti de se
Fepl i cat BaiTRs) RirFaBY: e ulRste Soqheon OB B SEEHAe (rhs of SED
sem syntbeNoes. myaﬁ hﬁ/tehcmafé Prdferréd eaiodintsnbiHeahusIBstiden se@@hce Sohbigts of
present invention | ates to a pol ynucl eoti de havi ng, preferably

consPst ingleglides 1§Gﬁ%3§§8f PER 9 ddnce which has at |east 65%identity with
nucl eot i des W@nétﬁeﬁﬁﬁar@ét:@@pb& tHé‘(BrésenPFrﬁ‘eﬁtr cﬁbﬂe]/ateé fea @B%@ﬂ’édti@@ h'aemgence

has at |east 70%identity ? east 80% i dent Y g at | eas
90% i de¥¢ FS?b'Ynﬁ?’E'ﬁHF‘éf‘ér ébF&F %&t'dP e%?gt‘e'?ﬁ?o/éf"hﬁﬂn*ﬂﬁst 9t east ﬁ5éf’s'd§Pt'tVe"é’1'H1 ”%%

i denti t)éntlﬂlcﬁobléltpdl tided éfed aﬂt Yf tIRY AlcIERIR HRibREABIseAt inl SAticr8B8%
identity, such as east 10 9 wi th nucleotides 166 to 285 of SE

NO 1. prp@fygﬁgmeyem:pq:l@g RHElPeis %@Iugmﬁfﬁ%@t inResgiarlestans Rigem CEe 44&3%51

ant ipgi Craoaﬂe?érreaCémuba.menﬂ e %gfe%eofqaemﬁkp Withttbfe %hwab.éwysznyﬂégﬁa@ehéd&%g
sequences i s det erm ned descCrib previously (see the section entitled

" Def i ni tPEneF the W%@%W&Wiﬂ“eﬂ% Hﬁ%ﬁ?ﬂbm iPAEMCERRIAL rRAYRESHER esgading, sElplidfos
166 t0 288udceFr8ent B ﬁ*@«ﬂdopieetam Aele EREe44Y $f R dt66hst 7D b;@e it |ea5h@0%

nucl eoti de sequence consists of 15 nucleotides 166 to 285
| n anot I$8¢h phBbleask 9015 mepreereferably apleastedi’ i sHiebmsi ¥reast Pa¥e & o @t keast 97%

pol ynucleged e B%Yéraglg at Rera‘éf‘ @é%béaehcaerme%%t 88 Obrefétahly Cthe PubIE St FResBRBRE
whi ch has at | east % 1 dentity with

25 comprises the antlmlcroblal encoding part of the nucleotide sequence present in antimicrobial
polypeptide encoding nucleotide sequence present in Pseudoplectania nigrella CBS 444.97. In
an even more preferred embodiment, the nucleotide sequence consists of the antimicrobial
polypeptide encoding part of the nucleotide sequence present in antimicrobial polypeptide
encoding nucleotide sequence present in Pseudoplectania nigrella CBS 444.97.

30 Modification of a nucleotide sequence encoding a polypeptide of the present invention
may be necessary for the synthesis of a polypeptide, which comprises an amino acid
sequence that has at least one substitution, deletion and/or insertion as compared to amino
acids 1 to 40 of SEQ ID NO:2. These artificial variants may differ in some engineered way
from the polypeptide isolated from its native source, e.g., variants that differ in specific activity,

35 thermostability, pH optimum, or the like.

It will be apparent to those skilled in the art that such modifications can be made
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antim crobi al pol ypepti de encoding part of the nucl eotide sequence present

i n antimcrobial polypeptide encodi ng nucl eoti de sequence present in
Pseudopl ewpDanioatomd grel l a CBS 444.97. In 20 a preferred enpodinrenog7sihe
degree of identity with the anti rri crobi al pol ypeptide encoding part of the

nucl eoti de. se ence resen cro al e enco .
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east 9, SuU as at st e.g., at | east e erably
at | easUeg8% esﬁ?ﬂ‘l’eageéf 1% Jven A)a%Sr@f"r&f%[BI@f?f%ﬁ@ Hﬁtcfgzk@gq '58‘3{5 et 25

conpri sedch §¢ satititutio, by bé mmcrmi agofdd togirotduretikrionnt in diee secaueh e site-
present in antimcrobjal ol %wl de encodi n nucI eoti e se uence wee"gent

in PSeudbRHEd rRHAGENSSS, @ flgni 4“99‘?‘“@9?”33' (&R rf %or @’F‘r%&i’
enbodi mapgy, Skiendeugd£otdsdeloseyURhE ISRStEStirtguRf nhthendmtarm .arr@duoah at every

polypeptlde ncodln art .of the nu Ieo | de se resent in

anti m CPBB'F' ?ﬁ'?%gb%' '”é'?ﬁ:mfet‘?ﬁ naE feag'%ﬁm}g?r@é“?}%%%?fﬁ tgsted for
Pseudop |aﬂﬁrh%l‘bdb?al MABiviB) ll@ |0@Bﬁi’ygé|rﬁlnf87acr|]@ Qedibnghist thagtare rritiéal @ontiel a&iﬂtntyd of the
sequenc nco |n a _po tide of the present inven ma nec

for t he”é‘ﬁ?ﬁ“ o‘i‘f %‘%@? gﬁ@ﬁmﬂé”temI ) g%geﬁfﬁmﬁlﬁfjn 3%‘? 'S Qgg'l?ence
t hatighagnraé- dhﬁé\%’id 1on@n§trtﬁ:tl.b§ b deterPmed 49 lsath mrua.adés)as nmeartm@gheas résofpedecd
to amino acids

E These art f|C|aI S m
i 11 or | PRASTmeBI R REGToA K FSH PR G5y gt (95 1 2 ABOF rSRPp 255
native 308/392; SRitd et al aABbRANIcuridnaf MalethiF Biolbgy 224! 39929(&131WMUé\ber et 80 1992,
thernostabilit mum or the like. It will be apparent to t hose

skilledF ﬁ@stll{%}éé"‘ré)ogt ﬁgt&%uch nmodi fi cati ons can be made 15 WD 03/ 044049

PCT/ DKO2/ 007 Rfore Vit S4 Hciddlige rs@@uéﬁ%% é%b@lh@é'poﬂybebthﬁ SfURE tor&¥enPivéhidn may
nol ecul e and still result in an act oly de. Anmino acid residues

essdht | &e medifiagbyiptroductign gt nwwﬂﬁewbﬁwtl%é %&%@thvet iRe toAnethen aMmie

Sequenc%c@fsebhéndeWﬁHé b@l@gepﬁi&@ dnbsd&f By ﬁhem&fe@ﬁ@@byqué%e BlRiwedh ddrespond
nodi fication, such as substitution, dégfe i dentified according to

pr ocedut@egosan Upaoe ofdhe hest osganisma intanded for RIpustioR AT theteRgWResi s or

al ani ne- scanRihBYiNYLGARACS! & Gﬁiﬁ@t.one"ﬂo th@ﬁwémlaans@lrénwltlosexch?aﬂ &, one
Sci ence 244: 1081-1085). In the latter technique, nutations are infroduced

at ever yuclgetide: foy anptheh augleetidecaiay ke awom?ésfm by siterdiresied mHéagenssist Ysing
TR &F UhE néh&ust RviRdin’ e a@npémlﬂmbugéfuﬁ@tthaIdracetdfaré cwmén {510

Bt
amg reS|dues that are critical to the activity of nol ecul e. Sites of

subst r asePeragiiade dpwkie stiatdesnDiArvesios withearndeset af W@ﬁﬂeﬁyﬁf&rﬁ&‘l%ﬁyﬁﬁ‘e&? Primers] o
t hr ee- di BRI AL d@gméb%waﬁo@&raeél.gemab%d@ﬁnﬁqe@ﬂ esa@wmaeﬁ@n@a @wp%fe

magneti c resorfance analysis, crys | ogr ap or photoaffinity 1 abel
(see, esfandsief Wigsvestor.agxtends daring tsmp@fﬁi@rezws ng By @EeNy of iy Pepolamerasgggz

Jour nal ¢f SngHﬁbﬁ of ﬁﬂé)br‘ﬂﬁé(rszg%utgt%% piilhic Ao RERYRS stgégé?led nick? %2 gendrRBS.

Letters 30 Moreover, a nucl eoti de sequence encodi ng a pol yg@;tlde
of Rhe Hodewing tempasatureeyckrgs thqBfoﬁécmﬁﬁﬂteéwl®339%wh@bu%§FPQFr'f'CdP" maty@érd de

substi t uhiqRsniatHy et DRAT toIkbigBst" theCpdrentaNBNACHenfHHte And to select for mutation-

containing synthesized DNA. Other procedures known in the art may also be used. For a
general description of nucleotide substitution, see, e.g., Ford et al., 1991, Protein Expression
and Purification 2. 95-107.

30 The present invention also relates to a polynucleotide having, preferably consisting of,
a nucleotide sequence which encodes a polypeptide having antimicrobial activity, and which
hybridizes under very low stringency conditions, preferably under low stringency conditions,
more preferably under medium stringency conditions, more preferably under medium-high
stringency conditions, even more preferably under high stringency conditions, and most

35 preferably under very high stringency conditions with a polynucleotide probe selected from the
group consisting of (i) the complementary strand of nucleotides 166 to 285 of SEQ ID NO:1,
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aci d sequence of the pol ypeptide encoded by the nucl eoti de sequence, but
whi ch correspond to the codon usage of the host organi smintended for
product i owOo®B/0s40¢9 enzynme. The introduction of a nutation POT®KS0781

nucl eoti de sequence to exchange one nucleotide for another nucleotide may

cnown | ADLRE ampierestie tea ) i BPDAOFERBAE SoRRen AL rBipRles, 1o S0080°

super coideed|D BIOLl‘anadsiin)rmed:ed\plalmmeoand\bftr’mcmotldessem 285 of SE@ IR MO and t wo
synthetic pri e ni,n mut at i on, opucl eot i
priners, eac ﬁrﬁ? {é’lpﬁ’ ‘?%a'gpaﬁgg‘?afr@ U?aﬁ FAEEY h¥t?{%'2% ﬁ%%&‘?'&ﬂ@"e
duri ng tseqmmfca*s Wilebe:y.elsiarr@ dnanaiegoss tf thefhybiidlietipolagpesta discussed in the section

i ncog por.a ner s . pl.asmi.d containi ng staggered nicks
isg neﬁaﬁ%#qpf[é’pﬁ% eg\}d%‘fﬁgtm?rg?ﬁ éé?'éf@%l?\eﬁedn the product is treated with
Dpnl which is specific for nethylated and hem nethyl ated DNA to digest the
par ent al DI\IA enpl ate and to select for nutation- containing synthesized
DNA. QM@@\MOV\M inthe art may al so be used. For a general
description qﬂqermeémﬁmxéat.@ubtsbirélute'sota nuBRé: acd @onstEmtsdccﬁhp:iding a Hallkotide
Protein Expr e55| on Purificatio I nven

] o0 1 O EANCE (o ohg SR aS L TISTIE CRSUAER, TSR dp cinsut, Mot CPGT S reclpicebhal
nucheot idgtects e eReressibh cif BBCOsESy Bepoénteept iadeuitis Mysarkll ningep boaditions

activity, whi. ¢ h di zes under very |ow stringency conditions,

pref er aﬁpvpﬁﬁd%?’v'thgf\’ﬁ %‘%/’}?WOL%’"HEQCQ@ondl tions, nore preferably under nedium

str Id ngency conGhutledtiss sem:@ca[)afoeamal ¥ pumeptammdif ure Mrghentzhvém@anmny be

conditions, even nore prefera stri cy, condjtjo st

So " or of SATIRAEN LR GURty ShigR® 1 PN fes SRR G 16S abv RS oERBkeRNt e

probe s%eeﬁhedotideoseddaace PFieUD Qth?de&IdnnlﬁtoOé \(ebt)ort Be ek RaBE toa Mg cedsand

of nucleotides 166 to 285 of SEQ I D NO 1 g 03/ 8/44049 PCT/ DKO2/ 00781
c

(ii)°t hECRHMINEPBNINGr SXPERTSIAN VRAOT ﬂé‘ec%”'gﬂé‘%iu BodinifiNHERCYAS ARAUSBEE des

70 to 28@ifHg reSE@binDnm/i,meaﬁkshs(aréwenu(hems;wmbeﬁent ary strand of
nucl eoti des to 285 of SEQ ID NO 1. wi Il be understood, details éalq)
e

particul ars J@ﬁcéﬁ"ﬁf%gsq‘iy St Pﬁna’bfaptpm?”ﬁt?clpé%?‘?tﬂ% Se%ﬁrif@nc%é‘“ﬁﬁp'

the samgeQlierRBaLIE 4SreboyriZtd Y BhosH EeMl foP BxRERNSH 6f MeSTtRDEEk beqUdhte SEd | on
5 entitled "Pol ypeptides Having Antimi crobial Activity" herein. Nucleic

Aci d CoREITRIE 859H6ACH CeRlae tiaRveRtiR cante searanass. WBCh eadiate the, pgpression

congpr uek %he%ﬁ!%ﬂ fd1The prothbtePhial Be an9 MuBBERIeOSequBRcPWRIER Bhowd W Si¥ctitibnal
operably |inke eFo one or nore cgntro? seq uencesq that 10 direct th&

expr essidghvilyfin thahed del §f serjer Rckiding 'H“*é’m frpraiepqRnd Rydrid Ripmeters 3REit@bns

conpat i Be&pdihdy &R JerBs EHéoo%%qébﬁ%SlﬁJIar%rW@c@%lé%lﬁ%ﬁ%@th@ﬂﬁ@ﬁlbl@@o@s
pol ypeptide of the present invention nay be nmanipulated in a variety of

ways t o Ophe\eTeaqusito &eptassetlon of the pol ypeptide. Manipul ation of the
nucl eoti de seQURPRR B sQifable? ptdriotbRS firt diRitind itRe AranS&iflibn "B thRendgst rall e

or rzlgcesccs)r?srt%/ucts of the present invention, especially in a bacterial host cell, are the promoters

obtained from the E. coli lac operon, Streptomyces coelicolor agarase gene (dagA), Bacillus

subtilis levansucrase gene (sacB), Bacillus licheniformis alpha-amylase gene (amylL), Bacillus

stearothermophilus maltogenic amylase gene (amyM), Bacillus amyloliquefaciens alpha-

amylase gene (amyQ), Bacillus licheniformis penicillinase gene (penP), Bacillus subtilis xylA

30 and xylB genes, and prokaryotic beta-lactamase gene (Villa-Kamaroff et al, 1978,

Proceedings of the National Academy of Sciences USA 75. 3727-3731), as well as the tac

promoter (DeBoer et al., 1983, Proceedings of the National Academy of Sciences USA 80: 21-

25). Further promoters are described in "Useful proteins from recombinant bacteria" in
Scientific American, 1980, 242: 74-94; and in Sambrook et al., 1989, supra.

35 Examples of suitable promoters for directing the transcription of the nucleic acid

constructs of the present invention in a filamentous fungal host cell are promoters obtained
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15 dependi ng on the expression vector. The techniques for nodifying

nucl eoti de sequences utilizing reconbinant DNA net hods are well known in
the art. wWbaspenty ol sequence nay be an appropriate pronotP€ET/DEIq0Este, a
nucl eoti de sequence which is recognized by a host cell for expression of

h I
cont ol "SBHIE asHES MR B S oo T A TR E TS S i B EL Bl e
pr onot eAspevgilloe a/gyr mmlltriabta;lplm ammwﬁe\smbvgdlhs shiges daichnstable pIaIpbaet-ajrqnylasebrI |
o omot o SbgIHE I i Akl A% B BB IAR: AR iflenBfoatt
| n]t lraceIAspb/@rllupobwe@t algalﬂmeeiptdte?sehomqbavglm orpzaehelucmeolnb\gsprésarte o;s?ﬂgﬁrdses: e

a

nucl & o Bepgitsc et et tBrR 18 /uBanii orpRh ReshARRChlgEeR" a0
bacteri @B/OIO@S’Z) @aslwell as ¢hd hngplopromta (aoptoait e dhé rpoombtees Eomcmblgdnas for
operon, ,St [en %ces C

| i B | | btili
P e ARe e Mo et At hy S PRT AshPTy, S0%ap wise tpeiitate Sibiireds
Bac: I : ysand?tmnpmhmamapbhdi byabrmqirbmgters thesgvfl ase gene (alrryI\/I Baci | | us
ol i quef aci ens_a ene (a a us lic
S o1 11eL S8 Bt DR S BB Carh Rtoheq JRR s et Y Btsthdllvesy
pr okar yaefevisizet aehasama@ENQane SdctHamoiipeer ofckrevisiaal . ,galddRinas®r o@®&ldi)Ngs
i.,onal Acade 3727-3731 t he, tac

of the t of . Sci ences A 7 a I

o onrot er P HRRTB T ol erPigs CARhEl no Beurr iR el sra R Aotahate
Sci enpeslehﬁ@o@éhasauAm&/GAPwadmerSapc/mromces gervidtaec Bighesphoglycélsed Winase.
Db " e P ETBRALlr S5 s e PR By el 190 elt
pronot ed23#468. directing the transcription of the nucleic acid constructs
obt dPred 17 108 Bl SESBRTr k3P Gt 8ot b, L nsCqRing. SrBinakE PTG
oryzae $édfienas)reesghizedhby aniuseicelite femirgid arahberiptioot emmermmatdks@@rughbé WS
heer o SheeBl BT R RS2 GntSBrLaneendh SEbuior docodth Do bR G5

m ehei  kdrp@tor whSPRF@hdtibhal anh)éM@t @anmIchﬁee ﬁfa@tb%a.fs@d .rﬁﬁeq:rr@sént Wyeftionz ae
Fusar | um oxy CEURER (3 TEIdTs fondlerifusstBdeihst oRPges Shmesd i tne Sanesiiy
NA2 2t pi A@b@gm‘b@rorﬁ 2ach YTiaKiAd aﬁfyletsae A%b@fmmgrﬁ/géfr QlicbaRyASa e AsharGilud\SH@NIERS | us
ni ger neutr al nyl ase il]us oryzae triose phosphate

i soner agByranily oépv 231 ASR%’@@&%P’EGP 'a*?ﬁrgmqamfepﬁe%yé?w REYSPGFUM rypgin-

yeast hq@prow‘a@gul pronoters are obtained fromthe genes for Saccharomyces
10 cerevisiae enolase (ENO 1), Saccharonyces cerevisiae gal act oki nase

(GAL1), Sacgfﬂﬁ%ﬁ‘glcﬁém@é%%@faéeaﬁ cl®syj cells are obtained from the genes for
dehydr ogeea@rﬁa%@yoéeeé@bﬂeby dRoRse hsé&lhawnycee e RARNBRABCH OB @AVL 1), 2diH

Sacchargnyces cerevi si ae hosghdg ycerate ki nase.
25  Saccharomyces cerewsrae glyceraldehyde-3-phosphate dehydrogenase. Other useful

terminators for yeast host cells are described by Romanos et al., 1992, supra.

The control sequence may also be a suitable leader sequence, a nontranslated region
of an mRNA which is important for translation by the host cell. The leader sequence is
operably linked to the &' terminus of the nucleotide sequence encoding the polypeptide. Any

30 leader sequence that is functional in the host cell of choice may be used in the present
invention.

Preferred leaders for filamentous fungal host cells are obtained from the genes for
Aspergillus oryzae TAKA amylase and Aspergillus nidulans triose phosphate isomerase.

Suitable leaders for yeast host cells are obtained from the genes for Saccharomyces

35 cerevisiae enolase (ENO-1), Saccharomyces cerevisiae 3-phosphoglycerate kinase,

Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol
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O her useful pronoters for yeast host cells are described by Romanos et

al ., 1992, Yeast 8: 423-488. 15 The control sequence may al so be a

sui t abl e woans¢ewipti on term nator sequence, a sequence r @CIFH2o0M08by a
host cell to termnate transcri ption The term nator sequence is operably
| i nked to

t f th
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unga e obt ai rom nes for erqillus za
TAKA amyNaEk 15 AR of o iR e GPTebil, REQEcR g SR ket et ted |
ant hr aniréaigaizey rbtyl‘tais e\i?stﬁéellet:sga Islgnalptrol ?idr pc&%am{(eaeghelcmdmfe traaadnb![édﬁ'alRNAm

t - like prote referre 0 Qr as
ol 1 8o gbRrBiRop SrBRE =GNy sl SRE TR el BBLSY olsfiradh ¥ Lol e
Sacchar @mséasmoerﬁt@mskae cyt ocr:]hrohrretC gCYC1) and 25 Saccharorryces
cerevi si ae e osphat e rogenas
Cer mi nat or s CPUFIey B SONAGErIRER, SSlEhSero ot THIBHRGe Ao EcteFSTS Ao optajned

supra. Tiden Qn@tg@‘bssmu@speeglmy oBlzs® THRKA auylhsebl AspeRgithes g Ughiaoamyase,
nontrans] at e ion rtant for transl at on bg%ci he

oot " o HsperglS s S ?@Waﬁsefasﬁfﬁoﬁkwwe trypsnaike RiplaRtrs

t he 1oucl,@péngd/@smuerme gwwgldam t he pol ypeptide. Any 30 | eader sequence
host cell of c used

ot on " UsRR R AcERgRE pafentes At Teanpal At Bostibed 5y Bum ned

from t heshganas 1996, MORPEBOCEINE Bislygats: boBA5e0Y.| ase and Aspergil | us
ni dul ans tri hosphat e i soner Sui tabl e | eaders for t cells
I d

o oot med TRE AL oSeneS PSS bk & SRy RePEES 0710 regina I Hogeg Tor &

(ENO 1) .amba¢ 66iasefuéie [HRES 6 HeA8miboRBASATOE! X GRIVREStdE é}ﬂmrectssﬂn@mbeéwces
cerevi si ae al pha-factor, and Saccharo ces cerevisi ae al cohol

03/ d34089VpeRtidsKins der 82's RERTFATS g &yt “odBHiEDEs Of the

dehydr oggbresfid &dueh&d\May inhemydontin S%h%nﬁépthCo@irﬁ;OreQ%n&\aturally linked in
pol yadenyl atlon seguence, a sequence O erablgI | i nked 't o the 3" term nui
he

t he nuclti@pelatrn Eeéﬁ'ﬁ@nfé%'“%r‘{ﬁhvw? SRIMGRteH the SALIRY Ireqien Whé’ eeedRmingetec

host Ce'dogééptﬁiesmmematﬁ/é]yatﬂé P Anyastane dodmgr KuEHES Mn?dﬁ%rélw pféBf}Ub 5
Any pol yadenyl ati on sequence which is functional_in the host cel|l of choice

may be $8dRI|"RILALVDIpH é%é?{?'gﬂ P She | AINgFResuePse d sofareige iianat Peptidsc e s
for obi | @6 Ri&y Bceqaﬁé‘ﬁFedWﬁére@I% ey é%q@@ﬁ@é ALt not hamélb%oﬁféﬂ\eé sigR&l peptide

Aspergillus oryzae | ase, Aspergillus ni a | ucoanyl ase,
Asper gi Icrdiag Hpaian afieraaliveia e E’F%g%yﬂgﬂﬁ'a%@“df:@ 'PBJ?(Q'SRMO?'WHW repl3se ihg i ke

pr ot easgqnpfdsighd PERRIOLLAING rRbiBRT inabRBAt8! &RhteaiRretion of the polypeptide.
However, any signal peptide coding region which directs the expressed polypeptide into the
secretory pathway of a host cell of choice may be used in the present invention.
25 The signal peptide coding region is nucleotides 1 to 69 of SEQ ID NO:1 which encode
amino acids -55 to -33 of SEQ ID NO:2 (or amino acids 1 to 23 of SEQ ID NO:3).

Effective signal peptide coding regions for bacterial host cells are the signal peptide
coding regions obtained from the genes for Bacillus NCIB 11837 maltogenic amylase, Bacillus
stearothermophilus alpha-amylase, Bacillus licheniformis subtilisin, Bacillus licheniformis beta-

30 lactamase, Bacillus stearothermophilus neutral proteases (nprT, nprS, nprM), and Bacillus
subtilis prsA. Further signal peptides are described by Simonen and Palva, 1993,
Microbiological Reviews 57: 109-137.

Effective signal peptide coding regions for filamentous fungal host cells are the signal

peptide coding regions obtained from the genes for Aspergillus oryzae TAKA amylase,
35  Aspergillus niger neutral amylase, Aspergillus niger glucoamylase, Rhizomucor miehei aspartic

proteinase, Humicola insolens cellulase, and Humicola lanuginosa lipase.
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Usef ul pol yadenyl ati on sequences for yeast host cells are described by Guo
and Sherman, 1995, Mol ecul ar Cellul ar Biology 15: 5983-5990. The control
sequence waysak®a be a signal peptide coding region that ectdasbon7san

am no acid sequence i nked to the am no term nus of a pol ypepti de and
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regi on. kAbwe=BaL préehdymd bﬁpf‘bﬁbl?ﬂ)@mdé i(@n@kymegsn |d&0&fﬂjca“§§sr @gpr@polp‘mptlﬂe rml y
replace the natural signal peptid godlng re lon.in
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glucoamylase promoter may be used as regulatory sequences. Other examples of regulatory
sequences are those which allow for gene amplification. In eukaryotic systems, these include
the dihydrofolate reductase gene which is amplified in the presence of methotrexate, and the
metallothionein genes which are amplified with heavy metals. In these cases, the nucleotide
sequence encoding the polypeptide would be operably linked with the regulatory sequence.

30

Expression Vectors

The present invention also relates to recombinant expression vectors comprising the
nucleic acid construct of the invention. The various nucleotide and control sequences
described above may be joined together to produce a recombinant expression vector which

35 may include one or more convenient restriction sites to allow for insertion or substitution of the

nucleotide sequence encoding the polypeptide at such sites. Alternatively, the nucleotide
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25 kanamycin, chloramphenicol or tetracycline resistance. Suitable markers for yeast host cells
are ADE2, HIS3, LEU2, LYS2, MET3, TRP1, and URA3. Selectable markers for use in a
filamentous fungal host cell include, but are not limited to, amdS (acetamidase), argB
(ornithine carbamoyltransferase), bar (phosphinothricin acetyltransferase), hygB (hygromycin
phosphotransferase), niaD (nitrate reductase), pyrG (orotidine-5’-phosphate decarboxylase),

30 sC (sulfate adenyltransferase), trpC (anthranilate synthase), as well as equivalents thereof.

Preferred for use in an Aspergillus cell are the amdS and pyrG genes of Aspergillus
nidulans or Aspergillus oryzae and the bar gene of Streptomyces hygroscaopicus.

The vectors of the present invention preferably contain an element(s) that permits
stable integration of the vector into the host cell's genome or autonomous replication of the

35 vector in the cell independent of the genome.

For integration into the host cell genome, the vector may rely on the nucleotide
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25 into the host cell to increase production of the gene product. An increase in the copy number
of the nucleotide sequence can be obtained by integrating at least one additional copy of the
sequence into the host cell genome or by including an amplifiable selectable marker gene with
the nucleotide sequence where cells containing amplified copies of the selectable marker
gene, and thereby additional copies of the nucleotide sequence, can be selected for by

30 cultivating the cells in the presence of the appropriate selectable agent.

The procedures used to ligate the elements described above to construct the
recombinant expression vectors of the present invention are well known to one skilled in the

art (see, e.g., Sambrook et al., 1989, supra).

35 Host Cells
The present invention also relates to recombinant a host cell comprising the nucleic
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25 includes the phyla Ascomycota, Basidiomycota, Chytridiomycota, and Zygomycota (as defined
by Hawksworth et al., In, Ainsworth and Bisby's Dictionary of The Fungi, 8th edition, 1995,
CAB International, University Press, Cambridge, UK) as well as the Oomycota (as cited in
Hawksworth et al., 1995, supra, page 171) and all mitosporic fungi (Hawksworth et al., 1995,
supra).

30 In a more preferred embodiment, the fungal host cell is a yeast cell. “Yeast” as used
herein includes ascosporogenous yeast (Endomycetales), basidiosporogenous yeast, and
yeast belonging to the Fungi Imperfecti (Blastomycetes). Since the classification of yeast may
change in the future, for the purposes of this invention, yeast shall be defined as described in
Biology and Activities of Yeast (Skinner, F.A., Passmore, S.M., and Davenport, R.R., eds,

35  Soc. App. Bacteriol. Symposium Series No. 9, 1980).

In an even more preferred embodiment, the yeast host cell is a Candida, Hansenula,
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cell. Fusarium torulosum, Fusarium trichothecioides, or Fusarium venenatum cell. In an even most

25 preferred embodiment, the filamentous fungal parent cell is a Fusarium venenatum (Nirenberg
sp. nov.) cell. In another most preferred embodiment, the filamentous fungal host cell is a
Humicola insolens, Humicola lanuginosa, Mucor miehei, Myceliophthora thermophila,
Neurospora crassa, Penicillium purpurogenum, Thielavia terrestris, Trichoderma harzianum,
Trichoderma koningii, Trichoderma longibrachiatum, Trichoderma reesei, or Trichoderma

30 viride cell.

Fungal cells may be transformed by a process involving protoplast formation,
transformation of the protoplasts, and regeneration of the cell wall in a manner known per se.
Suitable procedures for transformation of Aspergillus host cells are described in EP 238 023
and Yelton et al., 1984, Proceedings of the National Academy of Sciences USA 81: 1470-

35 1474. Suitable methods for transforming Fusarium species are described by Malardier et al.,
1989, Gene 78: 147-156 and WO 96/00787. Yeast may be transformed using the procedures

24
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96/ @978 fromyesldysatesy be transformed using t he procedures 24

The polypeptides may be detected using methods known in the art that are specific for
the polypeptides. These detection methods may include use of specific antibodies, formation
of an enzyme product, or disappearance of an enzyme substrate. For example, an enzyme
assay may be used to determine the activity of the polypeptide as described herein.

30 The resulting polypeptide may be recovered by methods known in the art. For
example, the polypeptide may be recovered from the nutrient medium by conventional
procedures including, but not limited to, centrifugation, filtration, extraction, spray-drying,
evaporation, or precipitation.

The polypeptides of the present invention may be purified by a variety of procedures

35 known in the art including, but not limited to, chromatography (e.g., ion exchange, affinity,
hydrophobic, chromatofocusing, and size exclusion), electrophoretic procedures (e.g.,
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WO 03/ 044049 PCT/ DKO2/ 00781 described by Becker and Guarente, In Abel son,
J.N. and Sinon, MIl., editors, GQuide to Yeast Genetics and Ml ecul ar

Bi ol ogy, Wbtohod®49 n Enzynol ogy, Vol unme 194, pp 182-187, AeaddKoe/00MB1ess,
Inc., New York; Ito et al., 1983, Journal of Bacteriology 153: 163; and
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25 Also included within the scope of the present invention are the progeny of such plants,
plant parts and plant cells.

The transgenic plant or plant cell expressing a polypeptide of the present invention
may be constructed in accordance with methods known in the art. Briefly, the plant or plant cell
is constructed by incorporating one or more expression constructs encoding a polypeptide of

30 the present invention into the plant host genome and propagating the resulting modified plant
or plant cell into a transgenic plant or plant cell.

Conveniently, the expression construct is a nucleic acid construct which comprises a
nucleotide sequence encoding a polypeptide of the present invention operably linked with
appropriate regulatory sequences required for expression of the nucleotide sequence in the

35 plant or plant part of choice. Furthermore, the expression construct may comprise a selectable
marker useful for identifying host cells into which the expression construct has been integrated
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(Kagaya et al., 1995, Molecular and General Genetics 248. 668-674), or a wound inducible
25  promoter such as the potato pin2 promoter (Xu et al., 1993, Plant Molecular Biology 22: 573-
588).

A promoter enhancer element may also be used to achieve higher expression of the
enzyme in the plant. For instance, the promoter enhancer element may be an intron which is
placed between the promoter and the nucleotide sequence encoding a polypeptide of the

30 present invention. For instance, Xu et al., 1993, supra disclose the use of the first intron of the
rice actin 1 gene to enhance expression.

The selectable marker gene and any other parts of the expression construct may be
chosen from those available in the art.

The nucleic acid construct is incorporated into the plant genome according to

35 conventional techniques known in the art, including Agrobacterium-mediated transformation,

virus-mediated transformation, microinjection, particle bombardment, biolistic transformation,
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sel ectabl e marker gene and any other parts of the ‘expression construct may

be 25 The composition may comprlse a polypeptide of the invention as the major polypeptide
component, e.g., a mono-component composition. Alternatively, the composition may
comprise multiple enzymatic activities, such as an aminopeptidase, amylase, carbohydrase,
carboxypeptidase, catalase, cellulase, chitinase, cutinase, cyclodextrin glycosyltransferase,
deoxyribonuclease, esterase, alpha-galactosidase, beta-galactosidase, glucoamylase, alpha-

30 glucosidase, beta-glucosidase, haloperoxidase, invertase, laccase, lipase, mannosidase,
oxidase, pectinolytic enzyme, peptidoglutaminase, peroxidase, phytase, polyphenoloxidase,
proteolytic enzyme, ribonuclease, transglutaminase, or xylanase.

The compositions may further comprise another pharmaceutically active agent, such
as an additional biocidal agent, such as another antimicrobial polypeptide exhibiting

35 antimicrobial activity as defined above. The biocidal agent may be an antibiotic, as known in

the art. Classes of antibiotics include penicillins, e.g. penicillin G, penicillin V, methicillin,
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pol ypherfscHus gagtéls (AT80 6633) to 1/100 after 30' min. incubation at 20°C in an aqueous solution
of 25%(w/w); preferably in an aqueous solution of 10%(w/w); more preferably in an aqueous
25  solution of 5%(w/w); even more preferably in an aqueous solution of 1%(w/w); most preferably
in an aqueous solution of 0.5%(w/w); and in particular in an aqueous solution of 0.1%(w/w) of
the biocidal agent.
The biocidal agent may also be capable of inhibiting the outgrowth of Bacillus subtilis
(ATCC 6633) for 24 hours at 25°C in a microbial growth substrate, when added in a
30 concentration of 1000 ppm; preferably when added in a concentration of 500 ppm; more
preferably when added in a concentration of 250 ppm; even more preferably when added in a
concentration of 100 ppm; most preferably when added in a concentration of 50 ppm; and in
particular when added in a concentration of 25 ppm.
The antimicrobial polypeptide of the invention and the biocidal agent of the composition
35 may be selected so that a synergistic antimicrobial effect is obtained.

The antimicrobial polypeptide and the biocidal agent of the composition may be
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25 polypeptide, are inhibited at least 5% (preferably at least 10%) longer time than compared to
what is obtained by adding the results of separate incubations with the biocidal agent and the
antimicrobial polypeptide alone, i.e. a simple additive effect.

The compositions may comprise a suitable carrier material. The compositions may also
comprise a suitable delivery vehicle capable of delivering the antimicrobial polypeptides of the

30 invention to the desired locus when the compositions are used as a medicament.

The compositions may be prepared in accordance with methods known in the art and
may be in the form of a liquid or a dry composition. For instance, the polypeptide composition
may be in the form of a granulate or a microgranulate. The polypeptide to be included in the
composition may be stabilized in accordance with methods known in the art.

35 Examples are given below of preferred uses of the polypeptide compositions of the
invention. The dosage of the polypeptide composition of the invention and other conditions
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antim crobial polypeptide alone, i.e. a sinple additive e
25 processing plants, water treatment plants, and cooling towers. The antimicrobial polypeptides

of the invention should be used in an amount, which is effective for cleaning, disinfecting or
inhibiting microbial growth on the surface in question.

Further, it is contemplated that the antimicrobial polypeptides of the invention can
advantageously be used in a cleaning-in-place (C.1.P.) system for cleaning of process

30 equipment of any kind.

The antimicrobial polypeptides of the invention may additionally be used for cleaning
surfaces and cooking utensils in food processing plants and in any area in which food is
prepared or served such as hospitals, nursing homes, restaurants, especially fast food
restaurants, delicatessens and the like. It may also be used as an antimicrobial in food

35 products and would be especially useful as a surface antimicrobial in cheeses, fruits and

vegetables and food on salad bars.
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25 bandages, medical devices such as, e.g., catheters and further to anti-dandruff hair products,

such as shampoos.

In vitro synthesis

The antimicrobial peptides of the invention may be prepared by in vitro synthesis, using

30 conventional methods as known in the art. Various commercial synthetic apparatuses are

available, for example automated synthesizers by Applied Biosystems Inc., Beckman, etc. By

using synthesizers, naturally occurring amino acids may be substituted with unnatural amino

acids, particularly D-isomers (or D-forms) e.g. D-alanine and D-isoleucine, diastereoisomers,

side chains having different lengths or functionalities, and the like. The particular sequence

35 .and the manner of preparation will be determined by convenience, economics, purity required,
and the like.
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fibrosis; and sexual transmtted di seases including, buf not limted to,

gonorrhé‘éahﬁ’fﬂteﬁhl anydi a. The conposition of the invention conprises an

ef fective anmount of the antimcrobial polypeptide of the invention. 20 The
term"effective anount” when used herein is intended to mean an anount of
the anAnfFeedal pol ypeptide conprising the anino acid sequence shown as
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which is sufficient to inhibit grow m croorgani sms i n question.
The i nvéntimisrobialsactivity dn @i fgedinas weeéu aswéo deeh semprotienso AN ferd @dditiverch
as comprising the antimicrobial polypeptides of the invention.

The term animal includes all animals, including human beings. Examples of animals
are non-ruminants, and ruminants, such as cows, sheep and horses. In a particular
25 embodiment, the animal is a non-ruminant animal. Non-ruminant animals include mono-gastric
animals, e.g. pigs or swine (including, but not limited to, piglets, growing pigs, and sows);
poultry such as turkeys and chicken (including but not limited to broiler chicks, layers); young
calves; and fish (including but not limited to salmon).
The term feed or feed composition means any compound, preparation, mixture, or
30 composition suitable for, or intended for intake by an animal.
In the use according to the invention the antimicrobial polypeptide can be fed to the
animal before, after, or simultaneously with the diet. The latter is preferred.
In a particular embodiment, the antimicrobial polypeptide, in the form in which it is
added to the feed, or when being included in a feed additive, is well defined. Well-defined
35 means that the antimicrobial polypeptide preparation is at least 50% pure as determined by
Size-exclusion chromatography (see Example 12 of WO 01/58275). In other particular
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purposes, usually 15 at |east about 99.5% p%;FV\IEI ght, in relation

cont am nant s AndimigreRial Rolyneetive PrRRArasions PHtBRides 8 this ofdes H t‘d%ﬁée ins
purifi C%%HQ[]lar Uﬁtﬁﬁh!abhé ustridereBEMBIABAIAEEHRONY bf pr@ﬂhdﬂaﬁ aghdteadthel QF@hot%b(Ea@iIW

Ani mal present invention is also directed to methods. for usmg

t he pol W?ﬁiqdd@’sd ﬁEQl%’BJerFR Arivesholisher kateh-{a-kafch NatgtioRavhena kg, anfenigiabigl as

to hged p%@ﬁ@&ﬁietué Efb‘éiuéétﬂbi eadlticH tdr¥/atiortMBMobsi Ng the antim crobi al
pol ypeptides of the invention. The term animal includes all animals,

i ncl udi ng hurssh b@‘tW@IQTObEkd?ﬁ}‘IPéBt'Qﬁ PEPRARREIOD MY e OhSRUFSENPRaMXEd Wil other
rum nantgggzyiégh as cows, sheep and horses. In a particular

The term vegetable proteins as used herein refers to any compound, composition,
preparation or mixture that includes at least one protein derived from or originating from a
25 vegetable, including modified proteins and protein-derivatives. In particular embodiments, the
protein content of the vegetable proteins is at least 10, 20, 30, 40, 50, or 60% (w/w).
Vegetable proteins may be derived from vegetable protein sources, such as legumes
and cereals, for example materials from plants of the families Fabaceae (Leguminosae),
Cruciferaceae, Chenopodiaceae, and Poaceae, such as soy bean meal, lupin meal and
30 rapeseed meal.
In a particular embodiment, the vegetable protein source is material from one or more
plants of the family Fabaceae, e.g. soybean, lupine, pea, or bean.
In another particular embodiment, the vegetable protein source is material from one or
more plants of the family Chenopodiaceae, e.g. beet, sugar beet, spinach or quinoa.
35 Other examples of vegetable protein sources are rapeseed, and cabbage.

Soybean is a preferred vegetable protein source.
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25 enbodi nent, the animal is a non-rum nant animal. Non-rum nant ani mals

i ncl ude nono-gastric animals, e.g. pigs or swine (including, but not
limted two ogiogdo@e s, growi ng pigs, and sows); poultry succTaxmwoiseys and
chicken (including but not limted to broiler chicks, | ayer s); young

cal ves; and fJ ncl udi not lLimted to termfedor

f eed conposit t%‘?‘f éﬁ? es ?f]\%@%k%&uﬁ'}?te"ﬂns%ﬁ&?%ﬂ %eare%g)rgu S}P Iey’3‘6he BTy
corrpo;i bboma&zﬂh(tcabi)end‘eoand wrﬂhmrhended for i Int akle by an ani mal . I][l t he use
according to e j.nvention, the.antimcroppi e e fe o,.the
ani mal bef or an%ug}cro 3! POIYREPY ncéaé{psﬁ ipoc@nd?‘ﬁ”{éﬁg&gf %nydﬁﬁgat?e' PP rdlg{'vely
pL ef ]ccar r @dre darlitunacrparat p@lyﬁ&m:ggr‘ﬂmdlaﬂﬁﬁ)ﬂuretvhm @héri ooy wbnalunuepuqdofogbgdueon ton
the formin s _adde ei ng i ude

F b addiTa) doed.ch a1y T B an el PoerbfsiaeS. s as 168 Bhealied, Brecines 18r
antim craabmalfeeppl ypeptide preparation is at |east 50% pure as determ ned by
Si ze- excl usi on ronat o h 12 of WD Q1/58275 In o
particul ar a\%@%ﬁﬁﬂ%ﬁ% é’é%? g%};@iatese}%@anqgé \ogs ?C?{éJsgrlﬂ H]?ﬁpal
|p0| ypegfg;l;dea@bmml?adoéhd awngtal feeﬁﬁﬂdlﬁnﬁhs, ﬁ@ pr&g\uxe&S 88f 90d 92, 94, gr i’;lt
east pure as determ .ne this net ) efine nt,i m.crobi
pol ypept i (::Ie ;ﬁp@aaﬂ tﬂ@nantgmgmgéhpalé@ ge 023?6 |nﬁé\’f%¥§’ﬁcg”e ﬂm\agﬁe H?'(‘-,‘%%Pg

t 0 dose tihi@ttion\cohtir stded @e #at spNiblgWitaMRiank/opat lepsdried@atehsdlublé vitamin,
essentially free 5 frominte feg/efgvor contam nati ng other anti m crobi al

pol ypepff o at leay Qng trac gurerah AR S PBF §3CfP WU Fcul ar to the objective

of obt ai ni ng FuRASH, PpBtHal afedd a@ABBVE Mgrédents 8e caRdritd@gestapakind tympdunds,
opti m si ng. dosage based upon the desired eff

h
P hstblEsT. ERUSEAt Ao LPher SenyIsssHed R AT T onyiages EEor 4T or ray

e. g. ingluglesotdahaiRz ECES.2.1.8; \aldchanasss BG T24lgd; hirdl® BBE-ghitanases EC
antimcrobial 10 pol ypeptide preparation. The anti m crobi al pol ypepti de

preﬂéra?rzoﬁ can be (a) added directly to the feed (or used directly in a

treatment progagpartRliay egebaiiept thegt 8tHas knzydies(dre well defiRed Gastefifled BbdvREor
production of one or nore inter rredl ate conpositions such as feed additives

or pr enPREBICIORIA! PRyPeRtids SEeRAANIN) added to the feed (or used in a treatnment

process). Th@xﬁﬁgre@%fqﬁhé?%nwcré&aﬂ iHed GAVRRBPYR cm:%SLé&o&.heL\ pnrt.rp&.zfnof
the ori %I nal antim crobia preparation, whether used according

o (o Broegiman SRanat PR LDPES OB s NoVisPEpaRATEBnLEe: (20981 b

of bhi s gFisaE, d?ffra HisttHQf%oﬁ\R/ﬁch Peta.ﬁaam.m%@él aefiigi nabl e usi ng reconbi nant
met hods of production, whereas they are not so eaSily obtained and al so

subj ect to aExaeRles;if mertﬁﬁ'&ﬁ‘gﬁbp%‘&e@ﬁd%ﬁFﬁ§)(ﬂie\ﬂh%/l‘sk7?f€’”dﬁglgi@ﬂ@“§b?’lﬂ
20 pol Y%Ebﬁdﬂ@s'rﬁgé?rpgﬁﬁkfe%d aQX/véllra%dHrlaﬁféaénJ ﬁégﬁ’fﬁéﬁté‘tthéfeomﬁ|Bﬁ’¢§ta|n%lﬁ||ﬂmgal

anti m crobi al aration course be m xed
enzynes activity, as dlsclosed in W 94 01459 and PC DK02/00289 [replace with WO number once
published].

25 Usually fat and water soluble vitamins, as well as trace minerals form part of a so-
called premix intended for addition to the feed, whereas macro minerals are usually separately
added to the feed. Either of these composition types, when enriched with an antimicrobial
polypeptide of the invention, is an animal feed additive of the invention.

In a particular embodiment, the animal feed additive of the invention is intended for

30 being included (or prescribed as having to be included) in animal diets or feed at levels of 0.01
to 10.0%; more particularly 0.05 to 5.0%; or 0.2 to 1.0% (% meaning g additive per 100 g
feed). This is so in particular for premixes.

The following are non-exclusive lists of examples of these components:
Examples of fat soluble vitamins are vitamin A, vitamin D3, vitamin E, and vitamin K,

356 e.g. vitamin K3.

Examples of water soluble vitamins are vitamin B12, biotin and choline, vitamin B1,
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The term vegetabl e proteins as used herein refers to any conpound,
conposition, preparation or mxture that includes at |east one protein
derived fwormBo#40a7 i gi nating froma 25 vegetable, includi ®mgTmoiiodzsd
proteins and protein-derivatives. In particular enbodinents, the protein

Corwy - VERyuba YERHER, FeBhols ™ B8 abe PanBRBhebos o St Pariteiteour cos,

such as | eguffesmplesdf trace ahiseralsmare enanmgaineseredirey, irah scdppemipdioe) tseleriurt, hand

famli eg, Faqtbaceae (Legum nosae), Cruciferaceae, Chenopodi aceae, and
Poaceae, %uch as soy bean neal, lupin neal and 30 rapeseed neal. In a

particul ar eEradpleenf matleminegs arel calgunotphiosplspus ard sadivmat eri al from one or

nore. plants, of the fam |y Fahaceae, e.g.. soybe | upi ne ea, 0 ean.

erother TarEraraalifints of TRe eomesafs gTiaes B e RS plletFaR

L ro {n oneredlistedrioy alié AndfINQf 01/58r]27f5amutryiofmeraq?mﬂrhm Eerafinsehg. tpé&ebomﬁor@ats
eet, spin ar i,noa. . er _exanpl es. of vegetable protein sources are

rapeseegvoﬁqﬁgegéodg%é}éﬁ' ﬁ’eégaﬂ'&l‘? ?°§C%%E$'8F%P‘Fb?ay eget abl e protein source. 34

WO 03/ 044049I1rP(BE/ aN€D2HAt08, 72 anGhilcfeed xadifile sf tife inegreibalbomppised at lRastooeces

are cereal.s such as barl.ey leat . rye | orn), rice nd

cor ghunt e LV FreRBbr PRt haTablicA ot AR5 o1 BRGES ArdcHshbne bisin £ ity

f gr m bené br m&bréiofr’,] @hat oreboy or fhtdes oalrdudrrahd ][sotfomtj gpmd; yubeﬁneedg or ap td Iall ]tifteeg

adm xture. W th other conponents. intepnded for addition to ani mal feed,

290§ nngiyBiel pohents Whire pescall e bieoRt off el iaL oo snpESEes

for antheaddittedf the irvehtior ihesucAPearholim asftd geevide anrefdedaddnt@itadtion witin

conposi tions for. use .in animl feed, uch as, ani nal d, and ani mal feed

caar e vine Rag st i B BMatBn, OF flime AL AR PRI PRy bont [ de. of t he

i nvention, tfTRe apiegaht firvedticiddilso wemitesl to 1éhinBe fedy edtnmpositionst Animalt fdegast
at soluble vit ast .one wat er le vitam.n, and/or

one mn, and/or. at | ol ub

o1 as e BRI P e B eyl nigh Rt RO Rl Foul, dcpio it icqe e
opt ibplnabnarﬁaeds%dds tihd‘i&Ttédlgﬂi eltiibwwasﬁawocm/mﬂs,nl@omgmdt %3 FighTdiet0 GRe Wads,
stabilisers, and/or_ at |east one other e cte rom anpongst

ohyt as e6IAERCtgMSE0aY insicated i apluan gl titabakle Bc FABermare syl o Aiiets cisully

3. 2. 1. 8Ravead 6Yude faraiontehit oCesSg/ky: 15 3.2.1.4. In a part i cul ar enbodi nent
t hese ot her Bé%'rres are well defined (as defined above for antimcrobial

pol ypept i de upalifeemh SYTPESHORACESrAAg tor therinveRtionNas giirdde protRin gasteptagip <)

ar e2dCAP38.800 &4k Caril Avrthéhdre Ridnfdrides abPNétse @k NantimidrbBBRDbIPpepHBE &13StiBimed
Ovi spi r'bn su%ﬁg;s Novi spirin (Robert Lehrer, 2000), andb g% p?/}gri ants, or

f ragment€®ther eof which retain antimicrobial activity.
Furthermore, or in the alternative (to the crude protein content indicated above), the

animal feed composition of the invention has a content of metabolisable energy of 10-30
MJ/kg; and/or a content of calcium of 0.1-200 g/kg; and/or a content of available phosphorus

25 of 0.1-200 g/kg; and/or a content of methionine of 0.1-100 g/kg; and/or a content of
methionine plus cysteine of 0.1-150 g/kg; and/or a content of lysine of 0.5-50 g/kg.

In particular embodiments, the content of metabolisable energy, crude protein, calcium,
phosphorus, methionine, methionine plus cysteine, and/or lysine is within any one of ranges 2,
3,4 0or5in Table B of WO 01/58275 (R. 2-5).

30 Crude protein is calculated as nitrogen (N) multiplied by a factor 6.25, i.e. Crude
protein (g/kg)= N (g/kg) x 6.25. The nitrogen content is determined by the Kjeldahl method
(A.O.A.C., 1984, Official Methods of Analysis 14th ed., Association of Official Analytical
Chemists, Washington DC).

Metabolisable energy can be calculated on the basis of the NRC publication Nutrient

35 requirements in swine, ninth revised edition 1988, subcommittee on swine nutrition, committee

on animal nutrition, board of agriculture, national research council. National Academy Press,
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Exanpl es of other antifungal pol ypeptides (AFP' s) are the Aspergillus

gi ganteus, and Aspergillus niger peptides, as well as variants and

f ragnent swolenenio whi ch retain antifungal activity, as dipstinoedoism WO
94/ 01459 and PCT/ DK02/ 00289 [replace with WO nunber once published]. 25

Usual |y er s IubI vitam ns rac als fo art
o e ol IPEriee 2y Bnd e+ aPhSaT g AT Epe R VA S Tor REFE ERe L
i ner al 3pa|aertmaualahtye smiaapcsutnltswh yrciesagi?Ed ah@ Ef&n@eﬁ:d b7_35nt Dav lBﬁekbé@ga Tf'het )
conposi i on e enrrLcne a I M.Cro I.de O e
i nvent i B’ﬁt %r'éxgﬁ%fiﬁ%\%%efj% 05%@.@%&%&’3&%9?%&5& ‘%{\l 9‘?’2%&%? Pi cul ar
grﬂqodi rrenlt : tl'gé(cﬂétbmborft@ﬂgofaﬁlbuhrﬂvGvé]lbbtehﬁhdsbbialﬂbiagmdémlnbnémﬂ&dcg@plftﬁo
el n I NCl U or Cri as vin nc e lets or
reedar DN e R calebbted o i GhivaPiohfsibeh B MeorrtosBndtdoBb adgeVers, o
1.0% (%V@ra@ha?uslglh@dgbrhenseelmr \ﬂéa@egaaaﬂ%edi)en mea?rw&am |vanpaasetdteﬁuidaéleﬁpr
prem xe (0] n a non- ex S ese
conponefs'\rFE ‘F‘g%\%wga?'ﬁ“%dﬁmé #%e?ﬁﬂ-ﬁb %Pe&ﬁ'fé@?ﬁé%%%lgt am n D3,
vitam n E, amlaVgdriduldt dfabodiher?; the atiifhaniead kdmpoxiaom loe thedinviationr coptaingae
vitamns are vitamn B12, biotin and chol i itamn Bl, 35 WO 03/044049

T DKOBRE ISP PO WPIEh S G Tees (EER A00te | & ool d and

pangfot henat ¢ sfl mrtheaparn@am féaiﬂaemaér@s tﬁémhﬂsfe@@ domemam RERIE vahtton
manganese, zinc ron sel en

macro nPAEARED- §9°é feanzel /°rpﬂgbﬁr16?r8§“@nan§/86PJIQ\%IPBVW% ai'?ﬂz%oﬂ%/ngéa”ey

requi r eER@bE0B0% H4S; earfammpm/@fss)(de%mm| | dridest oM 090 fisI9 el »na/@do 20% whey.
piglets/pigs) are listed in Table A of WO 01/58275. Nutrjtion

requi r eftBiMal distssan ag be masufachiodaemash feaddnra Peleted) ripglisted F?eE’hEYFH‘Faé'V in

the congpnhnial iressstufislafainB@dd ahd sufiRiedt BRBDME iof 8ssdnfig] AR arle@thepsldlnid ve
of the invention conprises at |east one of  the individual conponents

sped? f i addechaqearding o Hre sRecticatings fer thaispegigs in grestinBaRRzYEIaSH&N RS addeflasyne

or noreggfg orcﬁaﬁrd &Hzyn®3ornfillatioR &%r eRbmbRUA samer%n'f%ﬁnhhlé'ﬁbrilg tyﬁdall{t Eddécﬁe”
or up to all fifteen individual conponents. Mre sPamflca

| east oheforeher dvmﬂaﬁhedawerﬁé@n ang g kund, eezyme Prepaiati aﬁtypwlyoadqeﬁeafter the

i nventi BQIIét|H%%H§d"TﬁQ eﬁ%@ha?%ls%%eﬂﬁ@fb&r@te%ﬂn bﬁeécﬁ%tﬁ@%%m@t ion within
the range indicated in colum four, or colum five, or colum six of Table

A The preseRheifinakenzyme cansentratipaire the; detiniwithin the dangeodfpd 81208 g engymeal
f eedy 1&&&%@? ké uféﬂs?oroaxamp@ i uh@f»&fnga of 8l3dtrhy &hyyni %té?@ﬁéﬁ(&r arfhaldigt ei n.

Poultry and ;1). di ets can characCterised as indicated i able B of WO
01/ 58275, collhfrantimiczobig ecpiwaﬁpéﬂ% ngdih b @dminigierrsk Br preeQr &0re rﬂfhtb%ltf@l@vw'w

col um énﬁhnfsh dos g”é’?é?wg@s)k'ﬂ%f-fw 05468 & 6losH0B! or 811, Yor MAY.80a Af ude
fat content of 200- 310
these ranges being in mg antlmlcroblal polypeptide protein per kg feed (ppm).

For determining mg antimicrobial polypeptide protein per kg feed, the antimicrobial

25 polypeptide is purified from the feed composition, and the specific activity of the purified
antimicrobial polypeptide is determined using a relevant assay (see under antimicrobial
activity, substrates, and assays). The antimicrobial activity of the feed composition as such is
also determined using the same assay, and on the basis of these two determinations, the
dosage in mg antimicrobial polypeptide protein per kg feed is calculated.

30 The same principles apply for determining mg antimicrobial polypeptide protein in feed
additives. Of course, if a sample is available of the antimicrobial polypeptide used for
preparing the feed additive or the feed, the specific activity is determined from this sample (no
need to purify the antimicrobial polypeptide from the feed composition or the additive).

35 Detergent composition

The antimicrobial polypeptides of the invention may be added to and thus become a
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An ani mal feed conposition according to the invention has a crude protein
content of 20 50-800 g/kg, and furthernore conprises at |east one

ant i m cr owpaB/opwhypepti de as cl aimed herein. Furthernor e PCOMKMN/0073¢
alternative (to the crude protein content indicated above), the animal
feed conposi ti t he |nvent|on has a content of netabolisable energy of

10-30 fBTRYE" gmﬁ geteraent ARSI cal ci um of 0. 1-200 g/ kg; and/or a content
of avai |l abl eTmﬂG&tbli‘gﬁnﬂszoﬁﬁoaflorﬁoﬂt-haﬁlﬂlegtl&g magrfdy exarmlebetfenfﬂulatéd aetawhamii ne

f 0.1-100 g/k t ent f 0.

O ko afrated layhe feterBetRRRs S incllbing A RS Yoo or I i <
thehconb@:ﬁe@menﬁwm&ms@ﬁbm&nen@ya rmsad@dmofaunn saftener Wampopitiors, pborbes,
net hi on

ne hi oni stein and/ or ine is. Wthin an ne. of
Fangee. tommuigled,at 3 aeterdeh B Bbe (b BY e gened koUssneid hag WAL SHRHIG »
is cal CUI(J@\'/bﬁ@hsaSrb\éfdrmgl%tbc(fN) hé5nd @rnhmdmm@ dnsmvaasfha@twer&m% i.e. Crgdg
protein (g e nitrogen cqgntent et er m ne
R ol o et b Spaclis dhedet” yieminipfon prowdknarddeant Audfve omaERo.
Associ abhtﬂﬁlc@blaq;i)ﬂy éptidedaathe iheettion GRe = mcta\ﬁasnmbrtuatérgemféddwetaabwlia%abl e
energy can be at ed on the basis of the NRC publicati on Nutrient

requi reFP@n?eéergﬁ”%W'ﬂ%os'tmnrmﬁy PRUPLORSPE MOFF PBI8E SNLMRSHfiAN 3% PERICLH: ﬁe

nut fip ti AfhseCandlitihdRe anOémf»xasémd cardbiydrasen.a &xMalde 04 padtinade! & Widhnanadd, amal
research council Nat i onal Acadeny Press, 36 WD gg?c 44049 PCT/ DK02/.00781

Washi ngBtRinage.ca gafgstangse a é)‘\'ﬁ“?sﬁ‘e ap AXiaas HSUrRA% A JRCoRRARY GY0N9n R RRIOXIdgse

Poul tryy ga@gqsgtnéﬂggé;ommgj derholt centre for poultry research and
extension, 7361 D Beekbeog% The Netherlands, Gafisch bedri nsen &

| ooi j en by, RagengrabEe PiosBResoof7theedoson nzyme(syisheydyb %6ﬁf‘“@ﬁft‘5‘%fw' i um
avai | abkgeftb@Hebrgertt, arRd phIbEPNAE SmpatibleWiIE lother n2ftha®d afd ﬁbﬁ-ehéymatlc

cal cul ated on the basis of feed tables such as Veevoedert abel 1997,

gegd¥ enYIresiits, Gehidse e RYERED ShPYId ge present BretestYFedMOWHS voeder waar de van

voeder m ddel ppyteads@NBURALI/BEHOARBETIRHIRAhosRWA GRIME Ivéyetabid 9r PhicrbBlal Sl
| SBN 90-72839-13-7. In a particular enbodi nent, the animl feed co 05|t|on

of the Mw%@hqsw"b@mrafeﬁ@d aFhemisaliy megitied, afypRoiin én@f\g%rsﬂﬁmﬁ?ntgra&@ dgdur ce

as defi ngél pRfiosR- méhObé B s2hihé lprdtéddeltra metalid ﬁwt@dseea#é@&aﬂr?%%4kau.h@nﬁ@bml
f eed corrp05|t|on of " the invention contains 0-80% nai ze; "and/ or 0-8

sor ghunProgRsecr a)trm)awffea&oteaaﬂdmmmeweﬁ@lhaﬂmee@mteamﬁ@r suplitigiog, @&pgcla"y
andbor Grod0YerubRaR ARAls, 884/sQbnIRIA80d] isablaReCarsHRR, AtofisR030a a8 isin

Animal diets can e.g. be nmanufactured as mash ed (non pell et ed)
pel | et ed4t aed sutptjlisinc 468 ydescribed i WQ §940884° stEthFmﬁleéer tmpﬁ@d'karmot@awﬁ e€ent

anount Str%su‘?@é& i 'p@klﬁ@ S 8Bvike GHafh) 'Ehé‘ﬁ{eaﬁ:@saﬂbﬁp ﬂréte@&’&'&é’scﬁ‘nﬁ@@fn%@ﬂsé/@séﬂe

speci fications”f he species I'n question. Enzymes can ded as solid
or |iqupad WQ?N@%@)? mul ati ons. For exanple, a solid enzyrre for mul ation is

typically adf@bnples of useful proteases are the variants described in WO 92/19729, WO
25 98/20115, WO 98/20116, and WO 98/34946, especially the variants with substitutions in one
or more of the following positions: 27, 36, 57, 76, 87, 97, 101, 104, 120, 123, 167, 170, 194,
206, 218, 222, 224, 235 and 274.

Lipases: Suitable lipases include those of bacterial or fungal origin. Chemically
modified or protein engineered mutants are included. Examples of useful lipases include
30 lipases from Humicola (synonym Thermomyces), e.g. from H. lanuginosa (T. lanuginosus) as
described in EP 258 068 and EP 305 216 or from H. insolens as described in WO 96/13580, a
Pseudomonas lipase, e.g. from P. alcaligenes or P. pseudoalcaligenes (EP 218 272), P.
cepacia (EP 331 376), P. stutzeri (GB 1,372,034), P. fluorescens, Pseudomonas sp. strain SD
705 (WO 95/06720 and WO 96/27002), P. wisconsinensis (WO 96/12012), a Bacillus lipase,
35 e.g. from B. subtilis (Dartois et al. (1993), Biochemica et Biophysica Acta, 1131, 253-360), B.

stearothermophilus (JP 64/744992) or B. pumilus (WO 91/16422).
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before or during the mxing step; and a |iquid enzyne preparation is
typically added after the pelleting step. The enzyme may al so be

i ncor por awed3iomoas f eed additive or prem x. The final enzymeTommeemsiat i on
in the diet is vv|th|n the range of 0.01-200 ng enzyne 20 protein per

diet, f I . t
e 1ol Rl 00, GHOE BABLBI i Mo
t he f ol bawnsg, aBIBuﬂI?s 208l0ERG260 d05eO 9B/IBB820OYO 096/00282; W0; 95/B0TH4)INDO0;
ol yper eRaEs i e e ) ag2e B O LERoE W T A8t o cr obi al
pol ypeptd i ]ge [AhQ'LSSEE Satabllegatn@ledes tdt;maa?jﬂd/ﬁn lsetabina:cude Zﬁosepbﬁlmrmiaderh fungal

£ t . . t t 1
Db b chnd EhBabe e TRTRY Bobe  BaaESel SRR Bl hENARS A bbettint e s
(see und%émpte,t amhérahtylédes etstaingd tfiom Babkls, a¢.8sa amtnaammsbf. BTteneniformis,
ant i m cr.obi

act i VI conposition as such is also determ ned

usi ng t A8S Cé@ﬁ%"’h@g%ﬁ/ e}{ﬁ'ﬁ@ ctbgqtzﬁg%ggm s of these two determ nations, the
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detergent conposi tion |nclud|n a Iaundr%ﬁaddlt ve COEEOSIIIOH suitabl e for
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conposi biwpordh dideloSed H U8l A13EI3EE US 68148 2ESNUS WEPOFIE, ILB5[706 783 @nk'WO
general househol d hard surface cleanlng operatlons or be formul ated for

hand or 8¥8€%%he di shwashi ng operations. In a specific aspect, the invention

provi des a detgsaRtsurasle ldeWRasedmEithd BRakifEor .aéttttatrbartmd%bglhambxea%t 'cates of
the invention and a surfactant. The detergent additive as wel

det er geﬁ?”%@ﬁrd%@mﬂ'%o‘cnﬁl%h&ﬁt‘ﬁtaﬁg% aEﬁwﬁe”HtasﬁE desttedrin &% O Wc I’w:-PaQ 5&1

propgaser2 avdlod/i EEewa@ 96}2‘93@735\@0 @mml @?n%r eﬁarﬁﬁé&)am&mg@s@ varidrd éwhase
a pectlnase a nmanhnanase, ar ab |nase ga actanase anase

oxi dasea$ 08s¢ 5@3%{'bleﬁc'6a‘§@ 94{97(919& ER %e’fﬁdx HaskS ?ééﬁﬁ‘*@su 5,686,593, Us

hal oper 9&'6@@8@)Wd QS/Q@JJ‘W WO@@QZ@D?’BF&E PC?ﬂ)t@éB/édt@gChosen enzyme(s) shoul d
be conpati bl e sel ected detergent, (i.e. pHoptinmum conpatibility

with ot her eRQWﬁes/QmamﬁnSeﬁatgtmr%fdaies/pxt@aseaulecﬁw@ these of plagh dactgdal
enzyne( §) fupgAYridind ©HRAFSEAP mddticdldr §ritéiM @ngiMRERUSmutants are included. Examples of

25 useful peroxidases include peroxidases from Coprinus, e.g. from C. cinereus, and variants
thereof as those described in WO 93/24618, WO 95/10602, and WO 98/15257.

The detergent enzyme(s) may be included in a detergent composition by adding
separate additives containing one or more enzymes, or by adding a combined additive
comprising all of these enzymes. A detergent additive of the invention, i.e. a separate additive

30 or a combined additive, can be formulated e.g. as a granulate, a liquid, a slurry, etc. Preferred
detergent additive formulations are granulates, in particular non-dusting granulates, liquids, in
particular stabilized liquids, or slurries.

Non-dusting granulates may be produced, e.g., as disclosed in US 4,106,991 and
4,661,452 and may optionally be coated by methods known in the art. Examples of waxy

35 coating materials are poly(ethylene oxide) products (polyethyleneglycol, PEG) with mean
molar weights of 1000 to 20000; ethoxylated nonylphenols having from 16 to 50 ethylene
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Prot eases: Suitable proteases include those of aninmal, vegetable or

m crobial origin. Mcrobial originis preferred. Chemcally nodified or
protei n ewgioneened nutants are included. The protease napChdK29€T81Ne
protease or a netallo protease, pref erably an al kaline m crobi al prot ease

t Li k f ti ,
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\(Q\D 89/ gﬁgTéble %dg%ﬁ?ﬁc&?ggbﬁs%d g%dig%ﬁhamuig ane;fgiuéelg/ jor GBe 8488594 E|qgi§l;aemmeant S
escribed in
S peti SPSPHIN AFVA T ansiPT. Souah s Dhacdis 8 o5of e, AL PraPenE 61 i ng
22; it Izggagazrgzz sugg: alﬁé’tzjol Z?chﬂicld ®r ,boﬁ@gci_d th@éord[hlaap eb%:hfsﬁéiﬂmgmﬁtﬁi F.h%ﬂac;edZOG
an ases.  Su e. lipas e ose o
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EUt ant IS are iThe Ideté?}%bnt Ebmpspklta‘m oﬁthammuod mpasesn am;cbmdemeaf)fokrhpages Barom
um col a m Ther no a anugi hosu as
Hoacr t badobk IR L adte. abasEis 25u8 Ay E el g A DPEER o
VO 96/ 1368@inirgy upeaacs Menéarldi (93 & orgadic sbivert) & nad-aqldogenes or
pseudoal caI| nes EP. .21 paci a tzerl

EP_331,376) . .P.
1,372, 034), PNeCelR %E&BWE“'@'E%B%&&Q”%F mg’f‘?%H C%IS'%WW TN and
¥D 96{3 zmmm)n | Eemm[;gé}?ﬁsd/&eQﬁlbﬁlc(émgﬁﬁdallag_&%nd/(ﬁ_ﬁm@é r:dnté{s ﬂﬂﬁpaml cta:g&t areg.
rom I11S rto , I ocnem Ca e 1 O Sl Ca ACla,
1131, 26@@@6?5“-38&‘3@0@@8&5 @oﬁ%%?gé‘%(by#"%&?744992) or B %urrilus (VD
91/ 16422) . 3YVV¥A AlLiOEd! tHePeiPEHd Bie YDA lusubhyheont & &t 8150181106 td FIHe 40%

varl ants _such as tho e descrl bed. in 2/ 05249 94/0154 P 407 225,
EP 280 PHN opions suEfegtant ety @solinegh 2 eQS?’!?é‘?BQP 'P'@%r%é ongt) afky

95/ 14783uifME (Rt 2A&Ho! sMﬁt@)7/aQ%39et’haﬁlys\mt87é@ch%Qary ARYherforatSUalIpRPE@fo
anyl ases@fy al pha and/ or de those of bacterial or fungal 5
origin AartRethy! ealer £ 'ik!é'dob?'k?ﬂy EFRCARI SRR nut ants are i ncl uded.

Anyl ases i nchyugy inflQded %W{r@,de@ér@@rﬁ'vﬁlw;*,@ﬂ?§orﬂbﬁ1&fdﬁ¢db$dtw‘}8@&bﬂ>duﬂao%e g.
a special strain of B. lLicheniforms, bed in nore detail in

1,296, 899, ExAABIVE oFUTRGANI T a%sesa'&P'éO't rf‘éh‘?r’%wqt%nt §°’a’é‘¥’@P?'beﬁthPW'%
94/ 9859 Giky\pBlygfdosldes Mkyl&ﬁ@e&@la%ﬁﬁgo&ldea%o%@a%/ fad 2ftid ﬂméihahélamtdée fatty

variants With substitutions in o nore of the f ovmng posi ti ons:
15, 23, aE@SmO'i%ha“P?A“'d&2B°'Y*1Y§'S°XV1%W' fatéleacwmﬂdqs% N'Pgii N-aigl7dervglives 0fg,
209, 243yycd84mindPlucdfriesd91, 408, and 444. Cellul ases: Suitable cellul ases
I ncl ude those of bacterial or fun aorigin. Chemcally nodified or

protei n engi 88AEtEragnt aMayscontain 0 °(9d’éé etgipentudderaricomplexing; agent sieh as

cel | ul asggiite, diphosphate, triphosphate, phosphonate, carbonate, citrate, nitrilotriacetic acid,
25 ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid, alkyl- or alkenylsuccinic
acid, soluble silicates or layered silicates (e.g. SKS-6 from Hoechst).

The detergent may comprise one or more polymers. Examples are
carboxymethylcellulose, poly(vinylpyrrolidone), poly (ethylene glycol), poly(vinyl alcohol),
poly(vinylpyridine-N-oxide), poly(vinylimidazole), polycarboxylates such as polyacrylates,

30 maleic/acrylic acid copolymers and lauryl methacrylate/acrylic acid copolymers.

The detergent may contain a bleaching system which may comprise a H202 source
such as perborate or percarbonate which may be combined with a peracid-forming bleach
activator such as tetraacetylethylenediamine or nonanoyloxybenzenesulfonate. Alternatively,
the bleaching system may comprise peroxyacids of e.g. the amide, imide, or sulfone type.

35 The enzyme(s) of the detergent composition of the invention may be stabilized using

conventional stabilizing agents, e.g., a polyol such as propylene glycol or glycerol, a sugar or

40



fromthe genera Bacillus, Pseudonobnas, Humi cola, Fusarium Thielavia,
Acrenmonium e.g. the 15 fungal cellul ases produced from Hum col a i nsol ens,
Mycel i ophwbaosa44oer nophi | a and Fusari um oxysporum di scl oP€u/NKI2108/81
4,435, 307, US 5,648, 263, US 5, 691, 178 US 5,776, 757 and V\D 89/ 09259.
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hts of 1000 to 20000; ethoxyl ated nonyl phenols having from 16 to 50
eth Pene 39 WD 03/ 044049 PCT/ DKO2/ 00781 oxide units; ethoxylated fatty

al cohol s in wWht PredehtindbMNak fGreer dbssribbd BNt fdllew é;@rrtpm wiaEip BBodd ot N
which there are 15 to 80 ethyl ene oxide units; fatty alcohols; fatty acids;

and roRE-coBstEHedias igina the §FOREPlithe VERtioNat t y aci ds. Exanpl es of
filmformng coating nmaterials suitable for application by fluid bed
techni ques are given in GB 1483591. Liquid enzyne 5 preparations may, for
mstanc@xpt%"lsﬁgbi lized by adding a polyol such as propylene glycol, a
Sug8p Of Sugerheﬁt%@mted |£CBuf?er§Cén‘d Qubslﬂgfégcwér‘é' BoRferdial Bidalls Gt %tablehﬁhed
ods. Protect enzymes may be prepared according to the neth
di scl oséepdent @Rde38, 216. The detergent conposition of the inventi on may be
in any convenient form e.g., a bar, a tablet, a powder, a granule, a
paste or a liquid. Aliquid detergent may be aqueous, typically 10
cont ai nNIEXAMRLE® 70 % water and 0-30 % organi c sol vent, or non-aqueous. The
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25

Materials and methods

A cDNA library was prepared from P. nigrella media induced for 5 days on Mex-1

media (protocol found in the examples of international patent application WO 98/38288).

PolyA enriched RNA was purified, cDNA was synthesized and the library made according to

30 standard molecular biology procedures. A detailed protocol on the general process can be

found in the examples of international patent application WO 01/12794. Vector used for
cloning was pMhas5, which is shown in SEQ ID NO:4 and has the following features:

Feature Location Description

CcDSs 365-1156 Kanamycin resistance

CDS 2232-2387 Beta galactosidase alpha peptide
-10 signal 2189-2192 Shine Dalgarno
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SKS-6 from Hoechst). The detergent may conprise one or nore polyners.
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u5|ng conventional stabilizin a polyol such as propylene
I

gl yédl &Gengra) indergiation adggfatransp SQID a%ﬁt%ﬁtﬂ%ﬁbﬁ@ﬂﬂ@rﬁﬁ@m@mm intgregfional

al cohol paﬂeﬂt:tap,shcaﬁdrdw@@rwne,asl trlhe PEsURINGOMixBUréGiad EREMY HrbdiSitat&y 93 rerﬁcﬂle
aromati ¢ borate ester, or a yl boronic_acid derivative such

4~ f or y PSR yAAIAREGR cnigisiter oDt 30 P aIter B 0B Vs vaReat el
descri b@é’cdr&\n@ ) thé@aﬂaéragﬂl@t%célnﬂ'om@ a/tﬂgﬁé)%ells-r(@béj@BRLQ@éct%ﬁre@é@ €ells

cont ai n ot her conventional deter gent |n?re di ents such as e. fabric

condi t | WEER BiCHbRedidR S megia Wf”@éﬁ‘ﬁbﬁ@é %F§9re§&&§|0§4§p§r@§§§r%50 me) before
ant bg CObERG ipRileREIEBI8ctive Ftidia. THPREAGH: MEIRA]ErE us@it | - soi | redeposition
agents, dyes, bactericides, optical brighteners, hydrotropes, tarnish

i nhi bi t bBe, SGmicsegramrassm| kanamycisy present cont enplated that in the

det er gepg ﬁ@mg@b,},lp@mwgrgmz‘ynm cm&gmbhgnco@rgrl m cr obi aI poI ypepti des of

the invention, rmay be added in an anount corresPondln 0.01-
LB + kanamycm + chloramphenicol + 12.5 microgram pr. ml ampicillin.

From dilution plating of the electroporation onto LB+kanamycin+chloramphenicol

25 media, it was determined that approximately 119,000 colonies were present containing a

cDNA library plasmid with a SigA2 transposition. In all 363 colonies were recovered from the

experiment under triple selection. All 363 colonies were replica plated onto triple selection with

50 microgram pr. ml ampicillin to select for true signal trappants. A total of 336 colonies were

able to grow under the increased ampicillin concentration and these were miniprepped

30 according to the Qiagen Qiaturbo96 protocol (Qiagen Inc.). Plasmids were sequenced with the

transposon forward and reverse primers (primers A and B) according to the procedure
disclosed in the examples of international patent application WO 01/77315.

Primer A: agcgt ttgcg geege gatec (SEQ ID NO:16)
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10 100 ng of enzyme protein per liter of wash |iqour, preferably 0.05-10 ng
of enzynme protein per liter of wash liqour, nore preferably 0.1-5 ng of
enzyme prwOeBf44er |iter of wash |iqour, and nost prefer2orpKI2007B1ny of
enzynme protein per liter of wash liqgour. The antim crobial polypeptides of

he i d ' | he d t
For mul aFTBI S ot ROSEeRtr 42063 493165200 ATUANCE Hor eby i noor por at ed as

reference. 15 The present invention is further described by the foll ow ng

Cvent on.  ERAYPERLNE s, ARakBE TH U c@Riond kb AR TP ERRT ] selfroer

comrer ciSaugrced wetes trivimed td easive veetagend trgmspodeon EéG\Mthaﬂ:d IthEAtanﬁlaszﬁmem of

and ot Fosie 18 BeRRPRFERE PO RIS RERR Be 2 oRreibubd sShuchons it B or

S5 days groupka-by seqeehice Hopraogyciato 1:tﬂjmjwtugm AIhM&xmﬂgbemreﬁndepemmy ibtastdd

patent appl,icati 828 Pol e urifi

Byt hes ADRUe RSB NS e A COBH A -0 258 P e TGP 850 P AN ogy
pr ocedumts kndwisl abtithicetiad polly peptide © (defdrsirgitkegrobipeptidesess can be found in the
exanpl es of international patent application WO 01/12794. Vector used for

cl oni ng was pMas5, which is shown in SEQ ID NO 4 and has the foll ow ng
featares: Feat thedolloadraf éxamplesitie iaptimizrobidlipoly Bétide 10 thdanentioniin refersédstoaasc e
CDS 223§Dl %87 Bet a gal act osi dase al pha peptide -10 signal 2189-2192 Shine
Dal gar nd '999%4D) 03/ 044049 PCT/ DKO2/ 00781 pronptor 2101-2189 Lac pronot or

m sc feature 626-650 KanPl1 priner for BACE system Table 1. Features of
vect or pMhas5. Notable features of this plasmd are the EcoRl - Not |
restriction sites proximal to the Shine Dalgarno region of the Lac

pr onot eeXAMPLE 2/ | ows EcoRl - Not| adapted cDNAs to be 5 cloned into the
vect or and the resul ting constructs to be actively transcribed and

t r ams| af@Bstiyetion phan-Aspetgilugexpressigiuecton iarFlectagin t e pseudopl ect ani a

n/grella |ibrasyriedskisieabdding rsé&@éri&g Wis bhplifdd\Romedel 46008 cONARSBiaf, prel

Example 1 above) in the following manner: 1 microliter of cDNA (approximately 10 nanogram

of DNA) was used as template in a PCR reaction with the two primers 178 and 179.

20 Primer 178: tctgg atcca ccatg caatt tacca ccatc ctcte (SEQ ID NO:7)
Primer 179:  tctct cgagc tagta acact tgcaa acaaa gc (SEQ ID NO:8)

10 pmole of each primer was used in a 100 microliter reaction volume. Annealing

temperature was 55 degrees celcius, and extension at 72 degrees celcius for 1 minute. A total -
25  of 35 cycles were run. The Expand High Fidelity PCR System (Roche) was used.

Aliquots of the PCR reaction were separated on a 4% agarose gel. Two distinct bands
were seen: The most prominent band at a size of approximately 300 bp and a somewhat
weaker band at approximately 350 bp.

Both fragments were digested with BamH1 and Xho1 which cut in the overhangs

30 introduced by the PCR primers. The digested fragments were isolated and cloned into
pMT2188, an Aspergillus expression plasmid based on the plasmid pCaHj527 (see the
examples of international patent application WO 00/70064) constructed as described in
example 7 of Danish Patent application PA 2001 00088. The shorter fragment was found to
contain the Plectasin encoding sequence as determined from the signal trapping experiment

35 (see Example 1 above). The sequence of this shorther PCR fragment is shown as SEQ ID
NO:5.

43



10 A cDNA plasm d pool was prepared from 20,000 total transformants of the
original cDNA-pMHas5 vector ligation. Plasm d DNA was prepared directly
froma powb oaf44mad oni es recovered fromsolid LB sel ecti vecmada/oamsaeor di ng
to the Q agen protocol for plasmd DNA isolation (Qagen Inc.). The
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r eact i oRDSo#F!HANYitEAGE) aédﬁ?QW@?weye%@ﬁmnufa%auwﬁ*&yﬁmmmqﬁ%@ allgw

remove ¥ggdrafiorAindnéd TOWISIW}%ﬁ@e RSN RREEgADS str&iBs GrednfePedr WREN induERPRS tHeOT
each plasm d assenbled. This resulted in 225 assenbl ed sequences whi ch were

gr ouped ewemmehwcwém Aogistinchand akthectize gxpeciqd fon Fiecasih Wgs sqen & most

l nd@@en%néfbunéhlt@%e%asam@ Bdn@ W& Hbt &eﬂnaltué@qtra,@i&nﬁa@%@t%a.ns A. oryzae
(Pl ectasin B12) shared sonme am no acid honol og known anti m crobi al

pol ypep BEG5S 2nded avasr MBIn k. Harpsarsd thaidhe Plastasif band waa% FEORISH eRaRRER t he
ant | m Ctahirehmatd YRARK RS MEint TECrhRYG G 1 fad BRAdtEd! Jeby Abughly ArRPERBIsn"

basis of staining intensity only, that the yield under these growth conditions was in the order of

10-50 mg per liter of culture medium.
25

EXAMPLE 4
Cloning of Plectasin into the Suicide Expression System (SES)

The Plectasin fragment was amplified by PCR using the full length Plectasin cDNA as
30 template (Plectasin_6_B12) and the Ncol and Xbal linker primers DR34F and DR34R.

DR34F: ccggcecatgg gatttggatg caatggtcct tggg (SEQ ID NO:9)
DR34R: gccgtctaga gecatctagt aacacttgca aacaaagece cecttage (SEQ ID NO:10)
35 The PCR amplification was carried out using PWO DNA polymerase according to the

manufacturer (Roche Bioscience, CA). The PCR product was digested with Ncol and Xbal and
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15 Construction of an Aspergillus expression vector for Plectasin The

Pl ect asi n encodi ng sequence was anplified fromthe above cDNA |library (see
Exanpl e Iwalicwedo49 n the followi ng manner: 1 microliter of PCDNK02/00781

(appr oxi rrately 10 nanogram of DNA) was used as tenplate in a PCR reaction
W|thth rime 178 179,20 Pri tcca cca aat
tacca c @oegldp%er{eéé %%QN% "B%pl?éP‘ (%78@’3%( %F dtﬁ?:%gagar? ot SF'QL%Q%'OPGLaa
acaaa gpat(eSE@ﬁlBam WO m/ms)e Tok resultingo plasmidswasreusaced pDR-180flectasin dbri t er
reaction vol une. Anneal FpeLatu 55 _degrees.

ext ensi SHOBASHE eXRIGSSIOn orgg]ec‘?eﬁ) 1id¢ gp Ebﬁ?‘é@?@gaﬂsmg?raqenp%gm&e@gesap& es were
run. The Exp@eth phgrhidEicosthiney tHCalIGyiag amirdaoidisepusvice oftiesl Pleblasipfeigment. t he
PCR geacti on were separated on a 4% agarose gel. Two distinct bands were
seen? The nost prom nent band at a size of approximtely 300 bp and a
sonewhainGFEeNESPWBRRODRQGHINHOKBIRG YKGGSEAKIGGFEKAY f r agmese@ IDwie1 thi gest ed
with BamHl and Xhol which cut in the overhangs 30 introduced by the PCR
prinmers. The digested fragnments were isolated and cloned into pMI2188, an
Asper gi l/vlhuria @X(Rictsioning) ipInas piedehtcinank aativel®estasiabul waCamtrdRiéed asa rebt of
exanpl e i.nternational patent application WO 00/70064) constructed as
describ ?'?P'n%itéﬁfﬁe 7 of Dani sh Patent application PA 2001 00088. The
shonger fragment was found to contain the Plectasin encodi ng sequence as

determned fromtihe signal trapping experinent 35 (see Exanple 1 above).
The' seqoisuigibiier o’ B8R pon SRBefdrshIaRE (0. %50 S0 D No. 43 WO
03/ 044049 PClH &¥e2{c08vaRbte WhetheaE! yoli idtegroRinRidRedPin lighRy Hn@dlg‘aborﬁ’ﬂauctlon
fragnent , wa deterg@ned to contain the Plectasin encodin ce an

addi t i oRBENYAPEARUY RiEEtasin gxpregsion,HedAlIqing SxXResimast ¥3s s ‘r“’cte E% tslos t"ne

consenste émwse& .mérrﬁnémmga{ent apmn@auorﬂwd) @(mszmp Bhéﬂy: Blek® ayérfughhwtures
product }s taken as evid e for inconplete intron repoval in

poof'® anff &fsi %&lf&fﬂﬁqﬁ*“ﬂ?fﬂ?%%185)'%%@&1%%%8'6&?6‘8%@&'*1 Brng'éHAPE'RS'F‘fdaUﬁ@nt
i s showgilasd §E@fdl@|nNQ1§O mTé}e it RE L Biok ILBSconfiiME 0 30D Brablnds&iirfla hikérofitBeplate
shorter PCR product % D NO.5) was naned %21 2548. EXAMPLE 3 10

Expr essPBfh instbped &f 3 |q?9fer?sﬁ§ﬁfé’rsg‘l‘”lth VigoropR/pbaldg. e 9ot £y enw@simnifored

Asper gi b Wfealin: % @aré@uBE%é’wélalugﬁb%qinsn reédareméantgeﬂalved)ﬂiaeprectasm
application WO and into illus niger MBinll

t r ansf offeiifed 61% %efi'cﬂw'o ahen Gllé?céedr@ Fthe draplesm (aiEerut ol n%teaff@ét salegrawin
nonbdughBg eHHaskdd if ise cﬁéb@m%é@tgwg%bg,? ates with sucrose and acet am de.

To t est express| on of Plectasin transtormants were grown for 6 days at
30 degrees cel ci onstructbes with [10 %/F'TW'QIEW peptone, 1 %yeast extract,

2% ITB.|tJ'SET.—'SU'p'ET'I'@|‘_7HL> WeT e T O orl |\|ur'c|1g(7 T Brs3Tri s

pHH-plectasin (pDRS-18-plectasin) 41%
pHHA 12%
pHHA-plectasin (pDR-18-plectasin) 13%

Table 2. Inhibition of cell growth.

EXAMPLE 5

25 Cloning, expression and activity evaluation of P. nigrella Plectasin in E. coli

Cloning of Plectasin from P. nigrella in pET31b+

In order to produce Plectasin for antimicrobial activity assays, the cDNA encoding

Plectasin was inserted into the expression vector pET31b+ (Novagen Inc., WI). By specifically

30 designed oligonucleotides {(Primer1 and Primer2) the Plectasin gene was amplified by
polymerase chain reaction using the PWO DNA polymerase according to the manufacturer
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SDS gels (lInvitrogen) as recommended by the manufacturer with MES running
buffer to allow separation in the |low Mv range. Both Aspergillus strains
grew wel lwewsn4mwhen i nduced for the expression of Plecta®CT/DEO20DI nct
band of the size expected for Plectasin was seen in nost 20 transformants
wher eas this ﬁand was ot seen in the untransfornmed host strains A oryzae
BECh2 afdo%e Pﬁcéﬁ"”CR/B? It appeared that the Plectasin band was
stronger in the BECh2 transfornants than in the MBinll8 transfornants.

hat "¢ hEgIeET dat&sﬁ{s%séteﬂﬁg@%saeaa%@ettsﬁq?rmai‘aggwﬁéfeaﬁsqte%%ﬁlsg%rcd2%%519%9@3’

per | it efini2:cadthateRgametitiage catattitieiditatgd atdetigoggabatBteat agSBQIIDIND 1 BE
Sui ci de Expression System (SES) The Plectasin fragnment was anplified by PCR
usi n@ the full length Plectasin cDNA as 30 tenplate (Plectasin_6 Bl12) and

the Ncol andExXBghatld dlb@sftloﬁrdfﬁEﬁﬁln@ﬁ@ﬁﬁg@ﬁ%rﬁaﬁéﬁbas@%t@E (ABNIOCANRT Jenabled
gatttggatg caatggtcct 't tcta t ctagt
aacactt Y& o glopg dig gene Egg%%@ 9?@(3"1 %3?5(3%%‘3"%5@ a?ﬁ?gﬂsf eéﬁrft?eg’rpywas
carri edt@haﬁ%agré?\memgmidym&% EhcAOaAY. dmrsgaﬁdard b@tomhésawéemrwscﬁ@ac he
Bi osci ence, PCR pr.oduct was d%%}g ted with Ncol and Xbal and 44 WO

03/ 0440$§el“li?fle[§§6§‘/bm8;r[“tsﬂ? eIl rted i nto pHHA and pHH pl asmi ds
(di s¢l osed in the exanples of international patent application WO

00/ 73433). The resultl ng gl asn? ds were narred 18- pl ectasin for

cyt opl asfd fosmnation anc, EXIXe : gia Blegtas 189l ect asin for peripl asm c
expressi on. R@tcbmlainaﬁtnbmmﬁnWas rtﬂﬁsfdﬂlﬂe& thbOEW Bgi Novasasiis d%@@ﬂb@ﬂ e t he
Pl ectasin fragnent: ADEDDMOQCHNHCKSI KGYKGGYCAKGGFVYCKCY i’? %kﬁ

NO  11) MapyEac r?ﬁM?Qﬁ"@np'ﬁ%')“dl%a%wﬁpifﬁgé’érQ'APWpt“ﬂ'@' Galpmps (BlAGEN Ot
was i nt %ﬁé‘ué‘éa@eﬁéedabye&%rhaféﬁ sédURnEIhGNiidHeY PldsAli® Bpeclie SRR \A}]Priﬂ’férbléddon
of E. coli on expression of Plectasin In order to evaluate et her E.

col 15 wafri h inhibited in Iiquid nedia upon induction of endogenous

Pl ect asi n expression, the follow ng experinent was conducted as di scl osed
in the exanples of international patent pl i catl on WD 00/ 73433. Briefly,
fresh oPEMEIYhiociaghtatleelsaasgdos cell s élg &ei t her pDRS- 18- pl ect asi n,
pDR- 18- P'nﬁfé?ﬁ%&gta@ﬁb‘c@&co%ﬂdﬂ\ pl asm d(SEﬁ‘FDNd)‘I ted 300-fold into 150 mcro
liter of LB or LB containing 0.1% arabinose in a mcrotiter plate and

i ncubated at 37 degrees celcius with vigorous shaking. The growth curve was
monbg ored by JERAS Was HEnStERY ALE. 'cBFBLRIDE TS RoMMPtotRé RtardfhcklerINoVERIS! -

Resul ts showed that Plectasin
Bacteria were cultivated in LB media to ODgp~0.8 and recombinant protein synthesis was

initiated by 1 mM IPTG (Isopropyl beta-D-Thiogalactopyranoside). Upon 3 hours of induction,
bacteria were harvested, resuspended in 1/10 volumen buffer A (50 mM Tris-HCI, 1 mM
EDTA, 100 mM NaCl, pH 8) and lysed by pressure disruption (1500 mBar). Resulting pellet

25 was washed twice in buffer B (50 mM Tris-HCI, 10 mM EDTA, 0.5% TritonX-100, 100 mM
NaCl, pH 8). All standard protocols has been described elsewhere (Sambrook, Fritsch, and
Maniatis, 1989).

Purification of P. nigrella Plectasin from E. coli inclusionbodies

30 The pellet resulting from the above purification contained purified inclusion bodies. To
liberate the peptide from the KSI fusionpartner, acid hydrolysis was performed on an
engineered Asp-Pro site, introduced N-terminally to the Plectasin encoding gene.

Inclusionbodies were resuspended in 100 mM sodium phosphate (pH 2.3) and
incubated overnight at 85 degrees celcius. Resulting supernatant contained Proline-Plectasin

35 and sample was neutralised by 100 mM sodium phosphate (pH 12.3). The identity of Proline-
Plectasin was confirmed by mass-spectrometry. All standard protocols has been described
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i nhibited 41% cell growth when directed to the periplasm however, it did

not affect cell growth 20 when expressed in the cytoplasm (see table

bel ow). G¥OIBHOUOEI % | nhibition pHH 16% pHH pl ectasin (pPREDEIRPIBBEt asi n)
41% pHHA 12% pHHA-pl ectasin (pDR-18-plectasin) 13% Table 2. Inhibition of

N d activi | uati f P
i orel| SepragEAeproiarRe e BRI o O o Casi n from b miorel 1ain

PET31 b+ In order to produce Plectasin for antimcrobial activity assays,

t he cDNA encodi. .PI ct si. s.inserted into the expression vector pET31
b+ (NOVMMM%@ 30 designed ol i gonucl eoti des
(Prinmerl andARnbdikeRyersibe oPhatéviaisly maishedasot@opl hasibaen applien ivities dstectimai n
reaction,usin P ner a t he_manufact ur 45 WO
03/ 024085 %?%%Rg' %&W&%&Jﬁ elg;d scqgiﬁeqj“f%engﬁﬁ APRYS for endogenaU
6[\18 iltzg Cagﬁﬁl@ﬂibmz megmaadnmgt Metiddisad 37C CIgT ald3Y gTarger bhctéta ((ﬂEQ:dlthy

ri mer atctc at at tttaatg
atgoct « faeubnrats GEPRuercaiesine ot Sadedeyanarie e 80 plriraserdasmtiing
restri Cbgékf@s@rmiomd@fmsf lsbyas)rc(tbﬁ\l AN M sdﬁr@h )ghegmhk &sH guﬁ Wmegkﬂase:ewu%
gene as usi on construct in gn rocedures as de
the manGUSRENFIA8, WR\EHN AHigd| Ahan @Eéé%& P% sﬂﬂéect& %‘gi' WﬁF%?@écﬁzz has
beeng deggih id® Punch&ewhe ru@ecﬁ %‘Wk@%leslzfnl the deeﬁéyj ab&ﬁb@ﬁAﬁrersﬁQWPhar&r&cna

Transformati on and Ex ressmn of P. rPgﬁgella Pl ect

Rooon! FECD Eraten, SARPIS et R0 1R BOIES apdmouRBb At o des RSt by

the nmaRgfiRCAH roeérléyl\ba@g&nbd oRltas Bhdl theasiateneadineshaedd &leirighi(LEl rﬁéd|§307 svzms
(Q AGEN I nc. nd sequenced by autonated sequenci nrgq %@eﬂlppl as

speci fi &IP; }r\r%tfr%'cmbtai' AEIVEY ¥3g seq’ aPPPﬁ@Fﬂ)C'eaF‘F‘Q #Ehes arty k'tges E‘é’b‘cgg

(SEQ | Do Jeéanterefd.ﬁear % a;a@g\gagbt GnIC OB 2 CAE OMT PEQ {5 80n ) it8zdPRasm, 8L was
t ransf or ned E. coli accordi ng to the panufacturer éNova ﬁﬁ‘%ﬁde
in

Bacfleri Q'RhéﬁﬂteHaFQ“W’atbé%m'idﬁ TriagRlyli Blueh Sbastrndagd PretRels easnbPem e
synt hesigkeWhére (SBibtdIkeHritd¥h, Janmérlﬁ@ {dspypr opy|

bet a- D- Thi ogal act opyr anosi de). Upon 3 hours of induction,

Antimicrobial activity of Plectasin against Bacillus subtilis

To evaluate the anti-microbial activity of Plectasin, fermentation broths of recombinant
20  Aspergillus oryzae were applied in 2-fold serial dilutions in a radial diffusion assay (described
above). Large clearing zones were seen when testing the sample against Bacillus subtilis
following the above protocol. The largest clearing zone was obtained with undiluted
fermentation broth (15 mm), whereas samples taken from non-recombinant Aspergillus oryzae
shoved no antimicrobial activity against Bacillus subtilis.
25

Plectasin expressed through inclusionbodies in an alternative E.coli host

To increase the amount of recovered Plectasin with antimicrobial activity, Plectasin was
expressed in E.coli Origami-DE3 (Novagen Inc.). This strain carries a mutation in the genes
encoding thioredoxin reductase (trxB) and glutathione reductase (gor). The recombinant

30 pET31b+ plasmid encoding Plectasin was transformed in E.coli Origami-DE3 according to the
manufacturer (Novagen). Cultivation, expression and isolation of Plectasin containing
inclusionbodies was done as described above (Transformation and Expression of P. nigrella
Plectasin in E. coli). Recovery of Plectasin was as described above (Purification of P. nigrella
Plectasin from E. coli inclusionbodies). Subsequently, radial diffusion assay was used to

35 access the antimicrobial activity (see above: Antimicrobial activity by Radial Diffusion Assay).

Results show that producing Plectasin peptides in E. coli Origami-DE3 resuits in a 5-10
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bacteria were harvested, resuspended in 1/10 vol unmen buffer A (50 mM
Tris-HC, 1 mM EDTA, 100 nM NaCl, pH 8) and |ysed by pressure disruption
(1500 nBawp.o3Rewuwd ting pellet 25 was washed twi ce in buff@CTBKB30078M
Tris-HCI, 10 mM EDTA, 0.5% TritonX-100, 100 mMM Nad, pH 8). Al standard

t h b d I V\:h (S h
0 0 00k NBSebecth, A SLERL G (SBIRE Ol BEH4SE ioltal BRI,
30 The p&ctazin Iwesuhtthérgsniﬁponedm thieofaet pwtislir'mdmtnesmitscwatealobtadwepuexdressdwg

e SRaheS o S P e BB VS B Lo FFA ALY e ¢

N-term ft&Hngorﬁ of Hiselpl?ideailoaxﬂs n m’mqgomgrg@gendrﬂM amlloaﬂﬂedttn) tee Zoes;e\thems c;]f
resuspe in 100 sodi um p p i hcu ed overni ght at
5" dBgr LSl A SRR Y iR Ul 5 B RREroBI A PPREE et asi n® 35
and sanpl e was neutralised by 100 nM sodi um phosphate (pH 12.3). The
identity of Proline Plectasin was confirned by mass-spectronetry. All
standard protocols has been described 46 WO 03/044049 PCT/ DK0O2/ 00781

el sewhepxapiape ook, Fritsch, and Maniatis, 1989). Antimcrobial activity
by Radial D ffusion Assa A rmdl f| ed Ver si on of a o_- ously published

pr ot ocolCoRgleuatign of Sacahacdmyces e gxpression yeclpr for Ple bial activity
(Lehper et al., (1991) UItrasenS|t|ve assays for endogenous anti m crobi al
pol ypeptldes J I mmunol Methods 137: 167- 1733 Target bhacteria_ (106 col ony
form ng unit & egEN)P exaluate gyEssieN £h Rigctasn im& rcgé%y’sé@eartwgé? ifferent gigsmid

el ectr Ocsﬁuiﬁe@&owﬂasmaﬁ@@ﬂm@wa%rzrrmel PAFBS D ENEIdREthe AphaNb LR Friam S.
phosphat, pH 7.4, 37 degrees cel ci uig Suspensi on was solidified on an

| NTEGRI Befeufsiae fFﬁ%tO(‘%B’taélﬁelﬁl?ﬂ@%% Heq_%'i}vﬁ?’ébe Npgrates feom ghegiplegsieapeiaier

was use@eh@ 'ﬁ?éf&eb%ﬁﬁ: hNa trdEexzue@sv s@ﬂéﬁ@éepiﬂﬂﬁﬂééﬂ&d@@aﬂhmm&h leader
Bi ot ech, Sweden) es were added to the hol es _and incubated at 37

degr@es fuseddp fae PBO "erSltﬁJnr of Piggtagindplloyedapis thsotipie Slectasi: dRdhis irangirugt.ePnfas

i ncubat G xQVéent $RdsehtBetiREh the leﬁ%eaégraér)d thB'BrbPe gibP Bf RPlecBiini While/ aM@Berseen
as bacterial clearing zones around the |I's. Living cells was

count er $EX2rfilg separatesithe Prooregion o Piecﬁﬁmmh Piectasin tsalf.
(3-(4,5-Dinmethylthiazol-2-yl)-2,5 15 di phenyltetrazolium brom de Thi azol yl
blue). Al standard Erot ocol s has been described el sewhere (Sanbrook,

Fri t sch CoalaugtinnofpH 38ropalpha-leadefeXdBleslasiict i vity of Plectasin agai nst

Bachpl us Subfrgle'ﬂeaas. gédéamsté}ﬁpmealmra %iamabﬁy PRH irdhdi¥n Afsig & ﬁn‘n@rs

fer ment ation broths o conmbi nant us oryzae were

2ol d SEHISTEEOM e pHAS7 5 RexalesErigec belaw ﬂh%§§agfg(ﬂa@§!ﬁsnwba'\ﬂ7§gﬁ8/érpm
Lar ge C'e‘ié‘r?\blggz @9@%@2& BNRERMAMIE Th fh%Sﬁctpageééﬁsn SPIRURHGIDNA FrESREMt Wi

subtili | owm n above R‘;ot ocol | argest cl earing zone was

obt ai ne@UWIQ%U%mﬂjQIQﬁU&H PER mvsTieation dit (@rasa@n) @ﬂ%fQﬁﬁijteWéh é@@' gagrflal vhicken
from noryf RAATRLERARhgS PREEGED! BISthBTHiRRPs. The fragment was further purified from a 2%

25 agarose gel and ligated into a S. cerevisiae expression vector also restricted with Xbal and

Clal. This 2u based E. colilyeast shuttle vector employs the constitutive tpi promoter to drive
the expression of the alpha-leader/plectasin fusion, uses beta-lactamase for phenotypic
selection in E. coli, and carries the POT gene for plasmid selection in the Atpi yeast (MT663;
ala, Atpi/Atpi, pep4-3/pep4-3).

30
Primer pHH3875-Forw:
gaagg ggtat cgatg gctaa gagag gattt ggatg caatg gtcct tggga tgagg (SEQ ID NO:18)
Primer pHH3875-Rev:

35 cttag tttct agact agtaa cactt gcaaa caaag cccec ¢ (SEQ ID NO:19)
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shoved no antim crobial activity against Bacillus subtilis. 25 Plectasin
expressed through inclusionbodies in an alternative E coli host To increase
t he amourwooB/osmedvered Pl ectasin with antim crobial acti PCIDKoRloemst asi n
was expressed in E coli Oiganm-DE3 (Novagen Inc.). This strain carries a
rrutatio%'ntthe o[z ( tpr) and

glutath : - 1 = pI asm d encodi ng

Pl ect asi n waJhé Ipmcdcﬁ)fdmdnstmoﬁonof pHIGB&?@amldeIBEaalam:trmt of pigHB87 3 dvecept for the

f i Pl
cont i nP PP SC T aNAd A o e PR et B 38 Wt or rt  on - and

Expression of P. nigrella Plectasin in E. coli). Recovery of Plectasin was
as d sc |bed @B y8 EPUI’IfI cation of P. nigrella Plectasin fromE. coli

i ncl HB‘SHP ? &l@¥%quent Iy, radial diffusion assay was used to 35
access phagpddtaagatpiital gagig vadey cagaeagideigag gitthicgt cr obi (BEQ@D NO:2G) by

Radi al Diffusion Assay). Results show that producing Plectasin peptides in
E. coli Oigam -DE3 results in a 5-10 47 WD 03/044049 PCT/ DKO2/ 00781 fold
i ncr easen'mler aHHBm&Rebi(naéntmttb\dl-n-wsws Relgp peptide. The increased biol ogi cal
activit Iec asin urther supported by the fact im)lar
results U\%qtétc ?ﬁ% Adlga \A%?ggaﬁarf@aa%ﬁ%‘fcﬁér defensin, the h%'@b@éﬁefensi n

3. V¢ conclude that E. coli strains that allow the formation of disul phide

bonds in the cytoplasmis generally applicable in the biosynthesis of 5
biologiEéﬂﬁ§§8%8ﬁ@Siﬂﬁﬂéh§kﬂg¥ﬂﬁé—other di sul phi de bridged anti nicrobi al
pep{ [ defs. Eé{w?zgﬁsﬁuﬁqsmslemw@rﬁtm)z pSHeslTaarmwlet HSBI&W@*élt@nsﬁlgllﬁﬁé@ﬁmmeO&

vector for ect asi n order to eval uate expressi on o

oot sPaevbiR A WIpEH s R Ssfie pite SR Henaanatisgs PAPARte

made. pPHHBBETS ane pHRRB8Tbavare l@b@cieeadteéak%awn SC gré@idzagHi (eenthinmease Qréum
mature Pl ectasin. Plectasin can ber at ed fronlthe | pha-| eader. and .

hend® na9%r &d® t Biobiggse a0 ?QE%”HF%%{%Q tessea[h‘gd@‘éi aIﬂQHQB'Pg B‘?ﬂ!@ﬁ%g%’%ﬁ‘éﬁ until

al pha- | eaidgies 4evdisperd to the pro-region of Plectasin followed by the mature
Pl ect asi n. In this construct, one KEX2 site is resent{rﬁetv\een t he

al pha- | eader 1an8S!tROGSSENy EgiVAHahFolpNigs thees |‘F°°Wﬁ deingHh & oyl greund

separ at nfahﬁn?JS@@reghd)rE"/QfD LI864e291029%MHr b 11 Peasated iuhgsy \f.gors‘@mﬁméton
of pHH387 ha- | eader/ KEX2/ Pl ect asin 20 The Plectasin gene

anpl i fi € deregs ol I PRI SHPEIMBIANS WAL E%‘eOfbﬂﬁ%eT%C'“epﬂﬂSéb‘BV%rtwga’ﬁd

pHFB@75oBﬂﬁaldgéﬁdram¢ iR elaWiow NBolBeRET Height'S afkadSiAl gam}@Z%eHa%ms ayévep! e
2 was used as frﬁ@%ﬂ ate in the PCR reaction. The resulting DNA fragnent

was pufPRGeaHaigd QpisreliterseROpviFiolites H8ING A MRictocPIySRRETIUNhWith a MWickt-ed
W th Xbak oRBRDE] /ﬂl s%lé@froﬁ%HHiE%%dWmB%owea RptifeesaridY df ife BXeBRKS -

The fragnent was further purif froma 2%
Size. The concentrated samples showed the most promlnent bands.

In order to obtain more detailed information, the supernatants were analyzed using a
25  MALDI-type mass spectrometer (Voyager DE-Pro from Perseptive Biosystems).
For pHH3875, a major peak was observed at masses 4410-4411. This is very close to
the expected mass of 4402 for correctly produced and processed Plectasin.
For pHH3876, several peaks were observed. The two most prominent peaks were
found at masses 4411-4413 and 7870-7871. The 4411 peak again is in agreement with
30 correctly processed plectasin. The peak at 7870 corresponds best to semi-processed
Plectasin where the Pro-region is not cleaved from the Plectasin. Several breakdown products

of presumably the 7870 peak were observed.

Activity of Plectasin from pHH3875 and pHH3876

35 The supernatants described above were analyzed in a radial diffusion assay as

described in Example 5.
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25 agarose gel and ligated into a S. cerevisiae expression vector also
restricted wwth Xbal and dal. This 2p based E. co/i/yeast shuttle vector
enpl oys twWeocomstdtutive tpi pronoter to drive the expre®sir@mKofoishe

al pha-1 eader/pl ectasin fusion, uses beta-|actamase for phenotypic

selection in E. coli, and carries the POT gene for plasmd selection in the
At pi yeast (MI663; a/a, Atpi/Atpi, pep4-3/pep4-3). 30 Primer pHH3875-Forw.
gaagg gpPrRsmepatg dct anogaglag gaCbhceptrateg faatg gtcct tggga tgagg (SEQ 1D
NG 18) |Priper pHH3875- Rev—35ettagtttet] agact agtaa cactt gcaaa caaag
cceee ¢ ?@E@?% NC|19) %8 WD 03/ 044B49 PC/ DKO2/ 00781 Construction of
pHH3876| pHRBHTER- T edder / KigX2/ pr 9- r egi@n/ KEX2/ Pl ect asi n_ The protocol for
constru an of pHH3876 is identical to that of pHH3875 except for the DNA
primers B'ﬂ'ﬁ%%ﬁed Hor pHA3876, |the p¥4 mers|described bel ow were used: 5
Primer FEBRSTAp r%&\mat&mofgm.@moﬁﬁ%g gcTaa gagag caccc cagec tgttc ccgag
gctta cgc (SEQ 1 D NO 20 Pri mer 76-Rev (identical to pHH3875-Rev):
cttag tttct agact agtaa cactt gcaaa caaag ccccc C (SEQ ID NO 21) 10
Expression o S (T Ewh%o

pHH3875 and éﬁlﬁ)%gﬁ:‘g@mgrngkstg Ziﬁ”s odeweqlé%t%gt m'bn'l"a%é‘gm@. Si ael%sofercgfgr?hslﬂ%n

usi ng aprqdumquwgi@é@@ttvéy g8 6empared teeblBIBATS.t r ansf or mant s of pHH3902,

pHH3875 and pHH3876 were sel ected, streaked on SC ground/agar (containing
SC ground 15 agar, 2% D- gl ucose, 0.02%thr eonin) plates and incubated at 30
degr ees HI# soresningrofiRlectasy wariants devel oped. To test expression, individual
col oni es wer g, (o] n

ground, 2% D- fjb%ggéé%rggéﬁ/ﬁtlﬂ'ﬁzréquﬁl %T“'Wéﬁ at egy’:}ﬁgﬂ?déélmoérg ﬂo'%gﬁm

30 degr éléEP)aﬂsgv fay dctivity3s dasieed. Tapet wasegiht 3 syitera, yaast @¢iI81cs%a1mmg:th¢ecog\trpb
(No p I I,@%% I r

par \zﬁ thsupéﬁt?% gg‘t 6srl tlﬂ\/\grt\é@qﬂ%ﬁg%h% ?%ff[egﬂla??lag m crz |tn§€d to Zg fire |

m crol i geawrugp ing9Gawell oriaotitar plates. AbRueasonable cell mneltyt eitogrfS of 2@ keroliter of
sanpl es

S 7o, - Th REREEAR hefferilen iy BIOHRILRER I SraARE 1 e BB VORER ey ¢,

obt ai n aerdesduedi IneBxampler redgain, cleaning aprasnan am gadielr diffasiah ytestdplatei wgrea

25 DLy UR 0%, RROLIE VY 0RO PR AT LSRR s e

Thi 45i s aneérpHH3836e Asoobserved above, the clearing zones were larger for the supernatants

originating from pHH3876. No clearing zones were observed from the control plasmid. This
indicates that this simple HTP assay can discriminate between yeast cells expressing different
levels of antimicrobial activities, and is feasible for screening Plectasin variants with desired

activities.
20
EXAMPLE 7
Construction of inducible yeast production and HTP screening system for Plectasin -
Construction of pYES2-3902, pHH3886 (Plectasin) and pHH3887 (Pro-plectasin)
25

In order to evaluate inducible expression systems and the potential for setting up a

HTP screening system for identifying Plectasin variants with improved bioactivity, inducible
expression vectors encoding Plectasin and pro-plectasin were constructed using pYES2.
pYES2 (Invitrogen) is a 5.9 kb vector designed for inducible expression of recombinant

30 proteins and peptides in Saccharomyces cerevisiae. The vector contains features such as a
yeast GAL1 promoter for high-level inducible expression by galactose and repression by
glucose. Uracil prototrophy and ampicillin resistance are employed for selection of
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t he expected mass of 4402 for correctly produced and processed Pl ectasin.
For pHH3876, several peaks were observed. The two nost prom nent peaks were
found at wassmes40d4911- 4413 and 7870-7871. The 4411 peak aga®Cm/DI2i0n781
agreenent with 30 correctly processed plectasin. The peak at 7870

ds b t ] - Pl L0 wh t he Pro- [ [ t

P eavenTARSarTas Briag TS RhE &S S AP e BB, P otucts of prosumably he
7870 peak wemareebsiasmiied. weketdonstrycted;, Plcemttaplasniid,opY pSHIB0Z Samd tve bldsBiids 35
Th d [ b I di di al diffusi
T o Eh PRl bR RS R R e 0 ahoad peT/ Do2) 00veL Pl nani d Novral
Concen]'E r at ed ApHAESR i aOn%rpftlHBﬂEecﬁorthe ﬁﬂﬁ%Sg@ha-léagegaf%ienlé;.froﬁnprp;t—tbiﬁi%&t e

tion ur singly, . ed,. r ges
on b« PHRRBCH a0 RabaEYs wEr BE Rt b pERd AR Ston T Rys 0Pty e
](c:orrpﬁr eeurt on p?ﬂ%&@’ﬁosﬁ'ﬁﬁ, $>Qﬁfmnub:s1i|§g Qfatg_E’h @?tifw}tiar& k'm,rér&rlﬁestribtedmidﬁlﬂitnﬂm andh t
urt her timze the antincrobi acti.vi 0 in, a hi ro u
(b B8 P St s i Plrfesagnding 3feyM e olimid SYFSZ s Sostfs sie B6FT ™

cont ai nigaget indron06f thel GALOpphser The [iddtidA GAx was ttahsfotmed Pite cdragétent E. coli.

' I 1 d HH3875 d pHH3876,. . wer. ' |l .
i 6r ot 1 1 B ERGS Wekp PSP AR A EPBPYT o HDYYA cBER Ehaeket o5 BBRTISINIY o
of d_1d> Peir;s??&if_tw cbrea s ¢‘ir&afwm_&1§ticfc>jﬁ _Wlﬁbtgx@ﬁe rlf{yCDNAiéeaUgrnﬂir@g lasiﬁgl_dhelﬁﬂﬂe'rsn a
radi a | ion, a a escribed in a . clearin S on
the r adg9P1§?f VY %@gg‘é%t ?‘B‘F aP1BSIgP eareegﬁﬂ@%egr éﬂ??&ggb@% pfé?ﬂ‘aot')an‘ggﬁg&
ori gi natPlegasinoand p1eH3387 (Prepleatikiny.pr oduci ng strains, pHH3875 15 and

pHH3876. As observed above, the clearing zones were larger for the
supernatants originating frompHH3876. No cl earing zones were observed

f rom t herigePAOPIOP! asmegata tadad adgoraguititesy that this sinpl esgdiib agsa) can
di scrim nate between yeast cells expressing different |evels of

ant "% crobial activities, and is feasible for screening Plectasin variants

w th degrimrdAoPaugVi ti e6ggcAfadgAlytildtcgg Construct ion of i ngsEq b ao/eRst
producti on and HTP screening systemfor Plectasin - Construction of
pYES2- 3902, pHH3886 (Pl ectasin) and pHH3887 (Pro-plectasin) 25

The three plasmids, pYES-3902, pHH3886 and pHH3887 were transformed into yeast

strain JG169, and plated on glucose (0.5%) / galactose (1.5%) containing plates. The glucose

20  ensures formation of colonies of a suitable size and after depletion of the glucose, galactose

ensures further growth, induction of transcription and corresponding production of Plectasin.

After colonies had formed, a lawn (approx. 10° cfu) of an indicator strain, B. subtilis, was

overlaid the colonies and the plates further incubated overnight. As seen with the other yeast

plasmids described above, the yeast strain harboring the control plasmid did not result in a

25 clearing zone, whereas pHH3886 and pHH3887 both gave rise to clearing zones. The largest
clearing zones were observed with pHH3887 encoding Pro-plectasin.

EXAMPLE 8

30 Construction of inducible yeast production and HTP screening system for Plectasin -

Construction of mutated Plectasin libraries

Mutated Plectasin libraries were constructed using error prone PCR. Randomly
mutated DNA fragments were generated using the primers pYES-mut and pHH3885-Rev and
35 either the template pHH3875 (Pro-plectasin) or pHH3876 (Plectasin) in a PCR reaction
containing 0.5 mM MnCl,.
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In order to eval uate inducible expression systens and the potential for
setting up a HIP screening systemfor identifying Plectasin variants with
i nproved wooamid4ndd ty, i nduci bl e expression vectors encodipag/ieobzssi n and
pro-pl ectasin were constructed using pYES2. pYES2 (Invitrogen) is a 5.9 kb
vect or designed for inducible expression of reconbinant 30 proteins and
peptides in Saccharonyces cerevisiae. The vector contains features such as
a yeasPnGﬁthﬁSanuﬁer for high-level inducible expression by galactose and

repression.b ucose. ieillin i are
enpl oye&aafa&? Cetgh%?cagﬁ ag?dgé a\ﬂ%%ﬁ%@é%%"%@?%éﬁ%mlé?@é’%i@g? nts in
t he yeast and E. coli cell, respectively. Three plasm ds were constructed;
a co Iaﬁ 5 ES-3902 and two plasm ds encoding Plectasin, pHH3886
and H gg% g%% Vi's a non-fusion vector, the entire al pha-| eader

r egi ons tdtaagogtd-Efakittaa thaqatddd cGgntdtaddi3876 were PCR anpl($EQed NO125)
standard PCR reaction. The fragnents were run on a 2% agarose gel,
purified using Q agen purification kit, and restricted with Hndlll and
Xbal , and |i gaeédgmehts wére raoon aq% agianoge gélt psnfleu using (pllagembahfmxﬁﬁx?kut and s

p05|t|ons t.he al pha- | eader t e ligation m x
has. ¢ r alBpBPTdaor e PRTRECP Y S2 802 T Plabmids ard Efilofptet Bt pHERRERt and
a nuobeeadt cemsliigtual cl ones anal yzed for plasnmids with 10 insert of the

correct 5126, DR ReLAILERL S o0 bk, COL SmuSaELg JBlon. S
(cont r olo)5% WS@nd( ‘PE%Cg@lsctb#e amterphitib38adn @P30- egEedaSelt)us for i2neaysAGRLO7:

ceate AR SRR BT oA T B B T Bl B

(nggo%S? T\hﬁrpf&atés aRed Peubtded Iflirthey&&SM h@jﬁrﬁ at B0 Jcdfes camlusalmﬁng@knmategl 10;0002

al act os ontai ning pla se en
for far | GAODES Aol Jreos ST ina Tt S Aiandre b SAERB SonenEr phiated for
gl ucose furgelr ardrasterigfiodr es further growth, induction of transcription and
correspondi ng production of Plectasin. After colonies had fornmed, a | awn
(approx. 106 cfu) of an indicator strain, B. subtilis, was overlaid the
colonies and the plates further incubated overnight. As seen with the other
yeast plasm ds described above, the yeast strain harboring the control
plasmd did not result in a 25 clearing zone, whereas pHH3886 and pHH3887
both gave rise to clearing zones. The largest clearing zones were observed
wi th pHH3887 encodi ng Pro-plectasin. EXAMPLE 8 30 Construction of inducible
yeast production and HTP screening systemfor Plectasin - Construction of
mutated Pl ectasin libraries
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Miut ated Pl ectasin libraries were constructed using error prone PCR
Randomy nutated DNA fragnents were generated using the priners pYES-nut
and pHH38®©-Bavs0amd 35 either the tenplate pHH3875 (Pro- ploaaikRion)sior
pHH3876 (Pl ectasin) in a PCR reaction containing 0.5 mM MnCl 2. 51 WO

03/ 044049 PCT/ DKO2/00781 Primer pYES-nut: taaatactac tattgccagc attgctgcta
aagaag&dddM§gt at cgat g gccaagaga (SEQ I D NO. 24) 5 Priner pHH3885- Rev:

t gt aagcgt g acataactaa ttacatgatg cggccct cta ga (SEQ ID NO 25) The
fragments were run on a 2% agarose purified using Q age urification
kit and. Aipelpepids having anim@fpb@lrﬁwv'grYE@zctsgmm thE @r@HPLNS IS ”QAB e

el ectropor at ed, ddafide g&gﬁﬁ% ﬁé"an amné/ ﬁéatseﬁﬁéﬂc% ﬂr@r@ﬂas Ihl%a&f’%")d'léérﬁfﬂﬁh

|l ibrari'es were plate |ates (23cm x 23cm) containing 5%
gl uéose an@rmmS%Cgt;I Actood8. OfA\SE@r WJ n'&@b'ht\i\"@?fe@t thep agingr @gigls CBRKING sUR é"r‘e 2

days, (Lhe doiyBEBide k31 PRy fy QUBERAHANDR L Joiy 1 agar ose | ayer

containing a subti | The plates were |0ncubat ed
f urt her(bf ora palypeptide cempasingl égrastgo @@lﬂﬁeggen%pwm hangklepst 65% ddentity with

col oni es We('lﬁ@g? zﬁéepgq? exgc?cfetd 6%/%9% lc%bYdl:bGQIEt ﬁ%etéﬁcgdn%béh%ﬁme fiicRBiHd Y

zones were i s rt'her characte 1 on 03/ 044049
PCT/ DK02/ 0G#8dencElpiededt in PskupoplogieneindpelttaBhg4487i i crobi al activity,

I f f .
i o 28 o LB RSpuge e RTlcARdBy 3 qud@hiod RENARERINE rBiERIds irte: Ry
to 40 of SE@Nglnmmditwnemm rohwugladtie probelselaeikd frgmutpe graup qeokipiirgef d_e
are | ”depegl gent! B{hé%rﬁﬁk,\ﬁ% quﬁé‘i}al?moc{f nkclk B{dé%) 325 285 BPéE@GIPtN(tgiﬁ,eco”p“ sing

an am no acrd sequence entit

pol ypeptidé")encodbdcwpbh@ntim$tmrtﬂerban|BOMﬂSy7@épt2i35@f§ﬁ@dﬂlN@1parl‘d of the
nucl eot i de equ 10 (c)
a pol ypeptl(dz mﬁﬁ%%})@ﬁgﬁ?ﬂ%%&{;@e&%ﬂglf cie@ e@gjg%g;g%?@ \ﬁ ?hﬂéégrl di zes
undér |[(dw asfragmerd o€ (a)cidhdr tc) thai;has amtlrmcmblayac,ttvlt)eotl de probe selected from
the group consisting of: (i) the conplenentary strand of nucl eoti des 166
to 285 of SEQID NO 1, (ii) the conplenmentary strand of nucleotides 70 to
285 of SHQel prip@plide andordipgito )cldimel,caomyirisimgnaraamirgt acithdeqfientachigch ihdest 1 t o

285 of f f
285, of JFEAR Dok i omyho gl 135 ARSI I 2kl Sy AORUITR:
an am red least 65%61dﬁﬂiny;eatw¢a8¢ ISO%alslerattty at least 95% identity, or at Ieast 99% identity with

20 amino acids 1 to 40 of SEQ ID NO:2.

3. The polypeptide according to claim 2, which comprises the amino acids 1 to 40 of SEQ ID
NO:2.

25 4. The polypeptide according to any of claims 1-3, which consists of the amino acids 1 to 40 of
SEQ ID NO:2.

5. The polypeptide according to any of claims 1-3, where the polypeptide is an artificial variant
which comprises an amino acid sequence that has at least one substitution, deletion and/or

30 insertion of an amino acid as compared to amino acids 1 to 40 of SEQ ID NO:2.

6. The polypeptide according to claim 1, comprising an amino acid sequence which has at
least 70% identity with the polypeptide encoded by the antimicrobial polypeptide encoding part
of the nucleotide sequence present in Pseudoplectania nigrella CBS 444 97, preferably at
35 least 80% identity, at least 85% identity, at least 90% identity, at least 95% identity, or at least
99% identity with the polypeptide encoded by the antimicrobial polypeptide encoding part of
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| east 70% identity with amno acids 1 to 40 of SEQ ID NO 2, preferably at

| east 80% identity, at |least 85% identity, at |least 90%identity, at |east
95% i dentwoyg/oer4at | east 99% identity with 20 am no aci @€TDKom/0dB10f SEQ
ID NO 2. 3. The pol ypeptide according to claim2, which conprises the am no

i e Ihenidatis SEvRe P piieediontt ol 0PRSS 0"EE” SOt D NG 3. .

The pol ypeptide accor di ng to any of clains 1-3, where the poI ypepti de is an
artifici aLrgvar

ant ri.ses an .amno.ac uence that has
Menst | orle TR BO PR PSR SRiTE s CoPisEedbe ABITO RO Seaieg S2ehiPdhs
COWDa(Fjeﬂbyt Meaﬁrﬂﬁlcmﬂaispdlyﬂeptlé@ écoding) pdet ND. gle @UC@WGP\?ﬁWHﬁﬁﬁ' piesent I|n
accordi aim1 an am no acid sequence iC as at east
70% Pde%ﬂ’%ﬂ?ﬁq‘ﬂ"i’ ﬁ/@f%%ﬁ‘f% encoded by the antim crobial polypeptide
encodi ng part of the nucl eotide sequence present in Pseudopl ectania

nigrella CBS 444. 97 rabl y at ast. 80% i dent.i at legst 85%
denti 1 ThE AcbAEpIds0 BEGRIERG 10 aThs B arad, MYSO-PRRNE §fyhd Gy aF Beasatony,

i denti t)én%delal Byhaemhmwualctewe gtRRkeshcbying partat thaThGdiedlidalsegednceqpédehe in
encodi ngPSpart of 04404 PCT/ DKO2/ 00781 the nucl eoti de sequence

pr esent ﬁ“‘?f@éfiféqﬂﬁ @’é’f ﬁl 42(1 a CBS 444.97. 7. The pol ypepti de
accqpding to claim6, whi ch corrprl ses the am no acid sequence encoded by

the antim crobial polypeptide encodin art t he nuc| eoti de sequence

present % dh e?%@ﬂﬁ%’pﬁ&%@ﬂg o ﬁlaﬁF%l‘sI‘% %B@Q{Mh%fm lygeptifigeis 3) gﬂ?'u psiant
accor di RghidhOcdphtisEE o #hind, ackhbddlief6d fiab has @t 1dd3€ oAdisDestRARiof, 8€etiaNaRd/or
encoded by the antim crobial polypeptide encoding part of t he nucl eot| de

sequencéSsitiv8eflt aNnampe aHE pPe CORNAERINIY R [aitBRCith segyence pengoded by th

pol ypeplandRicAsihd OBdm;eb@dé:l éhées:.r@ Oparf, ofhehe hiBlepRley PERiUeHE: | Prévent in
artificial variant n$)r| ses an am no acid sequence that has at

| eadp ofée%ﬂ?ﬁ‘i@’mp’éfﬁ”a@eﬁ%ﬂ 4% -and/ or insertion of an anino acid as
conpared to the ami no acid sequence encoded by the antim crobi al
pol ypepti de encodi ng part of the nucleotide seguence present in

Pseudopl1€cThePalyRerjide| acgording tesclainr1, witich iprency ?@Bé&t”‘{f@oﬁ%é?‘ﬂﬂeﬁﬁet"ﬂ“@ ai m
1, whi ChybRiRRCARRA nididn Wg%ﬁéy %oﬁ%ﬁgeﬁr‘éﬁrmy Qxhderhb{@ﬁ's‘tiirg@ﬁcwe&fﬂﬁtldﬁ?d' um

stri ngenc condi ti ons, pre erab under I Stri ngency condi t1ons with a
pol ynuc MiB m%vrwﬁ@sad%@noéetselectpﬁérﬁmme ggqtmﬁ&né@h@s 8ting of: 20 (i) the

comphemgnt ar Yhéédrﬁ&&n@ﬁta%*ﬁ@tdfﬂﬁée&@@s t196 ?@58536f§i§§?|[b R 1, (ii) the

conplenentary strand of nucl eotides 70 t DNO1, and (iii)

t he compienethergmplengniancstrandof @e@e@t@es ZOtt@2§%9f %EQ;*,EQIQ . 2w
(iif) the complementary strand of nucleotides 1 to 285 of SEQ ID NO:1.

11. The polypeptide according to claim 10, which is encoded by a nucleotide sequence which

25 hybridizes under medium stringency conditions, preferably under high stringency conditions,
with a polynucleotide probe which is the complementary strand of nucleotides 166 to 285 of
SEQ ID NO:1.

12. A polynucleotide having a nucleotide sequence which encodes for the polypeptide defined

30 in any of claims 1-11.

13. A nucleic acid construct comprising the nucleotide sequence defined in claim 12 operably
linked to one or more control sequences that direct the production of the polypeptide in a
suitable host.

35
14. A recombinant expression vector comprising the nucleic acid construct defined in claim 13.

55



11. The pol ypeptide according to claim 10, which is encoded by a nucl eotide
sequence which 25 hybridi zes under nedi um stringency conditions,

pr ef er abl wous@eso4hi gh stringency conditions, wth a polymeoa/paaRiods1pr obe
which is the conplenentary strand of nucleotides 166 to 285 of SEQID

NO 1. 12. A pol ynucl eotide having a nucl eoti de sequence whi ch encodes for
the pol ypeptide defined 30 in any of clainms 1-11. 13. A nucleic acid

const r ucs, &eEgUntsihdrg hbbtece kohpasing thesr@letnand deistrinedddfines iredlaml 3. oper abl y

| inked to one or nore control sequences that direct the production of the
pol ypeptide in a suitable host. 35 14. A reconbi nant expression vector
conpr i si1gg Al ARtHBeC feR | ﬁroﬂ@difﬁ)@omwamae def dafirddiin dHyabimeidins 159, 6 ORtRH049
PCT/ DKO2/ 00781 15. A reconbi nant host cell conprising the nucleic acid
consPruCPMBE$N%ed in claim13. 16. A nethod for producing a pol ypepti de as

defi ned (an anryitiotingl 1iEin lwhidh il Rewiletype dorndisCaipablesdf Pcducy thé!bbiypéstideg a
strain, which inits w I_d-‘tége formis capabl e of producing the
pol ypept® B@ducs heRAhp&eHos #89pol ypepti de; and (b) recovering the

pol ypeptpde. rdédvérng therpiypeptidedr produci ng a pol ypeptide as defined in any
of claims 1-11, the nmethod conprising: (a) cultivating a reconbi nant host
cell as defined in claim 16 under conditions conducive for production of

t he 1gol vipen! hiéehod i ;ﬁrbkiuéirgf%Vﬁéljl titd @sP@fRE PRI &1 of d@imMsB1-14, the method

pol ynucl eoti de having a nucl eoti de sequence which has at | east 65%identity
with n¥eMgasingles 166 to 285 of SEQ ID NO 1. 19. A polynucl eotide having a

nucl eot iige SRUMEARHR AMbImbiamt Rbst! @Ads &iHed G¢ Rlairh YieWrddar tbfitiohd conducive

anti m crobi al pol ygepti de encoding part of the nucl eoti de sequence present
in Pseliefdprdtianchthei Rpiveepridecaad 444. 97. 20. A pol ynucl eoti de having a

nucl eotige seE’sBR Ml pdypRpiRdes a pol ypeptide having antim crobial
activity, and which hybri'dizes under |ow stringency conditions wwth a 25
pol yAucl eoti de probe sel ected fromthe group consisting of: (i) the

conpl emet & Yofhti@dstidal havitd 8ohidiketidd BRqlehc28rnkh R RalOsd% (dehiityt With
conpl enentary Strand of nucleotides 70 to 285 of SEQ ID NO 1, and (l 1)
t he conperetfesr\pode 28h@f SEQHDRN@Fti des 1 to 285 of SEQ I D NO 1.

19. A polynucleotide having a nucleotide sequence which has at least 65% identity with the
20  antimicrobial polypeptide encoding part of the nucleotide sequence present in
Pseudoplectania nigrella CBS 444.97.

20. A polynucleotide having a nucleotide sequence which encodes a polypeptide having

antimicrobial activity, and which hybridizes under low stringency conditions with a
25  polynucleotide probe selected from the group consisting of:

(i) the complementary strand of nucleotides 166 to 285 of SEQ ID NO:1,

(i) the complementary strand of nucleotides 70 to 285 of SEQ ID NO:1, and

(iii) the complementary strand of nucleotides 1 to 285 of SEQ ID NO:1.

30 21. A polynucleotide having a modified nucleotide sequence which comprises at least one
modification in the mature polypeptide coding sequence of SEQ ID NO:1, and where the
modified nucleotide sequence encodes a polypeptide which consists of amino acids 1 to 40 of
SEQ ID NO:2.

35 22. An antimicrobial composition comprising an antimicrobial polypeptide as defined in any of

claims 1-11.
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30 21. A polynucl eotide having a nodi fied nucl eoti de sequence which
conprises at least one nodification in the mature pol ypepti de coding
sequence wbD 0SE@okD NO 1, and where the nodified nucl eoti ®eTaaEgUANTSE
encodes a pol ypeptide which consists of amno acids 1 to 40 of SEQ ID

NG 2. 35 22. An antim crobial conposition conprising an antim crobi al

pol ypeptide as defined in any of <clainms 1-11. 56 WD 03/044049

PCT/ DKO280Pe3dompbsition o caimRaswhitiofurtbér cdnaprise 2n additiohalfbigdidaeagermnpri ses an

addi tional biocidal agent. 24. A nethod for killing or inhibiting growth of
m crobial cells conprising contacting the 5 mcrobial cells with an

anti m crabiramefrdy fo pRilliog oasi?lﬁibﬁih@&ﬂom aémynicrbbial aéll"ﬁscdrr[iﬂsirl\g?iontéctg@ ¢Hegent
conposi tion conprising a,surfactant and an anti m crohi al pepti de as

o | B TcoLASCalR Wih 3 A5 s pasite Fiefne I S iR Jrtbe s e as
defined in any of clains 1-11 for use as a nedicanment. 27. An anti m crobi al
pol ypept.id s defined in.any of clainms 1-11 for, use as.an antim crobi al
Dot ot ha: AnSIEraRDhAMPRBIS) SOTPESS B PUTARATLCHIck 58 et 08 ah ROV
anti m ceefmedlin BAY ypegikisde1as defined in any of clains 1-11 for use in the

preparation of a veterinarian or human therapeutic agent for the treatnent
of a mcrobial infection or for prophylactic use. 29. Use of an
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29. Use of an antimicrobial polypeptide as defined in any of claims 1-11 for killing or inhibiting
20  growth of microbial cells.

30. A transgenic plant, plant part or plant cell, which has been transformed with a nucleotide
sequence encoding a polypeptide having antimicrobial activity as defined in any of claims 1-
11.

25
31. Use of at least one antimicrobial polypeptide as defined in any of claims 1-11 in animal
feed.

32. Use of at least one antimicrobial polypeptide as defined in any of claims 1-11 in the

30 preparation of a composition for use in animal feed.

33. An animal feed additive comprising
(a) at least one antimicrobial polypeptide as defined in any of claims 1-11; and
(b) at least one fat soluble vitamin, and/or

35 (c) at least one water soluble vitamin, and/or

(d) at least one trace mineral, and/or
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(e) at least one macro mneral. 34. The animl feed additive of claim 33,
whi ch further conprises phytase, xylanase, galactanase, and/or

bet a- gl ucwoasm44089 35. An ani mal feed conposition having apcmmie2pomiei n
content of 50 to 800 g/kg and conprising at |east one antim crobi al

pol ypeptd) deeast Srfhaed riRerany of claims 1-11. 58

34. The animal feed additive of claim 33, which further comprises phytase, xylanase,

galactanase, and/or beta-glucanase.

35. An animal feed composition having a crude protein content of 50 to 800 g/kg and

comprising at least one antimicrobial polypeptide as defined in any of claims 1-11.
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