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Abstract

The present invention relates to new species-selective phage endolysins and their use to treat bacterial 
vaginosis (EV). The present invention provides recombinant endolysins, i.e. domain- swapped endolysins. 
The invention also relates to said endolysins for use in treating diseases or disorders such as bacterial 
infections, in particular EV. The invention further relates to polynucleotides encoding said endolysins. Said 
polynucleotides can also be used for treating such diseases or disorders. Also provided by the present 
invention is a pharmaceutical composition comprising an endolysin of the invention for use in treating such 
diseases or disorders. Said endolysins, polynucleotides and pharmaceutical composition may be 
administered locally, in particular locally into the vagina.
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NOVEL GARDNERELLA ENDOLYSINS AND USES THEREOF 

[0001] This application is a divisional application of Australian Patent Application No. 

2020268752, the entire disclosure of which is fully incorporated herein by this cross 

reference.

[0001a] The present invention relates to new species-selective phage endolysins and 

their use to treat bacterial vaginosis (BV). The present invention provides recombinant 

endolysins, i.e. domain-swapped endolysins. The invention also relates to said endolysins for 

use in treating diseases or disorders such as bacterial infections, in particular BV. The invention 

further relates to polynucleotides encoding said endolysins. Said polynucleotides can also be 

used for treating such diseases or disorders. Also provided by the present invention is a 

pharmaceutical composition comprising an endolysin of the invention for use in treating 

such diseases or disorders. Said endolysins, polynucleotides and pharmaceutical 

composition may be administered locally, in particular locally into the vagina. 

[0002] Bacterial vaginosis (BV), also been referred to in the literature as bacterial 

vaginitis, non-specific vaginosis and non-specific vaginitis, is the most common vaginal 

infection worldwide and is associated with significant adverse consequences including preterm 

labor and delivery, post-partum enodmetritis and an increased risk of HIV acquisition. It is a 

dysbiosis of the vagina where the commensal Lactobacilli are displaced by a polymicrobial 

biofilm, the pH increases from the natural 3.5-4.5 up to 5.5, and a malodorous fluid forms. 

Reported prevalence rates range from I 0-40% depending upon the population studied. However, 

suboptimal methods of diagnosis and a high percentage of asymptomatic patients make the true 

prevalence ofBV difficult to ascertain. Gardnerella vaginalis (G. vaginalis) is a bacterial species 

associated with BV. 

[0003] The etiopathogenesis of BV remains poorly understood. It is most commonly 

defined as a pathological state characterized by the loss of normal vagina flora, particularly of 

H2Orproducing species of Lactobacillus, and the simultaneous overgrowth of anaerobic bacteria 

including G. vaginalis, Mobiluncus species, and Mycoplasma hominis. Recent data however, 

suggest a primary role for G. vaginalis as a specific and sexually transmitted etiological agent in 

BV (Muzny et al., 2016, J. oflnfect. Dis. 214 Suppl. 1., SI). 

[0004] In the 1950s, abundant small, pleomorphic gram-variable rods were observed in 

the genital tract of women with BV. This organism, first called Haemophilus vaginalis and 

repeatedly renamed as more information about its characteristics became available, is now 

classified as G. vaginalis which, until 2018, was considered to be the sole member of the genus 
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reference.

associated with BV.
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at least 13 species, and the most frequent ones were renamed G. vaginalis sensu stricto, G.
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(i) a N-terminal catalytic domain, or a functional variant thereof;

(ii) a C-terminal cell-wall binding region, or a functional variant thereof, wherein the C-

terminal cell-wall binding region comprises or consists of at least one cell-wall binding domain;

and

(iii) a linker region between the N-terminal catalytic domain and the C-terminal cell-wall

binding region,

wherein the endolysin has a killing activity against Gardnerella.

[0010] In one aspect of the invention the N-terminal catalytic domain is from a first

natural endolysin, the linker region and the C-terminal cell-wall binding region are from a

second natural endolysin, and the first and the second natural endolysins are encoded by different

genomes from different prophages. Thus, the invention provides a recombinant endolysin

comprising or consisting of

(i) a N-terminal catalytic domain, or a functional variant thereof;

(ii) a C-terminal cell-wall binding region, or a functional variant thereof, wherein the C-

terminal cell-wall binding region comprises or consists of at least one cell-wall binding domain;

and

(iii) a linker region between the N-terminal catalytic domain and the C-terminal cell-wall

binding region,

wherein the N-terminal catalytic domain is from a first natural endolysin, the linker

region and the C-terminal cell-wall binding region are from a second natural endolysin, and the

first and the second natural endolysins are encoded by different genomes from different

prophages, and

wherein said recombinant endolysin has a killing activity against Gardnerella.

[0011] Gardnerella is special in that it is a Gram-variable species: it does not form the

outer membrane defining true Gram-negative species. Its cell wall is generally very thin and has

only 10% or less content of peptidoglycan. This indicates that a peptidoglycan-degrading

enzyme, such as endolysin proteins, could not efficiently lyse the bacterial cell walls of

Gardnerella. However, in the context of the present invention novel recombinant endolysins

have been identified which have the advantageous property that they effectively kill Gardnerella

species, and thus, could be used as a novel therapy for the treatment of BV.
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[0012] The healthy vagina is populated mainly by 3 species of Lactobacilli: L. crispatus,

L. gasseri and L. jensenii. These maintain an acidic pH of 3.5-4.5, by producing lactic acid, and a

preferably at least 99.7% identity) with the amino acid sequence of the respective part (i.e. the
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[0015] Herein, the N-terminal catalytic domain is also referred to as "H-domain". For

example, the term "H2" refers to the H-domain of the natural endolysin (EL) 2. The "C-terminal

cell-wall binding region" refers to one or more cell-wall binding domains. The linker and the

cell-wall binding domains represent together the so-called "B-region". For example, B10 refers

to the B-region of the natural EL10. Likewise, B11_N refers to the N-terminal cell-wall binding

domain of natural EL11, B12_C refers to the C-terminal cell-wall binding domain of natural

EL12 and so on.

[0016] The invention further provides an endolysin comprising or consisting of

(i) a N-terminal catalytic domain consisting of a polypeptide comprising or consisting of

the amino acid sequence of any one of SEQ ID NOs: 1 to 5, 7, or 10 to 12, or any functional

variant thereof having at least 80% identity with the amino acid sequence of any one of SEQ ID

NOs: 1 to 5, 7, or 10 to 12;

(ii) a C-terminal cell-wall binding region comprising or consisting of at least one cell-

wall binding domain independently selected from the group consisting of polypeptides

comprising or consisting of the amino acid sequence of any one of SEQ ID NOs: 15 to 24 and 26

to 33, respectively, and any functional variant thereof having at least 80% identity (preferably at

least 85% identity, more preferably at least 90% identity, even more preferably at least 95%

identity, even more preferably at least 96% identity, even more preferably at least 97% identity,

even more preferably at least 98% identity, even more preferably at least 99% identity, even

more preferably at least 99.5% identity, and most preferably at least 99.7% identity) with the

amino acid sequence of any one of SEQ ID NOs: 15 to 24 and 26 to 33, respectively; and

(iii) a linker region between the N-terminal catalytic domain and the C-terminal cell-wall

binding region,

wherein said endolysin has a killing activity against Gardnerella.

[0017] As shown in the appended Examples, the most active N-terminal catalytic domain

(also referred to as "H-domain") is H2 (SEQ ID NO: 2), followed by H7 (SEQ ID NO: 7), H10

(SEQ ID NO: 10) and H5 (SEQ ID NO: 5).

[0018] Thus, in a preferred aspect of the present invention the N-terminal catalytic

domain is consisting of a polypeptide comprising or consisting of the amino acid sequence of

any one of SEQ ID NOs: 2, 7, 10 and 5, or any functional variant thereof having at least 80%

preferably at least 95% identity, even more preferably at least 96% identity, even more
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preferably at least 97% identity, even more preferably at least 98% identity, even more

preferably at least 99% identity, even more preferably at least 99.5% identity, and most

the amino acid sequence of SEQ ID NO: 2;
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[0020] It is also shown in the appended Examples that of the B-regions B10 (comprising

the cell-wall binding domains of SEQ ID NOs: 28 and 29) is the most active, followed by B11

(comprising the cell-wall binding domains of SEQ ID NOs: 30 and 31), B12 (comprising the

cell-wall binding domains of SEQ ID NOs: 32 and 33), and B3 (comprising the cell-wall binding

domains of SEQ ID NOs: 19 and 20).

[0021] Thus, in a preferred aspect of the present invention the cell-wall binding

domain(s) of is/are selected from the group consisting of polypeptides comprising or consisting

of the amino acid sequence of any one of SEQ ID NOs: 19, 20 and 28-33, and any functional

variant thereof having at least 80% identity (preferably at least 85% identity, more preferably at

least 90% identity, even more preferably at least 95% identity, even more preferably at least 96%

identity, even more preferably at least 97% identity, even more preferably at least 98% identity,

even more preferably at least 99% identity, even more preferably at least 99.5% identity, and

most preferably at least 99.7% identity) with the amino acid sequence of any one of SEQ ID

NOs: 19, 20 and 28-33;

whereby the endolysin is functional, wherein the function comprises the ability to lyse

the cell wall of Gardnerella.

[0022] The endolysin of the present invention comprises preferably two cell-wall binding

domains. In one aspect of the present invention the cell-wall binding domains (B-domains) of the

endolysin of the invention consists of a polypeptide comprising or consisting of the amino acid

sequence of any one of SEQ ID NOs: 19, 20 and 28-33, and any functional variant thereof

having at least 80% identity (preferably at least 85% identity, more preferably at least 90%

identity, even more preferably at least 95% identity, even more preferably at least 96% identity,

even more preferably at least 97% identity, even more preferably at least 98% identity, even

more preferably at least 99% identity, even more preferably at least 99.5% identity, and most

preferably at least 99.7% identity) with the amino acid sequence of any one of SEQ ID NOs: 19,

20 and 28-33;

whereby the endolysin is functional, wherein the function comprises the ability to lyse

the cell wall of Gardnerella.

In a preferred aspect of the present invention the endolysin comprises a first cell-wall

binding domain and a second cell-wall binding domain, wherein said first cell-wall binding

32, and said second cell-wall binding domain is selected from the group consisting of SEQ ID
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NOs: 16, 18, 20, 22, 24, 27, 29, 31 and 33. Preferably, said first cell-wall binding domain is N-

terminally of said second cell-wall binding domain.

even more preferably comprises or consists of the amino acid sequence of SEQ ID NO: 30
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preferably at least 98% identity, even more preferably at least 99% identity, even more

preferably at least 99.5% identity, and most preferably at least 99.7% identity) with the amino

acid sequence of SEQ ID NO: 30 and/or 31; or even more preferably comprises or consists of the

amino acid sequence of SEQ ID NO: 28 and/or 29, or any functional variant thereof having at

least 80% identity (preferably at least 85% identity, more preferably at least 90% identity, even

more preferably at least 95% identity, even more preferably at least 96% identity, even more

preferably at least 97% identity, even more preferably at least 98% identity, even more

preferably at least 99% identity, even more preferably at least 99.5% identity, and most

preferably at least 99.7% identity) with the amino acid sequence of SEQ ID NO: 28 and/or 29;

whereby the endolysin is functional, wherein the function comprises the ability to lyse

the cell wall of Gardnerella.

[0025] It is preferred that the sequence VNELL or VNKLL, more preferably VNELL, is

located at the C-terminus of the B-domain. In case of the presence of a plurality of B-domains

within the B-region, it is also preferred that the sequence VNELL or VNKLL, more preferably

VNELL, is located at the C-terminus of each B-domain. [0026] Surprisingly and unexpectedly,

it has been found in the context of the present invention that several recombinant endolysins

have a stronger activity than natural endolysins, especially when viewed across all 4 Gardnerella

strains tested (i.e. Gardnerella vaginalis sensu strict, Gardnerella leopoldii, Gardnerella piotii

and Gardnerella swidsinskii). Particularly H2B10, H2B11, H2B12 and H7B3 are each more

active than all tested natural endolysins. Thus, recombinant endolysins according to the present

invention exhibit significantly higher activity than the natural endolysins.

[0027] Therefore, it is preferred that the "killing activity against Gardnerella" of the

recombinant endolysin of the invention is enhanced as compared to the killing activity of natural

endolysins, e.g. natural endolysins EL1-EL12 (having the amino acid sequences as shown in

Table 7).

[0028] In line with the considerably high activity of endolysins H2B10, H2B11, H2B12,

and H7B3, these endolysins (and their functional variants) are preferred in the present invention.

Thus, the endolysin of the present invention has preferably:

(i) a N-terminal catalytic domain consisting of a polypeptide comprising or consisting of

the amino acid sequence of SEQ ID NO: 2 or 7, or any functional variant thereof having at least

preferably at least 95% identity, even more preferably at least 96% identity, even more
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preferably at least 97% identity, even more preferably at least 98% identity, even more

preferably at least 99% identity, even more preferably at least 99.5% identity, and most

(ii) a C-terminal cell-wall binding region comprising or consisting of two cell-wall
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least 95% identity, even more preferably at least 96% identity, even more preferably at least 97%

identity, even more preferably at least 98% identity, even more preferably at least 99% identity,

even more preferably at least 99.5% identity, and most preferably at least 99.7% identity) with

the amino acid sequence of SEQ ID NO: 28 or 29; and

(iii) a linker region between the N-terminal catalytic domain and the C-terminal cell-wall

binding region consisting of a polypeptide comprising or consisting of the amino acid sequence

XXGLNGXXNGGS, wherein X is N, X is A, X is Y and X is K,

wherein said endolysin has a killing activity against Gardnerella. As mentioned above, it

is preferred that the "killing activity against Gardnerella" of the recombinant endolysin of the

invention is enhanced as compared to the killing activity of natural endolysins, e.g. natural

endolysins EL1-EL12 (having the amino acid sequences as shown in Table 7).

Regarding the linker region it is indicated that, as mentioned below, the linker region

may also consist of a polypeptide comprising or consisting of the amino acid sequence (XXX)n,

wherein each X can be independently G, A or S, preferably wherein the amino acid sequence

(XXX)n is (GGS)n, wherein n corresponds to the number of repetitions of the sequence XXX,

preferably wherein n is 2, 3, 4, 5 or 6.

[0030] In the recombinant endolysin of the present invention the C-terminal cell-wall

binding region may comprise or consists of one, two or three cell-wall binding domains. Said

one, two or three cell-wall binding domains may be independently selected from the group

consisting of the polypeptides comprising or consisting of the amino acid sequence of SEQ ID

NOs: 15 to 24 and 26 to 33, respectively, and any variants thereof having at least 80% identity

(preferably at least 85% identity, more preferably at least 90% identity, even more preferably at

least 95% identity, even more preferably at least 96% identity, even more preferably at least 97%

identity, even more preferably at least 98% identity, even more preferably at least 99% identity,

even more preferably at least 99.5% identity, and most preferably at least 99.7% identity) with

the amino acid sequence of SEQ ID NOs: 15 to 24 and 26 to 33, respectively, whereby said

polypeptides are functional, wherein the function comprises the ability to bind to the cell wall of

Gardnerella. It is preferred that the C-terminal cell-wall binding region consists of two cell-wall

binding domains. Preferred C-terminal cell-wall binding regions are defined herein above and

below.
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[0031] The endolysin of the present invention does preferably not comprise the H-

domain or B-region of natural endolysin EL6. The amino acid sequences of the H-domain and B-

repetitions of the sequence XXX, preferably wherein n is 2, 3, 4, 5 or 6, or (ii)

[0035] The invention also relates to a vector comprising said polynucleotide molecule of

the invention. In one embodiment, the vector is an expression vector. Any suitable vector known

in the art may be used, such as the pET series of vectors and all the T7 based vectors. For
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in the art that the choice of expression vector may be determined by the choice of the host cell.

[0036] Also provided by the present invention is a host cell comprising the

polynucleotide molecule according to the invention or the vector/plasmid according to the

invention. In one embodiment, the host cell is a microbial cell, for example a bacterial cell.

Preferably the host cell is non-pathogenic. Most preferably the host cell is E. coli. Thus, one

aspect of the invention relates to a bacterial host cell comprising the plasmid of the invention,

[0037] Also encompassed by the present invention is a method for producing the

endolysin of the invention comprising culturing a population of host cells comprising the

polynucleotide molecule according to the invention or a vector/plasmid according to the

invention under conditions in which the endolysin is expressed, and isolating the endolysin

therefrom.

[0038] A further aspect of the invention provides a pharmaceutical composition

comprising

(a) an endolysin according to the invention;

(b) a polynucleotide molecule according to the invention;

(c) a vector/plasmid according to the invention;

(d) a host according to the invention; and/or

(e) a bacteriophage capable of expressing an endolysin according to the invention

and a pharmaceutically acceptable carrier, diluent or excipient. For example, the pharmaceutical

composition of the present invention may comprise the endolysin of the invention, the

polynucleotide molecule of the invention, and a pharmaceutically acceptable carrier and/or

diluent.

[0039] A further aspect of the invention relates to

(a) an endolysin according to the invention;

(b) a polynucleotide molecule according to the invention;

(c) a vector/plasmid according to the invention;

(d) a host according to the invention;

(e) a bacteriophage capable of expressing an endolysin according to the invention; and/or
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pharmaceutical composition according to the invention for use in treating a disease or disorder.

Said disease or disorder may be a bacterial infection, preferably bacterial vaginosis. For

invention, or the pharmaceutical composition of the invention is to be administered into the

for use as a medicament.

(c) a vector/plasmid of the invention;

(d) a host of the invention;

(e) a bacteriophage capable of expressing a polypeptide of the invention; and/or
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[0044] A further aspect of the invention provides a method for treating bacterial

infections and disorders such as BV comprising administering a subject in need thereof, a

therapeutically effective amount of

(a) an endolysin of the invention;

(b) a polynucleotide molecule of the invention;

(c) a vector/plasmid of the invention;

(e) a bacteriophage capable of expressing a polypeptide of the invention; and/or

(f) a pharmaceutical composition of the invention.

In some embodiment, the therapeutically effective amount is a dose of 10 to 100ug of endolysin,

optionally to be administered several times per day.

[0045] A further aspect of the invention provides a kit comprising an endolysin as

described herein and instructions of use, in particular for treating a disease or disorder,

preferably BV as defined above. Said kit may also comprise a compound or composition which

adjusts the pH of the vagina to 4.0 - 6.0, preferably to 4.5-5.5, more preferably to about 5. The

definitions and preferred aspects defined herein above and below for the endolysin of the present

invention apply, mutatis mutandis also for the polynucleotide molecule, vector/plasmid, host

cell, pharmaceutical composition, method of treatment and kit of the present invention.

A further aspect of the invention provides an in vitro method for the diagnosis of a

disease or condition which can be treated with the endolysin according to the present invention,

the method comprising the steps of:

(i) contacting a sample obtained from the subject with a polypeptide comprising or consisting of

the C-terminal cell-wall binding region of the endolysin according to the present invention, and

optionally the N-terminal catalytic domain of the endolysin according to the present invention,

wherein the sample comprises microbial cells, and wherein the C-terminal cell-wall binding

(ii) testing whether the polypeptide binds to, and/or lyses, the microbial cells of the sample; and

(iii) determining that a disease or condition can be treated with the endolysin according to the

present invention if the polypeptide binds to, and/or lyses, the microbial cells.
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Other features and advantages of the invention will be apparent from the following detailed

description.

endolysins of the present disclosure. There are no identical pairs among the endolysins, even

in a medium adjusted to the appropriate pH in a photometric cuvette against buffer. Then, the

[0050] FIG. 5 shows a quantitative reduction in viable Colony Forming Units (CFU)

assay comparing untreated cells from the G. vaginalis sensu stricto strain Gv_9 incubated in

medium with or without imidazole at different pH values. 5x10 CFU/ml cells were incubated
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the survival of G. vaginalis Gv_9 is highly dependent on the absence of imidazole and on a low

pH under the tested conditions.

[0051] FIG. 6 shows a quantitative reduction in viable Colony Forming Units (CFU)

assay comparing cells from the G. vaginalis sensu stricto strain Gv_9 treated with an eluate

solution containing recombinant endolysins H10B1 and 250mM imidazole at different pH values

or with a control containing 250mM imidazole at different pH values. 5x10 CFU/ml cells were

conditions, after which the surviving CFU/ml was determined by quantitative plating. The

columns labeled imidazole control depict the same data as in Fig. 5. The results show that the

enzymatic activity of H10B1, as an example for all the endolysins of the invention, is higher at

low pH values, with pH 5.5 and pH 5.0 showing the strongest activity.

[0052] FIGs. 7A to 7D show four quantitative reduction in viable Colony Forming

Units (CFU) assays measuring the killing activity of natural and recombinant Gardnerella

prophage endolysins of the present disclosure against the four main species of Gardnerella. In

Fig 7A, 7B, 7C and 7D, the killing activity of the endolysins is measured by detecting the viable

CFU of suspensions of the G. vaginalis sensu stricto strain Gv_9, the G. leopoldii strain Gv_11,

the G. piotii strain Gv_17, and the G. swidsinskii strain Gv_23, respectively. 90ul 5e7 CFU/ml of

the indicated strain were incubated for 5 hours at pH 5.0 under anaerobic conditions with 10ul

endolysin solution (concentration adjusted to 0.2mg/ml where possible, see Table 4). The

logarithmic Y axis depicts the count of surviving cells. The dotted line indicates the limit of

detection (LOD) given by plating of 2ul of the reaction mix (500 CFU/ml). The results show that

the endolysins of the present invention have the capacity to lyse the four main species of

Gardnerella. The results also point out that some of the recombinant endolysins of the invention

have a higher killing activity than the natural endolysins of the invention.

[0053] FIG. 8 shows a phylogenetic relationship tree (amino acid level) of H-

[0054] FIG. 9 and FIG. 10 shows a phylogenetic relationship tree (amino acid level)

of B-regions created with Clustal Omega (Sievers et al., 2011 Mol. Syst. Biol. 7, 539).

[0055] FIG. 11 shows a sequence alignment of the cell-wall binding domains (also
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is denoted with a _C suffix (Bx_C). By way of example, B3_C designates the second (C-

terminal) B-domains of B3.

against the beneficial Lactobacilli strains.

species of Gardnerella. Gardnerella suspensions at 1x10- 1x10 CFU/ml were incubated with

between 1 and 4µg/ml were obtained indicating that all Gardnerella strains are highly sensitive

to the domain swapped endolysin H2B10.
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DETAILED DESCRIPTION

Definitions

[0059] The term "lysins" refers to cell-wall lytic enzymes encoded by bacteriophages

(endolysins) or bacteria (autolysins) which have the ability to hydrolyze the cell-wall of target

bacteria when added exogenously (lysis-from-without). This novel class of antibacterials has

of susceptible bacteria; rapid killing of both stationary- and exponentially-growing bacteria;

activity on mucous membranes and bacterial biofilms; low probability of developing resistances;

and reduced impact on normal microbiota. These unique features have boosted the interest on the

biotechnological and pharmacological exploitation of lysins and their recent inclusion among the

top current alternatives to fight antibiotic resistances. Lysins from Gram-positive bacteria and

their phages usually comprise at least one catalytic domain and one or more cell wall-binding

domains. In contrast, many lysins produced by Gram-negative species or their phages only

contain the catalytic domain, though modular endolysins have also been reported. The catalytic

units dictate the type of peptidoglycan (PG) bond to be cleaved, whereas the cell wall-binding

domain(s) largely determines the lytic spectrum by specific recognition of cell wall elements

distributed in genus-, or species/strain-specific manner.

[0060] In the context of the present disclosure, the term "natural endolysin" refers to an

endolysin encoded by a prophage sequence within a bacterial genome, in particular within the

genome of Gardnerella cells. In the context of the present disclosure, the term "natural

endolysin" therefore refers to an endolysin which has not been domain-swapped. A natural

endolysin can be unmodified, meaning that the amino acid sequence of the endolysin

corresponds to the native sequence. Alternatively, a natural endolysin can be modified, meaning

that the amino acid sequence of the endolysin comprises at least one mutation compared to the

below. An example of a known 1, 4-beta-N-acetylmuramidase (natural endolysin EL1) sequence

is also provided under NCBI accession No. WP_014554482 (version WP_014554482.1 of May

27, 2013).

term "domain-swapped endolysin" refer to an endolysin which possess a N-terminal catalytic
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domain from a first natural endolysin, and at least one cell-wall binding domain from a second

natural endolysin, wherein the first and the second natural endolysin are encoded by different

consist of a N-terminal catalytic domain from a first natural endolysin, and two cell-wall binding

second (C-terminal) cell-wall binding domain from a third natural endolysin wherein the first

endolysin of the invention which comprises or consists of a polypeptide having a cell-wall

region and one, two or three cell-wall binding domains or "B-domains".

binding domain contained within the B-region.

[0065] In the context of the present disclosure the term "CW_7 domain" refers to a cell-
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composed of 3 consecutive CW_7 domains. Each CW_7 domains is composed of a similar

(Mitchell et al., 2019, Nucleic Acids Res. 47, D351-D360) as consisting of the amino acid

sequence TVANEVIQGLWGNGQERYDSLANAGYDPQAVQDKVNEXIL wherein X is I in

the CW_7 motifs No:1 (amino acids 207-245) and No:2 (amino acids 255-293) and wherein X is

L in the CW_7 motif No:3 (amino acids 303-341). In the Cpl-7 protein, there are short, 9

No:3, so that the total repeat is 47 residues long. In comparison, the repeats of the natural

endolysins of the present invention are 49 residues long.

[0066] The terms "Minimum Inhibitory Concentration" or "MIC" refer to the lowest

concentration of a chemical, usually a drug, which prevents visible growth of bacterium. MIC

was defined in the present application as the minimal concentration of antibiotic at which no

growth was detectable after 48h by OD measurement.

[0067] The terms "Minimum Bactericidal Concentration" or "MBC" refer to the lowest

concentration of an antibacterial agent required to kill a particular bacterium. Usually, the

MBC90 is measured, i.e. the antibiotic concentration killing 90% of cells within a defined time,

while MBC has been defined in the present application as the minimal concentration fully

eradicating a suspension of 2.5x10 CFU/ml. While MIC is the lowest concentration of an

antibacterial agent necessary to inhibit visible growth, MBC is the minimum concentration of an

antibacterial agent that results in bacterial death of all cells in suspension.

[0068] The terms "peptide", "polypeptide", "protein" and variations of these terms refer

to peptide, oligopeptide, oligomer or protein including fusion protein, respectively, comprising at

least two amino acids joined to each other by a normal or modified peptide bond, such as in the

cases of the isosteric peptides, for example. These terms also include herewith

"peptidomimetics" which are defined as peptide analogs containing non-peptidic structural

natural parent peptide. A peptidomimetic lacks classical peptide characteristics such as

other than the 20 amino acids defined by the genetic code. It can be composed of L-amino acids

processes, which are well known to a person skilled in the art. Such modifications are fully
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detailed in the literature. These modifications can appear anywhere in the polypeptide: in the

peptide skeleton, in the amino acid chain or even at the carboxy- or amino-terminal ends. A

branching. This type of modification can be the result of natural or synthetic post-translational

modifications can include acetylation, acylation, ADP-ribosylation, amidation, covalent fixation

cyclization, disulfide bond formation, demethyl ation, glycosylation including pegylation,

endolysin to be tested.

of a particular bacteria refers to the ability of said endolysin to specifically interact and adhere to

can be determined by methods know of the art.

[0072] As used herein, "treatment" and "treating" and the like generally mean obtaining a
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effect attributed to the disease. The term "treatment" as used herein covers any treatment of a

occurring in a subject which may be predisposed to the disease but has not yet been diagnosed as

causing regression of the disease and/or its symptoms or conditions such as improvement or

remediation of damage. In particular, treatment of bacterial infections comprises preventing,

controlling, reducing or inhibiting bacterial proliferation as well as reducing the number of

viable bacterial cells. Herein it is preferred that the disease, e.g. BV is treated therapeutically in

terms of a partial or complete cure of the disease or the symptoms.

[0073] The term "subject" as used herein refers to mammals. For examples, mammals

contemplated by the present invention include human, primates, domesticated animals such as

cattle, sheep, pigs, horses, laboratory rodents and the like. It is preferred that the subject is a

human being.

[0074] The term "effective amount" as used herein refers to an amount of at least one

endolysin according to the invention, composition or pharmaceutical formulation thereof, that

elicits the biological or medicinal response in a tissue, system, animal or human that is being

sought. In one embodiment, the effective amount is a "therapeutically effective amount" for the

alleviation of the symptoms of the disease or condition being treated. In another embodiment, the

effective amount is a "prophylactically effective amount" for prophylaxis of the symptoms of the

disease or condition being prevented. The term also includes herein the amount of active

polypeptide sufficient to reduce the progression of the disease, notably to reduce or inhibit the

disorder or infection and thereby elicit the response being sought (i.e. an "inhibition effective

amount").

[0075] The term "efficacy" of a treatment according to the invention can be measured

invention. The efficacy of prevention of infectious disease is ultimately assessed by

antibodies in sera, and induction of multifunctional pathogen specific T cell responses.

growth or elimination of the pathogen (and, thus, absence of detection of the pathogen),
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correlating with pathogen specific antibodies and/or T cell immune responses.

[0076] The term "biological material" refers to any material or sample that is obtained

sputum, saliva, vaginal swabs, or spinal fluids.

objects, floor, surface of a table.

preparations which are in such a form as to permit biological activity of the active ingredient(s)

over the whole lengths of the sequences to be compared. It will be appreciated that percent

Fragment and variants of an amino acid sequence may be made using any of the methods of

(for example, see Molecular Cloning: a Laboratory Manual, 3rd edition, Sambrook & Russell,

2001, Cold Spring Harbor Laboratory Press). It will be appreciated by skilled persons that a
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side group. Such derivatised molecules include, for example, those molecules in which free

groups, carboxybenzoxy groups, f-butyloxycarbonyl groups, chloroacetyl groups or formyl

types of esters and hydrazides. Free hydroxyl groups may be derivatised to form O-acyl or O-

alkyl derivatives. Also included as chemical derivatives are those peptides which contain

hydroxyproline may be substituted for proline; 5-hydroxylysine may be substituted for lysine; 3-

methylhistidine may be substituted for histidine; homoserine may be substituted for serine and

ornithine for lysine. Derivatives also include peptides containing one or more additions or

deletions as long as the requisite activity is maintained. Other included modifications are

amidation, amino terminal acylation (e.g., acetylation or thioglycolic acid amidation), terminal

carboxylamidation (e.g., with ammonia or methylamine), and the like terminal modifications. It

will be further appreciated by persons skilled in the art that peptidomimetic compounds may also

be useful. Thus, by 'polypeptide' we include peptidomimetic compounds which exhibit

endolysin activity. The term 'peptidomimetic' refers to a compound that mimics the

conformation and desirable features of a particular polypeptide as a therapeutic agent.

Endolysins according to the invention

[0083] The endolysin of the present invention has an antibacterial activity against

Gardnerella strains. The optimum pH at which the endolysin according to the invention exhibits

an antibacterial activity is comprised between about 4 and 6, preferably a pH about 5.

The endolysin of the present invention comprises or consists of

(i) a N-terminal catalytic domain, or a functional variant thereof;

(ii) a C-terminal cell-wall binding region, or a functional variant thereof, wherein the C-

and

binding region,

region and the C-terminal cell-wall binding region are from a second natural endolysin, and the
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first and the second natural endolysin are encoded by different genomes from different

prophages. It is envisaged that the killing activity of the endolysins of the invention against

[0084] The N-terminal catalytic domain is a functional polypeptide, wherein the function

be a N-acetylmuramidase, N-acetylmuramoyl-L-alanine amidases, L-alanoyl-D-glutamate

N-acetylmuramidase. For example, the N-terminal catalytic domain may be a polypeptide

identity, more preferably at least 90% identity, even more preferably at least 95% identity, even

Gardnerella. The C-terminal cell-wall binding region may comprise or consist of one, two, three

domains may be independently selected from the group consisting of the polypeptides

respectively, and any variants thereof having at least 80% identity (preferably at least 85%

identity, more preferably at least 90% identity, even more preferably at least 95% identity, even
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acid sequence of SEQ ID NOs: 15 to 24 and 26 to 33, respectively, whereby said polypeptides

Preferably, the one, two, three or more cell-wall binding domains are independently selected

SEQ ID NOs: 19, 20 and 28-33 or any variant thereof having at least 80% identity (preferably at

least 85% identity, more preferably at least 90% identity, even more preferably at least 95%

even more preferably at least 98% identity, even more preferably at least 99% identity, even

more preferably at least 99.5% identity, and most preferably at least 99.7% identity) with the

amino acid sequence of any one of SEQ ID NOs: 19, 20 and 28-33, whereby said polypeptide is

functional, wherein the function comprises the ability to bind to the cell wall of Gardnerella.

More preferably, the one, two, three or more cell-wall binding domains are selected

independently selected from the group consisting of a polypeptide comprising the amino acid

sequence of any one of SEQ ID NOs: 28-33 or any variant thereof having at least 80% identity

(preferably at least 85% identity, more preferably at least 90% identity, even more preferably at

least 95% identity, even more preferably at least 96% identity, even more preferably at least 97%

identity, even more preferably at least 98% identity, even more preferably at least 99% identity,

the amino acid sequence of any one of SEQ ID NOs: 28-33, whereby said polypeptide is

functional, wherein the function comprises the ability to bind to the cell wall of Gardnerella.

Most preferably, the C-terminal cell-wall binding region comprises a first cell-wall

binding domain and a second cell-wall binding domain, wherein said first cell-wall binding

domain is selected from the group consisting of SEQ ID NOs: 15, 17, 19, 21, 23, 26, 28, 30 and

32, and said second cell-wall binding domain is selected from the group consisting of SEQ ID

NOs: 16, 18, 20, 22, 24, 27, 29, 31 and 33. In preferred embodiments, said first cell-wall binding

[0086] In one aspect of the invention, the linker region consists of a polypeptide having a

length of 12 amino acids. Preferably, the linker region consists of a polypeptide comprising or

number of repetitions of the sequence XXX, preferably wherein n is 2, 3, 4, 5 or 6, or (ii)

27

20
26

20
14

69
   

   
26

 F
eb

 2
02

6

W
O
 
2
0
2
0
/
2
2
5
3
3
5

P
C
T
/
E
P
2
0
2
0
/
0
6
2
6
4
5

2
6
 
F
e
b
 
2
0
2
6

2
0
2
6
2
0
1
4
6
9

2
7



wo 2020/225335 PCT/EP2020/062645

XXGLNGXXNGGS, wherein X is N or K, X is A or V, X is Y or C and X is K or Q. The

fragment comprising the linker may be absent. The fragment comprising the linker may also be

invention.

Gardnerella as described above for use in treating a disease or disorder. The disease or disorder

other species of the genus Gardnerella.

the same type of lytic activity. In the case of the natural Gardnerella prophage endolysins newly

lysozyme Cpl-7 (see Example 2 and Fig. 3).

unmodified, i.e. corresponds to the native amino acid sequence. In an alternative embodiment,

deletion, insertion of amino acids or any combination of alteration thereof. In some embodiment

the fragment comprising the enzymatic domain is a variant fragment having at least 80%,
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even more preferably at least 99.5% identity, even more preferably at least 99.7% identity, and

5, 7, or 10 to 12.

unmodified, i.e. corresponds to the native amino acid sequence. In an alternative embodiment,

the fragment comprising the enzymatic domain may comprise alterations such as substitution,

the fragment comprising the cell-wall binding domain is a variant fragment having at least 80%,

preferably at least 85% identity, more preferably at least 90% identity, even more preferably at

least 95% identity, even more preferably at least 96% identity, even more preferably at least 97%

identity, even more preferably at least 98% identity, even more preferably at least 99% identity,

even more preferably at least 99.5% identity, even more preferably at least 99.7% identity, and

most preferably 100% identity with the amino acids sequences of any one of SEQ ID NOs: 15 to

24 and 26 to 33.

[0092] In a further aspect of the invention, the endolysin comprises or consists of a fusion

of a polypeptide, or a fragment, variant, or derivative thereof. By "fusion" of a polypeptide we

include a polypeptide which is fused to any other polypeptide. For example, the polypeptide may

termini of the amino acid sequence of an endolysin according to the invention, or of a fragment,

variant or derivative thereof.

Thus, as described above, in one embodiment the endolysin of the first aspect of the invention

comprises a fragment consisting of one or more cell-wall binding domains comprising or

consisting of the amino acid sequence of any one of SEQ ID NO: 15 to 24 and 26 to 33 (or a

variant of such a domain sequence which retains the cell-wall binding activity thereof),

respectively, to which is fused an enzymatic domain from a different source. Examples of other

D-glutamyl-m-DAP endopeptidase, interpeptide bridge-specific endopeptidase, V-acetyl-B-D-

transglycosylase. Also N-acetylmuramoyl-L-alanine amidase from other sources could be

protein in order to facilitate purification of said endolysin. Examples of such fusions are well
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known to those skilled in the art. Similarly, the endolysin may be fused to an oligo-histidine tag

such as His6 or to an epitope recognized by an antibody such as well-known Myc tag epitope.

are also included in the scope of the invention, It will be appreciated that fusions (or variants or

is also particularly preferred if the fusions are ones which are suitable for use in methods

detecting or isolating the endolysin, promoting cellular uptake of the endolysin, or directing

(Vaneechoutte et al., 2019 Int. J. Syst. Evol. Biol. 898661). In one embodiment, the endolysins

pathogenic bacteria.

microorganism may be determined by standard procedures in the field including those based on

defined as the lowest concentration of said antimicrobial agent that inhibits the visible growth of

a microorganism after overnight incubation as described in Andrews, 2001, J Antimicrobial
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method for determining the killing activity of an endolysin according to the invention is

decrease of the Optical Density measured at 610-620 nm of a suspension of the bacteria the

purified endolysin according to the invention. According to another embodiment, in an in vitro

turbidity test as described herewith, an endolysin according to the invention decreases the

20%, more than 30%, more than 40%, more than 50%, more than 60%, more than 70%, more

than 80%, more than 90%, or more than 95%.

[0096] Methods for the production of endolysins, or a fragment, variant, fusion, or

derivative thereof, for use according to the invention are well known in the art. Conveniently, the

endolysin, or fragment, variant, fusion or derivative thereof, is or comprises a recombinant

endolysin. The endolysin according to the invention can be produced by standard techniques of

genetic engineering comprising the use of a recombinant vector comprising a polynucleotide

encoding an endolysin as described herewith. Numerous expression systems can be used

including bacterial plasmids and derived vectors, transposons, yeast episomes, insertion

elements, yeast chromosome elements, viruses such as baculovirus, papilloma viruses such as

cosmid or phagemid derivatives. The nucleotide sequence can be inserted in the recombinant

expression vector by methods well known to a person skilled in the art such as, for example,

those that are described in MOLECULAR CLONING: A LABORATORY MANUAL,

Sambrook et al., 4th Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001.

The recombinant vector can include nucleotide sequences that control the regulation, the

expression, the transcription, and/or the translation of the polynucleotide encoding the endolysin,

these sequences being selected according to the host cells that are used. The recombinant vector

purification step. Subsequently, such a recombinant vector is introduced in a host cell according

METHODS IN MOLECULAR BIOLOGY, Davis et al., 2nd ed., McGraw-Hill Professional

microinjection, transfection by cationic lipids, electroporation, transduction or infection. The
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host cell can be, for example, bacterial cells such as E. coli, cells of fungi such as yeast cells and

cells of Aspergillus, Streptomyces, insect cells, Chinese Hamster Ovary cells (CHO), C127

293) cells. Preferably, the host cell is E. coli. Said host cells are then cultivated in appropriate

from the culture medium or from the host cell lysate by any standard purification methods

provides a therapeutic effect for a given condition and administration regimen. This is a

it is intended to mean an amount sufficient to reduce, and most preferably prevent, a clinically

quantity of active composition calculated to produce the desired therapeutic effect in association

invention, a therapeutically effective amount of the active component is provided. A

worker based on patient characteristics, such as age, weight, sex, condition, complications, other

diseases, etc., as is well known in the art. In one embodiment of the invention, the
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cells of the genus Gardnerella in a patient who is infected or susceptible to infection with such

variant, fusion or derivative thereof, sufficient to kill cells of the genus Gardnerella in the

generally administered in admixture with a suitable pharmaceutical excipient, diluent or carrier

selected with regard to the intended route of administration and standard pharmaceutical practice

(for example, see Remington: The Science and Practice of Pharmacy, 19th edition, 1995, Ed.

Alfonso Gennaro, Mack Publishing Company, Pennsylvania, USA). For example, the endolysins

can be administered locally, i.e. locally into the vagina of a female subject and/or, in a male

subject into or on the glans penis, prepuce or urethral entry. Herein the term "(administration)

into or on the glans penis" also includes "(administration) into and on the glans penis". In line

with this, the term "(administration) into or on the glans penis, prepuce or urethral entry of a

male subject" also includes "(administration) into and on the glans penis and on the prepuce and

on the urethral entry of a male subject". In another embodiment, the endolysins can be co-

administered with a compound or composition which adjusts the pH of the vagina. In some

embodiment the compound or composition adjusts the pH of the vagina to pH 4.0 to 6.0,

preferably to pH 5.0.

the endolysin itself but instead comprise a nucleic acid molecule capable of expressing said

endolysin. Suitable nucleic acid molecules, expression vectors, and host cells are described in

lactis or a Lactobacillus sp.). In a further embodiment of the invention, the pharmaceutical

compositions comprise a bacteriophage capable of expressing an endolysin according to the first

aspect of the invention. Methods for performing such bacteriophage-based therapies are well

known in the art (for example, see Watanabe et al., 2007, Antimicrobial Agents & Chemotherapy

invention may be administered as the cognate protein, as a nucleic acid construct, vector or host

cognate protein (including bacteriophages), or by any other convenient method known in the art

herein.
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[0099] Compositions of the invention can contain one or more endolysin polypeptides. In

this embodiment, endolysin polypeptides can either be present as independent polypeptides or as

[0100] Pharmaceutical compositions of this invention may further comprise one or more

agents, buffers, coloring agents, flavoring agents, adjuvants, and the like. It is preferred that the

suitable vehicle before use. Such liquid preparations may contain additives including, but not

syrup, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, aluminum stearate gel, and

materials as well as processing techniques and the like are set out in Part 5 of Part 5 of

Sciences in Philadelphia, Lippincott Williams & Wilkins.

formulated in a conventional manner. Tablets may be coated according to methods well known

in the art. Injectable compositions are typically based upon injectable sterile saline or phosphate-
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Compositions of this invention may also be formulated transdermal formulations comprising

medicated plaster, patch, or membrane.

administration including, but not limited to, by injection or continuous infusion. Formulations for

injection may be in the form of suspensions, solutions, or emulsions in oily or aqueous vehicles,

and may contain formulation agents including, but not limited to, suspending, stabilizing, and

dispersing agents. The composition may also be provided in a powder form for reconstitution

with a suitable vehicle including, but not limited to, sterile, pyrogen-free water.

[0105] Compositions of this invention may also be formulated as a depot preparation,

which may be administered by implantation or by intramuscular injection. The compositions

may be formulated with suitable polymeric or hydrophobic materials (as an emulsion in an

acceptable oil, for example), ion exchange resins, or as sparingly soluble derivatives (as a

sparingly soluble salt, for example).

[0106] The compounds of this invention can also be administered in sustained release

forms or from sustained release drug delivery systems. A description of representative sustained

release materials can also be found in Remington's "The Science and Practice of Pharmacy".

Method of administration

[0107] Compositions of this invention are preferably administered locally into the vagina

However, these compositions may also be administered in any manner including intravenous

injection, intra-arterial, intraperitoneal injection, subcutaneous injection, intramuscular, intra-

thecal, oral route including sublingually or via buccal administration, topically, cutaneous

application, direct tissue perfusion during surgery or combinations thereof.

compositions of the present invention as described herein are to be administered locally. In a

the present invention as described herein are to be administered into the vagina of a female

present invention as described herein are to be administered locally into the vagina of a subject.
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[0109] The dosage administered, as single or multiple doses, to an individual will vary

depending upon a variety of factors, including pharmacokinetic properties, patient conditions and

frequency of treatment and the effect desired.

in a preventive manner to patients before sexual relations.

Gardnerella.

compound or composition adjusts the pH of the vagina to pH 4.0 to 6.0, preferably to pH 5.0.

acids, e.g. carboxy-substituted polymers;

(e) a probiotic.

Uses and methods according to the invention

a nucleic acid according to the invention, a vector according to the invention, a host cell

according to the invention, a bacteriophage capable of expressing an endolysin according to the
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body. In particular, the invention provides an endolysin according to the invention, a nucleic acid

capable of expressing an endolysin of the invention, or a pharmacological composition of the

[0114] A further aspect of the invention provides an endolysin of the invention, a nucleic

acid of the invention, a vector/plasmid of the invention, a host cell of the invention, a

bacteriophage capable of expressing an endolysin of the invention, or a pharmacological

composition according to the invention for use as a medicament.

[0115] An further aspect of the invention provides the use of a endolysin of the invention,

a nucleic acid of the invention, a vector/plasmid of the invention, a host cell of the invention, a

composition of the invention, in the preparation of a medicament for killing and/or

inhibiting/preventing the growth of microbial cells in a patient, wherein the microbial cells are

selected from the group consisting of Gardnerella cells and other bacterial cells susceptible to

lysis with said endolysin. In particular, the invention provides the use of a endolysin of the

invention, a nucleic acid of the invention, a vector/plasmid of the invention, a host cell of the

invention, a bacteriophage capable of expressing an endolysin of the invention, or

bacterial infections and disorders.

[0116] A further aspect of the invention provides an endolysin of the invention, a nucleic

pharmacological composition of the invention for use in killing and/or inhibiting/preventing the

growth of microbial cells in a patient, wherein the microbial cells are selected from the group

consisting of Gardnerella cells and other bacterial cells susceptible to lysis with said endolysin.

[0117] A further aspect of the invention provides a method for killing and/or

administering to the patient an endolysin of the invention, a nucleic acid of the invention, a

expressing an endolysin of the invention or pharmacological composition of the invention,

[0118] An further aspect of the invention provides the use of an endolysin of the
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invention, a nucleic acid of the invention, a vector/plasmid of the invention, a host cell of the

invention, a bacteriophage capable of expressing an endolysin of the invention or a

treatment or prevention of a disease or condition associated with microbial cells in a patient,

bacterial cells susceptible to lysis with said endolysin.

endolysins of the invention.

of Gardnerella cells and other bacterial cells susceptible to lysis with the endolysins of the

diseases and conditions arising from or antagonised by infection of a patient with Gardnerella.

an endolysin of the invention or the pharmacological composition of the invention, uses and

or additionally, the uses and methods of the invention may be for prophylaxis. The term

described herein which either prevents or reduces the likelihood of infection with Gardnerella in

a patient or subject. The prophylaxis may be primary prophylaxis (i.e., to prevent the
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the treatment of an existing BV.

concentrations or amounts of endolysins according to the present invention which may be used

remission, a favourable physiological result, a reversal or attenuation of a disease state or

condition treated, the prevention or the reduction in the likelihood of a condition or disease state

occurring, depending upon the disease or condition treated. In one embodiment, the endolysin

according to the first aspect of the invention, nucleic acid according to the second aspect of the

invention, vector according to the third aspect of the invention, host cell according to the fourth

aspect of the invention, bacteriophage capable of expressing an endolysin according to the first

invention is administered in a single dose. Alternatively, the endolysin, nucleic acid,

vector/plasmid, host cell, bacteriophage or pharmacological composition is administered as a

plurality of doses (for example, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,

22, 23, 24, 25, 26, 27, 28, 29, 30 or more doses). The endolysin, nucleic acid, vector/plasmid,

host cell, bacteriophage or pharmacological composition is preferably administered at a

frequency sufficient to maintain a continuous presence of the endolysin according to the first

sufficient to prevent occurrence or recurrence of a disease or condition associated with microbial

cells in a subject (e.g., Gardnrella). Preferably, the dose and dosage frequency is sufficient to

subject (e.g., Gardnerella).

[0124] In one embodiment, the uses and methods of the invention a host cell or

pharmacological composition comprising a host cell is used to deliver the endolysin of the first

aspect of the invention (preferably a host cell).

to a subject in combination with one or more additional therapeutic agents. For example, the

(a) one or more conventional antibiotic treatments. Such antibiotics may include Clindamycin,

bacteriophage capable of expressing the same;
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(c) a compound or composition which adjusts the pH of the vagina, preferably to pH 4.0 to 6.0,

more preferably to about pH 5.0. Such pH adjusting compounds may include phosphate, lactic

milieu) or other organic acids, e.g. carboxy-substituted polymers;

vagina. Suitable neutralising therapies may include antibodies (see Babcock et al., 2006, Infect.

of microbial cells in vitro and/or ex vivo, wherein the microbial cells are selected from the group

endolysin as described herein and instructions of use, in particular for treating a disease or

preferably to 4.5-5.5, more preferably to about 5. However, the kit of the present invention may

consisting of Gardnerella cells and other bacterial cells susceptible to lysis with said endolysin.

(a) the use of a polypeptide having the cell wall binding activity and/or cell lysing activity of an

bacteriophage capable of expressing the same, in the preparation of a diagnostic agent for a

disease or condition associated with microbial cells selected from the group consisting of

40

20
26

20
14

69
   

   
26

 F
eb

 2
02

6

W
O
 
2
0
2
0
/
2
2
5
3
3
5

P
C
T
/
E
P
2
0
2
0
/
0
6
2
6
4
5

2
0
2
6
2
0
1
4
6
9
 
2
6
 
F
e
b
 
2
0
2
6

4
0



wo 2020/225335 PCT/EP2020/062645

bacteriophage capable of expressing the same, for the diagnosis of a disease or condition

bacterial cells susceptible to lysis with said endolysin;

endolysin according to the invention or a nucleic acid molecule, vector/plasmid, host cell or

prophage capable of expressing the same, for detecting the presence of microbial cells in a

sample in vitro and/or ex vivo, wherein the microbial cells selected from the group consisting of

Gardnerella cells and other bacterial cells susceptible to lysis with said endolysin; and

(d) an in vitro method for the diagnosis of a disease or condition which can be treated with the

endolysin according to the present invention, the method comprising the steps of: (i) contacting a

cell-wall binding region of the endolysin according to the present invention, and optionally the

N-terminal catalytic domain of the endolysin according to the present invention, wherein the

sample comprises microbial cells, and wherein the C-terminal cell-wall binding region of said

endolysin is optionally labelled; (ii) testing whether the polypeptide binds to, and/or lyses, the

microbial cells of the sample; and (iii) determining that a disease or condition can be treated with

the endolysin according to the present invention if the polypeptide binds to, and/or lyses, the

sensu stricto, G. leopoldii, G. piotii, G. swidsinskii or other species of the genus Gardnerella.

Thus, the invention provides an in vitro method for the diagnosis of a disease or condition which

a cell sample obtained from the subject with a polypeptide having the cell wall binding activity

and/or cell lysing activity of an endolysin according to the invention, or a nucleic acid molecule,

vector/plasmid, host cell or prophage capable of expressing the same, and determining whether

the cells in the sample have been lysed thereby, wherein the microbial cells are selected from the

endolysin. Preferably, the microbial cells comprise or consist of cells of G.vaginalis sensu

diagnostic uses and methods, lysis of the cells may be detected using methods well known in the

invention, the polypeptide comprises or consists of the cell wall binding domain of an endolysin
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according to the invention. To permit detection, such a polypeptide may be fused to magnetic

beads or used as a fusion protein comprising a suitable reporter or label (for example, green

established for endolysins from other systems, such as Listeria endolysins (for example, see

Microbiol. 73:1992-2000).

[0131] Example 1 - Identification of natural endolysins in Gardnerella genomes

[0132] Endolysins are hydrolytic enzymes produced by bacteriophages in order to

cleave the host's cell wall during the final stage of the lytic cycle. They have the capacity of

bacteriophages lytic against Gardnerella have been isolated. Therefore it was also unknown

whether endolysins from bacteriophage origins and having a lytic activity against Gardnerella

could be successfully identified. The inventors investigated whether endolysins encoded by

bacteriophage genomes inserted and integrated into the circular bacterial DNA chromosome or

existing as an extrachromosomal plasmid. This is a latent form of a phage, in which the viral

of prophage sequences within bacterial genomes and plasmids can be performed using web-

are not limited to PHASTER (Arndt et al., 2016 Nucleic Acids Res. 44, W16-W21.),

inventors succeeded to identify sequences on 14 Gardnerella genomes predicted to constitute

intact or partial prophages. The sequences were found by identifying DNA regions that cluster

opposed to complete prophages were also included.

coding sequences, to indentify putative endolysins. Specifically, protein sequences homologous

to enzymes capable of cleaving any of the key chemical bonds that constitute peptidoglycan
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endopeptidases, or N-acetyl-beta-D-glucosaminidases were searched. On every individual

homologous to 1,4-beta-N-acetylmuramidases and named them EL1 to EL14. The assignment of

[Table 1]

Name of the Name of the strain

putative from which the

endolysin putative endolysin

has been identified

EL 3 Strain Gv18-4

EL 5 Strain JCP7276

EL 6 Strain 1400E

EL 7 Strain AMD

EL 9 Strain 0288E

EL 10 Strain G30-4

EL 12 Strain 3549624

EL13 Strain Gv37 1

Only one copy per prophage was found in each case, and no other coding sequences predicted to

acetylmuramidases were aligned to understand homology and domain structure (see Fig. 1). As

genomes has exactly 306 residues. The two exceptions are EL6 and EL9. EL6 is truncated at the

highly homologous, as can be seen in Figure 2.

[0134] Example 2 - Determination of the domain structure of the natural Gardnerella
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[0135] The domain structure of the newly discovered endolysins were determined

with InterPro (Mitchell et al., 2019 Nucleic Acids Res. 47, D351-D360). Briefly, InterPro is a

known proteins can be applied to new protein sequences in order to functionally characterize

significantly match. The signatures consist of models, e.g. simple types, such as regular

expressions or more complex ones, such as Hidden Markov models, which describe protein

families, domains or sites. As can be seen in Figure 3, all endolysins with 306 residues have the

same domain arrangement. The N-terminal domain of 196 residues is identified as the catalytic

of lysozyme Cpl-7, also called CW_7 domains (García et al., 1990 Gene 86, 81-88; Lopez and

García, 2004 FEMS Microbiol. Rev. 28, 553-580; Bustamante et al., 2010 J. Biol. Chem. 285,

33184-33196, 2012 PLoS One 7, e46654). In the following examples, the above identified

the "C-terminal cell-wall binding region", the latter comprising or consisting of one or more cell-

to the B-region of the natural EL10. Likewise, B11_N refers to the N-terminal cell-wall binding

EL12 and so on.

Gardnerella prophage endolysins on Gardnerella cells

endolysins against Gardnerella. Whether or not the identified sequences homologous to 1,4-

the art, bacteria can mutate their prophage sequences and the corresponding prophages might

therefore lose their activity to propagate. Moreover, even if the newly discovered phage-encoded

proteins were able to enzymatically degrade the specific peptidoglycan layer of Gardnerella.

membrane defining true Gram-negative species. Its cell wall is generally very thin and has only
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bacterial cell walls of Gardnerella.

expressed in E. coli and purified via a single-step Ni-NTA column using the method described in

1. The Gardnerella strains used are shown in Table 2.

[Table 2]

Name Gardnerella strains (new nomenclature following

(Vaneechoutte et al., 2019))

stricto

Gv_10 UGent 06.41, type strain for G. leopoldii

Gv_11 UGent 09.48, type strain for G. leopoldii

Gv_17 UGent 18.01, type strain for G. piotii

Gv_23 GS 10234 (FC2), type strain for G. swidsinskii

To test the activity of the purified endolysins, the turbidity change of Gardnerella suspensions

(see Table 2) was measured at 610-620nm using essentially the method described in Reference

Example 2, where 95 ul of bacterial suspension in Hardy Broth at the indicated pH was mixed

with 5 ul of endolysin solution in a photometric cuvette under aerobic conditions at room

of a suspension of live cells can be used in a spectrophotometer to assay the activity of

calculate a rate of hydrolysis. Results are compared to a "no-enzyme added, buffer only" control

4A to 4C, the drop in turbidity was much more pronounced for the endolysin treated groups than

newly discovered endolysins EL1, EL2, EL3, EL4, EL5, EL7, EL10, EL11 and EL12 were
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the low content of peptidoglycan in the cell wall, the fact that a peptidoglycan-degrading enzyme

such as the identified endolysins could efficiently lyse the bacterial cell walls was an unexpected

swapped endolysins

lytic activities and whether the B-region (comprising the linker and the cell-wall binding

domains) could mediate specificity to different strains was then assessed by the inventors. For

[0141]

a first natural endolysin, comprising the catalytic domain, were swapped as a block against the

full C-terminal region of 110 residues of a second natural endolysin, comprising the linker region

Table 3 below summarizes the primers used. For domain swapping of the selected 10 constructs,

contained extensions bearing the Bsal recognition site, making the outer ends compatible with

designed to be of sequence "GGCT" within the two amino acids GL of the linker sequence.

of this experiment.

Thus amplified and gel-purified domains (GeneJet Gel purification kit, Thermo, K0692) were

restriction (Bsal-HFv2, NEB, R3733S)/ligation (T4 DNA Ligase, Thermo, EL0011) cycling
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[Table 3]

1 T7casette-16-rev

2 T7casette-01-for aacaggtctcaacctccgcgaaattaatacgactcactatagg

3 EL H1-rev

4 EL H2-rev aacaggtctcaagccaacatttaataatgctcggataatcc

5 EL H3-rev

8 EL H6-rev aacaggtctcaagccggcattcttaataatgctcggata

9 EL H7-rev aacaggtctcaagccggcgttttatgatgctcggataatc

10

11 EL H11-rev

12 EL H12-rev

13 EL B6-for aacaggtctcaggcttaaacggctgcaaaaatggcgg

15 EL B10-for

16 EL B11-for

17 EL B12-for

18 EL B1-for

y
19 EL B2-for

20 EL B3-for

21 EL B4-for

23 T7term-STOP-for aacaggtctcatgacgccattaacctgatgttctggg

For ease of reference, the domain combination of the artificial endolysins is expressed with a H-

code for the N-terminal catalytic domain (thereafter called the H-domain) and a B-code for the

the B-region). By way of example, H2B10 refers to a domain-swapped endolysin with the N-

binding region from the natural endolysin EL10. In other words, H2B10 refers to a domain-

region B10 corresponding to the 110 C-terminal residues of the natural endolysin EL10,

"B10_C" (SEQ ID NO: 29), a N-terminal cell-wall binding domain "B10_N" (SEQ ID NO: 28)
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and a linker region "L10" (NAGLNGYKNGGS). The nomenclature and the corresponding

amino acid sequences are displayed in details in Table 7.

Therefore, according to above nomenclature, a natural endolysin, e.g. EL3, can be defined either

[0143] 4.2 - Optimization of assay parameters

The three criteria to assess have been selected for the following reasons.

3.5 while in a BV vagina the pH is up to about 5.5 and even higher. Therefore, the pH-

endolysins from the Ni-NTA matrix contained Imidazole. Therefore, in the absence of a further

First, the sensitivity of G. vaginalis Gv_9 survival to incubation in medium with or without

under the conditions indicated below the graph for 5 hours at 37°C under anaerobic conditions.

6.0, a median of 1x10 and 1x10 cells survive the incubation without and with imidazole,

respectively. At pH 7.0, only medians of 2x10 and 3x10 cells survive without and with

the median survival of Imidazole treated at pH 7 is 3e4, i.e. 3 logs below the former. Therefore,

20
26

20
14

69
   

   
26

 F
eb

 2
02

6

W
O
 
2
0
2
0
/
2
2
5
3
3
5

P
C
T
/
E
P
2
0
2
0
/
0
6
2
6
4
5

2
0
2
6
2
0
1
4
6
9
 
2
6
 
F
e
b
 
2
0
2
6



wo 2020/225335 PCT/EP2020/062645

under anaerobic conditions. Then, the surviving CFU/ml was determined by quantitative plating.

The columns labeled imidazole control depict the same data as in Fig. 5. As depicted in Fig. 7,

the endolysin is highly active down to pH 5.0, and even the relative reduction VS. control is much

more pronounced at this low pH, with a reduction in viable CFU of 2.5 logs. While at pH 7.0

there was less than 1 log1 10 difference in survival between H10B1-treated and untreated cells, the

increase at pH values lower than 6.0 in presence of imidazole. Therefore, the activity of the

endolysin H10B1 is highly pH dependent. When similar experiments were conducted under

anaerobic conditions (data not shown).

Therefore, it has been concluded that the optimized parameters to conduct the experiments with

removing imidazole from the endolysin eluates.

[0145] 4.3 - Expression levels

[0146] Table 4 depicts an overview of the concentrations of all endolysin constructs.

Each construct that had a concentration above 0.2mg/ml after the removal of imidazole were

adjusted to a concentration of 0.2mg/ml by dilution. Constructs with a lower concentration were

left as is and tested for their activity. Natural endolysin EL6 (not shown in Table 4) had a

levels, as most constructs fell under the threshold of 0.2mg/ml. Also for H1 several constructs

had a low concentration.

[Table 4]

Overview of expression levels (quantitative)

B1 B2 B3 B4 B5 B7 B10 B11 B12

H1 0.2 0.2 0.2 0.2 0.2

H2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2: 0.2

H3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

H5 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

H7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

H11 0.2 0.2 0.2

H12
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[0147] 4.4 - Quantitative assessment of the lysis of the four main species of Gardnerella

by endolysin action in suspension under optimized conditions

The results are shown in Figures 8A to 8D together with Tables 5A to 5C. In figures 8A

combination of the natural 10 H-domains and the natural 9 B-regions was assessed, including the

measurement (data not shown). The activity of each construct was measured on each of the 4

e.g. -6.7, -5.5, -4.8 etc. are associated with high enzymatic activity, while log10 values closer to

CFU/ml, and the average of the 3 samples treated with H2B10 was 2.5x10³ CFU/ml, then the
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H7
116

H5H4H3H2H1

0'00,8-1.7-0.9-0.3-1.3

TO
-1.1-1.6-1.9

IS[Table 5A]

-0.8-1,3-1.1-1.4TO--1.570-1.3-1.2-1.3

-0.20,8-1.46'0--0.4-1.10.4-2.9-1.06'0-

Gv9 Gv 11 Gv17 Gv23

B1

-1.52.3-3.2-3.1-1.88'8'D'C-4.3-3.5-3.5

-0.20,2-1.6-2.0-0.8-1.2170-1.6-1.2-0.4

6'0-0,4-1.2-2.2-0.4-1.30.5-1.4-1.1-0.3

C-0-0,41.2-1.3-0.7-0.90.4-0.2

Gv9 Gv 11 Gv17 Gv23

B2

-3.1-2.5

-2.10,36'84.2-2.4E'E-0.0It
-5.4-1.4

-0.22,5-2.73.210--2.80,0-3.0-0.7

-1.22,2-1.93.3-0.5-3.00.4-2.0Z'O-

B3

-2.54.2-4.9-4.8-1.687-0.3-5.4-5.4-1.9

0.0-1,7-2,3-2.5-0.4-1.8-0.4-1.9-2.3-0.8

-0.31.1-1.7-1.7C'O--2.2-0.4
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-1.6L'O-

-2.32,8-4.2-4.0-1.6-4,5-2.0-4.0-4.5-2.3
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10
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B5
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TO
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10TO-3.5L't--3.3
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O'T--1.6-1.73.3-1.5-1.6ETE:-2.0-3.0-1.6

-1.01.01.81.9L'O--1.6-1.8-0.83,70.8

B11

6'E-3.5-4,6-3.7-2.7-4.4-4.84.21'9
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activities of each construct across the four Gardnerella strains. At the right and bottom, average

[Table 5B]

B1 B2 B3 B4 B5 B6 B7 B11 B12 Avg Rank

H1 -1.9 -0.6 -0.9 -1.1 -1.7 -1.8 -2.8 -1.9 -1.0 -1.5 7

H2 -1.8 -2.6 -3.0 -2.5 -2.5 -2.9 -4.3 -4.2 -4.1 -3.1 1

H3 -2.4 -2.5 -3.0 -2.2 -1.7 -1.3 -2.0 -2.1 -1.9 -2.1 5

H4 0.3 0.3 0.1 -0.8 0.3 -0.4 -3.1 -3.2 -1.4 -0.9 9

H5 -1.9 -1.7 -3.1 -2.9 0.1 -2.3 -3.0 -2.5 -2.5 -2.2 4
,

H6 -0.7 -1.1 -0.7 -0.8 -0.8 0.0 -1.0 -0.8 10

H7 1.6 -2.4 -3.4 -2.8 -2.0 -2.0 -3.3 -3.1 -3.0 -2.6 2

H10 -1.9 -2.0 -2.9 -2.4 1.7 -1.7 -3.3 -2.9 -3.3 -2.4 3
,

H11 1.3 -0.3 -2.6 -1.8 -1.8 -0.9 -2.6 -1.5 -2.7 -1.7 6
,

H12 -0.6 -0.9 -1.1 -0.8 -1.0 -1.1 -1.2 -2.1 -0.9 -1.1 8

Avg -1.4 -1.4 -2.1 -1.8 -1.3 -1.5 -2.7 -2.5 -2.1

Rank 7 8 4 5 9 6 1 2 3

[Table 5C]

B1 B2 B3 B4 B5 B6 B7

H1 44 83 72 63 53 50 21 43 67

H2 49 25 12 26 29 17

H3 33 27 13 35 52 61

H4 91 90 88 76 89 84

H5 42 55 11 18 87 34

H6 80 66 79 78 77 86 68 71 58 81

H7 56 32 4 20 38 40 5 10 15

H10 45 41 16 31 54 51 6 19 7

H11 60 85 24 47 48 70 23 57 22

H12 82 74 64 75 69 65 62 37 73
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Table 5D depicts the average log10 lysis of each Gardnerella strain used. The averages were

calculated of the log10 activities across all constructs tested.

[Table 5D]

Log10 average activity across all constructs by strain

Gv_9 (G. vaginalis) -1.5

Gv_11 (G. leopoldii) -1.5

Gv_17 (G. piotii) -1.1

-3.4

all 4 Gardnerella strains tested (see Figures 8A to 8D). Particularly H2B10, H2B11, and H2B12

(see Table 5C). H7B3 has rank 4 overall (see Table 5C) and is also more active than any other

natural endolysin included in the experiment. In fact, the only natural endolysin ranking within

the 10 most active is H10B10 (rank 6), the next most active natural endolysin being H3B3 (rank

13). In summary, recombinant endolysins according to the present disclosure might exhibit

endolysin for broadest activity across Gardnerella species. Therefore, by combining an highly
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from a different prophage, recombinant endolysins with higher optimized killing activity against

Gardnerella species than the natural endolysins of the invention can be achieved. This is for

5A).

Moreover, most constructs are much more active on Gv_23 (G. swidsinskii) than on the other

three strains tested (see Table 5A). The average activity across all constructs on each

Gardnerella strain (see Table 5D) confirms that Gv_23 is the most susceptible to endolysins,

followed by Gv_9 and Gv_11, while Gv_17 (G. piotii) is the least susceptible. This order of

susceptibility is mostly the case across endolysin constructs. While Gv_23 is the most

susceptible strain, for many constructs by several log10 units, sometimes Gv_17 is more

susceptible than Gv_9 or Gv_11 (e.g. for H2B10, the most active endolysin overall). Without

being bound by a particular theory, the susceptibility difference can be explained by either a

structural deficits like a weaker/thinner/more accessible cell wall of Gv_23, or a stronger

Furthermore, it can be concluded that the concentration of the endolysins in solution is critical

[0149] 4.5 - Activity pattern analysis

[0150] The sequences of the natural H-domains were aligned and compared to relate to

the activity patterns, as depicted in the dendrogram of Fig. 9. It was expected that the most active

H-domains are also most closely related to each other. However, surprisingly, the most active N-

terminal domain, H2, is most homolog to H6, which is the least active. The next-most active H-

domains, H7 and H10, are also rather distantly related to each other and to H2. The fourth-most

active H-domain, H5, is most closely related to H7. Also the combinations with the B-regions

which make the recombinant endolysins most active do not lead to a predictable pattern. H2 is

most active in combination with B10, B11 and B12. However the second most active H-domain,

H7, is most active in combination with B3, as is the case for its closest homolog, H5.
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Also the B-regions were aligned to reconcile homologies to the activity pattern, as depicted in

the dendrogram of Fig. 10. The most active B-regions as of the analysis in Tables 5A to 5C are

closest homologs within the group of tested B-regions. Interestingly, the B5 and B7 regions are

identical (see Fig. 10). The best overall results were obtained for H2B10, H2B11 and H2B12 as

can be seen in Figures 8A to 8D.

Concluding, the specific combination of H-domain and B-region has been shown to be critical

to the natural endolysins was a surprising and non-predictable discovery.

[0151] Example 5 - Activity assay against beneficial Lactobacilli

[0152] The healthy vagina is populated mainly by 3 species of Lactobacilli: L. crispatus,

activity against the three species of beneficial Lactobacilli used, namely L. crispatus, L. gasseri
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results therefore confirm the genus-selective activity of the endolysins of the invention and their

drug candidate status as an innovative pharmaceutical against BV. In that respect, treating BV

[0153] Example 6 - Activity assays of standard of care antibiotics Metronidazole

and Clindamycin on the growth in suspension of the Gardnerella strains

[0154] One of the main deficiencies in the treatment of BV is the high rate of recurrence in many

women, which leads to repeated administration of antibiotics and concomitant destabilization of

the microbiome and other side effects. The minimal inhibitory concentration (MIC) and minimal

bactericidal concentration (MBC) on Gardnerella cells of the strains also used for the endolysin

activity assays were then measured using the method described in Reference Example 6 and 7.

Briefly, the measurement protocol had to be strongly adapted from the international standard,

which is not suited for MIC and MBC measurements on Gardnerella. The main parameters to

change were the growth medium (Gardnerella does not grow in Mueller-Hinton Broth usually

round of experiments also the starting concentration of bacteria. The starting concentration was

vagina of a BV patient, the cells are very concentrated, and the effect of the antibiotic should be

Ratiopharm) on the growth in suspension of the Gardnerella strains was assessed. Essentially,

Gardnerella suspensions at 2.5x10 CFU/ml were incubated with the concentration of antibiotics

as indicated and incubated for 48h at 37°C under anaerobic conditions. MIC was defined as the

minimal concentration of antibiotic at which no growth was detectable after 48h by OD

measurement. OD(610) was measured at the beginning and the end of the experiment. At the end

of the experiment, 2ul of each reaction mix was spotted on agar to determine the MBC. Table 6A

summarizes the results of the experiment described in Fig. 14. Resistance (R) defined as >= 32

µg/ml for Metronidazole and >8 mg/ml for Clindamycin. Sensitivity (S) is defined as <= 8µg/ml

for Metronidazole and <= 2µg/ml for Clindamycin, according to international standards.
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Metronidazole Clindamycin

MIC MBC MIC MBC
128 ug/ml -

G. vaginalis (Gv_9)

R
>128 ug/ml 16 ug/ml - R 128 ug/ml

>128 ug/ml -
G. leopoldii (Gv_11) >128 ug/ml 16 ug/ml - R 32 ug/ml

64 ug/ml

G.swidsinskii >128 ug/ml -

[µg/ml] [µg/ml]

G. leopoldii (Gv_11) 128 (R) >128 (R) 0.5 1

G. piotii (GV_17) 16 64 (R) 0.25 1

According to the results displayed in Fig. 14, all Gardnerella strains have a low susceptibility

A second round of MIC and MBC experiments was performed, where some experimental

parameters were changed (i) the starting number of cells of 1x10-1x10 was now in accordance
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with the CLSI (Clinical and Laboratory Standards Institute) standards, (ii) Clindamycin

hydrochloride powder (Sigma Aldrich, cat. no. C5269) was used (iii), NYC-III broth instead of

Hardy broth, and (iv) 96-well plate instead of 384-well plates. As displayed in FIG. 15 and

summarized in Table 6B, all Gardnerella strains still have a very low MIC to Metronidazole (8-

on the growth in suspension of different Gardnerella strains. For the analysis of MIC and MBC

towards endolysins (FIG. 16, Table 7). The conditions under which MBC was measured are

more rigorous than the standard. For example usually, the MBC is measured, i.e. the

antimicrobial concentration killing 90% of cells within a defined time, while MBC has been

defined in the present application as the dose that reduced the starting cell number by at least

MIC and MBC over the standard of care antibiotic Metronidazole, which is ineffective on many

Gardnerella strains due to resistance formation. Clindamycin, however, gave inconsistent

whereas Clindamycin hydrochloride (Sigma Aldrich) was much more effective with bactericidal

effects already at concentrations  1µg/ml (FIG. 16). In general, it is known, that antibiotics only

reason for the reported very high recurrence rate of BV. Despite leaving residual viable biofilm,

antibiotics wipe parts of the beneficial organisms of the vaginal microbiome which then opens an

ecological niche for other pathogens, e.g. fungi. Thus, endolysin-based treatment that selectively

eradicates bacterial cells of the genus Gardnerella and presumably eradicates the biofilm without

harming the beneficial Lactobacilli is supposed to be superior to standard antibiotics therapy of

BV.
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H2B10

G. vaginalis (Gv_9) 1 2

G. leopoldii (Gv_11) 4 16

G. swidsinskii
0.5 1

(GV_23)

Materials:

96-well Multiscreen HTS Durapore 96-well Filterplatten, PS (Labshop cat. no.

PD MiniTrap desalting columns with Sephadex G-25 (GE Lifescience, cat. no.

88404)

1x FastBreak, Benzonase.

Wash Buffer I: 50 mM Phosphate pH 6, 150 mM NaCl, 20 mM Imidazole, 1 mM

TCEP(1,5ml)

Method:

appropriate antibiotics. Cells from 2 ml of culture (TB + Lactose, 25 °C, O/N) were resuspended

in 1.5 ml Lysis Buffer and lysed by FastBreak reagent (Promega). The intracellular soluble

fraction was isolated by centrifugation at 15000 g, 30 min, 4°C. The soluble protein fraction was

loaded onto 100 µL of Nickel affinity matrix, washed with 15 column volumes (CV) of Wash

Buffers I and II each, and eluted in 10 CV elution buffer. Then, the eluate buffer might be

exchanged to 20mM phosphate pH 6.0, 150mM NaCl, to remove imidazole, using desalting
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columns. After elution (or buffer exchange as appropriate), the concentration of the purified

protein was adjusted to 0.2mg/ml, then the solutions were sterile filtered using a 96-well filter

plate.

[0156] Reference Example 2 - Activity assays in bacterial suspensions

10.0g of Proteose Peptone (SigmaAldrich, cat. no. 82450-100G)

5.0g of Peptic Digest of Animal Tissue (SigmaAldrich, cat. no. 70174-100G)

5.0g of Sodium Chloride(CarlRoth, cat. no. 3957.1)

3.0g of Yeast Extract (SigmaAldrich, cat. no. Y1625-250G)

deionized H2O to 1 liter (produced in the PhagoMed Lab with Millipore RiOs Essential

2. Hardy Broth Agar, autoclaved 20min at 121°C: Same as Hardy Broth, but with 15g Agar

Bacteriogical (OXOID Cat. # LP0011)

4. NYC-III medium, pH 5.0, autoclaved 20min at 121°C, after which horse serum is added

(NYC-III-HS-5.0)

12g HEPES (Sigma Life Science, cat. no. H4034-100G)

7.5g Proteose Peptone No. 3 (BD, cat. no. 211693)

1.9g Yeast Extract (Sigma Aldrich, cat. no. Y1625-250G)

2.5g Sodium Chloride (Sigma Aldrich, cat. no. S9888-1kg-M)

2.5g Glucose (MW 180.16 g/mol) (Sigma Aldrich, cat. no. G6152-1KG)

deionized water to 450ml total volume

50ml Horse Serum (HS), heat inactivated 100 ml (Thermo Fisher Scientific, cat. no.

26050070), added after autoclaving
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BD Schaedler/ 5% sheep blood plates for Lactobacilli (BD, cat. no. 254042)

Hardy broth + Isovitalex (see above), adjusted to pH as indicated

Hardy agar + Isovitalex (see above)

Hardy top agar + Isovitalex (see above)

96-U-well plate (Sigma Aldrich, cat. no. M2311-100EA)

96 flat-bottom plate with lid (Labshop, cat. no. 44.781662)

Greiner CELLSTAR® 384 well plates (Sigma-Aldrich, cat. no. M1937-32EA)

Anaerogen sachets (Sigma-Aldrich, cat. no. 68061-10SACHETS-F)

Anaerobe indicator test (Sigma-Aldrich, cat. no. 59886-1PAK-F)

Anaerobic jar (Sigma-Aldrich, cat. no. 28029-1EA-F) or a plastic lunch box sealable with

a rubber gasket, purchased at a local home appliances store

6. Bacterial strains:

Gardnerella strains:

Gv_8: UGent 25.49

Gv_9: ATCC 14018

Gv_10: UGent 06.41

Gv_11: UGent 09.48

Gv_17: UGent 18.01

Lactobacilli strains:

Dickinson) and incubating for 48h at 37°C under anaerobic conditions. For Lactobacilli, BD
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Schaedler/5% sheep blood agar plates were used instead. Colonies were scraped from the plate,

resuspended in Hardy Broth or NYC-III-HS-5.0 at the pH as indicated, and the suspension

adjusted to OD (610 or 620nm as indicated) 0.1. It has to be noted that two Tecan Microplate

readers, having respectively a 610nm or 620nm filter, have been used interchangeably in the

experiments. Although it doesn't make any difference for the experiments, the exact wavelength

5) using 96-U-well bottom plates, and 2µl of each dilution of each reaction mix are plated on BD

Chocolate agar plates or BD Schaedler/5% sheep blood agar plates for Gardnerella and

Lactobacilli, respectively, for detecting and quantifying surviving CFU. Detection plates were

General materials:

Metronidazole (Gatt-Koller, Metronidazolum mikronisiert, 10g, 606293914)

Clindamycin (Ratiopharm, 300mg/2ml ampulles 5x)

Clindamycin hydrochloride (Sigma Aldrich, 10 mg, cat. no. C5269)

Endolysin H2B10 [530µg/ml] in MES buffer (50 mM MES, 100 mM NaCl, 8 mM

MgSO, pH=5.5)

BD Chocolate agar plates for Gardnerella (BD, cat. no. 254060)

BD Schaedler/ 5% sheep blood plates for Lactobacilli (BD, cat. no. 254042)

Isovitalex (BD, cat. no. 211876)
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96 flat-bottom plate with lid (Labshop, cat. no. 44.781662)

Greiner CELLSTAR® 384 well plates (Sigma-Aldrich, cat. no. M1937-32EA)

Anaerogen sachets (Sigma-Aldrich, cat. no. 68061-10SACHETS-F)

Anaerobe indicator test (Sigma-Aldrich, cat. no. 59886-1PAK-F)

Anaerobic jar (Sigma-Aldrich, cat. no. 28029-1EA-F) or a plastic lunch box sealable with

a rubber gasket, purchased at a local home appliances store

Method:

Bacteria were plated from cryo stock on BD Choc Agar plates (Gardnerella) and incubated at

37°C for 48h under anaerobic conditions. Colonies were scraped from the plate, resuspended in

indicated) 0.05. It has to be noted that two Tecan Microplate readers, having respectively a

make any difference for the experiments, the exact wavelength used is specified in each

example. Antibiotics were prepared as 20x stocks for each of the required final concentrations.

95µl of cell suspension was mixed with 5µl antibiotics dilution in a 384-well plate. OD (610-620

as indicated) at the start of the reaction was measured, then the plate was incubated at 37°C for

The plates were then incubated for further 48h at 37°C under anaerobic conditions. After

incubation, cell growth on each spot was evaluated, and the MBC defined as the lowest

concentration of antibiotics where no bacteria grew on the plate. The experiments were

conducted in triplicate for each condition.

In the second round of MIC and MBC experiments with antibiotics the Gardnerella cell

suspension was adjusted to the McFarland standard 0.5 (approximately OD (610) 0.07) and then

diluted 1:75 according to the CLSI (Clinical and Laboratory Standards Institute) standards.
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Antibiotics were prepared according to the CLSI standards and 50µl of cell suspension was

mixed in a 96-well plate with 50µl antibiotics. Otherwise the MIC and MBC was determined as

described above.

For the MIC and MBC determination of the domain swapped endolysin H2B10 50µl of

Gardnerella cell suspension was mixed in a 96-well plate with 50µl of H2B10 containing

solution, which where serially diluted 1:1. OD at the start of the reaction was measured, then

the plate was incubated at 37°C for 48h under anaerobic conditions. After that, the OD(610) was

measured again for MIC determination, where MIC was defined as the lowest concentration of

H2B10 where the OD was not or only slightly above the level measured at the beginning of the

experiment.

[Table 7]

Natural endolysin Structure from N-terminal to C-terminal*

H1 L1 B1 N B1 C
SEQ ID NO: 1 NAGLNGCKNGGS SEQ ID NO: 15 SEQ ID NO: 16

EL3 H3 L3 B3 N B3 C
SEQ ID NO: 3 NAGLNGYQNGGS SEQ ID NO: 19 SEQ ID NO: 20

SEQ ID NO: 4 NVGLNGCKNGGS SEQ ID NO: 21 SEQ ID NO: 22

EL5 H5 L5 B5 N B5 C

NAGLNGCKNGGS
EL6 H6 L6 B6 N

EL7 H7 L7 B7 N B7 C

EL9 SEQ ID NO: 9

EL10 H10 L10 B10 N B10 C
SEQ ID NO: 10 NAGLNGYKNGGS SEQ ID NO: 28 SEQ ID NO: 29

EL11 H11 L11 B11 N B11 C
SEQ ID NO: 11 KAGLNGYKNGGS SEQ ID NO: 30 SEQ ID NO: 31

EL12 H12 L12 B12 N B12 C
SEQ ID NO: 12 NAGLNGYQNGGS SEQ ID NO: 32 SEQ ID NO: 33

EL14 SEQ ID NO: 14
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SEQ ID NO: 1

MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTAGLDVGAYWYSYANSGFE

>H2

AAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITGFCNKLESCGYYAGFYTSLSTANNLVS

SEQ ID NO: 3
>H3

MSKKGIDVSVWQGDIDFNSVKASGVEFVIIRAGYGIGHKDKWFEENYRKAKTAGLDVGSYWYSYASSAGE

SEQ ID NO: 4
>H4
>196aa

>H5

MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTAGLDVGAYWYSYANSSSE

AHVRNRYALWIAQWNTHCSYQGSYGLWQYSSNGSVPGVAGRVDMDYAYKDYPSIIK

>196 aa

SEQ ID NO : 7

>H7

MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTAGLDVGAYWYSYANSASE
AAEEAQSCANMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCSKLETYGYYAGFYTSLSTANNLV3
SHVRNRYALWIAQWNTHCSYQGSYGLWQYSSSGSVPGVAGRVDMDYAYKDYPSIIK

SEQ ID NO: 8
>EL8
>306 aa
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MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTAGLDVGAYWYSYANSSSE
AAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCSKLETYGYYAGFYTSLSTANNLVA
SHVRNRYALWIAQWNTHCSYQGSYGLWQYSSNGSVPGVAGRVDMDYAYVDYPSIIKNAGLNGYKNGGSYT
APQTSSIDDVAREVINGAWGNGNERKQRLTQAGYDYTSVQNKVNKLLGVKACRKSVDELAREVIRGTWGN

SEQ ID NO: 9

>251 aa
MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTCGLDVGAYWYSYANSGFF
AAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRVFCDSLITSFCNKLEACGYYAGFYTSLSTANNLVS
SHVRNRYALWIAQWNTHCDYQGSYGLWQYSSSGSVPGVAGRVDMDYAYVDYPSIIKNAGLNGCKNGGSDO

SEQ ID NO: 10

>196aa

MSKRGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGHKDKWFEENYRKAKTVGLDVGAYWYSYASSAG

>H11
>196aa
MSKRGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGHKDKWFEQNYRKAKTTGLDVGAYWYSYASSAGE

SEQ ID NO: 12
>H12
>196 aa
MSKKGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGHKDKWFEENYRKAKTAGLDVGSYWYSYASSAG
VALEAQSCVNILSGKSFEYPVYFDLEEKSQLNRGRDFCDSLITSFCNKLEACGYYAGFYTSLSVANNLVS

>EL13

MSKKGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIECKDKWFEQNYRKAKTAGLDVGAYWYSYANSGFZ
AAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCNKLESCGYYAGFYTSLSTANNLV.
AHVRNRYALWIAQWNTHCDYQGSYGLWQYSSSGSVPGVAGRVDMDYAYVDYPSIIKNAGLNGYKNGESHO

GNERKNRLTSAGYDYDTVQKRVNELL

SEQ ID NO: 14
>EL14

AAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCNKLEACGYYAGFYTSLSTANNLVS

66

20
26

20
14

69
   

   
26

 F
eb

 2
02

6

W
O
 
2
0
2
0
/
2
2
5
3
3
5

P
C
T
/
E
P
2
0
2
0
/
0
6
2
6
4
5

M
S
K
K
G
I
D
V
S
E
W
Q
G
D
I
D
F
N
A
V
K
A
S
G
V
E
F
V
I
I
R
A
G
Y
G
I
G
C
K
D
K
W
F
E
Q
N
Y
R
K
A
K
T
A
G
L
D
V
G
A
Y
W
Y
S
Y
A
N
S
S
S
E

2
6
 
F
e
b
 
2
0
2
6

S
E
Q
 
I
D
 
N
O
:
 
9

>
2
5
1
 
a
a

2
0
2
6
2
0
1
4
6
9

S
E
Q
 
I
D
 
N
O
:
 
1
0

>
1
9
6
a
a

>
H
1
1

S
E
Q
 
I
D
 
N
O
:
 
1
2

>
E
L
1
3

M
S
K
K
G
I
D
V
S
V
W
Q
G
D
I
D
F
N
A
V
K
A
S
G
V
E
F
V
I
I
R
A
G
Y
G
I
E
C
K
D
K
W
F
E
Q
N
Y
R
K
A
K
T
A
G
L
D
V
G
A
Y
W
Y
S
Y
A
N
S
G
F
F

G
N
E
R
K
N
R
L
T
S
A
G
Y
D
Y
D
T
V
O
K
R
V
N
E
L
L

S
E
Q
 
I
D
 
N
O
:
 
1
4

A
A
E
E
A
Q
S
C
V
N
M
L
S
G
K
S
F
E
Y
P
V
Y
F
D
L
E
E
K
S
Q
L
N
R
G
R
A
F
C
D
S
L
I
T
S
F
C
N
K
L
E
A
C
G
Y
Y
A
G
F
Y
T
S
L
S
T
A
N
N
L
V
S

6
6



WO 2020/225335 PCT/EP2020/062645

DQAARTSSIDEVAREVINGAWGNGSTRKQRLTSAGYDYASVQNKVNELL

GVKACRKSVDELAREVIRGAWGNGSTRKQRLAQAGYDYDTVQKRVNELI

>B2_N

>B2_C
>49 aa

>49 aa
YTAPQTSSIDEVAREVINGDWGNGNDRKNRLISAGYDYASVQNKVNELL

SEQ ID NO: 20

SEQ ID NO: 21

>B4_C
>49 aa
GVKAYRKSVDELAREVIRGTWGNGNERKQRLAQAGYDYDTVQKRVNELL

SEQ ID NO: 23

>B5_C

SEQ ID NO: 25

>43 aa
NQAARTSSIDDVAREVINGAWGNGNERKORLTQAGYDYASVAK

SEQ ID NO: 26
>B7_N
>49 aa
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DQAARTSSIDEVAREVINGAWGNGNERKQRLTQAGYDYTSVQNKVNKLL 

SEQ ID NO: 27 

>B7 C

>49 aa

GVKACRKSVDELAREVIRGTWGNGNERKNRLTQAGYDYDTVQKRVNELL

SEQ ID NO: 28 

>Bl0_N

>49 aa

YTAPQISSIDEVAREVINGDWGNGNERKQRLTSAGYDYASVQNKVNELL

SEQ ID NO: 29 

>B10 C

>49 aa

GVKAYRKSVDELAREVIRGTWGNGSTRKQRLTQAGYDYNAVQKRVNELL

SEQ ID NO: 30 

>Bll_N

>49 aa

YTAPQTSSIDEVAREVINGDWGNGNERKNRLTSAGYDYTSVQNKVNELL

SEQ ID NO: 31 

>B11 C

>49 aa

GVKAYRKSVDELAREVIRGTWGNGSTRKQRLTQAGYDYDAVQKRVNELL

SEQ ID NO: 32 

>B12_N

>49 aa

YTAPQTSSIDEVAREVINGDWGNGIERKNRLTSAGYDYTSVQNKVNELL

SEQ ID NO: 33 

>B12 C

>49 aa

GVKAYRKSVDELAREVIRGTWGNGKTRKQRLTQAGYDYNAVQKRVNELL

68 

PCT /EP2020/062645 

[0158] In the claims which follow and in the preceding description of the invention, except 
where the context requires otherwise due to express language or necessary implication, the 
word “comprise” or variations such as “comprises” or “comprising” is used in an inclusive 
sense, i.e. to specify the presence of the stated features but not to preclude the presence or 
addition of further features in various embodiments of the invention.

[0159] It is to be understood that, if any prior art publication is referred to herein, such 
reference does not constitute an admission that the publication forms a part of the common 
general knowledge in the art, in Australia or any other country.

WO 2020/225335

>49 aa

>49 aa

>49 aa
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Claims

1. A recombinant endolysin comprising or consisting of

(i) a N-terminal catalytic domain, or a functional variant thereof,

(ii) a C-terminal cell-wall binding region, or a functional variant thereof, wherein the

C-terminal cell-wall binding region comprises or consists of one or more cell-wall

binding domains, and

(iii) a linker region between the N-terminal catalytic domain and the C-terminal cell-

wall binding region,

wherein the N-terminal catalytic domain is from a first natural endolysin, the linker

region and the C-terminal cell-wall binding region are from a second natural endolysin,

and wherein the first and the second natural endolysins are encoded by different genomes

from different prophages, and

wherein said recombinant endolysin has a genus-selective killing activity against

Gardnerella.

2. The recombinant endolysin of claim 1 wherein the N-terminal catalytic domain is a

polypeptide comprising or consisting of the amino acid sequence of any one of SEQ ID

NOs: 1 to 5, 7, or 10 to 12, or any variant thereof having at least 80% identity with the

amino acid sequence of any one of SEQ ID NOs: 1 to 5, 7, or 10 to 12, whereby said

polypeptide is functional, wherein the function comprises the ability to lyse the cell wall

of Gardnerella.

3. The recombinant endolysin of any one of the precedent claims wherein the C-terminal

cell-wall binding region comprises or consists of one, two or three cell-wall binding

domains.

4. The recombinant endolysin of claim 3 wherein the one, two or three cell-wall binding

domains are independently selected from the group consisting of the polypeptides

comprising or consisting of the amino acid sequence of SEQ ID NOs: 15 to 24 and 26 to

33, respectively, and any variants thereof having at least 80% identity with the amino

acid sequence of SEQ ID NOs: 15 to 24 and 26 to 33, respectively, whereby said

polypeptides are functional, wherein the function comprises the ability to bind to the cell

wall of Gardnerella.

69

20
26

20
14

69
   

   
26

 F
eb

 2
02

6

w
o
 
2
0
2
0
/
2
2
5
3
3
5

P
C
T
/
E
P
2
0
2
0
/
0
6
2
6
4
5

C
l
a
i
m
s

2
0
2
6
2
0
1
4
6
9
 
2
6
 
F
e
b
 
2
0
2
6

o
f
 
G
a
r
d
n
e
r
e
l
l
a
.

d
o
m
a
i
n
s
.

6
9



wo 2020/225335 PCT/EP2020/062645

5. The recombinant endolysin of any one of the preceding claims wherein the C-terminal

cell-wall binding region comprises or consists of a first cell-wall binding domain and a

second cell-wall binding domain, wherein said first cell-wall binding domain is selected

from the group consisting of SEQ ID NOs: 15, 17, 19, 21, 23, 26, 28, 30 and 32 and said

second cell-wall binding domain is selected from the group consisting of SEQ ID NOs:

16, 18, 20, 22, 24, 27, 29, 31 and 33.

6.

7.

(ii) XXGLNGXXNGGS, wherein X is N or K, X is A or V, X is Y or C and X is K

8.

9.

11.
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12. A recombinant endolysin as defined in any one of claims 1 to 9, a polynucleotide as

13.

14. The recombinant endolysin for use according to claim 13, the polynucleotide for use

according to claim 13 or the pharmaceutical composition for use according to claim 13

wherein said bacterial infection is bacterial vaginosis.

15. The recombinant endolysin for use according to claim 14, the polynucleotide for use

according to claim 14 or the pharmaceutical composition for use according to claim 14

wherein said bacterial vaginosis is caused by Gardnerella vaginalis sensu stricto,

Gardnerella leopoldii, Gardnerella piotii and/or Gardnerella swidsinskii.

16. The recombinant endolysin for use according to any one of claims 13 to 15, the

polynucleotide for use according to any one of claims 13 to 15 or the pharmaceutical

composition for use according to any one of claims 13 to 15 wherein said recombinant

endolysin, polynucleotide or pharmaceutical composition is to be administered locally,

preferably wherein said recombinant endolysin, polynucleotide or pharmaceutical

composition is to be administered locally into the vagina of a female subject and/or into

or on the glans penis, prepuce or urethral entry of a male subject.

17. The recombinant endolysin for use according to any one of claims 13 to 15, the

polynucleotide for use according to any one of claims 13 to 15 or the pharmaceutical

composition for use according to any one of claims 13 to 15 wherein said recombinant

endolysin, polynucleotide or pharmaceutical composition is to be administered into the

vagina of a female subject and/or into or on the glans penis, prepuce or urethral entry of a

male subject.

18. The recombinant endolysin for use according to any one of claims 13 to 17, the

polynucleotide for use according to any one of claims 13 to 17 or the pharmaceutical
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composition for use according to any one of claims 13 to 17 wherein said recombinant 

endolysin, polynucleotide or pharmaceutical composition is to be co-administered with a 

compound or composition which adjusts the pH of the vagina to 4.0 - 6.0. 

19. A plasmid comprising the polynucleotide of claim 10.

20. A bacterial host cell comprising the plasmid of claim 19, preferably wherein the bacterial 

host cell is an E. coli cell.

72 

WO 2020/225335

20.

host cell is an E. coli cell.
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Figure 1

EL11_strain_JCP8017A MSKRGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGHKDKWFEQNYRKAKTTGLDVGAY 60

EL3_strain_Gv18-4 MSKKGIDVSVWQGDIDFNSVKASGVEFVIIRAGYGIGHKDKWFEENYRKAKTAGLDVGSY 60

EL10_strain_G30-4 MSKRGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGHKDKWFEENYRKAKTVGLDVGAY 60

EL12_strain_3549624_non-prophage MSKKGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGHKDKWFEENYRKAKTAGLDVGSY 60

EL8_strain_JCP7719 MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTAGLDVGAY 60

EL5_strain_JCP7276 60

EL7_strain_AMD MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTAGLDVGAY 60

EL4_strain_Gv5-1 MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTCGLDVGAY 60

EL6_strain_1400E_frameshift MSKKGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTCGLDVGAY 60
EL1_strain_HMP9231 MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTAGLDVGAY 60

EL9_strain_0288E_incomplete_contig MSKKGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTCGLDVGAY 60

EL2_strain_Gv18-4 MSKRGIDVSEWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTCGLDVGAY 60

EL13_strain_Gv37_1 MSKKGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIECKDKWFEQNYRKAKTAGLDVGAY 60

EL14_strain_Gv37_2 MSKKGIDVSVWQGDIDFNAVKASGVEFVIIRAGYGIGCKDKWFEQNYRKAKTCGLDVGAY 60

EL11_strain_JCP8017A WYSYASSAGEAAEEAQSCVNILSGKSFEYPVYFDLEEKSOLNRGRDFCDSLITSFCNKLE 120

EL3_strain_Gv18-4 WYSYASSAGEASEEAQSCVNILSGKSFEYPIYFDLEEKSOLNRGRDFCDSLITSFCNKLE 120

EL10_strain_G30-4 WYSYASSAGEASEEAQSCVNILSGKSFEYPVYFDLEEKSQLNRGRDFCDSLITSFCNKLE 120

EL12_strain_3549624_non-prophage WYSYASSAGEVALEAQSCVNILSGKSFEYPVYFDLEEKSQLNRGRDFCDSLITSFCNKLE 120

EL8_strain_JCP7719 WYSYANSSSEAAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCSKLE 120

EL5_strain_JCP7276 WYSYANSSSEAAEEAQSCANMLSGKSFEYPVYFDLEEKSOLNRGRAFCDSLITGFCSKLE 120

EL7_strain_AMD WYSYANSASEAAEEAQSCANMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCSKLE 120

EL4_strain_Gv5-1 WYSYANSGFEAAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCSKLE 120
EL6_strain_1400E_frameshift WYSYANSGFEAAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCSKLE 120

EL1_strain_HMP9231 WYSYANSGFEAAEEAQSLMNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCNKLE 120

EL9_strain_0288E_incomplete_contig WYSYANSGFEAAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRVFCDSLITSFCNKLE 120

EL2_strain_Gv18-4 WYSYANSGFEAAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITGFCNKLE 120

EL13_strain_Gv37_1 WYSYANSGFEAAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCNKLE 120

EL14_strain_Gv37_2 WYSYANSGFEAAEEAQSCVNMLSGKSFEYPVYFDLEEKSQLNRGRAFCDSLITSFCNKLE 120

EL11_strain_JCP8017A TYGYYAGFYTSLSVANNLVSSHVRDRYALWIAQWNTHCDYQGSYGLWQYSSSGSVDGIAG 180

EL3_strain_Gv18-4 ACGYYAGFYTSLSVANNLVSSHVRDRYALWIAQWNTHCSYQGSYGLWQYSSSGSVNGIAG 180

EL10_strain_G30-4 ACGYYAGFYTSLSVANNLVSSHVRDRYALWIAQWNTHCSYQGSYGLWQYSSSGSVNGIAG 180

EL12_strain_3549624_non-prophage ACGYYAGFYTSLSVANNLVSSHVRDRYALWIAQWNTHCSYQGSYGLWQYSSSGSVNGIAG 180
EL8_strain_JCP7719 TYGYYAGFYTSLSTANNLVSSHVRNRYALWIAQWNTHCSYQGSYGLWQYSSNGSVPGVAG 180

EL5_strain_JCP7276 ACGYYAGFYTSLSTANNLVSAHVRNRYALWIAQWNTHCSYQGSYGLWQYSSNGSVPGVAG 180

EL7_strain_AMD TYGYYAGFYTSLSTANNLVSSHVRNRYALWIAQWNTHCSYQGSYGLWQYSSSGSVPGVAG 180
EL4_strain_Gv5-1 TYGYYAGFYTSLSVVNNLVSAHVRDRYALWIAQWNTHCSYQGSYGLWQYSSSGSVPGVAG 180
EL6_strain_1400E_frameshift SCGYYAGFYTSLSTANNLVSAHVRNRYALWIAQWNTHCDYQGSYGLWQYSSSGSVPGVAG 180

EL1_strain_HMP9231 ACGYYAGFYTSLSTANNLVSAHVRNRYALWIAQWNTHCNYQGSYGLWQYSSNGSVPGVAG 180

EL9_strain_0288E_incomplete_contig ACGYYAGFYTSLSTANNLVSSHVRNRYALWIAQWNTHCDYQGSYGLWQYSSSGSVPGVAG 180

EL2_strain_Gv18-4 SCGYYAGFYTSLSTANNLVSAHVRNRYALWIAQWNTHCSYQGSYGLWQYSSSGSVPGVAG 180

EL13_strain_Gv37_1 SCGYYAGFYTSLSTANNLVPAHVRNRYALWIAQWNTHCDYQGSYGLWQYSSSGSVPGVAG 180

EL14_strain_Gv37_2 180

EL11_strain_JCP8017A RVDMDYTYVDYPSVIKKAGLNGYKNGGSYTAPQTSSIDEVAREVINGDWGNGNERKNRLT 240

EL3_strain_Gv18-4 RVDMDYAYVDYPSVIKNAGLNGYQNGGSYTAPQTSSIDEVAREVINGDWGNGNDRKNRLI 240

EL10_strain_G30-4 RVDMDYAYVDYPSVIKNAGLNGYKNGGSYTAPQISSIDEVAREVINGDWGNGNERKORLT 240

EL12_strain_3549624_non-prophage RVDMDYAYVDYPSVIKNAGLNGYQNGGSYTAPQTSSIDEVAREVINGDWGNGIERKNRLT 240

EL8_strain_JCP7719 RVDMDYAYVDYPSIIKNAGLNGYKNGGSYTAPQTSSIDDVAREVINGAWGNGNERKQRLT 240

EL5_strain_JCP7276 RVDMDYAYKDYPSIIKNAGLNGCKNGGSDQAARTSSIDEVAREVINGAWGNGNERKQRLT 240

EL7_strain_AMD RVDMDYAYKDYPSIIKNAGLNGCKNGGSDQAARTSSIDEVAREVINGAWGNGNERKQRLT 240
EL4_strain_Gv5-1 RVDMDYAYVDYPSIIKNVGLNGCKNGGSDQATRTSSIDEVAREVINGAWGNGNERKORLT 240

EL6_strain_1400E_frameshift RVDMDYAYKNYPSIIKNAGLNGCKNGGSNQAARTSSIDDVAREVINGAWGNGNERKQRLT 240

EL1_strain_HMP9231 RVDMDYAYVDYPSIIKNAGLNGCKNGGSDQAARTSSIDEVAREVINGAWGNGSTRKQRLT 240

EL9_strain_0288E_incomplete_contig RVDMDYAYVDYPSIIKNAGLNGCKNGGSDQAARTSSIDEVAREVINGAWGNGSTRKQRLT 240

EL2_strain_Gv18-4 RVDMDYAYVDYPSIIKNVGLNGCKNGGSDQAARTSSIDEVAREVINGAWGNGNERKORLT 240

EL13_strain_Gv37_1 RVDMDYAYVDYPSIIKNAGLNGYKNGESHQATRTTSIDEVAREVINGAWGNGNERKORLT 240

EL14_strain_Gv37_2 RVDMDYAYVDYPSIIKNAGLNGYKNGESHQATRTTSIDEVAREVINGAWGNGNERKQRLT 240

EL11_strain_JCP8017A SAGYDYTSVQNKVNELLGVKAYRKSVDELAREVIRGTWGNGSTRKQRLTQAGYDYDAVQK 300

EL3_strain_Gv18-4 SAGYDYASVQNKVNELLGVKAYRKSVDELAREVIRGTWGNGSMRKHRLTQAGYDYDAVOK 300

EL10_strain_G30-4 SAGYDYASVQNKVNELLGVKAYRKSVDELAREVIRGTWGNGSTRKQRLTQAGYDYNAVQK 300

EL12_strain_3549624_non-prophage SAGYDYTSVQNKVNELLGVKAYRKSVDELAREVIRGTWGNGKTRKQRLTQAGYDYNAVQK 300

EL8_strain_JCP7719 DAGYDYTSVQNKVNKLLGVKACRKSVDELAREVIRGTWGNGNERKNRLTQAGYDYDTVQK 300

EL5_strain_JCP7276 QAGYDYTSVQNKVNKLLGVKACRKSVDELAREVIRGTWGNGNERKNRLTQAGYDYDTVQK 300

EL7_strain_AMD QAGYDYTSVQNKVNKLLGVKACRKSVDELAREVIRGTWGNGNERKNRLTQAGYDYDTVQK 300

EL4_strain_Gv5-1 SAGYDYASVQNKVNKLLGVKAYRKSVDELAREVIRGTWGNGNERKQRLAQAGYDYDTVQK 300

EL6_strain_1400E_frameshift QAGYDYASVAK 251

EL1_strain_HMP9231 SAGYDYASVQNKVNELLGVKACRKSVDELAREVIRGAWGNGSTRKQRLAQAGYDYDTVQK 300

EL9_strain_0288E_incomplete_contig SAGYDYASVAK- 251

EL2_strain_Gv18-4 SAGYDYASVQNKVNELLGVKACRKSVDEIAREVIRGTWGNGSTRKQRLTQAGYDYDTVQK 300

EL13_strain_Gv37_1 QAGYDYASVQNKVNELLGVKACRKSVDELAREVIRGTWGNGNERKNRLTSAGYDYDTVQK 300

EL14_strain_Gv37_2 SAGYDYASVQNKVNELLGVKACRKSVDELAREVIRGAWGNGSTRKQRLTSAGYDYDTVQK 300
:

EL11_strain_JCP8017A RVNELL 306
EL3_strain_Gvl8-4 RVNELL 306

EL10_strain_G30-4 RVNELL 306

EL12_strain_3549624_non-prophage RVNELL 306

EL8_strain_JCP7719 RVNELL 306

EL5_strain_JCP7276 RVNELL 306

EL7_strain_AMD RVNELL 306

EL4_strain_Gv5-1 RVNELL 306

EL6_strain_1400E_frameshift 251

EL1_strain_HMP9231 RVNELL 306

EL9_strain_0288E_incomplete_contig 251

EL2_strain_Gvl8-4 RVNELL 306

EL13_strain_Gv37_1 RVNELL 306

EL14_strain_Gv37_2 RVNELL 306
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EL11_strain_JCP8017A 0.02243

EL3_strain_Gv18-4 0.02348

EL14_strain_Gv37_2 0.01097

N C

196 residues 49

residues
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Figure 4A
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Figure 4B
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Gv23 lysis by phage endolysins at pH 7.4
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Figure 5

1.6E+08

1.4E+08

1.2E+08

1.0E+08

8.0E+07

6.0E+07

4.0E+07

2.0E+07

0.0E+00

Untreated H1B3 H1B12 H3B7 H1811 H2B10 £13

% CFU killed

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
Untreated H1B3 H1812 H3B7 H1B11 H4B7 H2B11 H2B10 El3

5/14

20
26

20
14

69
   

   
26

 F
eb

 2
02

6

w
o
 
2
0
2
0
/
2
2
5
3
3
5

P
C
T
/
E
P
2
0
2
0
/
0
6
2
6
4
5

F
e
b
 
2
0
2
6

1
.
6
E
+
0
8

1
.
4
E
+
0
8

1
.
2
E
+
0
8

1
.
0
E
+
0
8

2
0
2
6
2
0
1
4
6
9
 
2
6

8
.
0
E
+
0
7

6
.
0
E
+
0
7

4
.
0
E
+
0
7

2
.
0
E
+
0
7

0
.
0
E
+
0
0

%
 
C
F
U
 
k
i
l
l
e
d

1
0
0
%

9
0
%

8
0
%

7
0
%

6
0
%

5
0
%

4
0
%

3
0
%

2
0
%

1
0
%

0
%



WO 2020/225335 PCT/EP2020/062645

Untreated vs. imidazole control
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Figure 8A
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Figure 9
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Figure 10
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B3_C GVKAYRKSVDELAREVIRGTWGNGSMRKHRLTQAGYDYDAVQKRVNELL 49

B12_C GVKAYRKSVDELAREVIRGTWGNGKTRKQRLTQAGYDYNAVQKRVNELL 49

B10_C GVKAYRKSVDELAREVIRGTWGNGSTRKQRLTQAGYDYNAVQKRVNELL
B11_C GVKAYRKSVDELAREVIRGTWGNGSTRKQRLTQAGYDYDAVQKRVNELL
B1_C GVKACRKSVDELAREVIRGAWGNGSTRKQRLAQAGYDYDTVQKRVNELL 49
B2_C GVKACRKSVDEIAREVIRGTWGNGSTRKQRLTQAGYDYDTVQKRVNELI
B4_C GVKAYRKSVDELAREVIRGTWGNGNERKQRLAQAGYDYDTVQKRVNELL 49

B5_C GVKACRKSVDELAREVIRGTWGNGNERKNRLTQAGYDYDTVQKRVNELL
B7_C GVKACRKSVDELAREVIRGTWGNGNERKNRLTQAGYDYDTVQKRVNELL
B10_N TAPQISSIDEVAREVINGDWGNGNERKQRLTSAGYDYASVONKVNELL 49

B3_N YTAPQTSSIDEVAREVINGDWGNGNDRKNRLISAGYDYASVONKVNELL
B11_N YTAPOTSSIDEVAREVINGDWGNGNERKNRLTSAGYDYTSVONKVNELI
B12_N YTAPQTSSIDEVAREVINGDWGNGIERKNRLTSAGYDYTSVQNKVNELL 49

B6_N NQAARTSSIDDVAREVINGAWGNGNERKQRLTQAGYDYASVAK-
B5_N DQAARTSSIDEVAREVINGAWGNGNERKQRLTQAGYDYTSVQNKVNKLL 49
B7_N DQAARTSSIDEVAREVINGAWGNGNERKQRLTQAGYDYTSVQNKVNKLL
B4_N DQATRTSSIDEVAREVINGAWGNGNERKQRLTSAGYDYASVQNKVNKLL

B1_N DQAARTSSIDEVAREVINGAWGNGSTRKQRLTSAGYDYASVQNKVNELL 49

B2_N DQAARTSSIDEVAREVINGAWGNGNERKORLTSAGYDYASVQNKVNELL 49

**** **:** :*:

Figure 12
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10 L. gasseri (020566)
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Figure 14

y-axis: Metronidazol Clindamycin
OD 610nm
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Figure 16
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Sequence Listing
1 Sequence Listing

Information
1-1 File Name P117442.AU.1.xml
1-2 DTD Version V1_3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.3.0
1-5 Production Date 2026-02-18
1-6 Original free text language

code
1-7 Non English free text

language code

2 General Information
2-1 Current application: IP

Office
WO

2-2 Current application:
Application number

PCT/EP2020/062645

2-3 Current application: Filing
date

2020-05-07

2-4 Current application:
Applicant file reference

2-5 Earliest priority application:
IP Office

EP

2-6 Earliest priority application:
Application number

19173389.8

2-7 Earliest priority application:
Filing date

2019-05-08

2-8en Applicant name PHAGOMED BIOPHARMA GMBH
2-8 Applicant name: Name

Latin
2-9en Inventor name Lorenzo CORSINI
2-9 Inventor name: Name Latin
2-10en Invention title NOVEL GARDNERELLA ENDOLYSINS AND USES THEREOF
2-11 Sequence Total Quantity 97

1

Information

1-1 File Name P117442.AU.1.xml

1-2 DTD Version V1_3

1-3 Software Name

1-4 Software Version 2.3.0

1-5 Production Date 2026-02-18

1-6

code

1-7

2 General Information

2-1
WO

Office

2-2

2-3 2020-05-07

date

2-4

2-5 EP
IP Office

2-6 19173389.8

2-7 2019-05-08

2-8en PHAGOMED BIOPHARMA GMBH
2-8

Latin

2-9en Inventor name Lorenzo CORSINI

2-9 Inventor name: Name Latin

2-10en Invention title

2-11 97
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3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 196
3-1-4 Features

Location/Qualifiers
REGION 1..196
note=H1
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-1-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSGFE AAEEAQSLMN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120
ACGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCNY QGSYGLWQYS SNGSVPGVAG 180
RVDMDYAYVD YPSIIK 196

3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 196
3-2-4 Features

Location/Qualifiers
REGION 1..196
note=H2
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-2-5 Residues MSKRGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITGFCNKLE 120
SCGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIK 196

3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type AA
3-3-3 Length 196
3-3-4 Features

Location/Qualifiers
REGION 1..196
note=H3
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-3-5 Residues MSKKGIDVSV WQGDIDFNSV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTAGLDVGSY 60

WYSYASSAGE ASEEAQSCVN ILSGKSFEYP IYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180
RVDMDYAYVD YPSVIK 196

3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type AA
3-4-3 Length 196
3-4-4 Features

Location/Qualifiers
REGION 1..196
note=H4
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-4-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
TYGYYAGFYT SLSVVNNLVS AHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIK 196

3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type AA
3-5-3 Length 196
3-5-4 Features

Location/Qualifiers
REGION 1..196
note=H5
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-5-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSSSE AAEEAQSCAN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITGFCSKLE 120
ACGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCSY QGSYGLWQYS SNGSVPGVAG 180
RVDMDYAYKD YPSIIK 196

3-1

3-1-1 1

AA
3-1-3 196

3-1-4 Features REGION 1..196

Location/Qualifiers note=H1

source 1..196

3-1-5 Residues

WYSYANSGFE AAEEAQSLMN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120

ACGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCNY QGSYGLWQYS SNGSVPGVAG 180

RVDMDYAYVD YPSIIK 196

3-2-2 AA

3-2-4 REGION 1..196

source 1..196

3-2-5 MSKRGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

SCGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180

196

3-3

AA
3-3-3 196

note=H3

3-3-5 Residues MSKKGIDVSV WQGDIDFNSV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTAGLDVGSY 60

WYSYASSAGE ASEEAQSCVN ILSGKSFEYP IYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120

RVDMDYAYVD YPSVIK 196

3-4

3-4-1 4

3-4-2 AA
3-4-3 196

3-4-4 Features

Location/Qualifiers note=H4

source 1..196

3-4-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

RVDMDYAYVD YPSIIK 196

3-5

3-5-1 5

3-5-2 AA
3-5-3 196

Features REGION 1..196
Location/Qualifiers note=H5

source 1..196

3-5-5 Residues

RVDMDYAYKD YPSIIK 196
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3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type AA
3-6-3 Length 196
3-6-4 Features

Location/Qualifiers
REGION 1..196
note=H6
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-6-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
SCGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCDY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYKN YPSIIK 196

3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type AA
3-7-3 Length 196
3-7-4 Features

Location/Qualifiers
REGION 1..196
note=H7
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-7-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSASE AAEEAQSCAN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
TYGYYAGFYT SLSTANNLVS SHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYKD YPSIIK 196

3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type AA
3-8-3 Length 306
3-8-4 Features

Location/Qualifiers
REGION 1..306
note=EL8
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-8-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSSSE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
TYGYYAGFYT SLSTANNLVS SHVRNRYALW IAQWNTHCSY QGSYGLWQYS SNGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGYKNGGSYT APQTSSIDDV AREVINGAWG NGNERKQRLT 240
QAGYDYTSVQ NKVNKLLGVK ACRKSVDELA REVIRGTWGN GNERKNRLTQ AGYDYDTVQK 300
RVNELL 306

3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type AA
3-9-3 Length 251
3-9-4 Features

Location/Qualifiers
REGION 1..251
note=EL9
source 1..251
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-9-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRVFCDS LITSFCNKLE 120
ACGYYAGFYT SLSTANNLVS SHVRNRYALW IAQWNTHCDY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGCKNGGSDQ AARTSSIDEV AREVINGAWG NGSTRKQRLT 240
SAGYDYASVA K 251

3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type AA
3-10-3 Length 196
3-10-4 Features

Location/Qualifiers
REGION 1..196
note=H10
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-10-5 Residues MSKRGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTVGLDVGAY 60

3-6-2 AA
3-6-3

3-6-4 Features REGION 1..196

Location/Qualifiers note=H6

source 1..196

3-6-5 Residues

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120

RVDMDYAYKN YPSIIK 196

3-7

3-7-1 7

3-7-2 AA
3-7-3

3-7-4 Features REGION 1..196
Location/Qualifiers note=H7

source 1..196

3-7-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

TYGYYAGFYT SLSTANNLVS SHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180

RVDMDYAYKD YPSIIK 196

3-8

3-8-1 8

3-8-2 AA
3-8-3

3-8-4 Features REGION 1..306
Location/Qualifiers note=EL8

source 1..306

3-8-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

RVNELL 306

Location/Qualifiers

3-9-5 Residues

251

3-10-3

3-10-4 Features

Location/Qualifiers

3-10-5 Residues MSKRGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTVGLDVGAY 60
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WYSYASSAGE ASEEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180
RVDMDYAYVD YPSVIK 196

3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type AA
3-11-3 Length 196
3-11-4 Features

Location/Qualifiers
REGION 1..196
note=H11
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-11-5 Residues MSKRGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGHKD KWFEQNYRKA KTTGLDVGAY 60

WYSYASSAGE AAEEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
TYGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCDY QGSYGLWQYS SSGSVDGIAG 180
RVDMDYTYVD YPSVIK 196

3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type AA
3-12-3 Length 196
3-12-4 Features

Location/Qualifiers
REGION 1..196
note=H12
source 1..196
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-12-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTAGLDVGSY 60

WYSYASSAGE VALEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180
RVDMDYAYVD YPSVIK 196

3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type AA
3-13-3 Length 306
3-13-4 Features

Location/Qualifiers
REGION 1..306
note=EL13
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-13-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIECKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120
SCGYYAGFYT SLSTANNLVP AHVRNRYALW IAQWNTHCDY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGYKNGESHQ ATRTTSIDEV AREVINGAWG NGNERKQRLT 240
QAGYDYASVQ NKVNELLGVK ACRKSVDELA REVIRGTWGN GNERKNRLTS AGYDYDTVQK 300
RVNELL 306

3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type AA
3-14-3 Length 306
3-14-4 Features

Location/Qualifiers
REGION 1..306
note=EL14
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-14-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120
ACGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGYKNGESHQ ATRTTSIDEV AREVINGAWG NGNERKQRLT 240
SAGYDYASVQ NKVNELLGVK ACRKSVDELA REVIRGAWGN GSTRKQRLTS AGYDYDTVQK 300
RVNELL 306

3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type AA
3-15-3 Length 49
3-15-4 Features

Location/Qualifiers
REGION 1..49
note=B1_N
source 1..49

WYSYASSAGE ASEEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120

ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180

196

3-11-3

3-11-4 Features

Location/Qualifiers

3-11-5 Residues

TYGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCDY QGSYGLWQYS SSGSVDGIAG 180

196

3-12-3

3-12-4 Features

Location/Qualifiers

3-12-5 Residues

ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180

196

3-13-3

3-13-4 Features

Location/Qualifiers

3-13-5 Residues

QAGYDYASVQ NKVNELLGVK ACRKSVDELA REVIRGTWGN GNERKNRLTS AGYDYDTVQK 300

306

3-14-3

3-14-4 Features

Location/Qualifiers

3-14-5 Residues

306

3-15-2

3-15-3

3-15-4 Features

Location/Qualifiers

source 1..49
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mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-15-5 Residues DQAARTSSID EVAREVINGA WGNGSTRKQR LTSAGYDYAS VQNKVNELL 49

3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type AA
3-16-3 Length 49
3-16-4 Features

Location/Qualifiers
REGION 1..49
note=B1_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-16-5 Residues GVKACRKSVD ELAREVIRGA WGNGSTRKQR LAQAGYDYDT VQKRVNELL 49

3-17 Sequences
3-17-1 Sequence Number [ID] 17
3-17-2 Molecule Type AA
3-17-3 Length 49
3-17-4 Features

Location/Qualifiers
REGION 1..49
note=B2_N
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-17-5 Residues DQAARTSSID EVAREVINGA WGNGNERKQR LTSAGYDYAS VQNKVNELL 49

3-18 Sequences
3-18-1 Sequence Number [ID] 18
3-18-2 Molecule Type AA
3-18-3 Length 49
3-18-4 Features

Location/Qualifiers
REGION 1..49
note=B2_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-18-5 Residues GVKACRKSVD EIAREVIRGT WGNGSTRKQR LTQAGYDYDT VQKRVNELL 49

3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type AA
3-19-3 Length 49
3-19-4 Features

Location/Qualifiers
REGION 1..49
note=B3_N
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-19-5 Residues YTAPQTSSID EVAREVINGD WGNGNDRKNR LISAGYDYAS VQNKVNELL 49

3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type AA
3-20-3 Length 49
3-20-4 Features

Location/Qualifiers
REGION 1..49
note=B3_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-20-5 Residues GVKAYRKSVD ELAREVIRGT WGNGSMRKHR LTQAGYDYDA VQKRVNELL 49

3-21 Sequences
3-21-1 Sequence Number [ID] 21
3-21-2 Molecule Type AA
3-21-3 Length 49
3-21-4 Features

Location/Qualifiers
REGION 1..49
note=B4_N
source 1..49
mol_type=protein
organism=synthetic construct

49

3-16-4

Location/Qualifiers

3-16-5 Residues

3-17

3-17-1

AA

3-17-5 Residues 49

3-18

3-18-2 AA
3-18-3

REGION 1..49
Location/Qualifiers

Residues 49

3-19

3-19-1

3-19-2 AA

3-19-4 Features

Location/Qualifiers

3-20-3

3-20-4 Features

Location/Qualifiers

3-20-5 Residues 49

3-21

3-21-1

AA
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NonEnglishQualifier Value
3-21-5 Residues DQATRTSSID EVAREVINGA WGNGNERKQR LTSAGYDYAS VQNKVNKLL 49

3-22 Sequences
3-22-1 Sequence Number [ID] 22
3-22-2 Molecule Type AA
3-22-3 Length 49
3-22-4 Features

Location/Qualifiers
REGION 1..49
note=B4_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-22-5 Residues GVKAYRKSVD ELAREVIRGT WGNGNERKQR LAQAGYDYDT VQKRVNELL 49

3-23 Sequences
3-23-1 Sequence Number [ID] 23
3-23-2 Molecule Type AA
3-23-3 Length 49
3-23-4 Features

Location/Qualifiers
REGION 1..49
note=B5_N
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-23-5 Residues DQAARTSSID EVAREVINGA WGNGNERKQR LTQAGYDYTS VQNKVNKLL 49

3-24 Sequences
3-24-1 Sequence Number [ID] 24
3-24-2 Molecule Type AA
3-24-3 Length 49
3-24-4 Features

Location/Qualifiers
REGION 1..49
note=B5_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-24-5 Residues GVKACRKSVD ELAREVIRGT WGNGNERKNR LTQAGYDYDT VQKRVNELL 49

3-25 Sequences
3-25-1 Sequence Number [ID] 25
3-25-2 Molecule Type AA
3-25-3 Length 43
3-25-4 Features

Location/Qualifiers
REGION 1..43
note=B6_N
source 1..43
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-25-5 Residues NQAARTSSID DVAREVINGA WGNGNERKQR LTQAGYDYAS VAK 43

3-26 Sequences
3-26-1 Sequence Number [ID] 26
3-26-2 Molecule Type AA
3-26-3 Length 49
3-26-4 Features

Location/Qualifiers
REGION 1..49
note=B7_N
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-26-5 Residues DQAARTSSID EVAREVINGA WGNGNERKQR LTQAGYDYTS VQNKVNKLL 49

3-27 Sequences
3-27-1 Sequence Number [ID] 27
3-27-2 Molecule Type AA
3-27-3 Length 49
3-27-4 Features

Location/Qualifiers
REGION 1..49
note=B7_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-27-5 Residues GVKACRKSVD ELAREVIRGT WGNGNERKNR LTQAGYDYDT VQKRVNELL 49

3-21-5 Residues 49

3-22

3-22-2 AA
3-22-3 49

3-22-4 Features REGION 1..49
Location/Qualifiers

source 1..49

3-22-5 Residues 49

3-23

3-23-2 AA
3-23-3 49

3-23-4 Features REGION 1..49

Location/Qualifiers

source 1..49

3-23-5 Residues DQAARTSSID EVAREVINGA WGNGNERKOR LTQAGYDYTS VQNKVNKLL 49

3-24

3-24-1

3-24-2 AA
3-24-3 49

3-24-4 Features REGION 1..49
Location/Qualifiers

source 1..49

3-24-5 Residues GVKACRKSVD ELAREVIRGT WGNGNERKNR LTQAGYDYDT VQKRVNELL 49

3-25

3-25-2 AA
3-25-3 43

3-25-4 Features REGION 1..43

Location/Qualifiers

source 1..43

3-25-5 Residues

3-26

3-26-2 AA
3-26-3 49

3-26-4 Features REGION 1..49

Location/Qualifiers

source 1..49

3-26-5 Residues 49

3-27

3-27-2 AA
3-27-3 49

3-27-4 Features REGION 1..49
Location/Qualifiers

source 1..49

3-27-5 Residues 49
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3-28 Sequences
3-28-1 Sequence Number [ID] 28
3-28-2 Molecule Type AA
3-28-3 Length 49
3-28-4 Features

Location/Qualifiers
REGION 1..49
note=B10_N
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-28-5 Residues YTAPQISSID EVAREVINGD WGNGNERKQR LTSAGYDYAS VQNKVNELL 49

3-29 Sequences
3-29-1 Sequence Number [ID] 29
3-29-2 Molecule Type AA
3-29-3 Length 49
3-29-4 Features

Location/Qualifiers
REGION 1..49
note=B10_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-29-5 Residues GVKAYRKSVD ELAREVIRGT WGNGSTRKQR LTQAGYDYNA VQKRVNELL 49

3-30 Sequences
3-30-1 Sequence Number [ID] 30
3-30-2 Molecule Type AA
3-30-3 Length 49
3-30-4 Features

Location/Qualifiers
REGION 1..49
note=B11_N
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-30-5 Residues YTAPQTSSID EVAREVINGD WGNGNERKNR LTSAGYDYTS VQNKVNELL 49

3-31 Sequences
3-31-1 Sequence Number [ID] 31
3-31-2 Molecule Type AA
3-31-3 Length 49
3-31-4 Features

Location/Qualifiers
REGION 1..49
note=B11_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-31-5 Residues GVKAYRKSVD ELAREVIRGT WGNGSTRKQR LTQAGYDYDA VQKRVNELL 49

3-32 Sequences
3-32-1 Sequence Number [ID] 32
3-32-2 Molecule Type AA
3-32-3 Length 49
3-32-4 Features

Location/Qualifiers
REGION 1..49
note=B12_N
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-32-5 Residues YTAPQTSSID EVAREVINGD WGNGIERKNR LTSAGYDYTS VQNKVNELL 49

3-33 Sequences
3-33-1 Sequence Number [ID] 33
3-33-2 Molecule Type AA
3-33-3 Length 49
3-33-4 Features

Location/Qualifiers
REGION 1..49
note=B12_C
source 1..49
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-33-5 Residues GVKAYRKSVD ELAREVIRGT WGNGKTRKQR LTQAGYDYNA VQKRVNELL 49

3-34 Sequences
3-34-1 Sequence Number [ID] 34

3-28

3-28-1

3-28-2 AA
3-28-3 49

3-28-4 Features REGION 1..49

Location/Qualifiers

source 1..49

3-28-5 Residues 49

3-29

3-29-1

3-29-2 AA
3-29-3 49

3-29-4 Features REGION 1..49
Location/Qualifiers

source 1..49

3-29-5 Residues 49

3-30

3-30-1

3-30-2 AA
3-30-3 49

3-30-4 Features REGION 1..49

Location/Qualifiers

source 1..49

3-30-5 Residues 49

3-31

3-31-2 AA
3-31-3 49

3-31-4 Features REGION 1..49

Location/Qualifiers

source 1..49

3-31-5 Residues GVKAYRKSVD ELAREVIRGT WGNGSTRKQR LTQAGYDYDA VQKRVNELL 49

3-32

3-32-1

3-32-2 AA
3-32-3 Length 49

3-32-4 Features REGION 1..49
Location/Qualifiers

source 1..49

3-32-5 Residues YTAPQTSSID EVAREVINGD WGNGIERKNR LTSAGYDYTS VQNKVNELL 49

3-33

3-33-1

3-33-2 AA

49

3-33-4 Features REGION 1..49

Location/Qualifiers

source 1..49

3-33-5 Residues 49

3-34

3-34-1
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3-34-2 Molecule Type AA
3-34-3 Length 12
3-34-4 Features

Location/Qualifiers
REGION 1..12
note=linker polypeptide
VARIANT 1
note=Asn = Lys
VARIANT 8
note=Xaa = Lys or Gln
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-34-5 Residues NAGLNGYXNG GS 12

3-35 Sequences
3-35-1 Sequence Number [ID] 35
3-35-2 Molecule Type
3-35-3 Length
3-35-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-35-5 Residues 000 3

3-36 Sequences
3-36-1 Sequence Number [ID] 36
3-36-2 Molecule Type
3-36-3 Length
3-36-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-36-5 Residues 000 3

3-37 Sequences
3-37-1 Sequence Number [ID] 37
3-37-2 Molecule Type
3-37-3 Length
3-37-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-37-5 Residues 000 3

3-38 Sequences
3-38-1 Sequence Number [ID] 38
3-38-2 Molecule Type
3-38-3 Length
3-38-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-38-5 Residues 000 3

3-39 Sequences
3-39-1 Sequence Number [ID] 39
3-39-2 Molecule Type
3-39-3 Length
3-39-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-39-5 Residues 000 3

3-40 Sequences
3-40-1 Sequence Number [ID] 40
3-40-2 Molecule Type AA
3-40-3 Length 6
3-40-4 Features

Location/Qualifiers
REGION 1..6
note=linker
source 1..6
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-40-5 Residues GGSGGS 6

3-41 Sequences
3-41-1 Sequence Number [ID] 41
3-41-2 Molecule Type AA
3-41-3 Length 9

3-34-2 AA
3-34-3 12

3-34-4 Features REGION 1..12
Location/Qualifiers

VARIANT 1

VARIANT 8

source 1..12

3-34-5 Residues NAGLNGYXNG GS

3-35

3-35-1

3-35-2

3-35-3

3-35-4 Features

Location/Qualifiers

3-35-5 Residues 000 3

3-36

3-36-1 36

3-36-2

3-36-3

3-36-4 Features

Location/Qualifiers

3-36-5 Residues 000 3

3-37

3-37-1 37

3-37-2

3-37-3

3-37-4 Features

Location/Qualifiers

3-37-5 Residues 3

3-38-1 38

3-38-2

3-38-3

3-38-4 Features

Location/Qualifiers

3-38-5 Residues 000 3

3-39

39

3-39-2

3-39-4

Location/Qualifiers

3-39-5 Residues 000 3

3-40

3-40-2 AA

3-40-4 Features REGION 1..6

source 1..6

3-40-5 Residues GGSGGS 6

3-41

3-41-2 AA
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3-41-4 Features
Location/Qualifiers

REGION 1..9
note=linker
source 1..9
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-41-5 Residues GGSGGSGGS 9

3-42 Sequences
3-42-1 Sequence Number [ID] 42
3-42-2 Molecule Type AA
3-42-3 Length 12
3-42-4 Features

Location/Qualifiers
REGION 1..12
note=linker
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-42-5 Residues GGSGGSGGSG GS 12

3-43 Sequences
3-43-1 Sequence Number [ID] 43
3-43-2 Molecule Type AA
3-43-3 Length 15
3-43-4 Features

Location/Qualifiers
REGION 1..15
note=linker
source 1..15
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-43-5 Residues GGSGGSGGSG GSGGS 15

3-44 Sequences
3-44-1 Sequence Number [ID] 44
3-44-2 Molecule Type AA
3-44-3 Length 18
3-44-4 Features

Location/Qualifiers
REGION 1..18
note=linker
source 1..18
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-44-5 Residues GGSGGSGGSG GSGGSGGS 18

3-45 Sequences
3-45-1 Sequence Number [ID] 45
3-45-2 Molecule Type AA
3-45-3 Length 12
3-45-4 Features

Location/Qualifiers
REGION 1..12
note=linker
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-45-5 Residues NAGLNGYKNG GS 12

3-46 Sequences
3-46-1 Sequence Number [ID] 46
3-46-2 Molecule Type AA
3-46-3 Length 12
3-46-4 Features

Location/Qualifiers
REGION 1..12
note=linker
VARIANT 1
note=Xaa = Asn or Lys
VARIANT 2
note=Xaa = Ala or Val
VARIANT 7
note=Xaa = Tyr or Cys
VARIANT 8
note=Xaa = Lys or Gln
source 1..12
mol_type=protein
organism=synthetic construct

3-41-4 Features REGION 1..9
Location/Qualifiers

source 1..9

3-41-5 Residues GGSGGSGGS 9

3-42

3-42-1

3-42-2

3-42-3

3-42-4 REGION 1..12

source 1..12

3-42-5 Residues GGSGGSGGSG GS 12

3-43

3-43-1 43

3-43-3 15

3-43-4 Features REGION 1..15
Location/Qualifiers note=linker

source 1..15

3-43-5 Residues GGSGGSGGSG GSGGS 15

3-44

3-44-1 44

3-44-2 AA
3-44-3 18

3-44-4 Features REGION 1..18

note=linker

source 1..18

3-44-5 Residues GGSGGSGGSG GSGGSGGS 18

3-45

3-45-1 45

3-45-2 AA
3-45-3 12

3-45-4 Features REGION 1..12

Location/Qualifiers note=linker

source 1..12

3-45-5 Residues NAGLNGYKNG GS 12

3-46

3-46-1

3-46-2 AA
3-46-3 Length 12

3-46-4 Features

Location/Qualifiers

VARIANT 1

VARIANT 2

note=Xaa = Ala or Val

VARIANT 7

VARIANT 8

source 1..12
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NonEnglishQualifier Value
3-46-5 Residues XXGLNGXXNG GS 12

3-47 Sequences
3-47-1 Sequence Number [ID] 47
3-47-2 Molecule Type AA
3-47-3 Length 39
3-47-4 Features

Location/Qualifiers
REGION 1..39
note=CW_7 motif
VARIANT 38
note=Xaa is Ile for motif No. 1 and No. 2 Xaa is Leu for motif No. 3
source 1..39
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-47-5 Residues TVANEVIQGL WGNGQERYDS LANAGYDPQA VQDKVNEXL 39

3-48 Sequences
3-48-1 Sequence Number [ID] 48
3-48-2 Molecule Type DNA
3-48-3 Length 42
3-48-4 Features

Location/Qualifiers
misc_feature 1..42
note=primer T7casette-16-rev
source 1..42
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-48-5 Residues aacaggtctc aatacaatcc ggatatagtt cctcctttca gc 42

3-49 Sequences
3-49-1 Sequence Number [ID] 49
3-49-2 Molecule Type DNA
3-49-3 Length 43
3-49-4 Features

Location/Qualifiers
misc_feature 1..43
note=primer T7casette-01-for
source 1..43
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-49-5 Residues aacaggtctc aacctccgcg aaattaatac gactcactat agg 43

3-50 Sequences
3-50-1 Sequence Number [ID] 50
3-50-2 Molecule Type DNA
3-50-3 Length 37
3-50-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer EL_H1-rev
source 1..37
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-50-5 Residues aacaggtctc aagccggcat ttttgatgat gctcggg 37

3-51 Sequences
3-51-1 Sequence Number [ID] 51
3-51-2 Molecule Type DNA
3-51-3 Length 43
3-51-4 Features

Location/Qualifiers
misc_feature 1..43
note=primer EL_H2-rev
source 1..43
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-51-5 Residues aacaggtctc aagccaacat ttttaataat gctcggataa tcc 43

3-52 Sequences
3-52-1 Sequence Number [ID] 52
3-52-2 Molecule Type DNA
3-52-3 Length 37
3-52-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer EL_H3-rev
source 1..37
mol_type=other DNA
organism=synthetic construct

3-46-5 XXGLNGXXNG GS 12

3-47

3-47-1

3-47-2 AA
3-47-3 39

3-47-4

Location/Qualifiers

VARIANT 38

note=Xaa is lle for motif No. 1 and No. 2 Xaa is Leu for motif No. 3

source 1..39

3-47-5 Residues 39

3-48

3-48-1 48

3-48-2

3-48-3 42

3-48-4 Features

Location/Qualifiers

source 1..42

3-48-5 Residues 42

3-49

3-49-1 49

3-49-3 43

3-49-4 Features

Location/Qualifiers

Residues 43

3-50

3-50-1 50

3-50-3 37

3-50-4 Features

Location/Qualifiers

3-50-5 Residues 37

3-51

3-51-1 51

3-51-3 43

3-51-4 Features

Location/Qualifiers

3-51-5 Residues 43

3-52

3-52-1

DNA
3-52-3

3-52-4 Features

Location/Qualifiers
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NonEnglishQualifier Value
3-52-5 Residues aacaggtctc aagccggcgt ttttgataac gctcggg 37

3-53 Sequences
3-53-1 Sequence Number [ID] 53
3-53-2 Molecule Type DNA
3-53-3 Length 36
3-53-4 Features

Location/Qualifiers
misc_feature 1..36
note=primer EL_H4-rev
source 1..36
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-53-5 Residues aacaggtctc aagcccacgt tcttgatgat gctcgg 36

3-54 Sequences
3-54-1 Sequence Number [ID] 54
3-54-2 Molecule Type DNA
3-54-3 Length 36
3-54-4 Features

Location/Qualifiers
misc_feature 1..36
note=primer EL_H5-rev
source 1..36
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-54-5 Residues aacaggtctc aagccggcgt ttttgatgat gctcgg 36

3-55 Sequences
3-55-1 Sequence Number [ID] 55
3-55-2 Molecule Type DNA
3-55-3 Length 39
3-55-4 Features

Location/Qualifiers
misc_feature 1..39
note=primer EL_H6-rev
source 1..39
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-55-5 Residues aacaggtctc aagccggcat tcttaataat gctcggata 39

3-56 Sequences
3-56-1 Sequence Number [ID] 56
3-56-2 Molecule Type DNA
3-56-3 Length 42
3-56-4 Features

Location/Qualifiers
misc_feature 1..42
note=primer EL_H7-rev
source 1..42
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-56-5 Residues aacaggtctc aagccggcgt ttttaatgat gctcggataa tc 42

3-57 Sequences
3-57-1 Sequence Number [ID] 57
3-57-2 Molecule Type DNA
3-57-3 Length 36
3-57-4 Features

Location/Qualifiers
misc_feature 1..36
note=primer EL_H10-rev
source 1..36
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-57-5 Residues aacaggtctc aagccggcgt ttttgatcac gctcgg 36

3-58 Sequences
3-58-1 Sequence Number [ID] 58
3-58-2 Molecule Type DNA
3-58-3 Length 42
3-58-4 Features

Location/Qualifiers
misc_feature 1..42
note=primer EL_H11-rev
source 1..42
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-58-5 Residues aacaggtctc aagccggcct tcttgataac gctcggataa tc 42

3-52-5 Residues 37

3-53

3-53-1 53

3-53-2 DNA
3-53-3

3-53-4 Features misc_feature 1..36

source 1..36

3-53-5 Residues

3-54

3-54-2 DNA
3-54-3 36

3-54-4 Features

Location/Qualifiers

source 1..36

3-54-5 Residues 36

3-55

3-55-1

3-55-2 DNA
3-55-3 39

3-55-4 Features

Location/Qualifiers

source 1..39

3-55-5 Residues 39

3-56

3-56-2 DNA
3-56-3 42

3-56-4 Features

Location/Qualifiers

source 1..42

3-56-5 Residues 42

3-57

3-57-2 DNA
3-57-3 36

3-57-4 Features misc_feature 1..36

Location/Qualifiers

source 1..36

3-57-5 Residues 36

3-58

3-58-1

DNA
3-58-3 42

3-58-4 Features

Location/Qualifiers

source 1..42

3-58-5 Residues 42
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3-59 Sequences
3-59-1 Sequence Number [ID] 59
3-59-2 Molecule Type DNA
3-59-3 Length 36
3-59-4 Features

Location/Qualifiers
misc_feature 1..36
note=primer EL_H12-rev
source 1..36
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-59-5 Residues aacaggtctc aagccggcat tcttgatcac gctcgg 36

3-60 Sequences
3-60-1 Sequence Number [ID] 60
3-60-2 Molecule Type DNA
3-60-3 Length 37
3-60-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer EL_B6-for
source 1..37
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-60-5 Residues aacaggtctc aggcttaaac ggctgcaaaa atggcgg 37

3-61 Sequences
3-61-1 Sequence Number [ID] 61
3-61-2 Molecule Type DNA
3-61-3 Length 37
3-61-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer EL_B7-for
source 1..37
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-61-5 Residues aacaggtctc aggcttaaac ggctgcaaaa acggtgg 37

3-62 Sequences
3-62-1 Sequence Number [ID] 62
3-62-2 Molecule Type DNA
3-62-3 Length 38
3-62-4 Features

Location/Qualifiers
misc_feature 1..38
note=primer EL_B10-for
source 1..38
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-62-5 Residues aacaggtctc aggcttaaac ggctataaaa acggcggc 38

3-63 Sequences
3-63-1 Sequence Number [ID] 63
3-63-2 Molecule Type DNA
3-63-3 Length 40
3-63-4 Features

Location/Qualifiers
misc_feature 1..40
note=primer EL_B11-for
source 1..40
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-63-5 Residues aacaggtctc aggcttaaat ggttacaaga atggcggcag 40

3-64 Sequences
3-64-1 Sequence Number [ID] 64
3-64-2 Molecule Type DNA
3-64-3 Length 37
3-64-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer EL_B12-for
source 1..37
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-64-5 Residues aacaggtctc aggcttaaat ggctaccaga acggcgg 37

3-65 Sequences
3-65-1 Sequence Number [ID] 65

3-59

3-59-1

3-59-2 DNA
3-59-3 36

3-59-4 Features

Location/Qualifiers

source 1..36

3-59-5 Residues 36

3-60

3-60-1

3-60-2 DNA
3-60-3 37

3-60-4 Features

Location/Qualifiers

source 1..37

3-60-5 Residues

3-61

3-61-1

3-61-2 DNA
3-61-3 37

3-61-4 Features misc_feature 1..37

Location/Qualifiers

source 1..37

3-61-5 Residues 37

3-62

3-62-2 DNA
3-62-3 38

3-62-4 Features

Location/Qualifiers

source 1..38

3-62-5 Residues 38

3-63

3-63-1

3-63-2 DNA
3-63-3 Length 40

3-63-4 Features

Location/Qualifiers

source 1..40

3-63-5 Residues 40

3-64

3-64-1

3-64-2 DNA

3-64-4 Features

Location/Qualifiers

source 1..37

3-64-5 Residues 37

3-65

3-65-1
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3-65-2 Molecule Type DNA
3-65-3 Length 37
3-65-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer EL_B1-for
source 1..37
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-65-5 Residues aacaggtctc aggcttaaac ggctgcaaga atggtgg 37

3-66 Sequences
3-66-1 Sequence Number [ID] 66
3-66-2 Molecule Type DNA
3-66-3 Length 37
3-66-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer EL_B2-for
source 1..37
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-66-5 Residues aacaggtctc aggcttaaat ggttgcaaga acggcgg 37

3-67 Sequences
3-67-1 Sequence Number [ID] 67
3-67-2 Molecule Type DNA
3-67-3 Length 38
3-67-4 Features

Location/Qualifiers
misc_feature 1..38
note=primer EL_B3-for
source 1..38
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-67-5 Residues aacaggtctc aggcttaaat ggctaccaga atggcggc 38

3-68 Sequences
3-68-1 Sequence Number [ID] 68
3-68-2 Molecule Type DNA
3-68-3 Length 38
3-68-4 Features

Location/Qualifiers
misc_feature 1..38
note=primer EL_B4-for
source 1..38
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-68-5 Residues aacaggtctc aggcttaaat ggctgcaaaa acggtggc 38

3-69 Sequences
3-69-1 Sequence Number [ID] 69
3-69-2 Molecule Type DNA
3-69-3 Length 37
3-69-4 Features

Location/Qualifiers
misc_feature 1..37
note=primer T7term-STOP-for
source 1..37
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-69-5 Residues aacaggtctc atgacgccat taacctgatg ttctggg 37

3-70 Sequences
3-70-1 Sequence Number [ID] 70
3-70-2 Molecule Type AA
3-70-3 Length 12
3-70-4 Features

Location/Qualifiers
REGION 1..12
note=linker region L10
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-70-5 Residues NAGLNGYKNG GS 12

3-71 Sequences
3-71-1 Sequence Number [ID] 71
3-71-2 Molecule Type AA
3-71-3 Length 5

3-65-2 DNA
3-65-3 37

3-65-4 Features misc_feature 1..37

Location/Qualifiers

source 1..37

3-65-5 Residues 37

3-66

3-66-2 DNA
3-66-3 37

3-66-4 Features

Location/Qualifiers

source 1..37

3-66-5 Residues 37

3-67

3-67-1

3-67-2 DNA
3-67-3 38

3-67-4 Features

Location/Qualifiers

source 1..38

3-67-5 Residues 38

3-68

3-68-1

3-68-2 DNA
3-68-3 38

3-68-4 Features

Location/Qualifiers

source 1..38

3-68-5 Residues 38

3-69

3-69-1

3-69-2 DNA
3-69-3 37

3-69-4 Features misc_feature 1..37

Location/Qualifiers

source 1..37

3-69-5 Residues 37

3-70

3-70-2 AA
3-70-3 12

3-70-4 REGION 1..12

Location/Qualifiers

source 1..12

3-70-5 Residues NAGLNGYKNG GS 12

3-71

3-71-1

AA
3-71-3 5
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3-71-4 Features
Location/Qualifiers

REGION 1..5
note=C-terminus of B-domains
source 1..5
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-71-5 Residues VNELL 5

3-72 Sequences
3-72-1 Sequence Number [ID] 72
3-72-2 Molecule Type AA
3-72-3 Length 5
3-72-4 Features

Location/Qualifiers
REGION 1..5
note=C-terminus of B-domains
source 1..5
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-72-5 Residues VNKLL 5

3-73 Sequences
3-73-1 Sequence Number [ID] 73
3-73-2 Molecule Type AA
3-73-3 Length 5
3-73-4 Features

Location/Qualifiers
REGION 1..5
note=C-terminus of CW_7 motifs
source 1..5
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-73-5 Residues VNEIL 5

3-74 Sequences
3-74-1 Sequence Number [ID] 74
3-74-2 Molecule Type AA
3-74-3 Length 12
3-74-4 Features

Location/Qualifiers
REGION 1..12
note=L1
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-74-5 Residues NAGLNGCKNG GS 12

3-75 Sequences
3-75-1 Sequence Number [ID] 75
3-75-2 Molecule Type AA
3-75-3 Length 12
3-75-4 Features

Location/Qualifiers
REGION 1..12
note=L2
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-75-5 Residues NVGLNGCKNG GS 12

3-76 Sequences
3-76-1 Sequence Number [ID] 76
3-76-2 Molecule Type AA
3-76-3 Length 12
3-76-4 Features

Location/Qualifiers
REGION 1..12
note=L3
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-76-5 Residues NAGLNGYQNG GS 12

3-77 Sequences
3-77-1 Sequence Number [ID] 77
3-77-2 Molecule Type AA
3-77-3 Length 12
3-77-4 Features

Location/Qualifiers
REGION 1..12
note=L4

3-71-4 Features REGION 1..5
Location/Qualifiers

source 1..5

3-71-5 Residues VNELL 5

3-72

3-72-2 AA
3-72-3 5

3-72-4 Features REGION 1..5

Location/Qualifiers

source 1..5

3-72-5 Residues VNKLL 5

3-73

3-73-1

3-73-2 AA
3-73-3

3-73-4 Features REGION 1..5

Location/Qualifiers

source 1..5

3-73-5 Residues 5

3-74

3-74-2 AA
3-74-3 12

3-74-4 Features REGION 1..12

Location/Qualifiers

source 1..12

3-74-5 Residues NAGLNGCKNG GS 12

3-75

3-75-2 AA
3-75-3 12

3-75-4 Features REGION 1..12

Location/Qualifiers

source 1..12

3-75-5 Residues NVGLNGCKNG GS 12

3-76

3-76-1

3-76-2 AA
3-76-3 Length 12

3-76-4 Features

Location/Qualifiers

source 1..12

3-76-5 Residues NAGLNGYONG GS 12

3-77

3-77-1

3-77-2 AA
3-77-3 12

3-77-4 Features REGION 1..12

Location/Qualifiers
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source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-77-5 Residues NVGLNGCKNG GS 12

3-78 Sequences
3-78-1 Sequence Number [ID] 78
3-78-2 Molecule Type AA
3-78-3 Length 12
3-78-4 Features

Location/Qualifiers
REGION 1..12
note=L5
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-78-5 Residues NAGLNGCKNG GS 12

3-79 Sequences
3-79-1 Sequence Number [ID] 79
3-79-2 Molecule Type AA
3-79-3 Length 12
3-79-4 Features

Location/Qualifiers
REGION 1..12
note=L6
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-79-5 Residues NAGLNGCKNG GS 12

3-80 Sequences
3-80-1 Sequence Number [ID] 80
3-80-2 Molecule Type AA
3-80-3 Length 12
3-80-4 Features

Location/Qualifiers
REGION 1..12
note=L7
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-80-5 Residues NAGLNGCKNG GS 12

3-81 Sequences
3-81-1 Sequence Number [ID] 81
3-81-2 Molecule Type AA
3-81-3 Length 12
3-81-4 Features

Location/Qualifiers
REGION 1..12
note=L10
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-81-5 Residues NAGLNGYKNG GS 12

3-82 Sequences
3-82-1 Sequence Number [ID] 82
3-82-2 Molecule Type AA
3-82-3 Length 12
3-82-4 Features

Location/Qualifiers
REGION 1..12
note=L11
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-82-5 Residues KAGLNGYKNG GS 12

3-83 Sequences
3-83-1 Sequence Number [ID] 83
3-83-2 Molecule Type AA
3-83-3 Length 12
3-83-4 Features

Location/Qualifiers
REGION 1..12
note=L12
source 1..12
mol_type=protein

source 1..12

3-77-5 Residues NVGLNGCKNG GS 12

3-78

3-78-1

3-78-2 AA
3-78-3 12

3-78-4 Features REGION 1..12

Location/Qualifiers

source 1..12

3-78-5 Residues NAGLNGCKNG GS 12

3-79

3-79-1

3-79-2 AA
3-79-3 12

3-79-4 Features REGION 1..12
Location/Qualifiers

source 1..12

3-79-5 Residues NAGLNGCKNG GS 12

3-80

3-80-2 AA
3-80-3 12

3-80-4 Features REGION 1..12

Location/Qualifiers

source 1..12

3-80-5 Residues NAGLNGCKNG GS 12

3-81

3-81-2 AA
3-81-3 12

3-81-4 Features REGION 1..12

Location/Qualifiers

source 1..12

3-81-5 Residues NAGLNGYKNG GS 12

3-82

3-82-1

3-82-2 AA
3-82-3 12

3-82-4 Features REGION 1..12
Location/Qualifiers

source 1..12

3-82-5 Residues KAGLNGYKNG GS 12

3-83

3-83-2 AA
3-83-3 12

3-83-4 Features REGION 1..12

Location/Qualifiers

source 1..12
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organism=synthetic construct
NonEnglishQualifier Value

3-83-5 Residues NAGLNGYQNG GS 12

3-84 Sequences
3-84-1 Sequence Number [ID] 84
3-84-2 Molecule Type AA
3-84-3 Length 306
3-84-4 Features

Location/Qualifiers
REGION 1..306
note=EL11_strain_JCP8017A
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-84-5 Residues MSKRGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGHKD KWFEQNYRKA KTTGLDVGAY 60

WYSYASSAGE AAEEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
TYGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCDY QGSYGLWQYS SSGSVDGIAG 180
RVDMDYTYVD YPSVIKKAGL NGYKNGGSYT APQTSSIDEV AREVINGDWG NGNERKNRLT 240
SAGYDYTSVQ NKVNELLGVK AYRKSVDELA REVIRGTWGN GSTRKQRLTQ AGYDYDAVQK 300
RVNELL 306

3-85 Sequences
3-85-1 Sequence Number [ID] 85
3-85-2 Molecule Type AA
3-85-3 Length 306
3-85-4 Features

Location/Qualifiers
REGION 1..306
note=EL3_strain_Gv18-4
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-85-5 Residues MSKKGIDVSV WQGDIDFNSV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTAGLDVGSY 60

WYSYASSAGE ASEEAQSCVN ILSGKSFEYP IYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180
RVDMDYAYVD YPSVIKNAGL NGYQNGGSYT APQTSSIDEV AREVINGDWG NGNDRKNRLI 240
SAGYDYASVQ NKVNELLGVK AYRKSVDELA REVIRGTWGN GSMRKHRLTQ AGYDYDAVQK 300
RVNELL 306

3-86 Sequences
3-86-1 Sequence Number [ID] 86
3-86-2 Molecule Type AA
3-86-3 Length 306
3-86-4 Features

Location/Qualifiers
REGION 1..306
note=EL10_strain_G30-4
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-86-5 Residues MSKRGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTVGLDVGAY 60

WYSYASSAGE ASEEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180
RVDMDYAYVD YPSVIKNAGL NGYKNGGSYT APQISSIDEV AREVINGDWG NGNERKQRLT 240
SAGYDYASVQ NKVNELLGVK AYRKSVDELA REVIRGTWGN GSTRKQRLTQ AGYDYNAVQK 300
RVNELL 306

3-87 Sequences
3-87-1 Sequence Number [ID] 87
3-87-2 Molecule Type AA
3-87-3 Length 306
3-87-4 Features

Location/Qualifiers
REGION 1..306
note=EL12_strain_3549624_non-prophage
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-87-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGHKD KWFEENYRKA KTAGLDVGSY 60

WYSYASSAGE VALEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120
ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180
RVDMDYAYVD YPSVIKNAGL NGYQNGGSYT APQTSSIDEV AREVINGDWG NGIERKNRLT 240
SAGYDYTSVQ NKVNELLGVK AYRKSVDELA REVIRGTWGN GKTRKQRLTQ AGYDYNAVQK 300
RVNELL 306

3-88 Sequences
3-88-1 Sequence Number [ID] 88
3-88-2 Molecule Type AA

3-83-5 Residues 12

3-84

3-84-1

3-84-2 AA
3-84-3 306

3-84-4 Features REGION 1..306

Location/Qualifiers

source 1..306

3-84-5 Residues

WYSYASSAGE AAEEAQSCVN ILSGKSFEYP VYFDLEEKSQ LNRGRDFCDS LITSFCNKLE 120

TYGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCDY QGSYGLWQYS SSGSVDGIAG 180

306

3-85-3

3-85-4 Features

Location/Qualifiers

RVDMDYAYVD YPSVIKNAGL NGYQNGGSYT APQTSSIDEV AREVINGDWG NGNDRKNRLI 240

RVNELL 306

3-86

3-86-1

3-86-2

3-86-3 306

3-86-5

ACGYYAGFYT SLSVANNLVS SHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVNGIAG 180

306

3-88-1

3-88-2
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3-88-3 Length 306
3-88-4 Features

Location/Qualifiers
REGION 1..306
note=EL8_strain_JCP7719
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-88-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSSSE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
TYGYYAGFYT SLSTANNLVS SHVRNRYALW IAQWNTHCSY QGSYGLWQYS SNGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGYKNGGSYT APQTSSIDDV AREVINGAWG NGNERKQRLT 240
QAGYDYTSVQ NKVNKLLGVK ACRKSVDELA REVIRGTWGN GNERKNRLTQ AGYDYDTVQK 300
RVNELL 306

3-89 Sequences
3-89-1 Sequence Number [ID] 89
3-89-2 Molecule Type AA
3-89-3 Length 306
3-89-4 Features

Location/Qualifiers
REGION 1..306
note=EL5_strain_JCP7276
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-89-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSSSE AAEEAQSCAN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITGFCSKLE 120
ACGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCSY QGSYGLWQYS SNGSVPGVAG 180
RVDMDYAYKD YPSIIKNAGL NGCKNGGSDQ AARTSSIDEV AREVINGAWG NGNERKQRLT 240
QAGYDYTSVQ NKVNKLLGVK ACRKSVDELA REVIRGTWGN GNERKNRLTQ AGYDYDTVQK 300
RVNELL 306

3-90 Sequences
3-90-1 Sequence Number [ID] 90
3-90-2 Molecule Type AA
3-90-3 Length 306
3-90-4 Features

Location/Qualifiers
REGION 1..306
note=EL7_strain_AMD
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-90-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSASE AAEEAQSCAN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
TYGYYAGFYT SLSTANNLVS SHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYKD YPSIIKNAGL NGCKNGGSDQ AARTSSIDEV AREVINGAWG NGNERKQRLT 240
QAGYDYTSVQ NKVNKLLGVK ACRKSVDELA REVIRGTWGN GNERKNRLTQ AGYDYDTVQK 300
RVNELL 306

3-91 Sequences
3-91-1 Sequence Number [ID] 91
3-91-2 Molecule Type AA
3-91-3 Length 306
3-91-4 Features

Location/Qualifiers
REGION 1..306
note=EL4_strain_Gv5-1
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-91-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
TYGYYAGFYT SLSVVNNLVS AHVRDRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNVGL NGCKNGGSDQ ATRTSSIDEV AREVINGAWG NGNERKQRLT 240
SAGYDYASVQ NKVNKLLGVK AYRKSVDELA REVIRGTWGN GNERKQRLAQ AGYDYDTVQK 300
RVNELL 306

3-92 Sequences
3-92-1 Sequence Number [ID] 92
3-92-2 Molecule Type AA
3-92-3 Length 251
3-92-4 Features

Location/Qualifiers
REGION 1..251
note=EL6_strain_1400E_frameshift
source 1..251
mol_type=protein
organism=synthetic construct

3-88-3 306

3-88-4 Features REGION 1..306

Location/Qualifiers

source 1..306

3-88-5 Residues

306

3-89

3-89-2

3-89-3

3-89-4 Features

Location/Qualifiers

source 1..306

3-89-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

306

3-90

3-90-2

3-90-3

3-90-4 Features

Location/Qualifiers

3-90-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

306

3-91

3-91-2

3-91-3

3-91-4 Features

Location/Qualifiers

source 1..306

3-91-5 Residues

306

3-92

3-92-2

3-92-3

3-92-4 Features

Location/Qualifiers

source 1..251
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NonEnglishQualifier Value
3-92-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCSKLE 120
SCGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCDY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYKN YPSIIKNAGL NGCKNGGSNQ AARTSSIDDV AREVINGAWG NGNERKQRLT 240
QAGYDYASVA K 251

3-93 Sequences
3-93-1 Sequence Number [ID] 93
3-93-2 Molecule Type AA
3-93-3 Length 306
3-93-4 Features

Location/Qualifiers
REGION 1..306
note=EL1_strain_HMP9231
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-93-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSGFE AAEEAQSLMN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120
ACGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCNY QGSYGLWQYS SNGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGCKNGGSDQ AARTSSIDEV AREVINGAWG NGSTRKQRLT 240
SAGYDYASVQ NKVNELLGVK ACRKSVDELA REVIRGAWGN GSTRKQRLAQ AGYDYDTVQK 300
RVNELL 306

3-94 Sequences
3-94-1 Sequence Number [ID] 94
3-94-2 Molecule Type AA
3-94-3 Length 251
3-94-4 Features

Location/Qualifiers
REGION 1..251
note=EL9_strain_0288E_incomplete_contig
source 1..251
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-94-5 Residues MSKKGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRVFCDS LITSFCNKLE 120
ACGYYAGFYT SLSTANNLVS SHVRNRYALW IAQWNTHCDY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGCKNGGSDQ AARTSSIDEV AREVINGAWG NGSTRKQRLT 240
SAGYDYASVA K 251

3-95 Sequences
3-95-1 Sequence Number [ID] 95
3-95-2 Molecule Type AA
3-95-3 Length 306
3-95-4 Features

Location/Qualifiers
REGION 1..306
note=EL2_strain_Gv18-4
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-95-5 Residues MSKRGIDVSE WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITGFCNKLE 120
SCGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNVGL NGCKNGGSDQ AARTSSIDEV AREVINGAWG NGNERKQRLT 240
SAGYDYASVQ NKVNELLGVK ACRKSVDEIA REVIRGTWGN GSTRKQRLTQ AGYDYDTVQK 300
RVNELL 306

3-96 Sequences
3-96-1 Sequence Number [ID] 96
3-96-2 Molecule Type AA
3-96-3 Length 306
3-96-4 Features

Location/Qualifiers
REGION 1..306
note=EL13_strain_Gv37_1
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-96-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIECKD KWFEQNYRKA KTAGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120
SCGYYAGFYT SLSTANNLVP AHVRNRYALW IAQWNTHCDY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGYKNGESHQ ATRTTSIDEV AREVINGAWG NGNERKQRLT 240
QAGYDYASVQ NKVNELLGVK ACRKSVDELA REVIRGTWGN GNERKNRLTS AGYDYDTVQK 300
RVNELL 306

3-97 Sequences
3-97-1 Sequence Number [ID] 97

3-92-5 Residues

251

3-93

3-93-1 93

3-93-3

3-93-4 Features

Location/Qualifiers

WYSYANSGFE AAEEAQSLMN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120
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3-95-4 Features

Location/Qualifiers
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3-96-4 Features
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RVDMDYAYVD YPSIIKNAGL NGYKNGESHQ ATRTTSIDEV AREVINGAWG NGNERKQRLT 240
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3-97-2 Molecule Type AA
3-97-3 Length 306
3-97-4 Features

Location/Qualifiers
REGION 1..306
note=EL14_strain_Gv37_2
source 1..306
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-97-5 Residues MSKKGIDVSV WQGDIDFNAV KASGVEFVII RAGYGIGCKD KWFEQNYRKA KTCGLDVGAY 60

WYSYANSGFE AAEEAQSCVN MLSGKSFEYP VYFDLEEKSQ LNRGRAFCDS LITSFCNKLE 120
ACGYYAGFYT SLSTANNLVS AHVRNRYALW IAQWNTHCSY QGSYGLWQYS SSGSVPGVAG 180
RVDMDYAYVD YPSIIKNAGL NGYKNGESHQ ATRTTSIDEV AREVINGAWG NGNERKQRLT 240
SAGYDYASVQ NKVNELLGVK ACRKSVDELA REVIRGAWGN GSTRKQRLTS AGYDYDTVQK 300
RVNELL 306
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