Antim crobial Agents The present invention relates to nodified endolysin
variants with inproved anti bacterial action against G am negative bacteri a.
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pepti de fused to the endol ysin, thus enhancing the cationicity of said
endol ysin. The present invention also relates to a m croorgani sm
transfornmed with a nucleic acid conprising a nucl eotide sequence encodi ng a
nodi fi ed endol ysin variant with enhanced cationicity. The invention further
relates to a nethod for producing an endol ysin variant using a

m croorgani smtransformed with a nucleic acid encoding an endol ysin vari ant
according to the present invention as production organism In particular
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foodstuff, of nedical devices, of surfaces in hospitals and surgeries.
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di agnos‘t]i.“? RIESR P‘gl/?n ?sr'})ég%fcélggﬂfgaflﬁ%nti on relates to a pharmaceuti cal
conposition conprising said nodified endolysin variant. Endolysins are

pepti dogl ycan hydrol ases encoded by bacteri ophages (or bacterial viruses).
In particular ‘the present invention relates to endolysin variants comprising an endolysin to

which a peptide stretch with membrane or LPS disrupting activity is fused. Moreover, the
present invention relates to nucleic acid molecules encoding said modified endolysin variant,
vectors comprising said nucleic acid molecules and host cells comprising either said nucleic
20  acid molecules or said vectors. In addition, the present invention relates to a method for
producing said endolysin variant. Further, the present invention relates to said modified
endolysin variant for use as a medicament, in particular for the treatment or prevention of
Gram-negative bacterial infections, as diagnostic means, disinfectant or as cosmetic
substance. The present invention also relates to the removal or reduction or prevention of
25  Gram-negative bacterial contamination of foodstuff, of food processing equipment, of food
processing plants, of surfaces coming into contact with foodstuff, of medical devices, of
surfaces in hospitals and surgeries. Furthermore, the present invention relates to the use of
said endolysin variant as a diagnostic means in medicinal, food or feed or environmental
diagnostic. Finally, the present invention relates to a pharmaceutical composition comprising

30  said modified endolysin variant.

Endolysins are peptidoglycan hydrolases encoded by bacteriophages (or bacterial viruses).
They are synthesized during late gene expression in the lytic cycle of phage multiplication
and mediate the release of progeny virions from infected cells through degradation of the

35  bacterial peptidoglycan. They are either B(1,4)-glycosylases (lysozymes), transglycosylases,



They are synthesized during | ate gene expression in the lytic cycle of
phage multiplication and nediate the rel ease of progeny virions from
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endol ysinfigasbasr diiepeptidaw. Adtimardafigpplid@iontofends gsief wihasad g hzpeRsed as
antlbacterlals masgégnored due to the success and dom nance of anti biotics.

Only aflf@t bydéasappeaP 24361 br Alopgipthe lgHingnapigity ofeasidgtyains habedy koW s
| : N .
o1 TE! & PPRR AL (RORB e BUAR RRLAGRRISIAI R BRARLYAL o ubegiletetha |

agents demmagled oﬁmdtﬂandcﬁ mmafta]s&ﬂ appeirenceydli @ultipée antibdotivyy tesisthnt Badedf

ynme and antibio |cs - perfectly met thjs need. In 2001, Fischetti
and% O\HE)HS KEPRleqeans ARt PlarugPItEE ]t“HfBanf PR ngt‘qsrfélde rFélgPHéIPéﬂé‘iFtlYf‘éi BoteHt :Aa of

bact er I8 ?@1@1‘% qwe%“@&'dé%l%Pt R%@J;ﬁsnegzr CHRseA St TARDRSALE! N%' sRerRl &ile
: hen many publicati'ons have established endol ysins "as an

at t r actend@yandumdrml emyhtoalcy -al hydrateiny of teozyoed nod 'apgbioers’ alperfncttlscmﬁbns,
t I i bact Subs t di ff dol ysi
Daei otk e S DEBRSe) et demeriraee oy dpY SEcuts bt
(Loef f IRtenBhl & bacteti@Plage Ea&Gidolydm @Waﬂ[sa%bl% (Sahipedeogdi (Relson %9@12% 208).
p

agal actiae (Cheng et al., 2005) and Sta | ococcus aureus (Rashel et al,
2009) Hdncs tb%menw pwélcatl@fsrha@a@yalwh%mdﬂlmnw anNGvieeiag snd e¢raplamsntary

I npor t aﬂt G al ngCeOI’I- (%e%asll url'fte(r:]t?ornas P]aIJtICIﬁaﬂ tbhe ¢gsen8l t I VI ta%terl
G am négat i ve bact eria toma exogenhous acti o 1'YSi ng Si'nce

t he outSebsdiemnangifehinel dsddlenacgrast obthendokasipositift ¢ oputhbgengepticidogd ycan.
This currently prevents the expansion of the range of effective endol ysins

to i npoYfeamcousktedativelpstits st ak. 2081 hiasBaa{eaga et drrhchys 2893 an
out er {%?B’rﬁ@% CHnb Rt Ff S PBRALAE SRS F%?lb#&ccﬁ?)f%& EMshQ] &%Yeioo%h@yeg&hg&?f k.

The ou ane“bi ['ayer consi's an 1 nner ayer conta
phasSphohdipedagypnd emaybloyicphdepinklys,dye nedshammmnt mhalleagd ofirndaly€en thomol ayer
EI'E?: el i}gggiqtr}]l:egﬁ\séﬁg gl?pfegfqulliagqayg%%%!: %ac%ly Ct(())lwlapcls the e)|<opg(f):1gous a%ggr? Q{J‘ ér{d%?ym LPS) -
since the outer membrane shields the access of endolysins from the peptidoglycan. This
currently prevents the expansion of the range of effective endolysins to important Gram-
negative pathogens.
20
Gram-negative bacteria possess an outer membrane, with its characteristic asymmetric bilayer
as a hallmark. The outer membrane bilayer consists of an inner monolayer containing
phospholipids (primarily phosphatidyl ethanolamine) and an outer monolayer that is mainly
composed of a single glycolipid, lipopolysaccharide (LPS). There is an immense diversity of
25  LPS structures in the bacterial kingdom and the LPS structure may be modified in response to
prevailing environmental conditions. The stability of the LPS layer and interaction between
different LPS molecules is mainly achieved by the electrostatic interaction of divalent ions
(Mg**, Ca®") with the anionic components of the LPS molecule (phosphate groups in the lipid
A and the inner core and carboxyl groups of KDO). Therefore, the cation-binding sites are
30  essential for the integrity of the outer membrane (Vaara, 1992). Polycationic agents such as
poly-L-lysine polymers (of at least 20 residues) increase the outer membrane permeability by

displacement of these stabilizing divalent cations. In addition, they exert a so-called 'self-

promoted uptake’ mechanism (Hancock and Wong, 1984). Due to their bulkiness, they disrupt
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Gram negative bacteria |ike Pseudononas aeruginosa and Enterobacteri aceae.

Thd8, there is a need for new antim crobial agents agai nst Gram negative
bacteria. This.object- s solved t he subj.e matter..defined in the
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Figure 1 is a schematic overview showing plasmid construction for recombinant production of
(POLY)"-gp144 ((POLY)"-KZ144). Previously, pEXP5CT/POLY-gp144 (pEXP5CT/POLY-
KZ144) was constructed by a tail PCR (with the BamHI restriction site and first polycation
20  cassette in the 5' tail primer). The plasmid was linearized with BamHI, dephosphorylated and
ligated with a cassette containing overhanging BamHI ends. This cassette originates from the
hybridization of two complementary oligonucleotides and encodes 9 positively charged
residues. One additional positive arginine residue is created at the junction site between the
first and second cassette, together with a serine. Longer pEXP5CT/(POLY)"-gpl44
25  (pEXP5CT/(POLY)"-KZ144) variants were constructed similarly by repeated cycles.

Figure 2 shows the expression and secretion of POLY-gp144 by Pichia pastoris. An amount
of 30 ul supernatant of a P. pastoris X33 expression culture [after 1 day (square), 3 days
(triangle) and 4 days (circle)] is added to 270 pl chloroform-permeabilized P. aeruginosa
30  PAOIlp cells. The buffer conditions were the optimal enzymatic conditions of POLY-gp144
(KH,PO4/K,;HPO,) T = 120 mM pH 6.2). Subsequently, the optical density was

spectrophotometrically recorded. A drop in optical density indicates the secretion of a
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The lane FT pertains to the flow through and the lane W to waste fractions. Only minor
secondary bands are visible in the purified protein fractions, indicating the high purity of the

recombinant proteins (>90%).

20  Figures 5 A to D show in a graphic representation the antibacterial activities of unmodified
PSP3gp10 and the modified PKPSP3gpl0 in different compositions on several exponential
growing Gram-negative bacteria after an incubation at room temperature and without shaking.
Each species of Gram-negative bacteria was incubated for 30 minutes with a composition
comprising 0.5 mM EDTA but no endolysin, with a composition comprising 1.315 pM

25  unmodified PSP3gp10 but no EDTA, with a composition comprising 1.315 uM modified
PKPSP3gp10 but no EDTA, with a composition comprising 1.315 uM unmodified PSP3gp10
and 0.5 mM EDTA and with a composition comprising 1.315 uM modified PKPSP3gp10 and
0.5 mM EDTA. In Figure 5 A the antibacterial activity on P. aeruginosa PAOlp cells is
represented, in Figure 5 B the antibacterial activity on P. aeruginosa Br667 cells, in Figure 5

30  C the antibacterial activity on E.coli WK 6 cells and in Figure 5 D the antibacterial activity on
Salmonella typhimurium cells. “A” gives the difference of activity between the respective
PSP3gp10 and PKPSP3gp10 samples. The error bars render the standard deviations of the

mean.
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fol | owi R HPREPIUARS DSt ai n to protein fractions of the purified protein
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after N2+ affinity chromatography. The |ane FT pertains to the flow
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cornposivnimedifednP2gEonbutln@IEDTM with a composition comprising 1.315 pM modified
PKP2gp09 but no EDTA, with a composition comprising 1.315 uM unmodified P2gp09 and
0.5 mM EDTA and with a composition comprising 1.315 uM modified PKP2gp09 and 0.5
mM EDTA. In Figure 7 A the antibacterial activity on P. aeruginosa PAOlp cells is
represented, in Figure 7 B the antibacterial activity on P. aeruginosa Br667 cells, in Figure 7
20  C the antibacterial activity on E.coli WK 6 cells, in Figure 7 D the antibacterial activity on
Burkholderia pseudomallei cells, in Figure 7 E the antibacterial activity on Pseudomonas
putida G1 cells and in Figure 7 F the antibacterial activity on Salmonella typhimurium L'T2
(SGSC N° 2317) cells. “A” gives the difference of activity between the respective P2gp09 and
PKP2gp09 samples. The error bars render the standard deviations of the mean.
25
Figure 8 shows a picture of a Coomassie-stained SDS-PAGE showing the results of the
expression and purification of the unmodified endolysin OBPgpLYS and its modified
endolysin variant PKOBPgpLYS. The lane LMW pertains to a size marker (LMW ladder).
The following three lanes pertain to protein fractions of the purified protein in Elution Buffer
30 (20 mM NaH,P04,-NaOH pH7.4; 0.5 M NaCl; 500 mM imidazole) after Ni?* affinity
chromatography. The lane FT pertains to the flow through and the lane W to waste fractions.

Only minor secondary bands are visible in the purified protein fractions, indicating the high

purity of the recombinant proteins (>90%).
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The term "protein” as used herein refers synonymously to the term "polypeptide". The term
“protein” as used herein refers to a linear polymer of amino acid residues linked by peptide
20  bonds in a specific sequence. The amino-acid residues of a protein may be modified by e.g.
covalent attachments of various groups such as carbohydrates and phosphate. Other
substances may be more loosely associated with the polypeptide chains, such as heme or lipid,
giving rise to the conjugated proteins which are also comprised by the term “protein” as used
herein. There are various ways in which the polypeptide chains fold have been elucidated, in
25  particular with regard to the presence of alpha helices and beta-pleated sheets. The term
“protein” as used herein refers to all four classes of proteins being all-alpha, all-beta,

alpha/beta and alpha plus beta.

The term "fusion protein" as used herein refers to an expression product resulting from the
30  fusion of two nucleic acid sequences. Such a protein may be produced, e.g., in recombinant
DNA expression systems. Moreover, the term “fusion protein” as used herein refers to a
fusion of a first amino acid sequence, in particular an endolysin, autolysin and/or other

peptidoglycan hydrolase, with a second or further amino acid sequence. The second or further



PKOBPgpLYS and 0.5 nM EDTA. In Figure 9 A the antibacterial activity on
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as henme or lipid, giving rise to the conjugated pl‘gtEI ns which are al so

conpr i yedicolar tilvetitrec and/ pr pilwiantnigpepsded herei n. There are various ways in
whi ch the pol ypeptide chains fold have been elucidated, in particular with
regard to the presence of al pha helices and beta-pleated sheets. The term

" pr ot eiThe t@sn *&gdd@ﬂf&éﬁ’f dsRE&] Fertia réflels b AHY khldasFpeptidf lifke@t®h PRotdIBishich
al | -al pha, all-beta, al pha/beta and al pha plus beta. The term "fusion

prdPei ns aasendobyivheptwlysin end/es pepsideglyssp hadwilasa. by paitieelar dwutermnpeptiémm t he
fusion of two nucleic acid sequences. Such rotein may b reduced, e.g.,
e ecoftichiag: URn Pk S SRUPRFE her i oot PSP R pe R aT e &

as usegepdeeitittdhein@hs nfe@niag fofl Sheopre@dnt enviehfisd ded¥i v réfet @ HIRGUE) SGeptdks,
particul ar an endol ysin, autolysin and/or _other peptidoglycan hydrol ase,

with aAddesteMc-tgs Gikiaganitnsacyycigdagie iEA O-tge 05 eBBNAS DN IEF affi no
andl or e eRr] B PLFLEL Bgled” pREAL, ARSH IhE Reah B ISP B (LAY o
acild ségemiestie®ht as edegrhetedn sifiels noa pepthietveliith ednl e inefud ko fhoilBatedek pressih
domai n a(rjlzi/og g?firfi‘gyr Sl}riflaégjcigr? o? gi p%lysp%gtlilc?er,](‘:cg ‘immobilize a polypeptide to a surface or to
serve as a marker or a label moiety for detection of a polypeptide e.g. by antibody binding in
different ELISA assay formats as long as the function making the tag useful for one of the
above listed facilitation is not caused by the positively charge of said peptide. However, the
20  His-tag may, depending on the respective pH also be positively charged, but is used as
affinity purification tool as it binds to immobilized divalent cations and is not used as a

peptide stretch according to the present invention.

The term “peptide” as used herein refers to short polypeptides consisting of from about 2 to
25  about 100 amino acid residues, more preferably from about 4 to about 50 amino acid residues,
more preferably to about 5 to 30 amino acid residues, wherein the amino group of one amino
acid residue is linked to the carboxyl group of another amino acid residue by a peptide bond.
A peptide may have a specific function. A peptide can be a naturally occurring peptide or a
synthetically designed and produced peptide. The peptide can be, for example, derived or
30  removed from a native protein by enzymatic or chemical cleavage, or can be prepared using
conventional peptide synthesis techniques (e.g., solid phase synthesis) or molecular biology

techniques (see Sambrook, J. et al., Molecular Cloning: A Laboratory Manual, Cold Spring



The term "nodified endolysin variant" is used herein synonynously with the
term"endolysin variant”. Both terns refer to a fusion protein conprising
an endol yWwworosmd3mw7pepti de stretch, in particul ar a cat PomEP2@M06@17

pol ycationic peptide. The term "pepti8le stretch” as used herein refers to
any kind of peptide linked to a protein such as an endol ysin, autolysin
and/ or peptidogl ycan hydrolase. In particular the term"peptide stretch" as
used heigbér PefLICold Spang arlut] . PRIy, BRMUd GnietiyaBt pedbcdpgptidele.
However, a peptide stretch in the neaning of the present Invention does not
refer ¥ HE<CAEigRis or BPIYEHIANIGREPAGS - t ags, Myc-tags, Gst-tags, JS-tags,
cystein-tags, FLAGtags or other tags known in the art, thioredoxin or
mal t ose binding proteins (MBP). The term"tag" in contrast to the term
"pepti de sielelicctin, de wsad'chesrge pepidedrefdro ta apggptide ehawinigcpositarlypehargaf ul to
facilitate expression and/or affinity purjfication of a paolypeptide, to
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ELI SA assay tornmats as |long as the function naking the tag useful for one
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i d tide,. Ho . .the His-t .. d ' t he. ti H al
e posrRle R SRTed LR DLl ERE ShEER At g T eI gh T ag T
bi nds t@ni rexabhik ipéseicdiay al@NMer&AatdBRSIBNE pbFchInidipgfides a peptide stretch

according to the present invention. The term "peptide" as used herein
reflers to short pol ypeptides consisting of fromabout 2 to about 100 anino

acid resjdues,.nmore preferahbly fromabout 4.to about 50.am n aciﬁa
st qudde Hone BreraPR) SRRl P Pl tand B L Pad Bl i 1 ¢ e
am no greliRed®bemitR @mpiRed6f ehose§ipdsitvels dhhifpke dntigo béig resdbaxi pgtioupr of
anot her am no acid residue by a peptide bond. A peptide may have a specific
funct i d¥sinea apEpine dBdeaRIsHENS TRUdiAsamOye BretuRtlY Ainsettd/ erraining yiAvtety cal | y
desi gngugPt%Edis RBL ng%dofrfﬁ&hgf})%smlfag cﬂﬁr%& IR f‘esidqu{ if%]’é?egpc' Houey, iyed or
renmove roma native protein by enzyfmatic or chem cal cleavage, or can be
pr épar €0, 68, 61y 700My.e84,i86na0, rept misterit IPOthesitlse hramoriciliesidues gre, psialvety phase
t hesi | | bi ol
syn escilgl)gec? ramqr?o E&H r%gidués? ir? %Xrticular lysine and/or arginine residues. The amino acid
residues being not positively charged amino acid residues can be neutrally charged amino
acid residues and/or negatively charged amino acid residues and/or hydrophobic amino acid
residues. Preferably the amino acid residues being not positively charged amino acid residues

20  are neutrally charged amino acid residues, in particular serine and/or glycine.

The term “endolysin” as used herein refers to an enzyme which is suitable to hydrolyse
bacterial cell walls. “Endolysins” comprise of at least one “enzymatically active domain”
(EAD) having at least one of the following activities: endopeptidase, N-acetyl-muramoyl-L-
25  alanine-amidase (amidase), N-acetyl-muramidase, N-acetyl-glucosaminidase (lysozyme) or
transglycosylases. In addition, the endolysins may contain also regions which are
enzymatically inactive, and bind to the cell wall of the host bacteria, the so-called CBDs (cell
wall binding domains). The endolysin may contain one, two or more CBDs. However, the
term “endolysin” as used herein refers also to enzymes having at least one EAD but no CBDs.
30  Generally, the cell wall binding domain is able to bind different components on the surface of
bacteria. Preferably, the cell wall binding domain is a peptidoglycan binding domain and

binds to the bacteria’s peptidoglycan.



techni ques (see Sanbrook, J . et al., Mdlecular Cdoning: A Laboratory
Manual , Col d SpringHarbor Press, Cold Spring Harbor, N.Y. (1989)).

Pr ef er r eaweyntonesiocal | y produced peptides are e.g. cati ecir@EPes09pedoyTati oni c
pepti des. As used herein, the term"cationic peptide" refers to a peptide
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and/ or hydrophobic am no acid residues. Preferably the amno acid residues
beilAg Kdwarlpsdi Fospen S FEMD dligrokial Reva2i0g M@rsi‘?d%)e%S%Wé’. neutral |y charged

am no acid residues, in particular serine and/or glycine. The term

"endol ysin" as used herein refers to an enzynme which is suitable to

hydr ol yige tiae t'BAIDE] asc@lell hopdih Seferskodnéd ¥aiymsgaticBITREtv@eddihailof lag astlolgkia.
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bacteria, the so-called CBDs (cell wall binding donmains). The endol ysin may

3

{
cont ai nCHAYIC dQBalr - nore CBDs. However, the

The term “deletion” as used herein refers to the removal of 1, 2, 3, 4, 5 or more amino acid
residues from the respective starting sequence.

20
The term “insertion” or “addition” as used herein refers to the insertion or addition of 1, 2, 3,

4, 5 or more amino acid residues to the respective starting sequence.

The term “‘substitution” as used herein refers to the exchange of an amino acid residue located

25  ata certain position for a different one.

The present invention relates to improved antibacterial agents against Gram-negative bacteria,
in casu modified endolysin variants, comprising an endolysin fused to a peptide with
lipopolysachharide (LPS) or in general membrane disrupting activity. LPS is a major
30  component of the outer membrane of Gram-negative bacteria. It increases the negative charge
of the cell membrane and protects the membrane from certain kinds of chemical attack. To a
certain degree said LPS protects the membrane of Gram-negative bacteria also from

endolysins added from outside of the bacteria. However, the LPS can be disrupted by peptide



term "endol ysin" as used herein refers also to enzynes having at | east one
EAD but no CBDs. Cenerally, the cell wall binding domain is able to bind

di f f er entwoanponstrs on the surface of bacteria. PreferabigEpadmcmdet | wal |

bi ndi ng domain is a peptidoglycan bind ng domain and binds to the

bacteria' s peptidoglycan. The term,,cell wall" as used herein refers to all
conponents that formthe outer cell enclosure of the Gramnegative bacteria

and t hyge@béy [aRimea LRsidisript@gictility ad 8. gppodlitively argddgepti@ésNMoreter, sl | " as
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32(2):259-86". The term "EAD' as used héerein refers to the enzymatically
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starti ng;§gpuence. The term"insertion"” or "addition" as used herein refers
to the insertion or addition of 1, 2, 3, 4, 5 or nore am no acid residues
to the respective starting sequence. The term "substitution" as used herein

refers to the exchange of an amino acid residue |ocated at a certain
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endol ysin variants, c€onprising an endo In fused to a Se tide wth
15 membrane disrupting activity, wherein said peptide stretch is fused to the enzyme at the N-
and/or C-terminus. Said fusion proteins according to the present invention are also called

modified endolysin variants or simply endolysin variants or modified endolysins.

The endolysin part of the modified endolysin variant is preferably encoded by bacteriophages
20  specific for Gram-negative bacteria such as Gram-negative bacteria of bacterial groups,
families, genera or species comprising strains pathogenic for humans or animals like
Enterobacteriaceae (Escherichia, especially E. coli, Salmonella, Shigella, Citrobacter,
Edwardsiella, Enterobacter, Hafnia, Klebsiella, especially K. pneumoniae, Morganella,
Proteus, Providencia, Serratia, Yersinia), Pseudomonadaceae (Pseudomonas, especially P.
25  aeruginosa, Burkholderia, Stenotrophomonas, Shewanella, Sphingomonas, Comamonas),
Neisseria, Moraxella, Vibrio, Aeromonas, Brucella, Francisella, Bordetella, Legionella,
Bartonella, Coxiella, Haemophilus, Pasteurella, Mannheimia, Actinobacillus, Gardnerella,
Spirochaetaceae (Treponema and Borrelia), Leptospiraceae, Campylobacter, Helicobacter,
Spirillum, Streptobacillus, Bacteroidaceae (Bacteroides, Fusobacterium, Prevotella,

30  Porphyromonas), Acinetobacter, especially A. baumanii.

Moreover, the endolysin has preferably cell wall degrading activity against Gram-negative

bacteria of bacterial groups, families, genera or species comprising strains pathogenic for
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activity pronotes the passage of an endolysin fused to said peptide stretch
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activity of degrading the cell wall of G'am negative bacteria and a peptide
st A8t chawineki.menbr ane di srupting activity, wherein said peptide stretch is
fused to the enzyne at the Nand/ or C-term nus. Said fusion proteins
according to the present invention are also called nodified endol ysin

var i antPseferabsy, i anderydial past derived framtaspHape 6P8infiidagpeesdiol i adsdepithe im0l ysi n
part of the nodified endolysin variant is preferably encoded by

bact er ifofragedadsieci fic for Gram negative bacteria such as Gram negative

bact erffa of _batteriat oups, famti yBETTET & 0T TES C TSI
. 6)9195 . ?lg icatliiI)H ! J Swld t 1 - Ered?cgeg?un%ﬁon of hrergndolysin d
strai ns_pathogeni c fof hunmans or ani medelysin | ke Ent er obacteri aceae
(Escheri chit@a, espegiLaladyapkiegac @M., | Sabnongb | a)cnshigel | a, G trobacter,
Edwar dsietta,—Enterobacter Haf e, _KiebsieHa, —especiatty K—preunonijae,
FFaLS-1 McClelland, M. and Wllson, R.K. STMO0907.FelsO chitinase
Mor ganel I &,
€15 Kropinksi, A.M. and McConnel, M.R. epsilon15p25 chitinase
YUA Ceyssens. P. (Laboratory for Gene YUA20 lytic tr_ansglycosylase (C)/ 1 transmembranair
technology) domain (N)
B3 Braid, M.D. and Kitts, C.L. ORF23 lytic tr_ansglycosylase (C) / 2 transmembranair
domains (N)
BCEP Summer, E.J. and Young, R. BeepMu22 lytic tr_ansglycosylase (M) / 1 transmembranair
domain (N)
F116 Byrne, M. and Kropinski, A.M. F116p62 muraminidase (T4-like)
FELS-2 McClelland, M. and Wilson, R.K. STM2715.S.Fels2 | muraminidase (T4-like)
ES18 Casjens, S.R. and Hendrix, R.W. gp76 muraminidase (T4-like)
SETP3 De Lappe, N and Cormican, M. SPSV3_gp23 muraminidase (T4-like)
PECO32 Savalia, D and Severinov, K phi32_17 muraminidase (T4-like)
HK022 Juhala , R and Hendrix, R.W. HK022p54 muraminidase (lambdalike)
HK97 Juhala , R and Hendrix, R.W. HK97p58 muraminidase (lambdalike)
HK620 Clark, A.J. and Dhillon, T.S. HK620p36 muraminidase (lambdalike)
E1 Pickard, D. and Dougan, G VIP0O007 muraminidase (lambdalike)
SF6 Casjens, S and Clark, A.J. Sfep62 muraminidase (lambdalike)
SFV Allison, G.E. and Verma, N.K. R (SfVp40) muraminidase (lambdalike)
BCEPC6B Summer, EJ and Young, R. gp22 muraminidase (lambdalike)
BCEPNAZGUL Summer, EJ and Young, R. Nazgul38 muraminidase (lambdalike)
P2 Christie, G.E. and Calender, R. K (P2p09) muraminidase (lambdalike)
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Nei sseria, Moraxella, Vibrio, PAEmEPENNAGE)947
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Brucella, Francisella, Bordetella, Legionella, Bartonella, Coxiella,

Pseudononadaceae (Pseudononas,

Haenophi | us, Pasteurella, Mannheim a, Actinobacillus, Gardnerell a,
Spi rochaet aceae (Treponenma and Borrelia), Leptospiraceae, Canpyl obacter,
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St enot|roph@nonas, | Sphi n LSSeri a,
NMor axell ane\/ brio, §m§hr,\§rr§|!\ﬁgrg c Bruge IQ%UR %r an :f?u':ra NQDQS‘%‘Z D‘gf ella,
Legionel | a3 Ba t Eanednl N, an@Uslinek, &, Haermphl | ugmurdr@gt- a@nmeénhlcase Mannhei mi a,
Act i ngbac us dCchael aceae ire and borrelia),
Lept ospi réa'_Hnap Krto’pmsgrll% ?Vé|¥ovaDM i rn%gpj'%pr r&"rﬁmro & ﬂanme m St rept obaci |l s,
Bact er|oi daceae| ( Baigher, Ohrdés\/,allaFEUSObaCt api. Eurn Priearof ehlehnae arﬂ@sephyr ononas)|,
Aci net[ob T, [ E€Speci Daun'anl T Prefe d part
deri vds ?é‘?%)ﬂ a nhaﬁ‘ '\? d}él'"er Wi'td ty HodB ySi 'ySOZ%'M%i(N)n/QgP' e 80 02 f ol | owi ng
t abl e:|Al sorPpreterr ad, N’Iéhdl\/lh'l@ J!End0| 3 Si nam;pa;oiz d @ysbaynerg) /iaeahnme&dﬁuhysi ns of| t he
Pseud aerugi no age amnd = of [t he Pseudonpn da phlage
OBP, df tB}%i1 phage LLiLV@?fBM 7 fs' rom T4 | v§ozyme VogiBi ¢ ﬁHﬁg'b'”d'”aJma'PQM PSP3
endol ysi nnCTk/bH praelf/eeiéa@hwaya‘she endol psmm pa me uurfamgsfadnﬂqtu)edurﬁnm@m the grljoup
consi gti ”(%5 i KZgpt 44 —accor dimng L(E); 34% Bt | 88 —acctordinmg tio SEQ
| D NO.|2 nmonel Shat 'Y e cor dPFg cﬁﬁrﬂnﬁmﬁm NER BT GEAt eri a
phage T430®I517d0| YSi Bunae6 a6 Yaghgtro SEQ kd&w&d@ﬂ Ned-sraihgdast (R mbatdrent)
endol ystm—accordingtoSEQ 1D NO %, & col+Phage K Fendotysin
BCEP1 Summer, EJ and Young, R. Bcep1-28 PG-binding domain (N) / muramidase (C)
BCEPNY3 Summer, EJ and Young, R. BcepNY3gene26 | PG-binding domain (N) / muramidase (C)
PE12-2 DeShazer, D and Nierman, W.C. gp45 PG-binding domain (N) / muramidase (C)
$52237 DeShazer, D and Nierman, W.C. gp28 PG-binding domain (N) / muramidase (C)
dP27 Recktenwald, J and Schmidt, H. P27p30 endopeptidase
RB49 Monod, C and Krisch, H.M. RB49p102 endopeptidase
P Arbiol, C. and Comeau, A.M. phi1-p102 endopeptidase
T5 Pankova, N.V. and Ksenzenko, V.N. lys (T5.040) endopeptidase
201phi2-1 Thomas et al., 2008 (I;’Smt:lr;]d(lrcl;g; domain (N) / unknown catalytic
Aeh1 Monod, C and Krisch, H.M. Aeh1p339 muraminidase (T4-like)
YYZ-2008 Kropinski, A.M. YYZgp45 muraminidase (lambda-like)

Also preferred is the endolysin part deriving from endolysins of the Pseudomonas aeruginosa

phages ®KZ and EL, of the Pseudomonas putida phage OBP, of the phage LUZ24, or from

T4 lysozyme, gp61 muramidase and PSP3 endolysin.

More preferably, the endolysin part is selected from the group consisting of phiKZgpl144
according to SEQ ID NO:1, ELgpl88 according to SEQ ID NO:2, Salmonella endolysin
according to SEQ ID NO:3, Enterobacteria phage T4 endolysin according to SEQ ID NO:4,



according to SEQ I D NGO 6, OBPgpLYS according to SEQ ID NGO 7, PSP3

Sal nonel | a endol ysin (PSP3gpl O according to SEQ ID NO 8 and E.coli Phage
P2 endol yworo(0R2em@9) according to SEQ ID NO 9. |n anotrhemErpecefemred
enbodi ment of the present invention t#3e endol ysins or the nodified

endol ysin variants according to the present invention conprise

nodi fi cations and/or alterations of the am no acid sequences. Such

al t er atdc@ngolabRl GaumBli Ehdaddioascoidiyig GOISPIQ HB NOSAE @NsPEde K 1aSed@lBid ons,
insertions and additions, substitutions or conbi nations thereof

/
chen caFCwARRGesSIER KhaVGii ABTEBLYSr axspulies o SEQ 18 BOF dyibrotimonella
tyl atj . P ti ; e
car boxg ey anAEP NP e RTLT SLQMIPREFS Bl IR AMATEL B (P30 11

act i vi tagcarllinghe SEQspeNO: 9e wi | d type endol ysin. However, said activity can

be higher or lower as the activity of the respective wild type endol ysin.
Sai d activity can be about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110,

120, 130.anddhQr p%aé&recﬂ-@&boé-iﬁ%nt 38Qhe PR indbRh ROLnAeREint RS BELhitida of

the respective wld-type endolysin or even nore. The aCtivity can be
nmeasur edddysias saymtsveictordimgwio i thet bresent t intygntzonp eospniss kinbdligidationst hed/ar t  as

e.g. th |.at e sis.assay or the Liquid |lysis sa ich are e.q. .
desor | BOGAMY o FEPDIET S sSdpeheioshem ol o RE Agliaben 3y Sadarise
(2007) JmuthtiorRNBcR 9P eletiths, tilRriidhseitd LRitdne, AMRtitueenybt BorBiBidRehaRef or
LPS disrupting activity conprises a positively char ﬂgg_ peptide, which
confri gad/opnehepricapekanges tHe thgogiming edqpd cissidyesd agi rvotavilalpnpedcayldtipsi ne
argini nd/ or histidine, Preferably, jore than.80% preferably,nore than
086 b By <HsBa oy i YrR st e kPR nES SR RRlN RS,
char geditar adalghids ex okt and BFROALSNty of g f3pdcONE GvikEEhE daddlgsih UHBWeRir, t he
N-term nal and/or the Ctermnal end of the endol ysin variants, thus,
enhancishld achEty &1 Bhigherordeweins the aetirity s sheresgective vilddypeendalsoiStisht  of
t he i nvent. t{hOR¢ t ednten t bysk4nh i1S0a t 5,
mor e p\rég%bg nyﬁé;?b cﬁlgalgt Q%%a%%?bsgl’g?qﬂs%l g(r)\’ggib’llﬁsh?g?g g’r;fébd %'Prb%séjl’frlggt t he
end6l ydi70, V&0,il@0torcbomr 262 % afhthenddliyg oh thendsgecpeptvildetypeisedblysin or even

more. The activity can be measured by assays well known in the art by a person skilled in the

art as e.g. the plate lysis assay or the liquid lysis assay which are e.g. described in (Briers et

al., J. Biochem. Biophys Methods 70: 531-533, (2007)).

20  In one aspect of the invention the peptide with membrane and/or LPS disrupting activity
comprises a positively charged peptide, which comprises one or more of the positively
charged amino acids being lysine, arginine and/or histidine. Preferably, more than 80%,
preferably more than 90%, preferably 100% of the amino acids in said peptide are positively
charged amino acids. Advantageously, the cationic peptide is fused at the N-terminal and/or

25  the C-terminal end of the endolysin variants, thus enhancing the cationicity of the latter
proteins. In another embodiment of the invention, the cationic peptide fused to the endolysin

is at least 5, more preferably at least 9 amino acids long.

In a preferred embodiment the endolysin variant comprises an endolysin and a peptide fused
30  thereto said peptide comprising about 3 to about 50, more preferably about 5 to about 20, for
instance about 5 to about 15 amino acid residues and at least 20, 30, 40, 50, 60 or 70%, more
preferably at least 80%, for instance at least 90% of the said amino acid residues are either

arginine or lysine residues. In another preferred embodiment the endolysin variant comprises



thereto said peptide conprising about 3 to about 50, nore preferably about

5 to about 20, for instance about 5 to about 15 am no acid residues and at

| east 20,w8Q@p104232030, 60 or 70% nore preferably at | ea®CTAP09060947 NSt ance
at least 90% of the said amno acid r#®sidues are either arginine or |ysine

residues. In another preferred enbodi nent the endol ysin variant conprisesan
endol ysin and a peptide fused thereto said peptide conprising about 3 to

about %8,end®lysinpinafLepapbidy fadeauherdtot Qidpetide 28mpficing i bsEEH &L adu0 B, Moted
about 15 amino acid residues and said am no acid residues are either

ar gi ni meeteiablyyabiones (@ ahaly 8. fopirstacapbgut X teerbpipty yBingtacit tepidyes angesaid

nodi fi . k i [.S:..f LS . ’ termnus and/or to the

Cter m%%ldlg@%ﬁh %l%iedﬁg%%{%le?/tglarnérgllnﬁl&éa&g%lgrl% %E"?g%\g- preferred enbodi nent said
peptide stretch is only fused to the N-term nus of the endolysin. However,

al sg preferred are npdi fied endolysin varjants having.a peptide stretch
both o ﬁ’r?fﬁ@b}e% e RYRMSS S&ﬁtﬁfﬂdﬁ bl b it %BPF‘S&P ey ﬁtter_ﬁleg%n the
N-ter My, @(p%e@—térﬁﬁng'(;fqﬁ@kﬁﬂbi}/ﬁﬁrlnba%atrﬁ&lz?r?l:@fe%d Aiiblobi i @ﬁ@tﬁggﬁde

stretches. The peptide stretch of the nodified endolysin variant cordi ng

t 0 t he spetebenonly musedtto dre N-derprimfsertald gndotwsal. élvtweyeh alsn graferrecare emadyine]

Preferably, .said peptide stretch consists Q | east 5, nore preferably at
east gnegysty NagaREMaye St wiEhIER Sphe ForerGRts g ofghe o)

23, 24,Sa@bpeptfle s&éich@Bon & N3&midds andlon 88, C34midey cadbbe $é sadd orstindd, 41,
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61,1062 peptyde Buptches, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99 or at least 100 am no acid residues. Especially preferred is a peptide

st r et cIThegseptils stg@ciabo e Motiied@dbly$B0yahn accatdibly teHedpiessnt ad@utiod id 0
about 50 or about 5 to about 30 am no acid residues. Mre preferred is a

pept i dPr&erBlycIPvalsApY Paynsfodbenzysier Bresaahly. seid BRALAS StielFl corssitytied leaghout 6
to abogf, nidte PR Gt fabst éj%‘gg 9,%93&, P 4g phoul 1§,817a%ﬂg9,§z@', gy reshgues,

about to about am no aci d r'esidues, about 6 to abou anino acid
redbdued, 2aoup7.88t 89,a10041, 24 3an34 35286, 371 88130046, 4 1abdut3, 414D, dbodit, 432

About 26 ShitloSacnast e dted SaoRuoUes & abbutl 9 dnphotnesart. 1T A0 10
74,775,776, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99 or at least 100 amino acid residues. Especially preferred is a peptide stretch comprising
about 5 to about 100 amino acid residues, about 5 to about 50 or about 5 to about 30 amino
20 acid residues. More preferred is a peptide stretch comprising about 6 to about 42 amino acid
residues, about 6 to about 39 amino acid residues, about 6 to about 38 amino acid residues,
about 6 to about 31 amino acid residues, about 6 to about 25 amino acid residues, about 6 to
about 24 amino acid residues, about 6 to about 22 amino acid residues, about 6 to about 21
amino acid residues, about 6 to about 20 amino acid residues, about 6 to about 19 amino acid
25  residues, about 6 to about 16 amino acid residues, about 6 to about 14 amino acid residues,
about 6 to about 12 amino acid residues, about 6 to about 10 amino acid residues or about 6 to

about 9 amino acid residues.

In one aspect of the present invention the fused peptide stretch is a cationic and/or
30  polycationic peptide, which comprises one or more of the positively charged amino acid
residues of lysine, arginine and/or histidine, in particular of lysine and/or arginine. Preferably,
more than about 20, 30, 40, 50, 60, 70, 75, 80, 85, 90, 95 or 99 % of the amino acid residues

in said peptide stretch are positively charged amino acid residues, in particular lysine and/or



resi dues, about 6 to about 16 am no acid residues, about 6 to about 14

am no acid residues, about 6 to about 12 am no acid residues, about 6 to
about 10 woi2om/@8i0d resi dues or about 6 to about 9 am necampdommsivdues. |n
one aspect of the present invention ttse fused peptide stretch is a cationic
and/ or polycationic peptide, which conprises one or nore of the positively
charged am no acid residues of |ysine, arginine and/or histidine, in

par ti cukdhinef rekieésNEEpBElaily pactaired nee pPpedekabtes odmsBtihfast adradt1020% 30,
40, 50, 60, 70, 75, 80, 85, 90, 95 or 99 %of the amno acid residues in
sai d pdeitielyshpged BMaeagd s5sidups i RFISUEE AT SRINA GNdeT ysinesrydess; wharen
partic | [ ar i +H r.esi i : g he.peptide
Drr et oHigtrabkRitf AP OREE 1Y 45058 s Te SHORE Biplo RIS AL BIREE oo
i n par tregdilearandragpini 30 andlorut [4PsTonst dagh pokitee]ly wherped amproedcd adliduealeut 60

% tQ aboyt. 70 % of id positjvely charged am no aci esidues are. | ysine
r esPdud8iBg TaBd Bfvs PEIEBBLLS BBt ShhdcPssiing % |a§0{tt GEPRHY aci d
" esi duRRa@E@ affifl R Rsldest, dH BaricVRF rfifl Shd/6idyhinie feRARL! WferdhRE(fibly

consi sting of about 100 % positively charged am no acid residu
parti cabaut tr GitniaheutdBdh of siig pondvelgshaged amiverced resplues aedjine afdobout4 %

to ab 8 %.of sai itively ch i i d. residues. i d
bhout 33 G PoiBbap Setontt PUSIHEIS SRS G ARl B SRS SShitos are
ar gi ni @&etcﬁ@smoin@t@msg; e GBesSnIG ARshist bPenI9Tystid e aIsoRleferddi Ni ne or only

e

|l ysine are also preferred. Especially preferred are cationic and/or
pollfcati oni c peptide stretches conprising at |east one notive according to

SEQ | Dy ST el Y, B0 AR S 3R oL
accor dinigivie0acoiQid gDINSEQLID (NRKIKRKK RATIER K. ElhepdrechlarVbdti@n{er pdptide egtethes
cationic peptide stretches corrgri Si n% at | east one KRK npot|ve )

(1 ys- arr§mpysng apkeaster. apteddt 7+ 8a%t102 11312.43, K4, 1g, 1§ or 87 mptivgpaccprding o 13,

14, 15, mo: 18 &K : , 4 .28 : , 32
or 33 é&?rlrgtlﬁ\(l)éii.% ﬁ n aﬁ%‘t%e%éﬁ)rré%rer?%z%oge E)%?Trr%dzntgreo‘f?azlio H%’ erpéggnsgg fcggsénti on
t ha5catcooprisinpepidasteoret KRK ahottvengyskagdyd) emictteatiidret lpas i2t By4l5 6chias,ged0am no

acid regidyes, |30 P LYLA LYSING, 300/ 0r )5 26,27, 28, 29, 30, 31, 32 or 33 KRK

motives.

In another preferred embodiment of the present invention the cationic peptide stretch
20  comprises beside the positively charged amino acid residues, in particular lysine and/or
arginine residues, neutrally charged amino acid residues, in particular glycine and/or serine
residues. Preferred are cationic peptide stretches consisting of about 70 % to about 100 %, or
about 80 % to about 95 %, or about 85 % to about 90 % positively charged amino acid
residues, in particular lysine, arginine and/or histidine residues, more preferably lysine and/or
25  arginine residues and of about 0 % to about 30 %, or about 5 % to about 20 %, or about 10 %
to about 20 % neutrally charged amino acid residues, in particular glycine and/or serine
residues. Preferred are polypeptide stretches consisting of about 4 % to about 8 % serine
residues, of about 33 % to about 36 % arginine residues and of about 56 % to about 63 %
lysine residues. Especially preferred are polypeptide stretches comprising at least one motive
30 according to SEQ ID NO: 32 (KRXKR), wherein X is any other amino acid than lysine,
arginine and histidine. Especially preferred are polypeptide stretches comprising at least one

motive according to SEQ ID NO: 33 (KRSKR). More preferred are cationic stretches



argi nine residues, neutrally charged am no acid residues, in particular

gl ycine and/or serine residues. Preferred are cationic peptide stretches
consi sti nyoabhioaheaey 70 % to about 100 % or about 80 % troTaireM®/08®4%4 oOr
about 85 % to about 90 % positively ctarged am no acid residues, in
particular lysine, arginine and/or histidine residues, nore preferably

| ysi ne and/ or arginine residues and of about 0 %to about 30 % or about 5
% to akeowiprididg % least abb@ul, 310, 906t 0, &Alouo, 120 1% el s, 1y, thaggedoraior2@ci d
residues, in particular glycine and/ or serine residues. Preferred are

pol ypepRaties §Qq03116$1&5]%@&]§|}§@1 Wy (KR XEBo of SBOHR BO2Bd(KREKH)seri ne resi dues,
of about 33 % to about 36 % arginine residues and of about 56 %to about 63
% | ysine residues. Especially preferred are pol ypeptide stretches

corrpr | Alngpfertedast polypeptioltisuetchescansiistigy d0abBEEY kdathdt 182 gKitREsidwdser ei n

th dth i i d _histidi |1
A A e R o 0
accor dipBgytt @7 IFQHR: NS O/ég:fysgﬁéR%@ues '\@%&cﬁ[@fﬁ’éf&@da&@ ﬁtﬁ%e%ﬂﬂé: stretch%s

stretchesconprising at | east about
14, 15 comPrisihg,at 1Bt A¢ wotiedh aerordig thEQeHD h@:dﬁd@KKQSG) S Qel efdded 3%

(KRXKR) or [.D NO._ 33 KR re t ches
consi st F%ﬂllﬁﬁ%ﬁlﬁtcoglppéméﬁﬁ%? t)aé’og %%@I ?%31931Po]f2y§g ]tf"t qg f({) 1Zbout
11 % seai M®of SDuEUEHotiOEs RBOMINgZE SED) BYNG: 3&21{%@3 ni ne residues and of
about 47 to about 55 % | ysine residues. Especi aIIy pref erred are

pollfpepti de stretches conprising at |east one m)tl ve according to SEQ | D

NO. 34 preferred a cationjc tC orrprl t .l.east
about Reﬁf)r }g’vf%éred em% c{lglent18¥ e[ﬁﬁ priszn{ %Ven 1ﬁn tlﬁ 8mc I}eptl?lg & eéch
about 2em@5ﬁts¢svséslc&cmr posigvely chiQed Ry 34 (SRESE) in pmlam@i hasinepaed/er r ed
enbodi nent_ of the present invention the cationic peptide stretch corrprl ses

besi de af&i@“ﬁd%ﬁl@qe@ehxﬂréﬂ’%b@feﬂnm 3 Egsidyey. B ipgiticylar jvaling dsqleugings lqugidiene
and/ or ,algi, fn@ ﬁeﬁ§1a 1ER ¢ ;gfﬁ%heﬁﬁQgéﬁﬁﬁg@lﬁﬁ%%Q}rBFlB@Sﬁl%ﬁe hiRoRAr Lyl ar

val i ne, |so euch eucin ani ne, tryptophan,
cydbei mpeolirel aamdnglydmﬁr assidegs, hinetd dpmﬁrabtljnr elanmna,, widine,ndeuqghtc nsm)&uamd

gl yci ne reg i dues, re preferabl val i ne, | euci ne soleuC|ne
pheny| DLERY ﬂémns»r?dﬁ&r EYRRER ﬁ%&fﬁe raf?é@d aps eAtoNICaREPEHE S%J‘»Pf"f‘érﬁoemﬁt&ﬁ i de
stret chesp&aNB &tdoNMbout 100 %, or about 80 % to about 95 %, or about 85 % to about 90 %

positively charged amino acid residues, in particular lysine and/or arginine residues and of
about 0 % to about 30 %, or about 5 % to about 20 %, or about 10 % to about 20 %
20  hydrophobic amino acid residues, valine, isoleucine, leucine, methionine, phenylalanine,
tryptophan, cysteine, alanine, tyrosine, histidine, threonin, serine, proline and glycine
residues, more preferably alanine, valine, leucine, isoleucine, phenylalanine, and/or

tryptophan residues.

25  Especially preferred are peptide stretches selected from the group consisting of the following

sequences:

peptide stretch length SEQ ID NO:
KRKKRK 6 SEQ ID NO: 10
KRKKRKEKRK 9 SEQ ID NO: 11
RRRRRRRRR 9 SEQ ID NO: 12
KKKKKKKK 3 SEQ ID NO: 13
KRKKRKKRKK 10 SEQ ID NO: 14
KRKKRKKRKKRK 12 SEQ ID NO: 15
KRKKRKKRKKRKKR 14 SEQ ID NO: 16
KKKKKKKKKKKKKKKK 16 SEQ ID NO: 17




of about 70 %to about 100 % or about 80 %to about 95 % or about 85 %to
about 90 % positively charged am no acid residues, in particular |ysine
and/ or arwornre28®3i dues and of about 0 % to about 30 %PCOEPaMOO60937 %t O
about 20 % or about 10 % to about 2017% hydr ophobi ¢ am no acid residues,
val i ne, isoleucine, |eucine, nethionine, phenylal anine, tryptophan,
cysteine, alanine, tyrosine, histidine, threonin, serine, proline and

gl yci nyﬁﬁﬁmKRm@Kﬁ@f erably al anine, valine,| | eugi n,SE@s%eNl@l neg

g?reg%ll: IJL Uplldll f Ebl uueb ESPECT gl I y]UCJ: g §RQB%DQNS pfé}l | de
sequen RKK'1 9 SEQI DNO: 1 §

SEQ | XMRKQ—RIQR@@MMKKKKKKKKK 19 SEQI DNO:2¢2 0 SEQ ID NO:

KRKKRK| ; ; FKRSKRKK | D
. a \ \ /I_)I/ 2 1 CENMN | NO—- 2 1 VdVdm] I‘ﬁ‘fm&)f/lbl/ég

NO . 2 Z TNININTNINNTNININNINTNNINININNININONININNNINT 4 L QI_\( I Ny, J IN\I\ININ AVAVAVANA\G W W AN RVYANANBVAN \RK

2 2 SE WKKBKI@RWRKRNNG(RKKRKKRK 2 4 SEGY DI NeR-IH KO: 23

KRKKRKI KEKRKKRKKKZR S SEQ| DNO: 2 6 22 SEQ ID NO: 24

KRKKRK%%@@@%W T SEQT D NOT 7 7,4 gm0 10 wo: 28

KRKKRK R RKE j NG 8

KRKKRK ‘“““““‘_“““““““““““““‘““I(I(DI(I(DI( 39 SLEJQ I D NG - _§]§Q ID NO: 26
KIRKE NO SE@ ODPref efabl vy,

’\v

KRKKRKKA HKKRKKRK 4 2 SEQ | I

t he pe JIKRKIERISKRRR@@G$@KB@EKRI@]QRIS@Q@S@ISRI@KMISRKag, Streps tagsrdvintag: 28
hﬁj tagﬁgkgngolnzéhe

MyC-t alh ERLE Al kA FYRE RE Dk A KA £ RY 0T 0
peptidmfﬁ%Kwa%ﬁwRwawww FRKGRE ilantd e chP BR nfPt B0 hal

art ang—hmo—+trt X et O0Se—Dbi1a Fotetns
Rk %
present invention may conprise in addi ti on such tag or tags.

Preferably, the peptide stretch is no tag such as a His-tag, Strep-tag, Avi-tag, Myc-tag, Gst-
tag, JS-tag, cystein-tag, FLAG-tag or other tags known in the art and no thioredoxin or
maltose binding proteins (MBP). However, the peptide stretch and/or the modified endolysin

5  variant according to the present invention may comprise in addition such tag or tags.

Preferably, the peptide stretch has the function to lead the modified endolysin variant
according to the present invention through the outer membrane of Gram-negative bacteria but
has no or only low activity when administered without being fused to the enzyme. The
10 function to lead the modified endolysin variant through the outer membrane of Gram-negative
bacteria is caused by the potential of the outer membrane or LPS disrupting activity of said

peptide stretch.

Especially preferred are modified endolysin variants selected from the group consisting of the

15  following modified endolysin variants:

Modified endolysin SEQ H.) N 0: Endolysin Peptld?’ stretch

variant (modified art (N-terminal unless

endolysin variant) p otherwise indicated)
POLY-gpl44 SEQ ID NO: 35 SEQID NO: 1 | SEQID NO: 11
(POLY)>-gpl44 SEQ ID NO: 36 SEQID NO: 1 | SEQ ID NO: 21
(POLY) -gpl44 SEQ ID NO: 37 SEQID NO: 1 | SEQ ID NO: 27
(POLY)"-gpl44 SEQ ID NO: 38 SEQID NO: 1 | SEQID NO: 30
POLY-gp188 SEQ ID NO: 39 SEQID NO: 2 | SEQID NO: 11
(POLY)>-gp188 SEQ ID NO: 40 SEQID NO: 2 | SEQ ID NO: 21




Pr ef er

ably,

the peptide stretch has the function to |l ead the nodified

endol ysin variant according to the present invention through the outer

menbr ane wo 2@izn8egat i ve bacteria but has no or only | earapeiotopsmhen
adm ni stered wi thout being fused to t#8e enzynme. The function to | ead the

nodi fi ed endol ysin variant through the outer

menbr ane of Gram negative

bacteria is caused by the potential of the outer nenbrane or LPS disrupting
acti viltpopl)Saghspept i de stgpel mhNGzspeci AlSE) py &icenr eJEQIT® NOdRT i ed
endol Usi_n \/arl ants selected fromthe group consi st ng of the foll ow ng
modi f i éBOéh’dogBﬂs?iSn vari ant §EQ1@ MEUiHRi ed | SHADILY B 2v aSE@rleN@CéQ)r ding to
t he pre { IUII arTa gt thees pteferred
rodi F1| SR AP YSTR var i ant STAbEONAT Hg 1 0] S TR BSERIROTES, °57 "6 1
to 64 [aK 66 ptErBZB my adgHQ mAO: errpr Il SEQID 39):9- PSEQAD RO 11 cat 1 on.
Preferhred is Hs -tag preferably at the Cterminus of the nodified
endol yé‘quKyb%JPEFFﬁZb Said td@E(QaID DE: I4|5nked SEQ Hh&Grdd SE@dDeN@0ﬂ§13| n vari ant
by addt a0 —actd t ' "'|| |c|c|aLJ|y
sai d téﬁ BT Rked Lo ohS Mo0Bd endbQl Nbd (SR B % Peast 1 3
3, 4, ET3208, 9 or 10 mmmlmm NGEEFIBSINGES! AYES- 1D Noalpreferred
enbodi m=n the nmodified endolysin variantl conprises A H s6-tag at its
Cter rriKﬁL:pEfFB%erd to the rnS@Q M2 Qsrddol y4 |S|EQ/IED Néhtl 3§EQH@ E@dﬂ% onal am' no
acid re andsgtoyreipe I'.'y'"-G')) ot e r-c—aci
(Leu- QIR TR A Tk TN e o NG éﬁ@?@g% din the
exanpl qqqsﬁgggﬁprl bed bel OWEY B Nicelsgrr ed SE B Regigf gqudpbyﬁ n variantfs
according to SEQID NO 3% to 42, 53, 57 6 1 as ed in the exanples
conpr i| FKEL2pH2 6- tag at the SBQB)N\O)@ i nIS@@IDJNQ)@ §EQeIBtN®e1hDd| fi | ed
endol B Oy—t 1€ oAt 1 restdue aned Ulyblll
(Lys- a@ﬁﬁgﬁ'@?%dlfled e‘ﬁ F%W \ﬁrl antsﬁ(‘} mﬂn §F‘9 I?E@r NGO 43 to
49 anc p@l@l&ﬁﬁﬂﬂtﬁ the f‘&@(‘?ﬂﬁ@l@%@p“ $SED I N tlaJSEQ HNROL22 er m nus
linked_to the respective 1 led endolysin variant py the additional amho
aci d r@ﬁﬂi]deﬂ%ﬁmﬂme and @IEQB?rN@ &Gi d IS@QIDN)O IFJSEQrIDpNGt 2ins are
const rrd k-rg—at—-east veteig et Hyg—standard
cl oni ré)\[@m@]%t as desgq r‘?@%@ g% 64 S%' w%t aﬁﬁémé | ecul ar
C onin KREK 19_pET32b SEQ ID NO: 66 SEQID NO: 1 | SEQID NO: 18

KRK_21_pET32b SEQ ID NO: 67 SEQID NO: 1 | SEQID NO: 23

KRK_25_pET32b SEQ ID NO: 68 SEQID NO: 1 | SEQ ID NO: 26

KRK_39_pET32b SEQ ID NO: 69 SEQID NO: 1 | SEQ ID NO: 29

K19 pET32b SEQ ID NO: 70 SEQID NO: 1 | SEQ ID NO: 20

K16_pET32b SEQID NO: 71 SEQID NO: 1 | SEQID NO: 17

SEQ ID NO: 72 SEQ ID NO: 1 | N-terminal: SEQ ID NO: 11

pKKZ-144_K2_pET32b C-terminal: SEQ ID NO: 21

pK2KZ144_pET32b_mod] SEQ ID NO: 73 SEQID NO: 1 | SEQID NO: 24

pK2KZ144_pET32b_mod?2 SEQ ID NO: 74 SEQID NO: 1 | SEQID NO: 25

smi0l_KRK9 SEQ ID NO: 75 SEQID NO: 1 | SEQID NO: 11

smi02_KRK9 SEQ ID NO: 76 SEQID NO: 1 | SEQID NO: 11

smi03_KRKO SEQ ID NO: 77 SEQID NO: 1 | SEQID NO: 11

smi04_KRKO SEQ ID NO: 78 SEQID NO: 1 | SEQID NO: 11

The modified endolysin variants according to the present invention, and thus in particular the

especially preferred modified endolysin variants according to SEQ ID NO: 35 to 49, 53, 57,

61 to 64 and 66 to 78, may additional comprise a tag e.g. for purification. Preferred is a Hise-



Laboratory Manual. Such a protein may be produced, e.g., in reconbinant DNA
expression systens. Such fusion proteins according to the present invention
can be obweiomd2b307f usi ng the nucl ei ¢ acids for endol ysipoTardo0Ine0947
respective peptide stretch. As some fl¥sion proteins may either be toxic
upon expression in bacteria, or not honbgenous due to protein degradation,
the strategy mght be to express these fusion proteins fused or linked to

ot her agdipkdfenaly fried €k tigninbX anpkenddified bieReysat hetfanaBlid tagvah bproked i i S
Thi or edoxi n, whi ch was shown to nedi ate expression of toxic antimcrobial
pept i déke M éleé@mﬁol(vwmnﬁ@dw&qdﬁgmh@mﬁ asichicaidypoh g ofuedatcl QRiRg BBHUN-

pept| d I e Zho hao Z,
Lol B coh B Tk 84 REACHRDESed hdshGUPLERL Ty SOebyd 358 e

ant | m ar ahi Qalorflmmahannaifarhime icul&|res1d1ps'rsothmamraférrernhymbedimmesbarnyodlﬂed enove

t he addltlonal fusion protein by proteqglytic cleav Commey cj al

avaP| atSPECIR}IR sV aripReCARISEPaRiseiqsr &sEs én%/ CEPENS mf@ﬁgg%d%ww%w* ﬁﬁ@ﬁvsvb

modi fy \&right # ﬁle'\h&dﬁidﬂaw&nﬂi a&ﬁ"re&&'t?és%mﬁ@%ﬁ@@l QQn@[L;IS"@BrB Q- §aRELIZRA

i ke from AMSS ((SEQ | 31), were the Tenairing alanine residue

resul tgllitammaa;rdﬁhn:w@dmed Ent er ok| nase cl eavage site. In another preferred
enbodi nent of the present invention the peptide stretches of the nodified
endol ysin variant according to the present invention conprise nodifications

and/ or Iﬁ’-{phﬁfeﬁfak Qhs ni&hﬁebl%n@ﬂ]y% ASiaflts 96 YYQNHOSe e;S&iﬁﬁle@hsI @ satibQNsel@Ndfor
nodi fications may nprise mitations such as deletions, insertions and

addPt i oneferred Hél@@@ﬁlfl@hgnd@m@bmlaﬁ@t4C©<Prshrtgﬁér5eﬂ9 IlarNQ oA f@rﬂéirrﬁ&é7 @ﬁa@ﬂges of
the am.ng usdY Iqu thé SeI Bles corrﬂ)nse aSH} !1ga talt(% s (@ erm nlrug‘thn(?(ed.ltHEt% resspec‘&lve

chenlcaF cnanges o a?ﬁe car oxy

I nvent ingatlified thd@lysiehatias HyOthal’hddﬁQJnalt @ﬁlrﬂUﬁl@k@SlCaﬂiB dygmi @MJLgEICﬁi&C(QQ'Eﬂg t he
nodi fi ed endol ysin variant according to the ér esent invention. The present

i nvent i@ f“i!ilretrﬁ%dlﬁ%?l&%@ssnt yaanieraceidied P EQi IRgNPR A3 e dP ane 7adisdseifecul e
accor digig e&a&ngﬂég 'Pﬂyeﬁésﬂnthesé'tgrn%ﬁ% ?r%lgﬁi 9V1' A ndffied

constitutive | e expr sion of sal ysli n vari ant
acdor diendoly€n tvbﬁarp tbgsmaddlmmahhmm.amd residues leucine and glutamlc acid (Leu-Glu).

Fusion proteins are constructed by linking at least two nucleic acid sequences using standard
cloning techniques as described e.g. by Sambrook et al. 2001, Molecular Cloning: A
Laboratory Manual. Such a protein may be produced, e.g., in recombinant DNA expression
20  systems. Such fusion proteins according to the present invention can be obtained by fusing the

nucleic acids for endolysin and the respective peptide stretch.

As some fusion proteins may either be toxic upon expression in bacteria, or not homogenous
due to protein degradation, the strategy might be to express these fusion proteins fused or
25  linked to other additional proteins. Example for these other additional protein is Thioredoxin,
which was shown to mediate expression of toxic antimicrobial peptides in E.coli (TrxA
mediating fusion expression of antimicrobial peptide CM4 from multiple joined genes in
Escherichia coli. Zhou L, Zhao Z, Li B, Cai Y, Zhang S. Protein Expr Purif. 2009
Apr;64(2):225-230).
30
For antimicrobial function of the fusion proteins it may be necessary to remove the additional
fusion protein by proteolytic cleavage. Commercially available kits like the pET32 expression

system (Novagen), may need to modify e.g. the N-terminus of the fusion depending on the



The invention also relates to a nethod for obtaining said nodified

endol ysin variants froma mcro-organism such as a genetically nodified
sui t abl e wo=b10cebio7whi ch expresses said nodi fi ed endol yecm/prasooantog? Sai d
host cell may be a mcro-organi smsucl¥ as bacteria or yeast or fungi or an
animal cell as e.g. a mammualian cell, in particular a human cell. In one
enbodi nent of the present invention the yeast cell is a Pichia pastoris
cell. TPhsehrosisetpikdEroseMGSad AMEGS 0SPEIN® N®t BOhR@EO dheC Bdmdifiag Adine. g.
yield, solubility, costs, etc. but nmay be also selected froma nedical

poi nt égsidyeagsulis fgpm an Hiedpeaddontergkivaie dervess it or yeast, human cel | s.

Anot her aspect of the present invention is related to a nethod for
genetically transform ng a suitable host cell in order to obtain the

expr esdn amodfer t greferredi drlsddiimactobly shen pvaentaintvendac olicdipaptideo strétehdsnveniid on
wherein %Jéjfgros cell is gene dcally nodifjed by the intré)dd‘pctj on of a
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cel I ang.QBbAl & thBahind LAISLAhOR, 30ch MPRAERRS 1288/ 0PRSS FR0OSBFisd9

met hods wel | known by a person skilled in the art.In a further” aspect the
pr esentmutmierst sucin as elektiess, tinseati@e gudsidditoms, proefimtiaid yr eorpbianmeseheicofl
conposi tipn, .conprising a i fied endolysin variant .according to.the

o e enenRG DR A RARaFS Thdk: ERARoTON SEHUFE ne & GBI iR e RABE & or
a vect ECHAMIY Shottical AkiEdes OF tanfifGIISAC8r @J}B&Qﬂﬂgo@}%sﬁmdl fied endolysin
variant according to the present invention. In-a preferred enbodi nent of

t hdOpresent invention the conposition conprises additionally agents
per neahili zing, t.he oute mhrane .of G am negati.ve bacteria such,. metal
hel at o B Nalith FordRERIREE o an TR AR oef TR SHEIPIRY
aci d amddifiedédtRdlysiilbsimnaeordisg de e progsht ernvgntidyy, THRgrésehAgeBitsort fidther

i ncrease the perneability of the outer nmenbrane. Vaara M M crobi ol Rev.

1992 Sépatss (B vEotyr £amprising dbe Byaeic racklamaleule Giporsing orise @Rt gy Fjion.
corbrsilPnEedl dlesHARNe e SRSSERLIRANHL S, AOSILE r SRk S,
noné preefdysiblvyariahaotorditg ndthepredootihvddionM EDTA, nore preferably about 0.5
mVM to about 10 nM EDTA, nore
The invention also relates to a method for obtaining said modified endolysin variants from a
micro-organism, such as a genetically modified suitable host cell which expresses said
modified endolysin variants. Said host cell may be a micro-organism such as bacteria or yeast
20  or fungi or an animal cell as e.g. a mammalian cell, in particular a human cell. In one
embodiment of the present invention the yeast cell is a Pichia pastoris cell. The host may be
selected due to mere biotechnological reasons, e.g. yield, solubility, costs, etc. but may be
also selected from a medical point of view, e.g. a non-pathological bacteria or yeast, human
cells.
25
Another aspect of the present invention is related to a method for genetically transforming a
suitable host cell in order to obtain the expression of the modified endolysin variants
according to the invention wherein the host cell is genetically modified by the introduction of
a genetic material encoding said modified endolysin variants into the host cell and obtain their
30  translation and expression by genetic engineering methods well known by a person skilled in

the art.



preferably about 0.5 mMto about 2 nM EDTA, nore preferably about 0.5 mMto
1 mM EDTA. However, al so conpositions conprising about 10 mMMto about 0.5
nmv EDTA awe 2proaierred. Al so preferred is a conposition ecmmpre@vogoabout 0.5
mM to about 2 mM EDTA, nore preferablyt about 1nM EDTA and additionally
about 10 to about 100 MM TRI S. The present invention also relates to a

nodi fi ed endol ysin variant according to the present invention and/or a host

t r ansf af aEdrtiértalpet tHeChredeat ReEliGORRKdsIb AGothpokitibeoirtdebse phietcanizadi ng a
nodi fi ed endol yS| n variant according to the Fr esent invention for use as a
medi cafBRPOsifipl.acqpisg 28pdigied irdolypiaswriant AoRdingrio riee Aressnt BVeRuse of
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host transtormed w vec rising a nuclerc aci

conpr i seqgnee encomgtal rdedlﬁemmnemmdt mgoahmg)dj the ecbsendioteyisom vari ant
accgr ding to the present invention in the manufacture of a nedi canent for
the’treat nent and/or prevention of a disorder, disease or condition
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g preferre Also preferred is a composition comprising about 0.5 mM to about 2 mM EDTA,

more preferably about 1 mM EDTA and additionally about 10 to about 100 mM TRIS.

The present invention also relates to a modified endolysin variant according to the present
20  invention and/or a host transformed with a nucleic acid comprising a nucleotide sequence
encoding a modified endolysin variant according to the present invention for use as a

medicament.

In a further aspect the present invention relates to the use of a modified endolysin variant
25 according to the present invention and/or a host transformed with a vector comprising a
nucleic acid molecule comprising a nucleotide sequence encoding a modified endolysin
variant according to the present invention in the manufacture of a medicament for the
treatment and/or prevention of a disorder, disease or condition associated with pathogenic
Gram-negative bacteria. In particular the treatment and/or prevention of the disorder, disease
30  or condition may be caused by Gram-negative bacteria of bacterial groups, families, genera or
species comprising strains pathogenic for humans or animals like Enterobacteriaceae
(Escherichia, especially E. coli, Salmonella, Shigella, Citrobacter, Edwardsiella,

Enterobacter, Hafnia, Klebsiella, especially K. pneumoniae, Morganella, Proteus,



Pseudononas putida, Burkholderia, in particular Burkhol deria pseudomnall ei
and/ or Burkhol deri a sol anacearum Sal nonella, in particular Sal nonella

t yphi mur iwo2ard2s8107Sal nonel | a Enteritidis, AcinetobactePCTiER2@ai06098Tl ar

Aci net obacter baumannii, Escherichia 2oli and/or Klebsiella, in particular
Kl ebsi el | a pneunoni ae. The present invention further relates to a

medi canent conprising a nodified endolysin variant according to the present
i nvent iropviaai@r Serhost tYepnshipr mduidridnadadvae! aiPSeidloh@ned Msp&dialy ar.
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nd/or endo ar.di

h
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& am nedat e vat n ive ia as

| i st ed cahia¥é/of RéchdieHade paﬂﬁura@meesmla@dmmm&ei ation used in a nethod of
treatnment (or prophylaxis) according to the present invention depends on
the specific disease/site of infection to be treated. The route of

adm ni s.af| BiSn f QAFth&X ATREE (9 kel OREFAL Fﬁ’éﬁ hapya dol
par enter aﬁlg e%h aetni Orl’llaﬁa Igli’(lt ravenous, eIdl’lt r arrus%rﬂ é’)I ntr aﬁﬁecalf olysin
i ntlbas pharialt, acendiidy enche ptesent invention and/or a host transformed with a nucleic acid

comprising a nucleotide sequence encoding a modified endolysin variant according to the

present invention.

In a further aspect the present invention relates to a method of treating a disorder, disease or
20  condition in a subject in need of treatment and/or prevention, which method comprises
administering to said subject an effective amount of a modified endolysin variant according to
the present invention and/or an effective amount of a host transformed with a nucleic acid
comprising a nucleotide sequence encoding a modified endolysin variant according to the
present invention or a composition according to the present invention. The subject may be a

25  human or an animal.

Preferably said method of treatment may be for the treatment and/or prevention of infections
caused by Gram-negative bacteria, in particular by the Gram-negative bacteria as listed above.
In particular said method of treatment may be for the treatment and/or prevention of
30  infections of the skin, of soft tissues, the respiratory system, the lung, the digestive tract, the
eye, the ear, the teeth, the nasopharynx, the mouth, the bones, the vagina, of wounds of
bacteraemia and/or endocarditis caused by Gram-negative bacteria, in particular by the Gram-

negative bacteria as listed above.



i ntrapul nonal, intraosseous, intracardial, intraarticular, rectal, vaginal
or any other route of adm nistration. For application of a nodified

endol ysi rwoanitms2oaccordi ng to the present invention an#CorErPanIebdetti ve
anount of a host transforned with a m3cleic acid conprising a nucl eotide
sequence encoding a nodified endolysin variant according to the present

i nvention or a conposition according to the present invention to a site of
infection (or site endangered to be infected) a fornulation nay be used
that protects the active conpounds from environnmental influences such as

pr ot easlds, desrgaiand gautej emadieinissapomdsedie a mgHod) off freateigphéyr piogh¥lptie) of
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forpulation. Preferably, the galenic forpmulation may conprise suitable
carPi erpéfenéetr?ibi“”l'ha;é‘r%?h fIRGERNGBP S JBLrampcy Fsingathsealeintop gl cadP s, For
exanpl et fRmb 2R GathoRPRs! Gt AQial heh afipMhALLQR, %ngeo@aﬂfsp&h&nrou% §am
gel, salve or plaster, for nasopharyngeal application the formul ation may
be sal iadmimstraitonon to be applied via a spray to the nose. For oral

adm nistration in case of the treatnent and/or prevention of a specific
infection site e.g. in the intestine, it can be necessary to protect a

nodi fi g@dr apsilayish Bf YRRdBNE] BEdePysth N8idn® abdbRdiRg &S e predine MvieRod s &ie
harsh di gestive environnment of the gastrointestinal tract until the site of
i nflect iediactive areenh @6 a hppiiganstpamed With agudeie atidrcomprisitly asyaldofide seriehed t i al
steps of SlgestioNliiis, &1 QmRsh Rodai ehnoeerel, Latalo o &.0md) bk &0
endol ysinvari an accord?%g 0 the presgﬁi Chvent ol rhito the T Htest T hal
envi r onbEsrlingan tikepies@d invetion $PLGité bf irFedai (BB Lite &idahf@ePrebeMfedtad)ent i on
the use of a nodified endolysin variant according to the present invention
and/ or fampgation; may e diserb Ehafuptdiecss (hecachve compeingis %EPI%. CRYIEPENtH dPldushseecul e
compri 3L,&4 .8 p?ﬁgésggt SA8atRAIHERE e G0GRALN G JRA &&Qh&”&%‘ A gf WAL RN
according to'the present 1hvention i'n the rmanufacture of a nedi canment for
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by Pseudononas, ) .. . .
suspension, gel, lotion, cream, salve, injectable solution, syrup, spray, inhalant or any other

medical reasonable galenic formulation. Preferably, the galenic formulation may comprise
suitable carriers, stabilizers, flavourings, buffers or other suitable reagents. For example, for
topical application the formulation may be a lotion, cream, gel, salve or plaster, for
20  nasopharyngeal application the formulation may be saline solution to be applied via a spray to
the nose. For oral administration in case of the treatment and/or prevention of a specific
infection site e.g. in the intestine, it can be necessary to protect a modified endolysin variant
according to the present invention from the harsh digestive environment of the gastrointestinal
tract until the site of infection is reached. Thus, bacteria as carrier, which survive the initial
25  steps of digestion in the stomach and which secret later on a modified endolysin variant

according to the present invention into the intestinal environment can be used.

In a specific embodiment of the present invention the use of a modified endolysin variant
according to the present invention and/or a host transformed with a vector comprising a
30  nucleic acid molecule comprising a nucleotide sequence encoding a modified endolysin
variant according to the present invention in the manufacture of a medicament for the
treatment and/or prevention of a disorder, disease or condition caused by Pseudomonas,

particularly by Pseudomonas aeruginosa in particular intestinal affections, in particular in



particularly by Pseudononas aeruginosa in particular intestinal affections,
in particular ininfants, infections of the neninges, e.g. neningitis
haenor r hagocalo/i2sfoect i ons of the mi ddle ear, the skin (EBCThpaw9/060947
gangraenosum, in particular burns, tX#e urinary tract, rhinitis, bacteremc
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endBcarrghetie, wedigh dugugh ednsangingted slodlingl | y caused by Sal nonel | a
t hyphi murium nmeningitis, in particular wherein the patient is less than two
years old. In another specific enbodi nent of the present invention the
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caused scherichira colr, 1 ular extra intestinal infections,
parnbi cul arly appendicitis, purulent cholecystitis, peritonitis, purulent
meningitis and infection of the urinary tract, intraintestinal E. coli

i nfectil® ﬁg?tﬁﬁra%ﬂeFléﬁleéﬁﬁﬁg‘HB?ﬂtd) THCPIENISRYPEON Mo oife 15616 iceBUSEN &1 i | ar

caused by Salmonella thyphimurium and Salmonella enteritidis, in particular acute
gastroenteritis and local purulent processes, particularly osteomyelitis, endocarditis,
cholecystitis and especially caused by Salmonella thyphimurium meningitis, in particular

20  wherein the patient is less than two years old.

In another specific embodiment of the present invention the disorder, disease or condition is
caused by Acinetobacter baumannii, in particular bronchitis, pneumonia, wound infections
and septicemia, in particular as a result of intravenous catheterization.
25

In another specific embodiment of the present invention the disorder, disease or condition is
caused by Escherichia coli, in particular extra intestinal infections, particularly appendicitis,
purulent cholecystitis, peritonitis, purulent meningitis and infection of the urinary tract,
intraintestinal E. coli infections, particularly epidemic enteritis, and infectious disease similar

30  to dysentery, septicemia, enterotoxemia, mastitis and dysentery.



to dysentery, septicem a, enterotoxem a, mastitis and dysentery.|ln another
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w th aepharmaceutically acceptable diluent, excipient or carrier. In an
even further aspect the conposition according to the present invention is a
cosnetic conmposition. Several bacterial species can cause irritations on
enviro n d r S . Of i ' the jn. In
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variant according to the present invention and/or one or more hosts transformed with a nucleic
acid comprising a nucleotide sequence encoding a modified endolysin variant according to the

present invention or a composition according to the present invention.

20  In another aspect the present invention relates to a process of preparation of a pharmaceutical
composition, said process comprising admixing one or more modified endolysin variant
according to the present invention and/or one or more hosts transformed with a nucleic acid
comprising a nucleotide sequence encoding a modified endolysin variant according to the
present invention with a pharmaceutically acceptable diluent, excipient or carrier.

25
In an even further aspect the composition according to the present invention is a cosmetic
composition. Several bacterial species can cause irritations on environmentally exposed
surfaces of the patient’s body such as the skin. In order to prevent such irritations or in order
to eliminate minor manifestations of said bacterial pathogens, special cosmetic preparations

30  may be employed, which comprise sufficient amounts of the modified endolysin variant
according to the present invention in order to degrade already existing or freshly settling

pathogenic Gram-negative bacteria.
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In a further aspect the present invention relates to the use of the modified endolysin variant
according to the present invention for the removal, reduction and/ or prevention of Gram-
negative bacterial contamination of foodstuff, of food processing equipment, of food

20  processing plants, of surfaces coming into contact with foodstuff such as shelves and food

deposit areas and in all other situations, where pathogenic, facultative pathogenic or other

undesirable bacteria can potentially infest food material, of medical devices and of all kind of

surfaces in hospitals and surgeries.

25 In particular, a modified endolysin variant of the present invention may be used
prophylactically as sanitizing agent. Said sanitizing agent may be used before or after surgery,
or for example during hemodialysis. Moreover, premature infants and immunocompromised
persons, or those subjects with need for prosthetic devices may be treated with a modified
endolysin variant according to the present invention. Said treatment may be either

30  prophylactically or during acute infection. In the same context, nosocomial infections,
especially by antibiotic resistant strains like Pseudomonas aeruginosa (FQRP), Acinetobacter
species and Enterobacteriaceae such as FE.coli, Salmonella, Shigella, Citrobacter,

Edwardsiella, Enterobacter, Hafnia, Klebsiella, Morganella, Proteus, Providencia, Serratia
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a cloth or rag,. by spraying, pourin he f Slon r ot ei ns ma be used. in
varyi néu’&f%‘??éeghe‘éttsl YW/ Jeprer cfon eolﬁoglﬁlél dplyst v fapchg japplied on said

surfaces, objects and/or devices. The application may occur for instance by wetting the
disinfecting composition with any means such as a cloth or rag, by spraying, pouring. The
fusion proteins may be used in varying concentration depending on the respective application

20  and the ,reaction time* intended to obtain full antimicrobial activity.

Further scope of applicability of the present invention will become apparent from the detailed
description given hereinafter, however, it should be understood that the detailed description
and specific examples, while indicating preferred embodiments of the invention, are given by
25  way of illustration only, since various changes and modifications within the spirit and scope
of the invention will become apparent to those skilled in the art from this detailed description.
It is to be understood that both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the invention, as
claimed.
30
The following examples explain the present invention but are not considered to be limiting.

Unless indicated differently, molecular biological standard methods were used, as e.g.,
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Col d S%H(glgsﬁl%gg{ts Laboratory Press, Col d Spring Har bor New York. EXAMPLE
1: doning, expression and purification of nodified phi KngI 44 and

ELgpgpl 88 endol ysin variants. phi KZgpl 44 as depicted in SEQID NO 1 and

ELgpl 88 i, cte SE 2. ar d r endo Lginating from
s ondorbIEEnar g iBElE el D05 daElgn RS an eI S Bepiisatcan
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anplification of "the open reading frame ( % pl 44 and ELgpI 88 PCR
a dfandataimiial peptivieglychobindinigkind 1-eaming! ca@wmmmﬁemﬂ ,2007BEQ | D NO
83); for ELgpl 88 5 ATGAACTTCCGGACGAAG 3' (SEQ ID NO 65)) and the standard
3" prinmers according to SEQID NO 8 1 and 82 were applied (for phi Kzgpl 44:
TTT TCTATCTEGRAIRGESER D5 bk (M'o@?hlﬁm EAEEIRCACRA (SEQ

ID NO 82)) was used. To extend he open readi ng frane

encodi ntnghidkzgpnen (for pEEgEpd 84w’ tAqT@Ag‘eﬁr@TNfag\r%iﬁ?AéﬁcbdGSﬁ@ HP MO: 83);
pO_SI ELI:L;/e;ﬁ%%?f@g&&ﬁ?AﬂgﬁC@d@Aé@&é% L%S%QA‘ ic) I%X)S 6I5¥) ar'l%f glel‘gfcandaré %Q ID

15  primers according to SEQ ID NO: 81 and 82 were applied (for phiKZgpl44:

TTTTCTATGTGCTGCAAC (SEQ ID NO: 81); for ELgpl88: ATACGAAAT

AACGTGACGA (SEQ ID NO: 82)) was used. To extend the 5' end of the open reading frame

encoding phiKZgpl44 or ELgp188 with a gene fragment encoding nine positively charged
residues (Lys-Arg-Lys-Lys-Arg-Lys-Lys-Arg-Lys — SEQ ID NO: 11) a tail PCR with an
20  extended 5' primer (for phiKZgpl44: 5 ATGGGATCCAAACGCAAGAAACGTAAGAAA
CGCAAAAAAGTATTACGCAAAG 3 (SEQ ID NO 79); for ELgpl88: 5
ATGGGATCCAAACGCAAGAAACGTAAGAAA CGCAAAAACTTCCGGACGAAG 3
(SEQ ID NO: 80)) and the standard 3' primers according to SEQ ID NO: 81 and 82 were
applied. The PCR product was cloned in the pEXPSCT/TOPO® expression vector
25  (Invitrogen, Carlsbad, CA, USA) according to the protocol of the manufacturer. Arginine
triplets were incorporated besides lysine triplets to avoid tRNA depletion and reduce the risk
of frameshifts (the only two available triplets for lysine are AAA and AAG, leading to long
A-stretches). Insertion of additional polycationic cassettes into the designed BamHI
restriction site lengthens the tail with extra cationic residues. This insertion creates an arginine
30  and serine triplet at each junction site (Figure 1). Up to four polycationic peptide stretches
were fused to both phiKZgp144 and ELgp188, designated (POLY)"-gp144 or (POLY)"-gp188
(n=1,2,3,4), comprising respectively 9, 19, 29 and 39 positively charged amino acid residues

in the N-terminus. Accordingly, the following constructs were expressed in E. coli BL21
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used for further investigations. Said proteins were purified by Ni** affinity chromatography

nore stringent
| 44 derivatives (50rM i dazol e)

using the C-terminal 6xHis-tag (Akta Fast Protein Liquid Chromatography using 1ml His-trap
Ni-NTA columns). The total yields per liter E.coli expression culture were determined by
spectrophotometric measurement of the protein concentration and the total volume of the
10 purified stock solution. The purification of gpl88 derivatives was performed under more
stringent conditions (65 mM imidazole) compared to gpl44 derivatives (50mM imidazole) to

ensure high purity. The total yields per liter E. coli expression culture are shown in table 1.

Table 1 - Yields of recombinant purification of endolysin derivatives per liter E. coli

15  expression culture.

Fusion Endolysin

phiKZgp144

ELgp188

POLY
(POLY)*

2 mg 48 mg

0.06 mg

20 0.5 mg

Purified stock solutions were ~90% pure. Mass spectrometric analysis of purified solutions of

POLY-derivatives revealed traces of the E. coli 50§ ribosomal subunit protein L2 and 16S



expression cul ture. Fusion Endol ysin phi KZgpl 44 ELgpl 88 POLY 2 ng 48 ny
(POLY) 0.5 ng 0.06 ng Purified stock solutions were -90% pure. Mass

spect r omewoi2e10anadoysi s of purified solutions of POLY-dercratreaescieveal ed
traces of the E. coli 50S ribosomal s¥Wbunit protein L2 and 16Sr RNA

uridi ne-516 pseudo-uridyl ate synthase. Al phi KZgpl 44 derivatives showed
mul timer foraiation which could be converted to nononers by addition of
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mul tinmerization, EXAMPLE 2: Antibacterial activity of nodified phi KZqu 44
and ELJpmsgioparinicht §0Ed pbhesoniered( ta gBpiamerp., b}éeﬁﬁéﬁi%a@% Fpmeycapteathpio

(Pirna 3):1192-1202) were 100 x

di | ut eg C}]‘F tﬂ&enrllté %ﬁm%sbgﬂfggéwng%ﬁg%ﬂg?znag%at ed at roomtenperature with
each 10 ng undi al yzed protein (unnodi fied endol ysi ns phi KZgpl 44 (SEQ I D NO
1) and ELpgl 88 (SEQ ID NO 2) and nodified endolysin variants POLY-gpl 44
(SEQ ID NG 35), (PALY) 2-gpl44 (SEQ ID NO 36), POLY-gpl 88 (SEQ ID NG 39)
and (PR V1 80J. 88, {b26Q1AIRNRy %o@ﬂﬁe@pfﬂmm@@ Qﬁ@ﬁtﬁ@f‘%%n@ﬁts 100 ng/nl in
buf f er 20 mv NaHZPOZ- NaOH pH/. 4; 0.5 M NaC,; O. m dazol e) After 1
hour ceII suspen5| ons were dil ut ed in PBS buffer (10e 5, 10e-4 and 10e-3)

and pl 3 medi.um bat over h 0] nal |y,
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(POLY) gp188 (SEQ ID NO: 40) at a final concentration of 100 pg/ml in buffer (20 mM
NaH,P04-NaOH pH7.4; 0.5 M NaC(l; 0.5 M imidazole). After 1 hour cell suspensions were

15  diluted in PBS buffer (10e-5, 10e-4 and 10e-3) and plated (standard LB-medium, incubated

overnight at 37°C). Additionally, a negative control containing cells in PBS buffer was plated.
The residual colonies were counted after an overnight incubation. Based on the counted cell
numbers the antibacterial activity as the relative inactivation (%) (=100-(Ni/No)*100 with Ny
= number of untreated cells and N; = number of treated cells) and in logarithmic units
20  (=logioN¢/N;) was calculated (Table 2). All samples were replicated in six fold.
Averages/standard deviations are represented. Statistical analysis was performed using a

student's t-test.

Unmodified endolysins phiKZgp144 and ELgp188 do not reduce cell numbers significantly
25 compared to the negative control. This observation illustrates the efficacy of the outer
membrane as a barrier for the endolysin to degrade the cell wall of the Gram-negative
bacteria. In contrast as shown in Table 2 the incubation with the modified endolysins POLY-
gpl44, (POLY)*-gpl44, POLY-gp188 and (POLY)*-gp188 causes a significant reduction (o
= (0.05) of the bacterial cell number (99.85 + 0.09 % for POLY-gp144 and 98.0 = 0.2% for
30 POLY-gpl88). An increase of the length of the polycationic peptide stretch further tends to
strengthen the antibacterial activity, especially in case of phiKZgp144 (a reduction up to
99.98 + 0.02 % or 3.7 + 0.3 log units is achieved within 1 hour for (POLY)*-gpl144).
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of t he hpgheyaniihagisrial *}?élﬁtt}/H@nélﬂer@Pélﬁlefi@P@?ié?ln% @G%&%M 8strengt hen the
anti bacterial activity, especially in case of phi KZgpl 44 (a reduction up to
99.98 + 0.02 %or 3.7 + 0.3 log units is achieved within 1 hour for (PQLY)
2- gpl 44ubMoeeoveripatib@alexfer i sfeeidd denomstsdifiet] dibiamodified ek ed4 and
end Iy5| ns g% phi KZgpl 44 have a hi gher antibacterial activity than the

f| &d-SBANOYY 4SS of ELgpl 88. Table 2 - Antibacterial effect of
endol ysins ynmodified and modiTied phi Rggpligg,and ELgpI 88 varjants. Thus,
t he exanpl e |depwrgtinkt ed—ttat—the addirtTonm pt—a short—peptide|stretch of
ni ne cati oni|grovaap deiss N-t er mphiZgp14e phi KZgpl 44E(8FEYI D NO |1) is al ready
sufficient tlo kilT al most 99.,9% of thqogel [ W Ohl n 1 holU{g Pol y- L-Lysi ne

has intrinsi bPauLgff §bt eri-at—activity—as=weH——aftthough—thrs—pfoperty is so
far only asq to pollynmers qf a ast . 2P resi S a and Vaar a,
%MM%% 66\m c peptide

1983a, 1983%
stretch and |[PREYendol ysi|n9%83 £9.G5he TRHG3 | 984 £ G2t hel.7exbeériiment t he

nodi fied engd PCLY- WBOQZ di aly. t 0 K 2HPO4 pH 7 and
used insteac?ﬂ)(fy)ﬁg..u. a2 g%géélfet et jjiufoeg ggsédiég%{l L%g%&fv €. Thereby,
the inactivation | evel was additionally increased from2.9 + 0.3 log units

to 3.9 Thyl. e leREmpiRI detronSiibPltat die UGS SI £ peRYel du@ENRIH HIRAhiand

ELgpl 88 variants I n Pichia pastoris as a host for non-t oxi ¢ reconbi nant
pr oduc tresodue¥ eé-tarpemlyetadpn §-Zp ke (Hi@ B N§: FQLY-ayyphdi4 sytSeent © Nd: algBpt was

¢l oned 9'9@072 r(‘)? the cells within 1 hour. Poly-L-Lysine has intrinsic antibacterial activity as well,

10 although this property is so far only ascribed to polymers of at least 20 residues (Vaara and
Vaara, 1983a, 1983b). However, the concerted action of the polycationic peptide stretch and
the endolysin kills the cells.

In a further experiment the modified endolysin POLY-gpl44 was dialyzed to 50 mM
15 KH,PO4/K,HPO,; pH 7 and used instead of undialyzed protein solution as described above.
Thereby, the inactivation level was additionally increased from 2.9 + 0.3 log units to 3.9 + 0.2

log units.

20 EXAMPLE 3: Expression of modified phiKZegpl144 and ELgp188 variants in Pichia pastoris

as a host for non-toxic recombinant production

The open reading frame encoding POLY-gpl44 (SEQ ID NO: 35) was cloned in the
pPICZaA shuttle vector (Invitrogen), which was subsequently integrated in the P. pastoris
25  genome by homologous recombination (as indicated by the manufacturer; P. pastoris X33
cells, Invitrogen). Gene expression was induced with methanol (1%) in BMMY-medium and
the supernatant was analyzed for the presence of enzymatic activity after 1, 3 and 4 days.

Therefore, an amount of 30 ul supernatant of the P. pastoris expression culture was added to



pPl CZaA shuttle vector (lnvitrogen), which was subsequently integrated in
the P. pastoris genone by honol ogous reconbi nation (as indicated by the
manuf act uwerpioR23pmastoris X33 cells, Invitrogen). Gene @XpEPIENOMAS

i nduced with nethanol (1% in BMW-nexti um and the supernatant was anal yzed
for the presence of enzymatic activity after 1, 3 and 4 days. Therefore, an
anmount of 30 m supernatant of the P. pastoris expression culture was added
t 0270 m70G¢hIchlopdforipeahdmaliet iz aetubinosePAQIIp@eRs BAGap JPad s (LRINNDCHP et
al. (2003), din Mcrobiol, 41(3):1192-1202) after 1, 3 and 4 days &buffer
condi t iMirobiaip BB 193pe2) after 1 ppanddip (Buffyr conditergiErk Oy KR Ispt it al

densi t C ri y I . | j ca
densi ¢4V S0 C SRR AT et RkAac SECLAR el Bl iy Heic Tk B21
negat i \2¢. Adrdprialopti€il dpadtydndisatXSthewedrbibart ofexpuedgicomzphadbyird pwasris. ol aided.
Thus, the |ysis of the substrate upon addition of the supernatants sample
oS MBI B BoBeLETUR S SEOR FRIESSIOP PEIETT Bids el Tt g g of -
POLY- gph 4 ubsER JBoNCaddRdn b Bhe RESERLthSs AR il daMeasdid 101 tRELLGgY ML I C
activity could be detected. The maxi num activity was observed after 3 days
si nce mecomitgmint pranttiemardessetioh cBEOLY- gyl 44{SEQdDsNPe B haiyahtsiswas. dbser ved
at the fourth.d No taxic.effec n the ce density of. P. pastoris, was
obser v DN bsaatF oRialy Bl Bl he FRERRIT RhNL MBREPSH he
vect or ¢@H3SeRys$ Sat€hbd ndcahhRcFa&OSDANARY iR QipriatintsRas bbdeRkén dit g
medi a, which allows a sinplify purification since only a |limted nunber of
ot HBr pewithedays Nodoxie effeeteu. thﬁcﬂg@qﬂlﬂty esPrpastargrvasiabgerved-t he 5° end of the
open readi ng franes enabl es the addition of nore cassettes encoding
addi ti onal polycationic peptide stretches. EXAMPLE 4: Further nodified
endol y ShrnghixiS£8abdbyVRIjiaatS thé biketicfibe kil @ahy ¢adtbOfiuSePRpEddR oSliet ches
To test and to conpare the potential of polycationic peptides variants of
phi KZgpeepmbaraht praiein tehdshysindienhusdianyhigbndewne senglifsitrhabiratiod shegionty

diff er eanl‘i RO X &8he O §tndd§ rE') egnessls as;[:crttgg. kl- éa% Pe%!ric?lgrclj SRI: irg Hlee $ re(r)1t O The
Pepti dé STret EHVar T at 1'orf ¢6ncer As T ength, Conpasitron afd I nsértion of

| i nRer opeflualdaRsStrark¥s élabledite Mdditor of beY cA3edties ahd A Ladieidriatl olstatRinees

havi ng )
peptide stretches.

EXAMPLE 4: Further modified endolysin phiKZgpl144 variants with different polycationic

20 peptide stretches

To test and to compare the potential of polycationic peptides variants of phiKZgp144 and
other endolysin encoding genes were synthesised having different polycationic peptides at the
N-terminal end of the protein. Peptide stretch variation concerns length, composition and
25  insertion of linker sequences. On the one hand further polycationic peptide stretches having
N-terminal multiples of the KRK motive were produced. On the other hand polycationic
peptide stretches consisting only of arginine (R) or lysine (K) were produced. Moreover, to
enhance the translation of long polycationic peptide stretches, polycationic peptide stretches
comprising a linker sequence were produced.
30
The different products were cloned in the pET32b expression vector (Novagen, Darmstadt,

Germany). pET32b was used to reduce potential toxicity of the polycationic peptide against



N-termnal nultiples of the KRK notive were produced. On the other hand

pol ycationi c peptide stretches consisting only of arginine (R) or lysine
(K) wer e woaduwoes207Mor eover, to enhance the transl ati onPafi/HPeeng/060947

pol ycationic peptide stretches, polyctionic peptide stretches conprising a
| i nker sequence were produced. The different products were cloned in the
pPET32b expression vector (Novagen, Darnstadt, Germany). pET32b was used to
r educe tRoEEA] st t20¥égdtdhcoded ﬂaeloﬁcplrot@mt(tma*e@o;@ﬁphm@ tiRgRd] petibhRe peptidol |
host. A vector-encoded fusion protein (thioredoxin) masks the polycationic
pept i déngqen barlimwaeridyrinatheuadicpien RIRECSBur i fi cation process. Accordingly,
the followi ng nodified endolysin variants were expressed in E. coli BL21
(DE3) cells at 370C until an optical density of OD600nm=0.6 was reached.
Then prmeidmgy,pﬂﬁs&illowln@mdd[fchdcadio\hjsﬁm v&an IvFéT@ ekpienstkd mORCenti rBiL2lon)
and expre§5|on d for four hours. coli cells were

E.
har vestB§ byelkeat ?7 Q@&&l% %}h optial mHHYnO%P%@Qw—QﬁdWe% reacheds st RSAteHhd
prot ei réxﬁﬂé&élif)ﬂ Gz% irf&ﬁcé’éﬁv%ﬂl?‘?ﬁﬁl@[rm HaLE B AR8) §1& @g)r&glrohfv{/a% +Bfndd t
(Novagen, Darnstadt, Cernmany): proteins were ri using the S-Tag
r EK Purorf fomathbwn. Khén ENov/agdls, w@aﬂlmeatdd by@nnﬁmg/a)uonlﬂsr Ag niiheat pEG(?&rzmd

vect or, expressed pr.otei were not toxic to e ho resultin n hi gh
el ds ol ErBRHIG G PR Por R B SRR DSOS 1o PRTGRBiT y.
Exponeniodgeh DG sHdL, (?emﬁﬁngl nosa PAO p cells (Burn wound isolate, Queen
Astrid Hospl tal, Brussels irnay JP et al. (2003), din Mcrobiol,

41(18):1192- 1202) were 100 x diluted (fi naI densi ty was ~106/n1) incubat ed

th oach 1N Nl A\ H a

at rOOﬁﬁ—PeH“ﬁeFa-t—u-Fe—w threach oyttt at I_CU Pt otetn—as—+Hsted—above—at
final |conuenifiabadulysii 108 ‘}em in buff er g pH7. 4; 0.5
M Nadll; 0.5 Mariangazol e) SRERY 1 hour cel P ﬁgcﬁerﬁy? %%?g?%l uted 1:100
and pl AT CTU oh | -y Addi t i ||8‘;1 y (.9 IICHUI.L \VAAYZ \JU"L rUI Pl AT CTU Uol ||u |["AC R I |
(20 mVNaHZF@iKKé H7. 4 005 MNaC ; 0.5 Minmdazole). The residual

col oni Ler —an j

count ed cé%IqKZJrﬁ?‘ﬂ%rrz’%bt he| anigbatterial activityfKREKRRERKd at i ve
i nact iat i SRQAANG: 44 ( | /Nn)* 00 with No = nueBSIPNO: UM reated cells a ad

N1= nynberKBK_¢E33&Y ce|ls) was cal cul at ed (Tabl EREKRKA| | sanmpl es were

gl A NNt : W E N oW a¥al \vnns nlatod et ny hof £ r

LJ

repl i dat edSEQ IDNO: 44) (SEQ ID'NO: 10)
KRK_12_pET32b " KRKKRKKRKKRK
(SEQ ID NO: 45) (SEQ ID NO: 15)
KRK_14_pET32b » KRKKRKKRKKRKKR
(SEQ ID NO: 46) (SEQ ID NO: 16)
R9_pET32b 0 RRRRRRRRR
(SEQ ID NO: 47) (SEQ ID NO: 12)
KS8_pET32b q KKKKKKKK
(SEQ ID NO: 48) (SEQ ID NO: 13)
pK2KZ144 pET32b_mod3 | 5o | KRKKRKKRKRGSGSGKRKKRKKRKGSGSGKRKKRKKRK
(SEQ ID NO: 49) (SEQ ID NO: 28)

All proteins were purified using the S-Tag" rEK Purification Kit (Novagen, Darmstadt,
Germany). Using the pET32b vector, the expressed proteins were not toxic to the host
resulting in high yields of produced protein. Purified stock solutions showed high purity.
15
Exponential (~106/m1) P. aeruginosa PAOlp cells (Burn wound isolate, Queen Astrid
Hospital, Brussels; Pirnay JP et al. (2003), J Clin Microbiol., 41(3):1192-1202) were 100 x
diluted (final density was ~10%ml) incubated at room temperature with each 10 pg undialyzed
protein as listed above at a final concentration of 100 pg/ml in buffer (20 mM NaH,P04-
20  NaOH pH7.4; 0.5 M NaCl; 0.5 M imidazole). After 1 hour cell suspensions were diluted
1:100 and plated on LB. Additionally, a negative control was plated using buffer (20 mM



at least in four fold. Table 3 - Antibacterial effect of endolysins

unnodi fied and nodi fied phi KZgpl 44 and ELgpl 88 Unnodi fi ed phi KZgpl 44 does
not reducwoceldo2saerbers significantly conpared to the negatEPe@I®6IMWT Ol .
Beyond that, nodified phi KZgpl 44 vari#nts wearing a polycationic peptide of
Nterminal nmultiples of the KRK notive enhance the antim crobial effect

i mensely. However, also variants having a honmomer peptide stretch of

| ysi ne NuH,209NaOREpENAW) S| INNACIE &F M BflidetdlON ThE réseddas colonpamese wd)arhaed
unnodi fi ed phi KZg Y44 as neasured. Moreover, also the variant having

lool Kcataftélh Al Op@mghélén%lﬂ)mrb A dF°C3Based AB thi Feriess pdliBamAsa the ﬁﬁm%teﬁgl
Vo 11 S aNGar e RRBRESudciadil L) FERRL AR BB Ly taTENS Sl cOFaut ) o

accor dicalgs aral SEQnuRbNOOf Bedtal ecliy) ohutaculerddTytde 8). VAl karkfibs artene@pHheitet
residues_originating from Sal nonella typhi nuri um phage PSP3 wth a
catély@?@aﬁégﬁ ]gkenuranidase domai n. As predicted by BLASTp and Pfam
anal ysis the PSPSgpIO endol ysin conprises its catalytic donmain in the range
of about amino acid residue 34 to about am no acid residue 152. Purified
genom dabA3of AivkgeeRBP3ffavasofugelbhasgisauneodified entlomodified apK¥ gpn Iddt aroh of
t he opgﬂl Egglng frame (ORF) of PSP3gplOin a Hot Start Taq pol ynerase PCR
reacti F gen, Germany) using the follow ng PCR paraneters: 9500 15

940C 1}
standa§
0
KRKKRKKRKK
(SEQID NO: 14) 99 -99.9
KRKKRK
(SEQ ID NO: 10) 99.9
KRKKRKKRKKRK
(SEQID NO: 15) 99 -99.9
KRKKRKKRKKRKKR 0.
(SEQID NO: 16) :
RRRRRRRRR "
(SEQID NO: 12)
KKKKKKKK o
(SEQ ID NO: 13)
KRKKRKKRKRGSGSGKRKKRKKRKGSGSGKRKKRKKRK 99.9
(SEQID NO: 28) .

10 Unmodified phiKZgp144 does not reduce cell numbers significantly compared to the negative
control. Beyond that, modified phiKZgp144 variants wearing a polycationic peptide of N-
terminal multiples of the KRK motive enhance the antimicrobial effect immensely. However,
also variants having a homomer peptide stretch of lysine or arginine show significant
reduction of cells compared with unmodified phiKZgp144 as measured. Moreover, also the

15  variant having a polycationic peptide stretch of 38 amino acid residues and comprising a

linker sequence enhance the antimicrobial effect immensely.

EXAMPLE 5: Modified endolysin variants of Salmonella typhimurium phage PSP3
20
PSP3gp10 according to SEQ ID NO: 8§ is a globular endolysin with 165 amino acid residues

originating from Salmonella typhimurium phage PSP3 with a catalytic lambda-like



(SEQ ID NO 50)) and a standard 3' priner (5 TGCCATCACCCCGCCAGCCGIG 3
(SEQ ID NO 51)) was used. To extend the 5 end of the ORF which encodes
PSP3gpl O wibt2h1oz02gmne fragment encodi ng the pol ycati oni c PETRPROGOORIMTIE
Lys- Arg- Lys-Lys- Arg-Lys-Lys-Arg- Lys SEQ ID NO 11) a tail PCR {Hot Start
Taq pol ynerase PCR with sane paraneters) with an extended 5 prinmer (5
ATGGGATCCAAACGCAAGAAACGTAA GAAACGCAAACCGGTCATTAATACTCACCAG 3' (SEQ I D NO
52)) amgurhi@lasé aoghaind A3 predicarbyaBLAR U AGd PParPERalybls Nt PSPIgwrseiop)sired.

Bot h the original unnodified PSP3gpl O PCR fragnent and the PK-extended

f r agnefPMRESS ity gptlatc damaieinpirxpaer/ afGhopt FmEepRed s§siie\ e toRboUt ARG ogen,
Car | sbad,y Ly y by follow ng the TA-cl oning protocol of the

manuf acturer. Reconbi nant expression of PSP3gpl O according to SEQ ID NGO 8
and PKPSP3gpl O according to SEQID NO 53 is perfornmed in exponentially
growing E.. coli BL21 (I DE3) pL cells (Invitragen fter inductign with 1
M PPT u(liﬁggpgﬁswﬁlm‘léggf al)&gssl?ﬁ% Wat USEARS Hf'rm%lgtﬁef)fmf s BRPUIGREER oF st h
protei r&gemwﬁﬁg thdnke ORY) N ?Psﬁg h@ihYa (ﬁHtO%hO@‘&qa%}&n(%}eaPEﬁLféact%
Heal t hcare) usi'hg the C-term nal "6xHi s-tag, encoded by the

p EXP5 CTQiaget) Gorerapy essimihe vabivang PCRepasiBeteaf f i ni ty chromat ography i s
performed in 4 subsequent steps, all on roomtenperature: 1. Equilibration
of the Histrap HP 1 m colum (CGE Healthcare) with 10 col um vol unes of
Washi ng Buffer (60 nMim dazole, 0.&qgMNaCl and 20 nM NaH2PO4- NaCOH on pH
7.4) at a flowrate of 0.5 mM/mn. 2. Loaeh f the total lysate (with
wadPed endol ysin) on the Hi strap HP94°@il’ colunrf at a flowrate of 0.5
m/mn. 3. Washing of the colum wi tSE"é ,colu vol unes of Washing Buffer
at a flowrate of 1 mi/nin. 4. ElutiPon of boundetd @6l ysin from the col um
with 10 colum vol unmes of El ution Bgbtere’ (500 i mdazole, 5 mM NaCl and

20 mM NaH2PO4- NaOH on pH 7.4) at a
72°C 18°

4°C oo

15
For said PCR a standard 5' primer (5° ATGGGATCCCCGGTCATTAATACTCACCAG ¥’
(SEQ ID NO: 50)) and a standard 3' primer (5 TGCCATCACCCCGCCAGCCGTG 3’ (SEQ
ID NO: 51)) was used. To extend the 5' end of the ORF which encodes PSP3gp10 with a
gene fragment encoding the polycationic 9-mer peptide Lys-Arg-Lys-Lys-Arg-Lys-Lys-Arg-

20  Lys (SEQ ID NO: 11) a tail PCR (Hot Start Tag polymerase PCR with same parameters) with
an extended 5' primer (5 ATGGGATCCAAACGCAAGAAACGTAA
GAAACGCAAACCGGTCATTAATACTCACCAG 3’ (SEQ ID NO: 52)) and the standard
3' primer according to SEQ ID NO: 51 was applied. Both the original unmodified PSP3gp10
PCR fragment and the PK-extended fragment were ligated in the pEXPSCT/TOPO®

25  expression vector (Invitrogen, Carlsbad, CA, USA) by following the TA-cloning protocol of

the manufacturer.

Recombinant expression of PSP3gpl0 according to SEQ ID NO: 8 and PKPSP3gpl0
according to SEQ ID NO: 53 is performed in exponentially growing E. coli BL21 (ADE3)
30  pLysS cells (Invitrogen) after induction with 1 mM IPTG (isopropylthiogalactoside) at 37°C
for a period of 4 hours. Both proteins were purified by Ni** affinity chromatography (Akta
FPLC, GE Healthcare) using the C-terminal 6xHis-tag, encoded by the pEXPSCT/TOPO®



flowrate of 0.5 m/mn The total yields of both purified reconbi nant
proteins per liter E coli expression culture shown in Table 4. The val ues
wer e det ewoiznsd2b307spect rophot onetri ¢ nmeasur enent of t heCpEPR@9/060947
concentration and the total volune of36t he purified stock solution at a
wavel ength of 280 nm Purified stock solutions consisting of PSP3gpl O and
PKPSP3gpl O respectively, in Elution Buffer (20 nM NaH2PO4- NaOH pH7.4; 0.5
M Nadl jexpR6sisivvedibid ane N} WeinRy @hrdneasdra@isperforrasd det euriegecht Gtepsiadil y on
SDS- PACE gels. Table 4 - Yields of purified reconbi nant PSP3gp 10 endol ysin
and it SNABMAFTBRCIYHIG ant PKPSP3gpl O per liter E. coli expression culture.
Endol ysin : I i | . PKPSP. O (SEQ
D No 53] LBURRAR o ofi MR IR T, e Y, Healachie TR PR
PKPSP3gpl O entmhassifrivadigy Buffer (60 nfAQniifaANe, 0583mM Naglifahd20irM §aHIP315 nmM

PKPSP3gpl O endgl ysi n d 0,5 mM EDT, tested on the clinical P.
aerggi nosa gﬁ%ﬁ? HEPHA%%pat&rfgo"BFaé%qf,&ﬁgﬁ ichia coli W6, and Sal nonella
typhi mur | umy{ g, TabloR) 1ysReRAANLas SIRNSDE ard #hialy 0215 (ABERGNM of

0.6) were 100-fofd dilute a final density of about m of each
strain wer e aftooubad efd).f orl/m3i@. M nut es at room tenperature wi thout shaking

ith i fjed. in PSP2gpl.O (SEQ | D NO d i fi dol ysi
PKPSP3gp 6 (BB NG BBy IR S FoLao AR SR M ROGUE v EHIo0r Sin
EDTA. For incybaidon, the endol ysins were used each in buffer (20 rnM

NaH2PO4- NaOH pH7. 4, 0.5 M NaCl; 0.5 Mimdazole) and the incubation took
pl d8e at 4 fHlnan ebobewded gnddpsiofiram dlet gedpmnowith 18 105lymn valkmes b ilpidn each
strain was i bat ed. f or ] s \W,Eh Q. ERTA (i n buf f er
s out 1§ med EaprEUbAM fidaele: Y ath AT pg b T R PoERiOM SERRET LA | Ve
strai ns G aftowegét ofves silmgihn Sour ce Ref erence Pseudonbnas aer ugi nosa

The total yields of both purified recombinant proteins per liter E.coli expression culture

15 shown in Table 4. The values were determined by spectrophotometric measurement of the
protein concentration and the total volume of the purified stock solution at a wavelength of
280 nm. Purified stock solutions consisting of PSP3gp10 and PKPSP3gp10, respectively, in
Elution Buffer (20 mM NaH,P04,-NaOH pH7.4; 0.5 M NaCl; 500 mM imidazole) were at
least 90% pure as determined visually on SDS-PAGE gels.

20
Table 4 - Yields of purified recombinant PSP3gpl0 endolysin and its modified variant
PKPSP3gpl0 per liter E. coli expression culture.
Endolysins Expression yield
25  PSP3gpl0 (SEQ ID NO: 8) 2.15 mg
PKPSP3gp10 (SEQ ID NO: 53) 5.56 mg

To determine the anti-Gram-negative spectrum of the PKPSP3gp10 endolysin according to
30 SEQID NO: 53, a combination of 1.315 uM PKPSP3gp10 endolysin and 0,5 mM EDTA was
tested on the clinical P. aeruginosa strains PAOlp and Br667, Escherichia coli WK6, and
Salmonella typhimurium (see Table 5). Exponential growing bacterial cells (ODgoonm of 0.6)
were 100-fold diluted to a final density of about 10%ml of each strain were incubated for 30
minutes at room temperature without shaking with unmodified endolysin PSP2gp10 (SEQ ID
35  NO: 8) and modified endolysin PKPSP3gp10 (SEQ ID NO: 53) each in combination without



Burn wound isolate, Queen Astrid Hospital, Brussels Pirnay et al. , 2003*
PAO p Pseudonpbnas aerugi hosa Br667 Burn wound isol ate, Queen Astrid

Hospi t al ,wBroseeB®7Pi rnay et al. , 2003 Escherichi a col iPCN#®260andar d

| aboratory expression strain Prof. C37M chiels Sal nonella typhi murium LT2
SGSC N0 2317 Prof. C. Mchiels Pirnay JP et al. (2003). Mol ecul ar

epi dem ol ogy of Pseudonpbnas aerugi nosa col onization in a burn unit:

per si sta@dGetnd. 5Sam VU EDT. lfg)rrlﬁcajbaﬁ@ntth@ eadeyamdwareSided @ach in buffer (20 mM
sul f adi_azi ne-resi stant cl one. CHn M cr ob| ol, 41(3):1 192-1202. After

i ncubatYabhPReNaOs fhetst- oA Nﬁ@ﬂ - YM ipidaralnasg the iheebaipa dgakatipceelt y final
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LB- medi um ofni es Were count e an overnig [ ncu ation
on 370@inBas edthdd M EDduntiedame bhffausiernet hbown bubacteioilyin. acti vity as
thegrel ative inactivation in logarithmc units (=l oglONo/N1 with No =
nunber of untreated cells and N1= nunber of treated cells) was cal cul ated
(Tabl e Tgple STabiseokused Miempugeeve sraigct i vity of unnodified endol ysin
(PSP3gpl O and its nodified endolysin variant (PKPSP3gpl O w th and w thout

EDTA-N aZgon, di, Mvg &l exponential growgg, & am negative specigf bl

sanpl es were re licated in threefold. Averages +/- standard deviations are

repr esentpéﬂ‘do”’l’ﬁ’g“‘i’i‘é%sﬁal I 86 GlolRNissMS Efuv@dh st IRPIRN BaRtclsONPihG Aet®ed i on
level of 10 cEfPY¥ i and the initial cell density. For PAO p, EDTA works

syner gi Btiigahdsyernginoda Boof h  Bive wenmbiehildté, €nledaSRB i dspieh dalsseli NPiamg edat $2003"
nodi fi ed variant PKPSP3gpl O EXAMPLE 6: Mbdified endol ysin variants of
Escher i chif&¢ishi CO’bWé‘ije P2 P2gpGrndere Sbetiey eoresSROstay NO. 9 iPsofel"-gilighelt ar
endol ysi_n of 165 am no_acid residues or| inating from Escherjchia coli
phage P3¢ 4" @ﬁfz%{’f@ﬂ c | anbda- i ke Anftldse domain. As PPYediMeERds by
BLASTp .and Pfam anal ysis the P2gp®9 endol ysin conprises its catalytic
domai n Firay Hectrah fg¥3 b MokpdtitcPdeRina2Yael| fdenderadnaues S t9o oo dht RYD &8I d

r esi dugerdifigice Bara hmadugenom clolbNAndh phagelRznassitsedlas A diemplabier, f or

thggamhsf68149n of the open

After incubation cell suspensions were diluted three times (respectively 10°-10*-10° cells/ml)
and 100 pl of each dilution was plated out on LB-medium. The residual colonies were
counted after an overnight incubation on 37°C. Based on the counted cell numbers the
15  antibacterial activity as the relative inactivation in logarithmic units (=log;oN¢/N; with Ny =

number of untreated cells and N; = number of treated cells) was calculated (Table 6).

Table 6 - Antibacterial activity of unmodified endolysin (PSP3gpl0) and its modified
endolysin variant (PKPSP3gpl0) with and without EDTA-Na, on different exponential
20  growing Gram-negative species.

1315 ©1.315pM
05mM | pM L3S UM & pepaepior | L315RM
EDTA | PSP3gpl | PKESP3 iU\ PKPSP3gpl0+
N T . 10 . Epra | OOmMEDTA
| P.aeruginosa i 0.146+/- | 0.383+/- | 0344+/- i 3552+/- o 4146
5 i PAOIlp | 0002 i 0015 0163 i 0536 '
P. geruginosa i 0.223+/- i\ 0.375+/- | 0.353+/- i 0.571+/-
Br667 0038 i 0056 0086 i 0035 0.891 +/-0.118
Salmonella i 0.104+/- | 0.283+/- | 0327+/- i 0.690+/-
typhimurium . 0049 | 0038 0057 0036 0.850+/-0.032
i Escherichia coli i 0.393+/- '\ 0.190+/- | 0205+/- i 0.387+/-
ﬁ WK6 0035 1 0.029 0088 | 0014 0.584 +/-0.024
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reading frame (ORF) of P2gp®@ in standard PCR reaction with Pfu pol ynerase
(Fernmentas) using the followi ng PCR paraneters: 95C 15 9 4 <C 1' 52' C I
35 cycl eswB2600/@232072C 15 40C oo For said PCR a standar ®@CH/EPRONOMNBIY4T 5'
ATGGGATCCCCGGTAATTAACACGCATC 3' (SEQJ3I8D NO 54)) and a standard 3' priner
(5" AGCCGGTACGCCGCCAGCGGTACGC 3" (SEQ ID NO 55)) was used. To extend the
5" end of the ORF which encodes P2gp® with a gene fragnent encoding the
pol ycatAIDRirfipl8s RRfe Rpitatee it YedOR: AR rdeys -HAr aldisd UyEatsig-ard Yepréshd] D NO
11) a tail PCR (with sane paraneters as standard PCR above) with an

ext endélaleana?@m@hﬁdu tpn PhseedT @@M@@@M@&M@@w\@m&e&lo cells/ml and the

accordl ngétTIé@W?\% %Ab%g%yé%dorﬁg)?ﬁ&gﬁﬁ&q i gi na unnodlﬂﬁ&gf?gzgpw

PCR f r &g®8pp 1 (eendlotyhim adtisndedifiéd egimnPKREP&gdl0gat ed in t he pEXP5CT/ TOPQ(r)
exptession vector (lInvitrogen, Carlsbad, CA USA) by follow ng the
TA-Tloning protocol of the manufacturer.Reconmbinant expression of P2gp(9
according to SEQ ID NO 9 and PKP2gp(9 accordl ng to SEQID NGO 57 i s
per f or @QA L% 18- 1N : ) Jy X3popLYsS cells

i ) ©r 1 nau W T = pT hi ogal act osi de) at
37 0OC for a perlod of 4 hours Both proteins were purified by N 2+

Gt o (AgHULACGHOAE i pysyﬁcéﬁ‘ﬁéﬁ becH q%&“uia' erdpPREL PhSY VBB HolP s T Thhee
I Nijg+ Qi irﬁhh% R Bf@zteﬂgﬁzé:%g% ghlag% P?(xﬁtﬁra”&@alyt'ib AnbdRsiRd lﬂﬁﬁ%m?da%’&omﬁh' on

room t enper at . Equil on of the H'strap HP 1 colum (G
Heal t hofsr pt)edwtetdhbﬂ(BL@cﬂ"Emmd Pfam analysis the P2gp09 endolysin comprlses its catalytic

domain in the range of about amino acid residue 34 to about amino acid residue 152.

Purified genomic DNA of phage P2 was used as a template for the amplification of the open
15  reading frame (ORF) of P2gp(9 in standard PCR reaction with Pfu polymerase (Fermentas)

using the following PCR parameters:

95°C 15°
94°C 1’
20 S2°C T 35 cycles
72°C 2’
72°C 15°
4°C wo

25  For said PCR a standard 5' primer (5> ATGGGATCCCCGGTAATTAACACGCATC 3
(SEQ ID NO: 54)) and a standard 3' primer (5> AGCCGGTACGCCGCCAGCGGTACGC 3’
(SEQ ID NO: 55)) was used. To extend the 5' end of the ORF which encodes P2gp(09 with a
gene fragment encoding the polycationic 9-mer peptide Lys-Arg-Lys-Lys-Arg-Lys-Lys-Arg-
Lys (SEQ ID NO: 11) a tail PCR (with same parameters as standard PCR above) with an

30 extended 5 oprimer (55 ATGGGATCCAAACGCAAGAAACGTAAGAAACGC
AAACCGGTAATTAACACGCATC 3 (SEQ ID NO: 56) and the standard 3' primer
according to SEQ ID NO 55 was applied. Both the original unmodified P2gp09 PCR
fragment and the extended fragment were ligated in the pPEXPSCT/TOPO® expression vector
(Invitrogen, Carlsbad, CA, USA) by following the TA-cloning protocol of the manufacturer.



vol unes of Washing Buffer (60 nMimdazole, 0.5 mM NaCd and 2 0O mM NaH
2PO4- NaOH on pH 7.4) at a flowrate of 0.5 mM/mn. 2 . Loading of the
total |yswoeo(wvizsie7want ed endol ysin) on the Histrap HP PCEEPc@bony4at a
flowrate of 0.5 mM/mn. 3 . Washing ¥f the colum with 15 col um vol unes
of Washing Buffer at a flowrate of 1 m/mn. 4 . Elution of bounded
endolysin fromthe colum with 10 col um volunmes of Elution Buffer (500 mM
i m daz @e@ombindM digedssian bf P28pTMidiaidiZPASINaTH 190: plind PKP2gb0Raddofding &t € of

0.5 mM/mn The total yields of both purified reconbi nant rote| ns per liter
E. col i S@)@)lﬂéslgi)omdﬁlIPFﬁP@n%hWHOﬁCm%lWegr‘?ngTﬁeCQ/&M@% ) pbivey gethed b y

spectr t t al
vor ure B RS HEGTHR SHRNL ol PEE Gkt ERE bSO Tt 4 BEide] g
st ock sxﬁImhmmmsBmhrmbmnsn\gemfplEZgﬁG@ NiTd alﬂiﬁﬁggpl@mat@mgt(mk@i YPLCNGH ut i on
Buf f er mv NaH 2PO4- NaCH pH M oIe wer e at

| east 9‘@&9&3 theire wikg Hist errATHE %ﬁ%}ﬁéﬁa %J\l%gg @A&%@”&% %evpreswﬁ% ds
of puritigg Tl?ecﬂﬁb'a%m a%‘aﬁl%g‘?ﬂfm 1¥5ﬁeﬂ“oﬁﬁ&1 it 8 sﬁﬁséﬁﬁ@ﬂtf ét@ derdnvabohyve
PKP2gp®® per liter E. coI I expression culture. Endol ysins pression yield
P2gp O t¢idee@ntul@:NO. 9) 5.52 ng PKP2gp®® (SEQ ID NO 57) 3.40 ngTo determ ne
the anti-G am negative spectrum of the PK2gp® endol ysin according to SEQ
ID NO 57, a conbination of 1.315 nmM PK2gp® endol ysin and 0,5 nM EDTA was

tested onyt heualdpiisalot Rhe 385AMe OB %lr@ihﬁlﬁnFﬁ McaBcaB)6 G Tthand cehimn
Escherichia coli VK6 (see Table 9). onenti a @g&ow ng bacterial cells (OD

oonfh of 0. 6)volyanas @Oﬁa?rl@mngdffﬁIU@anWHadﬁoﬁalo e iNaf-l ond 2oaoM Naldh- of
each strain i nc room t enperat ure wit hout
shaki ng wit Wmaﬁ)ﬁbﬁ@ V%% eng?Fgg PSEQ ID NO 9) and nodified

endol ysi n2. Loading of the total lysate (with wanted endolysin) on the Histrap HP 1 ml column at
a flow rate of 0.5 ml/min.
3. Washing of the column with 15 column volumes of Washing Buffer at a flow rate of
15 I ml/min.
4. Elution of bounded endolysin from the column with 10 column volumes of Elution
Buffer (500 mM imidazole, 5 mM NaCl and 20 mM NaH,P0,-NaOH on pH 7.4) at a

flow rate of 0.5 ml/min

20  The total yields of both purified recombinant proteins per liter E.coli expression culture
shown in Table 7. The values were determined by spectrophotometric measurement of the
protein concentration and the total volume of the purified stock solution at a wavelength of
280 nm. Purified stock solutions consisting of P2gp09 and PKP2gp(9, respectively, in Elution
Buffer (20 mM NaH,P04-NaOH pH7.4; 0.5 M NaCl; 500 mM imidazole) were at least 95%

25  pure as determined visually on SDS-PAGE gels.

Table 7 - Yields of purified recombinant P2gp09 endolysin and its PK-modified derivative
PKP2gp09 per liter E. coli expression culture.

30  Endolysins Expression yield
P2gp09 (SEQ ID NO: 9) 5.52 mg
PKP2gp09 (SEQ ID NO: 57) 3.40 mg




PKP2gp® (SEQ I D NO. 57) each in conbination without and with 0.5 nM EDTA.
For incubation, the endol ysins were used each in buffer (20 nM NaH

2PO4- NaOrvpHG13®d75 M NaCl; 0.5 Mim dazol e) and the i mculezbooometsank pl ace
at a final concentration of endol ysi toof 1.315 nM As a control each strain
was al so incubated for 30 mnutes wwth 0.5 mM EDTA (in sane buffer as
outlined above) but no endolysin. After incubation cell suspensions were

di | ut ed’d ddt@enihd MRSan(ir@SPLEEdaviod ¥pet@amler the FKBp0ekhddlidin addtdldid®@o SEQT
each dilution was plated out on LB-nmedium The residual colonies were

count edPdPed’.arromparatiogief 1i3de upatkegronemiphein agyd a mMERRS wasieiteoel |
nunber .anty terl Y| § |..nact | vt I

| ogari t§ }ﬁémaguﬂléf 2?;?@ 853%% %kébtv}}g tal?ll8 %@@ %lﬁi e?ycofe hgf?]z rcgésggggse%errsabéend N1
= nunbe@y). Bkpdneeailegiooild dactridl hcetio UODRE AL €X6)i werebBi(-fol) divasdctal € dinat ed
(Table 8). Table 8 - Antibacterial activity of unnodified endol ysin

( P28 pOsFhsifdol 1eoukdi/mlef coRl i Way dicr Gaed (f@rzg%@)ww £h RNy G PHBuEE

EDTA- i r ent. i i i npl es
e 6 1 e T Ay Gy S RS crflyi

repr esdKRRgpOTHEEQeb) MD: FBdkach iinrrootbseative dvitlsout epé nelién 0. 5omM HED'BAt Eot | on

| evel of 10.cel] s/ and the initial. cel sity l.e 9 - Ljst of ed
& i netERUET ¢S e oty o wrtuties (Dol ERor ook P2 iadiiobEs
aer ugi nega; 0.5-M imidazdleYartd the R¥UbatRM 100MRURE ai §BhAt R@ncHRAON OB LRDIFIISHI t al |,
Brussels Pirnay < a/., 2003* Pseudononas aerugi nosa Br667 Burn wound

i sdPat d;31QuednAAstcontgoliqasipbtraan waBerlsg sedubateil foralp minutes2p0B8. S BuVIKHRT Adi a
pseudonall of, o€l i.0] Cak sl aLey, UF, GASLOU, Sher0., Leuven B of b iaetnaegen
Escher i'¢RF & LST i TN PP BR PR Y M e IR JRTU0ANY Foll SUBICBHRNS NCthi el s
Ps eudornegdbitek ditnes (reSpédtiveisoi0at1e7- 1 YbsdmniPand YoKuy bbvacRidinayn s glatéd . ,
(2003). Mol ecul ar _epi dem ol ogy of Pseudononas aerugi nosa col onization in a
burn ufté onpleB-$negiwnpc Ehe fresidugy; cplogias g ere sqosntgdt after GReovErwLR BicpRagion on

sul f adiﬁzé.nﬁésreg $h $hABSuntd P8 nub KM i ORk at activity as the relative inactivation

15  in logarithmic units (=log;oNo/N; with No = number of untreated cells and N; = number of

treated cells, both counted after incubation) was calculated (Table 8).

Table 8 - Antibacterial activity of unmodified endolysin (P2gp09) and its modified endolysin
variant (P2gp09) with and without EDTA-Na, on different exponential growing Gram-
20  negative species.

05mM | 1315pM | L315pM | P09+ | L SOMM
EDTA || P2gp09 PKP2gp09 1 0.5mM | gp
: : : 1 0.5mM EDTA |
e bt b bt b b EDTA i
P. aeruginosa '} 0330 +/- | 0.374+/- H2840+/-
PAOLp | 0146 | 0084 0326+/-0069 | 0038 | o’ | 31724/-005 | 0332
P. aeruginosa i 0.003 +/- | 0.246 +/- H0.582 +/-
Beer 0 ooest | ooe 0.300+/-0062  0.054 1 g, 0.952+/-0.213 i 0.370
. £0.0724/- 11 0419 +/- H3.919 +/-
P.putida GI =~ (00" V0o L014+/-0139 0595 1 o > 4,386 >0.467
Burkholderia i} 0.206+/- '\ 0.769 +/- §3.890 +/-
pseudomallei | 0151 0.110 1163 +/-0073 | 0394 | “ooclT 425500000 | 0365
| Escherichia coli i\ 0.153+/- | 0.751 +/- L0784 +/-
: s oo 0oss 1104+/-0039 1 0353 1 Ut | 15454720002 0749

All samples were replicated in threefold. Averages +/- standard deviations are represented.
The maximal reduction observed is dependent on the detection level of 10 cells/ml and the

25  initial cell density.



41(3):1 192-1202. EXAMPLE 7: Modified endolysin variants of Pseudononas
puti da phage OBP OBPgpLYS according to SEQID NO 7 is a nodul ar endol ysin
of 328 amvopaomai2ekoresi dues ori gi nati ng from Pseudononas pputard@pbege OBP
with a putative N-term nal peptidoglyan bindi ng domains and a C-term nal
catalytic chitinase domain. As predicted by BLASTp and Pfam anal ysis the
OBPgpLYS endol ysin conprises its catalytic domain in the range of about

am no gebk 9 egisdueustd Grim-gaite @m0 acid residue 292 and the N-term nal
pepti dogl ycan bi nding domain in the range of about am no acid residues 7 to
96. Purifi®dmaR b srddNA of phage OBP wagoyeed as a tenpl ate f Qefetch@
anplifi catI; on of the open reading franme (ORF) of OBPgpLYS in standard PCR
reaction vvisef“ﬁ)m 9 m gm;gisraS]QJrﬁﬁemnﬂtﬁﬂ’ota&SQu@TAaﬂﬁidﬁoslﬁa]nBﬁh&)ﬂs uskimgy &hie 2003°

foll ow ng PCR par meters: 950C 2' 950C 30" 560C 30" 35 cycles 72C 2' 30"
720C 10'PadpeogeTrsiest Bioe’ a Brandaddsosite, @menré\ﬁtﬂéslosw@mspM\TmmA@%T 3
(SEQ ID NO 58)) and a standard 3' priner AACTATTCCGAGTCCTTTCTTTGT 3
(SEQ I D N@”e”s@ﬁfﬁll’iﬁéfémﬁged To EX¥Bhrihe aS@HHb%& Letven orF whicth Verhesstres
OBPgpLYS w ragnent e cat | onl c 9-ner p

Lys- Arg- Lygsc i a%%%}_(;é/s Lys- Ar ggaillg%ré]%gﬁ%oryﬁx Slorls_fs atail |B % Mlc?‘ﬁls
par amter%se@%m%&a@%%@l PCR above) w thy gl &XiRRAed 5 primer (aey i
ATGGGAT CCAAACGCAAGAAACGT AAGAAACGCAAAAAAAATAGCGAG AAGAAT 3' (SEQ | D NO 60))
and the standard 3" prinmer according to SEQ ID NO 59 was applied. Both the
origi naﬂ’un'zll}nfpglai &&)3%&&&X§pf) QBOFO&@&%QJCIO@%S nggzr%%g &MEQIOE LAY BERRLWer e

ligated in the OS } expreession vector (I nwtroge Carl sbad, CA,
USA) bg,)ersmtence of a multidrug-resistant clone and a silver sulfadiazine-resistant clone. Clin Microbiol.,

5 41(3):1192-1202.

sane

EXAMPLE 7: Modified endolysin variants of Pseudomonas putida phage OBP

10 OBPgpLYS according to SEQ ID NO: 7 is a modular endolysin of 328 amino acid residues
originating from Pseudomonas putida phage OBP with a putative N-terminal peptidoglycan
binding domains and a C-terminal catalytic chitinase domain. As predicted by BLASTp and
Pfam analysis the OBPgpLYS endolysin comprises its catalytic domain in the range of about
amino acid residue 126 to about amino acid residue 292 and the N-terminal peptidoglycan

15  binding domain in the range of about amino acid residues 7 to 96.

Purified genomic DNA of phage OBP was used as a template for the amplification of the
open reading frame (ORF) of OBPgpLYS in standard PCR reaction with Pfu polymerase
(Fermentas, Ontario, Canada) using the following PCR parameters:
20 95°C2’
95°C 30’
56°C 30’
72°C 2°30”
72°C 10°
25 4°C

35 cycles



foll owi ng the TA-cloning protocol of the manufacturer. Reconbi nant
expression of OBPgpLYS according to SEQ ID NO 7 and PKOBPgpLYS accordi ng
to SEQ | Dvbi@n1od23207s performed in exponentially grow ngPEI/RPoé0o/081921 (| DE3)
pLysS cells (Invitrogen) after induct42on with 1 mM I PTG

(i sopropylthiogal actoside) at 370C for a period of 4 hours. Both proteins
were purified by NN + affinity chromatography (Akta FPLC, GE Heal t hcare)

usi ng thereforkear stadiatd ﬁ@ﬂn&rK&%T@Mﬁ@T@G@GQ@E&@Q@ ’:TQSQQ )D e¥Rr3sgsi on
vector. The Ni 2+ affi n| chr onat ogr a % er orned in 4 subse ent
Do aadh ShOsSdnPEADEY S BN T T T Shehe B NG 3 2o

i dap o %@E*t%,ﬁmé 0 B SRR B RER, PRRIEYS Ml P ATl o o

0.5 m lentaling thd_paljrbﬁtgarmf Other pegtale Ly&sm;tgeL)(svxL)tymr\glal@tvddzselmgdlyy-s (SBQAD t he

H s lum at a flow rate of Was hi of .the

col Wt H% foaik %&Wlt@ogﬁﬁlﬁé’éraé‘?et%%?tﬁ@d%?FBrabaYg Wil W’ft‘*a}%‘ggéf PHME] / i n,
4. Elutkon of A%G@QQ‘C@MQA@%‘O)\AGQWA&@TQ%GWRA@G@AAQA%AAMA‘@&GK@? of
El ution Buffer (500 mM i m dazole, 5 and 20 mM NaH2PO4- NaOH on pH
7.4) atABGAIAINW T HQ 8P NI:3500 dndi the ﬁhadardt%pnmﬁeh@srdmg thlﬁQldDrNOl ¥dwas

mbi nant teins. lit h Tapl
10, TheDok BeTecT gl himeaired P BBt T R Gttt an Sl SRR Fgmethe
prot ei RyGONEHBA I@&h?EXQS@WT@PD@i C}i)ré&@ﬂoﬁ%ct@f (ﬁah@ro@éi{ ldakl@ﬁacﬁmckjﬁga%ﬂ on
at a wavelength of 280 nm Purified stock solutions consisting of gpLYS

andOPK(fEPy’plll_lggle Fasirning piergeol of e pransfacBdf er (20 ni M NaH2PO4- NaOH pH7. 4;
0.5 MNad; 500 niMimdazole) were at | east 90% pure as determ ned
visual ly on SDS-PAGE gels. Table 10 - Yields of purified reconbi nant
OBPgpL Y&cemtays é;fprasad)ni b5 OBRpDUISF acedrdigy ity BEQ €D PKOBRgpldY BKBBPdpLIYS E.
coli expression cultur
according to SEQ ID NO 61 is performed in exponentially growing E. coli BL21 (ADE3)
pLysS cells (Invitrogen) after induction with 1 mM IPTG (isopropylthiogalactoside) at 37°C
15  for a period of 4 hours. Both proteins were purified by Ni** affinity chromatography (Akta
FPLC, GE Healthcare) using the C-terminal 6xHis-tag, encoded by the pEXPSCT/TOPO®
expression vector. The Ni** affinity chromatography is performed in 4 subsequent steps, all
on room temperature:
1. Egquilibration of the Histrap HP 1 ml column (GE Healthcare) with 10 column
20 volumes of Washing Buffer (60 mM imidazole, 0.5 mM NaCl and 20 mM NaH,P0,-
NaOH on pH 7.4) at a flow rate of 0.5 ml/min.
2. Loading of the total lysate (with wanted endolysin) on the Histrap HP 1 ml column at
a flow rate of 0.5 ml/min.
3. Washing of the column with 15 column volumes of Washing Buffer at a flow rate of
25 I ml/min.
4. Elution of bounded endolysin from the column with 10 column volumes of Elution

Buffer (500 mM imidazole, 5 mM NaCl and 20 mM NaH,P0,-NaOH on pH 7.4) at a

flow rate of 0.5 ml/min

30  The total yields of both purified recombinant proteins per liter E. coli expression culture
shown in Table 10. The values were determined by spectrophotometric measurement of the
protein concentration and the total volume of the purified stock solution at a wavelength of

280 nm. Purified stock solutions consisting of OBPgpLYS and PKOBPgpLYS, respectively,



Endol ysi ns Expression yield OBPgpLYS (SEQ ID NO 7) 3.3 ng PKOBPgpLYS ( SEQ
ID NO 61) 4.7 ng To determne the anti-G am negative spectrum of the
PKOBPgpL¥W8oental2y®7n according to SEQ ID NO 61, a conbiPo&iEPeensmb0917 313 nivi
PK OBPgpLYS endol ysin and 0.5 mM EDTA3was tested on the clinical

mul tiresistant P. aeruginosa strain Br667, Pseudononas putida G (host of
phage OBP) and a range of other G am negative pathogens (Escherichia coli
VK6,  Sah moitidnl Buffarbo mavii NEplPD2- N BHI7 kih 0l 0By NaCR $e0 deMEintieazold) Seee dabl e
12) . Exponential grow ng bacterial cells (Obeoonmof 0.6) were 100-fold

di | ut edeasb9Q%e Purpaas dgteigined viuallp auSPPOBARE 81s- each strain was i ncubated for
30 mnutes at roomtenperature w thout shaking with unnodified endol ysin
OBPgpLYS (SEQ ID NO 7) and nodified endol ysin PKOBPgpLYS (SEQ I D NGO 61)
each i dablentivnatlialds vaft hifiedameronibinun® . BB R} IBIT Anddiedin | aelulvat PEapodifiel

ends| y sieSaVe Ik OBREH IS e rilife B ch B exptrédQisiMiNar2 PO4- NaOH pH7. 4; 0.5 M Nad
0.5 Mimdazole) and the incubation took place at a final concentration of
endol ysi - : i r 30
m nut eEngdolysi®. 5 mv EDTA (in same buffer as &xpréssion yidldve) but no

endol ysi A | 1Qn cell suspensions we Iluted three tines
(respe?llgbv%ﬁLfﬁ@équ%ﬁcel |l s/m) and 100 m %? Hggdch dilution was pl ated
out on AKHBRLINS (SE@IDerd:ci1al col oni es were countngd after an overni ght

i ncubat-er—eA—3+0C—Based—en—the—counted—ecelH—nurbers—the—antibactertal
act!lPvity as the relative inactivation in logarithnmic units (=l og

1oNo/ NIw th No = nunper of untreated cells and Nl= nunber of treated cells,
bot h coyni8d Ald B anhe ] . ﬁg!jc wer e
repli c;q;{)e(rclf:‘%l nt ﬁlge#g%eﬁ%\}%}éﬁ%@ef - satjﬁatﬁ%i?rkcgs %%]!Lgﬁléﬁnds? lﬁédea‘%gégrﬂg gont ed.
The maXSE@ID NOugt, iaccondliseioned 1i.31 3deldelPid €dB P gy Y henddéyste bnd 6.5 eVEEDGA 10

[ls/m d the initi |1 .d ity. Table 11. - i i al f
b M oSt etab g i b i s R P St i 61 ©
( PKEBPGRLY o) gmgefb_ﬁpyi ad b hatt JElTe: AZmOmk odii §f BARESenSXPRAEALIIA |0 9 WORIENT

G am negati ve speci es.
Salmonella typhimurium LT2 and Burkholderia pseudomallei) (see Table 12). Exponential

growing bacterial cells (ODgoonm 0of 0.6) were 100-fold diluted to a final density of about
10%ml of each strain was incubated for 30 minutes at room temperature without shaking with
unmodified endolysin OBPgpLYS (SEQ ID NO: 7) and modified endolysin PKOBPgpLYS
20  (SEQ ID NO: 61) each in combination without and with 0.5 mM EDTA. For incubation, the
endolysins were used each in buffer (20 mM NaH,P0,-NaOH pH7.4; 0.5 M NaCl; 0.5 M
imidazole) and the incubation took place at a final concentration of endolysin of 1.313 uM.
As a control each strain was also incubated for 30 minutes with 0.5 mM EDTA (in same
buffer as outlined above) but no endolysin. After incubation cell suspensions were diluted
25  three times (respectively 10°-10*-10° cells/ml) and 100 ul of each dilution was plated out on
LB-medium. The residual colonies were counted after an overnight incubation on 37°C.
Based on the counted cell numbers the antibacterial activity as the relative inactivation in
logarithmic units (=log;oNo/N; with Ny = number of untreated cells and N; = number of treated
cells, both counted after incubation) was calculated (Table 11). All samples were replicated in
30  threefold. Averages +/- standard deviations are represented. The maximal reduction observed

is dependent on the detection level of 10 cells/ml and the initial cell density.



Table 12 - List of used G amnegative strains Pirnay JP, De Vos D, Cochez
C, Bilocqg F, Pirson J, Struelens M Duinslaeger L, Cornells P, Zizi M
Vander kel w0 2010/022803) . Mol ecul ar epi dem ol ogy of PseudoromaP2@e0ominosa
colonization in a burn unit: persistedce of a nultidrugresistant clone and
a silver sulfadiazine-resistant clone. J din Mcrobiol., 41(3): 1192-1202.
Wil e the gl obal efficacy of the OBPgpLYS treatnent is species dependent,
the regubles /i n Aalbeickil shawnaof adaediRllfeablyoh torpPHOBPURLYE sonprred to
unnodi feh,gsty BRIPINS (PROBRpLPSIC LRI @ld $PRGLEEDTRSNEd on MOt eh ckftRemBENCE
as the gpg‘gﬁlgmnp,fwgén@m DTA. For Pseudononas and Bur khol der i a species, a
cl ear synergistieeffgetowth-EBTA I s-observeg fort --he----PK “¥S:activity.
EXAMPLE 8: 1:Effect of digf rg;tlﬁp og}g%n}:M at kgglﬂgggﬁhﬁl BIP Q}Eerl al
activity off OBPgpLYS a S PKOBBg ﬁsTo &P ni 4 nfl wensgmof {EDTA on
the anti ba‘c“t“er“!mal AAAAAAA activity of uﬁéﬁodlf i ed*dnd nbaM ¥ *endolspsian s the

anti bacteri{a Aactl Vi ty ofisot he diti eq gPLYS J/ndol YySTTH(SEQID NO 7)
and the PK(]BEr &é‘ endoly/3| n ( AL DING; Ogs was, t g‘fﬁged on >Bgeudoronas

aer ugi nosa: PAQLp..cell.s 0 nay. P et ial.. CQin Mcrobiol,. 41(3).:1192- 1202
(2003)) usiing, di.bf&s ent 088ncent [ gbi orgs 6fic:EDTA argd14§ndo| ysSi Asp Exponentl al
growi ng bagt er gas7 cel | so*()gDeDomnm% Q. 6)y-omey € 100-dmbd diluteshstoia final
density of :about::1064 m \\\\\\\ ncubat-ed:for:30: miput-es=at: -oom:t: emper ature

wi t hout shakl ﬂy\n(t}); | edo.amdol: yS|omo403ngL\éS9( SEQi I D NQy; 7) iand

nmodi fi ed endol ysin KGBB’ng;LYS /50371 D NO00BY). Fdr0opcubat i o'n t he

endol ysi ns: ‘V\;é‘f*“é“*ﬁs*éd*““éa ““““““““““ A BUF T (20 VFNaH2 PO4= Na OH; ‘ﬁFW“““‘ﬁ‘*“““ﬁ‘*‘“‘S M Nad ;
0.5 M i ni daz&wé& ’dé’f"’ﬂ nal/ conceﬁ&}?atl ?f(’g% endol @ij n of 0.0%3 MV 0.131 mM

and 1.315 mvP1RerEby. vhe fol 'ow g dif Per ent EGTRConcentrations were
used: 0 mMi 005 mMVl .~ Q““B“S‘W“and vl A contr I oneisa was al so

i ncubat ed forSCh h:fh it testA th ppgggﬁdcl y?%raig iins t@lgéjzog)f theg}e?%)igs buffer (20
mV NaH 2PO4-NaOH . pHZ..4;.20155. M B.Midi dazol.e)..added..Alter.

i ncubat i on"ce&allmosuﬁ,penspﬁfhls wer @Oygl I ut ed ihree tigres (respegigsvel y
105- 104- 103 e@himgdidi ) | ara’q 100 #d-o.0f eaehoabn:l uti on-a@s plat edo@at on

LB- nedi um : Thn eSS rlunl nnl ORFES WL COuURTt: a['l afteran: n\/nr (4T nhfwﬁi

5  Table 12 — List of used Gram-negative strains

Gram-negative strain Source Reference

Pseudomonas aeruginosa PAO1p | Burn wound isolate, Queen Astrid Hospital, Brussels | Pirnay et al., 2003"

Pseudomonas aeruginosa Br667 Burn wound isolate, Queen Astrid Hospital, Brussels | Pirnay ez al., 2003"

Pseudomonas putida G1 Soil isolate, Moskow Prof V.Krylov
Burkholderia pseudomallei Clinical 1solate, UZ Gasthuisberg, Leuven Prof J. Verhaegen
Escherichia coli WK6 Standard laboratory expression strain Stratagene
Salmonella typhimurium LT2 SGSC N° 2317 Prof C. Michiels

*Pirnay JP, De Vos D, Cochez C, Bilocq F, Pirson I, Struelens M, Duinslaeger 1., Cornelis P, Zizi M, Vanderkelen A.
(2003). Molecular epidemiology of Pseudomonas aeruginosa colonization in a burn unit: persistence of a multidrug-

resistant clone and a silver sulfadiazine-resistant clone. J Clin Microbiol., 41(3):1192-1202.

10
While the global efficacy of the OBPgpLYS treatment is species dependent, the results in
table 11 show an added effect of the PKOBPgpLYS compared to unmodified OBPgpLY'S for
all bacterial species tested, both in the absence as the presence of 0,5 mM EDTA. For



i ncubation on 370C. Based on the counted cell nunbers the antibacteri al
activity as the relative inactivation in logarithmc units (=l og

1oNo/ N1wiwb 2bim/e23manber of untreated cells and N1 = nuniper/Eromwnemued
cells, both counted after incubation)4swas cal cul ated (Table 13). All
sanples were replicated in threefold. Averages +/- standard deviations are
represented. The maxi mal reduction observed (5.69 log units) is dependent
on t he meiRGidnaN ah®BRANOIde AR sp&lidssh BleaddydetoRicienfetd with EBTA Hessétyd forD’
gives the difference of activity between the respective OBPgpLYS and
PKOBPg sheyRKOBRsPEY SPaHYIEY- 13 - Antibacterial activity of unnodified

endol ysin (OBPgpLYS) and its nodified endolysin variant (PKOBPgpLYS) in
conbination with different EDTA concentrati ons on exponential grow ng

I ith no
é’én na:..‘ AC VLY - O tO

t he neg%pmﬁzg)g{drpkOByggi{zged endol ysi n PKOBPgpLYS results in an added 0.5
|l og units reduction 1or exponentially growng PAOp cells. The observed
anti bacterial effect can be increased to nore as 5.69 log units reduction

b he detecti I nmbi ni ng PKOBPgpLYS wi th. t.h ter
orbr ark® ST TESEAT O DT A REASR e aBErE LT DAGY tBmsKidcd *06 e Etdra
The di fh@61906&thennaBdckatial ¥cthetywEen: dlifodiNEPOBPpHY ORRIGL: P é@EQ DeO: 7)
PK- nodi fi ed CBP%%I%YS i ncreases by raisi E%)t he anount of "added endol ysin

(f l8m end 1l PKOBPeEL XM cadalybips(SHR EXNURLE ) 9vas Agtit¢dheit Pegudalnoaes isrigiiost
Modi fi i pl44 vari ant,s ;on,. di.fferent [ i eria IQ test and
to comi AT RARHAY PR G SRuLut AL TPTIZENY MR BhhBiRoif s

and ot ReAceANdRdNSITEDT £AGO hdiJy Gy ES puvihaalsyoivhgshasediahealis noDRe)|.y 6@0.60Ni C
peptides at the 1 d of the protein. The different products were

Nt erm nal _en 1 I
cl oned Weie { fefQigtTidpisd dx pimakianity et akaut ( Ndphaethincpatess s P mingiesahippm
pET32b : e bak: | G E Y O I FORS. i de
agai nstt t %y%&dgtgﬁ?ﬁth%ggﬁgﬁg %}gﬁlg@h leffr?g)c()é ggfy¥lgs€)g%g€%gt§é¥ﬁ Fﬁ%(?'eg)g%dn)
madks trhedlifial yeddysom PEKQRREpPLAES (SEQ ID NO: 61). For incubation, the endolysins were
used each in buffer (20 mM NaH,P04-NaOH pH7.4; 0.5 M NaCl; 0.5 M imidazole) at final
concentrations of endolysin of 0.013 uM, 0.131 uM and 1.315 uM. Thereby, the following

different EDTA concentrations were used: 0 mM, 0.05 mM, 0.5 mM and 10 mM. As a control

one sample was also incubated for 30 minutes with no endolysin, instead of there was buffer

20 (20 mM NaH,P04-NaOH pH7.4; 0.5 M NaCl; 0.5 M imidazole) added. After incubation cell
suspensions were diluted three times (respectively 10°-10*10° cells/ml) and 100 ul of each
dilution was plated out on LB-medium. The residual colonies were counted after an overnight
incubation on 37°C. Based on the counted cell numbers the antibacterial activity as the
relative inactivation in logarithmic units (=log;oNo/N; with No = number of untreated cells and

25 N; = number of treated cells, both counted after incubation) was calculated (Table 13). All
samples were replicated in threefold. Averages +/- standard deviations are represented. The
maximal reduction observed (5.69 log units) is dependent on the detection level of 10 cells/ml
and the initial cell density. “A” gives the difference of activity between the respective
OBPgpLYS and PKOBPgpLYS samples.

30



and can be elimnated during the purification process. The genes encodi ng
smad (YPJ)O 17 12536) and KRK9_smi 01 (SEQ ID NGO 75) were fully

synt hesi sw0 20fnksedoechon, Regensburg, Germany) and cl one@CirmpreoooBdB2D.
Accordingly, the follow ng nodified etedol ysin variants were expressed in E.
coli BL21 (DE3) cells at 370C until an optical density of CD600nn¥0.6 was
reached: smd (YP_00 17 12536), KRKO sm 01 (SEQ ID NO 75), phiKZgpl 44

( SEQ | Db 11)-, Apiséiettip a2y PRI BYND. erdiBlysian@ IQYIBL 4hd ((SERokPNO

35) . Preplisiyfin 8%PiuRs 8P ROBYRSLYI) AHCRDMAon! WV | F&ehf EDZN ©RP&RRLIbAS bAN) and
EXPr eSShLih WRg! ﬁb@f@rﬂ&%% Bénd %'fug%‘é& PaoTBeR £ coli cells were harvested

by centrifugation for m n at and cel | d| sruption and protein

purification was perfor med SERSE ng~~t~he~~~S~~Tag~~r~EK~~Pur1 fi-catdonaKit (\\Newlgen,
Dar mst adt, Germany). Using the pET@&Qeﬁtﬁﬁbﬁ)BﬁE]j’f}eNig(Q{MEd pr ot ei ns iwere
not toxic.to. the. host. tesukting.din.high.yields.of. produced. protein..
Purlfled stock sol utians shqped hi: gh p?rdsty For t @s§ing and asgo reference
for conparl son..phi. Kng! 44 . and POLYgp! 44 " wer.e. synt hesl zed and.. purifi. ec as

descri bed | BAE%NPLE 1, Exponenti al 0()2%"}5/ LY 9§, 9334 N9, 68! 1's 0. Pros

sa_ PAT D 'Bur n: wound i sol at €, “Qf een AAAAA Astrid Hospital, 60343 <
Pi r nay JP et al. (2003), C'in Mcriobrol, 3) i 1192-1202): ACi net obagt er
baunani i ‘{%W(@B%ﬁ o BRiFkNdIYeri a sdl anaceu‘f'r?QCSIJrs/o@%t‘;c7 provi ded by Prof.
C M Chleis)%\ﬁ AAAAAAAAAAAA 1 ﬁﬁ‘kdi]uted(f ind| AAAAAA Uens][_y\vvab ((((( ~_]_UO/” ) (((((( I”Lu[)d[e(' at
roont enper aftKl{fB@ l;,ylygh eadloae/- Iﬁ’p}SUndl al yZed pr ot 804 +ds0- PQ0st ed above at a
final cq}ncentratlen “of: ~EOO= gt b fers (20 FEM-NaHR2 PO4= NaOH-pH7:4; 0.5
M NaCl ; i0.5 M iam dazolie). AfBer 1§hour cel | suspengimns were dilutedi1l:100
and pl at edonckBrrAddi ti-onatdboyas negatdves: cont-r:olwas:plated-usi-ng: tuf fer
(20 mM NaH2PO4 NaQH. .pH7.4;..0.5. M.NaQ ;..0..5..M.i m.dazol e).... The. resi.dual

“““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““

col oni e$ F ngél,tLegl ahtieg . An @y er ni ght [ ncubag Lpn a(§27§70C Bgsed on the
count edicé ers.the antibacterial. actlwty 3s.the relative.

|nact| vatl ono([%)uw( 100 élg%éjl\p %Pga},mchra{l\gd_('?‘u%ré?é %ntreat ed cel I s and
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As shown in Table 13 unmodified endolysin OBPgpLYS reduces cell numbers significantly
with more than 2.5 log units for 1.315 uM and with +/- 1 log unit for 0.013 uM, compared to
the negative control. Modified endolysin PKOBPgpLYS results in an added 0.5 log units
reduction for exponentially growing PAOI1p cells. The observed antibacterial effect can be

10 increased to more as 5.69 log units reduction (beneath the detection level) by combining
PKOBPgpLYS with the outer membrane permeabilizer EDTA-Na, at a concentration of 0.5
and 10 mM EDTA. The difference in activity between the unmodified OBPgpLYS and the
PK-modified OBPgpLYS increases by raising the amount of added endolysin (from 0.013 —
1.315 uM endolysin).
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sanples were replicated at least in four fold. Table 14 - Antibacteri al
effect of different nodified endolysin variants (NCBI nunbers in brackets)
on di f f erwot2otees®ri al speci es Unnodi fi ed endol ysi ns phipKZmpbebd/oe09d7 sm A
(YP_0O0 17 12536) do not reduce cell mInbers significantly conpared to the
negative control. This observation again illustrates the efficacy of the
outer nenbrane as a barrier for the endolysin to degrade the cell wall of
the G AREUPIIEVS: Bagbfitdral atfivieobt Mslifias pBilkow) 1440 viaite od Aiffeni Geahat i on
with the nodified endol ysins KRK9 sm 01, pKKZ144pET32b and POLY-gpl 44
causes D§2¥vghaeteHant reduction of the bacterial cell nunber on

Aci net obacter baumanii (50% for KRK sm 01; 99.9 % for pKKZ144pET32b),
Pseudononas aerugi nosa (90-99.9 % for pKKZ144pET32b) and Burkhol deri a

sol anackumst 8@ to @nfardothicopottliaVkKE podybatiodib geetidesperrianendfSpidE@ppsidr aide t he
applicability of the cationic/polycatjoni¢ fusion approach for other

enddl ySihes enpplyeigt-eFncofing g@%ﬁ%ﬁﬁ%ﬁx@e& st inge Ry AR L etiffEais ecN-
endol yg&rﬁﬁngregdgggﬂey:otgﬁ a variety of bacteria.CLAIMS 1. An endol ysin

vari ant conprising an endolysin to which a peptide stretch with nenbrane or
LPS disrupting activity is fused. 2. The endolysin variant according to

claim rein said peptide stretc ed to the end sin is a cationic,
ror e pribpantey! b SRt sines bt BTSSR bR s PE NOV iR aEEEr di ng
to cl aigerihafy). SETYE AL Rs&PlotepER! poen iRl EREGH SOMBHoBREtGic peRfde LARMsAM NO
aci d residue selected out of the group consisting of "arginine, histidine

and0| yshaB. ¢adishagtiefs yedter-qnapdddciybian pofteiar giioredexiangatky shapolyessiodigesptide  The
endol ysi ncga{)i al%in%geﬁ%ﬁlginn%et %rﬁ{lxﬁé)nnemggsst he precedi ng clains, wherein at
| east 7'189/0 of "t he am no ac resl tds onprised in said peptide stretch are

arginine, histidine and/or lysine residues, in particular arginine and/or

| ysi ne residues. 5. The endol ysin variant according to arll\}/ one of the

pr ecedi% gENes %9%&@%@%@%@%1712536) and KRK9_smi01 &EQ ID NO: 75) were fully
synthesised (Entelechon, Regensburg, Germany) and cloned into pET32b.

15
Accordingly, the following modified endolysin variants were expressed in E. coli BL21
(DE3) cells at 37°C until an optical density of OD600nm=0.6 was reached: smi0Ol
(YP_001712536), KRKO9_smi0l (SEQ ID NO: 75), phiKZgpl44 (SEQ ID NO: 1),
pKKZ144pET32b (SEQ ID NO: 43) and POLYKZ144 (SEQ ID NO: 35). Protein expression

20  was induced with ImM IPTG (final concentration) and expression was preformed for four
hours. Then E.coli cells were harvested by centrifugation for 20 min at 6000g and cell
disruption and protein purification was performed using the S-Tag" rEK Purification Kit
(Novagen, Darmstadt, Germany). Using the pET32b vector, the expressed proteins were not
toxic to the host resulting in high yields of produced protein. Purified stock solutions showed

25  high purity.

For testing and as reference for comparison phiKZgp144 and POLY gp144 were synthesized
and purified as described in EXAMPLE 1.

30  Exponential (~10%/ml) growing cells of P. aeruginosa PAOlp (Burn wound isolate, Queen
Astrid Hospital, Brussels; Pirnay JP et al. (2003), J Clin Microbiol., 41(3):1192-1202),
Acinetobacter baumanii (DSMZ 30007) or Burkholderia solanaceum (Isolate provided by

Prof. C. Michiels) were 100 x diluted (final density was ~106/m1) incubated at room



pepti de stretch conprises about 5 to about 100 am no acid residues, in
particul ar about 5 to 50 am no acid residues, in particular about 5 to 30
am no aciwonresvadsm3. 6. The endol ysin vari ant accor di ngPCo/Eepgoon@4Df t he
precedi ng clains, wherein said peptid8 stretch is fused to the N- and/or
the C-termnus of the endolysin, in particular to the Nterm nus of the
endol ysin. 7. The endolysin variant according to any one of the preceding

cl ai s teibeefi@idwBRESCheITo yﬁdlmlybas roteén @éﬁlﬁsitéd inoveht dagiladhegittation 6£100 wal |
of Gam negat i ve bacteria 401gart icular the cell wall of the G am negat ive
B

bact er it#/mbinded G4 v Na HOHMEL6t0- 1 Y DRCEY 2 M bBrideedie)adétge | hopr

t I
Ent er obantareipi Aete R TR gl BF e A AGANECh Beagr SEABRAR! Gl =
Serr at |p&>atech|u§ingem§ﬁeﬂ |(250 nﬂﬂeNaIdeﬁ)ma{bmféq;éﬂi 4 ParMi NaClar0. 53 uchidmnis., The

Bur hol derl St enot r ophonopa Shewane| | a, .Sphin as and Comanona
serFsidu W spleRir [Wegre 9?1511?4; aft A AONSHEE tlewh?élppé@ggﬁrﬁ%sgéppéhew ella,

Legl onekl dumBals RS ActeXdBl R as HRqERRN |48ty drdR &y r(eidoa<N Nes)ringivatA.

Acti nobacillus, Gardnerella, Spirochaetaceae, in particular Treponenma and
Borrel iNy,= nmpb@sqﬁlunaczﬁabcelks:ampw coaciter of Hﬂtcd:cﬂim:Was cal@dated (Tahig 3). All
Strept obac | | us, Bact e Qi dace particul ar Bacteroi des, Fusobacterium
Pr evot élaling eS8 NETPEPRFR! %?@Em QHH% kb net obacter, in particular A baumanii.
8. The endol ysin var| ant according to any one of the preceding clains,

wherein said
10 Table 14 - Antibacterial effect of different modified endolysin variants (NCBI numbers in

brackets) on different bacterial species

Acinetobacter baumannii DSMZ 30007 0
Acinetobacter baumannii DSMZ 30007 50

Pseudomonas aeruginosa 0

Pseudomonas aeruginosa 99 -99.9

Acinetobacter baumannii DSMZ 30007 0
Acinetobacter baumannii DSMZ 30007 99,9

Burkholderia solanacearum 0

Burkholderia solanacearum 99 -99.9

Unmodified endolysins phiKZgp144 and smiO1 (YP_001712536) do not reduce cell numbers

significantly compared to the negative control. This observation again illustrates the efficacy
15  of the outer membrane as a barrier for the endolysin to degrade the cell wall of the Gram-

negative bacteria. In contrast as shown in Table 14 the incubation with the modified

endolysins KRK9_smiO1, pKKZ144pET32b and POLY-gp144 causes a significant reduction

of the bacterial cell number on Acinetobacter baumanii (50% for KRK_smiOl; 99.9 % for

pKKZ144pET32b), Pseudomonas aeruginosa (90-99.9 % for pKKZ144pET32b) and
20 Burkholderia solanaceum (90 — 99.9 % for POLYKZ144),

These experiments demonstrate the applicability of the cationic/polycationic fusion approach
for other endolysins. Moreover, the experiments demonstrated that the modified endolysins

are active on a variety of bacteria.

25



endolysin is selected fromthe group consisting phi KZgpl 44 according to SEQ
I D NO 1, ELgpl 88 according to SEQ ID NO 2, Sal nonell a endol ysin according
to SEQ | DvbinBy02Ewver obact eri a phage T4 endol ysi n accor #cm@Erea9S&Q41 D NO 4,
Aci net obact er baumanii endol ysin accotdding to SEQ ID NO 5, E.coli Phage K F
endol ysin according to SEQ ID NO 6, PSP3 sal nonella endol ysin according to
SEQ ID NO 8 and E.coli Phage P2 endol ysin according to SEQID NO 9. 9.
The endol ysin variant accordi ng to @ngijmge of the preceding clainms, wherein
said peptide stretch conprises at | east one KRK notive, in particular
wherein said peptide stretch conprises a sequence selected fromthe group

consisting o A . 10, ySi i,a C i .10 any
one of thg' [éneggg%lkgnc?ag}aﬁﬁg,c %&%@#nl‘ggﬁnggﬂ’%ho@y&hﬁ/& P%pﬁ?l%cg[%egér}?gveﬁsh an
am no aci d seguienceosidPedikseptihg acrivityds frsedip consi sting of SEQID NO 35 to
49, 53, 57, 62 to 64 and 66 to 78. 11. An isolated nucleic acid nolecule
conﬁrising a nucl eoti de sequence codi ng an endol ysin variant according to

any one 0ob chidiBolsihQakilnt ablorathoVRCl LM FONREERI A% bdIRidPUGERH Fu@Bitd the
nol ecul e according’to clalnlll.lfi A host cell conprising a nucleic acid

nmol ecul e accoddiysig it ocaioaiomibre preferably e pohcataauopefitidg. t o cl ai m 12, wherein
said host cell is in particular a bacterial cell or a yeast cell. 14. A
met hod for the production of an endol ysin variant according to any of the

claims 1 t0 T3 @mWshr§iviaﬁaﬁth§cc%iﬁ}fT1%&§i aRinPf1 tohez engeleis isiidv pejtriat sthdicta host
cell according to clainms 13. 15. The endol ysin variant according to any one
of 181 ai ms 1 complicest @r leass eongsaraingeadiid agredie, sediicirgnouet ¢ic theeginsp cangbtiizeet ant

or cosnetic substance,. 16.,.The enq8£¥§|n ard a accordlng¥to any..one of

claims 1 to 10 Fer USd G B ORI PBTCERE yaRRahe Tov e di Fegat i ve

bacterial infections. 17. The use of the endolysin variant according to any
one of clains 1 to 10 for the ) ) )
4. The endolysin variant according to any one of the preceding claims, wherein at least
70% of the amino acid residues comprised in said peptide stretch are arginine,

15 histidine and/or lysine residues, in particular arginine and/or lysine residues.

5. The endolysin variant according to any one of the preceding claims, wherein said
peptide stretch comprises about 5 to about 100 amino acid residues, in particular
about 5 to 50 amino acid residues, in particular about 5 to 30 amino acid residues.

20

6. The endolysin variant according to any one of the preceding claims, wherein said

peptide stretch is fused to the N- and/or the C-terminus of the endolysin, in particular

to the N-terminus of the endolysin.

25 7. The endolysin variant according to any one of the preceding claims, wherein said
endolysin has the activity of degrading the cell wall of Gram-negative bacteria, in
particular the cell wall of the Gram-negative bacteria selected from the group
consisting of
Enterobacteriaceae,

30 in particular Escherichia, Salmonella, Shigella, Citrobacter, Edwardsiella,

Enterobacter, Hafnia, Klebsiella, Morganella, Proteus, Providencia, Serratia,
and Yersinia,

Pseudomonadaceae,



removal , reduction and/or prevention of G am negative bacteri al

contam nation of foodstuff, of food processing equi pnent, of food

processi ryopbmnisz07of surfaces comng i nto contact w thpCompsaainbg94Df

medi cal devices, of surfaces in hospifals and surgeries. 18. The use of the
endol ysin variant according to any one of clains 1 to 10 as a di agnostic
nmeans in nedicinal, food or feed or environnental diagnostics. 19. A

pharmaceuti cal coipRsiidul @N PSQIDHoHLI) IBAKhEINALY StdhoMBphdibnasC SREWINGat 0 any
one of clainms 1 to 10.
Sphingomonas and Comamonas,
Neisseria, Moraxella, Vibrio, Aeromonas, Brucella, Francisella, Bordetella,
Legionella, Bartonella, Coxiella, Haemophilus, Pasteurella, ~Mannheimia,
5 Actinobacillus, Gardnerella, Spirochaetaceae,
in particular Treponema and Borrelia,
Leptospiraceae,  Campylobacter,  Helicobacter,  Spirillum,  Streptobacillus,
Bacteroidaceae,
in particular Bacteroides, Fusobacterium, Prevotella and Porphyromonas, and

10 Acinetobacter,

in particular A. baumanii.

8. The endolysin variant according to any one of the preceding claims, wherein said
endolysin is selected from the group consisting phiKZgp144 according to SEQ ID
15 NO:1, ELgp188 according to SEQ ID NO:2, Salmonella endolysin according to SEQ
ID NO:3, Enterobacteria phage T4 endolysin according to SEQ ID NO:A4,
Acinetobacter baumanii endolysin according to SEQ ID NO:5, E.coli Phage KI1F
endolysin according to SEQ ID NO:6, PSP3 salmonella endolysin according to SEQ
ID NO: 8 and E.coli Phage P2 endolysin according to SEQ ID NO: 9.
20
9. The endolysin variant according to any one of the preceding claims, wherein said
peptide stretch comprises at least one KRK motive, in particular wherein said peptide

stretch comprises a sequence selected from the group consisting of SEQ ID: 10 to 30.
25 10. The endolysin variant according to any one of the preceding claims, wherein said
endolysin variant comprises an amino acid sequence selected from the group

consisting of SEQ ID NO: 35 to 49, 53, 57, 62 to 64 and 66 to 78.

11. An isolated nucleic acid molecule comprising a nucleotide sequence coding an

30 endolysin variant according to any one of claims 1 to 10.

12. A vector comprising the nucleic acid molecule according to claim 11.
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13.

14.

15.

16.

17.

18.

19.

51

A host cell comprising a nucleic acid molecule according to claim 11 or a vector
according to claim 12, wherein said host cell is in particular a bacterial cell or a yeast

cell.

A method for the production of an endolysin variant according to any of the claims 1
to 10 comprising the expression of the endolysin variant in a host cell according to

claims 13.

The endolysin variant according to any one of claims 1 to 10 for use as a medicament,

diagnostic means, disinfectant or cosmetic substance.

The endolysin variant according to any one of claims 1 to 10 for use as a medicament

for the treatment of Gram-negative bacterial infections.

The use of the endolysin variant according to any one of claims 1 to 10 for the
removal, reduction and/or prevention of Gram-negative bacterial contamination of
foodstuff, of food processing equipment, of food processing plants, of surfaces coming

into contact with foodstuff, of medical devices, of surfaces in hospitals and surgeries.

The use of the endolysin variant according to any one of claims 1 to 10 as a diagnostic

means in medicinal, food or feed or environmental diagnostics.

A pharmaceutical composition comprising an endolysin variant according to any one

of claims 1 to 10.



