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LysECD7 Variants and Methods of Using the Same
Field of the Invention

[0001] The present disclosure relates generally to the field of LysECD7 variants, spores with
surface displayed anti-microbial peptides such as the LysECD?7 variants, and methods of using

the same.
Background of the Invention

[0002] Antibiotic-resistant microbes (AMRSs) are one of the largest threats to human health in the
world (1). The widespread use of antibiotics in agriculture has exacerbated the problem. Without
effective antibiotics, even the simplest surgical operation or a single scratch could become
potentially life-threatening. The United Nations recently released a report stating that the current
yearly death toll from drug-resistant diseases is 700,000 and that if no action is taken this could
rise to 10 million deaths per year by 2030 and force up to 24 million people into extreme poverty
(2). Discovery and development of new antibiotics has slowed considerably in the years following
the ‘golden age’ of antibiotic discovery which lasted from the 1940s through the 1970s (3). From
2004-2014 less than one new antibiotic was approved for use per year, and the search for
alternative antimicrobial therapies has intensified.

[0003] Antimicrobial peptides (AMPs) are a distinct class of molecules found in virtually all forms
of life (4). Their action may be specific or against broad classes of microbes. Bacteria and fungi
produce antimicrobial peptides to eliminate competition for resources. Plants lack an adaptive
immune system and so AMPs form an important component of their immune defence (4).
LysECD7 is an AMP and part of a group of bacteriophage lysins that show great promise as
alternatives to antibiotics (5). It is derived from the Myoviridae bacteriophage family and has
demonstrated activity against a panel of Gram-negative clinical bacterial isolates which included
P. aeruginosa, A. baumannii, K. pneumoniae, and Salmonella typhi strains, and against
multiresistant strains of . coli (6). The addition of the N-terminus sheep myeloid peptide of 29
amino acids (SMAP-29) to LysECD7 broadens the range of antimicrobial activity to include not
only gram negative but also gram positive bacteria, and enhances stability under different test
conditions (8). The sequence of the LysECD7 protein with added SMAP-29 (LysECD7-SMAP)
is shown in FIG 1.
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[0004] Recently there has been a great deal of interest in medical uses of antimicrobial peptides to
combat infection and also biofilm formation on implants (7). They have also been proposed as
food preservatives (9,10). Different uses of antimicrobial peptides may call for different levels of
antimicrobial effectiveness and different microbe target specificities. Thus, there is a need for
additional AMPs.

Summary of the Invention

[0005] The present disclosure relates to a group of AMPs (referred to as “LysECD?7 variants” or
“LysECD7 variant proteins”) that are based on the wild-type enzyme LysECD7 but with specific
amino acid substitutions, polynucleotides and vectors encoding the same, peptide fragments
thereof, cells or spores expressing the polynucleotide or vector, and methods of using and making
the same.

[0006] The present disclosure further pertains to such variants with a SMAP peptide
(RGLRRLGRKIAHGVKKYGPTVLRIIRIAG (SEQ ID NO: 8)) attached to the N or C terminal
region of LysECD7 variants. In all parts of this document, the term “LysECD7 variants”
or“LysECD?7 variant proteins” will include LysECD7 variants and LysECD7 variants conjugated
to SMAP.

[0007] In addition, the present disclosure relates to spore-associated or microbe-associated
LysECD7 variants. The association of LysECD7 variants with spores or microbes can include
surface display by covalent or noncovalent association or by mixing. The association of LysECD7
variants with spores or microbes can include expression by way of fusion to a crust protein such
as CotY. The spores can further comprises a barcode region and also have a genome modified so
that the spore is non-germinating, as described in W02020243730A1, which is hereby
incorporated by reference in its entirety.

[0008] The present disclosure is further directed to fragments or subsequences of LysECD7
variant nucleic acids comprising hybridizable portions of the LysECD7 variant sequence which

have use, e.g. in nucleic acid-based assays.

Drawings
[0009] Figure 1 shows the wild-type amino acid sequence, nucleic acid sequence encoding the

amino acid sequence, and a nucleic acid sequence that can hybridize therewith.
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[0010] Figure 2 is a theoretical, three dimensional model of the LysECD7 protein based upon the
crystal structure of ChiXa whose amino acid sequence is 49% homologous with LysECD7.
[0011] Figure 3 is a more detailed view of a theoretical, three-dimensional model of the LysECD7
protein that is color coded to show where the active sites are (indicated by a star) and proposed
zones of mutation.

[0012] Figure 4 depicts which amino acid positions showed either a significant increase or
decrease in lysis activity when compared to the ‘wild type” LysECD7-SMAP.

[0013] Figure 5 depicts a vector map of the LysECD7 variant—CotY fusion protein. As depicted,
the vector utilizes the pBS1C-backbone of the Bartel reference (see Example section for full
citation), which carries a cat gene mediating chloramphenicol resistance in B. subtilis flanked by
homologous integration sites for the amyFE locus in the genome of B. subftilis, as well as the bla
gene for an ampicillin resistance and an origin of replication (ori) for vector propagation in
Escherichia coli. The expression cassette is located between the restriction sites EcoRI and Pstl.
It contains the strongest crust operon promoter PcotYZ, the LysECD7 variant, one of the crust
genes (cotV, cotW, cotX, cotY, cotZ, or cgeA), and a transcriptional terminator. The enzymes of
use are Xbal (X), NgoMIV (N), Agel (A), and Spel (S), where N and A produce compatible
overhangs, following the BioBrick RFC2520 cloning standard for fusion proteins, but including a
ribosome binding site (RBS) for B. subfilis.

Detailed Description

[0014] LysECD7 variants as well as fragments or derivatives thereof can comprise or consist of
an amino acid sequence with one or more mutations within one or more of the regions selected
from amino acid residues 25-40, amino acid residues 68-73, amino acid residues 97-110, and
amino acid residues 119-131 of SEQ ID NO: 1 which is the sequence of wild type variant
LyseECD7. Other LysECD7 variant embodiments include the afore-mentioned LysECD7 variants
attached to SMAP-29. The various variant sequences contemplated by the present disclosure are

shown in Table 1 below.

Table 1:
Sequence )

Variant 1 | MRKLRRLKRKIAHKVKKYF XHRALELT
PVDFGITEGVRSLETQKKYV . TMKSRHLHGLAVDVVAYPKDKD
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Variant 2 HPDXVKVXHRALELTP

(SEQ ID NO: 2)
Variant 3 | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELTP

VDFGITEGVRSLETQKKYVAEGKXKT SRHLHG VDVVAYPKDKDT

(SEQ ID NO: 3)
Variant4 | MRKLRRLKRKIAHK VKKYFKLSQRSKDRE

(SEQ ID NO: 4)
Variant 5 | MRKLRRLKRKIAHK VKKYFKLSQRSKDRLVGVHPDLVK V%
VDFGITEGVRSLETQKKYVAEGKSKTMKSRﬁLHGLAVDVVAYPKDKDT

Variant 6

Variant 7

WNMKYYRMIADAFKQAGRELGVSVEWGGDW VSF
(SEQ ID NO: 7)

[0015] The grayed amino acid residues in the above table of sequences are the possible sites of
mutation, signified by an X. The Xs can be any amino acid that is the same as or different from
the corresponding amino acid in the wild type sequence as shown in FIG. 1, wherein at least one
X is different from that of the wild type sequence. In other words, the Xs of SEQ ID NO: 2, 3, 4,
5,6, 7, or 9 are selected from the following amino acids: A,R, N, D, C, Q,E, G,H, L L, K, M, F,
P, S, T, W, Y, and V such that at least one X within a given sequence is not the same amino acid
as that in the same position in SEQ ID NO: 1. In some embodiments, only one position is mutated.
In some embodiments, only two or three positions are mutated. These variants have altered
function such as greater or lesser microbial lysis efficiency or altered target specificity.

[0016] Table 2 below is a table showing what the amino acid substitutions can be when the wild-
type residue is a certain type. For example, according to the 1% row in Table 2, in some

embodiments, when an X in any one of SEQ ID Nos: 2 to 7 corresponds to an L in that same
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position in the wild-type residue of SEQ ID NO: 1, then the amino acid at the X is an amino acid
selected from G, A, V, L P, F, M, and W.

Table 2:
Wild Type Amino Acid at Corresponding X Substitutions
Position

G, A V,LP,F,M or W

G, AL LP,F,M orW

G, A V,LLP,F,orM

A V,LLP,F,M,orW

>l o =| <| &

G, V,LLLP,F,M,or W

ot

G A V,LLP,F, M, or W

G, A V,L,LP,M,or W

WorY

C, T, Y, NorQ

T

S,C, T,N, orQ

Forw

E

RorH

LR D A S C Y,P,orN

KorH

RorK

S ZE| R AR A~ D K| <l »nom T

YorF

[0017] Other embodiments include peptides according to the above but also with 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 11, 12, 13, 14, or 15 conservative substitutions at residues not within the range of 25-
40, 68-73, 97-110, 119-131, and 138-143. These ranges are believed to be the regions that
participate in binding, and those outside of these ranges can tolerate some conservative alterations

without altering the function of the peptide. A conservative substitution is one where the
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substituted residue is one of similar polarity. For example, the nonpolar (hydrophobic) amino
acids—alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan and methionine—
can be substituted for each other. Similarly, the polar neutral amino acids--glycine, serine,
threonine, cysteine, tyrosine, asparagine, and glutamine—can be substituted for each other. The
positively charged (basic) amino acids—arginine, lysine and histidine—can be substituted for each
other. The negatively charged (acidic) amino acids—aspartic acid and glutamic acid— can be
substituted for each other.

[0018] In some embodiments, the LysECD?7 variant is one that has a substitution at position 26
(K) of the wild-type sequence wherein the substitution is selected from the following group of
amino acids: I, R, D, A, S, C, Y, P, and N. Such sequences are shown below in Table 3. These
peptides exhibit a higher lysis activity than the wild-type form.

Table 3

Sequence

Variant 82 | MRKLRRLKRKIAHKVKKYFKLSQRSCDRLVGVHPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 10)

Variant 8b | MRKLRRLKRKIAHKVKKYFKLSQRSIDRLVGVHPDLVKVVHRALELTPV
DFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDTW
NMKYYRMIADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSKYP
(SEQID NO: 11)

Variant 8¢ | MRKLRRLKRKIAHKVKKYFKLSQRSYDRLVGVHPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 12)

Variant 8d | MRKLRRLKRKIAHKVKKYFKLSQRSADRLVGVHPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 13)

Variant 8¢ | MRKLRRLKRKIAHKVKKYFKLSQRSPDRLVGVHPDLVKVVHRALELTPV
DFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDTW
NMKYYRMIADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSKYP
(SEQ ID NO: 14)

Variant 8f | MRKLRRLKRKIAHKVKKYFKLSQRSRDRLVGVHPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 15)

Variant 8g | MRKLRRLKRKIAHKVKKYFKLSQRSDDRLVGVHPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
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WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 16)

Variant 8h | MRKLRRLKRKIAHK VKK YFKLSQRSSDRLVGVHPDLVKVVHRALELTPV
DFGITEGVRSLETQKKYVAEGK SK TMKSRHLHGLAVDVVAYPKDKDTW
NMKYYRMIADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSK YP
(SEQ ID NO: 17)

Variant 81 | MRKLRRLKRKIAHK VKKYFKLSQRSNDRLVGVHPDLVKVVHRALELTP

VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 18)

[0019] In some embodiments, the LysECD7 variant is one that has a substitution at position

33(H) of the wild-type sequence wherein the substitution is selected from the following group of

amino acids: A, R, N,D,C,Q,E, G, L, K, M, F, P, S, T, W, Y, and V. Such sequences are

shown below in Table 4.

Table 4

Sequence

Variant 9a

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVAPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 19)

Variant 9b

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVRPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 20)

Variant 9¢

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVNPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 21)

Variant 9d

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVDPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 22)

Variant 9e

MRKLRRLKRKIAHK VKKYFKLSQRSKDRLVGVCPDLVKVVHRALELTP

VDFGITEGVRSLETQKKY VAEGK SKTMKSRHLHGLAVDVVAYPKDKDT
WNMKYYRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 23)

Variant 9f

MRKLRRLKRKIAHK VKKYFKLSQRSKDRLVGVQOPDLVKVVHRALELTP

VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSK YP
(SEQ ID NO: 24)

Variant 9g

MRKLRRLKRKIAHKVKKYFKLSQRSKDRLVGVEPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
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WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 25)

Variant 9h

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVGPDLVKVVHRALELTP

VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 26)

Variant 91

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVIPDLVKVVHRALELTPV
DFGITEGVRSLETQKKYVAEGK SK TMKSRHLHGLAVDVVAYPKDKDTW
NMKYYRMIADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSK YP
(SEQ ID NO: 27)

Variant 9j

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVLPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 28)

Variant 9k

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVKPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 29)

Variant 91

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVMPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGK SKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 30)

Variant
9m

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVEPDLVKVVHRALELTPV
DFGITEGVRSLETQKKYVAEGK SK TMKSRHLHGLAVDVVAYPKDKDTW
NMKYYRMIADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSK YP
(SEQ ID NO: 31)

Variant 9n

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVPPDLVKVVHRALELTPV
DFGITEGVRSLETQKKYVAEGK SK TMKSRHLHGLAVDVVAYPKDKDTW
NMKYYRMIADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSK YP
(SEQ ID NO: 32)

Variant 90

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVSPDLVKVVHRALELTPV
DFGITEGVRSLETQKKYVAEGK SK TMKSRHLHGLAVDVVAYPKDKDTW
NMKYYRMIADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSK YP
(SEQ ID NO: 33)

Variant 9p

MRKLRRLKRKIAHK VKKYFKLSQRSKDRLVGVITPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSK YP
(SEQ ID NO: 34)

Variant 9q

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVWPDLVKVVHRALELTP
VDFGITEGVRSLETQKKY VAEGK SKTMKSRHLHGLAVDVVAYPKDKDT
WNMKYYRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 35)

Variant 9r

MRKLRRLKRKIAHK VKKYFKLSQRSKDRLVGVYPDLVKVVHRALELTP
VDFGITEGVRSLETQKKY VAEGK SKTMKSRHLHGLAVDVVAYPKDKDT
WNMKYYRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 36)
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Variant 9s | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVVPDLVKVVHRALELTP
VDFGITEGVRSLETQKKYVAEGKSKTMK SRHLHGLAVDVVAYPKDKDT
WNMKY YRMIADAFKQAGRELGVSVEWGGDW VSFKDGVHFQLPHSKYP
(SEQ ID NO: 37)

[0020] In some embodiments, the LysECD7 variant is one that has a substitution at position 120
(V) of the wild-type sequence wherein the substitution is selected from the following group of
amino acids: G, A,L,LP,F,M, W, R N,D,C,Q,E, H K, S, T, and Y. Such sequences are
shown below in Table 5.

[0021] Table 5

Sequence

Variant 10a | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK

DTWNMKY YRMIADAFKQAGRELGVSGEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 38)

Variant 10b | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK

DTWNMKY YRMIADAFKQAGRELGVSAEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 39)

Variant 10c | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGVSLEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 40)

Variant 10d | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMK SRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGVSIEWGGDWYVSFKDGVHFQLPHS
KY (SEQ ID NO: 41)

Variant 10e | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGVSPEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 42)

Variant 10f | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGVSFEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 43)

Variant 10g | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDK
DTWNMKYYRMIADAFKQAGRELGVSMEWGGDWYVSFKDGVHFQLPH
SKY (SEQ ID NO: 44)

Variant 10h | MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDK
DTWNMKYYRMIADAFKQAGRELGVSWEWGGDW VSFKDGVHFQLPH
SKY (SEQ ID NO: 45)
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Variant 101

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGVSREWGGDWYVSFKDGVHFQLPHS
KY (SEQ ID NO: 46)

Variant 10;

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK

DTWNMKY YRMIADAFKQAGRELGVSNEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 47)

Variant 10k

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK

DTWNMKY YRMIADAFKQAGRELGYVSDEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 48)

Variant 101

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGVSCEWGGDWYVSFKDGVHFQLPHS
KY (SEQ ID NO: 49)

Variant 10m

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK

DTWNMKY YRMIADAFKQAGRELGYVSQEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 50)

Variant 10n

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGYVSEEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 51)

Variant 100

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK

DTWNMKY YRMIADAFKQAGRELGVSHEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 52)

Variant 10p

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK

DTWNMKY YRMIADAFKQAGRELGVSKEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 53)

Variant 10q

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLA VDVVAYPKDK
DTWNMKY YRMIADAFKQAGRELGVSSEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 54)

Variant 10r

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT
PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDK
DTWNMKYYRMIADAFKQAGRELGVSTEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 55)

Variant 10s

MRKLRRLKRKIAHK VKK YFKLSQRSKDRLVGVHPDLVKVVHRALELT

PVDFGITEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDK

DTWNMKYYRMIADAFKQAGRELGVSYEWGGDW VSFKDGVHFQLPHS
KY (SEQ ID NO: 56)

10




WO 2023/034646 PCT/US2022/042667

[0022] Other embodiments comprise fragments of the above-described LysECD7 variants. A
LysECD7 variant fragment comprises or consists of a portion of the peptide according to any one
of SEQ ID Nos: 2 to 7 and 9 to 56, wherein the portion comprises or consists of residues one or
more regions selected from 25-40, 68-73, 25-73, 25-110, 25-131, 68-110, 68-131, 97-110, 97-131,
or 119-131, wherein the fragment comprises at least one mutation.

[0023] Other embodiments include polynucleotides that encode the LysECD7 variants described
herein or the LysECD7 variant fragment described herein. Due to the degeneracy of nucleotide
coding sequences, multiple DNA sequences can encode the same amino acid sequence and are
also contemplated.

[0024] Another embodiment is a polynucleotide that comprises a sequence that hybridizes with a
polynucleotide that encodes LysECD7 variant fragment as described above. These hybridizable
polynucleotides can comprise 8 to 50 or 10 to 24 nucleotides. Such hybridizable polynucleotides
can be used in nucleic acid hybridization-based assays such as PCR, isothermal amplification, and
the like.

[0025] Another embodiment is fusion protein comprising one or more anti-microbial peptides
selected from a wt LysECD7 peptide, wt LysECD7-SMAP29 fusion peptide, or LysECD7 variant
peptide as described herein (which includes SMAP fusions) and a spore crust protein selected from
CotV, CotW, CotX, CotY, CotZ, and CgeA of B. subtilis, wherein the one or more peptides are N-
terminally attached, C-terminally attached, or both N-terminally and C-terminally attached to the
spore crust protein. In an embodiment, the spore crust protein is CotY. In another embodiment,
the spore crust protein is CotX. In another embodiment, the spore crust protein is CotZ. In another
embodiment, the spore crust protein is CotW. In another embodiment, the spore crust protein is
CotV. In an embodiment, two or three anti-microbial peptides are attached to the spore crust
protein at its N-terminal end.

[0026] Another embodiment of the present disclosure is a vector comprising for expression a
polynucleotide or a polynucleotide encoding the LysECD7 variants described herein or encoding
the fusion protein described above. In an embodiment, the polynucleotide encodes a peptide
having an amino acid sequence selected from SEQ ID Nos: 2 to 7 and 9 to 56. In an embodiment,
the polynucleotide encodes a peptide having an amino acid sequence selected from SEQ ID Nos:
2 to 7 and 9 to 56 and a SMAP29 peptide (SEQ ID NO: 8). In an embodiment, the vector further

comprises for expression a promoter, such as a promoter selected from Pyib, Pcotyz, Peotvwx, and
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Peotx. The sequences of the described promoters are known to those in the field. The following
are sequences for promoters Pylb, PcotYZ, and PcotVWX, wherein the start codon is the last three

nucleotides in bold, italic font.

[0027] Table 6

Promoter

Sequence

PcotVWX

ATGAATTGTATCTTGTCCGGCAGAAAATTGGTTATTTTTATTATTCCGCTCTGCACC
CCATTTGCATTATATAGAGTATGGATAAGAAAGGAGTGAAGGTTATG (SEQ ID NO:
57)

PcotYZ

ACGCTCTGCTTTTTCTTATTTTCCAAGCATATGATGAATATATAGACGTTCACCCA
CACCAAGTGGGGCACGGGTACATATGTTGTTAAGGACTAAAGTCAAATACCCTAT
AATTCTAGAAAGGAGGTGGCCGGCATG (SEQ ID NO:58)

Pylb

AAGTTTAAATATTTGGATTTTTTAAATAAAGCGTTTACAATATATGTAGAAACAAC

AAAGGGGGAGATTTGTATG (SEQ ID NO:59)

[0028] Optionally, a linker is located between the anti-microbial peptide and the spore crust
protein. The linker can be a peptide sequence of between 10 and 20 amino acid residues to create
a physical distance between the anti-microbial peptide and the spore crust protein to mitigate
interference with the activity by the fusion partner. The linker can be rigid or flexible. In an
embodiment, the linker has a secondary structure that is an alpha-helical structure, such as a linker
having a sequence GGGEAAAKGGG (SEQ ID NO: 60).

[0029] Another embodiment of the present disclosure is a method of detecting a polynucleotide
described herein, comprising contacting the polynucleotide with a reference sequence that is
configured to hybridize with at least portion of the polynucleotide, wherein the portion hybridizes
with the portion of the sequence that encodes amino acid residues 25-40, 68-73, 97-110, 119-131,
or a combination thereof of the encoded LysECD7 variant peptide. Another embodiment of the
present disclosure is a method of detecting a LysECD7 variant described herein, comprising
contacting the variant with a reference sequence that is configured to hybridize with at least portion
of the variant, wherein the reference sequence has a sequence that hybridizes with the amino acid
residues 25-40, 68-73, 97-110, 119-131, or a combination thereof of the LysECD7 variant.
[0030] Another embodiment of the present disclosure is a spore having an anti-microbial peptide
selected from a wt LysECD7 peptide, wt LysECD7-SMAP29 fusion peptide, or LysECD7 variant
peptide as described herein conjugated to the surface of the spore or wherein the spore is modified

to express the anti-microbial peptide on the surface of the spore. In an embodiment, the spore
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comprises the expression cassette of the vector as described herein. In an embodiment, the genome
of the spore is modified with the vector as described herein. In an embodiment, the spore is a spore
according to PCT Publication W02020243730A1, which is hereby incorporated by reference in
its entirety.

[0031] In an embodiment, the spore further comprises one or more recombinant biological
barcodes that can be utilized to track and identify the spore. The spore can be mixed or applied to
an object that moves through a supply chain and then subsequently extracted from the object on
which it is mixed or applied to determine the barcode. The biological barcode can consist of 12-
1000 nucleotides. In an embodiment, at least one of the one or more recombinant biological
barcodes is a nucleic acid sequence comprising one or more barcode regions, wherein the barcode
region consists of a series of N nucleotides that are not present in the wild-type spore or any other
region of the biological barcode and differs by three or more nucleotides from a series of N
nucleotides in the wild-type spore or any other region of the biological barcode, wherein N is at
least 12.

[0032] In an embodiment, the biological barcode comprises a barcode region or comprises one or
more conserved regions and one or more barcode regions. The conserved region is useful so that
a single primer can be used to detect more than one biological barcode. For example, in a system
embodiment, a first object has applied thereto a first spore as described herein and a second object
has applied thereto a second spore, wherein each comprises its own unique biological barcode. In
an embodiment wherein the biological barcode comprises a conserved region and a barcode region,
the conserved regions have an identical sequence such that a single primer can be used to hybridize
with both the first and second biological barcodes for the purpose sequencing the barcode regions
of the first spore and the second spore. The barcode region sequence obtained through sequencing
can then be matched with a barcode sequence stored in a database of a plurality of barcode
sequences, wherein the barcode sequence is associated with one of the first or second object. By
way of matching the sequenced barcode region with the barcode sequence stored in the database,
the identity of the first or second object can be confirmed.

[0033] In an embodiment, spores as described above can have a genome modified to render
inoperable one or more genes that are needed for spore germination. The genome modified to
render inoperable one or more genes that are needed for production of an essential metabolite or

germination. The spores can be of a genus selected from Bacillus, Clostridium, and
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Saccharmoyces. The spores can be of a species selected from Bacillus subtilis, Bacillus cereus,
Bacillus thuringiensis, Clostridium difficile, Clostridium perfringens, and Saccharomyces
cerevisiae.

[0034] In an embodiment, the species is B. subtilis, and the genome does not express at least one
of or any combination of sleB, cw/D, and cwl/. In an embodiment, the genome does not express
gerD. In an embodiment, the genome does not express a gene selected from the gerA4 operon,
gerAA, gerAB, gerB operon, gerC, gerK operon, gerP, gerT, gerM, gerQ, gerk, ypeB, pdaA, cotH,
cotG, cotB, cotE, cotT, spoVAC, spoVAD, spoVAE, and sscA. In an embodiment, the genome does
not express a gene encoding a germinant nutrient receptor and/or a cell wall lytic enzyme.

[0035] Another embodiment is a method of inhibiting microbial growth comprising applying a
growth-inhibiting amount of a LysECD7 variant as described herein or a spore containing an anti-
microbial peptide to an object. In an embodiment, the object is edible. In an embodiment, the
object is a crop. In an embodiment, the object is a food crop, such as an apple or a leafy green like
lettuce or spinach. In another embodiment, the object is a processed food such as ice cream or
olive oil. In an embodiment, the application of the peptide comprises spraying the formulation
described below to the object. The microbial growth that is inhibited can be the growth of Gram
negative bacteria and optionally, a Gram positive bacteria by the activity of the SMAP29 peptide
or the growth of at least £. coli and/or Salmonella. In an embodiment, the LysECD7 variant is
part of a spore. The spore as described herein can applied to the object, wherein the anti-microbial
peptide, such as a LysECD7 variant, is conjugated to or expressed on the surface of the spore. This
method can reduce the likelihood of food-borne illness associated with microbial growth when the
object is an edible object.

[0036] Another embodiment is a method of treating a subject for a microbial infection, reducing
the incidence of a microbial infection (e.g., preventing) comprising administering to a subject in
need thereof a therapeutic amount of a LysECD7 variant to the subject. In an embodiment, the
subject is a human, livestock, a pet, or a mammalian pet.

[0037] Another embodiment is formulation comprising an LysECD7 variant as described herein
or a spore as described herein. In an embodiment, the formulation is an aqueous solution that is
suitable for spraying, such as on a crop. In an embodiment, the formulation comprises or consists

of water.
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Examples

Example 1:

Mutation Site Determination:

[0038] The following protocol was used to determine the regions of LysECD7 where amino acid
changes would be most likely to result in altered function. First, the nucleic acid sequence of wild
type LysECD7 was compared to all known protein sequences using the BLAST tool (publicly
available at ncbi.nlm.nih.gov). Candidate proteins showing significant amino acid homology with
LysECD7 that also had crystal structure data available were identified, and the Serratia
marcescens L-Ala D-Glu endopeptidase ChiXa (SOPD) was chosen as the closest match. Amino
acid positions to be varied were determined by creating a three dimensional model of the LysECD7
protein based on the crystal structure of ChiXa whose amino acid sequence is 49% homologous
with LysECD7 (FIG 2). Five separate mutation zones were identified and targeted for mutation
(FIG 3) and these zones are marked by arrows in the amino acid sequence shown in FIG 1. Fifty
five amino acid positions were mutated for a total of 1100 variants. LysECD7 variants with an
optimized SMAP29 region were screened in pools for altered antimicrobial activity and critical

amino acids identified to create a suite of variants with titrated activities.

LysECD7 variants with increased or decreased lysis activity against E. coli:

[0039] Five mutation zones within the LysECD7 protein were identified as shown in FIG. 1. For
each amino acid position within the mutation zones, DNA encoding variants of LysECD7 with an
optimized SMAP region as depicted in FIG. 1 were chemically synthesized in pools with the
modifications at the X positions in SEQ ID NO:9. Each pool contained an identical set of encoded
LysECD7 variants, except that one amino acid position was modified to have a different amino
acid and all 20 amino acids were represented in the pool. Codons were optimized for expression
in E. coli. The expression construct comprised T7 promoter, F. coli ribosome binding site, and
transcriptional terminator so that the DNA could be transcribed and translated using a cell-free
system.

[0040] The pools were used to create double stranded DNA that was tethered to Streptavidin
Coated Polystyrene Particles (Spherotech #SVP 150-4) in a manner consistent with the
manufacturer’s instructions. Briefly, polymerase chain reaction (PCR) amplification was used to

amplify the DNA with a biotin label added to the 5° end of the reverse primer and the amplified
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DNA attached to the Streptavidin Coated Polystyrene Particles (SCPPs) in the following manner.
The desired amount of SCPPs is washed 3x in an equal volume of phosphate buffered saline
containing 0.5% Tween 20 (PBST).

[0041] After final wash the SCPPs are re-suspended in PBST and biotinylated DNA added in
excess, then incubated at room temperature with end-over-end rotation for 30 minutes. The SCPPs
are then washed 3x with PBST and re-suspended at the desired concentration in PBST and stored
at 4C. Successful attachment was verified using PCR primers that recognized portions of
LysECD7 variants outside the mutation zones. The ‘wild type’ LysECD7 with optimized SMAP
was also synthesized, tethered to SCPPs, and used as a control in the experiments. The
NEBExpress® Cell-free £. coli Protein Synthesis System was used to transcribe and translate the
LysECD7 variants which were then assayed for their ability to lyse F. coli. The E. coli used in the
assay were engineered to express fluorescent protein and lysis was monitored both by
disappearance of the intact bacterial cells and by release of fluorescent protein into the media. In
the region comprising amino acids 25-37, several amino acid positions showed either a significant
increase or decrease in lysis activity when compared to the ‘wild type’ LysECD7-SMAP as shown
in Fig. 4. The table in Figure 4 ranks the variants based on the p values represented by red dot
(<0.01) yellow dot (<0.05) or gray dot (>0.05). The P-value was using unpaired t-test between
each variant and the wild type tested at the same time for normalized biomass delta and normalized
lysis.

Example 3 — Lysis activity of variants at position 26

[0042] Variants with a substitution at position 26 were examined by cloning all 19 Lys-ECD7
mutants and the wild type sequence separately into a plasmid vector that adds a 6xHis tag for
purification and places the DNA sequence under control of T7 promoter that is IPTG inducible.
The plasmids were used to transform £. coli and the proteins expressed. The insoluble fractions
were collected and found to contain the Lys-ECD7 mutant proteins. After adjusting for the protein
concentration the mutants were tested for their ability to lyse £. coli compared to that of the wild
type enzyme similarly expressed. As summarized in Table 7 below, several mutants showed

increased ability to lyse £. coli cells.
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Table 7

PCT/US2022/042667

Single amino acid
substitution of Lysine (K)
26

Codon base
substitution

Mutants with higher lytic
activity than
LysECD7_SMAP29 (WT)

Lysine (K)>Histidine (H)

AAA>CAC

Lysine (K)> Glutamine(Q)

AAA>CAG

Lysine (K)>Valine (V)

AAA>GTT

12 | Lysine (K)>Tryptophan (W) | AAA>TGG
13 | Lysine (K)>Leucine (L) AAA>CTG
\14 | Lysine (K)>Glycine (G) AAA>GGT

16 | Lysine (K)>Glutamate (E) AAA>GAA

17 | Lysine (K)>Phenylalanine AAA>TTC
)

18 | Lysine (K)>Threonine (T) AAA>ACC
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Example 4 - Spore surface display

[0043] This examples describes the development and expression of anti-bacterial chimeric
proteins on the surface of a B. subtilis spore crust. Vectors were configured to express one of three
chimeric peptides as follows: eGFP-LysECD7-SMAP29-GGGEAAAKGGG-CotY; eGFP-
LysECD7-GGGEAAAKGGG-CotY; and LysECD7-SMAP29-CotY. For this experiment, all of
the chimeric proteins comprise the CotY protein, as it is one of the most abundant proteins that
make up the outer crust of the Bacillus subtilis spore. By expressing CotY as a fusion with
LyseECD7 variants and optionally, SMAP29, the anti-microbial peptides are displayed on the
spore crust.

[0044] The vector and methodology used to express the above-described fusion protein in B.
subtilis 1s described in Bartels ef al., Sporobeads: The Utilization of the Bacillus subtilis Endospore
Crust as a Protein Display Platform. ACS Synth Biol. 2018 Feb 16;7(2):452-461, which is hereby
incorporated by reference in its entirety. The vector system (p1CSV) described in Bartels ef al.
(2018) was used, in particular, the vector system wherein CotY is under the control of the PcotYZ
promoter and the LysECD7 variant or LysECD7 plus SMAP29 fusion were located on the N-
terminal side of CotY. As described in Bartels ef al. ( 2018), the plCSV vector is configured such
that the expression cassette was integrated into the amyFE locus of the B. subtilis genome. The

sequence encoding the CotY protein is shown below.

Spore Crust | Sequence

Protein

CotY w/o | ATGAGCTGCGGAAAAACCCATGGCCGACATGAGAACTGTGTATGCGATGCAGTGGAA
AAGATTTTAGCAGAGCAGGAGGCAGTTGAAGAACAGTGTCCGACTGGCTGCTATACC
stop codon | AACCTTTTAAACCCTACGATTGCTGGAAAAGACACAATTCCGTTTCTCGTTTTTGATA
AAAAAGGCGGATTGTTCTCCACATTCGGAAACGTAGGGGGATTTGTGGATGATATGC
AATGCTTTGAATCCATTTTCTTCCGCGTCGAAAAATTATGCGATTGCTGTGCAACACT
GTCTATTTTACGCCCGGTCGATGTCAAAGGCGATACCTTAAGTGTTTGCCACCCTTGC
GACCCGGATTTCTTCGGGCTAGAAAAAACAGATTTCTGCATTGAAGTGGATCTCGGAT
GCTTCTGCGCGATTCAGTGCCTGTCACCAGAGCTAGTTGACAGAACATCGCCTCACAA
AGATAAAAAGCATCATCAC (SEQIDNO: 61)

18



WO 2023/034646 PCT/US2022/042667

[0045] Spores bearing the fusion proteins were made using DSM media according to a method
published in Harwood C.M. and Cutting S.M., Molecular Biological Methods for Bacillus, Wiley
1990, which is hereby incorporated by reference in its entirety.

[0046] Expression of the LysECD7 fusion proteins were detected by Western blot using an anti-
CotY antibody. Fusions were detected both with and without SMAP29. Spores comprising eGFP-
LysECD7- SMAP29-CotY fusions showed fluorescence signal.

[0047] The spores generated demonstrated antibacterial activity in an initial assay.
Example S - Antibacterial testing in water

[0048] Purified LysECD7 variant according to SEQ ID NO: 11 (Variant 8b) showed antibacterial
activity against three F. coli strains, namely, Turbo, BL21(DE3), and Seattle 1946.

[0049] Dilutions of purified protein were mixed with between 4 x 107 E. coli cells per ml in water,
and after a 10 minute incubation period, dilutions of the mixture were spread on L-agar plates.
The minimum inhibitory concentration of LysECD7 against these strains was 10 ug/ml against £.

coli BL21(DE3) and Seattle 1946.
Example 6 - Antibacterial testing on the surface of lettuce

[0050] As described in this example, purified LysECD7 showed antibacterial activity against .
coli BL21(DE3) on the surface of a leaf of Romaine lettuce. This was carried out by removing the
natural microbiome of the lettuce by treatment with chlorinated water (200mg/l Calcium
hypochlorite). FE. coli BL21(DE3) cells were then applied to the surface by spotting. Purified
LysECD7 was then spotted onto the surface of the leaf. Treated leaves were then digested with
pectinase (90U/ml) to release bacteria from the surface of the leaf, filtered, and then dilutions of
the mixture were spread on L-agar plates. An aqueous solution of 250 ug/ml LysECD7 K261
(without SMAP) killed 70-80% of the £. coli BL21(DE3) on the surface of the leaf compared to
an untreated control. An aqueous solution of 25 ug/ml LysECD7 K26I (with SMAP) killed 82%
of the . coli BL21(DE3) on the surface of the leaf compared to an untreated control.
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Claims

1. A peptide comprising a sequence that is a LysECD7 variant of a LysECD7 wild-

type sequence, wherein the wild type has a sequence as follows:

MRKLRRLKRKIAHKVKKYFKLSQRSKDRLVGVHPDLVKVVHRALELTPVDFGIT
EGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDTWNMKY YRMI
ADAFKQAGRELGVSVEWGGDWVSFKDGVHFQLPHSKYP (SEQ ID NO:1)

wherein the LysECD7 variant comprises a sequence SEQ ID NO: 1 with at least one
amino acid residue selected from positions 25-40, 68-73, 97-110, 119-131, and 138-143
of SEQ ID NO: 1 substituted with a different amino acid.

2. The peptide according to claim 1 comprising a sequence according to the

following:

MRKLRRLKRKIAHKVKKYFKLSQR

¥ ADXFKQAGRELGVSVE 'GVHFQLPHSKYP (SEQ ID NO: 2);

wherein X is independently selected from the following amino acids: A, R, N, D, C, Q, E,
G HILL K MF P S T, W, Y, and V and wherein at least one X is not the same
amino acid as that in the same position in SEQ ID NO: 1.

3. The peptide according to claim 1 comprising a sequence according to the

following:

MRKLRRLKRKIAHKVKKYFKLSQRSKDRLVGVHPDLVKVVHRALELTPVDFGIT
""" TMKSRHLHGLAVDVVAYPKDKDTWNMKYYRMI

EGVRSLETQKKYVAEGKH
RKKXGVHFQLPHSKYP (SEQ ID NO: 3),

ADAFKQAGRELGVSVE;

wherein X is independently selected from the following amino acids: A, R, N, D, C, Q, E,
G HILL K MF P S T, W, Y, and V and wherein at least one X is not the same
amino acid as that in the same position in SEQ ID NO: 1.

4. The peptide according to claim 1 comprising a sequence according to the

following:
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wherein X is independently selected from the following amino acids: A, R, N, D, C, Q, E,
G HILL K MF P S T, W, Y, and V and wherein at least one X is not the same
amino acid as that in the same position in SEQ ID NO: 1.

5. The peptide according to claim 1 comprising a sequence according to the

following:

wherein X is independently selected from the following amino acids: A, R, N, D, C, Q, E,
G HILL K MF P S T, W, Y, and V and wherein at least one X is not the same
amino acid as that in the same position in SEQ ID NO: 1.

6. The peptide according to claim 1 comprising a sequence according to the

following:

MRKLRRLKRKIAHKVKKYFKLSQRX
TEGVRSLETQKKYVAEGKSKTMKSRHLHGLAVDVVAYPKDKDTWNMKXYRM

QAGRELGVSVEWGGDWVSFKDGVHFQLPHSKYP (SEQ ID NO: 6),

KAD¥]

wherein X is independently selected from the following amino acids: A, R, N, D, C, Q, E
G HILL K MF P S T, W, Y, and V and wherein at least one X is not the same

2

amino acid as that in the same position in SEQ ID NO: 1.

7. The peptide according to claim 1 comprising a sequence according to the

following:
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wherein X is independently selected from the following amino acids: A, R, N, D, C, Q, E,
G HILL K MF P S T, W, Y, and V and wherein at least one X is not the same
amino acid as that in the same position in SEQ ID NO: 1.

8. The peptide according to any one of claims 2 to 7, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid L, then the amino acid at the X is an amino acid selected from G, A, V, I, P, F, M,
and W.

9. The peptide according to any one of claims 2 to 8, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid V , then the amino acid at the X is an amino acid selected from G, A, L, I, P, F, M,
and W.

10.  The peptide according to any one of claims 2 to 9, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid W , then the amino acid at the X is an amino acid selected from G, A, V,L, I, P, F,
and M.

11. The peptide according to any one of claims 2 to 10, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid G, then the amino acid at the X is an amino acid selected from A, V, L, I, P, F, M,
and W.

12. The peptide according to any one of claims 2 to 11, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid A , then the amino acid at the X is an amino acid selected from G, V, L, I, P, F, M,
and W.

13. The peptide according to any one of claims 2 to 12, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 13 is amino
acid I, then the amino acid at the X is an amino acid selected from G, A, V, L, P, F, M,
and W.

14. The peptide according to any one of claims 2 to 13, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 14 is amino
acid F , then the amino acid at the X is an amino acid selected from G, A, V,L, I, P, M,
and W.
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15.  The peptide according to any one of claims 2 to 14, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid S, then the amino acid at the X is an amino acid selected from C, T, Y, N, and Q.
16. The peptide according to any one of claims 2 to 15, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid Y, then the amino acid at the X is an amino acid selected from S, C, T, N, and Q.
17.  The peptide according to any one of claims 2 to 16, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid D, then the amino acid at the X is amino acid E

18.  The peptide according to any one of claims 2 to 17, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid K, then the amino acid at the X is an amino acid selected from R and H.

19.  The peptide according to any one of claims 2 to 18, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid R, then the amino acid at the X is an amino acid selected from K and H.

20. The peptide according to any one of claims 2 to 19, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid F , then the amino acid at the X is an amino acid selected from W and Y.

21. The peptide according to any one of claims 2 to 20, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid W , then the amino acid at the X is an amino acid selected from F and Y.

22. The peptide according to any one of claims 2 to 21, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid Y , then the amino acid at the X is an amino acid selected from F and W.

23. The peptide according to any one of claims 2 to 22, wherein when the wild-type
residue of SEQ ID NO: 1 that corresponds to an X in any one of claims 1 to 7 is amino
acid S, then the amino acid at the X is amino acid T.

24, The peptide according to any one of claims 1 to 23, further comprising
RGLRRLGRKIAHGVKKYGPTVLRIIRIAG (SEQ ID NO: 8) attached at the N-terminal

or C-terminal end of the peptide through an amine bond.
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26.

29.

30.

31

25. A peptide having an amino acid sequence selected from SEQ ID Nos: 10-56 or
wherein the amino acid is SEQ ID NO: 11.

A fusion protein comprising one or more peptides according to any one of claims 1 to 25
and a spore crust protein selected from CotV, CotW, CotX, CotY, CotZ, and CgeA,
wherein the one or more peptides are N-terminally attached, C-terminally attached, or

both N-terminally and C-terminally attached to the spore crust protein.

27. A method of inhibiting microbial growth comprising applying a growth-inhibiting

amount of any one of the peptides according to claims 1 to 25 to an object.
28. The method of claim 26, wherein the object is edible.
The method of claim 26, wherein the object is a crop.

The method of claim 26, wherein the object is a food crop.

. The method of any one of claims 26 to 29, wherein application of the peptide comprises

spraying an aqueous solution comprising the peptide to the object.

32. The method of any one of claims 26 to 30, wherein the microbial growth
comprises growth of Gram negative bacteria and optionally, Gram positive bacteria or

wherein the microbial growth comprises growth of at least £. coli and/or Salmonella.

33. The method of any one of claims 26-31, wherein the spore according to claims
38-48 is applied to the object, wherein the peptide is attached to or expressed on the

surface of the spore.

34.  The method of any one of claims 26 to 31, wherein the method reduces the

likelihood of food-borne illness associated with microbial growth.

35. A method of treating a subject for a microbial infection comprising administering
to a subject in need thereof a therapeutic amount of any one of the peptides according to

claims 1 to 25 to the subject.

36. The method according to claim 27, wherein the subject is a human, livestock, a
pet, or a mammalian pet.
37. A method of preventing or reducing the incidence of a microbial infection in a

subject comprising administering to one or more subjects in need thereof a therapeutic
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40.

41.

42.

43

44.

45

46.

47.

amount of any one of the peptides according to claims 1 to 25 to the one or more
subjects.

38. The method according to claim 29, wherein the one or more subjects is a human,
livestock, a pet, or a mammalian pet.

39. A spore having a peptide selected from a wt LysECD7 peptide, a wt LysECD7-
SMAP29 peptide, or a peptide according to any one of claims 1 to 25 attached to the
surface or wherein the spore is modified to express the peptide on the surface of the

spore.

The spore according to claim 39, wherein the spore comprises one or more recombinant

biological barcodes

The spore according to claim 39 or 40, wherein the spore has a genome modified to

render inoperable one or more genes that are needed for spore germination.

The spore according to claim 41, wherein the genome modified to render inoperable one

or more genes that are needed for production of an essential metabolite.

. The spore according to claim 42, wherein the isolated spores are non-germinating and/or

auxotrophic.

The spore according to any one of claims 39 to 43, wherein the spores are Bacillus,
Clostridium, and Saccharomyces or wherein the spores are a species selected from
Bacillus subtilis, Bacillus cereus, Bacillus thuringiensis, Clostridium difficile,

Clostridium perfringens, and Saccharomyces cerevisiae.

. The spore according to any one of claims 41 to 44, wherein the genome does not express

at least one of or any combination of sleB, cwlD, and cwlJ.

The spore according to any one of claims 41 to 45, wherein the genome does not express

gerD.

The spore according to anyone of claims 41 to 46, where the genome does not express a
gene selected from the gerd operon, gerAA, gerAB, gerB operon, gerC, gerK operon,
gerP, gerT, gerM, gerQ, gerkE., ypeB, pdaA, cotH, cotG, cotB, cotE, cotT, spoVAC,
spoVAD, spoVAE, and sscA or wherein the genome does not express a gene encoding a

germinant nutrient receptor and/or a cell wall lytic enzyme.
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48.

49.

50.

57.

58.

The spore according to any one of claims 40 to 47, wherein at least one of the one or
more recombinant biological barcodes is a nucleic acid sequence comprising one or more
barcode regions, wherein the barcode region consists of a series of N nucleotides that are
not present in the wild-type spore or any other region of the biological barcode and
differs by three or more nucleotides from a series of N nucleotides in the wild-type spore

or any other region of the biological barcode, wherein N is at least 12.

The spore according to claim 48, wherein the biological barcode consists of 12-1000

nucleotides.

The spore according to any one of claims 39 to 49, comprising a vector according to any

one of claims 57 to 59.

51. A formulation comprising a peptide according to any one of claims 1 to 25 or a

spore according to any one of claims 40 to 50 and 60.

52. The formulation of claim 51, wherein the formulation further comprises or

consists of water.

53. A polynucleotide encoding the peptide according to any one of claims 1 to 25 or

the fusion protein according to claim 26.

54. A polynucleotide encoding a peptide having an amino acid sequence selected

from SEQ ID Nos: 10-56.
55. A cell modified to express the peptide according to any one of claim 1 to 25.

56. A method of detecting a polynucleotide according to 53 or 54 in a composition,
comprising contacting the polynucleotide with a reference sequence that is configured to
hybridize with at least portion of the polynucleotide, wherein the portion hybridizes with
the portion of the sequence that encodes amino acid residues 25-40, 68-73, 97-110, 119-
131, or a combination thereof of the encoded LysECD7 variant peptide.

A vector comprising a polynucleotide according to claim 53 or 54.

The vector of claim 56, further comprising a promoter selected from Py, Pcotyz, Peotvwix,

and Peorx.
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59. The vector of claim 57 or 58 or the polynucleotide of claims 53 or 54, wherein the

LyseECD7 variant comprises SEQ ID NO:11.

60. The spore of any one of claims 39 to 50, wherein the LyseECD7 variant comprises SEQ
ID NO:11.
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Sequence of LysECD7 with optimized SMAP region at N—terminus.

LysECD7 with SMAP (429 bp)

ATGCGTAAGCTGCGTCGCTTGAAACGCAAGATCGCTCACAAAGT TAAGAAGTATTTCAAGTTAAGTCAGCGCAGT

TACGCATTCGACGCAGCGAACTTTGCGTTCTAGCGAGTGTTTCAATTCTTCATAAAGTTCAATTCAGTCGCGTCA
DM 2R DK 21D R P RN TKD R DK A A DH RV K KA XDE KL S ) Q2R

AR A R FAI NI P AT PN

S

10 20 30 40 50 60 70
AAAGATCGTTTGGTCOGTETCCATCCTGACCTOGTAAAGTCGTCCACCETECCCTTGAACTGACCCCAGTCEAC
GGAACTTGACTCOCETCAGCTG

AN

N

80 90 100 110 120 130 140 150
TTTGGATCACCGAGGGEGTCCGTTCATTAGAGACACAARAGAAATATGTTGCCGAGGGTAAGAGCAAGACAATG

TCTCTGTGTTTTCTTTATACAACGGCTCCCATTCTCGTTCTGTTAC

ARTAR RN LRES

)6 NN E;

SN R . R

w

160 170 180 190 200 210 220
AAGAGCCGCCACTTACATGGATTAGCTGTTGACGTCATGGCTTATCCTAAGGATAAAGACACCTGGAATATGAAA

230 240 250 260 270 280 290 300
TACTACCGCATGATTGCCGATGCGTTTAAGCAAGCAGGCCGTGAATTAGGAGTATCAGTCAGTEGEGTGETGAC

A 1 N R R R Y o A TR R 'w;w\‘\ = AR AR ARV A ‘--.-‘
¥ ¥ RO MDA N A E KR AD G R NN 6 NS NUVEN 6> 6 00

AN A A

30 320 330 340 350 360 370
TGGGTATCATTTAAGGACGGTGTCCACTTCCAGTTGCCOCACTCCAAGTATCCC

f f
A

i A i

A

ARV 6

Vi
NN

380 390 400 H0 420

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/042667
2/6

WO 2023/034646

Molecular modeling of LysECD7
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