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ENDONUCLEASE VARIANTS AND METHODS OF USE

RELATED APPLICATIONS
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. provisional
application number 63/297,182, filed January 6, 2022, and U.S. provisional application
number 63/297,189, filed January 6, 2022 which is incorporated by reference herein in its

entirety.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
The contents of the electronic sequence listing (T085570001WO00-SEQ-HJID.xml;
Size: 634,084 bytes; and Date of Creation: January 6, 2023) is herein incorporated by

reference in its entirety.

BACKGROUND

Prokaryotes have developed an adaptive immune system called Clustered regularly
interspaced short palindromic repeats (CRISPR) that associate with Cas proteins to constitute
an adaptive immune system that can combat attacks by foreign mobile genetic elements such
as plasmids and phages. The CRISPR-Cas systems are classified into two classes (Classes 1
and 2) that are subdivided into six types (types I through VI). Class 1 (types I, III and 1V)
systems use multiple Cas proteins in their CRISPR ribonucleoprotein effector nucleases and
Class 2 systems (types II, V and VI) use a single Cas protein. Class 2 type V is further
classified into 4 subtypes (V-A, V-B, V-C, V-U). At present, V-C and V-U remain widely
uncharacterized and no structural information on these systems is available. V-A encodes the
protein Cas12a (also known as Cpf1) and recently several high-resolution structures of
Cas12a have provided an insight into its working mechanism.

Class 2 type V CRISPR-Cas12a is an RNA-guided endonuclease that has been
harnessed as a genome editing tool. Broader use of these enzymes for gene and epigenetic

editing requires improvement of certain properties.

SUMMARY
The present disclosure provides, in some aspects, variant Cas12a endonucleases with
improved properties, such as hyperactivity and low indiscriminate single strand DNA
degradation activity. Broad use of wild-type Casl2a has been limited, in part, due to its

lower editing efficiency, relative to Cas9, and its indiscriminate single strand DNA
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degradation activity. The lid region, which is involved in the checkpoints for accurate target
recognition, is responsible for this indiscriminate ssDNA degradation activity displayed by all
wild-type Cas12a orthologs. Surprisingly, the data described herein demonstrate that certain
modifications to the lid region of Cas12a can impact not only indiscriminate single strand
deoxyribonuclease (ssDNase) activity but also targeted cleavage activity — both double strand
and single strand cleavage activity.

Engineered variant endonucleases, in some embodiments, exhibit more efficient
cleavage activity, relative to their wild-type reference Cas12a endonuclease. In other
embodiments, engineered variant endonucleases of the present disclosure exhibit low to no
indiscriminate single strand DNase activity. Also provided herein, in some embodiments, are
variant Cas12a endonucleases that exhibit a preference for cleavage of one strand over the
other strand of a double strand DNA.

From structural studies of the LbCas12a ND2006 endonuclease, Applicants have
identified a particular domain, referred to herein as the “LID-hub domain,” that is involved in
a subset of catalytic events. For example, certain substitutions made at positions K932, N933,
and V936 increase cleavage efficiency (“hyperactivity”) and certain substitutions made at
positions K932, N933, V936, Q944, F983, and M986 reduce indiscriminate ssDNase activity.
Certain amino acid substitutions within the vicinity of the LID and LID-hub domains also
impact activity (e.g., V938 or Q941).

Further still, Applicants have also unexpectedly shown that modifications to the LID
stabilizing charge network (defined by its three-dimensional structure to include at least
positions E835, R836, R935, and/or K940, with reference to amino acid position numbering
of LbCas12a ND2006) shift Cas12a cleavage preferences (e.g., from double strand DNA
cleavage activity).

In some embodiments, variant Cas12a endonucleases comprise amino acid mutations
at one or more amino acid positions within the lid region. For example, in some
embodiments, a variant Cas12a endonuclease comprises one or more mutations at an amino
acid position corresponding to positions 925 to 937 of Lachnospiraceae bacterium ND2006
(e.g., SEQID NO: 1). In some embodiments, a variant Cas12a endonuclease comprises one
or more mutations at an amino acid position corresponding to positions 936 to 948 of
Lachnospiraceae bacterium COE1 (e.g., SEQ ID NO: 47).

As described herein, the term “variant Cas12a endonuclease(s)” is interchangeable

with the term “Cas12a variant.”
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Some aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising a mutation at an amino acid position corresponding to
position E95, E125, N256, R747, H759, N813, K932, N933, S934, V936, S982, or K984
with reference to amino acid position numbering of LbCas12a ND2006. In some
embodiments, as any one or more of the foregoing variant Cas12a endonucleases exhibits
hyperactivity.

Other aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising a mutation at an amino acid position corresponding to
position E95R, E95Y, E125A, E125W, N256A, R747Y, H759V, H759D, N813R, N813H,
K932L, N933E, N933V, §934Q, VI36E, V936M, V936K, S982N, or K984R with reference
to amino acid position numbering of LbCas12a ND2006. In some embodiments, as any one
or more of the foregoing variant Cas12a endonucleases exhibits hyperactivity.

Some aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising a mutation at an amino acid position corresponding to
position N256, 1831, K932, N933, 5934, V936, Q944, S982, F983, K984, M986, or T988
with reference to amino acid position numbering of LbCas12a ND2006. In some
embodiments, as any one or more of the foregoing variant Cas12a endonucleases exhibits
hypoactivity.

Other aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising a mutation at an amino acid position corresponding to
position N256K, I831A, I831Y, K932A, K932F, K932H, K932M, K932N, K932Q, K932R,
K932S, K932T, K932W, K932Y, N933L, S934W, V936G, Q944D, Q944E, Q944K, Q944M,
S982T, S982W, FO83G, FI983L, K984F, M986G, M986L, M986S, or TI988F with reference
to amino acid position numbering of LbCas12a ND2006. In some embodiments, as any one
or more of the foregoing variant Cas12a endonucleases exhibits hypoactivity.

Yet other aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising mutations at an amino acid positions corresponding to
positions: K932F and F983L; K932F and T988F; K932R and Q944D; K932R and F983L;
K932R and T988F; K932Y and F983L; K932Y and T988F; N933L and Q944M; V936G and
Q944D; V936G and S982W; V936G and M986G; V936G and TI88F; Q944D and S982W;
Q944D and F983L; Q944D and T988F; S982W and F983L; S982W and T988F; or F983G
and M986G with reference to amino acid position numbering of LbCas12a ND2006. In some
embodiments, as any one or more of the foregoing variant Cas12a endonucleases exhibits

hypoactivity.
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Some aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising a mutation at an amino acid position corresponding to
position N813, 1831, K932, N933, 5934, V936, Q944, S982, F983, K984, M986, or T988
with reference to amino acid position numbering of LbCas12a ND2006. In some
embodiments, as any one or more of the foregoing variant Cas12a endonucleases exhibits low
(or no) ssDNase activity, such as low (or no) indiscriminate ssDNase activity.

Other aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising a mutation at an amino acid position corresponding to
position N813H, N813R, N§13W, I831A, I831Y, K932A, K932F, K932H, K932M, K932N,
K932Q, K932R, K9328S, K932T, K932W, K932Y, N933E, N933L, S934K, S934Q, VI36E,
V936G, Q944D, Q944E, Q944K, S982W, FO83G, FI983L, K984F, M986F, M986G, or
T988F with reference to amino acid position numbering of LbCas12a ND2006. In some
embodiments, as any one or more of the foregoing variant Cas12a endonucleases exhibits low
(or no) ssDNase activity, such as low (or no) indiscriminate ssDNase activity.

Yet other aspects relate to an engineered variant Cas12a endonuclease comprising a
polypeptide sequence comprising mutations at an amino acid positions corresponding to
positions: N933L and Q944M; or F983G and M986G with reference to amino acid position
numbering of LbCas12a ND2006. In some embodiments, as any one or more of the foregoing
variant Cas12a endonucleases exhibits low (or no) ssDNase activity, such as low (or no)
indiscriminate ssDNase activity.

In some embodiments, an engineered variant Cas12a endonuclease is fused to an
effector protein.

In some embodiments, an engineered variant Cas12a endonuclease provided herein
comprises an amino acid sequence having at least 85%, at least 90%, or least 95%, but less
than 100% identity with the amino acid sequence of a wild-type Cas12a endonuclease
selected from Acidaminococcus sp., Lachnospiraceae sp., and Francisella sp.

In some embodiments, an engineered variant Cas12a endonuclease further comprises
nomore than 1, 2,3,4,5,6,7, 8,9, or 10 additional amino acid substitutions relative to a
wild-type reference Cas12a endonuclease. In some embodiments, a variant Cas12a
endonuclease further comprises no more than 5 additional amino acid substitutions relative to
a wild-type reference Casl2a endonuclease.

The present disclosure also provides an engineered variant Cas12a endonuclease
comprising a polypeptide sequence comprising the amino acid sequence of any one of SEQ

ID NOs: 48-119 and 367-387, or an ortholog thereof.
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Also provided herein are polynucleotides encoding an engineered variant Cas12a
endonuclease of the present disclosure.

Further provided herein are cells comprising (a) an engineered variant Cas12a
endonuclease of the present disclosure or a polynucleotide endonuclease of the present
disclosure and (b) a guide RNA or a polynucleotide encoding a gunide RNA.

Some aspects herein relate to a method comprising introducing into a cell (a) an
engineered variant Cas12a endonuclease of the present disclosure or a polynucleotide of the
present disclosure and optionally (b) a gunide RNA or a polynucleotide encoding a guide
RNA.

The present disclosure also provides uses of an engineered variant Cas12a
endonuclease of the present disclosure for cleaving a nucleic acid.

In some embodiments, a method for introducing a double strand break in a target
nucleic acid comprises introducing into a cell comprising a target nucleic acid (a) an
engineered variant Cas12a endonuclease of the present disclosure and (b) a guide RNA and
incubating the cell to produce a double strand break in the target nucleic acid.

In other embodiments, a method for introducing a double strand break in a target
nucleic acid comprises introducing into a cell comprising a target nucleic acid (a) an
engineered variant Cas12a endonuclease of the present disclosure and (b) a guide RNA and
incubating the cell to produce a double strand break in the target nucleic acid.

In some embodiments, the off-target single strand nucleic acid cleavage in the cell is
reduced relative to off-target single strand nucleic acid cleavage in a control cell comprising a
wild-type Cas12a endonuclease and a guide RNA.

In some embodiments, a method for introducing a single strand break in a target
nucleic acid, comprises introducing into a cell comprising a target nucleic acid (a) an
engineered variant Cas12a endonuclease of the present disclosure (b) a guide RNA, and
incubating the cell to produce a single strand break in the target nucleic acid.

Some aspects relate to an engineered polypeptide comprising the amino acid sequence
of any one of SEQ ID NOs: 48-119 and 367-387 or a variant thereof having at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to the amino acid sequence of any one of SEQ ID NOs: 48-119 and 367-387,
optionally wherein the engineered polypeptide is an endonuclease that exhibits hyperactive,
hypoactivity, and/or low ssDNase activity (e.g., low indiscriminate ssDNase activity) relative

to a naturally-occurring Cas12a endonuclease (e.g., SEQ ID NO: 1).
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Some aspects relate to a fusion protein comprising an engineered variant Cas12a
endonuclease of any one of the preceding aspects or embodiments and a base editing enzyme.

Some aspects relate to an engineered polypeptide comprising the amino acid sequence
of any one of SEQ ID NOs: 163-185 and 388-408 or a variant thereof having at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to the amino acid sequence of any one of SEQ ID NOs: 163-185 and 388-408.

Further aspects relate to fusion protein comprising an engineered variant Cas12a
endonuclease an amino acid sequence having at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to the amino
acid sequence of any one of SEQ ID NOs: 367-387.

In some embodiments, the base editing enzyme is capable of converting a purine into
a different purine or a pyrimidine into a different pyrimidine.

In some embodiments, the base editing enzyme comprises a deaminase, a guanine
oxidase, or a guanine methyltransferase.

In some embodiments, the deaminase is a cytidine deaminase or an adenosine
deaminase.

In some embodiments, the deaminase comprises a rAPOBEC1 polypeptide, an
evoAPOBECI polypeptide, a hAPOBEC3A polypeptide, an evoCDA polypeptide, an
evoFERNY polypeptide, or a TadA polypeptide.

In some embodiments, fusion protein further comprises a uracil glycosylase inhibitor
(UGD).

In some embodiments, fusion protein further comprises one or more nuclear
localization signal (NLS), optionally selected from an SV40 NLS, a nucleoprotein (NP) NLS,
and a bipartite (BP) NLS.

In some embodiments, fusion protein further comprises a uracil DNA glycosylase
(UNG), optionally a human UNG (hUNG) or an Escherichia coli UNG (eUNG).

In some embodiments, fusion protein further comprises a N-methyl purine
glycosylase (MPQ), optionally wherein the MPG is positioned at or near the N-terminal or C-
terminal ends of the fusion protein.

In some embodiments, fusion protein further comprises one or more linker.

In some embodiments, the linker comprises the sequence of SGSETPGTSESATPES
(SEQ ID NO: 203).

In some embodiments, the linker comprises the sequence of

SGGSSGGSSGSETPGTSESATPESSGGSSGGS (SEQ ID NO: 204)
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In some embodiments, fusion protein further comprises a DNA binding domain
(DBD).

In some embodiments, the DBD is a Rad51 DBD.

Some aspects relate to a polynucleotide encoding the fusion protein of any one of the
preceding aspects or embodiments.

Other aspects relate to a cell comprising: a target nucleic acid comprising a target
strand and a non-target strand; a guide RNA (gRNA) or a nucleic acid encoding a gRNA that
binds to the target strand; and the fusion protein of any one of the preceding aspects or
embodiments or the polynucleotide of any one of the preceding aspects or embodiments.

In some embodiments, the cell is a human cell.

In some embodiments, the human cell is from a human subject, wherein the human
subject has a disease, disorder or condition associated with the target nucleic acid.

In some embodiments, the cell is a plant cell.

Some aspects relate to a method comprising introducing into a cell (a) the fusion
protein of any one of the preceding aspects or embodiments or the polynucleotide of any one
of the preceding aspects or embodiments and optionally (b) a guide RNA or a polynucleotide
encoding a guide RNA.

Some aspects relate to a method of gene editing comprising (i) contacting a target
nucleic acid sequence with the fusion protein of any one of the preceding aspects or
embodiments and a guide RNA, wherein the target nucleic acid comprises a target
nucleobase; and (ii) modifying the target nucleobase.

In some embodiments, the target nucleic acid is a target double-stranded DNA nucleic
acid.

In some embodiments, the guide RNA directs the fusion protein to bind to a specific
segment of the target nucleic acid and in proximity to the target nucleobase.

In some embodiments, the fusion protein cleaves the target nucleic acid.

In some embodiments, the fusion protein comprises a cytidine deaminase and the
target nucleobase is a cytidine. In some embodiments, the fusion protein comprises a guanine
oxidase and the target nucleobase is a guanosine. In some embodiments, the fusion protein
comprises a guanine methyltransferase and the target nucleobase is a guanosine.

In some embodiments, the method is performed in a cell, optionally a human cell or a
plant cell.

In some embodiments, the method is performed in vitro or ex vivo. In other

embodiments, the method is performed in vivo.
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In some embodiments, the target nucleic acid is a gene comprising a nucleobase
mutation relative to a wild-type gene.
In some embodiments, the gene comprising a nucleobase mutation is associated with

a disease or disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A-1X show an alignment of various wild-type Cas12a endonuclease amino
acid sequences using the Clustal Omega online multiple sequence alignment program (top to
bottom SEQ ID NO: 29, 39, 12, 36, 8, 2, 43,18, 37, 6, 46, 14, 28, 38, 45, 20, 13,5, 21, 7, 42,
24,40, 16, 35, 19, 41, 3, 10, 30, 1, 44, 22, 11, 27, 31, 4, 25, 26, 34, 32-33, 9, 17, and 23.

FIGs. 2A-2D show experimental data for various examples of the hyperactive Cas12a
endonuclease variants of the present disclosure.

FIGs. 3A-3E show experimental data for various examples of the hypoactive Cas12a
endonuclease variants of the present disclosure.

FIGs. 4A-4C show experimental data for various examples of the hypoactive Cas12a
endonuclease variants of the present disclosure.

FIG. 5 shows experimental data for various examples of the Cas12a endonuclease
variants of the present disclosure having low indiscriminate ssDNase activity.

FIGs. 6A-6C provide graphs of data comparing percent (%) of total reads having a C-
to-T nucleotide edit at genomic positions corresponding to positions C8, C9, C10, C11, and
C13 of the guide RNA (gRNA) using the LbBEv2 base editor in U20S cells.

FIGs. 7A-7D provide graphs of data comparing percent (%) of total reads having a C-
to-T nucleotide edit at genomic positions corresponding to positions C8 and C10 of the
gRNA using the LbBEv2, LbBEv3, LbBEv4, or LbBEvS base editor in U20S cells.

FIGs. 8A-8D provide graphs of data comparing percent (%) of total reads having a C-
to-T nucleotide edit at genomic positions corresponding to positions C9, C10, and C15 of the
gRNA using the LbBEv2, LbBEv3, LbBEv4, or LbBEvS base editor in U20S cells.

FIGs. 9A-9F provide data showing increased efficiency and specificity of base
editing with LbBEv5 C-to-T base editor containing TBNO4 (LbCas12a) as compared to
LbBEvVS base editor containing inactive LbCas12a in U20S cells (top to bottom SEQ ID
NOs: 214-263).

FIGs. 10A-10F provide data showing increased efficiency and specificity of base
editing with the LbBBEvS C-to-T base editor (top to bottom SEQ ID NOs: 264-315).
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FIGs. 11A-11F provide data showing increased efficiency and specificity of base
editing with the LbABESe A-to-G base editor (top to bottom SEQ ID NO: 316-365).

FIGs. 12A-12C provide data showing increased efficiency and specificity of base
editing with A-to-G base editors comprising mutant Cas12a.

FIGs. 13A-13B provide data showing the ability of base editors comprising a N-
methyl purine glycosylase (MPG) to perform A-to-C base editing (SEQ ID NO: 409 and
366).

DETAILED DESCRIPTION
I. Cas12a Endonuclease

Provided herein are variants of the Class 1I type V CRISPR-Cas12a endonuclease. An
“endonuclease” is an enzyme capable of cleaving the phosphodiester bond within a
polynucleotide chain. Some endonucleases are specific (i.e., they recognize a given
nucleotide sequence which directs the site of cleavage), while some are non-specific. The
present disclosure provides specific variant Cas12a endonucleases. An endonuclease may
cleave both strands of a double strand polynucleotide, or an endonuclease may demonstrate a
preference for cleave cleaving one strand over the other strand of a double strand
polynucleotide.

The recently discovered clustered regularly interspaced short palindromic repeats
(CRISPR)-Cpfl system, now reclassified as Cas12a, is a DNA-editing platform analogous to
the widely used CRISPR-Cas9 system. The Cas12a system exhibits several distinct features
over the CRISPR-Cas9 system, such as increased specificity and a smaller gene size to
encode the nuclease and the matching CRISPR guide RNA (crRNA), which could mitigate
off-target and delivery problems, respectively, described for the Cas9 system. However, the
Cas12a system exhibits reduced gene editing efficiency compared to Cas9. Many of the
variant Cas12a endonucleases provided herein exhibit increased gene editing efficiency
compared to the wild-type Casl2a systems characterized to date.

RNA sequencing of small RNA molecules extracted from Francisella novicida U112
culture containing Cas12a-based CRISPR loci showed that mature crRNAs for Cas12a are
42-44 nucleotides (nt) in length, with the first 19/20 nt corresponding to the repeat sequence
and the remaining 23-25 nt to the spacer sequence. Cas12a processes its own pre-ctRNA into
mature crRNAs, without the requirement of a tractrRNA, making it a unique effector protein
with both endoribonuclease and endonuclease activities. After the pre-crRNA has been

transcribed during the expression stage, Cas12a cuts it 4 nt upstream of the hairpin structures
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formed by the CRISPR repeats, producing intermediate crRNA molecules that undergo
further processing in vivo into mature crRNAs.

Type V (Cas12a) CRISPR-Cas systems possesses a characteristic Ruv-C like nuclease
domain, which has been shown to be related to IS605 family transposon encoded TnpB
proteins. Crystallographic and cryo-EM data reveal that Cas12a adopts a bilobed structure
formed by the REC and Nuc lobes. The REC lobe is comprised of REC1 and REC2 domains,
and the Nuc lobe is comprised of the RuvC, the PAM-interacting (PI) and the WED domains,
and additionally, the bridge helix (BH). The RuvC endonuclease domain of this effector
protein is made up of three discontinuous parts (RuvC I-III). The RNase site for processing
its own crRNA is situated in the WED-III subdomain, and the DNase site is located in the
interface between the RuvC and the Nuc domains. These structural studies have also shown
that the only the 5’ repeat region of the crRNA is involved in the assembly of the binary
complex. The 19/20 nt repeat region forms a pseudoknot structure through intramolecular
base pairing. The crRNA is stabilized through interactions with the WED, RuvC and REC2
domains of the endonuclease, as well as two hydrated Mg2+ ions. This binary interference
complex is then responsible for recognizing and degrading foreign DNA. See Paul, B. &
Montoya, G. et al. Biomedical Journal 2020; 43(1): 8-17.

Protospacer adjacent motif (PAM) recognition is a critical initial step in identifying a
prospective DNA molecule for degradation because the PAM allows the CRISPR-Cas
systems to distinguish their own genomic DNA from invading nucleic acids. Cas12a employs
a multistep quality control mechanism to ensure the accurate and precise recognition of target
spacer sequences. The WED II-1II, REC1 and PAM-interacting domains are responsible for
PAM recognition and for initiating the hybridization of the DNA target with the crRNA.
After recognition of the dsDNA by WED and REC1 domains, the conserved loop-lysine
helix-loop (LKL) region in the PI domain, containing three conserved lysines (K667, K671,
K677 in FnCas12a), inserts the helix into the PAM duplex with assistance from two
conserved prolines in the LKL region. Structural studies show the helix is inserted at an angle
of 45° with respect to the dsDNA longitudinal axis, promoting the unwinding of the helical
dsDNA. The critical positioning of the three conserved lysines on the dsDNA initiates the
uncoupling of the Watson—Crick interaction between the base pairs of the dsSDNA after the
PAM. The target dsDNA unzipping allows the hybridization of the crRNA with the strand
containing the PAM, the target strand, while the uncoupled DNA strand, non-target strand
(NTS), is conducted towards the DNase site by the PAM-interacting domain. Cas12a has

been shown to efficiently target spacer sequences following 5°T-rich PAM sequence. The

10
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sequence of 5'-TTN-3" and is sitnated upstream of the 5'end of the non-target strand

[26,31,34]. It has also been shown that in addition to the canonical 5'-TTTN-3' PAM, Cas12a

also exhibits relaxed PAM recognition for suboptimal C-containing PAM sequences by

forming altered interactions with the targeted DNA duplex. See Paul, B. & Montoya, G. et

al.

Exemplary, non-limiting, wild-type Cas12a protein sequences are provided in Table

Table 1. Non-limiting Examples of Wild-type Cas12a Sequences

Name

Sequence

SEQ ID
NO:

LbCasl2a-ND2006
Lachnospiraceae
bacterium ND2006

MSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSF IND
VLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETIL
PEFLDDKDEIALVNSENGFTTAFTGFFDNRENMFSEEAKSTSIAFRCINENLTRYISNMDIFEK
VDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLN
EYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKK
LEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDD
RRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEKLFDADFVLEKSLKK
NDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVT
QKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAKCLQKIDKDDVNG
NYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCHKLIDFFK
DSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQTI
YNKDF SDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANSP IANK
NPDNPKKTTTLSYDVYKDKRESEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGID
RGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQNWTSIENT
KELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDK
KSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYTSIADS
KKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFDWEE
VCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDEFLIS
PVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIATISNK
EWLEYAQTSVKH

AsCasl2a
Acidaminococcus
sp. BV3L6

MIQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGF IEEDKARNDHYKELKPIIDRIYKTYADQ
CLOLVQLDWENLSAAIDSYRKEKTEETRNALIEEQATYRNATIEDYFIGRTDNLTDAINKRHAET
YKGLFKAELFNGKVLKQLGTVTTTEHENALLRSFDKFTTYFSGFYENRKNVFSAEDISTAIPHR
IVODNFPKFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPFYNQLLTQTQID
LYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFIL
EEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSALCDHWDT
LRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEIISAAGKELSEAFKQKTSEILSHAHA
ALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLS
FYNKARNYATKKPYSVEKFKLNFOMP TLASGWDVNKEKNNGAILFVKNGLY YLGIMPKQKGRYK
ALSFEPTEKTSEGFDKMYYDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITK
EIYDLNNPEKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQY
KDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGL
FSPENLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNH
RLSHDLSDEARALLPNVITKEVSHEIIKDRRFTSDKFFFHVPITLNYQAANSP SKFNQRVNAYL
KEHPETPIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSYV
VGTIKDLKQGYLSQVIHEIVDLMIHEYQAVVVLENLNFGFKSKRTGIAEKAVYQOFEKMLIDKLN
CLVLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLFYVPAPYTSKIDP LTGFVDPFVWKT I
KNHESRKHFLEGFDFLHYDVKTGDF ILHFKMNRNLSFQRGLPGFMPAWDIVFEKNETQFDAKGT
PFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMV
ALTRSVLOMRNSNAATGEDYINSPVRDLNGVCFDSRFONPEWPMDADANGAYHIALKGQLLLNH
LKESKDLKLONGISNQDWLAYIQELRN
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RbCasl2a
Ruminococcus
bromii

MOERKKISHLTHRNSVKKTIRMOLNPVGKTMDYFQAKQILENDEKLKENYQKIKEIADRFYRNL
NEDVLSKTGLDKLKDYAEIYYHCNTDADRKRLNKCASELRKEIVKNFKNRDEYNKLFDKRMIEIL
VLPKHLKNEDEKEVVASFKNFTTYFTGFFTNRKNMY SDGEESTAIAYRCINENLPKHLDNVKAF
EKAISKLSKNAIDDLDATYSGLCGTNLYDVFTVDYFNFLLPQSGITEYNKIIGGYTTNDGTKVK
GINEYINLYNQQOVSKRDKIPNLQILYKQILSESEKVSFIPPKFEDDNELLSAVSEFYANDETFD
GMPLKKAIDETKLLFGNLDNSSLNGIYIQNDRSVINLSNSMEFGSWSVIEDLWNKNYDSVNSNSR
IKDIQKREDKRKKAYKAEKKLSLSFLOVLISNSENDEIRKKSIVDYYKTSLMQLTDNLSDKYNE
AAPLLNENYSNEKGLKNDDKSISLIKNFLDAIKEIEKFIKPLSETNITGEKNDLFYSQFTPLLD
NISRIDILYDKVRNYVTQKPFSTDKIKLNFGNYQLLNGWDKDKEREYGAVLLCKDEKYYLATIID
KSNNRILENIDFQDCDESDCYEKIIYKLLPTPNKMLPKVFFAKKHKKLLSP SDEILKIYKNGTFE
KKGDKFSLDDCHKLIDFYKESFKKYPKWLIYNFKFKKTNGYNDIREFYNDVALQGYNISKMKIP
TSFIDKLVDEGKIYLFQLYNKDFSPHSKGTPNLHTLYFKMLFDERNLEDVVYRLNGEAEMEFYRP
ASIKYDKPTHPKNTPIKNKNTLNDKRASTFPYDLIKDKRY TKWQF SLEHFPITMNFKDPDKAMIN
DDVRNLLKSCNNNFIIGIDRGERNLLYVSVINSNGAIIYQHSLNIIGNKFKGKTYETNYREKLA
TREKDRTEQRRNWKAIESIKELKEGYISQAVHVICQLVVKYDAIIVMEKLTDGFKRGRTKFEKQ
VYQKFEKMLIDKLNYYVDKKLDPDEEGGLLHAYQLTNKLESFDKLGTQSGE IFYVRPDFTSKID
PVTGFVNLLYPRYEKIDKAKDMISRFDDIRYNAGEDFFEFDIDYDKFPKTASDYRKKWTICTNG
ERIEAFRNPANNNEWSYRTIILAEKFKELFDNNSINYRDSDDLKAEILSQTKGKFFEDFFKLLR
LTLOMRNSNPETGEDRILSPVKDKNGNFYDSSKYDEKSKLPCDADANGAYNIARKGLWIVEQFK
KADNVSTVEPVIHENDKWLKFVQENDMANN

3

LiCasi2a
Leptospira
ilyithenensis

MKATSIWDNFTRKYSVSKTLRFELRPVGKTEENIVKKEIIDAEWISGKNIPKGTDADRARDYKI
VKKLLNQLHILFINQALSSENVKEFEKEDKKSKTFVAWSDLLATHFDNWIQYTRDKSNSTVLKS
LEKSKKDLYSKLGKLLNSKANAWKAEFISYHKIKSPDNIKIRLSASNVQILFGNTSDPIQLLKY
QIELDNIKFLKDDGSEYTTKELADLLSTFEKFGTYFSGFNQNRANVYDIDGEISTSIAYRLENQ
NIEFFFONIKRWEQFTSSIGHKEAKENLKLVOWDIQSKLKELDMEIVQPRFNLKFEKLLTPQSFE
IYLILNQEGIDAFNTVLGGIPAEVKAEKKQGVNELINLTRQKLNEDKRKFPSLQIMYKQIMSERK
TNFIDQYEDDVEMLKEIQEFSNDWNEKKKRHSASSKEIKESAIAYIQREFHETFDSLEERATVK
EDFYLSEKSIQNLSIDIFGGYNTIHNLWYTEVEGMLKSGERPLTRVEKEKLKKQEYISFAQIER
LISKHESQQYILDSTPKEANDRSLFKEKWKKTFKNGFKVSEYTNLKLNELISEGETFQKIDQETGK
ETTIKIPGLFESYENAILVESIKNQSLGTNKKESVPSIKEYLDSCLRLSKFIESFLVNSKDLKE
DQSLDGCSDFONTLTOWLNEEFDVF ILYNKVRNHVTKKPGNTDKIKINFDNATLLDGWDVDKEA
ANFGFLLKKADNYYLGIADSSFNODLKYFNEGERLDEIEKNRKNLEKEESKNISKIDQEKVKKY
KEVIDDLKAISNLNKGRYSKAFYKQSKFTTLIPKCTTQLNEVIEHFKKFDTDYRIENKKFAKPF
IITKEVFLLNNTVYDTATKKFTLKIGEDEDTKGLKKFQIGYYRATDDKKGYESALRNWITFCIE
FTKSYKSCLNYNYSSLKSVSEYKSLDEFYKDLNGIGYTIDFVDISEEYINKKINEGKLYLFQIY
NKDFSEKSKGKENLHTTYWKLLFDSKNLEDVVIKLNGQAEVFFRPASIHEKEKITHFKNQEIQN
KNPNAVKKTSKFEYDIIKDNRFTKNKFLFHCPITLNFKADGNPYVNNEVQENIAKNPNVNIIGI
DRGEKHLLYFTVINQOGQILDAGSLNSIKSEYKDKNQQSVSFETPYHKILDKKESERKEARESW
QEIENIKELKAGYLSHVVHQLSNLIVKYNAIVVLEDLNKGFKRGRFKVEKQVYQKFEKSLIEKL
NYLVFKDRKESNEPGHHLNAYQLTNKFLSFERLGKQSGVLFYATASYTSKVDPVTGFMONIYDP
YHKEKTREFYKNFTKIVYNGNYFEFNYDLNSVKPDSEEKRYRTNWTVCSCVIRSEYDSNSKTQK
TYNVNDQLVKLFEDAKIKIENGNDLKSTILEQDDKFIRDLHFYFIATIQKMRVVDSKIEKGEDSN
DYIQSPVYPFYCSKEIQPNKKGFYELPSNGDSNGAYNIARKGIVILDKIRLRVQIEKLFEDGTK
IDWOKLPNLISKVKDKKLLMTVFEEWAELTHQGEVQQOGDLLGKKMSKKGEQFAEF IKGLNVTKE
DWEIYTQONEKVVQKQIKTWKLESNST

FsCasl2a-S85
Fibrobacter
succinogenes subsp.
succinogenes §85

MNLNTYFSQFTGLYPVSKTLRFELKPMGKTLEKIKETGIIENDKKRHENDYFDAKKIIDKYHKYF
IDAALSKFPCIDWNPLKEAIERSLDRSDASKKKLEKTQTEFRKKIAKALTTHGHYKELTASTPK
DLFLKVFPDHFGKQPAIDTFDGFSSYFTGFQENRONIYSDEAISTAIPYRLVHEDNFPKFLSNIE
VYNILKDNAPSVLSDAENELKDFLNGKPLANIFELNAYNDVLTQSGIDFFNQVIGGF SGEGGEK
KTRGINEFSNLYRQQHPEFAQKRLATKMIPLYKQILSDRETKSFILESYSTDSQVQESVKEFFE
SQILNCDIAGRKVNVLKELSSLIKRITEFDLGSIYVNQEELSSISLELFKSWNTINAILFKNAE
NRIGSAEKAANKKKIDAWMKSNEFSIATLNLATAESDSEEISRVKIESYWNNFEAKVQSILCGD
NRRNLDEFISATFNENNALREDSKVIEKLKAFLDALIEIMHSIKPLISDAENRDLSFYNELMPL
YDQLSLVVPLYNKIRNYATQKLTESEKFKLNFDNP TLADGWDONKEEANTAILLLKNGLYYLGI
MNAKNKPKIKDFKTSESEDCYDKMVYKLLPGPNKMLPKVFFSEKGLATFKPPKDILDGYNAGKH
KKGDLFDIGFCHQLIDFFKESIAKHPDWKKFDFKFSDTSSYEDISGFYKEVTDQGYKITFSKIP
TPQIDEWVNEGKLFLFQIYNKDFAPGAKGSPNLHTLYWKSVF SPENLKDVVVKLNGEAELFYRP
SSVKKPYSHKVGEKLVNRIGKDGLPLPESVFGELFRYFNGKLDGELSDEAKRYLDVAVVKDVKH
EIVKDRRYTOQDKFEFHVPLTLNFKADSKNEYMNERVRHFLKDNPDVNIIGIDRGERHLLYMTLI
NQKGEILKQKSFNIVESVNYQAKLVOREKERDTARRSWSSVGKIKDLKEGFLSQVIHEITTTMI
ENNAIVVLEDLNFGFKRGRFCVERQVYQKFEKMLIDKLNYLVFKNKPEGDVGGVLKGYQLAEKF
DSFQKLGKQSGFLFYIPAAYTSKIDPTTGFANLFNMTELTSAEKKKEFLSHFEDITYDGKNDRE
LESFDYKKFKCFQTDYIKKWTIVYSQGKRIVYDKESKSAKAISPVEIIKAALAKQNIALTDQLDV
LSAINSVEASRETASFFGDICYAFEKTLOMRNSIPNTDEDYLVSPVMNKKGEFYDSRSCGDSLP
KNADANGAYHIALKGLYLIKNVFDAGGKDLKISHEDWFKFAQSRNR
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CsCasl2a-AM42-36
Clostridium sp.
AM42-36

MGKNONFQEFIGVSPLOKTLRNELIPTETTKKNIAQLDLLTEDEVRAQNREKLKEMMDDYYRDV
IDSTLRGELLIDWSYLEFSCMRNHLSENSKESKRELERTQDSVRSQIHDKFAERADFKDMEGAS I
ITKLLPTYIKONSKYSERYDESVKIMKLYGKFTTSLTDYFETRKNIFSKEKISSAVGYRIVEEN
AETFLONQNAYDRICKIAGLDLHGLDNEITAYVDGKTLKEVCSDEGFAKVITQGGIDRYNEAIG
AVNQYMNLLCOKNKALKPGQFKMKRLHKQILCKGTTSFDIPKKFENDKQVYDAVNSFTEIVTKN
NDLKRLLNITQNANDYDMNKIYVVADAYSMISQFISKKWNLIEECLLDYYSDNLPGKGNAKENK
VKKAVKEETYRSVSQLNEVIEKYYVEKTGQSVWKVESYISSLAEMIKLELCHEIDNDEKHNLIE
DDEKISEIKELLDMYMDVFHIIKVFRVNEVLNFDETFYSEMDEIYQDMOEIVPLYNHVRNYVTQ
KPYKQEKYRLYFHTPTLANGWSKSKEYDNNAIILVREDKYYLGILNAKKKP SKEIMAGKEDCSE
HAYAKMNYYLLPGANKMLPKVFLSKKGIQDYHPSSYIVEGYNEKKHIKGSKNFDIRFCRDLIDY
FKECIKKHPDWNKFNFEFSATETYEDISVFYREVEKQGYRVEWTYINSEDIQKLEEDGQLFLFQ
IYNKDFAVGSTGKPNLHTLYLKNLFSEENLRDIVLKLNGEAEIFFRKSSVQKPVIHKCGSILVN
RTYEITESGTTRVQSIPESEYMELYRYFNSEKQIELSDEAKKYLDKVQCNKAKTDIVKDYRYTM
DKFFIHLPITINFKVDKGNNVNAIAQQYIAEQEDLHVIGIDRGERNLIYVSVIDMYGRILEQKS
FNLVEQVSSQGTKRYYDYKEKLONREEERDKARKSWKT IGKIKELKEGYLS SVIHEIAQMVVKY
NAIIAMEDLNYGFKRGRFKVERQVYQKFETMLISKLNYLADKSQAVDEPGGILRGYQMTYVPDN
IKNVGRQCGIIFYVPAAYTSKIDPTTGEF INAFKRDVVSTNDAKENFLMKEFDSIQYDIEKGLFKEF
SFDYKNFATHKLTLAKTKWDVYTNGTRIQNMKVEGHWLSMEVELTTKMKELLDDSHIPYEEGON
ILDDLREMKDITTIVNGILEIFWLTVQLRNSRIDNPDYDRIISPVLNNDGEFFDSDEYNSYIDA
QKAPLPIDADANGAFCIALKGMYTANQIKENWVEGEKLPADCLKIEHASWLAFMQOGERG

6

SiCasi2a
Saccharobesus
litoralis

MSDRLDVLTNQYPLSKTLRFELKPVGATADWIRKENVIRYHNGKLVGKDAIRFONYKYLKKMLD
EMHRLFLQQALVLEPNSNQAQELTALLRAIENNYCNNNDLLAGDYPSLSTDKT IKISNGLSKLT
TDLFDKKFEDWAYQYKEDMPNFWRQD IAELEQKLOVSANAKDOKF YKGI IKKLKNKIQKSELKA
ETHKGLYSPTESLQLLEWLVRRGDIKLTYLEIGKENEKLNELVPLVELKD I HRNFNNFATYLSG
FSKNRENVYSTKFDRRSGYKATSVIARTFEQNLMFCLGNIAKWHKVTEF INQANNYELLQEHGT
DWNKQIAALEHKLDVCLAEFFALNNFSQTLAQQGIEKYNQVLAGIAEIAGQPKTQGLNELINLA
ROKLSAKRSQLPTLQLLYKQILSKGDKPFIDDFKSDQELIAELNEFVSSQIHGEHGAIKLINHE
LESFINEARAAQQQIYVPKDKLTELSLLLTGSWQAINQWRYKLFDOKQLDKQQKQY SFSLAQVE
RWLATEVEQQONFYQTEKERQQEKDTQPANVTTSSDGHS ILTAFEQQVQOTLLTNICVAAEKYRQL
SDNLTAIDKQRESESSKGFEQIAVIKTLLDACNELNHF LARFTVNKKDKLPEDRAEFWYEKLQA
YIDAFPIYELYNKVRNYLSKKPFSTEKVKINFDNSHFLSGWTADYERESALLFKFNENYLLGVV
NENLSSEEEEKLKLVGGEEHAKRF I YDFQK IDNSNPPRVF IRSKGS SFAPAVEKYQLPIGDIID
IYDQGKFKTEHKKKNEAEFKDSLVRLIDYFKLGF SRHDSYKHYPFKWKASHQYSDIAEFYAHTA
SFCYTLKEENINFNVLRELSSAGKVYLFEIYNKDF SKNKRGQGRDNLHTSYWKLLF SAENLKDV
VLKLNGQAEIFYRPASLAETKAY THKKGEVLKHKAYSKVWEALDSP IGTRLSWDDALKIPSITE
KTNHNNQRVVQYNGQEIGRKAEFAT IKNRRY SVDKFLFHCP I TLNFKANGQDN INARVNQFLAN
NKKINIIGIDRGEKHLLYISVINQQGEVLHQESFNTITNSYQTANGEKRQVVTDYHQKLDMSED
KRDKARKSWSTIENIKELKAGYLSHVVHRLAQLIIEFNAIVALEDLNHGFKRGRFKIEKQVYQK
FEKALIDKLSYLAFKDRTSCLETGHYLNAFQLTSKFKGFNNLGKQSGILFYVNADYTSTTDPLT
GYIKNVYKTYSSVKDSTEFWQRFNSIRYIASENRFEFSYDLADLKQKSLESKTKQTPLAKTQWT
VSSHVTRSYYNQQTKQHELFEVTARIQQLLSKAEISYQHONDLIPALASCQSKALHKELIWLFN
SILTMRVTDSSKPSATSENDFILSPVAPYFDSRNLNKQLPENGDANGAYNIARKGIMLLERIGD
FVPEGNKKYPDLLIRNNDWONFVORPEMVNKQKKKLVKLKTEY SNGSLFNDLAFK

SdCasi2a
Succinivibrio
dextrinosolvens

MSSLTKFTNKYSKQLTIKNELIPVGKTLENIKENGLIDGDEQLNENYQKAKIIVDDFLRDF INK
ALNNTQIGNWRELADALNKEDEDNIEKLODKIRGIIVSKFETFDLFSSYSIKKDEKIIDDDNDV
EEEELDLGKKTSSFKYIFKKNLFKLVLPSYLKTTNQDKLKIISSFDNFSTYFRGFFENRKNIFT
KKPISTSIAYRIVHDNFPKFLDNIRCENVWQTECPQLIVKADNYLKSKNVIAKDKSLANYFTVG
AYDYFLSQNGIDFYNNIIGGLPAFAGHEKIQGLNEFINQECQKDSELKSKLKNRHAFKMAVLFK
QILSDREKSFVIDEFESDAQVIDAVKNFYAEQCKDNNVIFNLLNLIKNIAFLSDDELDGIFIEG
KYLSSVSQKLYSDWSKLRNDIEDSANSKOGNKELAKKIKTNKGDVEKAISKYEFSLSELNSIVH
DNTKFSDLLSCTLHKVASEKLVKVNEGDWPKHLKNNEEKQKIKEPLDALLEIYNTLLIFNCKSF
NKNGNEFYVDYDRCINELSSVVYLYNKTRNYCTKKPYNTDKFKLNFNSPQLGEGF SKSKENDCLT
LLFKKDDNYYVGIIRKGAKINFDDTQAIADNTDNCIFKMNYFLLKDAKKFIPKCSIQLKEVKAH
FKKSEDDYILSDKEKFASPLVIKKSTFLLATAHVKGKKGNIKKFQKEYSKENPTEYRNSLNEWI
AFCKEFLKTYKAATIFDITTLKKAEEYADIVEFYKDVDNLCYKLEFCPIKTSFIENLIDNGDLY
LFRINNKDFSSKSTGTKNLHTLYLQAIFDERNLNNPTIMLNGGAELFYRKESIEQKNRITHKAG
SILVNKVCKDGTSLDDKIRNEIYQYENKFIDTLSDEAKKVLPNVIKKEATHDITKDKRETSDKF
FFHCPLTINYKEGDTKQFNNEVLSFLRGNPDINIIGIDRGERNLIYVIVINQKGEILDSVSENT
VINKSSKIEQTVDYEEKLAVREKERIEAKRSWDSISKIATLKEGYLSAIVHEICLLMIKHNATIV
VLENLNAGFKRIRGGLSEKSVYQKFEKMLINKLNYFVSKKESDWNKP SGLLNGLQLSDQFESFE
KLGIQSGFIFYVPAAYTSKIDPTTGFANVLNLSKVRNVDAIKSFFSNFNEISYSKKEALFKESF
DLDSLSKKGF SSFVKEFSKSKWNVYTFGERIIKPKNKQGYREDKRINLTFEMKKLLNEYKVSFDL
ENNLIPNLTSANLKDTFWKELFFIFKTTLOLRNSVINGKEDVLISPVKNAKGEFFVSGTHNKTL
PODCDANGAYHIALKGLMILERNNLVREEKDTKKIMAISNVDWFEYVOKRRGVL
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ScCasi2a
Sedimentisphaera
cyanobacteriorum

MKEFTNQYSLTKTLRFELRPVGETAEKIEDFKSGGLKQTVEKDRERTEAYKQLKEVIDSYHRDF
IEQAFARQQTLSEEDFKQTYQLYKEAQKEKDGETLTKQYEHLRKKIAAMEF SKATKEWAVMGENN
ELIGKNKESKLYQWLEKNYRAGRIEKEEFDHNAGLIEYFEKFSTYFVGFDKNRANMY SKEAKAT
AISFRTINENMVKHFDNCQRLEKIKSKYPDLAEELKDFEEFFKPSYFINCMNQSGIDYYNISAI
GGKDEKDQKANMKINLFTQKNHLKGSDKPPFFAKLYKQILSDREKSVVIDEFEKDSELTEALKN
VFSKDGLINEEFFTKLKSALENFMLPEYQGQLY IRNAFLTKISANIWGSGSWGIIKDAVTQAAE
NNFTRKSDKEKYAKKDFYSIAELQOAIDEYIPTLENGVONASLIEYFRKMNYKPRGSEEDAGLI
EEINNNLRQAGIVLNQAELGSGKQREENIEKIKNLLDSVLNLERFLKPLYLEKEKMRPKAANLN
KDFCESFDPLYEKLKTFFKLYNKVRNYATKKPYSKDKFKINFDTATLLYGWSLDKETANLSVIF
RKREKFYLGIINRYNSQIFNYKIAGSESEKGLERKRSLOQKVLAEEGEDYFEKMVYHLLLGASK
TIPKCSTQLKEVKAHFQKSSEDYIIQSKSFAKSLTLTKEIFDLNNLRYNTETGEISSELSDTYP
KKFQKGYLTQTGDVSGYKTALHKWIDFCKEFLRCYRNTEIFTFHFKDTKEYESLDEFLKEVDSS
GYEISFDKIKASYINEKVNAGELYLFEIYNKDFSEYSKGKPNLHTIYWKSLFETQNLLDKTAKL
NGKAEIFFRPRSIKHNDKIIHRAGETLKNKNPLNEKPSSRFDYDITKDRRFTKDKFFLHCPITL
NFKQDKPVRFNEQVNLYLKDNPDVNIIGIDRGERHLLYYTLINQNGEILQQGSLNRIGEEESRP
TDYHRLLDEREKQRQOARETWKAVEGIKDLKAGYLSRVVHKLAGLMVONNAIVVLEDLNKGEFKR
GRFAVEKQVYQONFEKALIQKLNYLVFKEVNSKDAPGHYLKAYQLTAPFISFEKLGTQSGFLFYV
RAWNTSKIDPATGFTDQIKPKYKNQKQAKDFMSSFDSVRYNRKENYFEFEADFEKLAQKPKGRT
RWTICSYGQERYSYSPKERKFVKHNVTQONLAELFNSEGISFDSGQCFKDEILKVEDASFFKSIT
FNLRLLLKLRHTCKNAEIERDFIISPVKGNNSSFFDSRIAEQENITSIPONADANGAYNIALKG
LMNLENISKDGKAKLIKDEDWIEFVQKRKF

9

RsCasl2a
Ruminococcus sp.
JE7AI2

MSININKFSDECRKIDFFTDLYNIQKTLRFSLIPIGATADNFEFKGRLSKEKDLLDSAKRIKEY
ISKYLADESDICLSQPVKLKHLDEYYELYITKDRDEQKFKSVEEKLRKELADLLKEILKRLNKK
ILSDYLPEYLEDDEKALEDIANLSSFSTYFNSYYDNCKNMYTDKEQSTAIP YRCINDNLPKEFID
NMKAYEKALEELKPSDLEELRNNFKGVYDTTVDDMFTLDYFNCVLSQSGIDSYNAIIGNDKVKG
INEYINLHNQTAEQGHKVPNLKRLYKQIGSQKKTISFLPSKFESDNELLKAVYDFYNTGDAEKN
FTALKDTITEFEKIFDNLSEYNLDGVEVRNDISLTNLSQSMFNDWSVFRNLWNDQYDKVNNPEK
AKDIDKYNDKRHKVYKKSESFSINQLQELIATTLEEDINSKKITDYFSCDFHRVITEVENKYQL
VKDLLSSDYPKNKNLKTSEEDVALIKDFLDSVKSLESFVKILTGTGKESGKDELFYGSFTKWED
QLRYIDKLYDKVRNYITEKPYSLDKIKLSFDNPQFLGGWQHSKETDYSAQLFMKDGLYYLGVMD
KETKREFKTQYNTPENDSDTMVKIEYNQIPNPGRVIQNLMLVDGKIVKKNGRKNADGVNAVLEE
LKNQYLPENINRIRKTESYKTTSNNFNKDDLKAYLEYYIARTKEYYCKYNFVFKSADEYGSENE
FVDDVNNQAYQITKVKVSEKQLLSLVEQGKLYLFKIYNKDFSEYSKGKKNLETMYFQMLEFDDRN
LENLVYKLQGGAEMF YRPASIKKDSEFKHDANVEIIKRTCEDKVNDKDNPTDDEKAKYYSKEDY
DIVKNKRFTKDQFSLHLTLAMNCNQPDHYWLNNDVRELLKKSNKNHIIGIDRGERNLIYVTIIN
SDGVIVDQINFNIIENSYNGKKYKTDYQKKLNQREEDRQKARKTWKTIETIKELKDGYISQVVH
QICKLIVQYDAIVVMENLNGGFKRGRTKVEKQVYQKFETMLINKLNYYVDKGTDYKECGGLLKA
YOLTNKFETFERIGKQSGIIFYVDPYLTSKIDPVTIGFANLLYPKYETIPKTHNFISNIDDIRYN
QSEDYFEFDIDYDKFPQGSYNYRKKWTICSYGNRIKYYKDSRNKTASVVVD ITEKFKETFTNAG
IDFVNDNIKEKLLLVNSKELLKSFMDTLKLTVQLRNSEINSDVDYIISPIKDRNGNFYYSENYK
KSNNEVP SQPQODGDANGAYNIARKGLMI INKLKKADDVTNNELLKISKKEWLEFAQKGDLGE

10

PbCasi2a
Prevotella brevis

MKQFTNLYQLSKTLRFELKP IGKTLEHINANGF IDNDAHRAESYKKVKKLIDDYHKDYIENVLN
NFKLNGEYLQAYFDLYSQDTKDKQFKDIQDKLRKSIASALKGDDRYKTIDKKELIRQDMKTEFLK
KDTDKALLDEFYEFTTYFTGYHENRKNMY SDEAKSTATAYRLIHDNLPKFIDNIAVFKKIANTS
VADNFSTIYKNFEEYLNVNSIDEIFSLDYYNIVLTQTQIEVYNSIIGGRTLEDDTKIQGINEFV
NLYNQQLANKKDRLPKLKPLFKQILSDRVQLSWLQEEFNTGADVLNAVKEYCTSYFDNVEESVK
VLLTGISDYDLSKIYITNDLALTDVSQRMFGEWSIIPNATIEQRLRSDNPKKTNEKEEKYSDRIS
KLKKLPKSYSLGYINECISELNGIDIADYYATLGAINTESKQEPSIPTSIQVHYNALKPILDTD
YPREKNLSQODKLTVMQLKDLLDDFKALQHF IKPLLGNGDEAEKDEKFYGELMQLWEVIDSITPL
YNKVRNYCTRKPFSTEKIKVNFENAQLLDGWDENKESTNASIILRKNGMYYLGIMKKEYRNILT
KPMPSDGDCYDKVVYKFFKDITTMVPKCTTOMKSVKEHF SNSNDDYTLFEKDKF IAPVVITKEIL
FDLNNVLYNGVKKFQIGYLNNTGDSFGYNHAVEIWKSFCLKFLKAYKSTSIYDFSSIEKNIGCY
NDLNSFYGAVNLLLYNLTYRKVSVDYIHQLVDEDKMYLFMIYNKDFSTYSKGTPNMHTLYWKML
FDESNLNDVVYKLNGQAEVFYRKKSITYQHP THPANKP IDNKNVNNPKKQSNFEYDLIKDKRYT
VDKFMFHVP ITLNFKGMGNGDINMQVREYIKTTDDLHF IGIDRGERHLLYICVINGKGEIVEQY
SLNEIVNNYKGTEYKTDYHTLLSERDKKRKEERSSWQTIEGIKELKSGYLSQVIHKITQLMIKY
NAIVLLEDLNMGFKRGRQKVESSVYQQFEKALIDKLNYLVDKNKDANEIGGLLHAYQLTNDPKL
PNKNSKQSGFLFYVPAWNTSKIDPVTGFVNLLDTRYENVAKAQAFFKKFDS IRYNKEYDRFEFK
FDYSNFTAKAEDTRTOWTLCTYGTRIETFRNAEKNSNWDSREIDLTTEWKTLFTQHNIPLNANL
KEAILLQANKNFYTDILELMKLTLOMRNSVTGTDIDYMVSPVANECGEFFDSRKVKEGLPVNAD
ANGAYNIARKGLWLAQQOIKNANDLSDVKLAITNKEWLOFAQKKQYLKD

11

HoCasi2a
Helcococcus ovis

MSFERLTNIASISKTLRFRLKPVGKTLENLEKLGKLDKDFERNNFYPILKNIADDYYRQYIRNR
LTDLNLDWIKLYYAHELLNSTDKESKKNLTTIQSEYRKILLNILSGELDKNGEKFSKDIVKKNK
ELYGKLFKKEFILEILPKFVETTNIYNKEYFNGINLYNKFTTRLSNFWEARKNIFTDKDIATGI
PFRVVNENFVYFYKNIQVFNKNIKYLEDKLDNLEKNLKSEGIMSIDKSIKDFFNPNGFNYVITQ
KGIDTYQAIRGGFTKENGEKVQGINEILNLTQOKLRRNPYTKNIKLGVLTKLRKQILEYSESTS
FLIDQIEDDNDLVDRINKFNVSFFESTEVSPSIFVQLENLYNSLRTANSEDIYIDARNTQKEFSQ
MLFGOWDVIRRGYSLKITEGTKEEKKKYKKYIELDETSKAKGYLTLMEIQELVSSVEGYEEIDV
FNVLLEKFKINIIERLKVETPIYGSPMKLEAIKEYLEKHLEEYHKWKLLLINNDELDLDEAFYP
LLNEVISDYNIIQLYNLTRNYLTRKYSDKEKIKINFDFPTLADGWSESKISDNRSIILRKDGNY
YLGILEDNKLLDNNITNFLENCYEIMKYNLFPDAAKMIPKCSISKKEVKNHFENGEDKSIYLSN
QFVGRLEISKELYELONNLVDGKKKYQIDYLRNTDDKVGYRNALNQWITFCKKFLNKYQGTQDF
DYSKLKEAKYYDKLDQFYADVDSYGYSLDFDTINEDLVNKAVEDGKLLLFQIYNKDFSPESKGK
KNLHTLYWLSMFSDENLKARKLKLNGQAEIFYRKKLEKKPIIHKEGSILLNKIDKDGNTIPENT

12
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YHECYRYLNKKIGRKDLSDKAITLFNKDVLNYKEARFDIIKDRRYSESQFFFHVPITFNWDLKS
NONVNSIVONMIKDREIKHIIGIDRGERHLLYYSVIDLEGNIVEQGSLNTLNQNRFDNSIVEVD
YODKLRTREEDRDRARKNWININKIKELKDGYLSHVVHKLSKLIIDYEAIVILENLNQGFKRGR
FKVERQVYQKFELALMNKLSALSFKETYDEGKNLEPSGILNPIQACYPVDSYQDLQOGONGIVEY
LPAAYTSVIDPVTGFTNLFRLNSINTTKYEEFIKGFKNIYFDNEDLDFKF IFDYKNFEKFNEVS
FKNKKSKKWIVSTRGERISYNSKKKEYFYVKPTEILKNKLIELGINFEDKDKDIISLIDKINDS
KKIKLLKVVFDAFKYSVQLRNHDNIQDYIISPVADENGNYYNSNDVAIKNLKLPDNGDANGAFN
JARKGLLLIERISNSDDSKVDLKIKNEDWIDFIIS

FsCasi2a-UWHS
Fibrobacter sp.
UWHS

MOATHQFCGQKNGYSRSITLRNRLIPIGKTEENIQKFLESDKNRADKYPGAKQLIDNLHRDEFIA
EVLSTHSFDWQPLADSIEKFQKTKDARDKKNLOTQOTNLRKQIAKAFSSSEKGKKLFSKELFTE
LLPEYIKGKVDEKANEEIVKEFDRFTTYFTGFYDNRKNMY SDEEQATAISFRLVNENFPKFLTN
AKLFQEIKGKYPEIINDALKSLKNEKIDSYFEVNGFNACLTQQGIDAYNQVLGGTAAEAGQEKS
KGLNECINLYKQQHSDVKIGKMSMLYKQILSDRDGSFIDAFEKDEDVFKAVQSYHEILISQLSE
IEKLFVDAEYDLDKIIVPVKKLTEYSQVCTGRWNVVEESIRONF IAKHGEPKKKKDEDALDKEL
KKDQSLLELKNILASAPSMEGINIVDYLNNDNLVKQTFSSVELEVKNLEEGFVTLIQKISYKDG
SDLKQKDDDVEHIKIYLDCALNLYHYLELVDYRGEAEKDGDFYSTYEKVIERLSGILFLYNKVR
NYVTKKIDTEKKFKLNFDSPTLANGWDANKESANNAIILRKNGKYYLGIFNPNDKPKIDNEATC
DASDCYEKMVYKLLPGPNKMLPKVFFSKKGLETFNPPKEILEGYTKEQYKKGDTFDIIFCHKLI
DWFKDAINQHPDWKKENFKFSKTESYADISEFYREITEQGYKISFTKIAESEIQNLVDCGKLEL
FQIYNKDYAENSCGSKNLHTLYWENLFSEENLKNTVLKLNGEAELFFRPQVIKEDKIIAHKKDS
YLVNRIGKDGKRIPESFYQEIYKKANGIIDKISDEAKEFEKNAVVKKATHD IVKDRRFTONVYQ
FHCPITMNFKAAELTGKKFNERVQELLAKDPTVKVIGIDRGERHLLYLSLINQKGEIELQKTLN
LVELNRNGQTVQVDYQQOKLTLKEKERDNARKNWKT INNIKEIKEGYLSAVVHEIAKMMVEHNAT
VVMEELNYGFKRGRFPVERQVYQKFELALIEKLNFLVFKNKNVSEAGGVLNAFQLTQKPDSLTD
FGKONGWIFYIPAAYTSKIDPKTGF IDFFKLSKVATKNLTNMDAKKSFFKGSSSTCVGGFATLFE
C

13

CsCasl2a-AF34-
10BH Clostridium
sp. AF34-10BH

MNYKTGLEDFIGKESLSKTLRNALIPTESTKIEMEEMGVIRDDELRAEKQQOELKEIMDDYYRAF
IEEKLGQIQGIQWNSLFQKMEETMEDISVRKDLDKIQNEKRKEICCYFTSDKRFKDLFNAKLIT
DILPNFIKDNKEYTEEEKAEKEQTRVLFQRFATAFTNYFNQRRNNFSEDNISTAISFRIVNENS
EIHLONMRAFQRIEQQOYPEEVCGMEEEYKDMLOEWOMKHIYLVDFYDRVLTQPGIEYYNGICGK
INEHMNQFCQKNRINKNDFRMKKLHKQILCKKSSYYEIPFRFESDQEVYDALNEF IKTMKEKE I
ICRCVHLGQKCDDYDLGKIYISSNKYEQISNALYGSWDTIRKCIKEEYMDALPGKGEKKEEKAE
AAAKKEEYRSIADIDKIISLYGSEMDRTISAKKCITEICDMAGQISTDPLVCNSDIKLLONKEK
TTEIKTILDSFLEVYQWGQTFIVSDIIEKDSYFYSELEDVLEDFEGITTLYNHVRSYVTQKPYS
TVKFKLHFGSPTLANGWSQSKEYDNNAILLMRDQKFYLGIFNVRNKPDKQI IKGHEKEEKGDYK
KMIYNLLPGPSKMLPKVFITSRSGQETYKPSKHILDGYNEKRHIKSSPKFDLGYCWDLIDYYKE
CIHKEPDWKNYDFHFSDTKDYEDISGFYREVEMQGYQIKWTYISADEIQKLDEKGQIFLFQIYN
KDFSVHSTGKDNLHTMYLKNLFSEENLKDIVLKLNGEAELFFRKASIKTPVVHKKGSVLVNRSY
TQTVGDKEIRVSIPEEYYTEIYNYLNHIGRGKLSTEAQRYLEERKIKSFTATKDIVKNYRYCCD
HYFLELPITINFKAKSDIAVNERTLAYIAKKEDIHIIGIDRGERNLLYISVVDVHGNIREQRSF
NIVNGYDYQQKLKDREKSRDAARKNWEEIEKIKELKEGYLSMVIHYIAQLVVKYNAVVAMEDLN
YGFKTGRFKVERQVYQKFETMLIEKLHYLVFKDREVCEEGGVLRGYQLTYIPESLKKVGKQCGF
IFYVPAGYTSKIDPTTGFVNLEF SFKNLTNRESRODFVGKFDEIRYDRDKKMFEFSFDYNNY IKK
GTMLASTKWKVYTNGTRLKRIVVNGKYTSQSMEVELTDAMEKMLORAGIEYHDGKDLKGQIVEK
GIEAEIIDIFRLTVQMRNSRSESEDREYDRLISPVLNDKGEFFDTATADKTLPQDADANGAYCI
ALKGLYEVKQIKENWKENEQFPRNKLVODNKTWEDFMOKKRYL

14

BaCasl2a
Brumimicrobium
aurantiacum

MKNQINLFTNKFQLSKTLRFELKPQGKTLEHINSKGF IKNDEKRADSYKKMKATIDAFHRDEFID
LAMSNVKLTNLIDFEEIYNASNADKKDEKYKTKLSKIQEILRKEIAKGFKGEEVKDIFSKIDKK
DLITKLLEEWIIENKIEDIHFDPEFKNFTTYFSGFHONRKNMYTDOQEQSTAIAYRLIHENLPRF
IDNINIFQKINKVPDLEENLKKLYQEIEEYLGINAINEAFELEYFNETLSQKGIDIYNLILGGR
TAEEGKQKIQGLNEYINLYNQKODKKNRVPKLKVLYKQILSDRTRTSFLPDTFEDDEESSASQK
VLDSINNFYLENLIDYLPNDKNSTINVLENLKLLLAELINFELDKVYIKNDTSITNISMKIFKN
YSVIREALNYFYENKIDPNFAHNFNNANTDKKREKLEKEKAKITKQTYLSISFIEEATHLYINE
NSNGNQYKNTYKPNCIANYFKDFFIAENKEGSNKEFDFISKIKARYNTIKGVLNTPFPDNKRLH
QEKNNIDNIKHFLDSIMEYLHFAKPLVLSGSFAFEKDEQFYTNFDELYNQLELIIPLYNKVRNY
ATQKPYSTEKFKLNFENSTLLNGWDVNKEEANTSILFIKNGFYYLGIMDKNHNKIFRNTPKSTN
TDIYKKVNYKLLPGASKMLPKVFFGKKNLDYYKPSKDILRIRNHGTHTKGGKPQSGFDKLDENL
NDCHKLIDFFKDSIQKHPDWSKFKFKEFSDTQIYESIDQFYRELEPQAYSITYTNIDSSFIEEQT
NEGKLYLFQIYNKDFSKFSNGKPNLHTLYWKALFDEQNLKDVTYKLNGEAE IFYRKKSIQHDRQ
ITHKRNQPIINKNPNNEKKESIFKYNIIKDKRYTIDKFQFHVP ITLNFKAKGTDYINYDVLDYL
KENPDVKIIGLDRGERHLIYLTLIDQKGKILEQISLNEIVNKKHENITTSYHNLLETKEIERDKA
REKNWGTVETIKELKEGYISQVVHKISKMMIEHNAIVVMEDLNMGFKRGRFKVEKQVYQKLEKML
IDKLNYLVLKDRQPNEPAGIYNALQLTNKFESFQKLGKQSGFLFYVPAWNT SKIDPTTGFVNLFEF
HVKYESVRKSQEFFNKFNSIKYNPKEAIFEFDFDYNEFTTRAEGTKTNWTVCTYGDRIKTFRNP
EKLNQWDNKEINITTAFEDFFGRHNITYGNGSDIKSQLISREEKDFFSELIHLFRLTLOMRNSK
TNSEIDYLISPVKNENGFFYDSRHADKNLPKDADANGAYHIAKKGLOWIKE IQSFEGNEWKKLK
LDKTNKGWLKFVQENQ

15
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LbCasl2a-MA2020
Lachnospiraceae
bacterium MA2020

MYYESLTKQYPVSKTIRNELIPIGKTLDNIRQNNILESDVKRKONYEHVKGILDEYHKQLINEA
LDNCTLPSLKIAAEIYLKNQKEVSDREDFNKTQDLLRKEVVEKLKAHENFTKIGKKDILDLLEK
LPSISEDDYNALESFRNFYTYFTSYNKVRENLYSDKEKSSTVAYRLINENFPKFLDNVKSYREV
KTAGILADGLGEEEQDSLFIVETFNKTLTQDGIDTYNSQVGKINSSINLYNQKNQKANGFRKIP
KMKMLYKQILSDREESFIDEFQSDEVLIDNVESYGSVLIESLKSSKVSAFFDALRESKGKNVYV
KNDLAKTAMSNIVFENWRTFDDLLNQEYDLANENKKKDDKYFEKRQKELKKNKSYSLEHLCNLS
EDSCNLIENYIHQISDDIENIIINNETFLRIVINEHDRSRKLAKNRKAVKATIKDFLDSIKVLER
ELKLINSSGQELEKDLIVYSAHEELLVELKQVDSLYNMTRNYLTKKPFSTEKVKLNFNRSTLLN
GWDRNKETDNLGVLLLKDGKYYLGIMNTSANKAFVNPPVAKTEKVFKKVDYKLLPVPNQMLPKV
FFAKSNIDFYNPSSEIYSNYKKGTHKKGNMF SLEDCHNLIDFFKESISKHEDWSKFGFKEFSDTA
SYNDISEFYREVEKQGYKLTYTDIDETYINDLIERNELYLFQIYNKDFSMY SKGKLNLHTLYFM
MLFDQRNIDDVVYKLNGEAEVFYRPASISEDELITHKAGEEIKNKNPNRARTKETSTFSYDIVK
DKRYSKDKFTLHIPITMNFGVDEVKREFNDAVNSAIRIDENVNVIGIDRGERNLLYVVVIDSKGN
ILEQISLNSIINKEYDIETDYHALLDEREGGRDKARKDWNTVENIRDLKAGYLSQVVNVVAKLV
LKYNAIICLEDLNFGFKRGROKVEKQVYQKFEKMLIDKLNYLVIDKSREQT SPKELGGALNALQ
LTSKFKSFKELGKQSGVIYYVPAYLTSKIDPTTGFANLFYMKCENVEKSKRFFDGFDF IRFNAL
ENVFEFGFDYRSFTQRACGINSKWTVCTNGERIIKYRNPDKNNMFDEKVVVVTDEMKNLFEQYK
IPYEDGRNVKDMIISNEEAEFYRRLYRLLOOTLOMRNSTSDGTRDYIISPVKNKREAYFNSELS
DGSVPKDADANGAYNIARKGLWVLEQIRQKSEGEKINLAMTNAEWLEYAQTHLL

16

TsCasi2a
Thiomicrospira sp.
XS5

MTKTFDSEFFNLYSLQKTVRFELKPVGETASFVEDFKNEGLKRVVSEDERRAVDYQKVKEL IDD
YHRDF IEESLNYFPEQVSKDALEQAFHLYQKLKAAKVEEREKALKEWEALQKKLREKVVKCEFSD
SNKARFSRIDKKELIKEDLINWLVAQNREDDIPTVETFNNFTTYFTGFHENRKNIYSKDDHATA
ISFRLIHENLPKFFDNVISFNKLKEGFPELKFDKVKEDLEVDYDLKHAFEIEYFVNFVTQAGID
QYNYLLGGKTLEDGTKKQGMNEQINLFKQQQTRDKARQIPKLIPLFKQILSERTESQSF IPKQF
ESDQELFDSLOKLENNCQDKF TVLQQAILGLAEADLKKVF IKTSDLNALSNTIFGNYSVFSDAL
NLYKESLKTKKAQEAFEKLPAHS IHDLIQYLEQFNSSLDAEKQQSTDTVLNYF IKTDELY SRF I
KSTSEAFTQVQPLFELEALSSKRRPPESEDEGAKGQEGFEQIKRIKAYLDTLMEAVHFAKPLYL
VKGRKMIEGLDKDQSFYEAFEMAYQELESLIIPIYNKARSYLSRKPFKADKFKINFDNNTLLSG
WDANKETANAS ILFKKDGLYYLGIMPKGKTFLFDYFVSSEDSEKLKQRROKTAEEALAQDGESY
FEKIRYKLLPGASKMLPKVFFSNKNIGFYNPSDDILRIRNTASHTKNGTPQKGHSKVEFNLNDC
EKMIDFFKSSIQKHPEWGSFGF TFSDTSDFEDMSAFYREVENQGYVISFDKIKETY IQSQVEQG
NLYLFQIYNKDFSPYSKGKPNLHTLYWKALFEEANLNNVVAKLNGEAE IFFRRES IKASDKVVH
PANQAIDNKNPHTEKTQSTFEYDLVKDKRY TQDKFFFHVP I SLNFKAQGVSKFNDKVNGFLKGN
PDVNIIGIDRGERHLLYFTVVNQKGEILVQESLNTLMSDKGHVNDYQQKLDKKEQERDAARKSW
TTVENIKELKEGYLSHVVHKLAHLIIKYNAIVCLEDLNFGFKRGRFKVEKQVYQKFEKALIDKL
NYLVFKEKELGEVGHYLTAYQLTAPFESFKKLGKQSGILFYVPADYTSKIDPTTGFVNFLDLRY
QSVEKAKQLLSDFNAIRFNSVQNYFEFEIDYKKLTPKRKVGTQSKWVICTYGDVRYQNRRNQKG
EWETEEVNVTEKLKALFASDSKTTTVIDYANDDNLIDVILEQDKASFFKELLWLLKLTMTLRES
KIKSEDDFILSPVKNEQGEFYDSRKAGEVWPKDADANGAYHIALKGLWNLQQINQWEKGKTLNL
ATKNQDWF SFIQEKPYQE

17

SvCasi2a Sneathia
vaginalis

MTEEDTKSFVDEILLTPESVIKTIDNFIDSIIMNDIEGLKEEFLKISLENFEGIYISNKKLNEI
SNRKFGDYNSINMMIKQSMNEKGILSKKEINELIPDLENINKPKVKSFNLSFIFENLTKEHKEL
IIDYIRENICNVIENVKITIEKYRNIDNKIEFKNNAEKVSKIKEMLESINELCKLIKEFNTDEI
EKNNEFYNILNKNFEIFESSYKVLNKVRNFVTKKEVIENKMKLNF SNYQLGNGWHKNKEKDCS I
ILFRKRNNERWIYYLGILKHGTKIKENDYLSSVDTGFYKMDYYAQNSLSKMIPKCSITVKNVKN
APEDESVILNDSKKFNEPLEITPEIRKLYGNNEHIKGDKFKKESLVKWIDFCKEFLLKYKSFEK
AKKEILKLKESNLYENLEEFYSDAEEKAYFLEFINIDEDKIKKLVKEKNLYLFQIYNKDFSAYS
TGNKNLHTMYFEELFTDENLKKPVFKLNGNTEVFYRIASSKPKIVHENKGEKLVNKTYLDDGIIK
TIPDSVYEEISEKVKNNEDYSKLLEENNIKNLEIKVATHEIVKDKRYFENKFLFYLP ITLNKKV
SNKNTNKNINKNVIDEIKDCNEYNVIGIDRGERNLISLCIINQNGEIILQKEMNIIQSSDKYNV
DYNEKLEIKSKERDNAKKNWSEIGKIKDLKSGYLSAVVHEIVKLAIEYNAVIILEDLNNGFKNS
RKKVDKQIYQKFERALIEKLOFLIFKNYDKNEKGGLRNAFQLTPELKNITKVASQQGIIIYTNP
AYTSKIDPTTGYANIIKKSNNNEESIVKAIDKISYDKEKDMFYFDINLSNS SFNLTVKNVLKKE
WRIYTNGERIIYKDRKYITLNITQEMKDILSKCGIDYLNIDNLKQDILKNKLHKKVYYIFELAN
KMRNENKDVDYIISPVLNKDGKFFMTQEINELTPKDADLNGAYNIALKGKLMIDNLNKKEKFVE
LSNEDWLNEFIQGR

18
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BsCas12a-OAE603
Bacillus sp.
OAE603

MNNNMFKDFINKYSVPKTLKFELIPIGNTSENIKKYKIIETDRELEKGYEKVKLLIDEYHRSFI
SRVLNNIEFGESLLKYEEFYSHNTDLKREKFEIHKKEMRKKISKAFKDAGAAELFKNTLITKLL
PGLYEGKDEVLNVLNLFKKFTTYFKNFHENRKNIYSSEEKSTAISYRIINENLPIFIHENIKTYE
RICSLIDFDTALEDSFLNQIKKELNCQFFSEFFNIHTFNRVLSQEGINSYNLLLGGKSEEDGTK
IKGVNELLNLFCQETKEKLPKFKFLKKQILSDMDSKSFVLDAFNSDSDVLEAISSYHEYLMENT
EGSEITLKEFIGQMKNENLDTIYIKDKQSLKSISQKVFGSWSTITEAIYSFEYDEKNGGKGSTN
SVKYNEKKKNEFNKYYEQMAKSNTKLKKIYSLSYINKCIKYFGKSEDICDYFIGMGQYGVKEEV
PGENLIEAITSNYSAIKFNFIDKILSENELLIEKVKRYLDSIKELQMFLKPLNKEGDKNPLEYG
EFDRFYGALESVTPLYNMVRNYVTKKPYSKDKLKLNFSNAQLLNGWDKDKESDYLSLLFKKGSK
YYLGVLNNKIPKVGKCFDCQFEVDSEDYYEKMEYKQLSNVVANIPRIAFSDSNKSLESPSNEIL
KIQERGSYLKSSIDFDIKDLHOMIDFFKNGLKKKYSEYDFNFSNTSSYSNISDFYQEVIKATYK
VKFRKVPSKFIDDLVDVGKLFLFQLHNKDYSIKSKGKKNLHTIYWESLF SEANLKNPVHKLNGE
AEIFFRKSSIQRHITHPKGQLIESKREKGKFNKEFSYDLIKDKRYTEDKFFLHVP ITLNRSANDK
GINFNTEVCNVLSKFPEPHIIGVDRGERHLIYLSVIDSRGKITHQESLNTITNSYIDGSGKEQV
TEINYHSKLDKSEEERSQSRKNWKKIENIKELKQGYLSHVVHRITSLMFKYNGIVILEDLNEGF
KRGRFHVEKQVYQKFEKALIDKLNLIVSKNVNENELGGIRKPYQLTSKFTSFKELGKQTGFLFY
VNPNYTSKLDPTTGFSNQLLIKYESINKTKEFLEKFDEIKFNKEENYFEFHVDF SKFTQKKVGK
TKWVICTKGDRISNFNRKQVYLTNELKELFNKYEIDYKNDIQEQFRQLELSKAFYESFLGYLRL
TLOMRNNDPNKKDENGNEIDYIISPVKNDNNRFFDSRDVKNEHGLPVNGDANGAYNIALKGLML
LNEIKEATKEGRRPNLAIKNEDWFKFVONKEYNG

19

TpCasli2a
Treponema
porcinum

MKISEEFCGQGNGYSISKTLRFELKPKGKTLENIEKEKLLESDFKKSQDYKDVKIILDNYHKYF
IDDVLOKVNLDWTKLAASITDYNKNKEDDSSVIKEQDFLRKEIVKIISKDKRFACLTASTPKDL
FNSILLEWFEKSTEFSLNKKAVETFKRFSSYFKGFQENRKNMYKDEP IPTAVPYRIVNENFPKFE
LONAESFKEIQKKCPEVIELVEKELSAYLGNDKLSDIFCVKNFNRYLCQTGAENQRGIDYYNQT
IGGIVOKENDVKLRGINEFLNLFWQOHVDFAKDNRRIKFVPLYKQILSDRSSLSFKIQTLESDE
ELKEAVLSFAKKLDSKNKDGKNIFDLVMELTENINQYDLSQIYINQKDMNAVSKTLTGDWAYLQ
KRMNIFAEETLTKSEQKRWKKELDDDTSKSKGIFSFEELNKVLEYSSENCSAVSIKIQEYFETT
KRWYFEKQTGIFTKGEEIIEPSISGLCGQIKSNFDEVNKVFGNVSSENTLRENPEEVEKIKNYL
DSVONLLHRIKPLKVNGIGDTSFYSEYDEIYSVLYEVISLYNKTRNYISKKSGIPEKFKLNFDN
PTLADGWDONKEQANTSVILIKDDEYFLGIMNANNKPKFLENYEGNTEKCYQKMIYKLLPGPNK
MLPKVFFSTKGIETFNPPKEILNGYNAGKHKKGDSFDLDFCHSLIDWFKDAINRHEDWKKEFDFK
FSETSSYKDISEFYREISEQGYKLTFTAIPESVVEKMVTDGNLELFQIYNKDFAKGASGKPNMH
TLYWKQLFSKENLSDTILKLNGEAEIFYREPGIKEP IVHKTGSKLVNKVTKDGVSVPAEIYNET
YKVONGMOTELSETAQVFVKEHEVSVKTASHDITKDKHFTEAKFLFHVP IT INFKAQGNSLTMN
ERVRKFLKNNPEVNIIGLDRGERHLIYFSLINQKGEILKQFTFNEVERKONDRIIKVDYHEKLD
NREKERDAARKNWTAIGKIAELKEGYLSAVIHELTKMMIQYNAVIVMEDLNFGFKRGRFHVEKQ
VYQKFERMLIDKLNYLVFKDKGFTEPGGVLNGYQLAGQFESFQKLGKQSGF LFYVPAGYTSKID
PKSGFADLFNLRDLTNVRRKREFFSKFDSIKYDSETMSFSFAFDYKNFDGKGKTEMAKTKWTIVE
SKDKRIVYFPKNKSYSDVFPTDELKQTFEQAEIKIHDDENLLDVIMEIGADLKPDEKPNQNVAS
FWDSLLRNFKLILOMRNSNAQTGEDYIISPVKADDGTFFDSRNQLSLGKEAKLP IDADANGAYH
JALKGLELLRRFNETDEIKLKKADMKISNADWFKFVQEKQYLN

20

SiCasi2a
Synergistes jonesii

MANSLKDFTNIYQLSKTLRFELKPIGKTEEHINRKLIIMHDEKRGEDYKSVTKLIDDYHRKFIH
ETLDPAHFDWNPLAEALIQSGSKNNKALPAEQKEMREKIISMFTSQAVYKKLFKKELFSELLPE
MIKSELVSDLEKQAQLDAVKSFDKFSTYFTGFHENRKNIYSKKDTSTSIAFRIVHONFPKFLAN
VRAYTLIKERAPEVIDKAQKELSGILGGKTLDDIFSIESFNNVLTODKIDYYNQIIGGVSGKAG
DKKLRGVNEFSNLYRQQHPEVASLRIKMVPLYKQILSDRTTLSFVPEALKDDEQAINAVDGLRS
ELERNDIFNRIKRLFGKNNLYSILDKIWIKNSSISAFSNELFKNWSFIEDALKEFKENEFNGARS
AGKKAEKWLKSKYFSFADIDAAVKSYSEQVSADISSAPSASYFAKFTNLIETAAENGRKFSYFA
AESKAFRGDDGKTEIIKAYLDSLNDILHCLKPFETEDISDIDTEFYSAFAEIYDSVKDVIPVYN
AVRNYTTQKPFSTEKFKLNFENPALAKGWDKNKEQNNTAIILMKDGKYYLGVIDKNNKLRADDL
ADDGSAYGYMKMNYKFIPTPHMELPKVFLPKRAPKRYNPSREILLIKENKTFIKDKNFNRTDCH
KLIDFFKDSINKHKDWRTFGFDFSDTDSYEDISDFYMEVQDOQGYKLTFTRLSAEKIDKWVEEGR
LFLFQIYNKDFADGAQGSPNLHTLYWKAIFSEENLKDVVLKLNGEAELFFRRKSIDKPAVHAKG
SMKVNRRDIDGNPIDEGTYVEICGYANGKRDMASLNAGARGLIESGLVRITEVKHELVKDKRYT
IDKYFFHVPFTINFKAQGOGNINSDVNLFLRNNKDVNIIGIDRGERNLVYVSLIDRDGHIKLOK
DFNIIGGMDYHAKLNQKEKERDTARKSWKTIGTIKELKEGYLSQVVHEIVRLAVDNNAVIVMED
LNIGFKRGRFKVEKQVYQKFEKMLIDKLNYLVFKDAGYDAPCGILKGLOLTEKFESFTKLGKQC
GIIFYIPAGYTSKIDPTTGFVNLEFNINDVSSKEKQKDFIGKLDSIRFDAKRDMFTFEFDYDKEFR
TYQTSYRKKWAVWINGKRIVREKDKDGKFRMNDRLLTEDMKNILNKYALAYKAGEDILPDVISR
DKSLASEIFYVFKNTLOMRNSKRDTGEDFIISPVLNAKGRFFDSRKTDAALPIDADANGAYHIA
LKGSLVLDAIDEKLKEDGRIDYKDMAVSNPKWFEFMQOTRKEDF

21
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Sc2Casl2a
Sulfurimonas
crateris

MLSNFTNQYQLSKTLRFELKPVGDTLKHIEKSGLIAQDEIRSQEYQEVKTIIDKYHKAFIDEAL
ONVVLSNLEEYEALFFERNRDEKAFEKLQAVLRKEIVAHFKQHPQYKTLFKKELIKADLKNWQE
LSDAEKELVSHFDNFTTYFTGFHENRANMY TDEAKHSSIAYRITIHENLP IFLTNKKLFETIKQK
APHLAQETQODALLEYLSGAIVEDMFELSYFNHLLSQTHIDLYNQMIGGVKQDSLKIQGLNEKIN
LYRQANGLSKRELPNLKPLHKQILSDRETLSWLPESFESDEELMQGVQAYFESEVLAFECCDGK
VNLLEKLPELLHQTQDYDFSKVYFKNDLALTAASQAIFKDYRIIKEALWEVNKPKKSKDLVADE
EKFFNKKNSYFSIEQIDGALNSAQLSANMMHYFQSESTKVIEQIQLTYNDWKRNS SNKELLKAF
LDALLSYQRLLKPLNAPNDLEKDVAFYAYFDAYFTSLCGVVKLYDKVRNFMTKKPYSLEKFKLN
FENSTLLDGWDVNKESDNTAILFRKEGLYYLGIMNKKYNKVFRNISSSQDEGYQKIDYKLLPGA
NKMLPKVFFSDKNKEYFKPNAKLLERYKAGEHKKGDNFDLDFCHELIDFFKTSIEKHQDWKHFA
YQFSPTESYEDLSGFYREVEQQGYKISYKNIAASFIDTLVAEGKLYFFQIYNKDFSPYSKGTPN
MHTLYWRALFDEKNLADVIYKLNGQAEIFFRKKSIEYSQEKLOKGHHHEMLKDKFAYPIIKDRR
FAFDKFQFHVPITLNFKAEGNENITPKTFEYIRSNPDNIKVIGIDRGERHLLYLSLIDAEGKIV
EQFTLNQIINSYNGKDHVIDYHAKLDAKEKDRDKARKEWGTVENIKELKEGYLSHVIHKIATLI
IEHGAVVAMEDLNFGFKRGRFKVEKQVYQKFEKALIDKLNY LVDKKKEPHKLGGLLNALQLTSK
FQSFEKMGKONGFLFYVPAWNTSKIDPVTGEFVNLFDTRYASVEKSKAFFTKFQSICYNEAKDYF
ELVFDYNDFTEKAKETRSEWTLCTYGERIVSFRNAEKNHQWDSKTIHLTTEFKNLFGELHGNDV
KEYILEQNSVEFFKSLIYLLKITLOMRNSITGTDIDYLVSPVADEAGNFYDSRKADTSLPKDAD
ANGAYNIARKGLMLMHRIQNAEDLKKVNLAISNRDWLRNAQGLDK
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LsCasl12a
Limihaloglobus
sulfuriphilus

MKDFTHQYSLSKTLRFELKPVGETAERIEDFKNQGLKS IVEEDRQRAEDYKKMKRI LDDYHKEF
IEEVLNDD IFTANEME SAFEVYRKYMASKNDDKLKKE I TE IFTDLRKK IAKAFENKSKEYCLYK
GDFSKLINEKKTGKDKGPGKLWYWLKAKADAGVNEFGDGQTFEQAEEALAKFNNF STYFTGENQ
NRDNIYTDAEQQTAISYRVINENMTRYFDNCIRYSSIENKYPELVKQLEPLSGKFAPGNYKDYL
SQTAIDIYNEAVGHKSDDINAKGINQF INEYRQRNS IKGRELP IMSVLYKQILSDINKDLIIDK
FENAGELLDAVKTLERELTDKKILLKIKQTLNEFLTEDNSEDIYIKSGTDLTAVSNAIWGEWSYV
IPKALEMYAENITDMNAKAREKWLKREAYHLKTVQEATEAYLKDNEEFETRNISEYFTNFKSGE
NDLIQVVQSAYAKMES IFGIEDFHKDRRPVTESGEPGEGFRQVELVREYLD SLINVEKF IKPLH
MFRSGKP IELEDCNSNFYDPLNEAYKELDVVFGIYNKVRNYVTQKP Y SKDKFKINFQNSTLLDG
WDVNKESANS SVLLLKNGKYYLGVMKQGASNILNYRPEP SDSKNK INAKKQLSEIALAGATDDY
YEKMIYKLLPDPAKMLPKVFFSAKNIEFYNPSQEI IYIRENGLFKKDAGDKESLKKWIGFMKTS
LLKHPEWGSYFNFEFEPAEDYQDISIFYKQVAEQGYSVTFDKIKTSY IEEKVASGELYLFEIYN
KDF SPHSKGRPNLHTMYWKSLFEKENLONLVTKLNGEAEVFFRQHS IKRNEKVVHRANRP IQNK
NPLTEKKQS IFEYDLVKDRRF TKDKFFLECP I TLNFKEAGP GRFNDKVNKY IAGNPDIRIIGID
RGERHLLYYSLIDQSGRIVEQGTLNQITSTLNSGGREIPKTTDYRGLLDTKEKERDKARKSWSM
IENIKELKSGYLSHIVEKLAKLMVKNNAVVVLEDLNFGFKRGRFKVEKQVYQKFEKALTEKLNY
LVFKDARPAEPGHYLNAYQLTAPLESFKKLGKQSGF IYYVPAWNTSKIDPVTGFVNQFY IEKNS
MQYLKNFFGKFDS IRFNPDKNYFEFGFDYKNFENKAAKSKWT I CTEGDKRSWYNRKQRKLE THN
VTENLASLLSGKGINFADGGS IKDKILSVDDASFFKSLAFNFKLTAQLRETFEDNGEEIDCIIS
PVAAADGTFFCSETAKKLNMELPHDADANGAYNIARKGLMVLRQIRESGKPKP I SNADWLDFAQ
ONED

23

PxCasl2a
Pseudobutyrivibrio
xylanivorans strain
DSM 14809

MIIGRDEFNMYYQNLTKMYPISKTLRNELIPVGKTLENIRKNGILEADIQRKADYEHVKKLMDNY
HKQLINEALQGVHLSDLSDAYDLYFNLSKEKNSVDAFSKCODKLRKEIVSF LKNHENFPKIGNK
EIIKLIQSLNDNDADNNALDSEFSNFYTYFSSYNEVRKNLYSDEEKSSTVAYRLINENLPKSLDN
IKAYAIAKKAGVRAEGLSEEEQDCLFIIETFERTLTODGIDNYNADIGKLNTAINLYNQQONKKQ
EGFRKVPQMKCLYKQILSDREEAFIDEFSDDEDLITNIESFAENMNVEFLNSEIITDFKNALVES
DGSLVYIKNDVSKTLFSNIVFGSWNAIDEKLSDEYDLANSKKKKDEKYYEKRQKELKKNKSYDL
ETIIGLFDDSIDVIGKYIEKLESDITAIAEAKNDFDEIVLRKHEDKNKSLRKNTNAVEAIKSYLD
TVKDFERDIKLINGSGQEVEKNLVVYAEQENILAETIKNVDSLYNMSRNYLTQKPFSTEKFKLNF
ENPTLLNGWDRNKEKDYLGILFEKEGMYYLGIINNNHRKIFENEKLCTGKESCEFNKIVYKQISN
AAKYLSSKQINPOQNPPKEIAEILLKRKADSSSLSRKETELFIDYLKDDFLVNYPMIINSDGENFE
FNFHFKQAKDYGSLOQEFFKEVEHQAYSLKTRPIDDSYIYRMIDEGKLYLFQIHENKDFSPYSKGN
LNLEHTIYLOMLFDQRNLNNVVYKLNGEAEVFYRPASINDEEVIITHKAGEEIKNKNSKRAVDKPT
SKFGYDIIKDRRYSKDKFMLHIPVTMNFGVDETRRFNDVVNDALRNDEKVRVIGIDRGERNLLY
VVVVDTDGTILEQISLNSIINNEYSIETDYHKLLDEKEGDRDRARKNWTTIENIKELKEGYLSQ
VVNVIAKLVLKYNATIICLEDLNFGFKRGRQKVEKQVYQKFEKMLIDKLNYLVIDKSRKQEKPEE
FGGALNALQLTSKFTSFKDMGKQTGIIYYVPAYLTSKIDPTTGFANLFYVKYENVEKAKEFFSR
FDSISYNNESGYFEFAFDYKKFTDRACGARSQWTVCTYGERIIKYRNADKNNSFDDKTIVLSEE
FKELFSIYGISYEDGAELKNKIMSVDEADFFRCLTGLLOKTLOMRNSSNDGTRDYIISPIMNDR
GEFFNSEACDASKPKDADANGAFNIARKGLWVLEQIRNTP SGDKLNLAMSNAEWLEYAQRNQIA
S
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AsCasl2a-RM50
Anaerovibrio sp.
RM50

MVAFIDEFVGQYPVSKTLRFEARPVPETKKWLESDQCSVLFNDOQKRNEYYGVLKELLDDYYRAY
IEDALTSFTLDKALLENAYDLYCNRDTNAFSSCCEKLRKDLVKAFGNLKDY LLGSDQLKDLVKL
KAKVDAPAGKGKKKIEVDSRLINWLNNNAKYSAEDREKYIKAIESFEGEFVTYLTNYKQARENME
SSEDKSTAIAFRVIDONMVTYFGNIRIYEKIKAKYPELYSALKGFEKFFSPTAYSEILSQSKID
EYNYQCIGRPIDDADFKGVNSLINEYRQKNGIKARELPVMSMLYKQILSDRDNSFMSEVINRNE
EAIECAKNGYKVSYALFNELLQLYKKIFTEDNYGNIYVKTQPLTELSQALFGDWSILRNALDNG
KYDKDIINLAELEKYFSEYCKVLDADDAAKIQDKFNLKDYFIQKNALDATLPDLDKITQYKPHL
DAMLOATRKYKLFSMYNGRKKMDVPENGIDF SNEFNAIYDKLSEFSILYDRIRNFATKKPYSDE
KMKLSFNMPTMLAGWDYNNETANGCFLF IKDGKYFLGVADSKSKNIFDFKKNPHLLDKYSSKDI
YYKVKYKQVSGSAKMLPKVVFAGSNEKIFGHLISKRILEIREKKLYTAAAGDRKAVAEWIDEMK
SATATHPEWNEYFKFKFKNTAEYDNANKFYEDIDKQTYSLEKVEIPTEYIDEMVSQHKLYLFQL
YTKDF SDKKKKKGTDNLETMYWHGVF SDENLKAVTEGTQP ITKLNGEAEMFMRNP STEFQVTHE
HNKP IANKNPLNTKKESVENYDLIKDKRYTERKFYFHCP ITLNFRADKP IKYNEKINRFVENNP
DVCIIGIDRGERHLLYYTVINQTGDILEQGSLNKISGSYTNDKGEKVNKETDYHDLLDRKEKGK
HVAQQAWETIENIKELKAGYLSQVVYKLTQLMLQYNAVIVLENLNVGFKRGRTKVEKQVYQKFE
KAMIDKLNYLVFKDRGYEMNGSYAKGLQLTDKFESFDKIGKQTGCIYYVIPSYTSHIDPKTGEV
NLLNAKLRYENITKAQDTIRKFDSISYNAKADYFEFAFDYRSFGVDMARNEWVVCTCGDLRWEY
SAKTRETKAYSVTDRLKELFKAHGIDYVGGENLVSHITEVADKHFLSTLLFYLRLVLKMRYTVS
GTENENDFILSPVEYAPGKFFDSREATSTEPMNADANGAYHIALKGLMTIRGIEDGKLHNYGKG
GENAAWFKFMONQEYKNNG

25

AsCasl2a-YHI2106
Acinetobacter sp.
YHI2106

MNYQLLFQKFVHLYPISKTLRFELIPQGATQKFITEKQVLLODEVRARKYPEMKQAIDGYHKDF
IQRALGNIDSQSFEQALQTFQELFLRSQAERSTEAYKKEFETTQTKLRELIVNSFEKGEFKQEY
KSLFDKNLITNLLKPWVEKQSQTGDNNYTYHNDFNKFTTYFLGFEDNRKNIYSKEPHKTALAYR
LIHENLPKFLENNKILRKIQNDHPALWEQLQALHHTMPQLEFNGWDLSQLLQVSFFSNTLTQTGI
DQYNTIIGGISEGENRQKIQGINELINLYNQKODKKNRVAKLKQLYKQILSDRSTLSFLPQQFA
DDAELYHAINMFYLDHLEYQSMVNGHSYTLLERVQLLINELANYDLSKVYLAPNQLSAVSHQME
GDFGYISRALSYYYMQOVIQPDYELLLASAKTTAKIEAIEKLKTAFLDAPHSLVVIQAAIDKYLQ
LOPSSKPHTQLTDFIISLLKQYETVADDQSIKIINIFSDIEGKYSCIKGLVNTESTSESKREIL
ONEKLATDIKAFMDAINNVIKLLKPFALNEKLAASVEKDARFYSDFEEIYQALLVFVPLYNKVR
NYITQKPYSTEKFKLNFNKPTLLSGWDANKEADNLSILLRKNGNYYLAIMD TAKGANKAFEPKA
LNQLKVDDTTDCYEKMVYKLLPGPNKMFPKVFFSESRKAQFNPPOHITESYNKKEHISSEAHFD
LKKCHALIDWFKQCIELHEDWKHFNFKFSPTSQYSNISDFYKEVSEQNYKVHFQDIPADYIEQL
VAEGKLYLFQIYNKDFSPHAKGKENLHTMYFKALFSEENLKQPVFKLSGEAEMFYRPASLOLEN
TTIHKAGEAMVAKNPLTPDATRTLAYDIIKDRRFTTDKYLLHIPISLNFHAQESMSIKKHNDLV
ROMIKHNHODLHIIGIDRGEKHLLYVSVIDLKGNIVYQESLNSIKSEAQNFETPYHQLLQHREE
GRAQARTAWGKIENIKELKDGYLSQVVHRIQQLILKYNAIVMLEDLNFGFKRGRFKIEKQIYQK
FEKALIHKLNYVVDKSTQADELGGVRKAYQLTAPFESFEKLGKQSGVLFYVPAWNTSKIDPVTG
FVDLLKPKYENLDKAQAFFKTFDSIIFNAKKDYFEFKVNLNQFAGLKAQAARAEWTICSYGPER
HVYQKKNAQQGETVIVNVTEELKALFAKNNIEVAEGVELKEMICAQTQVDFFKRLIWLLOVLLA
LRYSSSKDKLDYILSPVANVLGEFFDSRHASTHLPODSDANGAYHIALKGLWVIEQLKTAANTE
KVNLAISNDEWLRFAQEKLYLT

26

BoCasl2a
Bacteroidetes oral

taxon 274 strain
F0058

MRKFNEFVGLYPISKTLRFELKP IGKTLEHIQRNKLLEHDAVRADDYVKVKKIIDKYHKCLIDE
ALSGFTFDTEADGRSNNSLSEYYLYYNLKKRNEQEQKTFKTIQNNLRKQIVNKLTQSEKYKRID
KKELITTDLPDFLTNESEKELVEKFKNFTTYFTEFHKNRKNMY SKEEKSTAIAFRLINENLPKE
VDNIAAFEKVVSSPLAEKINALYEDFKEYLNVEEISRVFRLDYYDELLTQKQIDLYNAIVGGRT
EEDNKIQIKGLNQYINEYNQOQTDRSNRLPKLKPLYKQILSDRESVSWLPPKFDSDKNLLIKIK
ECYDALSEKEKVFDKLESILKSLSTYDLSKIYISNDSQLSYISQKMFGRWDIISKAIREDCAKR
NPQKSRESLEKFAERIDKKLKTIDSISIGDVDECLAQLGETYVKRVEDYFVAMGESEIDDEQTD
TTSFKKNIEGAYESVKELLNNADNITDNNLMODKGNVEKIKTLLDAIKDLOQRFIKPLLGKGDEA
DKDGVFYGEFTSLWTKLDQVTPLYNMVRNYLTSKPYSTKKIKLNFENSTLMDGWDLNKEPDNTT
VIFCKDGLYYLGIMGKKYNRVFVDREDLPHDGECYDKMEYKLLPGANKMLPKVFFSETGIQRFL
PSEELLGKYERGTHKKGAGFDLGDCRALIDFFKKSIERHDDWKKFDFKFSDTSTYQDISEFYRE
VEQQOGYKMSFRKVSVDYIKSLVEEGKLYLFQIYNKDFSAHSKGTPNMHTLYWKMLFDEENLKDV
VYKLNGEAEVFFRKSSITVQSPTHPANSP IKNKNKDNQKKESKFEYDLIKDRRYTVDKFLEFHVP
ITMNFKSVGGSNINQLVKRHIRSATDLHEIIGIDRGERHLLYLTVIDSRGNIKEQFSLNEIVNEY
NGNTYRTDYHELLDTREGERTEARRNWQTIQNIRELKEGYLSQVIHKISELAIKYNAVIVLEDL
NFGFMRSRQKVEKQVYQKFEKMLIDKLNYLVDKKKPVAETGGLLRAYQLTGEFESFKTLGKQSG
ILFYVPAWNTSKIDPVTGFVNLFDTHYENIEKAKVFFDKFKSIRYNSDKDWFEFVVDDYTRESP
KAEGTRRDWTICTQGKRIQICRNHORNNEWEGQEIDLTKAFKEHFEAYGVDISKDLREQINTON
KKEFFEELLRLLRLTLOMRNSMPSSDIDYLISPVANDTGCFFDSRKQAELKENAVLPMNADANG
AYNIARKGLLAIRKMKQEENDSAKISLAISNKEWLKFAQTKPYLED
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ErCasl2a
Eubacterium rectale
strain
27898TDY5834884

MNNGTNNFQONFIGISSLOKTLRNALTPTETTQQFIVKNGIIKEDELRGENRQILKDIMDDYYRG
FISETLSSIDDIDWTSLFEKMEIQLKNGDNKDTLIKEQAEKRKAIYKKFADDDRFKNMESAKLI
SDILPEFVIHENNNYSASEKEEKTQVIKLFSRFATSFKDYFKNRANCFSADDISSSSCHRIVNDN
AETIFFSNALVYRRIVKNLSNDDINKISGDMKDSLKKMSLEKIYSYEKYGEF ITQEGISFYNDIC
GKVNSFMNLYCQKNKENKNLYKLRKLHKQILCIADTSYEVPYKFESDEEVYQSVNGFLDNISSK
HIVERLRKIGDNYNGYNLDKIYIVSKFYESVSQKTYRDWETINTALEIHYNNILPGNGKSKADK
VKKAVKNDLQKSITEINELVSNYKLCPDDNIKAETYIHEISHILNNFEAQELKYNPEIHLVESE
LKASELKNVLDVIMNAFHWCSVFMTEELVDKDNNFYAELEEIYDEIYPVISLYNLVRNYVTQKP
YSTKKIKLNFGIPTLADGWSKSKEYSNNAITILMRDNLYYLGIFNAKNKPEKKIIEGNT SENKGD
YKKMIYNLLPGPNKMIPKVFLSSKTGVETYKPSAYILEGYKQNKHLKSSKDFDITFCRDLIDYF
KNCIATHPEWKNFGFDFSDTSTYEDISGFYREVELQGYKIDWTYISEKDIDLLOQEKGQLYLFQT
YNKDF SKKSTGNDNLHTMYLKNLF SEENLKDVVLKLNGEAEIFFRKSSIKNPITHKKGSILVNR
TYEAEEKDQFGNIQIVRKTIPENIYQELYKYFNDKSDKELSDEAAKLKNAVGHHEAATNIVKDY
RYTYDKYFLHEHMPITINFKANKTSFINDRILQYIAKEKDLHVIGIDRGERNLIYVSVIDTCGNIV
EQKSFNIVNGYDYQIKLKQQEGARQIARKEWKEIGKIKEIKEGYLSLVIHEISKMVIKYNAIIA
MEDLSYGFKKGRFKVERQVYQKFETMLINKLNYLVFKDISITENGGLLKGYQLTYIPEKLKNVG
HQCGCIFYVPAAYTSKIDPTTGFVNIFKFKDLTVDAKREF IKKFDSIRYDSDKNLFCFTFDYNN
FITONTVMSKSSWSVYTYGVRIKRREFVNGRFSNESDTIDITKDMEKTLEMTDINWRDGHDLROD
IIDYEIVQHIFEIFKLTVOMRNSLSELEDRNYDRLISPVLNENNIFYDSAKAGDALPKDADANG
AYCIALKGLYEIKQITENWKEDGKFSRDKLKISNKDWFDFIQNKRYLTS

28

CPbCasl2a

Candidatus

Peregrinibacteria

bacterium

GW2011_GWA2_33
10

MSNFFKNFTNLYELSKTLRFELKPVGDTLTNMKDHLEYDEKLQTFLKDONIDDAYQALKPQFDE
IHEEFITDSLESKKAKEIDFSEYLDLFQEKKELNDSEKKLRNKIGETFNKAGEKWKKEKYPQYE
WKKGSKIANGADILSCQODMLOF IKYKNPEDEKIKNYIDDTLKGFFTYFGGFNONRANYYETKKE
ASTAVATRIVHENLPKFCDNVIQFKHIIKRKKDGTVEKTERKTEYLNAYQYLKNNNKITQIKDA
ETEKMIESTPIAEKIFDVYYFSSCLSQKQIEEYNRIIGHYNLLINLYNQAKRSEGKHLSANEKK
YKDLPKFKTLYKQIGCGKKKDLFYTIKCDTEEEANKSRNEGKESHSVEEIINKAQEAINKYFKS
NNDCENINTVPDFINYILTKENYEGVYWSKAAMNTISDKYFANYHDLODRLKEAKVFQKADKKS
EDDIKIPEAIELSGLFGVLDSLADWQTTLFKSSILSNEDKLKIITDSQTPSEALLKMIFNDIEK
NMESFLKETNDIITLKKYKGNKEGTEKIKQWFDYTLAINRMLKYFLVKENKIKGNSLDTNISEA
LKTLIYSDDAEWFKWYDALRNYLTQKPQDEAKENKLKLNFDNP SLAGGWDVNKECSNFCVILKD
KNEKKYLAIMKKGENTLFQKEWTEGRGKNLTKKSNPLFEINNCEILSKMEYDFWADVSKMIPKC
STQLKAVVNHFKQSDNEFIFPIGYKVTSGEKFREECKISKQDFELNNKVENKNELSVTAMRYDL
SSTQEKQYIKAFQKEYWELLFKQEKRDTKLTNNEIFNEWINFCNKKYSELLSWERKYKDALTNW
INFCKYFLSKYPKTTLENYSFKESENYNSLDEFYRDVDICSYKLNINTTINKSILDRLVEEGKL
YLFEIKNQODSNDGKSIGHKNNLETIYWNAIFENFDNRPKLNGEAEIFYRKAISKDKLGIVKGKK
TKNGTEIIKNYRFSKEKFILHVP ITLNFCSNNEYVNDIVNTKFYNEFSNLHFLGIDRGEKHLAYY
SLVNKNGEIVDQGTLNLPFTDKDGNQRSIKKEKYFYNKQEDKWEAKEVDCWNYNDLLDAMASNR
DMARKNWQRIGT IKEAKNGYVSLVIRKIADLAVNNERPAFIVLEDLNTGFKRSRQKIDKSVYQK
FELALAKKLNFLVDKNAKRDEIGSPTKALQLTPPVNNYGDIENKKQAGIMLYTRANYTSQTDPA
TGWRKTIYLKAGPEETTYKKDGKIKNKSVKDQIIETFTDIGFDGKDYYFEYDKGEFVDEKTGET
KPKKWRLYSGENGKSLDRFRGEREKDKYEWKIDKIDIVKILDDLFVNFDKNISLLKQLKEGVEL
TRNNEHGTGESLRFAINLIQQIRNTGNNERDNDF ILSPVRDENGKHFDSREYWDKETKGEKISM
PSSGDANGAFNIARKGIIMNAHILANSDSKDLSLFVSDEEWDLHLNNKTEWKKQLNIFSSRKAM
AKRKK

29

LbCasl2a-MC2017
Lachnospiraceae
bacterium MC2017

MGLYDGFVNRYSVSKTLRFELIPQGRTREYIETNGILSDDEERAKDYKTIKRLIDEYHKDYISR
CLKNVNISCLEEYYHLYNSSNRDKRHEELDALSDOMRGEIASFLTGNDEYKEQKSRDITIINERT
INFASTDEELAAVKRFRKFTSYFTGFFTNRENMY SAEKKSTAIAHRIIDVNLPKYVDNIKAFNT
AIEAGVFDIAEFESNFKAITDEHEVSDLLDITKYSRFIRNEDIIIYNTLLGGISMKDEKIQGLN
ELINLHNQKHPGKKVPLLKVLYKQILGDSQTHSFVDDQFEDDQQOVINAVKAVIDTFSETLLGSL
KIIINNIGHYDLDRIYIKAGQODITTLSKRALNDWHIITECLESEYDDKFPKNKKSDTYEEMRNR
YVKSFKSFSIGRLNSLVTTYTEQACFLENYLGSFGGDTDKNCLTDF TNSLMEVEHLLNSEYPVT
NRLITDYESVRILKRLLDSEMEVIHFLKPLLGNGNESDKDLVFYGEFEAEYEKLLPVIKVYNRV
RNYLTRKPFSTEKIKLNFNSPTLLCGWSQSKEKEYMGVILRKDGQYYLGIMTPSNKKIFSEAPK
PDEDCYEKMVLRYIPHPYQMLPKVFFSKSNIAFFNPSDEILRIKKQESFKKGKSFNRDDCHKE I
DFYKDSINRHEEWRKEFNFKFSDTDSYEDISRFYKEVENQAFSMSFTKIPTVYIDSLVDEGKLYL
FKLHNKDF SEHSKGKPNLHTVYWNALFSEYNLONTVYQLNGSAEIFFRKAS IPENERVIHKKNV
PITRKVAELNGKKEVSVFPYDIIKNRRYTVDKFQFHVPLKMNFKADEKKRINDDVIEAIRSNKG
IHVIGIDRGERNLLYLSLINEEGRIIEQRSLNIIDSGEGHTQNYRDLLDSREKDREKARENWQE
IQEIKDLKTGYLSQAIHTITKWMKEYNAIIVLEDLNDRF TNGRKKVEKQVYQKFEKMLIDKLNY
YVDKDEEFDRMGGTHRALQLTEKFESFQKLGRQTGF IFYVPAWNTSKLDPTTGFVDLLYPKYKS
VDATKDF IKKFDF IRFNSEKNYFEFGLHYSNFTERAIGCRDEWILCSYGNRIVNFRNAAKNNSW
DYKEIDITKQLLDLFEKNGIDVKQENLIDSICEMKDKPFFKSLIANIKLILQIRNSASGTDIDY
MISPAMNDRGEFFDTRKGLQQLPLDADANGAYNIAKKGLWIVDQIRNTTGNNVKMAMSNREWMH
FAQESRLA
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Pb2Casl2a
Prevotella bryantii
Bl4

MOINNLKIIYMKFTDFTGLYSLSKTLRFELKPIGKTLENIKKAGLLEQDQHRADSYKKVKKIID
EYHKAFIEKSLSNFELKYQSEDKLDSLEEYLMYYSMKRIEKTEKDKFAKIQDNLRKQIADHLKG
DESYKTIFSKDLIRKNLPDFVKSDEERTLIKEFKDFTTYFKGFYENRENMY SAEDKSTAISHRI
IHENLPKFVDNINAFSKIILIPELREKLNQIYQDFEEYLNVESIDEIFHLDYFSMVMTQKQIEV
YNAIIGGKSTNDKKIQGLNEYINLYNQKHKDCKLPKLKLLFKQILSDRIAI SWLPDNFKDDQEA
ILDSIDTCYKNLLNDGNVLGEGNLKLLLENIDTYNLKGIFIRNDLQLTDISQKMYASWNVIQDAV
ILDLKKQVSRKKKESAEDYNDRLKKLYTSQESFSIQYLNDCLRAYGKTENIQDYFAKLGAVNNE
HEQTINLFAQVRNAYTSVQAILTTPYPENANLAQDKETVALIKNLLDSLKRLQRFIKPLLGKGD
ESDKDERFYGDFTPLWETLNQITPLYNMVRNYMTRKPYSQEKIKLNFENSTLLGGWDLNKEHDN
TAITILRKNGLYYLAIMKKSANKIFDKDKLDNSGDCYEKMVYKLLPGANKMLPKVFFSKSRIDEF
KPSENITENYKKGTHKKGANFNLADCHNLIDFFKSSISKHEDWSKFNFHFSDTSSYEDLSDFYR
EVEQQGYSISFCDVSVEYINKMVEKGDLYLFQIYNKDFSEFSKGTPNMHTLYWNSLFSKENLNN
IIYKLNGQAEIFFRKKSLNYKRPTHPAHQAIKNKNKCNEKKESIFDYDLVKDKRY TVDKFQFHEV
PITMNFKSTGNTNINQQVIDYLRTEDDTHIIGIDRGERHLLYLVVIDSHGKIVEQFTLNEIVNE
YGGNIYRTNYHDLLDTREQNREKARESWQTIENIKELKEGYISQVIHKITDLMQKYHAVVVLED
LNMGFMRGRQKVEKQVYQKFEEMLINKLNYLVNKKADONSAGGLLHAYQLT SKFESFQKLGKQS
GFLFYIPAWNTSKIDPVTGFVNLFDTRYESIDKAKAFFGKFDSIRYNADKDWFEFAFDYNNETT
KAEGTRTNWTICTYGSRIRTFRNQAKNSQWDNEEIDLTKAYKAFFAKHGINIYDNIKEATAMET
EKSFFEDLLHLLKLTLOMRNSITGTTTDYLISPVHDSKGNFYDSRICDNSLPANADANGAYNIA
RKGLMLIQQIKDSTSSNRFKFSPITNKDWLIFAQEKPYLND
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Mb2Casl2a
Moraxella bovoculi
AAX08_00205

MLFODFTHLYPLSKTVRFELKPIGRTLEHIHAKNFLSQDETMADMYQKVKVILDDYHRDF IADM
MGEVKLTKLAEFYDVYLKFRKNPKDDGLOQKQLKDLOAVLRKESVKP IGSGGKYKTGYDRLFGAK
LFKDGKELGDLAKFVIAQEGESSPKLAHLAHFEKF STYFTGFEDNRKNMY SDEDKHTAIAYRLI
HENLPRFIDNLQILTTIKQKHSALYDQIINELTASGLDVSLASHLDGYHKLLTQEGITAYNRIT
GEVNGYTNKHENQICHKSERIAKLRPLHKQILSDGMGVSFLPSKFADDSEMCQAVNEFYRHYTDV
FAKVQSLFDGFDDHQKDGIYVEHKNLNELSKQAFGDFALLGRVLDGYYVDVVNPEFNERFAKAK
TDNAKAKLTKEKDKFIKGVHSLASLEQAIEHHTARHDDESVQAGKLGQYFKHGLAGVDNP IQKT
HNNHSTIKGFLERERPAGERALPKIKSGKNPEMTQLRQLKELLDNALNVAHFAKLLTTKTTLDN
ODGNFYGEFGVLYDELAKIPTLYNKVRDYLSQKPFSTEKYKLNFGNPTLLNGWDLNKEKDNEFGV
ILQKDGCYYLALLDKAHKKVFDNAPNTGKNVYQKMVYKLLPGPNKMLPKVFFAKSNLDYYNPSA
ELLDKYAKGTHKKGDNFNLKDCHALIDFFKAGINKHPEWQHFGFKFSPTSSYRDLSDFYREVEP
QOGYQVKFVDINADYIDELVEQGKLYLFQIYNKDFSPKAHGKPNLHTLYFKALFSEDNLADPIYK
LNGEAQIFYRKASLDMNETTIHRAGEVLENKNPDNPKKRQFVYDIIKDKRY TOQDKFMLHVP ITM
NFGVQGMT IKEFNKKVNQSIQQYDEVNVIGIDRGERHLLYLTVINSKGEILEQRSILNDITTASA
NGTQVTTPYHKILDKREIERLNARVGWGEIETIKELKSGYLSHVVHQINQLMLKYNAIVVLEDL
NFGFKRGRFKVEKQIYONFENALIKKLNHLVLKDKADDEIGSYKNALQLTNNFTDLKSIGKQTG
FLFYVPAWNTSKIDPETGFVDLLKPRYENIAQSQAFFGKFDKICYNTDKGYFEFHIDYAKFTDK
AKNSROKWAICSHGDKRYVYDKTANQNKGAAKGINVNDELKSLFARYHINDKQPNLVMDICQONN
DKEFHKSLMCLLKTLLALRYSNASSDEDFILSPVANDEGVFFNSALADDTQPONADANGAYHIA
LKGLWLLNELKNSDDLNKVKLAIDNQTWLNFAQNR

32

Mb3Casl2a
Moraxella bovoculi
AAXI11_00205

MLFQODFTHLYPLSKTVRFELKP IGKTLEHIHAKNFLNQDETMADMYQKVKAILDDYHRDF IADM
MGEVKLTKLAEFYDVYLKFRKNPKDDGLOKQLKDLQAVLRKEIVKP IGNGGKYKAGYDRLFGAK
LFKDGKELGDLAKFVIAQEGESSPKLAHLAHFEKF STYFTGFEDNRKNMY SDEDKHTAIAYRLI
HENLPRFIDNLQILATIKQKHSALYDQIINELTASGLDVSLASHLDGYHKLLTQEGITAYNTLL
GGISGEAGSRKIQGINELINSHENQHCHKSERIAKLRPLHKQILSDGMGVSFLPSKFADDSEVC
QAVNEFYRHYADVFAKVQSLFDGFDDYQKDGIYVEYKNLNELSKQAFGDFALLGRVLDGYYVDV
VNPEFNERFAKAKTDNAKAKLTKEKDKF IKGVHSLASLEQAIEHYTARHDDESVQAGKLGQYFK
HGLAGVDNPIQKIHNNHSTIKGFLERERPAGERALPKIKSDKSPEIRQLKELLDNALNVAHFAK
LLTTKTTLHENQDGNFYGEFGALYDELAKIATLYNKVRDYLSQKPFSTEKYKLNFGNPTLLNGWD
LNKEKDNFGVILQKDGCYYLALLDKAHKKVFDNAPNTGKSVYQKMIYKLLP GPNKMLPKVFFAK
SNLDYYNPSAELLDKYAQGTHKKGDNFNLKDCHALIDFFKAGINKHPEWQHFGFKFSPTSSYQD
LSDFYREVEPQGYQVKFVDINADYINELVEQGQLYLFQIYNKDF SPKAHGKPNLHTLYFKALFS
EDNLVNPIYKLNGEAEIFYRKASLDMNETTIHRAGEVLENKNPDNPKKRQFVYDIIKDKRYTQD
KFMLHVP ITMNFGVQGMT IKEFNKKVNQSIQQYDEVNVIGIDRGERHLLYLTVINSKGEILEQR
SLNDITTASANGTOMTTPYHKILDKREIERLNARVGWGEIETIKELKSGYLSHVVHQISQIMLK
YNAIVVLEDLNFGFKRGRFKVEKQIYQONFENALIKKLNHLVLKDKADDEIGSYKNALQLTNNFEFT
DLKSIGKQTGFLFYVPAWNTSKIDPETGFVDLLKPRYENIAQSQAFFGKFDKICYNADRGYFEF
HIDYAKFNDKAKNSRQIWKICSHGDKRYVYDKTANQNKGATIGVNVNDELKSLFTRYHINDKQP
NLVMDICONNDKEFHKSIMYLLKTLLALRYSNASSDEDFILSPVANDEGVFFNSALADDTQPON
ADANGAYHIALKGLWLLNELKNSDDLNKVKLAIDNQTWLNFAQNR
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MlCasl2a
Moraxella lacunata

MLFODFTHLYPLSKTVRFELKPIGKTLEHIHAKNFLSQDETMADMYQKVKAILDDYHRDF ITKM
MSEVTLTKLPEFYEVYLALRKNPKDDTLOQKQLTEIQTALREEVVKPIDSGGKYKAGYERLFGAK
LFKDGKELGDLAKFVIAQEGESSPKLPQIAHFEKFSTYFTGFEDNRKNMY S SDDKHTAIAYRLT
HENLPRFIDNLQILVTIKQKHSVLYDQIVNELNANGLDVSLASHLDGYHKLLTQEGITAYNRIT
GEVNSYTNKHENQICHKSERIAKLRPLHKQILSDGMGVSFLPSKFADDSEMCQAVNEFYRHYAHV
FAKVQSLFDREDDYQKDGIYVEHKNLNELSKQAFGDFALLGRVLDGYYVDVVNPEFNDKFAKAK
TDNAKEKLTKEKDKF IKGVHSLASLEQAIEHYIAGHDDESVQAGKLGQYFKHGLAGVDNP IQKT
HNSHSTIKGFLERERPAGERTLPKIKSDKSLEMTQLRQLKELLDNALNVVHFAKLLTTKTTLDN
ODGNFYGEFGALYDELAKIATLYNKVRDYLSQKPFSTEKYKLNFGNPTLLNGWDLNKEKDNEFGV
ILQKDGCYYLALLDKAHKKVFDNAPNTGKSVYQKMVYKLLPGSNKMLPKVFFAKSNLDYYNPSA
ELLDKYAQGTHKKGDNFNLKDCHALIDFFKASINKHPEWQHFGFEFSLTSSYQDLSDFYREVEP
QOGYQVKFVDIDADYIDELVEQGQLYLFQIYNKDF SPKAHGKPNLHTLYFKALFSEDNLANPIYK
LNGEAEIFYRKASLDMNETTIHRAGEVLENKNPDNPKERQFVYDIIKDKRY TQDKFMLHVP ITM
NFGVQGMT IKEFNKKVNQSIQQYDEVNVIGIDRGERHLLYLTVINSKGEILEQRSINDIITTSA
NGTQMTTPYHKILDKREIERLNARVGWGEIETIKELKSGYLSHVVHQISQLMLKYNAIVVLEDL
NFGFKRGRFKVEKQIYONFENALIKKLNHLVLKDKADNEIGSYKNALQLTNNFTDLKSIGKQTG
FLFYVPAWNTSKIDPVTGFVDLLKPRYENIAQSQAFFDKFDKICYNADKGYFEFHIDYAKFTDK
ARKNSRQIWTICSHGDKRYVYDKTANQNKGATIGINVNDELKSLFARYRINDKQPNLVMDICQONN
DKEFHKSLTYLLKALLALRYSNASSDEDFILSPVANDKGVFFNSALADDTQPQONADANGAYHIA
LKGLWLLNELKNSDDLDKVKLAIDNQTWLNFAQNR
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BsCasi2a
Butyrivibrio sp.
NC3005

MYYQONLTKKYPVSKTIRNELIPIGKTLENIRKNNILESDVKRKODYEHVKGIMDEYHKQLINEA
LDNYMLPSLNQAAEIYLKKHVDVEDREEFKKTQDLLRREVTGRLKEHENYTKIGKKDILDLLEK
LPSISEEDYNALESFRNFYTYFTSYNKVRENLYSDEEKSSTVAYRLINENLPKFLDNIKSYAFV
KAAGVLADCIEEEEQDALFMVETFNMTLTQEGIDMYNYQIGKVNSAINLYNQKNHKVEEFKKIP
KMKVLYKQILSDREEVFIGEFKDDETLLSSIGAYGNVLMTYLKSEKINIFFDALRESEGKNVYV
KNDLSKTTMSNIVFGSWSAFDELLNQEYDLANENKKKDDKYFEKRQKELKKNKSYTLEQMSNLS
KEDISPIENYIERISEDIEKICIYNGEFEKIVVNEHDSSRKLSKNIKAVKVIKDYLDSIKELEH
DIKLINGSGQELEKNLVVYVGQEEALEQLRPVDSLYNLTRNYLTKKPFSTEKVKLNFNKSTLLN
GWDKNKETDNLGILFFKDGKYYLGIMNTTANKAFVNPPAAKTENVFKKVDYKLLPGSNKMLPKV
FFAKSNIGYYNPSTELYSNYKKGTHKKGPSFSIDDCHNLIDFFKESIKKHEDWSKFGFEFSDTA
DYRDISEFYREVEKQGYKLTFTDIDESYINDLIEKNELYLFQIYNKDFSEYSKGKLNLHTLYFM
MLFDQRNLDNVVYKLNGEAEVFYRPASIAENELVIHKAGEGIKNKNPNRAKVKETSTFSYDIVK
DKRYSKYKFTLHIPITMNFGVDEVRREFNDVINNALRTDDNVNVIGIDRGERNLLYVVVINSEGK
ILEQISLNSIINKEYDIETNYHALLDEREDDRNKARKDWNTIENIKELKTGYLSQVVNVVAKLV
LKYNAIICLEDLNFGFKRGROKVEKQVYQKFEKMLIEKLNYLVIDKSREQVSPEKMGGALNALQ
LTSKFKSFAELGKQSGIIYYVPAYLTSKIDPTTGFVNLFYIKYENIEKAKQFFDGEFDF IRFNKK
DDMFEFSFDYKSFTQKACGIRSKWIVYTNGERIIKYPNPEKNNLFDEKVINVIDEIKGLFKQYR
IPYENGEDIKEIIISKAEADFYKRLFRLLEQTLOMRNSTSDGTRDYIISPVKNDRGEFFCSEFS
EGTMPKDADANGAYNIARKGLWVLEQIRQKDEGEKVNLSMTNAEWLKYAQLHLLAS
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HkCasl2a
Helcococcus kunzii

ATCC 51366

MFEKLSNIVSISKTIRFKLIPVGKTLENIEKLGKLEKDFERSDFYPILKNISDDYYRQYIKEKL
SDLNLDWQKLYDAHELLDSSKKESQKNLEMIQAQYRKVLFNILSGELDKSGEKNSKDLIKNNKA
LYGKLFKKQF ILEVLPDFVNNNDSYSEEDLEGLNLY SKFTTRLKNFWETRKNVFTDKDIVTAIP
FRAVNENFGFYYDNIKIFNKNIEYLENKIPNLENELKEADILDDNRSVKDYFTPNGEFNYVITQD
GIDVYQAIRGGFTKENGEKVQGINEILNLTQQOQOLRRKPETKNVKLGVLTKLRKQILEYSESTSF
LIDQIEDDNDLVDRINKFNVSFFESTEVSPSLFEQIERLYNALKSIKKEEVYIDARNTQKFSQM
LEGOWDVIRRGYTVKITEGSKEEKKKYKEYLELDETSKAKRYLNIREIEELVNLVEGFEEVDVF
SVLLEKFKMNNIERSEFEAPIYGSPIKLEAIKEYLEKHLEEYHKWKLLLIGNDDLDTDETFYPL
LNEVISDYYIIPLYNLTRNYLTRKHSDKDKIKVNFDFPTLADGWSESKISDNRSIILRKGGYYY
LGILIDNKLLINKKNKSKKIYEILIYNQIPEFSKSIPNYPFTKKVKEHEFKNNVSDFQLIDGYVS
PLIITKEIYDIKKEKKYKKDFYKDNNTNKNYLYTIYKWIEFCKQFLYKYKGPNKESYKEMYDFS
TLKDTSLYVNLNDFYADVNSCAYRVLEFNKIDENTIDNAVEDGKLLLFQIYNKDFSPESKGKKNL
HTLYWLSMFSEENLRTRKLKLNGQAEIFYRKKLEKKPIIHKEGSILLNKIDKEGNTIPENIYHE
CYRYLNKKIGREDLSDEAIALFNKDVLKYKEARFDIIKDRRYSESQFFFHVPITFNWD IKTNKN
VNQIVQGMIKDGEIKHIIGIDRGERHLLYYSVIDLEGNIVEQGSLNTLEQNRFDNSTVKVDYQN
KLRTREEDRDRARKNWININKIKELKDGYLSHVVHKLSRLIIKYEAIVIMENLNQGFKRGRFKV
ERQVYQKFELALMNKLSALSFKEKYDERKNLEPSGILNPIQACYPVDAYQELQGONGIVEFYLPA
AYTSVIDPVTGFTNLFRLKSINSSKYEEFIKKFKNIYFDNEEEDFKFIFNYKDFAKANLVILNN
IKSKDWKISTRGERISYNSKKKEYFYVQPTEFLINKLKELNIDYENIDIIPLIDNLEEKAKRKI
LKALFDTFKYSVQLRNYDFENDYIISPTADDNGNYYNSNEIDIDKTNLPNNGDANGAFNIARKG
LLLKDRIVNSNESKVDLKIKNEDWINFIISAS
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LpCasli2a
Lachnospira
pectinoschiza strain
2789STDY5834836

MIMNNVTGDFSEFVAISKVQKTLRNELRPTPLTMKHIKQKGIITEDEYKTQQOSLELKRIADGYY
RDYITHKLNDTNNLDFRNLFEAIEEKYKKNDKDNRDKLDLVEKSKRGEIAKLLSADDNEFKSMFE
AKLITQLLPVYVEQNYIGEDKEKALETIALFKGFTTYFTDYFNIRKNMFKENGGASSICYRIVN
VNASIFYDNLKTFMCIKEKAETEIALIEEELTELLDSWRLEHIFSEDYYNELLAQKGIDYYNQI
CGDVNKHMNLYCQONKLKANVFKMTKLOKQIMGISEKAFEIPPMYONDEEVYAAFNGF ISRLEE
VKLIDRLGNVLONSNIYDTAKIYINARCYTNVSSYVYGGWGVIESATIERYWYNTIAGKGQSKAK
KIEKAKKDNKFMSVKELDSIVSDYEPDYFNASNMDDDNSGRAF SGHGVLGYFNKMSKLLANMSL
HTITYDSGDSLIENKETALNIKKDLDDIMSIYHWLQTFIIDEVVEKDNAFYAELEDIYYELENV
VILYDRIRNYVTRKPYSTQKFKLNFASPTLASGWSRSKEFDNNAIILLRNNKYYIATFNVNNKP
DKQIIKGSEEQRLSTDYKKMVYNLLPGPNKMLPWVFIKSNTGKRDYNPSSYILEGYEKNRHIKS
SGNFDINYCHDLIDYYKACINKHPEWKNYGFKFKETTQYNDIGQFYKDVEKQGYSISWAYISEA
DINRLDEEGKIYLFEIYNKDLSSHSTGKDNLHTMYLKNIFSEDNLKNICIELNGNAELEFYRKSS
MKRNITHKKDTVLVNKTYINEAGVRVSLTDEDYIKVYNYYNNDYVIDVEKDKKLVEILERIGHR
KNPIDITIKDKRYTEDKYFLHFPITINYGVDDENINAKMIEY IAKHNNMNVIGIDRGERNLIYIS
VINNKGNITEQKSFNLVNNYDYKNKLKNMEKTRDNARKNWQEIGKIKDVKNGYLSGVISKIARM
VVDYNAIIVMEDLNRGFKRGRFKVERQVYQKFENMLISKLNYLVFKEKKADENGGILKGYQLTY
LPKSALQIGKQCGCIFYVPAAYTSKIDPATGF INIFDFKKYSGSAINAKVKDKKEFLMSMNSIR
YVNEGSAEYEKIGHRQLFAFSFDYNNFKTYNVSIPVNEWTITYTYGERIKKLYKDGRWSGSEVLN
LTEDLIELMEQYGIEYKDGHDIREDISHMDEMRNADFICNLFEKFKYTVQLRNSKSEAEGDDYD
RLVSPVLNSHNGFFDSSDYKENEKSDDIIDDKQIMPKDADANGAYCIALKGLYEINKIKENWSD
DKKLKESELYIGVTEWLDYIQNRRFEAS
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CMaCasi2a
Candidatus
Methanomethylophil
us alvus Mx1201

MDAKEFTGQYPLSKTLRFELRP IGRTWDNLEASGYLAEDRHRAECYPRAKE LLDDNHRAFLNRV
LPQIDMDWHP IAEAFCKVHKNPGNKELAQDYNLQLSKRRKEISAYLODADGYKGLFAKPALDEA
MKIAKENGNESDIEVLEAFNGFSVYFTGYHESRENIYSDEDMVSVAYRITEDNFPREVSNALIF
DKLNESHPDIISEVSGNLGVDDIGKYFDVSNYNNFLSQAGIDDYNHIIGGHTTEDGLIQAFNVV
LNLREQKDPGFEKIQFKQLYKQILSVRTSKSYIPKQFDNSKEMVDCICDYVSKIEKSETVERAL
KLVRNISSFDLRGIFVNKKNLRILSNKLIGDWDAIETALMHSSSSENDKKSVYDSAEAFTLDDI
FSSVKKFSDASAEDIGNRAEDICRVISETAPFINDLRAVDLDSLNDDGYEAAVSKIRESLEPYM
DLFHELEIFSVGDEFPKCAAFYSELEEVSEQLIEIIPLFNKARSFCTRKRY STDKIKVNLKFPT
LADGWDLNKERDNKAAILRKDGKYYLAILDMKKDLSSIRTSDEDESSFEKMEYKLLP SPVKMLP
KIFVKSKAAKEKYGLTDRMLECYDKGMHKSGSAFDLGFCHELIDYYKRCIAEYPGWDVEDFKFR
ETSDYGSMKEFNEDVAGAGYYMSLRKIPCSEVYRLLDEKSIYLFQIYNKDY SENAHGNKNMHTM
YWEGLFSPONLESPVFKLSGGAELFFRKSSIPNDAKTVHPKGSVLVPRNDVNGRRIPDSIYREL
TRYFNRGDCRISDEAKSYLDKVKTKKADHD IVKDRRFTVDKMMFHVP IAMNFKAI SKPNLNKKV
IDGIIDDQDLKIIGIDRGERNLIYVTMVDRKGNILYQDSLNILNGYDYRKALDVREYDNKEARR
NWTKVEGIRKMKEGYLSLAVSKLADMIIENNAIIVMEDLNHGFKAGRSKIEKQVYQKFESMLIN
KLGYMVLKDKSIDQSGGALHGYQLANHVTTLASVGKQCGVIFYIPAAFTSKIDPTTGFADLFAL
SNVKNVASMREFFSKMKSVIYDKAEGKFAFTFDYLDYNVKSECGRTLWIVYTVGERFTYSRVNR
EYVRKVPTDIIYDALQKAGISVEGDLRDRIAESDGDTLKSIFYAFKYALDMRVENREEDYIQSP
VEKNASGEFFCSKNAGKSLPQDSDANGAYNIALKGILQLRMLSEQYDPNAES IRLPLITNKAWLT
FMQSGMKTWKN

38

PgCasl2a

Parcubacteria

group bacterium

GW2011_GWC(C2_44
17

MENIFDQFIGKYSLSKTLRFELKPVGKTEDFLKINKVFEKDQTIDDSYNQAKFYFDSLHQKFID
AALASDKTSELSFONFADVLEKQNKIILDKKREMGALRKRDKNAVGIDRLOKEINDAEDIIQKE
KEKIYKDVRTLFDNEAESWKTYYQEREVDGKKITFSKADLKQKGADFLTAAGILKVLKYEFPEE
KEKEFQAKNQP SLFVEEKENPGQKRYIFDSFDKFAGYLTKFQQTKKNLYAADGTSTAVATRIAD
NFIIFHOQNTKVFRDKYKNNHTDLGFDEENIFEIERYKNCLLORETIEHIKNENSYNKIIGRINKK
IKEYRDQKAKDTKLTKSDFPFFKNLDKQILGEVEKEKQLIEKTREKTEEDVLIERFKEF IENNE
ERFTAAKKLMNAFCNGEFESEYEGIYLKNKAINTISRRWEFVSDRDFELKLP QOKSKNKSEKNEP
KVKKFISIAEIKNAVEELDGDIFKAVFYDKKITAQGGSKLEQFLVIWKYEFEYLFRDIERENGE
KLLGYDSCLKIAKQLGIFPQEKEAREKATAVIKNYADAGLGIFQMMKYFSLDDKDRKNTPGQLS
TNFYAEYDGYYKDFEFIKYYNEFRNFITKKPFDEDKIKLNFENGALLKGWDENKEYDFMGVILK
KEGRLYLGIMHKNHRKLFQSMGNAKGDNANRYQKMIYKQIADASKDVPRLLLT SKKAMEKFKPS
QEILRIKKEKTFKRESKNFSLRDLHALIEYYRNCIPQYSNWSFYDFQFQODTGKYQNIKEFTDDV
QOKYGYKISFRDIDDEYINQALNEGKMYLFEVVNKDIYNTKNGSKNLHTLYFEHILSAENLNDPV
FKLSGMAEIFQRQPSVNEREKITTQKNQCILDKGDRAYKYRRYTEKKIMFHMSLVLNTGKGEIK
QVQOFNKIINQRISSSDNEMRVNVIGIDRGEKNLLYYSVVKQONGEIIEQASLNEINGVNYRDKLI
EREKERLKNRQSWKPVVKIKDLKKGYISHVIHKICQLIEKYSAIVVLEDLNMRFKQIRGGIERS
VYQQFEKALIDKLGYLVFKDNRDLRAPGGVLNGYQLSAPFVSFEKMRKQTGILFYTQAEYTSKT
DPITGFRKNVYISNSASILDKIKEAVKKFDAIGWDGKEQSYFFKYNPYNLADEKYRKNSTVSKEWA
IFASAPRIRROQKGEDGYWKYDRVKVNEEFEKLLKVWNEFVNPKATDIKQEI IKKEKAGDLQGEKE
LDGRLRNFWHSFIYLFNLVLELRNSFSLOIKIKAGEVIAVDEGVDFIASPVKPFFTTPNPYIPS
NLCWLAVENADANGAYNIARKGVMILKKIREHAKKDPEFKKLPNLFISNAEWDEAARDWGKYAG
TTALNLDH

39

PrCasi2a
Pseudobutyrivibrio
ruminis CF1b

MIIGRDEFNMYYONLTKMYPISKTLRNELIPVGKTLENIRKNGILEADIQRKADYEHVKKLMDNY
HKQLINEALQGVHLSDLSDAYDLYFNLSKEKNSVDAFSKCQODKLRKEIVSLLKNHENFPKIGNK
EITIKLLOSLYDNDTDYKALDSFSNFYTYFSSYNEVRKNLYSDEEKSSTVAYRLINENLPKFLDN
IKAYATIAKKAGVRAEGLSEEDQDCLFIIETFERTLTQDGIDNYNAAIGKLNTAINLENQQONKKQ
EGFRKVPOMKCLYKQILSDREEAFIDEFSDDEDLITNIESFAENMNVFLNSEIITDFKIALVES
DGSLVYIKNDVSKTSFSNIVFGSWNAIDEKLSDEYDLANSKKKKDEKYYEKRQKELKKNKSYDL
ETIIGLFDDNSDVIGKYIEKLESDITATIAEAKNDFDEIVLRKHEDKNKSLRKNTNAVEATIKSYLD
TVKDFERDIKLINGSGQEVEKNLVVYAEQENILAEIKNVDSLYNMSRNYLTQKPFSTEKFKLNF
NRATLLNGWDKNKETDNLGILFEKDGMYYLGIMNTKANKIFVNIPKATSNDVYHKVNYKLLPGP
NKMLPKVFFAQSNLDYYKPSEELLAKYKAGTHKKGDNF SLEDCHALIDFFKASIEKHPDWSSFG
FEFSETCTYEDLSGFYREVEKQGYKITYTDVDADYITSLVERDELYLFQIYNKDFSPYSKGNLN

40

23




WO 2023/131870

PCT/1B2023/000043

Name

Sequence

SEQ ID
NO:

LHTIYLOMLFDORNLNNVVYKLNGEAEVFYRPASINDEEVIIHKAGEEIKNKNSKRAVDKPTSK
FGYDIIKDRRYSKDKFMLHIPVTMNFGVDETRREFNDVVNDALRNDEKVRVIGIDRGERNLLYVV
VVDTDGTILEQISLNSIINNEYSIETDYHKLLDEKEGDRDRARKNWTTIENIKELKEGYLSQVV
NVIAKLVLKYNAIICLEDLNFGFKRGRQKVEKQVYQKFEKMLIDKLNYLVIDKSRKQDKPEEFG
GALNALQLTSKFTSFKDMGKQTGIIYYVPAYLTSKIDPTTGFANLFYVKYENVEKAKEFFSRFD
SISYNNESGYFEFAFDYKKFTDRACGARSQWTVCTYGERIIKFRNTEKNNSFDDKTIVLSEEFK
ELFSIYGISYEDGAELKNKIMSVDEADFFRSLTRLFQQTMOMRNSSNDVTRDYIISPIMNDRGE
FFNSEACDASKPKDADANGAFNIARKGLWVLEQIRNTPSGDKLNLAMSNAEWLEYAQRNQIAS

FnCasl2a
Francisella
tularensis subsp.
novicida strain

Uuii2

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYHQFFIEE
ILSSVCISEDLLONYSDVYFKLKKSDDDNLOKDFKSAKDTIKKQISEYIKDSEKFKNLENQONLI
DAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWTTYFKGFHENRKNVYSS
NDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAEELTFDIDYKTSEVNQR
VESLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGENTKRKGINEYINLYSQQINDKTLKKYK
MSVLFKQILSDTESKSFVIDKLEDDSDVVTTMQOSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQ
KLDLSKIYFKNDKSLTDLSQQVFDDYSVIGTAVLEYITQQIAPKNLDNP SKKEQELIAKKTEKA
KYLSLETIKLALEEFNKHRDIDKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISTIKYONQGKK
DLLOASAEDDVKAIKDLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYLVFEECYFELANIV
PLYNKIRNYITQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKI
FDDKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKNGSPQ
KGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREVENQGYKLTFEN
ISESYIDSVVNQGKLYLFQIYNKDFSAYSKGRPNLHTLYWKALFDERNLODVVYKLNGEAELFY
RKQSIPKKITHPAKEAIANKNKDNPKKESVFEYDLIKDKRFTEDKFFFHCP ITINFKSSGANKE
NDEINLLLKEKANDVHILSIDRGERHLAYYTLVDGKGNIIKQODTFNIIGNDRMKTNYHDKLAAT
EKDRDSARKDWKKINNIKEMKEGYLSQVVHEIAKLVIEYNAIVVFEDLNFGFKRGRFKVEKQVY
QKLEKMLIEKLNYLVFKDNEFDKTGGVLRAYQLTAPFETFKKMGKQTGIIYYVPAGFTSKICPV
TGFVNQLYPKYESVSKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLI
NFRNSDKNHNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILO
MRNSKTGTELDYLISPVADVNGNEFFDSRQAPKNMPQODADANGAYHIGLKGLMLLGRIKNNQEGK
KLNLVIKNEEYFEFVONRNNG

41

BfCasi2a
Butyrivibrio
fibrisolvens

MYYESLTKLYPIKKTIRNELVPIGKTLENIKKNNILEADEDRKIAYIRVKAIMDDYHKRLINEA
LSGFALIDLDKAANLYLSRSKSADDIESFSRFQDKLRKAIAKRLREHENFGKIGNKDIIPLLQK
LSENEDDYNALESFKNFYTYFESYNDVRLNLYSDKEKSSTVAYRLINENLPRFLDNIRAYDAVQ
KAGITSEELSSEAQDGLFLVNTFNNVLIQDGINTYNEDIGKLNVAINLYNQKNASVQGFRKVPK
MKVLYKQILSDREESFIDEFESDTELLDSLESHYANLAKYFGSNKVQLLFTALRESKGVNVYVK
NDIAKTSFSNVVFGSWSRIDELINGEYDDNNNRKKDEKYYDKROQKELKKNKSYTIEKIITLSTE
DVDVIGKYIEKLESDIDDIRFKGKNFYEAVLCGHDRSKKLSKNKGAVEAIKGYLDSVKDFERDL
KLINGSGQELEKNLVVYGEQEAVLSELSGIDSLYNMTRNYLTKKPFSTEKIKLNFNKP TFLDGW
DYGNEEAYLGFFMIKEGNYFLAVMDANWNKEFRNIPSVDKSDCYKKVIYKQISSPEKSIQNLMV
IDGKTVKKNGRKEKEGIHSGENLILEELKNTYLPKKINDIRKRRSYLNGDTFSKKDLTEFIGYY
KQRVIEYYNGYSFYFKSDDDYASFKEFQEDVGRQAYQISYVDVPVSFVDDLINSGKLYLFRVYN
KDFSEYSKGRLNLHTLYFKMLEFDERNLKNVVYKLNGQAEVFYRPSSIKKEELIVHRAGEEIKNK
NPKRAAQKPTRRLDYDIVKDRRYSQDKFMLHTSIIMNFGAEENVSFNDIVNGVLRNEDKVNVIG
IDRGERNLLYVVVIDPEGKILEQRSLNCITDSNLDIETDYHRLLDEKESDRKIARRDWTTIENI
KELKAGYLSQVVHIVAELVLKYNAIICLEDLNFGFKRGRQKVEKQVYQKFEKMLIDKLNYLVMD
KSREQLSPEKISGALNALQLTPDFKSFKVLGKQTGIIYYVPAYLTSKIDPMTGFANLFYVKYEN
VDKAKEFFSKFDSIKYNKDGKNWNTKGYFEFAFDYKKFTDRAYGRVSEWTVCTVGERI IKFKNK
EKNNSYDDKVIDLTNSLKELFDSYKVTYESEVDLKDAILAIDDPAFYRDLTRRLOQTLOMRNSS
CDGSRDYIISPVKNSKGEFFCSDNNDDTTPNDADANGAFNIARKGLWVLNE IRNSEEGSKINLA
MSNAQWLEYAQDNTI
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SrCasi2a
Succiniclasticum
ruminis

MGNFGEFTHKYQVSKTLRFELIPQGKTLENVAKYGIVDDDKRRSENYKKLKPVIDRIYKYFIDE
SLKNVSIDWQPLYEAIIAYRKEQTTANVVRLKEEQEACRKATIAAWFEGKVPDKGSKDLKEFNKT
QSKLFKELFGKELFTESVTQLLPGLSLTEEEKELLASFNKEFTSYFKGFYVNRKNVEFSADDISTS
IPHRLVQENFPKFMDNCEAYRRIVEEYPELKAKLEGTAQATGIFIGFKLDNIFKVSFYNHLLOOQ
SQIDLYNQFLCGIAGEEGTMRVQGLNVTLNLAMKODKVLGOKLKSMPHRFIPLYKQILSDRTTL
SFIPEAFQNDEEVLLTVEEYRKSLEAERTTGAVSDIFNSLQAADLRHVYVNPAKLTAF SQMLFE
DWSLCRESLRNWKLRSYGKAATKKVREEIESWLKESAISLDELQAALADGTLSVIINQKVQSVI
TTLEQELAKPLPKKLKTAEEKESLKSLLDSVQEACHSLEMFAVGENMDTDPCFYVPLREAMEAT
QPIIPLYNKVRNFATQKPYSIEKFKLNFSNPILASGWDENRERQTCAILFRKGEKYYLGIYNAK
VKPDFSIIKAVKGGNCFEKVVYRQFPDFSKMMPKCTTQLKEVQQHFASSSEDYVLYNKKFIKPL
TITKEIYDLNNVLEDGKKKFQIDYLRKTKDEDGYYHALHTWINFAKEFVASYESTSIYDTSTVL
STEQYVKLNDFYGDLDNLFYRIKFESVSEETISEFVDEGKLFLFQIYNKDFAEGATGAPNLHTI
YWKAVFDPENMKNVVVKLNGQAELFYRPKSAMD IVRHKVGEKLVNRRLKDGTSLTEELHEELYL
YANGKLKKKLSEAAAAVLPQAVIYDVHHEIVKDRRFTEDKFFFHVPLTLNYKCDKNAVQFNASV
QEYLKENPDTYIIGIDRGERNLIYAVVIDPQGNIVEQKSFNVINGFDYHNKLEQREKERNKARQ
DWTTVGKIKELKQGYLSLVVHEITSMMVKYNAIVVLENLNVGFKRIRSGIAEKAVYQQFEKMLI
NKLNYLMFKDVEGAKPGSVLNAYQLTDRFESFASMRNQTGFLFYIPAAFTSKIDPATGEVDPFC
WSAIKTLDDKKTFISGFDTLKYDNVTGNFILHFEMKKNKDFQKKLEGFMPEWD IVVEANKDRRD
AEGKTFISGKRIEFVRENNGHGHYEDYLPCKKLVEILRQYDILFEDGKDVLPLIMKNGDSKLIH
EVFKVIRLSLOMRNSNAESGEDFISSPVENNEGICFDSRLGVETLPKDADANGAYHIALKGLLL
LEKIRHDERKLGISNSEWLNHIQSLRG
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Name

Sequence

SEQ ID
NO:

LbCasl2a-MD335
Lachnospiraceae
bacterium MD335

MHENNGKIADNFIGIYPVSKTLRFELKPVGKTQEYIEKHGILDEDLKRAGDYKSVKKIIDAYHK
YFIDEALNGIQLDGLKNYYELYEKKRDNNEEKEFQKIQMSLRKQIVKRFSEHPQYKYLFKKELT
KNVLPEFTKDNAEEQTLVKSFQEFTTYFEGFHQNRKNMY SDEEKSTAIAYRVVHONLPKY IDNM
RIFSMILNTDIRSDLTELFNNLKTKMDITIVEEYFAIDGFNKVVNQKGIDVYNTILGAFSTDDN
TKIKGLNEYINLYNQKNKAKLPKLKPLFKQILSDRDKISFIPEQFDSDTEVLEAVDMFYNRLLQ
FVIENEGQITISKLLTNFSAYDLNKIYVKNDTTISAISNDLFDDWSYISKAVRENYDSENVDKN
KRAAAYEEKKEKALSKIKMYSIEELNFFVKKYSCNECHIEGYFERRILEILDKMRYAYESCKIL
HDKGLINNISLCQDRQAISELKDFLDSIKEVOWLLKPLMIGQEQADKEEAFYTELLRIWEELEP
ITLLYNKVRNYVTKKPYTLEKVKLNFYKSTLLDGWDKNKEKDNLGIILLKDGQYYLGIMNRRNN
KIADDAPLAKTDNVYRKMEYKLLTKVSANLPRIFLKDKYNP SEEMLEKYEKGTHLKGENFCIDD
CRELIDFFKKGIKQYEDWGQFDFKFSDTESYDDISAFYKEVEHQGYKITFRDIDETYIDSLVNE
GKLYLFQIYNKDFSPYSKGTKNLHTLYWEMLFSQONLONIVYKLNGNAEIFYRKASINQKDVVV
HKADLP IKNKDPQNSKKESMFDYDIIKDKRFTCDKYQFHVP ITMNFKALGENHFNRKVNRLIHD
AENMHIIGIDRGERNLIYLCMIDMKGNIVKQISLNEIISYDKNKLEHKRNYHQLLKTREDENKS
ARQSWQTIHTIKELKEGYLSQVIHVITDLMVEYNAIVVLEDLNFGFKQGRQKFERQVYQKFEKM
LIDKLNYLVDKSKGMDEDGGLLHEHAYQLTDEFKSFKQLGKQSGFLYYIPAWNTSKLDPTTGEFVNL
FYTKYESVEKSKEFINNFTSILYNQEREYFEFLFDYSAFTSKAEGSRLKWTVCSKGERVETYRN
PKKNNEWDTQKIDLTFELKKLENDYSISLLDGDLREQMGKIDKADFYKKFMKLFALIVQOMRNSD
EREDKLISPVLNKYGAFFETGKNERMPLDADANGAYNIARKGLWIIEKIKNTDVEQLDKVKLTI
SNKEWLQYAQEHIL
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CMtCasl2a
Candidatus
Methanoplasma
termitum

MNNYDEFTKLYPIQKTIRFELKPQGRTMEHLETFNFFEEDRDRAEKYKILKEAIDEYHKKF IDE
HLTNMSLDWNSLKQISEKYYKSREEKDKKVFLSEQKRMRQEIVSEFKKDDRFKDLFSKKLEFSEL
LKEEIYKKGNHQEIDALKSFDKFSGYFIGLHENRKNMYSDGDEITAISNRIVNENFPKFLDNLQ
KYQEARKKYPEWIIKAESALVAHNIKMDEVEFSLEYFNKVLNQEGIQRYNLALGGYVTKSGEKMM
GLNDALNLAHQSEKSSKGRIHMTPLFKQILSEKESFSYIPDVFTEDSQLLP SIGGFFAQIENDK
DGNIFDRALELISSYAEYDTERIYIRQADINRVSNVIFGEWGTLGGLMREYKADSINDINLERT
CKKVDKWLDSKEFALSDVLEAIKRTGNNDAFNEYISKMRTAREKIDAARKEMKF ISEKISGDEE
SIHIIKTLLDSVQQOFLHFFNLFKARQDIPLDGAFYAEFDEVHSKLFAIVPLYNKVRNYLTKNNL
NTKKIKLNFKNPTLANGWDONKVYDYASLIFLRDGNYYLGIINPKRKKNIKFEQGSGNGPFYRK
MVYKQIPGPNKNLPRVFLTSTKGKKEYKPSKEIIEGYEADKHIRGDKFDLDFCHKLIDFFKESI
EKHKDWSKFNFYFSPTESYGDISEFYLDVEKQGYRMHFENISAETIDEYVEKGDLFLFQIYNKD
FVKAATGKKDMHT IYWNAAF SPENLQDVVVKLNGEAELFYRDKSDIKEIVHREGEILVNRTYNG
RTPVPDKIHKKLTDYHNGRTKDLGEAKEYLDKVRYFKAHYDITKDRRYLNDKIYFHVPLTLNFK
ANGKKNLNKMVIEKFLSDEKAHIIGIDRGERNLLYYSIIDRSGKIIDQQSLNVIDGEFDYREKLN
QREIEMKDARQSWNAIGKIKDLKEGYLSKAVHEITKMAIQYNAIVVMEELNYGFKRGRFKVEKQ
IYQKFENMLIDKMNYLVFKDAPDESPGGVLNAYQLTNPLESFAKLGKQTGILFYVPAAYTSKID
PTTGFVNLFNTSSKTNAQERKEFLOKFESISYSAKDGGIFAFAFDYRKFGT SKTDHKNVWTAYT
NGERMRYIKEKKRNELFDPSKEIKEALTSSGIKYDGGONILPDILRSNNNGLIYTMYSSFIAAT
OMRVYDGKEDYIISPIKNSKGEFFRTDPKRRELP IDADANGAYNIALRGELTMRAIAEKFDPDS
EKMAKLELKHKDWFEFMQTRGD

45

Casl2a uncultured
Clostridium sp.

MEDKQFLERYKEFIGLNSLSKTLRNSLIPVGSTLKHIQEYGILEEDSLRAQKREELKGIMDDYY
RNYIEMHLRDVHDIDWNELFEALTEVKKNQTDDAKKCLEKIQEKKRKEIYQYLSDDAVEFSEMFK
EKMISGILPDFIRCNEEYSEEEKEEKLKTVALFHRFTSSFNDFFLNRKNVF TKEATATAIGYRV
VHENAEIFLENMVAFONIQKSAESQISIIERKNEHYFMEWKLSHIFTADYYMMLMTQKAIEHYN
EMCGVVNQHMKEYCQKEKKNWNLYRMKRLHKQILSNASTSFKIPEKYENDAEVYESVNSFLONV
MEKTVMERIAVLKNNTDNEDLSKIYITAPYYEKISNYLCGSWNTIADCLTHYYEQQTIAGKGARK
DOKVKAAVKADKWKSLSEIEQLLKEYARAEEVKRKPEEYIAEIENIVSLKEVHLLEYHPEVNLI
ENEKYATEIKDVLDNYMELFHWMKWEY IEEAVEKEVNFYGELDDLYEETRD IVPLYNKVRNYVT
QKPYSDTKIKLNFGTPTLANGWSKSKEYDYNAILLOQKDGKYYMGIFNPVQKPEKEIIEGHSHPL
EGNEYKKMVYYYLPSANKMLPKVLLSKKGMEIYQPSEYIINGYKERRHIKSEEKFDLQFCHDLI
DYFKSGIERNPDWKVEGFHFSDTDTYQDISGFYREVEDQGYKIDWTYIKEADIDRLNEEGKLYL
FQIYNKDFSEKSTGRENLHTMYLKNLFSEENIREQVLKLNGEAEIFFRKSSVKKP ITHKKGTML
VNRTYMEEMHGESVKKNIPEKEYQEIYNYMNHRWKGELSAEAKEYLKKAVCHETKKDIVKDYRY
SVDKFFIHLPITINYRASGKEALNSVAQRYIAHQNDMHVIGIDRGERNLIYVSVINMQGEIIEQ
KSFNVVNKYNYKEKLKEREQNRDEARKNWKEIGQIKDLKEGYLSGVIHEIAKMMIKYHATIVAME
DLNYGFKRGRFKVERQVYQKFENMLIQKLNYLVFKDRSADEDGGVLRGYQLAY IPDSVKKLGRQ
CGMIFYVPAAFTSKIDPATGFVDIFNHKAYTTDOAKREFILSFDEICYDVERQLFRFTFDYANF
ATHNVTLARNNWT IYTNGTRTQKEFVNRRVRDKKEVFDPTEKMLKLLELEGVEYQSGANLLPKL
EKISDPHLFHELQRIVRFTVQLRNSKNEENDVDYDHVISPVLNEEGKFFDS SKYENKEEKKESL
LPVDADANGAYCIALKGLYIMQAIQKNWSEEKALSPDVLRLNNNDWEDYIQNKRYR
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Name Sequence SEQ ID
NO:
Lachnospiraceae MHENNGKIADNFIGIYPVSKTLRFELKPVGKTQEYIEKHGILDEDLKRAGD YKSVKKI IDAYHK 47
. YFIDEALNGIQLDGLKNYYELYEKKRDNNEEKEFQK IQMSLRKQIVKRFSEHPQYKYLFKKEL I
bacterium COEI

KNVLPEFTKDNAEEQTLVKSFQEFTTYFEGFHQNRKNMY SDEEKSTAIAYRVVHONLPKY IDNM
RIFSMILNTDIRSDLTELFNNLKTKMDITIVEEYFAIDGFNKVVNQKGIDVYNTILGAFSTDDN
TKIKGLNEYINLYNQKNKAKLPKLKPLFKQILSDRDKISFIPEQFDSDTEVLEAVDMFYNRLLQ
FVIENEGQITISKLLTNFSAYDLNKIYVKNDTTISAISNDLFDDWSYISKAVRENYDSENVDKN
KRAAAYEEKKEKALSKIKMYSIEELNFFVKKYSCNECHIEGYFERRILEILDKMRYAYESCKIL
HDKGLINNISLCQDRQAISELKDFLDSIKEVOWLLKPLMIGQEQADKEEAFYTELLRIWEELEP
ITLLYNKVRNYVTKKPYTLEKVKLNFYKSTLLDGWDKNKEKDNLGIILLKDGQYYLGIMNRRNN
KIADDAPLAKTDNVYRKMEYKLLTKVSANLPRIFLKDKYNP SEEMLEKYEKGTHLKGENFCIDD
CRELIDFFKKGIKQYEDWGQFDFKFSDTESYDDISAFYKEVEHQGYKITFRDIDETYIDSLVNE
GKLYLFQIYNKDFSPYSKGTKNLHTLYWEMLFSQONLONIVYKLNGNAEIFYRKASINQKDVVV
HKADLP IKNKDP

ONSKKESMFDYDIIKDKRETCDKYQFHVP ITMNFKALGENHFNRKVNRLIHDAENMHIIGIDRG
ERNLIYLCMIDMKGNIVKQISLNEIISYDKNKLEHKRNYHQLLKTREDENKSARQSWQTIHTIK
ELKEGYLSQVIHVITDLMVEYNAIVVLEDLNFGFKQGROKFERQVYQKFEKMLIDKLNYLVDKS
KGMDEDGGLLHAYQLTDEFKSFKQLGKQSGFLYYIPAWNTSKLDPTTGEFVNLFYTKYESVEKSK
EFINNFTSILYNQEREYFEFLFDYSAFTSKAEGSRLKWIVCSKGERVETYRNPKKNNEWDTQKI
DLTFELKKLFNDYSISLLDGDLREQMGKIDKADFYKKFMKLFALIVQOMRNSDEREDKLISPVLN
KYGAFFETGKNERMPLDADANGAYNIARKGLWITEKIKNTDVEQLDKVKLT ISNKEWLOYAQEH
IL

Guide RNA (crRNA)

A guide RNA (gRNA) is an RNA that functions to guide an RNA- or DNA-targeting
enzyme to a specific target. Targeting requires a gRNA complementary to the target site as
well as a 5' protospacer adjacent motif (PAM) on the DNA strand opposite the target
sequence. The gRNA for a Cas12a endonuclease is relatively short, in some embodiments,
about 35-50 nucleotides long (e.g., 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or
50 nucleotides long). In some embodiments, a gRNA is about 40-44 nucleotides long. The
portion of the gRNA that base pairs to the protospacer may be about 15-30 nucleotides long
(e.g., 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides long). In
some embodiments, the portion of the gRNA that base pairs to the protospacer is about 20-24
nucleotides long, e.g., about 21 nucleotides long. There is also a constant portion that binds to
Cas12a, which is about 15-25 nucleotides long. In some embodiments, the constant portion
that binds to Cas12a is about 20 nucleotides long).

For Cas12a endonucleases, the target sequence to which a gRNA binds should be next
to a PAM sequence — e.g., TTTV, where V can represent A, C, or G. The “V” of the TTTV is
typically immediately adjacent to the most 5’ base of the non-targeted strand side of the
protospacer element. The PAM sequence may vary, dependent on the variant Cas12a

endonuclease.
II. Variant Cas12a Endonucleases
Provided herein, in some aspects, are engineered variant Cas12a endonucleases that

have altered activity relative to a wild-type Casel2 endonuclease. An “variant Cas12a
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endonuclease” herein refers to a non-naturally occurring endonuclease obtained by mutation
of a wild-type (e.g., naturally-occurring) Casl2a gene, for example, a Cas12a gene from
Table 1 (e.g., any one of SEQ ID NOs: 1-47). Variants of other wild-type Cas12 genes are
contemplated herein. Thus, the variant Cas12a endonucleases provided herein are
“engineered.”

Mutations contemplated herein, with respect to an amino acid sequence, include,
without limitation, substitutions, additions, and deletions. An amino acid “substitution™ is a
change in a single amino acid relative to a reference amino acid sequence. For example, with
references to the LbCas12a ND2006 amino acid sequence of SEQ ID NO: 1 of FIGs. 1A-1X,
a substitution at position E95 would include any amino acid, other than E, at position 95
(counting from the methionine (M) start codon) — e.g., E95R (R substituted for E) and E95Y
(Y substituted for E).

The variant Cas12a endonucleases provided herein, in some aspects, exhibit
hyperactivity or low indiscriminate single strand deoxyribonuclease (DNase) activity,
described in more detail elsewhere herein.

The activity (e.g., hyperactivity and/or indiscriminate single strand DNase activity) of
a variant Cas12a endonuclease may be assessed using any method known in the art. In some
embodiments, the activity of a variant Cas12a endonuclease is determined with a gel-based
assay. In some embodiments, the activity of a variant Cas12a endonuclease is determined
using fluorophores and/or a fluorophore-quencher system. In some embodiments, the activity
of a variant Cas12a endonuclease may be assessed using short, labelled oligonucleotides,
which measure the activity of Cas9 and Cas®, respectively (see, e.g., Jinek et al., Science,
2012, 337(6096): 816-821 and Pausche et al., Science, 2020, 396(6501): 333-337). In some
embodiments, fluorophore-labeled short oligonucleotides are used to assess cleavage on both
strands (see, e.g., Stella et al., Cell, 2018, 175: 1856-1871). In some embodiments, nickase
activity is determined using optical tweezers (see, e.g., Paul et al., bioRxiv, 2021,
doi.org/10.1101/2021.06.09.447528). In some embodiments, longer fluorophore-labeled
oligonucleotides are used to assess Cas12a cleavage on both strands (see, e.g., Yamano et al.,
Cell, 2016, 165(4): 494-962; Cofsky et al., eLife, 2020, 9:e55143). In some embodiments,
quencher-fluorophore-labeled single-stranded DNA is used to assess ssDNase activity (see,
e.g., Chen et al., Science, 2018, 360(6387):436-439). In some embodiments, variant Cas12a
endonuclease activity is assessed using single molecule fluorescence resonance energy
transfer (FRET) (see, e.g., Son et al., PNAS, 2021, 118(49): e2113747118). Other methods

are contemplated herein.
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In embodiments in which an amino acid substitution is exemplified (e.g., E95R), the
present disclosure contemplates alternative substitutions having an “equivalent” charge,
polarity, and or chemical class (defined by the amino acid side chain). Table 2 provides the
20 naturally-occurring amino acids with a description of corresponding charge, polarity, and
chemical class. For example, arginine has an equivalent charge to histidine and lysine; an
equivalent polarity to asparagine, glutamine, serine, threonine, tyrosine, aspartic acid,
glutamic acid, arginine, histidine, and lysine; and an equivalent chemical class/side chain to
histidine and lysine. Thus, using the E95R substitution as an example, E95H and E95K are
examples of amino acid substitutions having an equivalent charge; E95N, E95Q, E95S,
E95T, E95Y, E95D, E95E, E95H, and E95K are examples of amino acid substitutions having
an equivalent polarity, and E95H and E95K are examples of amino acid substitutions having
an equivalent chemical class. In some embodiments, a given amino acid substitution is
equivalent in charge, polarity, and chemical class. Again, using the E95R substitution as an
example, E95H and E95K are examples of amino acid substitutions having an equivalent
charge (i.e., positive), an equivalent polarity (i.e., polar), and an equivalent chemical class

(i.e., basic).

Table 2. Amino Acids

Chemical
Amino acid Abbreviation Charge Polarity Class/Side Chain
Alanine Ala A uncharged nonpolar aliphatic
Glycine Gly G uncharged nonpolar aliphatic
Isoleucine Ile I uncharged nonpolar aliphatic
Leucine Leu L uncharged nonpolar aliphatic
Proline Pro p uncharged nonpolar aliphatic
Valine Val \ uncharged nonpolar aliphatic
Phenylalanine | Phe F uncharged nonpolar aromatic
Tryptophan Trp W uncharged nonpolar aromatic
Cysteine Cys C uncharged nonpolar sulfur
Methionine Met M uncharged nonpolar sulfur
Asparagine Asn N uncharged polar amide
Glutamine Gln Q uncharged polar acidic
Serine Ser S uncharged polar hydroxyl
Threonine Thr T uncharged polar hydroxyl
Tyrosine Tyr Y uncharged polar aromatic
Aspartic acid Asp D negative polar acidic
Glutamic acid Glu E negative polar amide
Arginine Arg R positive polar basic
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Chemical
Amino acid Abbreviation Charge Polarity Class/Side Chain
Histidine His H positive polar basic
Lysine Lys K positive polar basic

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position E95,
E125, N256, R747, H759, N813, K932, N933, S934, V936, S982, or K984 with reference to
amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1), optionally
wherein the variant Cas12a endonuclease exhibits hyperactivity. In other embodiments, a
variant Cas12a endonuclease comprises a polypeptide sequence that comprise a mutation at
an amino acid position corresponding to position N256, 1831, K932, N933, S934, V936,
Q944, 5982, F983, K984, M986, or T988 with reference to amino acid position numbering of
LbCas12a ND2006 (e.g., SEQ ID NO: 1), optionally wherein the variant Cas12a
endonuclease exhibits hypoactivity. In yet other embodiments, a variant Cas12a endonuclease
comprises a polypeptide sequence that comprise a mutation at an amino acid position
corresponding to position N813, 1831, K932, N933, S934, V936, Q944, S982, F983, K984,
MO86, or T988 with reference to amino acid position numbering of LbCas12a ND2006 (e.g.,
SEQ ID NO: 1), optionally wherein the variant Cas12a endonuclease exhibits low (or no)
indiscriminate ssDNase activity. It should be understood that a variant Cas12a endonuclease
comprising a mutation at an amino acid position corresponding to a specific position with
reference to amino acid position numbering of LbCas12a ND2006 encompasses variants of
LbCas12a ND2006 (e.g., SEQ ID NO: 1), as well as variants of Cas12a orthologs of
LbCas12a ND2006, including without limitation, variants of any one of the Cas12a
endonucleases in Table 1 (e.g., SEQ ID NOs: 2-47). Identification of such “corresponding”
amino acid positions can be readily performed by aligning any Cas12a endonuclease amino
acid sequence to those examples provided herein, and in particular, with an LbCas12a
ND2006 sequence, such as the amino acid sequence of SEQ ID NO: 1, as shown in FIGs. 1A-
1X.

FIG. 1A, for example, shows an alignment of various Cas12a homologs, highlighting
that a variant Cas12a endonuclease comprising a mutation at an amino acid position
corresponding to E95 with reference to amino acid position numbering of LbCas12a ND2006
includes: variant Cas12a endonucleases comprising a mutation at position 196 with reference

to amino acid position numbering of AsCas12a BV3L6, and variant Cas12a endonucleases
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comprising a mutation at position K99 with reference to amino acid position numbering of
FnCas12a.

The variant Cas12a endonucleases of the present disclosure may share a certain
percent identity relative to a wild-type Cas12a endonuclease. For example, a variant Cas12a
endonuclease may comprise an amino acid sequence that includes any one or more
mutation(s) (e.g., amino acid substitution(s)) described herein and has at least 80% (e.g., at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98%) identity to the amino acid
sequence of any one of the Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an
ortholog thereof, or other wild-type Cas12a protein sequence.

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise a mutation at an amino acid position corresponding to position E95,
E125, N256, R747, H759, N813, K932, N933, S934, V936, S982, or K984 with reference to
amino acid position numbering of LbCas12a and has at least 80% (c.g., at least 80%, at least
85%, at least 90%, at least 95%, or at least 98%) identity to the amino acid sequence of any
one of the Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an ortholog thereof, or
other wild-type Cas12a protein sequence. In some embodiments, any one or more of the
foregoing variant Cas12a endonucleases exhibits hyperactivity.

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise a mutation at an amino acid position corresponding to position E95R,
E95Y, E125A, E125W, N256A, R747Y, H759V, H759D, N813R, N813H, K932L, N933E,
N933V, S934Q, VI36E, VI936M, V936K, S982N, or K984R with reference to amino acid
position numbering of LbCas12a and has at least 80% (c.g., at least 80%, at least 85%, at
least 90%, at least 95%, or at least 98%) identity to the amino acid sequence of any one of the
Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an ortholog thereof, or other
wild-type Cas12a protein sequence. In some embodiments, any one or more of the foregoing
variant Cas12a endonucleases exhibits hyperactivity.

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise a mutation at an amino acid position corresponding to position N256,
1831, K932, N933, S934, V936, Q944, S982, F983, K984, M986, or T988 with reference to
amino acid position numbering of LbCas12a and has at least 80% (e.g., at least 80%, at least
85%, at least 90%, at least 95%, or at least 98%) identity to the amino acid sequence of any
one of the Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an ortholog thereof, or
other wild-type Cas12a protein sequence. In some embodiments, any one or more of the

foregoing variant Cas12a endonucleases exhibits hypoactivity.
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In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise a mutation at an amino acid position corresponding to position
N256K, I831A, 1831Y, K932A, K932F, K932H, K932M, K932N, K932Q, K932R, K932S,
K932T, K932W, K932Y, N933L, S934W, V936G, Q944D, Q944E, Q944K, Q944M, S982T,
S982W, FO83G, FI983L, K984F, M986G, M986L, M986S, or TI88F with reference to amino
acid position numbering of LbCas12a and has at least 80% (e.g., at least 80%, at least 85%, at
least 90%, at least 95%, or at least 98%) identity to the amino acid sequence of any one of the
Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an ortholog thereof, or other
wild-type Cas12a protein sequence. In some embodiments, any one or more of the foregoing
variant Cas12a endonucleases exhibits hypoactivity.

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise mutations at amino acid positions corresponding to positions K932F
and F983L; K932F and T988F; K932R and Q944D; K932R and F983L; K932R and T988F;
K932Y and F983L; K932Y and T988F; N933L and Q944M; V936G and Q944D; V936G and
S982W; V936G and M986G; V936G and TI88F; Q944D and S982W; Q944D and F983L;
Q944D and T988F; S982W and F983L; S982W and T988F; or F983G and M986G with
reference to amino acid position numbering of LbCas12a and has at least 80% (e.g., at least
80%, at least 85%, at least 90%, at least 95%, or at least 98%) identity to the amino acid
sequence of any one of the Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an
ortholog thereof, or other wild-type Cas12a protein sequence. In some embodiments, any one
or more of the foregoing variant Cas12a endonucleases exhibits hypoactivity.

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise a mutation at an amino acid position corresponding to position N813,
1831, K932, N933, S934, V936, Q944, S982, F983, K984, M986, or T988 with reference to
amino acid position numbering of LbCas12a and has at least 80% (c.g., at least 80%, at least
85%, at least 90%, at least 95%, or at least 98%) identity to the amino acid sequence of any
one of the Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an ortholog thereof, or
other wild-type Cas12a protein sequence. In some embodiments, any one or more of the
foregoing variant Cas12a endonucleases exhibits low (or no) ssDNase activity.

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise a mutation at an amino acid position corresponding to position
N813H, N813R, N813W, I831A, I831Y, K932A, K932F, K932H, K932M, K932N, K932Q,
K932R, K9328S, K932T, K932W, K932Y, N933E, N933L, S934K, S934Q, V936E, V936G,
Q944D, Q944E, Q944K, S982W, F983G, FO83L, K984F, M986F, M986G, or TO88F with
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reference to amino acid position numbering of LbCas12a and has at least 80% (e.g., at least
80%, at least 85%, at least 90%, at least 95%, or at least 98%) identity to the amino acid
sequence of any one of the Cas12a endonucleases in Table 1 (e.g., SEQ ID NOs: 1-47), an
ortholog thereof, or other wild-type Cas12a protein sequence. In some embodiments, any one
or more of the foregoing variant Cas12a endonucleases exhibits low (or no) ssDNase activity.

In some embodiments, a variant Cas12a endonuclease comprises a polypeptide
sequence that comprise mutations at amino acid positions corresponding to positions: N933L
and Q944M; or F983G and M986G with reference to amino acid position numbering of
LbCas12a and has at least 80% (e.g., at least 80%, at least 85%, at least 90%, at least 95%, or
at least 98%) identity to the amino acid sequence of any one of the Cas12a endonucleases in
Table 1 (e.g., SEQ ID NOs: 1-47), an ortholog thereof, or other wild-type Cas12a protein
sequence. In some embodiments, any one or more of the foregoing variant Cas12a
endonucleases exhibits low (or no) ssDNase activity.

“Identity” refers to a relationship between two or among three or more sequences
(e.g., amino acid sequences or nucleotide sequences) as determined by comparing the
sequences to each other. Identity also refers to the degree of sequence relatedness between or
among sequences as determined by the number of matches between or among strings of
amino acids or strings of nucleotides. Identity is a measure of the percent of identical matches
between the smaller of two or more sequences with gap alignments (if any) addressed by a
particular mathematical model or computer program (e.g., “algorithms”). Identity of related
polypeptides and polynucleotides can be readily calculated by known methods. “Percent (%)
identity” as it applies to proteins or genes, for example, such as the Cas12a endonucleases
described herein, is defined as the percentage of residues (amino acid or nucleic acid
residues) in a first protein or gene sequence that are identical with the residues in a second
protein or gene sequence after aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent identity.

Methods and computer programs for the alignment are well known in the art. It is
understood that identity depends on a calculation of percent identity but may differ in value
due to gaps and penalties introduced in the calculation. Generally, variants of a particular
protein or gene have at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% but less
than 100% sequence identity to that particular wild-type, native, or reference sequence as
determined by sequence alignment programs and parameters described herein and known to
those skilled in the art. Such tools for alignment include but are not limited to those of the

BLAST suite (Altschul, S.F., et al. Nucleic Acids Res. 1997;25:3389-3402); and those based
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on the Smith-Waterman algorithm (Smith, T.F. & Waterman, M.S. J. Mol. Biol.
1981;147:195-197). A general global alignment technique based on dynamic programming is
the Needleman—Wunsch algorithm (Needleman, S.B. & Wunsch, C.D. J. Mol. Biol.
1920;48:443-453). A Fast Optimal Global Sequence Alignment Algorithm (FOGSAA) also
has been developed that purportedly produces global alignment of nucleotide and amino acid
sequences faster than other optimal global alignment methods, including the Needleman—
Wunsch algorithm.

An alignment of the non-limiting examples of wild-type Cas12a endonuclease
sequences is provided in FIGs. 1A-1X.

A Cas12 “homolog” refers to a Cas12a endonuclease that has at least some sequence
identity (e.g., at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, or at least 90% identity) to a wild-type reference Cas12a endonuclease and exhibits at
least one activity exhibited by the wild-type reference Cas12a endonuclease (e.g., cleavage of
a double strand or single strand polynucleotide, binding to a crRNA, etc.). For example, the
wild-type Cas12a endonuclease exhibits indiscriminate ssDNase activity, cuts ~14 bp away
from the PAM, and possesses RNase activity to self-process pre-crRNA. Further, its cleavage
activity results in 5° staggered overhangs, and its PAM site is 3 to the targeting binding site.
By contrast, a wild-type Cas9 endonuclease does not exhibit indiscriminate ssDNase activity,
cuts ~3-4 bp away from the PAM, and does not possess RNase activity to self-process pre-
crRNA (it requires accessory proteins to mediate pre-crRNA processing). Further, Cas9
cleavage activity results in blunt ends, and its PAM site is 5° to the targeting binding site.

A Casl2a “ortholog” refers to Cas12a genes (and proteins encoded by the genes)
inferred to be descended from the same ancestral sequence separated by a speciation event:
when a species diverges into two separate species, the copies of a single gene in the two
resulting species are said to be orthologous. Orthologs, or orthologous genes, are genes in
different species that originated by vertical descent from a single gene of the last common
ancestor. Cas12a ortholog can be identified and characterized based on sequence similarities
to the present Cas12a system, as has been described with Type II systems, for example. For

example, orthologs of Cas12a include the Cas12a endonucleases of Table 1.

III. Casl12a Endonuclease Hyperactive Variants
Some aspects of the present disclosure relate to hyperactive variant Cas12a
endonucleases, i.e., variant Cas12a endonucleases that exhibit hyperactivity. “Hyperactivity”

herein refers to polynucleotide cleavage activity of a variant endonuclease that is at least 10%
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greater than polynucleotide cleavage activity of the wild-type or other reference
endonuclease. A hyperactive variant Cas12a endonuclease has a higher reaction speed or
initiates a cleavage reaction faster than the corresponding wild-type Cas12a endonuclease. In
some embodiments, a hyperactive variant Cas12a endonucleases exhibits cleavage activity
that is at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at
least 45%, or at least 50% greater than polynucleotide cleavage activity of the wild-type or
other reference endonuclease. See, e.g., Zhang, L. et al. Nat Commun. 2021 Jun
23;12(1):3908.

In some embodiments, a variant Cas12a endonuclease (a) comprises a mutation at an
amino acid position corresponding to position E95, E125, N256, R747, H759, N813, K932,
NO933, 5934, V936, S982, or K984 with reference to amino acid position numbering of
LbCas12a and (b) exhibits hyperactivity, optionally wherein the variant Cas12a endonuclease
has at least 85%, at least 90%, at least 95%;, or at least 98% identity with a wild-type
reference Cas12a endonuclease.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position E95
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is E95R or E95Y. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position E95 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position E95 with reference to amino
acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has
no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position E125
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is E125A or E125W. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position E125 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
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reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position E125 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position N256
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is N256A. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position N256 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position N256 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position R747
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is R747Y. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position R747 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position R747 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide

sequence that comprises a mutation at an amino acid position corresponding to position H759
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with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is H759V or H759D. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position H759 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position H759 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position N813
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is N813R or N813H. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position N813 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position N813 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K932
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is K932L. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position K932 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position K932 with reference to amino acid

position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
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more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position N933
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is N933E or N933V. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position N933 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position N933 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position S934
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is S934Q. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position S934 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position S934 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position V936
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is V936E, V936M, or V936K. In some embodiments, a

variant LbCas12a endonuclease comprises a mutation at position V936 with reference to
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amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some
embodiments, a variant LbCas12a endonuclease comprises a mutation at position V936 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the
foregoing variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position S982
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is S982N. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position S982 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position S982 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K984
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is K984R. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position K984 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position K984 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant

Cas12a endonucleases may exhibit hyperactivity.
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Additional Engineered Variant Casl12a Endonucleases With Hyperactivity

In some embodiments, a variant LbCas12a endonuclease comprises an E95 (e.g.,
E95R or E95Y) substitution and has at least 80% identity to the amino acid sequence of SEQ
ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an E95 (e.g.,
E95R or E95Y) substitution and has at least 85% identity to the amino acid sequence of SEQ
ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an E95 (e.g.,
E95R or E95Y) substitution and has at least 90% identity to the amino acid sequence of SEQ
ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an E95 (e.g.,
E95R or E95Y) substitution and has at least 95% identity to the amino acid sequence of SEQ
ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an E95 (e.g.,
E95R or E95Y) substitution and has at least 98% identity to the amino acid sequence of SEQ
ID NO: 1. Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an E125 (e.g.,
E125A or E125W) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an E125
(e.g., E125A or E125W) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
E125 (e.g., E125A or E125W) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an E125 (e.g., E125A or E125W) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an E125 (e.g., E125A or E125W) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g.,
N256A) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256A)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256A)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256A)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In

some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256A)
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substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an R747 (e.g.,
R747Y) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an R747 (e.g., R747Y)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an R747 (e.g., R747Y)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an R747 (e.g., R747Y)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an R747 (e.g., R747Y)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an H759 (e.g.,
H759V or H759D) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an H759
(e.g., H759V or H759D) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
H759 (e.g., H759V or H759D) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an H759 (e.g., H759V or H759D) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an H759 (e.g., H759V or H759D) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an N813 (e.g.,
N813R or N813H) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an N813
(e.g., N813R or N813H) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
N813 (e.g., N813R or N813H) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an N813 (e.g., N813R or N813H) substitution and has at least 95% identity to the

amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
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endonuclease comprises an N813 (e.g., N813R or N§13H) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g.,
K932L) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932L)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932L)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932L)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932L)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an N933 (e.g.,
NO33E or N933V) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an N933
(e.g., N933E or N933V) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
NO33 (e.g., N933E or N933V) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an N933 (e.g., N933E or N933V) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an N933 (e.g., N933E or N933V) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an S934Q (e.g.,
5934Q) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an $934Q (e.g.,
S5934Q) substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an 5$934Q (e.g.,
5934Q) substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an S934Q (e.g.,

5934Q) substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO:
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1. In some embodiments, a variant LbCas12a endonuclease comprises an S934Q (e.g.,
5934Q) substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO:
1. Any one or more of the foregoing variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g.,
VI936E, V936M, or V936K) substitution and has at least 80% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an V936 (e.g., V936E, V936M, or V936K) substitution and has at least 85%
identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant
LbCas12a endonuclease comprises an V936 (e.g., V936E, V936M, or V936K) substitution
and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In some
embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g., V936E, V936M, or
V936K) substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g., VI36E,
V936M, or V936K) substitution and has at least 98% identity to the amino acid sequence of
SEQ ID NO: 1. Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g.,
S982N) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982N)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982N)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982N)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982N)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hyperactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g.,
K984R) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984R)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984R)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In

some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984R)
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substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984R)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any

one or more of the foregoing variant Cas12a endonucleases may exhibit hyperactivity.

IV.  Casl2a Endonuclease Hypoactive Variants

Other aspects of the present disclosure provide hypoactive variant Cas12a
endonucleases, i.e., variant Cas12a endonucleases that exhibit hypoactivity. “Hypoactivity”
herein refers to polynucleotide cleavage activity of a variant endonuclease that is at least 10%
lower than polynucleotide cleavage activity of the wild-type or other reference endonuclease.
In some embodiments, a hypoactive variant Cas12a endonucleases exhibits cleavage activity
that is at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at
least 45%, or at least 50% lower than polynucleotide cleavage activity of the wild-type or
other reference endonuclease.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position N256
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is N256K. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position N256 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position N256 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position 1831
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is I831A or I831Y. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position 1831 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
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reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position 1831 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K932
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is K932A, K932F, K932H, K932M, K932N, K932Q,
K932R, K932S, K932T, K932W, or K932Y. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position K932 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position K932 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position N933
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is N933L. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position N933 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position N933 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant

Cas12a endonucleases may exhibit hypoactivity.
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In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position S934
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is S934W. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position S934 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position $934 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position V936
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is V936G. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position V936 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position V936 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position Q944
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is Q944D, Q944E, Q944K, or Q944M. In some
embodiments, a variant LbCas12a endonuclease comprises a mutation at position Q944 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In
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some embodiments, a variant LbCas12a endonuclease comprises a mutation at position Q944
with reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g.,
SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more
of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position S982
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is S982T or S982W. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position S982 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position S982 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position F983
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is F983G or FO83L. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position F983 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position F983 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K984

with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
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In some embodiments, the mutation is K984F. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position K984 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position K984 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position
MO86 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID
NO: 1). In some embodiments, the mutation is M986G, M986L., or M986S. In some
embodiments, a variant LbCas12a endonuclease comprises a mutation at position M986 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In
some embodiments, a variant LbCas12a endonuclease comprises a mutation at position M986
with reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g.,
SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more
of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position T988
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is T988F. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position T988 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position T988 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no

more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a

47



10

15

20

25

30

WO 2023/131870 PCT/1B2023/000043

ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932
and F983 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K932F and F983L. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions K932 and
F983 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
K932 and F983 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932
and T988 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K932F and T988F. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions K932 and
T988 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
K932 and T988 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932
and Q944 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K932R and Q944D. In some

48



10

15

20

25

30

WO 2023/131870 PCT/1B2023/000043

embodiments, a variant LbCas12a endonuclease comprises mutations at positions K932 and
Q944 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
K932 and Q944 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932
and F983 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K932R and F983L. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions K932 and
F983 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
K932 and F983 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932
and T988 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K932R and T988F. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions K932 and
T988 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions

K932 and T988 with reference to amino acid position numbering of LbCas12a ND2006
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endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932
and F983 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K932Y and FO983L. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions K932 and
F983 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
K932 and F983 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932
and T988 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K932Y and T988F. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions K932 and
T988 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
K932 and T988 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide

sequence that comprises mutations at amino acid positions corresponding to positions N933
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and Q944 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are N933L and Q944M. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions N933 and
Q944 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
NO933 and Q944 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions V936
and Q944 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are V936G and Q944D. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions V936 and
Q944 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
V936 and Q944 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions V936
and S982 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are V936G and S982W. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions V936 and
5982 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
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In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
V936 and S982 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions V936
and M986 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are V936G and M986G. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions V936 and
M986 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
V936 and M986 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions V936
and T988 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are V936G and T988F. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions V936 and
T988 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
V936 and T988 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit

hypoactivity.
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In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions Q944
and S982 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are Q944D and S982W. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions Q944 and
5982 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
Q944 and S982 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions Q944
and F983 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are Q944D and F983L. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions Q944 and
F983 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
Q944 and F983 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions Q944
and T988 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are Q944D and T988F. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions Q944 and

T988 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
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(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
Q944 and T988 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions S982
and F983 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are S982W and F983L. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions S982 and
F983 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
5982 and F983 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions S982
and T988 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are S982W and T988F. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions S982 and
T988 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
5982 and T988 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
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NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions F983
and M986 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are F983G and M986G. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions F983 and
MO86 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
F983 and M986 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit
hypoactivity.

Additional Engineered Variant Cas12a Endonucleases With Hypoactivity

In some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g.,
N256K) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256K)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256K)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256K)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N256 (e.g., N256K)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an 1831 (e.g.,
I831A or I831Y) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an 1831
(e.g., I831A or I831Y) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an

1831 (e.g., I831A or I831Y) substitution and has at least 90% identity to the amino acid
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sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an 1831 (e.g., I831A or I831Y) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an 1831 (e.g., I831A or 1831Y) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g.,
K932A, K932F, K932H, K932M, K932N, K932Q, K932R, K9328S, K932T, K932W, or
K932Y) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an N933 (e.g.,
NO933L) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an N933 (e.g., N933L)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933 (e.g., N933L)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933 (e.g., N933L)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933 (e.g., N933L)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any

one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.
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In some embodiments, a variant LbCas12a endonuclease comprises an S934 (e.g.,
S934W) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an S934 (e.g., S934W)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an $934 (e.g., S934W)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S934 (e.g., S934W)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an $934 (e.g., S934W)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g.,
V936G) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g., V936G)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g., V936G)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g., V936G)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g., V936G)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an Q944 (e.g.,
Q944D, Q944E, Q944K, or Q944M) substitution and has at least 80% identity to the amino
acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an Q944 (e.g., Q944D, Q944E, Q944K, or Q944M) substitution and has at least
85% identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant
LbCas12a endonuclease comprises an Q944 (e.g., Q944D, Q944E, Q944K, or Q944M)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944 (e.g., Q944D,
Q944E, Q944K, or Q944M) substitution and has at least 95% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease

comprises an Q944 (e.g., Q944D, Q944E, Q944K, or Q944M) substitution and has at least
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98% identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g.,
S982T or S982W) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an S982
(e.g., S982T or S982W) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
S982 (e.g., S982T or S982W) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an S982 (e.g., S982T or S982W) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an S982 (e.g., S982T or S982W) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an F983 (e.g.,
F983G or F983L) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an F983
(e.g., F983G or F983L) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
F983 (e.g., F983G or FI983L) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an F983 (e.g., F983G or FO83L) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an F983 (e.g., F983G or F983L) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g.,
K984F) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)

substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
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some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an M986 (e.g.,
M986G, MIB6L, or M986S) substitution and has at least 80% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an M986 (e.g., M986G, M986L, or M986S) substitution and has at least 85%
identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant
LbCas12a endonuclease comprises an M986 (e.g., M986G, M9I86L, or M986S) substitution
and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In some
embodiments, a variant LbCas12a endonuclease comprises an M986 (e.g., M986G, M986L,
or M986S) substitution and has at least 95% identity to the amino acid sequence of SEQ ID
NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an M986 (e.g.,
M986G, MIB6L, or M986S) substitution and has at least 98% identity to the amino acid
sequence of SEQ ID NO: 1. Any one or more of the foregoing variant Cas12a endonucleases
may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g.,
T988F) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932F and
FO83L substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932F and F983L
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932F and F9§3L
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In

some embodiments, a variant LbCas12a endonuclease comprises an K932F and FO83L
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substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932F and F983L
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932F and
T988F substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932F and T988F
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932F and T988F
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932F and T988F
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932F and T988F
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932R and
Q944D substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932R and Q944D
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and Q944D
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and Q944D
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and Q944D
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932R and
FO83L substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932R and FO83L
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and F983L
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and F983L

substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
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some embodiments, a variant LbCas12a endonuclease comprises an K932R and F983L
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932R and
T988F substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932R and T988F
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and T988F
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and T988F
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932R and T988F
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932Y and
FO83L substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932Y and F983L
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932Y and FI983L
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932Y and FO983L
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932Y and F983L
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932Y and
T988F substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932Y and T988F
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932Y and T988F
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932Y and T988F
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In

some embodiments, a variant LbCas12a endonuclease comprises an K932Y and T988F
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substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an N933L and
Q944M substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an V936G and
Q944D substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an V936G and Q944D
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and Q944D
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and Q944D
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and Q944D
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an V936G and
S982W substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an V936G and S982W
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and S982W
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and S982W
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In

some embodiments, a variant LbCas12a endonuclease comprises an V936G and S982W
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substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an V936G and
M986G substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an V936G and M986G
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and M986G
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and M986G
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and M986G
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an V936G and
T988F substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an V936G and T988F
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and T988F
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and T988F
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an V936G and T988F
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an Q944D and
S982W substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an Q944D and S982W
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and S982W
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and S982W
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In

some embodiments, a variant LbCas12a endonuclease comprises an Q944D and S982W
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substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an Q944D and
F983L substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an Q944D and F983L
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and F983L
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and F983L
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and F983L
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an Q944D and
T988F substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an Q944D and T988F
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and T988F
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and T988F
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an Q944D and T988F
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an S982W and
FO83L substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an S982W and F983L
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982W and FO83L
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982W and F983L
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In

some embodiments, a variant LbCas12a endonuclease comprises an S982W and FO983L
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substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an S982W and
TI988F substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an S982W and T988F
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982W and T988F
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982W and T988F
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982W and T988F
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

In some embodiments, a variant LbCas12a endonuclease comprises an F983G and
M986G substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any

one or more of the foregoing variant Cas12a endonucleases may exhibit hypoactivity.

V. Cas12a Endonuclease Low Indiscriminate ssDNase Variants

In addition to high-specific double strand DNA (dsDNA) cleavage, Cas12a has also
been shown to exhibit indiscriminate single strand DNA (ssDNA) degradation activity upon
activation with a ssDNA complementary to the crRNA guide as well as with dsSDNA
complementary to the crRNA guide. This activity is displayed by all Cas12a orthologs and
degrades any available ssDNA molecule into single/double nucleotides. Comparisons of the
structures of Cas12a before, during and after cleavage reveal the structural changes that result
in such an indiscriminate activity. The lid region, which is involved in the checkpoints for

accurate target recognition is responsible for this action. Before the crRNA-DNA hybrid is

65



10

15

20

25

30

WO 2023/131870 PCT/1B2023/000043

formed, the lid occludes the cleft where the catalytic residues reside. Upon formation of the
hybrid, the lid changes conformation to form an a helix, thus interacting with the crRNA of
the hybrid assembly, thus dissociating the polar interactions and making available the
catalytic pocket. In the R-loop structure after cleavage, this region appears disordered
indicating that the catalytic site is accessible after the distal part of the dsSDNA substrate
dissociates from the complex. Therefore, the catalytic cleft is open and able to sever ssDNA
indiscriminately. This molecular mechanism would explain how ssDNA molecules are
degraded by Cas12a after being activated by the presence of the RNA-DNA hybrid. In
addition, recent studies have reported non-specific nicking of target sequences bearing
mismatches in distal regions of the target DNA, suggesting that this could be a problem for
potential applications. See Paul, B. & Montoya, G. et al.

Several of the variant Cas12a endonucleases provided herein, surprisingly, exhibit
low to no indiscriminate sSDNA degradation activity, also referred to as indiscriminate single
strand deoxyribonuclease (ssDNase) activity. This activity was unexpected in part because
the mutations made in the parent wild-type enzyme are outside of the lid region — the region
thought to be responsible for indiscriminate ssDNase activity. “Low ssDNase activity” herein
refers to indiscriminate sSDNA degradation activity of a variant endonuclease that is at least
10% lower than indiscriminate ssDNA degradation activity of the wild-type or other
reference endonuclease. In some embodiments, a variant Cas12a endonucleases exhibits
indiscriminate ssDNase activity that is at least 15%, at least 20%, at least 25%, at least 30%,
at least 35%, at least 40%, at least 45%, at least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% lower than
indiscriminate ssDNA degradation activity of the wild-type or other reference endonuclease.
In some embodiments, a variant Cas12a endonucleases exhibits no (no measurable)
indiscriminate ssDNase activity.

In some embodiments, a variant Cas12a endonuclease (a) comprises a mutation at an
amino acid position corresponding to position N813, 1831, K932, N933, S934, V936, Q944,
5982, F983, K984, M986, or T988 with reference to amino acid position numbering of
LbCas12a and (b) exhibits low (or no) single indiscriminate ssDNase, optionally wherein the
variant Cas12a endonuclease has at least 85%, at least 90%, at least 95%, or at least 98%
identity with a wild-type reference Cas12a endonuclease.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position N§13

with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
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In some embodiments, the mutation is N813H, N813R, or N813W. In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position N813 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some
embodiments, a variant LbCas12a endonuclease comprises a mutation at position N813 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the
foregoing variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase
activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position 1831
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is I831A or I831Y. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position 1831 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position 1831 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K932
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is K932A, K932F, K932H, K932M, K932N, K932Q,
K932R, K932S, K932T, K932W, or K932Y. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position K932 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant

LbCas12a endonuclease comprises a mutation at position K932 with reference to amino acid
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position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position N933
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is N933E or N933L. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position N933 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position N933 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position S934
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is S934K or S934Q. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position S934 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position S934 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position V936
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).

In some embodiments, the mutation is V936E or V936G. In some embodiments, a variant
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LbCas12a endonuclease comprises a mutation at position V936 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position V936 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position Q944
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is Q944D, Q944E, or Q944K. In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position Q944 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some
embodiments, a variant LbCas12a endonuclease comprises a mutation at position Q944 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the
foregoing variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase
activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position S982
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is S982W. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position S982 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position S982 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no

more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
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ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position F983
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is F983G or F983L. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position F983 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position F983 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K984
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is K984F. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position K984 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position K984 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position
MO86 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID
NO: 1). In some embodiments, the mutation is M986F or M986G. In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position M986 with reference to

amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
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and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some
embodiments, a variant LbCas12a endonuclease comprises a mutation at position M986 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the
foregoing variant Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase
activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position T988
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is T988F. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position T988 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position T988 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1). Any one or more of the foregoing variant
Cas12a endonucleases may exhibit low (or no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions N933
and Q944 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are N933L and Q944M. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions N933 and
Q944 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
NO933 and Q944 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
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NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit low (or
no) indiscriminate ssDNase activity.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions F983
and M986 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are F983G and M986G. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions F983 and
MO86 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
F983 and M986 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1). Any one or more of the foregoing variant Cas12a endonucleases may exhibit low (or
no) indiscriminate ssDNase activity.

Additional Engineered Variant Cas12a Endonucleases With Low ssDNase
Activity

In some embodiments, a variant LbCas12a endonuclease comprises an N813 (e.g.,
N813H, N813R, or N813W) substitution and has at least 80% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an N813 (e.g., N§13H, N813R, or N813W) substitution and has at least 85%
identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant
LbCas12a endonuclease comprises an N813 (e.g., N813H, N813R, or N813W) substitution
and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In some
embodiments, a variant LbCas12a endonuclease comprises an N813 (e.g., N813H, N813R, or
N813W) substitution and has at least 95% identity to the amino acid sequence of SEQ ID
NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an N813 (e.g.,
N813H, N813R, or N813W) substitution and has at least 98% identity to the amino acid
sequence of SEQ ID NO: 1. Any one or more of the foregoing variant Cas12a endonucleases
may exhibit low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an 1831 (e.g.,
I831A or I831Y) substitution and has at least 80% identity to the amino acid sequence of

SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an 1831
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(e.g., I831A or I831Y) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
1831 (e.g., I831A or I831Y) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an 1831 (e.g., I831A or I831Y) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an 1831 (e.g., I831A or I831Y) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g.,
K932A, K932F, K932H, K932M, K932N, K932Q, K932R, K9328S, K932T, K932W, or
K932Y) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K932 (e.g., K932A,
K932F, K932H, K932M, K932N, K932Q, K932R, K9325, K932T, K932W, or K932Y)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit low (or no) ssDNase
activity.

In some embodiments, a variant LbCas12a endonuclease comprises an N933 (e.g.,
NO33E or N933L) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an N933
(e.g., N933E or N933L) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
NO933 (e.g., N933E or N933L) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease

comprises an N933 (e.g., N933E or N933L) substitution and has at least 95% identity to the
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amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an N933 (e.g., N933E or N933L) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an $934 (e.g.,
S934K or $934Q) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an $934
(e.g., S934K or S934Q) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
5934 (e.g., S934K or S934Q) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an S934 (e.g., S934K or S934Q) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an $934 (e.g., S934K or S934Q) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an V936 (e.g.,
VOI36E or V936G) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an V936
(e.g., VI936E or V936QG) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
V936 (e.g., VO36E or V936(G) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an V936 (e.g., VI936E or V936G) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an V936 (e.g., V936E or V936G) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an Q944 (e.g.,
Q944D, Q944E, or Q944K) substitution and has at least 80% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an Q944 (e.g., Q944D, Q944E, or Q944K) substitution and has at least 85%
identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant

LbCas12a endonuclease comprises an Q944 (e.g., Q944D, Q944E, or Q944K) substitution
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and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In some
embodiments, a variant LbCas12a endonuclease comprises an Q944 (e.g., Q944D, Q944E, or
Q944K) substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an Q944 (e.g., Q944D,
Q944E, or Q944K) substitution and has at least 98% identity to the amino acid sequence of
SEQ ID NO: 1. Any one or more of the foregoing variant Cas12a endonucleases may exhibit
low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g.,
S982W) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982W)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982W)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982W)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an S982 (e.g., S982W)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit low (or no) ssDNase
activity.

In some embodiments, a variant LbCas12a endonuclease comprises an F983 (e.g.,
F983G or F983L) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an F983
(e.g., F983G or FO983L) substitution and has at least 85% identity to the amino acid sequence
of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an
F983 (e.g., F983G or FI983L) substitution and has at least 90% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an F983 (e.g., F983G or F983L) substitution and has at least 95% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an F983 (e.g., F983G or FI983L) substitution and has at least 98%
identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the foregoing
variant Cas12a endonucleases may exhibit low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g.,
K984F) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:

1. In some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)
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substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an K984 (e.g., K984F)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit low (or no) ssDNase
activity.

In some embodiments, a variant LbCas12a endonuclease comprises an M986 (e.g.,
MOS6F or M986G) substitution and has at least 80% identity to the amino acid sequence of
SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease comprises an M986
(e.g., M98O6F or M986G) substitution and has at least 85% identity to the amino acid
sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a endonuclease
comprises an M986 (e.g., MI986F or M986G) substitution and has at least 90% identity to the
amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant LbCas12a
endonuclease comprises an M986 (e.g., MI986F or M986G) substitution and has at least 95%
identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, a variant
LbCas12a endonuclease comprises an M986 (e.g., M986F or M986G) substitution and has at
least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any one or more of the
foregoing variant Cas12a endonucleases may exhibit low (or no) ssDNase activity.

In some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g.,
T988F) substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an T988 (e.g., T988F)
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit low (or no) ssDNase

activity.
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In some embodiments, a variant LbCas12a endonuclease comprises an N933L and
Q944M substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an N933L and Q944M
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit low (or no) ssDNase
activity.

In some embodiments, a variant LbCas12a endonuclease comprises an F983G and
MO86G substitution and has at least 80% identity to the amino acid sequence of SEQ ID NO:
1. In some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 85% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 90% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 95% identity to the amino acid sequence of SEQ ID NO: 1. In
some embodiments, a variant LbCas12a endonuclease comprises an F983G and M986G
substitution and has at least 98% identity to the amino acid sequence of SEQ ID NO: 1. Any
one or more of the foregoing variant Cas12a endonucleases may exhibit low (or no) ssDNase

activity.

Table 3. Variant Casl12a Endonucleases

Variant Sequence SEQ ID NO:

E95R MSKLEKFTNC YSLSKTLRFK AIPVGKTQEN IDNKRLLVED EKRAEDYKGV KKLLDRYYLS 48
FINDVLHSIK LKNLNNYISL FRKKTRTEKE NKELRNLEIN LRKEIAKAFK GNEGYKSLFK
KDIIETILPE FLDDKDEIAL VNSFNGFTTA FTGFFDNREN MFSEEAKSTS IAFRCINENL
TRYISNMDIF EKVDAIFDKH EVQEIKEKIL NSDYDVEDFF EGEFFNFVLT QEGIDVYNAT
IGGFVTESGE KIKGLNEYIN LYNQKTKQKL PKFKPLYKQV LSDRESLSFY GEGYTSDEEV
LEVFRNTLNK NSEIFSSIKK LEKLFKNFDE YSSAGIFVKN GPAISTISKD IFGEWNVIRD
KWNAEYDDIH LKKKAVVTEK YEDDRRKSFK KIGSFSLEQL QEYADADLSV VEKLKEIIIQ
KVDEIYKVYG SSEKLFDADF VLEKSLKKND AVVAIMKDLL DSVKSFENYI KAFFGEGKET
NRDESFYGDF VLAYDILLKV DHIYDAIRNY VTQKPYSKDK FKLYFQNPQF MGGWDKDKET
DYRATILRYG SKYYLAIMDK KYAKCLQKID KDDVNGNYEK INYKLLPGPN KMLPKVFFSK
KWMAYYNPSE DIQKIYKNGT FKKGDMFNLN DCHKLIDFFK DSISRYPKWS NAYDENFSET
EKYKDIAGFY REVEEQGYKV SFESASKKEV DKLVEEGKLY MFQIYNKDFS DKSHGTPNLH
TMYFKLLFDE NNHGQIRLSG GAELFMRRAS LKKEELVVHP ANSPIANKNP DNPKKTTTLS
YDVYKDKRFS EDQYELHIPI AINKCPKNIF KINTEVRVLL KHDDNPYVIG IDRGERNLLY
IVVVDGKGNI VEQYSLNEII NNFNGIRIKT DYHSLLDKKE KERFEARQNW TSIENIKELK
AGYISQVVHK ICELVEKYDA VIALEDLNSG FKNSRVKVEK OVYQKFEKML IDKLNYMVDK
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Variant

Sequence

SEQ ID NO:

KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

E95Y

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELYNLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

49

E125A

MSKLEKFTNC
FINDVLHSIK
KDIIATILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSP IANKNP
KHEDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

50

E125W

MSKLEKFTNC
FINDVLHSIK
KDIIWTILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNEFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP TANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

51

N256A

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLAEYIN
NSEIFSSIKK
LKKKAVVTEK

AIPVGKTQEN
FRKKTRTEKE
VNSEFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ

52
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Variant

Sequence

SEQ ID NO:

KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMEFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

N256K

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLKEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
JIAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

53

R747Y

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMYRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

54

H759V

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVEK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVVP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS

55
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Variant

Sequence

SEQ ID NO:

ITGRTDVDFL
AEDEKLDKVK

ISPVKNSDGI
IAISNKEWLE

FYDSRNYEAQ
YAQTSVKH

ENAILPKNAD

ANGAYNIARK

VLWAIGQFKK

H759D

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVDP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

56

N813W

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KIWTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQONW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

57

N813R

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KIRTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

58

N813H

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRKVYG
NRDESFYGDF
DYRATILRYG

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK

59
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Variant

Sequence

SEQ ID NO:

KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KIHTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

I831A

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
ADRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

60

1831Y

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPATSTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
YDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

61

K932L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FLNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

62

K9321

MSKLEKFTNC

YSLSKTLRFK

AIPVGKTQEN

IDNKRLLVED

EKRAEDYKGV

KKLLDRYYLS

63
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Sequence
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FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FINSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

K932V

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FVNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

64

K932M

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FMNSRVKVEK
GFIFYIPAWL
NESRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAT
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

65

K932F

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS

66

82




WO 2023/131870

PCT/1B2023/000043

Variant

Sequence

SEQ ID NO:

YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

KINTEVRVLL
DYHSLLDKKE
FENSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

KHDDNPYVIG
KERFEARQONW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

K932R

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FRNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

67

K932A

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FANSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAT
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFF SK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

68

K932H

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FHNSRVKVEK
GFIFYIPAWL
NESRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

69

K932N

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI

70

83




WO 2023/131870

PCT/1B2023/000043

Variant

Sequence
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IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FNNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

K932Q

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FONSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KEDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

71

K9328

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FSNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP TANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

72

K932T

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA

AIPVGKTQEN
FRKKTRTEKE
VNSEFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FTNSRVKVEK

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK

73
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KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

K932Y

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FYNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

74

K932wW

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FWNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSP IANKNP
KHEDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

75

N933E

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNEFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKESRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP TANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

76

N933V

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK

AIPVGKTQEN
FRKKTRTEKE
VNSEFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ

77
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KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMEFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKVSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

N933L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
JIAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKLSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

78

S934Q

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNQRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

79

S934K

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVEK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNKRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS

80
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ITGRTDVDFL
AEDEKLDKVK

ISPVKNSDGI
IAISNKEWLE

FYDSRNYEAQ
YAQTSVKH

ENAILPKNAD

ANGAYNIARK

VLWAIGQFKK

S934W

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FRKNWRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

81

VI36E

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FRKNSREKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQONW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

82

VI936M

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCEKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYESLLDKKE
FKNSRMKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

83

V936K

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRKVYG
NRDESFYGDF
DYRATILRYG

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK

84

87
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Variant

Sequence

SEQ ID NO:

KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FRKNSRKKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

V936G

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRGKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

85

Q944D

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRXKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYDKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

86

QY44E

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRXKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYEKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

87

Q944K

MSKLEKFTNC

YSLSKTLRFK

AIPVGKTQEN

IDNKRLLVED

EKRAEDYKGV

KKLLDRYYLS

88

88
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Variant

Sequence

SEQ ID NO:

FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRXKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARONW
QVYKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

Q944M

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRXKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYMKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

89

S982W

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
EWFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NESRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAT
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

90

S982T

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS

91

89




WO 2023/131870

PCT/1B2023/000043

Variant

Sequence

SEQ ID NO:

YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ETFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

KHDDNPYVIG
KERFEARQONW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

S982N

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ENFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

92

F983L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESLKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAT
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFF SK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

93

F983G

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESGKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NESRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

94

K984F

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI

95
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IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFFSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

K984R

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ERFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KEDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

96

M986G

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSGSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNQRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP TANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

97

M986F

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA

AIPVGKTQEN
FRKKTRTEKE
VNSEFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNQRVKVEK

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK

98

91
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KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ESFKSESTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

MOI86L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSLSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNQRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

99

M986S

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSSSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNQRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSP IANKNP
KHEDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

100

TO88F

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNEFNGIRIKT
VIALEDLNSG
ESFFSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP TANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

101

K932F,
F983L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK

AIPVGKTQEN
FRKKTRTEKE
VNSEFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ

102

92




WO 2023/131870

PCT/1B2023/000043

Variant

Sequence

SEQ ID NO:

KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMEFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESLKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FENSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

K932F,
TO88KF

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
JIAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSFON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FENSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

103

K932R,
Q944D

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FRNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYDKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

104

K932R,
F983L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVEK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESLKSMSTQN
DLFEFALDYK
KYGINYQQGD

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FRNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS

105
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Variant

Sequence

SEQ ID NO:

ITGRTDVDFL
AEDEKLDKVK

ISPVKNSDGI
IAISNKEWLE

FYDSRNYEAQ
YAQTSVKH

ENAILPKNAD

ANGAYNIARK

VLWAIGQFKK

K932R,
TO88F

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSFON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FRNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

106

K932Y,
F983L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESLKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FYNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQONW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

107

K932Y,
TO88F

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSEQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FYNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

108

N933L,
Q944M

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRKVYG
NRDESFYGDF
DYRATILRYG

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK

109
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Sequence

SEQ ID NO:

KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKLSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYMKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

V936G,
Q944D

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRGKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYDKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

110

V936G,
S982W

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
EWFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCEKLIDFFK
DKLVEEGKLY
LKKEELVVEHP
KINTEVRVLL
DYHSLLDKKE
FKNSRGKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPATSTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

111

V936G,
MI86G

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSGSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRGKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

112

V936G,

MSKLEKFTNC

YSLSKTLRFK

AIPVGKTQEN

IDNKRLLVED

EKRAEDYKGV

KKLLDRYYLS

113
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TO88F

FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSFQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRGKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

Q944D,
S982W

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
EWFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRXKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYDKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

114

Q944D,
F983L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESLKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRXKVEK
GFIFYIPAWL
NESRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYDKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAT
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

115

Q944D,
TO88F

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS

116
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YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSEQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

KINTEVRVLL
DYHSLLDKKE
FKNSRXKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

KHDDNPYVIG
KERFEARQONW
QVYDKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

S982wW
F983L

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
EWLKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

117

S982W,
TOSSF

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQETKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
EWFKSMSFON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAT
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFF SK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

118

F983G,
M986G

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVOEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESGKSGSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKE

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NESRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

119

K932G,
N933G

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI

367
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Sequence

SEQ ID NO:

IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FGGSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

R833L
(LbAA9)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KEDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDLGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

368

R833K
(LbAA19)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP TANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDKGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

369

R833M
(LbEF159)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA

AIPVGKTQEN
FRKKTRTEKE
VNSEFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDMGERNLLY
TSIENIKELK
IDKLNYMVDK

370
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KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

K932E
(LbAA23)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FENSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY I
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

371

K932G
(LbMS07)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FGNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSP IANKNP
KHEDDNPYVIG
KERFEARQNW
OVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

372

K940G
(LbAA49)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNEFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEG
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP TANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

373

Q944K
(LbAC10)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK

AIPVGKTQEN
FRKKTRTEKE
VNSEFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ

374
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KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMEFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

K932G,
N933G,
V936G,
$929G
(LbMS3n5)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
JIAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNGG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FGGSRGKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

375

K940G,
QY44K
(LbTN37)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEG
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVYKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

376

R836G,
Q944K
(LbTN39)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVEK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD

EKRAEDYKGV
LRKETAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
OVYKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGEGNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS

377
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Variant

Sequence

SEQ ID NO:

ITGRTDVDFL
AEDEKLDKVK

ISPVKNSDGI
IAISNKEWLE

FYDSRNYEAQ
YAQTSVKH

ENAILPKNAD

ANGAYNIARK

VLWAIGQFKK

R833M,
E$35D,
Y943T
(LbTN2)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NEFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVTQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDMGDRNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

378

R836G,
Q944K,
R935G
(LbFM14)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSGVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQONW
QVYKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGEGNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

379

R833M,
E835D,
Y943T,
R935G
(LbEM17)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSGVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KEDDNPYVIG
KERFEARQNW
QVTQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDMGDRNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQOMRNS
VLWAIGQFKK

380

R833M,
E$35D,
Y943T,
Q941K
(LbEM28)

MSKLEKFTNC
FINDVLHSIK
KDIIETILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRKVYG
NRDESFYGDF
DYRATILRYG

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK

381
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Variant

Sequence

SEQ ID NO:

KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPENIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

DSISRYPKWS
MFQIYNKDFE'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
KVTQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDMGDRNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

R833M,
E835D,
E125A
(LbFM44)

MSKLEKFTNC
FINDVLHSIK
KDIIATILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNENGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVYQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDMGDRNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

382

Y943F,
Q944K,
K932G-
N933G,
E125A
(LbEMS51)

MSKLEKFTNC
FINDVLHSIK
KDIIATILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

ATIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FGGSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPATSTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVFKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

383

R836G,
Q944K,
R935G,
E125A
(LbFM64)

MSKLEKFTNC
FINDVLHSIK
KDIIATILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DEIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSGVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
QVYKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDRGEGNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

384

R833M,

MSKLEKFTNC

YSLSKTLRFK

AIPVGKTQEN

IDNKRLLVED

EKRAEDYKGV

KKLLDRYYLS

385
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Variant

Sequence

SEQ ID NO:

E$35D,
Y943T,
R935G,
E125A
(LbEM65)

FINDVLHSIK
KDIIATILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IATISNKEWLE

FRKKTRTEKE
VNSENGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSGVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENY T
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVTQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

GNEGYKSLFK
IAFRCINENL
QEGIDVYNATI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDMGDRNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLOMRNS
VLWAIGQFKK

R833M,
E835D,
Y943T,
QY41K,
E125A
(LbFM67)

MSKLEKFTNC
FINDVLHSIK
KDIIATILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYKVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

ATPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNFDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTQN
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FKNSRVKVEK
GFIFYIPAWL
NFSRTDADYI
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYI
FKLYFQONPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDF'S
ANSPIANKNP
KHDDNPYVIG
KERFEARQNW
KVTQKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAI
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
IDMGDRNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

386

D832A,
Y943F,
Q944K,
K932G-
N933G,
E125A
(LbFM76)

MSKLEKFTNC
FINDVLHSIK
KDIIATILPE
TRYISNMDIF
IGGFVTESGE
LEVFRNTLNK
KWNAEYDDIH
KVDEIYRVYG
NRDESFYGDF
DYRATILRYG
KWMAYYNPSE
EKYKDIAGFY
TMYFKLLFDE
YDVYKDKRF'S
IVVVDGKGNI
AGYISQVVHK
KSNPCATGGA
IADSKKFISS
NNVFDWEEVC
ITGRTDVDFL
AEDEKLDKVK

YSLSKTLRFK
LKNLNNYISL
FLDDKDEIAL
EKVDAIFDKH
KIKGLNEYIN
NSEIFSSIKK
LKKKAVVTEK
SSEKLFDADF
VLAYDILLKV
SKYYLAIMDK
DIQKIYKNGT
REVEEQGYKV
NNHGQIRLSG
EDQYELHIPI
VEQYSLNEIT
ICELVEKYDA
LKGYQITNKF
FDRIMYVPEE
LTSAYKELFN
ISPVKNSDGI
IAISNKEWLE

AIPVGKTQEN
FRKKTRTEKE
VNSFNGFTTA
EVQEIKEKIL
LYNQKTKQKL
LEKLFKNEDE
YEDDRRKSFK
VLEKSLKKND
DHIYDAIRNY
KYAKCLQKID
FKKGDMFNLN
SFESASKKEV
GAELFMRRAS
AINKCPKNIF
NNFNGIRIKT
VIALEDLNSG
ESFKSMSTON
DLFEFALDYK
KYGINYQQGD
FYDSRNYEAQ
YAQTSVKH

IDNKRLLVED
NKELENLEIN
FTGFFDNREN
NSDYDVEDFF
PKFKPLYKQV
YSSAGIFVKN
KIGSFSLEQL
AVVAIMKDLL
VTQKPYSKDK
KDDVNGNYEK
DCHKLIDFFK
DKLVEEGKLY
LKKEELVVHP
KINTEVRVLL
DYHSLLDKKE
FGGSRVKVEK
GFIFYIPAWL
NFSRTDADYT
IRALLCEQSD
ENAILPKNAD

EKRAEDYKGV
LRKEIAKAFK
MFSEEAKSTS
EGEFFNFVLT
LSDRESLSFY
GPAISTISKD
QEYADADLSV
DSVKSFENYT
FKLYFQNPQF
INYKLLPGPN
DSISRYPKWS
MFQIYNKDFS
ANSP IANKNP
KHDDNPYVIG
KERFEARQNW
QVFKKFEKML
TSKIDPSTGF
KKWKLYSYGN
KAFYSSFMAL
ANGAYNIARK

KKLLDRYYLS
GNEGYKSLFK
IAFRCINENL
QEGIDVYNAT
GEGYTSDEEV
IFGEWNVIRD
VEKLKEIIIQ
KAFFGEGKET
MGGWDKDKET
KMLPKVFFSK
NAYDFNFSET
DKSHGTPNLH
DNPKKTTTLS
TARGERNLLY
TSIENIKELK
IDKLNYMVDK
VNLLKTKYTS
RIRIFRNPKK
MSLMLQMRNS
VLWAIGQFKK

387

VI.  Polynucleotides

The present disclosure provides, in some aspects, polynucleotides encoding the

variant Cas12a endonucleases. Nucleic acids comprise a polymer of nucleotides (nucleotide

monomers). Thus, nucleic acids are also referred to as polynucleotides. Nucleic acids may be

or may include, for example, deoxyribonucleic acid (DNA), ribonucleic acid (RNA), threose
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nucleic acid (TNA), glycol nucleic acid (GNA), peptide nucleic acid (PNA), locked nucleic
acid (LNA, including LNA having a -D-ribo configuration, a-LNA having an a-L-ribo
configuration (a diastereomer of LNA), 2'-amino-LNA having a 2'-amino functionalization,
and 2'-amino- a-LNA having a 2'-amino functionalization), ethylene nucleic acid (ENA),
cyclohexenyl nucleic acid (CeNA) and/or chimeras and/or combinations thereof.

In some embodiments, the polynucleotide encoding the variant Cas12a endonuclease
is an RNA, such as an mRNA. Messenger RNA (mRNA) is RNA that encodes a (at least one)
protein (a naturally-occurring, non-naturally-occurring, or modified polymer of amino acids)
and can be translated to produce the encoded protein in vitro, in vivo, in situ, or ex vivo. An
mRNA provided herein typically comprises an open reading frame (ORF) encoding a variant
Cas12a endonuclease. In some embodiments, an mRNA also comprises an ORF encoding a
crRNA or multiple crRNAs. In some embodiments, an mRNA further comprises a 5' cap, a 5'
untranslated region (UTR), a 3' UTR, and a poly(A) tail.

An ORF is a continuous stretch of DNA or RNA beginning with a start codon (e.g.,
methionine (ATG or AUG)) and ending with a stop codon (e.g., TAA, TAG or TGA, or
UAA, UAG or UGA). An ORF typically encodes a protein. It will be understood that the
sequences disclosed herein may further comprise additional elements, e.g., 5’ and/or 3’
UTRs, but that those elements, unlike the ORF, need not necessarily be present in an RNA
(e.g., mRNA) of the present disclosure.

In some embodiments, an ORF encoding a variant Cas12a endonuclease of the
disclosure is codon optimized. Codon optimization methods are known in the art. An open
reading frame of any one or more of the variant Cas12a endonucleases provided herein may
be codon optimized. Codon optimization, in some embodiments, may be used to match codon
frequencies in target and host organisms to ensure proper folding; bias GC content to increase
RNA (e.g., mRNA) stability or reduce secondary structures; minimize tandem repeat codons
or base runs that may impair gene construction or expression; customize transcriptional and
translational control regions; insert or remove protein trafficking sequences; remove/add post
translation modification sites in encoded protein (e.g., glycosylation sites); add, remove or
shuffle protein domains; insert or delete restriction sites; modify ribosome binding sites and
RNA (e.g., mRNA) degradation sites; adjust translational rates to allow the various domains
of the protein to fold properly; or reduce or eliminate problem secondary structures within the
polynucleotide. Codon optimization tools, algorithms and services are known in the art —

non-limiting examples include services from GeneArt (Life Technologies), DNA2.0 (Menlo
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Park CA) and/or proprietary methods. In some embodiments, the open reading frame
sequence is optimized using optimization algorithms.

A “5' untranslated region” (UTR) refers to a region of an mRNA that is directly
upstream (i.e., 5") from the start codon (i.e., the first codon of an mRNA transcript translated
by a ribosome) that does not encode a polypeptide. A “3' untranslated region” (UTR) refers to
aregion of an mRNA that is directly downstream (i.e., 3") from the stop codon (i.e., the
codon of an mRNA transcript that signals a termination of translation) that does not encode a
polypeptide. When RNA transcripts are being generated, the 5° UTR may comprise a
promoter sequence.

In some embodiments, an RNA (e.g., mRNA) comprises a 5’ terminal cap. 5'-capping
of polynucleotides may be completed concomitantly during an in vitro transcription reaction
using, for example, the following chemical RNA cap analogs to generate the 5'-guanosine
cap structure according to manufacturer protocols: 3”-O-Me-m7G(5")ppp(5') G [the ARCA
capl;G(5")ppp(5HA; G(5")ppp(5)G; m7G(5)ppp(5)A; m7G(5)ppp(5)G (New England
BioLabs, Ipswich, MA). 5'-capping of modified RNA (e.g., mRNA) may be completed post-
transcriptionally using, for example, a Vaccinia Virus Capping Enzyme to generate the “Cap
0" structure: m7G(5")ppp(5')G (New England BioLabs, Ipswich, MA). Cap 1 structure may
be generated using both Vaccinia Virus Capping Enzyme and a 2'-O methyl-transferase to
generate: m7G(5")ppp(5)G-2'-O-methyl. Cap 2 structure may be generated from the Cap 1
structure followed by the 2'-O-methylation of the 5'-antepenultimate nucleotide using a 2'-O
methyl-transferase. Cap 3 structure may be generated from the Cap 2 structure followed by
the 2'-O-methylation of the 5'-preantepenultimate nucleotide using a 2'-O methyl-transferase.
Enzymes may be derived from a recombinant source. Other cap analogs may be used.

A “poly(A) tail” is a region of mRNA that is downstream, e.g., directly downstream
(i.e., 3"), from the 3' UTR that contains multiple, consecutive adenosine monophosphates. A
poly(A) tail may contain 10 to 300 adenosine monophosphates. It can, in some instances,
comprise up to about 400 adenine nucleotides. For example, a poly(A) tail may contain 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210,
220, 230, 240, 250, 260, 270, 280, 290 or 300 adenosine monophosphates. In some
embodiments, a poly(A) tail contains 50 to 250 adenosine monophosphates. In a relevant
biological setting (e.g., in cells, in vivo) the poly(A) tail functions to protect mRNA from
enzymatic degradation, e.g., in the cytoplasm, and aids in transcription termination, and/or
export of the mRNA from the nucleus and translation. In some embodiments, the length of

the 3'-poly(A) tail may be an essential element with respect to the stability of the individual
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mRNA. In some embodiments, a poly(A) tail has a length of about 50, about 100, about 150,
about 200, about 250, about 300, about 350, or about 400 nucleotides. In some embodiments,

a poly(A) tail has a length of 100 nucleotides.

VII. Fusion Proteins

Some aspects relate to fusion proteins comprising any one or more of the variant
Cas12a endonucleases provided herein and one or more effector proteins (e.g., a protein, such
as an enzyme, that regulates a biological activity). Non-limiting examples include proteins
that exhibit deaminase activity (e.g., adenosine deaminase and/or cytidine deaminase),
reverse transcriptase, endonuclease (e.g., Fokl), exonuclease activity (e.g., TS exonuclease),
methyltransferase activity, demethylase activity, acetyltransferase activity, deacetylase
activity, kinase activity, phosphatase activity, ubiquitin ligase activity, deubiquitinating
activity, adenylation activity, deadenylation activity, SUMOylating activity, deSUMOylating
activity, ribosylation activity, deribosylation activity, myristoylation activity, or
demyristoylation activity.

Provided herein, in some aspects, are base editing fusion proteins comprising one or
more base editing enzyme(s). A “base editing enzyme” is an enzyme that is capable of
converting a target nucleobase or base pair into a different nucleobase or base pair (e.g.
conversion from adenine to thymine (A to T), cytosine to thymine (C to T), adenine to
guanine (A to G), cytosine to guanine (C to G)) without requiring the creation and/or repair
of double-stranded breaks in a polynucleotide chain. Base editing enzymes can be specific for
DNA bases or specific for RNA bases. Any base editing enzyme may be utilized in a fusion
protein as described herein.

A base editing enzyme may be capable of converting adenine to guanine; adenine to
thymine; adenine to uracil; adenine to cytosine; guanine to adenine; guanine to thymine;
guanine to uracil; guanine to cytosine; thymine to adenine; thymine to guanine; thymine to
uracil; thymine to cytosine; uracil to adenine; uracil to guanine; uracil to thymine; uracil to
cytosine; cytosine to adenine; cytosine to guanine; cytosine to thymine; or cytosine to uracil.
In some embodiments, a base editing enzyme is capable converting a standard nucleobase
(e.g., A, C, G, T, U) into a modified nucleobase (e.g., hypoxanthine, xanthine 7-
methylguanine, 5,6-dihydrouracil, 5-methylcytosine, 5-hydroxymethylcytosine). In some
embodiments, a base editing enzyme is capable converting a modified nucleobase (e.g.,
hypoxanthine, xanthine 7-methylguanine, 5,6-dihydrouracil, 5-methylcytosine, 5-

hydroxymethylcytosine) into a standard nucleobase (e.g., A, C, G, T, U). In some
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embodiments, a base editing enzyme is capable of converting a modified nucleobase into a
different modified nucleobase.

In some embodiments, a base editing enzyme converts a target base pair. For
example, in some embodiments, a base editing enzyme converts C-G base pairs to T-A base
pairs. In some embodiments, a base editing enzyme converts A-T base pairs to G-C base
pairs.

In some embodiments, a base editing enzyme is a deaminase (e.g., cytidine deaminase
or adenosine deaminase) that is capable of removing an amino group from a molecule.
Cytidine deaminases are capable of removing an amino group from a cytidine; adenosine
deaminases are capable of removing an amino group from an adenosine. A cytidine
deaminase may be an apolipoprotein B mRNA editing enzyme complex (APOBECI) family
protein. In some embodiments, the deaminase is an APOBEC] polypeptide, an APOBEC2
polypeptide, an APOBEC3 polypeptide, an APOBEC3A polypeptide, an APOBEC3B
polypeptide, an APOBEC3C polypeptide, an APOBEC3D polypeptide, an APOBEC3E
polypeptide, an APOBEC3F polypeptide, an APOBEC3G deaminase polypeptide, an
APOBEC3H polypeptide, an APOBEC4 polypeptide, or an activation-induced deaminase
(AID). In some embodiments, an adenosine deaminase is a TadA polypeptide.

In some embodiments, a base editing enzyme is an oxidase (e.g., a guanine oxidase)
that is capable of oxidizing a certain nucleobase. For example, a guanine oxidase functions to
oxidize a certain guanine nucleobase in a target gene to form 8-oxoguanine (8-0x0-G). 8-o0xo-
G induces steric rotation of the nucleobase around the glycosidic bond, forcing base pairing
in the Hoogsteen orientation of 8-oxo-G. Cellular recognition of the mismatched §-oxo-
G/cytosine paring leads to natural repair of the cytosine to an adenine. After an additional
replication or mismatch repair, the 8-0xo0-G is converted to a thymine, thereby producing a
guanine-to-thymine conversion. In some embodiments, a guanine oxidase is a wild-type
guanine oxidase, a xanthine dehydrogenase (XHD), a cytochrome P450 enzyme (e.g.,
CYP1A2, CYP2A6 or CYP3A6), a TET-oxidase (e.g., TET1, TET 1 -CD, TET2 or TET3),
an alpha-ketoglutarate-dependent hydroxylase (e.g., AlkB), . In some embodiments, a
xanthine dehydrogenase is a Streptomyces cyanogenus xanthine dehydrogenase, C. capitata
xanthine dehydrogenase, N. crassa xanthine dehydrogenase, M. hansupus xanthine
dehydrogenase, E. cloacae xanthine dehydrogenase, S. snoursei xanthine dehydrogenase, S.
albulus xanthine dehydrogenase, S. himastatinicus xanthine dehydrogenase, or a S. lividans

xanthine dehydrogenase.
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In some embodiments, a base editing enzyme is a methyltransferase (e.g., a guanine
methyltransferase) that is capable of methylating a certain nucleobase. For example, a
guanine methyltransferase functions to methylate a certain guanine nucleobase in a target
gene to form N2,N2-dimethyl-guanine or N-methyl-guanine. These methylated bases disrupt
the hydrogen bonding interactions with the paired cytosine. Cellular recognition of the
mismatched pairing leads to natural repair of the cytosine to an adenine. After an additional
replication or mismatch repair, the methylated guanine is converted to a thymine, thereby
producing a guanine-to-thymine conversion. In some embodiments, a guanine
methyltransferase is a wild-type RImA, Escherichia coli RlmA, human TrmTIOA,
Escherichia coli TrmD, M. Jannaschii Trm5b, P. Abyssi TrmS5a, a Trm5c¢ from an archaeon,
or a Staphylococcus scirui Cfr.

In some embodiments, a base editing enzyme (e.g., a deaminase) is a base editing
enzyme derived from a human, chimpanzee, gorilla, monkey, cow, dog, rat, or mouse
deaminase. In some embodiments, a base editing enzyme is a human base editing enzyme
(e.g., a human deaminase, e.g., hAPOBEC polypeptide). In some embodiments, a base
editing enzyme is a rat base editing enzyme (e.g., a rat deaminase, e.g., TAPOBEC1
polypeptide). In some embodiments, a base editing enzyme (e.g., a deaminase) is an evolved
variant of a wild-type base editing enzyme. For example, in some embodiments, a base
editing enzyme is an evolved APOBEC polypeptide (e.g., evoAPOBEC1 polypeptide), an
evolved cytidine deaminase polypeptide (e.g., evoCDA polypeptide), or an evolved FERNY
polypeptide (e.g., evoFERNY polypeptide). In some embodiments, a base editing enzyme is
as described in Thuronyi, et. al. Nat Biotechnol. 2019 Sep; 37(9): 1070-1079, the contents of
which are incorporated herein by reference. In some embodiments, a base editing enzyme is
as described in US20200172931, the contents of which are incorporated herein by reference.

Exemplary, non-limiting, base editing enzyme sequences are provided in Table 4. In
some embodiments, a base editing enzyme comprises the amino acid sequence of any one of
SEQ ID NOs: 27-69. In some embodiments, a base editing enzyme comprises an amino acid
sequence that includes one or more mutation(s) (e.g., amino acid substitution(s)) relative to
the amino acid sequence of any one of SEQ ID NOs: 27-69 and has at least 70% (e.g., at least
70%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%) identity to the
amino acid sequence of any one of the base editing enzymes in Table 4 (e.g., SEQ ID NOs:

120-162), an ortholog thereof, or other base editing enzyme sequence.
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Table 4. Non-limiting Examples of Base Editing Enzyme Sequences
Name Sequence SEQ ID NO:
KA}%)BE(H SSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRHS IWRHT SQNTNKHVEVNE 120
IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPHVTLFIYIARLYHHADPRNRQGL
RDLISSGVTIQIMTEQESGYCWRNEFVNYSPSNEAHWPRYPHLWVRLYVLELYCIILGLPPCLNIL
RRKQPOQLTFFTIALQSCHYQRLPPHILWATGLK
evoCDA STDAEYVRIHEKLDIYTFKKQFSNNKKSVSHRCYVLFELKRRGERRACFWGYAVNKPQSGTERGI 121
HAEIFSIRKVEEYLRDNPGQFTINWYSSWSPCADCAEKILEWYNQELRGNGHTLKIWVCKLYYEK
NARNQIGLWNLRDNGVGLNVMVSEHYQCCRKIFIQSSENQLNENRWLEKTLKRAEKRRSELSIMF
QVKILHTTKSPAV
evoFERNY SFERNYDPRELRKETYLLYEIKWGKSGKLWRHWCONNRTQHAEVYFLENIFNARRFNPSTHCSIT 122
WYLSWSPCAECSQKIVDFLKEHPNVNLEIYVARLYYPENERNRQGLRDLVNSGVTIRIMDLPDYN
YCWKTFVSDQGGDEDYWPGHFAPWIKQYSLKL
evoAPOBEC1 SSKTGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRHS IWRHT SQNTNKHVEVNE 123
IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPNVTLFIYIARLYHLANPRNRQGL
RDLISSGVTIQIMTEQESGYCWHNEFVNYSPSNESHWPRYPHLWVRLYVLELYCIILGLPPCLNIL
RRKQSQLTSFTIALQSCHYQRLPPHILWATGLK
hAPOBEC3A EASPASGPRHLMDPHIFTSNENNGIGRHKTYLCYEVERLDNGTSVKMDQHRGEF LENQAKNLLCGE 124
YGRHAELRFLDLVPSLQLDPAQIYRVIWFISWSPCFSWGCAGEVRAFLOENTEVRLRIFAARIYD
YDPLYKEALQMLRDAGAQVSIMTYDEFKHCWDTEFVDHQGCPFQPWDGLDEHSQALSGRLRAILON
OGN
TadA SEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDP TAHAEIMALRQG 125
SequenceAA GLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRGAAGSLMNVLNYPGMNHRVE
ITEGILADECAALLCDFYRMPRQVEFNAQKKAQSSIN
TadA SEVEFSHEYWMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRP IGRHDP TAHAEIMALRQG 126
Sequence B GLVMONYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARDAKTGAAGSLMDVLHHPGMNHRVE
ITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD
E.COlizbdA RRAFITGVFFLSEVEFSHEYWMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRP IGRHDPT 127
AHAEIMALRQGGLVMONYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARDAKTGAAGSLMDV
LHHPGMNHRVEITEGILADECAALLSDFFRMRROEIKAQKKAQSSTD
Staphylococcus GSHMTNDIYFMTLAIEEAKKAAQLGEVP IGAIITKDDEVIARAHNLRETLQQPTAHAEHIAIERA 128
TadA AKVLGSWRLEGCTLYVTLEPCVMCAGTIVMSRIPRVVYGADDPKGGCSGSLMNLLQQSNFNHRAT
aureus ta VDKGVLKEACSTLLTTFFKNLRANKKSTN
Bacillus subtilis TODELYMKEAIKEAKKAEEKGEVP IGAVLVINGEI IARAENLRETEQRS IAHAEMLVIDEACKAL 129
deA GTWRLEGATLYVTLEPCPMCAGAVVLSRVEKVVFGAFDPKGGCSGTLMNLLQEERFNHQAEVVSG
VLEEECGGMLSAFFRELRKKKKAARKNLS
Salmonella PPAFITGVTSLSDVELDHEYWMREALTLAKRAWDEREVPVGAVLVENHERVIGEGWNRP IGREDPT 130
. . AHAEIMALRQGGLVLONYRLLDTTLYVTLEPCVMCAGAMVHSRIGRVVFGARDAKTGAAGSLIDV
typhimurium TadA
LHHPGMNHRVEIIEGVLRDECATLLSDFFRMRRQEIKALKKADRAEGAGPAV
Shewanella DEYWMQVAMOMAEKAEAAGEVPVGAVLVKDGOOIATGYNLS I SQHDPTAHAEILCLRSAGKKLEN 131
. YRLLDATLYITLEPCAMCAGAMVHSRIARVVYGARDEKTGAAGTVVNLLOHPAFNHQVEVTSGVL
putrefaciens TadA
AEACSAQLSRFFKRRRDEKKALKLAQRAQQGIE
Haemophilus DAAKVRSEFDEKMMRYALELADKAEALGEIPVGAVLVDDARNI IGEGWNLS IVOSDPTAEAEIIA 132
. LRNGAKNIONYRLLNSTLYVTLEPCTMCAGAILHSRIKRLVFGASDYKTGAIGSRFHFFDDYKMN
influenzae F3031
HTLEITSGVLAEECSQKLSTFFQKRREEKKIEKALLKSLSDK
TadA
Caulobacter RTDESEDODERMMRLALDAARAAREAGETPVGAVILDPSTGEVIATAGNGP IAREDPTAEAEIAA 133
MRAAAAKLGNYRLTDLTLVVTLEPCAMCAGAISHARIGRVVFGADDPKGGAVVHGPKFFAQPTCH
crescentus TadA
WRPEVTGGVLADESADLLRGFFRRRKAKI
Geobacter SSLKKTP IRDDAYWMGKAIREAAKARARDEVP I GAVIVRDGAVIGRGENLREGSNDP SAHAEMIA 134
suﬁurreducens IRQAARRSANWRLTGATLYVTLEPCLMCMGAIILARLERVVFGCYDPKGGAAGSLYDLSADPRLN
HOVRLSPGVCQEECGTMLSDFFRDLRRRKKAKATPALF IDERKVPPEP
TadA
S. cyanogenus XDH | MSELSERPEKPVVGVSMPEESAVQEVIGAALY TDDLYQRTKDVLHAYPVQVMKARGRVTALRTGA 135

ALAVPGVVRVLTGADVPGVNDAGMKHDEPLFPDEVMFHGHAVAWVLGETLEAARIGAAAVEVDLE
ELPSVITLODATAADSYHGARPVMTHGDVDAGFADSAHVFTGEFQF SGQEHFYLETHAALAQVDE
NGQVFIQSSTQHPSETQEIVSHVLGVPAHEVIVQCLRMGGGFGGKEMQPHGFAATAALGAKLTGR
PVRFRLNRTQDLTMSGKRHGFHATWKIGFDTEGRIQALDATLTADGGWSLDLSEPVLARALCHID
NTYWIPNARVAGRIARTNTVSNTAFRGFGGPQGMLVIEDILGRCAPRLGVDAKELRERNFYRPGQ
GOTTPYGOPVTQPERIAAVWQOVODNGHIADREREIAAFNAAHPHTKRALAVIGVKFGISENLTA
FNQGGALVLIYKDGSVLINHGGTEMGQGLHTKMLOVAATTLGIPLEHKVRLAPTRTDKVPNTSATA
ASSGADLNGGAVKNACEQLRERLLRVAASQLGTNASDVRIVEGVARSLGSDQELAWDDLVRTAYF
QRVQLSAAGYYRTEGLHWDAKSFRGSPFKYFAIGAAATEVEVDGFTGAYRIRRVDIVHDVGDSLS
PLIDIGQVEGGFVQGAGWLTLEDLRWDTGDGPNRGRLLTQAASTYKLP SFSEMPEEFNVTLLENA
TEEGAVFGSKAVGEPPLMLAF SVREALRQAAAAFGPRGTAVELASPATPEAVYWAIESARQGGTA
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GDGRTHGAAASDAVAVRTGVEALSGA

C. capitata XDH

MTTNGNSFIVPVEKESPLIFFVNGKKVIDPTPDPECTLLTYLREKLRLCGTKLGCGEGGCGACTV
MLSRVDRATNSVKHLAVNACLMPVCAMHGCAVTTIEGIGSTRTRLHPVQERLAKAHGSQCGFCTP
GIVMSMYALLRSMPLP SMKDLEVAFQGNLCRCTGYRPILEGYKTFTKEFSCGMGEKCCKLQSNGN
DVEKNGDDKLFERSAFLPFDPSQEPIFPPELHLNSQFDAENLLFKGPRSTWYRPVELSDLLKLKS
ENPHGKIIVGNTEVGVEMKFKQFLYTVHINP IKVPELNEMQELEDSILFGSAVTLMDIEEYLRER
IAKLPEHETRFFRCAVKMLHYFAGKQIRNVASLGGNIMTGSPISDMNP ILTAACAKLKVCSLVEG
RIETREVCMGPGFFTGYRKNTIQPHEVLVAIHFPKSKKDQHFVAFKOARRRDDDIAIVNAAVNVT
FESNTNIVRQIYMAFGGMAPTTVMVPKTSQIMAKQKWNRVLVERVSESLCAELPLAPTAPGGMIA
YRRSLVVSLFFKAYLAISQELVKSNVIEEDAIPEREQSGAATIFHTPILKSAQLFERVCVEQSTCD
PIGRPKVHASAFKQATGEAIYCDDIPRHENELYLALVLSTKAHAKIVSVDESDALKQAGVHAFFEFS
SKDITEYENKVGSVFHDEEVFASERVYCQGQVIGAIVADSQVLAQRAARLVHIKYEELTPVIITI
EQAIKHKSYFPNYPQYIVQGDVATAFEEADHVYENSCRMGGQEHFYLETNACVATPRDSDEIELF
CSTONPTEVQKLVAHVLSVPCHRVVCRSKRLGGGFGGKESRSIILALPVALASYRLRRPVRCMLD
RDEDMMTTGTREPFLFKYKVGF TKEGLITACDIECYNNAGCSMDLSFSVLDRAMNHFENCYRIPN
VKVAGWVCRTNLP SNTAFRGFGGPQGMFAAEHIVRDVARIVGKDYLDIMOMNF YKTGDYTHYNQK
LENFPIEKCFTDCLNQSEFHKKRLAIEEFNKKNRWRKRGIALVPTKYGIAFGAMHLNQAGALINI
YGDGSVLLSHGGVEIGQGLETKMIQCCARALGIPTELIHIAETATDKVPNT SPTAASVGSDINGM
AVLDACEKLNQRLKP IREANPKATWQECISKAYFDRISLSASGFYKMPDVGDDPKTNPNARTYNY
FTNGVGVSVVEIDCLTGDHQVLSTDIVMDIGSSLNPAIDIGQIEGAFMOGYGLFVLEELIYSPQG
ALYSRGPGMYKLPGFADIPGEFNVSLLTGAPNPRAVYSSKAVGEPPLFIGSTVFFAIKQAIAAAR
AERGLSITFELDAPATAARIRMACQDEFTDLIEQPSPGTYTPWNVVP

136

N. crassa XDH

MITNGNSFIVPVEKESPLIFFVNGKKVIDPTPDPECTLLTYLREKLRLCGTKLGCGEGGCGACTV
MLSRVDRATNSVKHLAVNACLMPVCAMHGCAVTTIEGIGSTRTRLHPVQERLAKAHGSQCGFCTP
GIVMSMYALLRSMPLP SMKDLEVAFQGNLCRCTGYRPILEGYKTFTKEFSCGMGEKCCKLQSNGN
DVEKNGDDKLFERSAFLPFDPSQEPIFPPELHLNSQFDAENLLFKGPRSTWYRPVELSDLLKLKS
ENPHGKIIVGNTEVGVEMKFKQFLYTVHINP IKVPELNEMOQELEDSILFGSAVTLMDIEEYLRER
IAKLPEHETRFFRCAVKMLHYFAGKQIRNVASLGGNIMTGSPISDMNP ILTAACAKLKVCSLVEG
RIETREVCMGPGFFTGYRKNTIQPHEVLVAIHFPKSKKDQHFVAFKQARRRDDDIAIVNAAVNVT
FESNTNIVRQIYMAFGGMAPTTVMVPKTSQIMAKQKWNRVLVERVSESLCAELPLAPTAPGGMIA
YRRSLVVSLFFKAYLAISQELVKSNVIEEDAIPEREQSGAATIFHTPILKSAQLFERVCVEQSTCD
PIGRPKVHASAFKQATGEAIYCDDIPRHENELYLALVLSTKAHAKIVSVDESDALKQAGVHAFFS
SKDITEYENKVGSVFHDEEVFASERVYCQGQVIGAIVADSQVLAQRAARLVHIKYEELTPVIITI
EQAIKHKSYFPNYPQYIVQGDVATAFEEADHVYENSCRMGGQEHFYLETNACVATPRDSDEIELF
CSTONPTEVQKLVAHVLSVPCHRVVCRSKRLGGGFGGKESRSIILALPVALASYRLRRPVRCMLD
RDEDMMTTGTREPFLFKYKVGFTKEGLITACDIECYNNAGCSMDLSFSVLDRAMNHFENCYRIPN
VEKVAGWVCRTNLP SNTAFRGFGGPQGMFAAEHIVRDVARIVGKDYLDIMOMNF YKTGDYTHYNQK
LENFPIEKCFTDCLNQSEFHKKRLATIEEFNKKNRWRKRGIALVPTKYGIAFGAMHLNQAGALINI
YGDGSVLLSHGGVEIGQGLHTKMIQCCARALGIPTELIHIAETATDKVPNT SPTAASVGSDINGM
AVLDACEKLNQRLKP IREANPKATWQECISKAYFDRISLSASGFYKMPDVGDDPKTNPNARTYNY
FTNGVGVSVVEIDCLTGDHQVLSTDIVMDIGSSLNPAIDIGQIEGAFMOGYGLFVLEELIYSPQG
ALYSRGPGMYKLPGFADIPGEFNVSLLTGAPNPRAVYSSKAVGEPPLFIGSTVFFAIKQAIAAAR
AERGLSITFELDAPATAARIRMACQDEFTDLIEQPSPGTYTPWNVVP

137

M. Hansupus XDH

MSNMFEFRLNGATVRVDGVSPNTTLLDFLRNRGLTGTKQGCAEGDCGACTVALVDRDAQGNRCLR
AFNACIALVPMVAGRELVTVEGVGSSEKPHPVQOAMVKHYGSQCGFCTPGF IVSMAEGY SRKDVC
TPSSVADQLCGNLCRCTGYRPIRDAMMEALAERDADASPATAIPSAPLGGPAEPLSALHYEATGQ
TFLRPTSWKELLDLRARHPEAHLVAGATELGVDITKKARRFPFLISTEGVESLREVRREKDCWYV
GGAASLVALEEALGDALPEVTKMLNVFASRQIRQRATLAGNLVTASPIGDMAPVLLALDARLVLG
SVRGERTVALSEFFLAYRKTALQADEVVRHIVIPHPAVPERGOQRLSDSFKVSKRRELDISIVAAG
FRVELDAHGVVSLARLGYGGVAATPVRAVRAEAALTGOQPWTRETVDOVLPVLAEEITPISDQRGS
AEYRRGLVAGLFEKFFAGTYSPVLDAAPGFEKGDAQVPADAGRALRHESAMGHVTGSARYVDDFA
QROPMFEVWPVCAPHAHARIFKRDP TAARKVPGVVRVFMAEDIPGTNDTGP IRHDEPFFADREVE
FHGQIVAFVVGESVEACRAGARAVEVEYEPFPAIFTVEDAMAQGSYHTEPHVIRRGDVDAAFASS
PHRFSGTMAIGGQEHFYFETQAAFAERGDDGDITVVSSTQHP SEVQAIISHVFHFPRSRVVVKSP
RMGGGFGGKETQGNSPAAFVAFASWHTGRP TRWMMDRDVDMVVTGKREPFHAAYEVGFDDEGKEF
AFRVQFVSNGGWSFDFSESETDRAFFHEDNAYYVPAFTYTGRVAKTHFVSNTAFRGEF GGPQGMLV
TEEVLAHVARSVGVPADVVRERNLYRGTGETNTTHYGQELEDERIHRVWEELKRT SDFEQRRAEV
DAFNARSPFIKRGLAITPMKFGISFTATFLNQAGALVHLYRDGSVMVSHGGTEMGQGFHTKVQGV
AMREFGVEASAVRIAKTATDKVPNTSATAASSGSDENGAAVRFACITFRERFAPVAVRFFADRHG
RTVAPEAFFFSEGKVGFRGEPEVSLPFANVVEAAYLARVGLSATGYYQTPGIGYDKAKGRGRPFEFL
YFAYGASVCEVEVDGHTGVKRVLRVDLLEDVGDSLNPGVDRGQIEGGFVQGLGWLTGEELRWDAN
GRLLTHSASTYAVPAFSDAPIDFRVRLLERAHQHNTIHGSKAVGEPPLMLAMSAREALRDAVGAF
GOAGGGVALASPATHEALFLAIQKRLSRGAREDGREAA

138
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E. cloacae XDH MKFDKPATTNP IDTLRVVGQPETRIDGPRKTTGSAHYAYEWED IAPNAAYGE 139
VVGAPIAKGRITAIDTKAAEAAPGVLAVITADNAGPLGKGEKNTATLLGGP EIEEYHQAVALVVA
ETFEQARAAAALVKVTCKRAQGAYDLAAEKASVTEPPEDTPDKNVGDVATAFASAAVKLDAIYTT
PDQSEMAMEPHASMAVWEGDNVTVWT SNOMIDWCRTDLALTLKIPPENVRIVSPY IGGGFGGKLF
LRSDALLAALGARAVKRPVKVMLPRPTIPNNTTERPATLOHIRIGTDTEGK IVAIAHDSWSGNLP
GGTPETAVQOTELLYAGANRETGLRLATLDLPEGNAMRAPGEAPGLMALE I AIDEIADKAGVDEY
AFRILNDTQVDPANPERRFSRRQLVECLQTGAERFGWQOKRHAQP GOVRDGRWLVGMGMAAGFRNN
LVATSGARVELNADGSVAVETDMTDIGTGSYTIIAQTAAEMLGLPLEKVDVRLGDSRFPVSAGSG
GOWGANTSTAGVYAACVKLREAIARQLGFDPATAEFADET ISAQGRSAPLAEAAKSGVLTAEDSI
EFGDLDKEYQQSTFAGHFVEVGVDSATGEVRVRRMLAVCAAGRILNP ITARSQVIGAMTMGLGAA
LMEELAVDTRLGYFVNHDMAAYEVPVHADIPEQEVIFLEDTDP ISSPMKAKGVGELGLCGVSAAT
ANAIYNATGVRVRDYPITLDKLIDALPDAV

S. snoursei XDH MSHEDPVPELPPAAPLPEPLGAPSVRREGREKVTGARRYAREETPPGCAYAWPVPATVARGRITEL 140
DTAAALALPGVIAVLTEENAPRLASTGDP TLAVLOEDRVPHRGWYVALAVADTLEAARDAAEAVE
VGYATEPHDVRITADHPRLYVPEEVFGGPGARERGDFDAAFARAPATVDVAYTVPPLENHPMEPH
AATAQWTDGHLTVHDSSQGATRVCEDLAALFKLGTDEITVVSEEVGGGFGAKGTPRPQVVLARMA
ARHTGRPVKLALPRROLPGVVGERAPTLHRVRIGAGHDGVITALAEEIVTHTSTVTEFVEQAAIP
ARMMYTSPHSRTVHRLAALDVPTP SWMRAPGEAPGMYALESALDELAVVLD IDPVELRIRNDPAT
EPDTGRPFSSRHLVECLRAGAERFGWLPRDPRPAVRRRGDLLLGTGVAAAT YPVQISETEAEAHA
AADGGYRIRVNATDIGTGARTVLTQIAAAVLGAPEDRVRVDIGSSDLPPAVLAGGS TGTASWGHWA
VHKACTSLLARLRAEHGPLPAEGIMAELSEWAPMALRAWRI I SGLGLPTKYGSTPVALVMRAATE
PVAGSGPSVEGPVSSGLVAMKRAPF SMSRMALVSASKL

S. albulus XDH MTPPPTTRTRAMSEPPEEAPFPPGPPPEPLGDPLVRREGREKVIGTARYAAEETPDGCAYAWPVE 141
ATVVRGRITELDTGAALALPGVIAVLTHENAPRLAPTGDP TLALLQEDRVP ERGWYVALAVADTL
EAARDAAEAVHVSYATEPEDVTLTADHPRLYVPAEVFGGPGARERGDFDTAFAAAPATVDVTYTV
PPLENHPMEPHAATALWTEGHLTVEDSSQGATRVREDLAALFKLGODQI TVESEEVGGGFGSKGT
PRPQVVLAAMAARETGRPVKLALPRRHLPAVVGERAPTLERVRLGAGPDGV ITALAHEIVTHTST
VAEFVEQAAMPARIMYTSPHSRTVHERLAALDVPTP SWMRAPGEAPGMYALESAVDELAVVLDLDP
IDLRIRNEPGTEPDTGRPFSSRELVDCLRAGAARFGWS SROPRPAVRROGDLLLGTGVAAATYPV
QISATDAEAHAAADGTFRVRVNATDIGTGARTVLAQIAAAALGAPADRVRVEIGSSDLPPAVLAG
GSTGTASWGWAVEKACTVLLARLREERGPLPAEGVTVTEDTRRETEQP SPY SREAFGAVFAEVQV
DTRTGEVRARRLLGQYAAGEILNPRTARSQFVGGMVMGLGMALTEDSALDP VYGDFTARDLAAYE
VPACADVPAIEAEWLDEEDPHLNPMGSKGIGEIGIVGTPAAIGNAVWHATGVRLRDLPLTPDRIL
TARTVPLT

S. himastatinicus MTRVDGLDKVTGAATYAYEFPTPDVGYVWPVOAT I ARGRVTEVDGAPALARPGVLAVLDSGNAPR 142
XDH LNTEAQAGPDLFVLQSPEVAYHGOIVARVVATSLEAAREGAAAVRVSYEQEPHDVVLRFDDERAQ
VAETVTDGSP GFVEEGDAEGALAAAPVRTEAMYTTPVEHT SPMEPEAT IAAWDEDRLTLYNADQG
PFMSSQLLAAVFGLDQGAVEVVAEY IGGGFGSKGIPRSPAVLAALAAKHLGRPVKIALTROQMFQ
LIPYRAPTIQRIRLGAERDGRLTAIDHEEVVOQRSAMAEFADQTGSSTRVMYAAPNIRTTVKTAPL
DVLTPAWFRAPGETPGMFALESAMDELATELEIDPVELRIRNDTGVDPDSGKPFSSRGLVACLRE
GAARFDWALRDPKPGIRREGRWLVGTGVASAHEPDYVFPSSATARAEADGTFTVRVGAVDIGTGG
RTALTQLAADALGIPVERLRLEIGRASLGPAPFAGGSLGTASWGWAVDKACRALLAELDTYGGAV
PDGGLEVRADTTEDVELRASF SRHSFGAHFAQVRVDTDTGEIRVDRMLGVFAAGRIVNPKTARSQ
FVGAMTMGLSMALLEIGEVDPVFGDFANHDFAGYHVAANADVPKLEALWLDEQDDNPNPVRGKGT
GELGIVGAAAAVTNAFHEATGQORVRDLP IRVERSREALRAARAEAQKRGPGAAEQGKPVG

S. lividans XDH MSHLSERPEKPVVGVSMPHESAVQHVTGAALYTDDLVQRTKDVLHAYPVQVMKARGRVTALRTGA 143
ALAVPGVVRVLTGADVPGVNDAGMKHDEP LFPDEVMFHGHAVAWVLGETLEAARIGAAAVEVDLE
ELPSVITLODATAADSYHGARPVMTHGDVDAGFADSAHVFTGEFQF SGOQEHFYLETHAALAQVDE
NGOVFIQSSTQHPSETQEIVSHVFGVPAHEVIVQCFRMGGGF GGKEMOPHGFAATAAFGAKFTGR
PVRFREFNRTQDF TMSGKRHGFHATWKIGFDTEGRIQAFDATFTADGGWSFDFSEPVFARAFCHID
NTYWIPNARVAGRIARTNTVSNTAFRGFGGPQGMFVIEDIFGRCAPRFGVDAKEFRERNFYRPGQ
GOTTPYGQPVTQPERIAAVWQOVODNGHIADREREIAAFNAAHPHTKRAFAVIGVKEGISENFTA
FNQGGAFVFIYKDGSVF INHGGTEMGQGFHTKMFQVAATTFGIPFHKVRFAPTRTDKVPNTSATA
ASSGADENGGAVKENACEQFRERFFRVAASQFGTNASDVRIVEGVARSFGSDQEFAWDDFVRTAYF
QRVQFSAAGYYRTEGFHWDAKSFRGSPFKYFAIGAAATEVEVDGFTGAYRIRRVDIVHDVGDSFEFS
PFIDIGQVEGGFVQGAGWFTFEDFRWDTGDGPNRGRFFTQAASTYKFPSFSEMPEEFNVTFFENA
TEEGAVFGSKAVGEPPFMFAFSVREAFROAAAAFGPRGTAVEFASPATPEAVYWAIESARQGGTA
GDGRTHGAAASDAVAVRTGVEAESGA

(bUOChVOWK?P]AQ MLASGMLLVALLVCLTVMVLMSVWQQORKSKGKLPPGPTPLPFIGNYLQLNTEQMYNSLMKISERY 144
GPVFTIHLGPRRVVVLCGHDAVREALVDQAEEF SGRGEQATFDWVEFKGYGVVEF SNGERAKQLRRF
SIATLRDFGVGKRGIEERIQEEAGFLIDALRGTGGANIDPTFFLSRTVSNVISSIVEFGDRFDYKD
KEFLSLLRMMLGIFQFTSTSTGQLYEMFSSVMKHLPGPQQOAFQLLOGLEDFIAKKVEHNQRTLD
PNSPRDFIDSFLIRMOEEEKNPNTEFYLKNLVMTTLNLFIGGTETVSTTLRYGFLLLMKHPEVEA
KVHEEIDRVIGKNRQPKFEDRAKMP YMEAVIHEIQRFGDVIPMSLARRVKKDTKFRDFFLPKGTE
VFPMLGSVLRDPSFFSNPQODFNPQHFLNEKGQFKKSDAFVPFSIGKRNCFGEGLARMELFLFFTT
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VMONFRFKSSQSPKDIDVSPKHVGFATIPRNYTMSFFPR

Cytochrome P2A6

MLASGMLLVALLVCLTVMVLMSVWQQORKSKGKLPPGPTPLPFIGNYLQLNTEQMYNSLMKISERY
GPVFTIHLGPRRVVVLCGHDAVREALVDOAEEF SGRGEQATFDWVEFKGYGVVF SNGERAKQLRRF
SIATLRDFGVGKRGIEERIQEEAGFLIDALRGTGGANIDPTFFLSRTVSNVISSIVFGDREDYKD
KEFLSLLRMMLGIFQFTSTSTGQLYEMFSSVMKHLPGPQQOAFQLLOGLEDFIAKKVEHNQRTLD
PNSPRDFIDSFLIRMOQEEEKNPNTEFYLKNLVMTTLNLFIGGTETVSTTLRYGFLLLMKHPEVEA
KVHEEIDRVIGKNRQPKFEDRAKMPYMEAVIHEIQRFGDVIPMSLARRVKKDTKFRDFFLPKGTE
VFPMLGSVLRDPSFFSNPQODFNPQOHFLNEKGQFKKSDAFVPFSIGKRNCFGEGLARMELFLFFTT
VMONFRLKSSQSPKDIDVSPKHVGFATIPRNYTMSFLPR

145

Cytochrome P3A4

MALIPDLAMETWLLLAVSLVLLYLYGTHSHGLFKKLGIPGPTPLPFLGNILSYHKGFCMFDMECH
KKYGKVWGFYDGQQPVLAITDPDMIKTVLVKECY SVFTNRRPFGPVGFMKSAISIAEDEEWKRLR
SLLSPTFTSGKLKEMVPITAQYGDVLVRNLRREAETGKPVTLKDVFGAYSMDVITSTSFGVNIDS
LNNPQDPFVENTKKLLRFDFLDPFFLSITVFPFLIPILEVLNICVFPREVTNFLRKSVKRMKESR
LEDTQKHRVDFLQLMIDSQONSKETESHKALSDLELVAQSIIFIFAGYETTSSVLSFIMYELATHP
DVQOKLQEEIDAVLPNKAPPTYDTVLOMEYLDMVVNETLRLFP IAMRLERVCKKDVEINGMF IPK
GVVVMIPSYALHRDPKYWTEPEKFLPERFSKKNKDNIDPYIYTPFGSGPRNCIGMRFALMNMKLA
LIRVLONFSFKPCKETQIPLKLSLGGLLOPEKPVVLKVESRDGTVSGA

146

TETI

MSRSRHARP SRLVRKEDVNKKKKNSQLRKT TKGANKNVASVKTLSPGKLKQLIQERDVKKKTEPK
PPVPVRSLLTRAGAARMNLDRTEVLFQONPESLTCNGFTMALRSTSLSRRLSQPPLVVAKSKKVPL
SKGLEKQHDCDYKILPALGVKHSENDSVPMODTOVLPDIETLIGVONPSLLKGKSQETTQFWSQR
VEDSKINIPTHSGPAAEILPGPLEGTRCGEGLFSEETLNDTSGSPKMFAQDTVCAPFPQRATPKV
TSQGNPSIQLEELGSRVESLKLSDSYLDPIKSEHDCYPTSSLNKVIPDLNLRNCLALGGSTSPTS
VIKFLLAGSKQATLGAKPDHQEAFEATANQQEVSDTTSFLGQAFGAIPHQWELPGADPVHGEALG
ETPDLPEIPGAIPVQGEVFGTILDQOETLGMSGSVVPDLPVFLPVPPNPIATFNAPSKWPEPQST
VSYGLAVQGAIQILPLGSGHTPQSSSNSEKNSLPPVMAISNVENEKQVHISFLPANTQGFPLAPE
RGLFHASLGIAQLSQAGPSKSDRGSSQVSVTSTVHVVNTTVVTMPVPMVSTSSSSYTTLLPTLEK
KKRKRCGVCEPCQQOKTNCGECTYCKNRKNSHQICKKRKCEELKKKP SVVVP LEVIKENKRPQREK
KPKVLKADFDNKPVNGPKSESMDY SRCGHGEEQKLELNPHTVENVTKNEDSMTGIEVEKWTQNKK
SQLTDHVKGDF SANVPEAEKSKNSEVDKKRTKSPKLFVQTVRNGIKHVHCLPAETNVSFKKENIE
EFGKTLENNSYKFLKDTANHKNAMS SVATDMSCDHLKGRSNVLVFQQOPGFNCSSIPHSSHSIINH
HASIENEGDQPKTPENIPSKEPKDGSPVQPSLLSLMKDRRLTLEQVVAIEALTQLSEAPSENSSP
SKSEKDEESEQRTASLLNSCKAILYTVRKDLODPNLOQGEPPKLNHCPSLEKQSSCNTVVENGQTT
TLSNSHINSATNQASTKSHEYSKVINSLSLFIPKSNSSKIDTNKSIAQGIITLDNCSNDLHQLPP
RNNEVEYCNQLLDSSKKLDSDDLSCQODATHTQIEEDVATQLTQLASIIKINYIKPEDKKVESTPT
SLVTCNVQOKYNQEKGTIQQKPPSSVHNNHGSSLTKQKNPTQKKTKSTP SRDRRKKKPTVVSYQE
NDROQKWEKLSYMYGTICDIWIASKFONFGQFCPHDFPTVFGKISSSTKIWKPLAQTRSIMQPKTV
FPPLTQIKLQRYPESAEEKVKVEPLDSLSLFHLKTESNGKAFTDKAYNSQVQLTVNANQKAHPLT
QPSSPPNQCANVMAGDDQIRFQQVVKEQLMHQRLPTLPGISHETPLPESALTLRNVNVVCSGGIT
VVSTKSEEEVCSSSFGTSEFSTVDSAQKNFNDYAMNFFTNPTKNLVSITKDSELPTCSCLDRVIQ
KDKGPYYTHLGAGP SVAAVREIMENRYGQOKGNAIRIEIVVYTGKEGKSSHGCP IAKWVLRRSSDE
EKVLCLVROQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSYNGHPTDRRCTLNENRT
CTCQGIDPETCGASFSFGCSWSMYFNGCKFGRSPSPRRFRIDPSSPLEEKNLEDNLQSLATRLAP
IYKQYAPVAYQONQVEYENVARECRLGSKEGRPFSGVTACLDFCAHPHRDIHNMNNGSTVVCTLTR
EDNRSLGVIPQODEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGAIEVLAPRRKKRTCFTQPVPRSG
KKRAAMMTEVLAHKIRAVEKKPIPRIKRKNNSTTTNNSKPSSLPTLGSNTETVQPEVKSETEPHF
ILKSSDNTKTYSLMPSAPHPVKEASPGF SWSPKTASATPAPLKNDATASCGFSERSSTPHCTMPS
GRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPSTGVTEPLTPHQPNHQPSFLTSPQ
DLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHIFLDANIGGVAIAPAH
GSVLIECARRELHATTPVEHPNRNHPTRLSLVFYQHKNLNKPQHGFELNKIKFEAKEAKNKKMKA
SEQKDOAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTVSPYALTHVAGP YNHWV

147

TETI catalytic
domain

MGSLPTCSCLDRVIQKDKGPYYTHLGAGP SVAAVREIMENRYGQKGNAIRIEIVVYTGKEGKSSH
GCPIAKWVLRRSSDEEKVLCLVROQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSYN
GHPTDRRCTLNENRTCTCQGIDPETCGASFSFGCSWSMYFNGCKFGRSPSPRRFRIDPSSPLEEK
NLEDNLQSLATRLAPIYKQYAPVAYONQVEYENVARECRLGSKEGRPFSGVTACLDFCAHPHRDT
HNMNNGSTVVCTLTREDNRSLGVIPQODEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGAIEVLAPR
RKKRTCFTQPVPRSGKKRAAMMTEVLAHKIRAVEKKP IPRIKRKNNSTTTNNSKPSSLPTLGSNT
ETVQPEVKSETEPHFILKSSDNTKTYSLMP SAPHPVKEASPGF SWSPKTASATPAPLKNDATASC
GFSERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPSTGVTEPLT
PHOPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHT
FLDANIGGVAIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVFYQHKNLNKPQHGFELNK
IKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTVSPYALTHVAG
PYNHWV

148

TET?

MEQDRTNHVEGNRLSPFLIPSPPICQTEPLATKLONGSPLPERAHPEVNGDTKWHSFKSYYGIPC
MKGSQNSRVSPDFTQESRGYSKCLONGGIKRTVSEPSLSGLLQIKKLKQDOKANGERRNEFGVSQE
RNPGESSQPNVSDLSDKKESVSSVAQENAVKDFTSFSTHNCSGPENPELQILNEQEGKSANYHDK

149
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NIVLLKNKAVLMPNGATVSASSVEHTHGELLEKTLSQYYPDCVSIAVQKTT SHINAINSQATNEL
SCEITHPSHTSGQINSAQTSNSELPPKPAAVVSEACDADDADNASKLAAMLNTCSFQKPEQLOQQ
KSVFEICPSPAENNIQGTTKLASGEEFCSGSSSNLQAPGGSSERYLKQONEMNGAYFKQSSVETKD
SFSATTTPPPPSQLLLSPPPPLPQVPQLP SEGKSTLNGGVLEEHEHYPNQSNTTLLREVK IEGKP
EAPPSQSPNPSTHVCSP SPMLSERPONNCVNRND IQTAGTMTVPLCSEKTRPMSEHLKENPPIFG
SSGELQDNCQQLMRNKEQE I LKGRDKEQTRDLVPPTQHYLKPGWIELKAPRFHQAESHLKRNEAS
LPSILQYQPNLSNQMTSKQYTGNSNMPGGLPRQAY TQKTTOLEHKSQOMYQVEMNQGQSQGTVDQH
LQFQKP SHQVHF SKTDHLPKAHVQSLCGTRFHFQQRAD SQTEKLMSPVLKQHLNQQASETEPF SN
SHLLOHKPHKQAAQTQP SQSSHLPONQQOQOKLOIKNKEE I LOTFPHPQSNNDQOREGSFFGQTK
VEECFHGENQYSKSSEFETHNVOMGFEEVON INRRNSP Y SQTMKSSACKIQVSCSNNTHFVSENK
EQTTHPEFFAGNKTQNFHHMQYFPNNV IPKQDFFHRCFQEQEQKSQQASVFQGYKNRNQDMSGQQ
AAQFAQQRYF I HNHANVFPVPDQGGSHTQTPPQKD TOKHAAFRWHFFQKQEQQQTQQPQTESCHS
OMHRP IKVEPGCKPHACMHTAPPENKTWKKVTKQENPPASCDNVQQOKS I IETMEQHFKQFHAKSF
FDHKAFTFKSQKQVKVEMSGPVTVFTRQTTAAEFDSHTPAFEQQT TSSEKTPTKRTAASVENNE T
ESPSKFFDTP IKNFFDTPVKTQYDFP SCRCVEQI IEKDEGPFYTHFGAGPNVAAIRE IMEERFGQ
KGKATRIERVIYTGKEGKSSQGCP IAKWVVRRS SSEEKFFCFVRERAGHTCEAAVIVIF IFVWEG
IPFSFADKFYSEFTETFRKYGTF TNRRCAFNEERTCACQGFDPETCGASFSFGCSWSMYYNGCKE
ARSKIPRKFKFFGDDPKEEEKFESHFQNFSTFMAPTYKKFAPDAYNNQIEYEHRAPECRFGFKEG
RPFSGVTACFDFCAHAHRDFHNMONGSTFVCTF TREDNREFGGKPEDEQFEVFPFYKVSDVDEFG
SVEAQEEKKRSGAIQVF S SFRRKVRMFAEPVKTCRQRKFEAKKAAAEKLSSLENSSNKNEKEKSA
PSRTKQTENASQAKQLAELLRLSGPVMOQSQQOPOPLOKOPPOPOQQORPOQQOPHHPQTESVNSY
SASGSTNPYMRRPNPVSPYPNSSHTSDIYGSTSPMNFYSTSSQAAGSYLNS SNPMNP YPGLLNQN
TQYPSYQCNGNLSVDNCSPYLGSYSPQSQPMDLYRYP SQDPLSKLSLPP IHTLYQPRFGNSQSET
SKYLGYGNONMQGDGF SSCT IRPNVHHVGKLPP YP THEMD GHFMGAT SRLP PNLSNPNMD YKNGE
HHSPSHITHNYSAAPGMFNSSLEALHLONKENDMLSHTANGLSKMLPALNEDRTACVQGGLEKLS
DANGQEKQPLALVQGVASGAEDNDEVWSDSEQSFLDPDIGGVAVAP THGS I LIECAKRELHATTP
LKNPNRNHPTRISLVFYQHKSMNEPKHGLALWEAKMAEKAREKEEECEKYGPDYVPQKSHGKKVK
REPAEPHETSEPTYLRFIKSLAERTMSVTTDSTVTTSPYAFTRVTGPYNRY I

TET3

MDSGPVYHGDSRQLSASGVPVNGAREPAGP SLLGTGGPWRVDQKPDWEAAPGPAHTARLEDAHEDL
VAFSAVAEAVSSYGALSTRLYETFNREMSREAGNNSRGPRPGPEGCSAGSEDLDTLQTALALARH
GMKPPNCNCDGPECPDYLEWLEGKIKSVVMEGGEERPRLPGPLPPGEAGLPAPSTRPLLSSEVPQ
ISPQEGLPLSQSALSIAKEKNISLQTAIATIEALTQLSSALPQPSHSTPQASCPLPEALSPPAPFR
SPOSYLRAPSWPVVPPEEHSSFAPDSSAFPPATPRTEFPEAWGTDTPPATPRSSWPMPRP SPDPM
AELEQLLGSASDYIQSVFKRPEALPTKPKVKVEAPSSSPAPAPSPVLOREAPTPSSEPDTHQKAQ
TALQQHLHHKRSLFLEQVHDTSFPAPSEPSAPGWWPPPSSPVPRLPDRPPKEKKKKLP TPAGGPV
GTEKAAPGIKPSVRKPIQIKKSRPREAQPLFPPVRQIVLEGLRSPASQEVQAHPPAPLPASQGSA
VPLPPEPSLALFAPSPSRDSLLPPTQEMRSPSPMTALQPGSTGPLPPADDKLEELIRQFEAEFGD
SFGLPGPPSVPIQDPENQQOTCLPAPESPFATRSPKQIKIESSGAVIVLSTTCFHSEEGGQEATPT
KAENPLTPTLSGFLESPLKYLDTPTKSLLDTPAKRAQAEFPTCDCVEQIVEKDEGPYYTHLGSGP
TVASIRELMEERYGEKGKAIRIEKVIYTGKEGKSSRGCP IAKWVIRRHETLEEKLLCLVRHRAGHH
CONAVIVILILAWEGIPRSLGDTLYQELTDTLRKYGNPTSRRCGLNDDRTCACQGKDPNTCGASF
SFGCSWSMYFNGCKYARSKTPRKFRLAGDNPKEEEVLRKSFQDLATEVAPLYKRLAPQAYQONQVT
NEEIAIDCRLGLKEGRPFAGVTACMDFCAHAHKDQHNLYNGCTVVCTLTKEDNRCVGKIPEDEQL
HVLPLYKMANTDEFGSEENQNAKVGSGAIQVLTAFPREVRRLPEPAKSCROQRQLEARKAAAEKKK
IQKEKLSTPEKIKQEALELAGITSDPGLSLKGGLSQQGLKP SLKVEPQNHF SSFKYSGNAWESYS
VLGNCRPSDPYSMNSVYSYHSYYAQPSLTSVNGFHSKYALPSFSYYGFPSSNPVFPSQFLGPGAW
GHSGSSGSFEKKPDLHALHNSLSPAYGGAEFAELPSQAVPTDAHHPTPHHQOPAYPGPKEYLLPK
APLLHSVSRDPSPFAQSSNCYNRSIKQEPVDPLTQAEPVPRDAGKMGKTPLSEVSQONGGP SHLWG
QYSGGPSMSPKRTNGVGGSWGVF SSGESPAIVPDKLSSFGASCLAPSHFTDGQWGLEFPGEGQQAA
SHSGGRLRGKPWSPCKFGNSTSALAGP SLTEKPWALGAGDFNSALKGSPGF QDKLWNPMKGEEGR
IPAAGASQILDRAWQSFGLPLGSSEKLFGALKSEEKLWDPFSLEEGPAEEPP SKGAVKEEKGGGGA
EEEEEELWSDSEHENFLDENIGGVAVAPAHGSILIECARRELHATTPLKKPNRCHPTRISLVFYQH
KNLNQPNHGLALWEAKMKQLAERARARQEEAARLGLGQQOEAKLYGKKRKWGGTVVAEPQQKEKKG
VVPTRQALAVPTDSAVIVSSYAYTKVIGPYSRWI

150

E. coli AlkB

MLDLFADAEPWQEPLAAGAVILRRFAFNAAEQLIRDINDVASQSPFROMVTPGGYTMSVAMTNCG
HLGWTTHRQGYLYSPIDPQTNKPWPAMPOSFHNLCQRAATAAGYPDFQPDACLINRYAPGAKLSL
HODKDEPDLRAPIVSVSLGLPAIFQFGGLKRNDPLKRLLLEHGDVVVWGGE SRLFYHGIQPLKAG
FHPLTIDCRYNLTFRQAGKKE

151

Human ABH3

MEEKRRRARVQGAWAAPVKSQAIAQPATTAKSHLHQKPGOQTWKNKEHHLSDREFVFKEPQOVVRR
APEPRVIEEGVYEISLSPTGVSRVCLYPGFVDVKEADWILEQLCQODVPWKQRTGIREDSILQLTFEF
KKSAPVSGTATAPQSCWYERPSPPHIPGPAILTRTRLWAP

152
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E. coli GMP
Synthase

MTENIHKHRILILDFGSQYTQLVARRVRELGVYCELWAWDVTEAQIRDFNPSGIILSGGPESTTE
ENSPRAPQYVFEAGVPVFGVCYGMQTMAMOLGGHVEASNEREFGYAQVEVVNDSALVRGIEDALT
ADGKPLLDVWMSHGDKVTAIPSDFITVASTESCPFAIMANEEKRFYGVQFHPEVTHTRQGMRMLE
REFVRDICQCEALWTPAKIIDDAVARIREQVGDDKVILGLSGGVDSSVTAMLLERAIGKNLTCVEV
DNGLLRLNEAEQVLDMFGDHFGLNIVHVPAEDRFLSALAGENDPEAKRKIIGRVFVEVFDEEALK
LEDVKWLAQGTIYPDVIESAASATGKAHVIKSHHNVGGLPKEMKMGLVEPLKELFKDEVRKIGLE
LGLPYDMLYRHPFPGPGLGVRVLGEVKKEYCDLLRRADAIFIEELRKADLYDKVSQAFTVFLPVR
SVGVMGDGRKYDWVVSLRAVET IDFMTAHWAHLPYDFLGRVSNRIINEVNGISRVVYDISGKPPA
TIEWE

153

S. scirui Cfr

MNFNNKTKYGKIQEFLRSNNEPDYRIKQITNAIFKQRISRFEDMKVLPKLLREDLINNFGETVLN
IKLLAEQNSEQVTKVLFEVSKNERVETVNMKYKAGWESFCISSQCGCNFGCKFCATGDIGLKKNL
TVDEITDQVLYFHLLGHQIDSISFMGMGEALANRQVFDALDSFTDPNLFALSPRRLSISTIGIIP
SIKKITQEYPQVNLTFSLHSPYSEERSKLMP INDRYPIDEVMNILDEHIRLTSRKVYIAYIMLPG
VNDSLEHANEVVSLLKSRYKSGKLYHVNLIRYNPTISAPEMYGEANEGOQVEAFYKVLKSAGIHEVT
IRSQFGIDIDAACGQLYGNYQONSQ

154

A. aeolicus Trml

MEIVQEGIAKIIVPEIPKTVSSDMPVFYNPRMRVNRDLAVLGLEYLCKKLGRPVKVADPLSASGI
RAIRFLLETSCVEKAYANDISSKAIEIMKENFKLNNIPEDRYEIHGMEANFFLRKEWGEFGFDYVD
LDPFGTPVPFIESVALSMKRGGILSLTATDTAPLSGTYPKTCMRRYMARPLRNEFKHEVGIRILI
KKVIELAAQYDIAMIPIFAYSHLHYFKLFFVKERGVEKVDKLIEQFGYIQYCFNCMNREVVTDLY
KFKEKCPHCGSKFHIGGPLWIGKLWDEEFTNFLYEEAQKREEIEKETKRILKLIKEESQLQTVGE
YVLSKLAEKVKLPAQPPIRIAVKFFNGVRTHFVGDGFRTNLSFEEVMKKMEELKEKQKEFLEKKK
oG

155

S. cerevisiae Trml

MEGFFRIPLKRANLHGMLKAAISKIKANFTAYGAPRINIEDFNIVKEGKAEILFPKKETVEFYNPI
QOFNRDLSVTCIKAWDNLYGEECGQKRNNKKSKKKRCAETNDDS SKRQKMGNGSPKEAVGNSNRN
EPYINILEALSATGLRAIRYAHEIPHVREVIANDLLPEAVESIKRNVEYNSVENIVKPNLDDANV
LMYRNKATNNKFHVIDLDPYGTVTPFVDAAIQSIEEGGLMLVTCTDLSVLAGNGYPEKCFALYGG
ANMVSHESTHESALRLVLNLLKQTAAKYKKTVEPLLSLSIDFYVRVFVKVKTSPIEVKNVMSSTM
TTYHCSRCGSYHNQPLGRISQREGRNNKTFTKYSVAQGPPVDTKCKFCEGT YHLAGPMYAGPLHN
KEFIEEVLRINKEEHRDQDDTYGTRKRIEGMLSLAKNELSDSPFYFSPNHIASVIKLOVPPLKKV
VAGLGSLGFECSLTHAQPSSLKTNAPWDAIWYVMQOKCDDEKKDLSKMNPNTTGYKILSAMPGWLS
GTVKSEYDSKLSFAPNEQSGNIEKLRKLKIVRYQENPTKNWGPKARPNTS

156

Human TRM 1

MQOGSSLWLSLTFRSARVLSRARFFEWQSPGLPNTAAMENGTGP YGEERPREVQETTVTEGAAKIA
FPSANEVFYNPVQEFNRDLTCAVITEFARIQLGAKGIQIKVPGEKDTQKVVVDLSEQEEEKVELK
ESENLASGDQPRTAAVGEICEEGLHVLEGLAASGLRSIRFALEVPGLRSVVANDASTRAVDLIRR
NVQLNDVAHLVQPSQADARMLMYQHORVSERFDVIDLDPYGSPATFLDAAVQAVSEGGLLCVTCT
DMAVLAGNSGETCYSKYGAMALKSRACHEMALRIVLHSLDLRANCYQRFVVPLLSISADFYVRVFE
VRVEFTGQAKVKASASKQALVFQCVGCGAFHLOQRLGKASGVP SGRAKF SAACGPPVTPECEHCGQR
HOLGGPMWAEP IHDLDFVGRVLEAVSANPGRFHTSERIRGVLSVITEELPDVPLYYTLDQLSSTI
HCNTPSLLQLRSALLHADFRVSLSHACKNAVKTDAPASALWDIMRCWERECPVKRERLSETSPAF
RILSVEPRLOANFTIREDANPSSRQRGLKRFQANPEANWGPRPRARPGGKAADEAMEERRRLLON
KRKEPPEDVAQRAARLKTFPCKRFKEGTCQRGDQCCYSHSPPTPRVSADAAPDCPETSNQTPPGP
GAAAGPGID

157

E. coli RImA

MSFSCPLCHQPLSREKNSYICPOQREHQFDMAKEGYVNLLPVQHKRSRDPGDSAEMMOARRAFLDAG
HYQPLRDAIVAQLRERLDDKATAVLDIGCGEGYYTHAFADALPEITTFGLDVSKVAIKAAAKRYP
QVTFCVASSHRLPFSDTSMDAIIRIYAPCKAEELARVVKPGGWVITATPGPRELMELKGLIYNEV
HLHAPHAEQILEGFTLQQSAELCYPMRLRGDEAVALLOMTPFAWRAKPEVWQTLAAKEVFDCQTDF
NIHLWQRSY

158

E. coli TrmD

MWIGIISLFPEMFRAITDYGVTGRAVKNGLLSIQSWSPRDFTHDRHRTVDDRPYGGGPGMLMMVQ
PLRDATIHAAKAAAGEGAKVIYLSPQGRKLDQAGVSELATNQKLILVCGRYEGIDERVIQTEIDEE
WSIGDYVLSGGELPAMTLIDSVSRFIPGVLGHEASATEDSFAEGLLDCPHY TRPEVLEGMEVPPV
LLSGNHAEIRRWRLKQSLGRTWLRRPELLENLALTEEQARLLAEFKTEHAQOQHKHDGMA

159

Human TRMT10A

MSSEMLPAFIETSNVDKKQGINEDQEESQKPRLGEGCEP I SKROQMKKLIKQKQWEEQRELRKQKR
KEKRKRKKLERQCQOMEPNSDGHDRKRVRRDVVHSTLRLIIDCSFDHLMVLKDIKKLHKQIQRCYA
ENRRALHPVQFYLTSHGGQLKKNMDENDKGWVNWKDIHIKPEHYSELIKKEDLIYLTSDSPNILK
ELDESKAYVIGGLVDHNHHKGLTYKQASDYGINHAQLPLGNFVKMNSRKVLAVNEVFEIILEYLE
TRDWQEAFFTILPQRKGAVPTDRACESASHDNQSVRMEEGGSDSDSSEEEY SRNELDSPHEEKQD
KENHTESTVNSLPH

160

M. Jannaschii
Trm5b

MPLCLKINKKHGEQTRRILIENNLLNKDYKITSEGNYLYLPIKDVDEDILKSILNIEFELVDKEL
EEKKIIKKPSFREIISKKYRKEIDEGLISLSYDVVGDLVILQISDEVDEKIRKEIGELAYKLIPC
KGVFRRKSEVKGEFRVRELEHLAGENRTLT IHKENGYRLWVDIAKVYFSPRLGGERARIMKKVSL
NDVVVDMFAGVGPFSIACKNAKKIYAIDINPHAIELLKKNIKLNKLEHKIIPILSDVREVDVKGN
RVIMNLPKFAHKFIDKALDIVEEGGVIHYYTIGKDFDKAIKLFEKKCDCEVLEKRIVKSYAPREY
ILALDFKINKK

161
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P. Abyssi Trm5a MTLAVKVPLKEGE IVRRRLIELGALDNT YKIKREGNF LLIPVKFPVKGFEVVEAELEQVSRRPNS 162
YREIVNVPQELRRFLPTSFDIIGNIAIIEIPEELKGYAKEIGRAIVEVEKNVKAVYMKGSKIEGE
YRTRELIHIAGENITETIHRENGIRLKLDVAKVYFSPRLATERMRVFKMAQEGEVVEDMFAGVGP
FSILLAKKAELVFACDINPWAIKYLEENIKLNKVNNVVEILGDSREIEVKADRI IMNLPKYAEEF
LEEAISCINDGGVIEYYGFGPEGDPYGWELERIRELANKFGVKVEVLGKRV IRNYAPRQYNIAID
FRVSF

In some embodiments, the fusion protein comprises one or more variant Cas12a
endonuclease, one or more base editing enzymes, and one or more additional proteins (e.g., a
protein, such as an enzyme, that regulates a biological activity). Non-limiting examples of
additional protein elements include a polypeptide having uracil glycosylase inhibitor (UGI)
activity, a polypeptide having uracil DNA glycosylase activity, a DNA binding domain (e.g.,
a Rad51 DNA binding domain), reverse transcriptase, endonuclease (e.g., Fokl), a
polypeptide having exonuclease activity (e.g., TS exonuclease), a polypeptide having
methyltransferase activity, a polypeptide having demethylase activity, a polypeptide having
acetyltransferase activity, a polypeptide having deacetylase activity, a polypeptide having
kinase activity, a polypeptide having phosphatase activity, a polypeptide having ubiquitin
ligase activity, a polypeptide having deubiquitinating activity, a polypeptide having
adenylation activity, a polypeptide having deadenylation activity, a polypeptide having
SUMOylating activity, a polypeptide having deSUMOylating activity, a polypeptide having
ribosylation activity, a polypeptide having deribosylation activity, a polypeptide having
myristoylation activity, or a polypeptide having demyristoylation activity.

A fusion protein may comprise any one of the variant Cas12a endonucleases
described herein (e.g., any one of SEQ ID NOs: 48-119 and 367-387, preferably any one of
SEQ ID NOs: 367-387). In some embodiments, a fusion protein comprises any one of the
base editing enzymes described herein.

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position R833
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is R833L, R833K, or R833M. In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position R833 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some
embodiments, a variant LbCas12a endonuclease comprises a mutation at position R833 with

reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
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ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K932
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is K932E or K932G. In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position K932 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises a mutation at position K932 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position Q944
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is Q944K. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position Q944 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises a mutation at position Q944 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises a mutation at an amino acid position corresponding to position K940
with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ ID NO: 1).
In some embodiments, the mutation is K940G. In some embodiments, a variant LbCas12a
endonuclease comprises a mutation at position K940 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
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LbCas12a endonuclease comprises a mutation at position K940 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K932,
NO933, V936, and 5929 with reference to amino acid position numbering of LbCas12a
ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are K932G, N933G,
V936G, and S929G. In some embodiments, a variant LbCas12a endonuclease comprises
mutations at positions K932, N933, V936, and $S929 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises mutations at positions K932, N933, V936, and S929 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions K940
and Q944 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are K940G and Q944K. In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions K940 and
Q944 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
K940 and Q944 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R8§36
and Q944 with reference to amino acid position numbering of LbCas12a ND2006 (e.g., SEQ
ID NO: 1). In some embodiments, the mutations are R836G and Q944K. In some
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embodiments, a variant LbCas12a endonuclease comprises mutations at positions R836 and
Q944 with reference to amino acid position numbering of LbCas12a ND2006 endonuclease
(e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
R836 and Q944 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R833,
E835, and Y943 with reference to amino acid position numbering of LbCas12a ND2006
(e.g., SEQ ID NO: 1). In some embodiments, the mutations are R833M, E835D, and Y943T.
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
R833, E835, and Y943 with reference to amino acid position numbering of LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%,
at least 95%, or at least 98% identity to a wild-type reference LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant LbCas12a endonuclease
comprises mutations at positions R833, E835, and Y943 with reference to amino acid
position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R836,
Q944, and R935 with reference to amino acid position numbering of LbCas12a ND2006
(e.g., SEQ ID NO: 1). In some embodiments, the mutations are R836G, Q944K, and R935G.
In some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
R836, Q944, and R935 with reference to amino acid position numbering of LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%,
at least 95%, or at least 98% identity to a wild-type reference LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant LbCas12a endonuclease
comprises mutations at positions R836, Q944, and R935 with reference to amino acid

position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no
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more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R833,
E835, Y943, and R935 with reference to amino acid position numbering of LbCas12a
ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are R§33M, E835D,
Y943T, and R935G. In some embodiments, a variant LbCas12a endonuclease comprises
mutations at positions R833, E835, Y943, and R935 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises mutations at positions R833, E835, Y943, and R935 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R833,
E835, Y943, and Q941 with reference to amino acid position numbering of LbCas12a
ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are R833M, E835D,
Y943T, and Q941K. In some embodiments, a variant LbCas12a endonuclease comprises
mutations at positions R833, E835, Y943, and Q941 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises mutations at positions R833, E835, Y943, and Q941 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R833,
E835, and E125 with reference to amino acid position numbering of LbCas12a ND2006 (e.g.,
SEQ ID NO: 1). In some embodiments, the mutations are R833M, E835D, and E125A. In
some embodiments, a variant LbCas12a endonuclease comprises mutations at positions

R833, E835, and E125 with reference to amino acid position numbering of LbCas12a
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ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%,
at least 95%, or at least 98% identity to a wild-type reference LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant LbCas12a endonuclease
comprises mutations at positions R833, E835, and E125 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no more than
1, 2, 3, 4, or 5 additional substitutions relative to a wild-type reference LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions Y943,
Q944, K932, N933, and E125 with reference to amino acid position numbering of LbCas12a
ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are Y943F, Q944K,
K932G, N933G, and E125A. In some embodiments, a variant LbCas12a endonuclease
comprises mutations at positions Y943, Q944, K932, N933, and E125 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions Y943,
Q944, K932, N933, and E125 with reference to amino acid position numbering of LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R836,
Q944, R935, and E125 with reference to amino acid position numbering of LbCas12a
ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are R836G, Q944K,
R935G, and E125A. In some embodiments, a variant LbCas12a endonuclease comprises
mutations at positions R836, Q944, R935, and E125 with reference to amino acid position
numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type reference
LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a variant
LbCas12a endonuclease comprises mutations at positions R836, Q944, R935, and E125 with
reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ
ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional substitutions relative to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1).
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In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R833,
E835, Y943, R935, and E125 with reference to amino acid position numbering of LbCas12a
ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are R833M, E835D,
Y943T, R935G, and E125A. In some embodiments, a variant LbCas12a endonuclease
comprises mutations at positions R833, E835, Y943, R935, and E125 with reference to amino
acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a wild-type
reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some embodiments, a
variant LbCas12a endonuclease comprises mutations at positions R833, E835, Y943, R935,
and E125 with reference to amino acid position numbering of LbCas12a ND2006
endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions R833,
E835, Y943, Q941, and E125 with reference to amino acid position numbering of LbCas12a
ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are R833M, E835D,
Y943T, Q941K, and E125A. In some embodiments, a variant LbCas12a endonuclease
comprises mutations at positions R833, E835, Y943, Q941, and E125 with reference to
amino acid position numbering of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1)
and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identity to a
wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In some
embodiments, a variant LbCas12a endonuclease comprises mutations at positions R833,
E835, Y943, Q941, and E125 with reference to amino acid position numbering of LbCas12a
ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or 5 additional
substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID
NO: 1).

In some embodiments, the variant Cas12a endonuclease comprises a polypeptide
sequence that comprises mutations at amino acid positions corresponding to positions D832,
Y943, Q944, K932, N933, and E125 with reference to amino acid position numbering of
LbCas12a ND2006 (e.g., SEQ ID NO: 1). In some embodiments, the mutations are D832A,
Y943F, Q944K, K932G, N933G, and E125A. In some embodiments, a variant LbCas12a
endonuclease comprises mutations at positions D832, Y943, Q944, K932, N933, and E125

121



10

15

20

25

30

WO 2023/131870 PCT/1B2023/000043

with reference to amino acid position numbering of LbCas12a ND2006 endonuclease (e.g.,
SEQ ID NO: 1) and has at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identity to a wild-type reference LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1). In
some embodiments, a variant LbCas12a endonuclease comprises mutations at positions
D832, Y943, Q944, K932, N933, and E125 with reference to amino acid position numbering
of LbCas12a ND2006 endonuclease (e.g., SEQ ID NO: 1) and has no more than 1, 2, 3, 4, or
5 additional substitutions relative to a wild-type reference LbCas12a ND2006 endonuclease
(e.g.., SEQID NO: 1).

In some embodiments, a fusion protein comprises a variant Cas12a endonuclease that
is located at or near the N-terminal end of the protein. In some embodiments, a fusion protein
comprises a variant Cas12a endonuclease that is located at or near the C-terminal end of the
protein. In some embodiments, a fusion protein comprises a base editing enzyme that is
located at or near the N-terminal end of the protein. In some embodiments, a fusion protein
comprises a base editing enzyme that is located at or near the C-terminal end of the protein.
In some embodiments, a fusion protein comprises an N-terminal variant Cas12a endonuclease
and a C-terminal base editing enzyme (i.c., variant Cas12a endonuclease is located closer to
the N-terminus of the protein than the base editing enzyme). In some embodiments, a fusion
protein comprises an N-terminal base editing enzyme and a C-terminal variant Cas12a
endonuclease (i.e., base editing enzyme is located closer to the N-terminus of the protein than
the variant Cas12a endonuclease).

A fusion protein may comprise one or more nuclear localization signals (NLSs). In
some embodiments, a fusion protein comprises 1, 2, 3, 4, 5, or more NLSs. An NLS is an
amino acid sequence that directs the fusion protein for import into the cell nucleus by nuclear
transport. In some embodiments, an NLS is a positively charged amino acid sequence that
comprises several lysine and/or arginine amino acids. In some embodiments, a fusion protein
comprises an NLS that is located at or near the N-terminal end of the protein. In some
embodiments, a fusion protein comprises an NLS that is located at or near the C-terminal end
of the protein. In some embodiments, a fusion protein comprises an NLS that is located at or
near the N-terminal end of the protein and an NLS that is located at or near the C-terminal
end of the protein.

Non-limiting examples of an NLS include an SV40 NLS, a nucleoprotein (NP) NLS,
and a bipartite (BP) NLS. In some embodiments, an SV40 NLS comprises the amino acid
sequence of PKKKRKYV (SEQ ID NO: 193). In some embodiments, a nucleoprotein NLS
comprises the amino acid sequence of KRPAATKKAGQAKKKK (SEQ ID NO: 194). In
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some embodiments, a bipartite NLS comprises the amino acid sequence of
KRTADGSEFESPKKKRKYV (SEQ ID NO: 195). In some embodiments, a fusion protein
comprises an SV40 NLS that is located at or near the N-terminal end of the protein and/or an
SV40 NLS that is located at or near the C-terminal end of the protein. In some embodiments,
a fusion protein comprises an SV40 NLS that is located at or near the N-terminal end of the
protein, an SV40 NLS that is located at or near the C-terminal end of the protein, and an NP
NLS that is located at or near the C-terminal end of the protein. In some embodiments, a
fusion protein comprises an NP NLS that is located at or near the N-terminal end of the
protein, an NP NLS that is located at or near the C-terminal end of the protein, and an SV40
NLS that is located at or near the C-terminal end of the protein. In some embodiments, a
fusion protein comprises a BP NLS that is located at or near the N-terminal end of the
protein, an SV40 NLS that is located at or near the C-terminal end of the protein, and an NP
NLS that is located at or near the C-terminal end of the protein. In some embodiments, a
fusion protein comprises a BP NLS that is located at or near the N-terminal end of the protein
and a BP NLS that is located at or near the C-terminal end of the protein. In some
embodiments, a fusion protein comprises a BP NLS that is located at or near the N-terminal
end of the protein and an NP NLS that is located at or near the C-terminal end of the protein.

A fusion protein may comprise one or more linkers. A linker for use in a fusion
protein of the disclosure is generally an amino acid linker. In some embodiments, a linker
functions to provide separation between different protein elements of the fusion protein (e.g.,
variant Cas12a endonuclease and base editing enzyme). In some embodiments, the presence
of a linker between two protein elements of the fusion protein provides flexibility between
the two elements of the fusion protein (e.g., to allow for each protein to fold and perform its
function, e.g., enzymatic function). In some embodiments, a fusion protein comprises a linker
between a variant Cas12a endonuclease and a base editing enzyme.

In some embodiments, a linker is a flexible linker. In some embodiments, a linker is a
flexible linker comprising serine and/or glycine amino acids. In some embodiments, a linker
is an amino acid sequence, wherein the majority of the amino acids of the linker are serine
and/or glycine amino acids. In some embodiments, a linker comprises the amino acid
sequence of (GS)n (SEQ ID NO: 196), (GGS)n (SEQ ID NO: 197), (GSS)n (SEQ ID NO:
198), (GGSS)n (SEQ ID NO: 199), (SGGGS)n (SEQ ID NO: 200) or (SGGS)n (SEQ ID
NO: 201) wherein n is 1-10. In some embodiments, a linker comprises the amino acid
sequence of GSSGGSGGSGGSGS (SEQ ID NO: 202). In some embodiments, a linker
comprises the amino acid sequence of SGSETPGTSESATPES (SEQ ID NO: 203). In other
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embodiments, a linker comprises the amino acid sequence of
SGGSSGGSSGSETPGTSESATPESSGGSSGGS (SEQ ID NO: 204). In some embodiments,
a linker comprises the amino acid sequence of SGGSGGSGGS (SEQ ID NO: 205). In some
embodiments, a linker comprises the amino acid sequence of GGGGGGS (SEQ ID NO: 206);
GSSGGSGGSGGS (SEQ ID NO: 207); or SGGS (SEQ ID NO: 208).

In various embodiments, the base editor fusion protein further comprises an inhibitor
of base excision repair (“iBER”) that covalently or non-covalently binds to a mutated
nucleobase to prevent its excision during subsequent mismatch repair. Use of an iBER in the
base editor fusion protein may increase base editing efficiency for the
deamination-oxidation and other strategies. In certain embodiments, the iBER is an 8-oxo-
guanine glycosylase (OGG or OGGI) inhibitor (“OGG inhibitor”), a thymine-DNA
glycosylase (TDG) inhibitor, a uracil-DNA glycosylase (UDG) inhibitor, a Methyl-CpG
Binding Domain 4 (MBD4) inhibitor. In certain embodiments, the iBER comprises a
catalytically inactive OGG that binds 8-oxo-inosine to prevent its excision during subsequent
mismatch repair.

A fusion protein may comprise one or more uracil glycosylase inhibitors (UGI). In
some embodiments, a fusion protein comprises 1, 2, 3, 4, or 5 UGI polypeptides. In some
embodiments, a UGI is a polypeptide that is capable of inhibiting a uracil-DNA glycosylase
base-excision repair enzyme (e.g., from the uracil base excision repair (UBER) pathway). In
some embodiments, a UGI is capable of inhibiting repair machinery such that the UGI
polypeptide increases the efficiency of a C to T conversion. In some embodiments, a UGI
polypeptide reduces the rate of conversions that are not the C to T conversion. A UGI
polypeptide may be a wild-type UGI polypeptide or a variant UGI polypeptide. In some
embodiments, a UGI is a UGI from Bacillus subtilis bacteriophage PBS1. In some
embodiments, a UGI polypeptide comprises the amino acid sequence of
TNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVML
LTSDAPEYKPWALVIQDSNGENKIKML (SEQ ID NO: 209). In some embodiments, a UGI
polypeptide comprises at least 70%, 75%, 80%, 85%., 90%., 95%, or 97% identity to SEQ ID
NO: 209.

A fusion protein may comprise one or more DNA glycosylases. In some
embodiments, a fusion protein comprises 1, 2, 3, 4, or 5 DNA glycosylases. In some
embodiments, a fusion protein comprises a uracil DNA glycosylase (UNG). In some

embodiments, a fusion protein comprises a N-methyl purine glycosylase (MPG).
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In some embodiments, an N-methyl purine glycosylase (MPG) functions in recognition and
repair of base pairs comprising deoxyinosine. Hypoxanthine (the nucleobase of
deoxyinosine) is recognized and excised by MPG, which results in the generation of an
abasic site (AP site). The abasic site is then processed by the base excision repair pathway.
Accordingly, MPG is useful, in some embodiments, for A-to-C or A-to-T conversions,
particularly when in combination with an adenosine deaminase (e.g., TadA deaminase).

In some embodiments, a fusion protein comprises an MPG and an adenosine
deaminase (e.g., TadA deaminase). In such embodiments, the adenosine deaminase converts
adenine to inosine; and the MPG subsequently removes the inosine to produce an abasic site.
The abasic site may subsequently be processed (e.g., to place a cytosine at that position). In
some embodiments, a fusion protein comprises an MPG and a cytidine deaminase (e.g.,
APOBECI1 deaminase).

In some embodiments, an MPG polypeptide comprises the amino acid sequence of
SEQ ID NO: 210. In some embodiments, an MPG polypeptide comprises at least 70%, 75%,
80%, 85%, 90%. 95%, or 97% identity to SEQ ID NO: 210.
VIPALOMKKPKQOFCRRMGOQKKQRPARAGOPHSSSDAAQAPAEQPHSSSDAAQAPCPRERCLG
PPTTPGPYRSIYFSSPKGHLTRLGLEFFDQPAVPLARAFLGQVLVRRLPNGTELRGRIVETE
AYLGPEDEAAHSRGGRQTPRNRGMFMKPGTLYVYIIYGMYFCMNISSQGDGACVLLRALEPL
EGLETMRQLRSTLRKGTASRVLKDRELCSGPSKLCQALAINKSFDQRDLAQDEAVWLERGPL
EPSEPAVVAAARVGVGHAGEWARKPLRFYVRGSPWVSVVDRVAEQDTQA (SEQ ID NO: 210)

In some embodiments, a UNG is a polypeptide that is capable of recognition and
excision of uracil from DNA strands. A UNG polypeptide is able to remove unwanted uracil
bases from DNA molecules by cleaving the N-glycosidic bond and initiating the base-
excision repair (BER) pathway. In some embodiments, a UNG is capable of increasing the
efficiency of a C to G conversion. A UNG polypeptide may be a human UNG (hUNG) or an
Escherichia coli UNG (eUNG). In some embodiments, a hUNG polypeptide is a
mitochondrial UNG1 or the nuclear UNG2A. A UNG polypeptide may be a wild-type UNG
polypeptide or a variant UNG polypeptide. In some embodiments, an UNG polypeptide
comprises the amino acid sequence of ANELTWHDVLAEEKQQPYFLNTLQTVASERQS
GVTIYPPQKDVEFNAFRFTELGDVKVVILGQDPYHGPGQAHGLAFSVRPGIAIPPSLLNMYKE
LENTIPGFTRPNHGYLESWARQGVLLLNTVLTVRAGQAHSHASLGWETFTDKVISLINQHRE
GVVFLLWGSHAQKKGAIIDKQRHHVLKAPHPSPLSAHRGFFGCNHFVLANQWLEQRGETPID

WMPVLPAESE (SEQ ID NO: 211). In some embodiments, a UNG polypeptide comprises the
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amino acid sequence of IGQKTLYSFFSPSPARKRHAPSPEPA
VOGTGVAGVPEESGDAAATIPAKKAPAGQEEPGTPPSSPLSAEQLDRIQRNKAAALLRLAARN
VPVGFGESWKKHLSGEFGKPYFIKLMGFVAEERKHYTVYPPPHQVFTWTOMCDIKDVKVVIL
GODPYHGPNQAHGLCFSVQRPVPPPPSLENIYKELSTDIEDFVHPGHGDLSGWAKQGVLLLN
AVLTVRAHQANSHKERGWEQFTDAVVSWLNQONSNGLVFLLWGSYAQKKGSAIDRKRHHVLQT
AHPSPLSVYRGFFGCRHFSKTNELLQKSGKKPIDWKEL (SEQ ID NO: 212). In some
embodiments, an UNG polypeptide comprises at least 70%, 75%, 80%, 85%, 90%, 95%, or
97% identity to SEQ ID NO: 211 or 212.

A fusion protein may comprise one or more DNA binding domains (DBD). In some
embodiments, a fusion protein comprises 1, 2, 3, 4, or 5 DBDs. In some embodiments, a
DBD is a DBD that recognizes a sequence-specific single-stranded DNA molecule. In some
embodiments, a DBD is a DBD that recognizes a non-sequence-specific single-stranded DNA
molecule. In some embodiments, a DBD is a DBD that recognizes a sequence-specific
double-stranded DNA molecule. In some embodiments, a DBD is a DBD that recognizes a
non-sequence-specific double-stranded DNA molecule. In some embodiments, a DBD
comprises a Rad51 DNA binding domain (DBD). A DBD may be a wild-type DBD
polypeptide or a variant DBD polypeptide. In some embodiments, a DBD polypeptide
comprises the amino acid sequence of MAMOMQLEANADTSVEEESFGPQPISRLEQ
CGINANDVKKLEEAGFHTVEAVAYAPKKELINIKGISEAKADKILAEAAKLVPMGFTTATEF
HQRRSEIIQITTGSKELDKLLQ (SEQ ID NO: 213). In some embodiments, a DBD
polypeptide comprises at least 70%, 75%, 80%, 85%, 90%, 95%, or 97% identity to SEQ ID
NO: 213.

A fusion protein can be designed to be specific for a certain type of enzymatic
conversion. For example, certain fusion proteins are designed for C to T conversion, A to G
conversion, or C to G conversion.

In some embodiments, a fusion protein comprising a variant Cas12a endonuclease, a
cytidine deaminase (e.g., APOBEC1), and a UGl is a C to T base editor (i.c., enzymatically
converts C to T). In some embodiments, a fusion protein comprising a variant Cas12a
endonuclease, a cytidine deaminase (e.g., APOBEC1), a UGI, and aRad51 DBDisaCto T
base editor (i.e., enzymatically converts C to T). In some embodiments, a fusion protein
comprising a variant Cas12a endonuclease and a base editing enzyme (e.g., TadA) is an A to
G base editor (i.e., enzymatically converts A to G). In some embodiments, a fusion protein

comprising a variant Cas12a endonuclease, an adenosine deaminase (e.g., TadA), and a
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Rad51 DBD is an A to G base editor (i.e., enzymatically converts A to G). In some

embodiments, a fusion protein comprising a variant Cas12a endonuclease and a cytidine

deaminase (e.g., APOBEC1) is a C to G base editor (i.e., enzymatically converts C to G). In

some embodiments, a fusion protein comprising a variant Cas12a endonuclease, a cytidine

deaminase (e.g., APOBEC1), and a UNG is a C to G base editor (i.e., enzymatically converts

Cto G).

Exemplary, non-limiting, fusion protein sequences are provided in Table 5.

Table 5. Non-limiting Examples of Fusion Proteins Comprising Variant Cas12a

Endonucleases and Base Editing Enzyme

Name*

Sequence

LbBEv2

(rAPOBECI,
Linker, Casl2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

C to T base editor

MGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRHS IWRHT SQNTNKHVEV
NFIEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPHVTLFIYIARLYHHADPRNRQ
GLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLWVRLYVLELYCIILGLPPCLN
ILRRKQPQLTFFTIALOSCHYQRLPPHILWATGLKSGGSSGGSSGSETPGTSESATPESSGGSSG
GSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSEF IND
VLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILP
EFLDDKDEIALVNSFNGFTTAFTGFFDNRENMFSEEAKSTSIAFRCINENLTRYISNMDIFEKVD
AIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEY I
NLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKL
FKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFEF
KKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVA
IMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKD
KFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLATIMDKKYAKCLOQKIDKDDVNGNYEKINYK
LLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCHKL IDFFKDSISRYPKW
SNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDF SDKSH
GTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTL
SYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKEDDNPYVIGIARGERNLLYIVVV
DGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQNWTSIENIKELKAGYISQVVH
KICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGY
QITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYTSIADSKKFISSFDRIMYVPE
EDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGI
NYQQGDIRALLCEQSDKAFYSSFMALMSIMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEA
QENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAATK
KAGQAKKKKGSSGGSGGSGGSTNLSDITEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHT
AYDESTDENVMLLTSDAPEYKPWALVIQODSNGENKIKMLSGGSPKKKRKV

LbBEv3

(rAPOBECI,
Linker, Casli2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

Cto T base editor

MPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVEFFDPRELRKETCLLYEINWGGRHSIWRHTSON
TNKHVEVNFIEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPHVTLFIYIARLYHH
ADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNEVNYSPSNEAHWPRYPHLWVRLYVLELYCIIL
GLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSGSETPGTSESATPE
SSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRY
YLSFINDVLHESIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLEFKKD
IIETILPEFLDDKDEIALVNSENGFTTAFTGFFDNRENMF SEEAKSTSIAFRCINENLTRYISNM
DIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKT
KGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSS
IKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDD IHLKKKAVVTEKYE
DDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEKLFDADFVLEKSLK
KNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVT
QKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAKCLOKIDKDDVNGN
YEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCHKLIDFFKDS
ISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNK
DFSDKSHGTPNLETMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANSP IANKNPDN
PKKTTTLSYDVYKDKRFSEDQYELHIPTAINKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERN
LLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARONWTSIENIKELKAG
YISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCAT
GGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYTSIADSKKFISSFD
RIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVFDWEEVCLTSAYKE
LENKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFLISPVKNSDGIFY
DSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEWLEYAQTSVK
KRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPE
SDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPKKKRKV
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Name*

Sequence

SEQ ID
NO:

LbBEv4

(rAPOBECI,
Linker, Casli2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

C to T base editor

MKRPAATKKAGOQAKKKKGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRH
SIWRHTSQNTNKHVEVNFIEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPHVTLF
IYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNEFVNYSPSNEAHWPRYPHLWVRLY
VLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSGSETP
GTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYK
GVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNE
GYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMFSEEAKSTSIAFRCINE
NLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGG
FVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGY TSDEEVLEVFRNTL
NKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKK
KAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEKLFDA
DFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHI
YDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAKCLQOK
IDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCH
KLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGK
LYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANS
PIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYV
IGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARONWTSI
ENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMV
DKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYTSIAD
SKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFDWEE
VCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFLISP
VENSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEW
LEYAQTSVKKRPAATKKAGQAKKKKGS SGGSGGSGGSTNLSDIIEKETGKQLVIQESILMLPEEV
EEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPKKKRK
4
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LbBEVS

(rAPOBECI,
Linker, Casli2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

Cto T base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDIIEKETGKQLVIQESILML
PEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPK
KKRKV

166

LbBEvV6

(rAPOBECI,
Linker, Casli2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

Cto T base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
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Name*

Sequence

SEQ ID
NO:

LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDIIEKETGKQLVIQESILML
PEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSGG
SGGSTNLSDIIEKETGKQLVIQESIIMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDA
PEYKPWALVIQDSNGENKIKMLSGGSPKKKRKV

LbBEvVI6

(rAPOBECI,
Linker, Casli2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

Cto T base editor

MGSKRTADGSEFESPKKKRKVGSGTNLSDIIEKETGKQLVIQESIIMLPEEVEEVIGNKPESDIL
VHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLGSSGGSGGSGGSGSSETGPVAVD
PTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRHSIWRHTSQNTNKHVEVNF IEKFTTERYF
CPNTRCSITWFLSWSPCGECSRAITEFLSRYPHVTLFIYIARLYHHADPRNRQGLRDLISSGVTI
QIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLWVRLYVLELYCIILGLPPCLNILRRKQPQLTFF
TIALQSCHYQRLPPHILWATGLKSGGSSGGSSGSETPGTSESATPESSGGS SGGSSKLEKFTNCY
SLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNN
YISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALV
NSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIK
EKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEYINLYNQKTKQKLP
KFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGT
FVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSEFSLEQLQ
EYADADLSVVEKLKEIIIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFEF
ENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFM
GGWDKDKETDYRATILRYGSKYYLAIMDKKYAKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPKV
FFSKKWMAYYNPSEDIQKIYKNGTFKKGDMENLNDCHKLIDFFKDSISRYPKWSNAYDENFSETE
KYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKL
LFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLSYDVYKDKRF SE
DQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSL
NEIINNFNGIRIKTDYHSLLDKKEKERFEARONWTSIENIKELKAGYISQVVHKICELVEKYDAV
JALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSM
STONGFIFYIPAWLTSKIDPSTGFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKN
FSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLC
EQSDKAFYSSFMALMSIMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENAILPKNADA
NGAYNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAATKKAGQAKKKKGSS
GGSGGSGGSPKKKRRV

168

LbBEvVI7

(rAPOBECI,
Linker, Casli2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

C to T base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVH
TAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLGSSGGSGGSGGSSKLEKFTNCYSLS
KTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYIS
LFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSF
NGFTTAFTGFFDNRENMF SEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKT
LNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEY INLYNQKTKQKLPKFK
PLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVK
NGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYA
DADLSVVEKLKEIIIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENY
IKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGW
DKDKETDYRATILRYGSKYYLAIMDKKYAKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFS
KKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYK
DIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLED
ENNHGQIRLSGGAELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLS YDVYKDKRFSEDQY
ELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEL
INNFNGIRIKTDYHSLLDKKEKERFEARONWTSIENIKELKAGYISQVVHKICELVEKYDAVIAL
EDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTQ
NGFIFYIPAWLTSKIDPSTGEFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFEFSR
TDADYIKKWKLYSYGNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQS
DKAFYSSFMALMSLMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENATILPKNADANGA
YNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGS
GGSGGSPKKKRKV

169

LbBEvV7

(rAPOBECI,
Linker, Casl2a,
UGI, sv40 NLSs, NP
NLS, BP NLS,
Rad51 DBD)

C to T base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPOQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSMAMOMOLEANADTSVEEESFGPQPISRLEQCGINANDVKKLEE
AGFHTVEAVAYAPKKELINIKGISEAKADKILAEAAKLVPMGFTTATEFHQRRSEIIQITTGSKE
IDKLLOSGGSSGGSSGSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQ
ENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKE
LENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNR
ENMFSEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGE
FFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEY INLYNQKTKQKLPKFKPLYKQVLSDRESLS
FYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFG
EWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLOEYADADLSVVEKLKEIT
IQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENY IKAFFGEGKETNRD
ESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATILR
YGSKYYLAIMDKKYAKCLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQ
KIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGY
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WO 2023/131870

PCT/1B2023/000043

Name*

Sequence

SEQ ID
NO:

KVSFESASKKEVDKLVEEGKLYMFQIYNKDF SDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAE
LFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLSYDVYKDKREFSEDQYELHIP IAINKCPKN
IFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEI INNFNGIRIKTDYH
SLLDKKEKERFEARQNWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKV
EKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSK
IDPSTGEFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSY
GNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGINYQQOGDIRALLCEQSDKAFYSSFMALMSL
MLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQF
KKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDIIE
KETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQD
SNGENKIKMLSGGSPKKKRKV

LbBEVS

(rAPOBECI,
Linker, Casl2a,
UGI, sv40 NLSs, NP
NLS, BP NLS,
Rad51 DBD)

C to T base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIATIS
NKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDIIEKETGKQLVIQESILML
PEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPK
KKRKVSGGSMAMOMOLEANADTSVEEESFGPQPISRLEQCGINANDVKKLEEAGFHTVEAVAYAP
KKELINIKGISEAKADKILAEAAKLVPMGFTTATEFHQRRSEIIQITTGSKELDKLLO

171

LbBEvV9

(rAPOBECI,
Linker, Casl2a,
UGI, sv40 NLSs, NP
NLS, BP NLS,
Rad51 DBD)

C to T base editor

MGSKRTADGSEFESPKKKRKVGSGAMOMQOLEANADTSVEEESFGPQPISRLEQCGINANDVKKLE
EAGFHTVEAVAYAPKKELINIKGISEAKADKILAEAAKLVPMGFTTATEFHQRRSEIIQITTGSK
ELDKLLQSGGSSGGSSGSETPGTSESATPESSGGSSGGSGSETGPVAVDPTLRRRIEPHEFEVEF
DPRELRKETCLLYEINWGGRHSIWRHTSONTNKHVEVNFIEKFTTERYFCPNTRCSITWFLSWSP
CGECSRAITEFLSRYPHVTLFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNEV
NYSPSNEAHWPRYPHLWVRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHT
LWATGLKSGGSSGGSSGSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKT
QENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENK
ELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDN
RENMF SEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEG
EFFNFVLTQEGIDVYNAIIGGEFVTESGEKIKGLNEY INLYNQKTKQKLPKFKPLYKQVLSDRESL
SFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIF
GEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEI
IIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNR
DESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQONPOQFMGGWDKDKETDYRATIL
RYGSKYYLAIMDKKYAKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFF SKKWMAYYNPSEDT
QKIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQG
YKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGTPNLETMYFKLLFDENNHGQIRLSGGA
ELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPK
NIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDY
HSLLDKKEKERFEARQNWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVK
VEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTS
KIDPSTGFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYS
YGNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMS
ILMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQ
FKKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDIT
EKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLT SDAPEYKPWALVIQ
DSNGENKIKMLSGGSPKKKRKV

172

LbBEvVIO

(evoCDA, Linker,
Casl2a, UGI, sv40
NLSs, NP NLS, BP
NLS)

MGSKRTADGSEFESPKKKRKVGSGSTDAEYVRIHEKLDIYTFKKQFSNNKKSVSHRCYVLFELKR
RGERRACFWGYAVNKPQSGTERGIHAEIFSIRKVEEYLRDNPGQFTINWYS SWSPCADCAEKILE
WYNQELRGNGHTLKIWVCKLYYEKNARNQIGLWNLRDNGVGLNVMVSEHYQCCRKIFIQSSHNQL
NENRWLEKTLKRAEKRRSELSIMFQVKILHTTKSPAVSGGSSGGSSGSETPGTSESATPESSGGS
SGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSF I
NDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETT
LPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFRCINENLTRYISNMDIFEK
VDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNE
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WO 2023/131870 PCT/1IB2023/000043
Name* Sequence SEQ ID
NO:

C to T base editor

YINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLE
KLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRK
SFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAV
VAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYS
KDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAKCLOKIDKDDVNGNYEKIN
YKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYP
KWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDF SDK
SHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANSPIANKNPDNPKKTT
TLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIV
VVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARONWTSIENIKELKAGYISQV
VHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALK
GYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYTSIADSKKFISSFDRIMYV
PEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKY
GINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNY
EAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAA
TKKAGQAKKKKGSSGGSGGSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILV
HTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPKKKRKV

LbBEvII

(evoFERNY, Linker,
Casl2a, UGI, sv40

NLSs, NP NLS, BP

NLS)

C to T base editor

MGSKRTADGSEFESPKKKRKVGSGSFERNYDPRELRKETYLLYEIKWGKSGKLWRHWCONNRTQH
AEVYFLENIFNARRFNPSTHCSITWYLSWSPCAECSQKIVDFLKEHPNVNLEIYVARLYYPENER
NRQGLRDLVNSGVTIRIMDLPDYNYCWKTFVSDQGGDEDYWPGHFAPWIKQYSLKLSGGSSGGSS
GSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKR
AEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKA
FKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAF
RCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYN
AIIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEV
FRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDD
IHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLOEYADADLSVVEKLKEIIIQKVDEIYKVYGSSE
KLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENY IKAFFGEGKETNRDESFYGDFVLAYDILL
KVDHIYDAIRNYVTQKPYSKDKFKLYFQONPOQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYA
KCLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEN
LNDCEKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKL
VEEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVV
HPANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPTAINKCPKNIFKINTEVRVLLKHD
DNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQ
NWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDK
LNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGEVNLLKTKY
TSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNV
FDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSIMLOMRNS ITGRTDVD
FLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAT
SNKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDIIEKETGKQLVIQESTIIM
LPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSP
KKKRKV

174

LbBEvI2

(evoAPOBECI,
Linker, Casl2a,
UGI, sv40 NLSs, NP
NLS, BP NLS)

C to T base editor

MGSKRTADGSEFESPKKKRKVGSGSSKTGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYETL
NWGGRHSIWRHT SOQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRY
PNVTLFIYIARLYHLANPRNRQGLRDLISSGVTIQIMTEQESGYCWHNFVNYSPSNESHWPRYPH
LWVRLYVLELYCIILGLPPCLNILRRKQSQLTSFTIALQSCHYQRLPPHILWATGLKSGGSSGGS
SGSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEK
RAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAK
AFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSEFNGFTTAFTGFFDNRENMF SEEAKSTSIA
FRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVY
NAIIGGFVTESGEKIKGLNEYINLYNQKTKOQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLE
VFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYD
DIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQOEYADADLSVVEKLKEIIIQKVDEIYKVYGSS
EKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDIL
LKVDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKY
AKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFE
NLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDK
LVEEGKLYMFQIYNKDFSDKSHGTPNLETMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELV
VHPANSP IANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKH
DDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSINEIINNFNGIRIKTDYHSLLDKKEKERFEAR
ONWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLID
KLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTK
YTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNN
VEFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDV
DFLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIA
ISNKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSTNLSDITIEKETGKQLVIQESIL
MLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGS
PKKKRKV

175

LbBEvI3

(hAPOBEC3A,
Linker, Casl2a,

MGSKRTADGSEFESPKKKRKVGSGEASPASGPRHLMDPHIFTSNFNNGIGRHKTYLCYEVERLDN
GTSVKMDOHRGFLHNQAKNLLCGFYGRHAELRFLDLVP SLOQLDPAQIYRVIWF ISWSPCFSWGCA
GEVRAFLOQENTHVRLRIFAARIYDYDPLYKEALQOMLRDAGAQVSIMTYDEFKHCWDTFVDHQGCP
FOQPWDGLDEHSQALSGRLRAILONQGNSGGSSGGSSGSETPGTSESATPES SGGSSGGSSKLEKFE
TNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLK
NLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDE

176
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WO 2023/131870 PCT/1IB2023/000043
Name* Sequence SEQ ID
NO:

UGI, sv40 NLSs, NP
NLS, BP NLS)

C to T base editor

IALVNSENGFTTAFTGFFDNRENMF SEEAKSTSIAFRCINENLTRYISNMD IFEKVDAIFDKHEV
QEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEY INLYNQKTK
QKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYS
SAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSL
EQLOEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDS
VKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQON
POQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAKCLOKIDKDDVNGNYEKINYKLLPGPNKM
LPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMENLNDCHKLIDFFKDSISRYPKWSNAYDEFNF
SETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGTPNLHTM
YFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLSYDVYKDK
RESEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVE
QYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARONWTSIENIKELKAGY ISQVVHKICELVEK
YDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFES
FKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFAL
DYKNF SRTDADY IKKWKLYSYGNRIRIFRNPKKNNVEDWEEVCLTSAYKELFNKYGINYQQGDIR
ALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENATILPK
NADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAATKKAGQAKKK
KGSSGGSGGSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHETAYDESTDE
NVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPKKKRKV

LbABESe

(TadA, Linker,
Casl2a, BP NLS)

A to G base editor

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

177

LbABESevlli
(TadA, Linker,
Casl2a, BPNLS,
Rad51 DBD)

A to G base editor

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSMAMOMOLEANADTSVEEESFGPQPISRLEQCGINANDVKKLEE
AGFHTVEAVAYAPKKELINIKGISEAKADKILAEAAKLVPMGFTTATEFHQRRSEIIQITTGSKE
LDKLLOSGGSSGGSSGSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQ
ENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKE
LENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNR
ENMFSEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGE
FFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLS
FYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFG
EWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIT
IQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENY IKAFFGEGKETNRD
ESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATILR
YGSKYYLAIMDKKYAKCLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQ
KIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGY
KVSFESASKKEVDKLVEEGKLYMFQIYNKDF SDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAE
LFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLSYDVYKDKRESEDQYELHIP IAINKCPKN
IFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEI INNFNGIRIKTDYH
SLLDKKEKERFEARQNWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKV
EKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSK
IDPSTGEFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSY
GNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGINYQQOGDIRALLCEQSDKAFYSSFMALMSL
MLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQF
KKAEDEKLDKVKIAISNKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKVEFGSG

178

LbABESevi2

(TadA, Linker,
Casl2a, BP NLS,
Rad51 DBD)

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA

179

132




WO 2023/131870 PCT/1IB2023/000043
Name* Sequence SEQ ID
NO:

A to G base editor

IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKVSGGSMAMOMOLEANADT SVEEESFGPQP ISR
LEQCGINANDVKKLEEAGFHTVEAVAYAPKKELINIKGISEAKADKILAEAAKLVPMGFTTATEF
HORRSEIIQITTGSKELDKLLQ

LbABESevi3
(TadA, Linker,
Casl2a, BP NLS,
Rad51 DBD)

A to G base editor

MKRTADGSEFESPKKKRKVGSGAMOMQLEANADTSVEEESFGPQP ISRLEQCGINANDVKKLEEA
GFHTVEAVAYAPKKELINIKGISEAKADKILAEAAKLVPMGFTTATEFHQRRSEIIQITTGSKEL
DKLLOSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEF SHEYWMRHALTLAKRARDEREVP
VGAVLVLNNRVIGEGWNRAIGLHDP TAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAM
IHSRIGRVVFGVRNSKRGAAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQ
KKAQSSINSGGSSGGSSGSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGK
TOQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNY ISLFRKKTRTEKEN
KELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFED
NRENMF SEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFE
GEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEY INLYNQKTKQKLPKFKPLYKQVLSDRES
LSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDI
FGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKE
IIIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENY IKAFFGEGKETN
RDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATT
LRYGSKYYLAIMDKKYAKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSED
IQKIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGF YREVEEQ
GYKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGG
AELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIP IAINKCP
KNIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTD
YHSLLDKKEKERFEARQNWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRV
KVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLT
SKIDPSTGEFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNEF SRTDADY IKKWKLY
SYGNRIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALM
SLMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIG
QFKKAEDEKLDKVKIAISNKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

180

LbCGBEVO

(rAPOBEC]I,
Linker, LbCasl2a,
sv40 NLSs, NP NLS,
BP NLS)

C to G base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPOQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGF TTAFTGFFDNRENMF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKI YKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSPKKKRKV
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WO 2023/131870

PCT/1B2023/000043

Name*

Sequence

SEQ ID
NO:

LbCGBEv1

(rAPOBECI,
Linker, LbCasli2a,
sv40 NLSs, NP NLS,
BP NLS, ¢eUNG)

C to G base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNS ITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIATIS
NKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSANELTWHDVLAEEKQOPYFLNTLQ
TVASERQSGVTIYPPQKDVFNAFRFTELGDVKVVILGQDPYHGPGQAHGLAFSVRPGIAIPPSLL
NMYKELENTIPGFTRPNHGYLESWARQGVLLLNTVLTVRAGQAHSHASLGWETFTDKVISLINQH
REGVVFLLWGSHAQKKGAIIDKQRHHVLKAPHP SPLSAHRGFFGCNHFVLANQWLEQRGETP IDW
MPVLPAESESGGSPKKKRKV

182

LbCGBEvV2

(rAPOBECI,
Linker, LbCasl2a,
sv40 NLSs, NP NLS,
BP NLS, ¢eUNG)

C to G base editor

MGSKRTADGSEFESPKKKRKVGSGANELTWHDVLAEEKQQPYFLNTLOTVASERQSGVTIYPPOK
DVFNAFRFTELGDVKVVILGQDPYHGPGQAHGLAFSVRPGIAIPPSLLNMYKELENTIPGFTRPN
HGYLESWARQGVLLLNTVLTVRAGQAHSHASLGWETFTDKVISLINQHREGVVFLLWGSHAQKKG
AITIDKQRHHVLKAPHP SPLSAHRGFFGCNHFVLANQWLEQRGETP IDWMPVLPAESESGGSSGGS
SGSETPGTSESATPESSGGSSGGSGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYE
INWGGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSR
YPHVTLFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYP
HLWVRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGG
SSGSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDE
KRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIA
KAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMFSEEAKSTST
AFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNEVLTQEGIDV
YNAIIGGFVTESGEKIKGLNEY INLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVL
EVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEY
DDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGS
SEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDI
LLKVDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKK
YAKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDM
FNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVD
KLVEEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEEL
VVHPANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLK
HDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEA
RONWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKML T
DKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGEVNLLKT
KYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKN
NVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMS LMLOMRNSITGRTD
VDFLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKI
AISNKEWLEYAQTSVKKRPAATKKAGOQAKKKKGSSGGSGGSGGSPKKKRKV
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WO 2023/131870

PCT/1B2023/000043

Name*

Sequence

SEQ ID
NO:

LbCGBEv3

(rAPOBECI,
Linker, LbCasli2a,
sv40 NLSs, NP NLS,
BP NLS, hUNG)

C to G base editor

MGSKRTADGSEFESPKKKRKVGSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINW
GGRHSIWRHTSQNTNKHVEVNF IEKFTTERYFCPNTRCSITWFLSWSPCGECSRAITEFLSRYPH
VILFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYCWRNFVNYSPSNEAHWPRYPHLW
VRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQRLPPHILWATGLKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDEFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNS ITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIATIS
NKEWLEYAQTSVKKRPAATKKAGQAKKKKGSSGGSGGSGGSIGQKTLY SFFSPSPARKRHAPSPE
PAVQGTGVAGVPEESGDAAAIPAKKAPAGQEEPGTPPSSPLSAEQLDRIQRNKAAALLRLAARNV
PVGFGESWKKHLSGEFGKPYFIKLMGFVAEERKHYTVYPPPHQVF TWTQMCDIKDVKVVILGQDP
YHGPNQAHGLCFSVQRPVPPPPSLENIYKELSTDIEDFVHPGHGDLSGWAKQGVLLLNAVLTVRA
HOANSHKERGWEQF TDAVVSWLNONSNGLVFLLWGSYAQKKGSAIDRKRHHVLQTAHPSPLSVYR
GFFGCRHFSKTNELLQKSGKKP IDWKELSGGSPKKKRKV

184

LbCGBEv4

(rAPOBECI,
Linker, LbCasl2a,
sv40 NLSs, NP NLS,
BP NLS, hUNG)

C to G base editor

MGSKRTADGSEFESPKKKRKVGSGIGQKTLYSFFSPSPARKRHAPSPEPAVQGTGVAGVPEESGD
AAATPAKKAPAGQEEPGTPPSSPLSAEQLDRIQRNKAAATLLRLAARNVPVGFGESWKKHLSGEFG
KPYFIKLMGFVAEERKHYTVYPPPHQVF TWTQMCDIKDVKVVILGQDP YHGPNQAHGLCFSVQRP
VPPPPSLENIYKELSTDIEDFVHPGHGDLSGWAKQGVLLLNAVLTVRAHQANSHKERGWEQFTDA
VVSWLNONSNGLVFLLWGSYAQKKGSAIDRKRHHVLQTAHP SPLSVYRGFFGCRHEHFSKTNELLQK
SGKKPIDWKELSGGSSGGSSGSETPGTSESATPESSGGSSGGSGSSETGPVAVDPTLRRRIEPHE
FEVFFDPRELRKETCLLYEINWGGRHSIWRHTSONTNKHVEVNFIEKFTTERYFCPNTRCSITWE
LSWSPCGECSRAITEFLSRYPHVTLFIYIARLYHHADPRNRQGLRDLISSGVTIQIMTEQESGYC
WRNEFVNYSPSNEAHWPRYPHLWVRLYVLELYCIILGLPPCLNILRRKQPQLTFFTIALQSCHYQR
LPPHILWATGLKSGGSSGGSSGSETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAT
PVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRT
EKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFT
GFFDNRENMF SEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKEEVQEIKEKILNSDYDVE
DFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEY INLYNQKTKQKLPKFKPLYKQVLS
DRESLSFYGEGYTSDEEVLEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTI
SKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVE
KLKEIIIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEG
KETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFQNPQFMGGWDKDKETDY
RATILRYGSKYYLAIMDKKYAKCLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYN
PSEDIQKIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYRE
VEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGTPNLETMYFKLLFDENNHGQIR
LSGGAELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAT
NKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIR
IKTDYHSLLDKKEKERFEARONWTSIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFK
NSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIP
AWLTSKIDPSTGFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKK
WKLYSYGNRIRIFRNPKKNNVEDWEEVCLTSAYKELFNKYGINYQQOGDIRALLCEQSDKAFYSSF
MALMSLMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVL
WAIGQFKKAEDEKLDKVKIAISNKEWLEYAQTSVKKRPAATKKAGQAKKKKGS SGGSGGSGGSPK
KKRKV

185
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Name*

Sequence

SEQ ID
NO:

TBNO4 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQN
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFGGSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFE
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

388

LbAAY ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIDLGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

389

LbAAI9 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDKGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGEFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

390
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Name*

Sequence

SEQ ID
NO:

LbEF 159 ABES8e

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDMGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQN
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFE
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

391

LbAA23 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFENSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

392

LbMS07 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFGNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

393
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Name*

Sequence

SEQ ID
NO:

LbAA49 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQN
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEGQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFE
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

394

LbAC10 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYKKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

395

LbMS3n5 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNGGFGGSRGKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

396
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Name*

Sequence

SEQ ID
NO:

LbTN37 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQN
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEGQVYKKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFE
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

397

LbTN39
ABES8e

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIDRGEGNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYKKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

398

LbTN2 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDMGDRNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVTQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

399
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Name*

Sequence

SEQ ID
NO:

LbFM14 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDRGEGNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQN
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSGVKVEKQVYKKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFE
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

400

LbFM17 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIDMGDRNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSGVKVEKQVTQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

401

LbFM28 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDMGDRNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKKVTQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV
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SEQ ID
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LbFMA44 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIATILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDMGDRNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQN
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFE
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

403

LbFM51 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIATILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIDRGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFGGSRVKVEKQVFKKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

404

LbFM64 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIATILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDRGEGNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSGVKVEKQVYKKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

405
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Sequence

SEQ ID
NO:

LbFM65 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIATILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENME SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMEFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIDMGDRNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQN
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSGVKVEKQVTQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVFE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFE
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

406

LbFM67 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIATILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFEF
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDI
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDD
NPYVIGIDMGDRNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKKVTQKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGF IFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

407

LbFM76 ABESe

MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNR
AIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRG
AAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPROVENAQKKAQSSINSGGSSGGSSG
SETPGTSESATPESSGGSSGGSSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRA
EDYKGVKKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAF
KGNEGYKSLFKKDIIATILPEFLDDKDEIALVNSFNGFTTAFTGFFDNRENMEF SEEAKSTSIAFR
CINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNA
IIGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFE
RNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDT
HLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEK
LFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLK
VDHIYDAIRNYVTQKPYSKDKFKLYFQONPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNL
NDCHKLIDFFKDSISRYPKWSNAYDENFSETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLV
EEGKLYMFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVH
PANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHEDD
NPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQON
WISIENIKELKAGYISQVVHKICELVEKYDAVIALEDLNSGFGGSRVKVEKQVFKKFEKMLIDKL
NYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGNRIRIFRNPKKNNVE
DWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDF
LISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAIS
NKEWLEYAQTSVKSGGSKRTADGSEFEPKKKRKV

408

*Protein Elements ordered from N-terminus to C-terminus
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In some embodiments, a fusion protein comprises the amino acid sequence of any one
of SEQ ID NO: 163-185. In some embodiments, a fusion protein comprises an amino acid
sequence that includes any one or more mutation(s) (e.g., amino acid substitution(s))
described herein and has at least 80% (e.g., at least 80%, at least 85%, at least 90%, at least
95%, or at least 98%) identity to the amino acid sequence of any one of the fusion protein in

Table 5 (e.g., SEQ ID NOs: 163-185).

VIII. Cells

Aspects of the present disclosure relate to cells comprising any more of the variant
Cas12a endonucleases described herein. Further, as described below, the variant Cas12a
endonucleases described herein may be used to modify cells.

The cells may be eukaryotic cells or prokaryotic cells. Non-limiting examples of
eukaryotic cells include animal cells, plant cells, and fungal cells. In some embodiments, the
cells are mammalian cells. In some embodiments, the cells are human cells (e.g., human
primary cells or human immortalized cells). In some embodiments, the cells are stem cells,
such as adult stem cells or induced pluripotent stem cells (iPSCs). Non-human cells are also
provided herein. For example, the cells may be selected from non-human primate cells,
porcine cells, bovine cells, canine cells, feline cells, or rodent cells (e.g., rat or mouse cells).

Various human cell types are contemplated herein, including without limitation,
immune cells (e.g., T cells (e.g., NKT cells, CD4+ T cells, CD8+ T cells, regulatory T cells,
engineered T cells, e.g., CAR-T, TCR)), B cells, NK cells, tumor-infiltrating lymphocytes,
etc.), neural cells, cardiovascular cells, epidermal cells, and metabolic cells. The cells may be
cancerous or non-cancerous. In some embodiments, the cells are tumor cells. Other cell types

are contemplated herein.

IX.  Methods of Use

Cas12a endonucleases provided herein have numerous uses, many of which are
known in the art. The variant Cas12a endonucleases of the present disclosure maybe used, in
some instances, to improve those uses. Several non-limiting examples of such uses include

genome editing, bioengineering, diagnostics, and agricultural advancement.

A. Genome Editing
In some embodiments, the variant Casl2a endonuclease are used for genome editing.

Genome editing is a type of genetic engineering where a DNA is inserted, deleted or replaced
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in the genome of a living organism. Application of CRISPR-{as systems as molecniar tools
for genome editing exploits their ability to produce a double strand break (DSB) at a specific
gepomic locus and depends entively on the host cell DNA repalr machinery to fix the lesion
produced by these systerns. The repair mechanisms can be cither of the following processes:
homology-directed repair (HDR) or non-homologous end joining (NHED). HDR utilizes a
template DNA that is homologous to the break site {an unbroken sister chromatid or a
homologons chromosome) (o repair the DSB, whereas NHET is based ou direct joindng of
broken ends of the DSB, making NHEJ the more error prone mechanism of the two. HDR
can thus be used fo supply exogevous template DNA {o implersent a user defined change 1o
the host genome. NHEJ can be applied for gene disruption whereas HDR allows for the scope
of introducing new genetic information or direct correction of the sequence at a specific
locus.

At the center of CRISPR mediated genome engineering today 1s Cas9, with
applications including, bot not Hmited to, gene knockout and precise genome editing. Pespite
the rapid advances in genome editing by Casy, it still presents challenges owing to the
possibility of off-target effects and difficulty of delivering the ribonucicoprotein particle.
CaslZa, owing to its substantial differences with Cas®, presents an alternate molecular
genome edifing tool. The use of Cas12ain gevoroe editing for various cell types has been
probed in several studies up to date. Comparative studies of gene repression by catalytically
dead Cas® from 8. pyogenes (SpdCas9) and catalytically dead Cas2a from Eubacterium
eligens (EedCas1Za) revealed that the latter displays a higher gene repression in the template
strand of the target DNA than SpdCas®. It was also shown that the pre-crRNA processing
activity of CasiZa makes it an attvactive candidate for multiplex gene regulation, which is
cumbersome when attempted with Cas®. This auto-processing of its own crRNA has been
used o modify roultiple genetic elements sitnultaneously generating constitutive, conditional,
inducible, orthogonal and multiplexed genome engineering of endogenous targets using
multiple CRISPR RMNAs delivered on a single plasmid.

The viability of this approach has been further established by other studies, in which
multiplex gene regulation by CasiZa was successfully observed in bacteria, plants, as well as
in mammalian cells. Cas12a can also serve as a solution in cell types where use of Cas8 is
toxic, such as in some industrial strains of Strepromyvees.

Targeted mutagenesis in plants can also be achieved through co-expression of Casila
and its cognate crRNA in vive, as was shown in rice. Additionally, it was also shown that the

mutagenesis was more efficient through the use of pre-crRNAs with full-length divect repeat
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sequences than with mature crKNAs. Efficient mutagenesis through delivery of the pre-
assembled ribonucleoprotein (RNP) particle was also observed in sovbean and wild tobacco.
The RNP was assembled from recombinantly expressed CasiZa and in vitro wranscribed or
chemically synthesized crRNAs,

Successtul gene editing of mammalian cells using Cas12a include correction of
routations causing Duchenne muscular dystrophy (DMD) 1o patient derived induced
phiripotent stero colls GPSCs)Y and 1o mdc mice, a popalar model for studying DMD,
Dystrophin expression was reinstated in iPSCs after Cas12a-mediated gene editing. while in
the mdx mice, corrections 1o the pathophysiological ballmarks of muscular dystrophy were
ohserved. Delivery of the adenovirus vector with an AsCast2a expression cassette yielded
successiul mutations in primary human hepatocytes from humanized nice with chimeric
liver. Casl2a-mediated genome editing was also used to engineer rat models that mimic
human atherosclerosis and this system may have potential applications in understanding early
stage atherosclerosis.

See Paul, B. & Montoya, G. et al. Biomedical Journal 2020; 43(1): 8-17, incorporated

herein in its entirety.

B. Bioengineering

In some embodiments, the variant Cast2a endonuclease are used for bicengineering.
Currently, a vast effort is ongoing to redesign all these tools for biomedical and
biotechnological applications. However, recent studies have envisioned the possibility of
using CRISPR-Cas nucleases in bioengineering of smart materials, for example hydrogels.
These water-filled polymers are encapsulated by DNA. Cas12a has been used to specifically
degrade the DNA scaffold of DNA hydrogels, thus opening the possibility that this smart
cutter can be turned into a programmable device to deliver the cargo of DNA encaged
hydrogels in a determined location at a certain time. The cleavage properties of Cas12a make
it an ideal candidate to promote controlled delivery of the cargo. See Paul, B. & Montoya, G.

et al. Biomedical Journal 2020; 43(1): 8-17, incorporated herein in its entirety.

C. Nucleic Acid Detection and Quantification (e.g., Diagnostics)

In some embodiments, the variant CaslZa endonucleases are used for detecting and/or
quantifying vucleic acids. For example, the variants may be used as in vitro diagoostic fools
for pathogenic {c.g., bacterial or viral) nucleic acids, or for identification of biomarkers

indicative of disease, such as cancer {e.g.. Tor identification and guantification of single CpG
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methylation sites — sec, for cxample, van Dongen, JE ef al. Biosensors and Bivelectronics
2021 194015 113824).

fn some embodiments, the variant Cas12a endonucleases are used with the Specifie
Enhancer for Detection of PCR-amplified Nucleic Acids (SENA) method, which combines
the transcieavage activity of Casl2a with the sensitivity offered by real-time PCR. See, e.g.,
Huang W, er al. EBioMedicine 2620; 61 103036,

i some ersbodirpents, the vartant Casl2a endonucleases are used with the DNA
Endonuclease-Targeted CRISPR Trans Reporter (DETECTR) technology, which performs
simulfancous reverse ranseription and isothermal amplification using loop-mediated
amplification (RT-LAMP) for RNA extracted from a biological sampic. See, e.g., Broughton
TP, et al. Nature Biorechnology 2020; 38; 870-874,

fn some embodiments, the variant Cas12a endonucleases are used with the one-hour
low-cost maltipurpose highly efficient system (HOLMES) techuology. See, e.g., Li, L. er ol
ACK Synth Biol 2019, B{10): 2228-2237.

Cther nucleic acid detection methods are contemplated herein.

B, Agriculture

In some embodiments, the variant Cas12a endonuclease are used for applications
relating to agricultural advancement. Cas12a editing has been widely utilized in many crops
including rice, wheat, maize, soybean, cotton, tomato, citrus, tobacco, and the model plant
Arabidopsis. At present, three Cas12a genome editing systems AsCas12a, FnCas12a, and
LbCas12a have been demonstrated in plants with varied efficiency.

Rice is one of the most well-studied crops due to its agricultural importance, small
genome size, ease of transformation and available genetic resources making it an ideal
flagship genome for the grasses. These factors have also made it an ideal testing ground for
developing genome editing technologies. Codon optimized FnCas12a binary vectors were
utilized for targeted mutagenesis in rice (OsDL, OsALS, OsNCED1, OsAO1) and tobacco
(NtPDS and NtSTF1) with average targeted mutation frequencies of 47.2% and 28.2%,
respectively. Utilizing the LbCas12a nuclease two endogenous rice genes OsPDS and OsBEL
were targeted with mutation frequencies of 21.4 and 41.2%, respectively. An independent
study that targeted the disruption of OsPDS by LbCas12a resulted in a similarly high editing
frequency of 32.3%. It was also demonstrated that pre-crRNAs were more efficient in
generating mutants than mature crRNAs in rice. However, the opposite was observed in

HEK?293T cells. In addition to these proof-of-concept experiments, LbCas12a was also used
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to create loss-of-function alleles of OsEPFL9 which regulates stomatal density. These lines
increased water use efficiency eight-fold in T2 generation plants. See, Bandyopadhyay, A. et

al. Front. Plant Sci. 2020.

Additional Embodiments

Additional embodiments are described in the following numbered paragraphs:
1. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising a mutation at an amino acid position corresponding to position E95, E125, V245,
N260, Y277, R747, H759, 1765, F810, N813, T814, 1831, T870, G902, K960, S982, K984, or
T988 with reference to amino acid position numbering of LbCas12a ND2006.
2. The engineered variant Cas12a endonuclease of paragraph 1, wherein the variant
Cas12a endonuclease exhibits hyperactivity, low single indiscriminate strand
deoxyribonuclease (DNase) activity, target nickase activity (or a preference for cleaving one
strand over the other of a dsDNA), or protospacer adjacent motif (PAM) nickase activity.
3. The engineered variant Cas12a endonuclease of paragraph 1 or 2, wherein the
mutation is an amino acid substitution.
4. The engineered variant Cas12a endonuclease of paragraph 3, wherein the amino acid
substitution is an amino acid having an equivalent charge, polarity, and/or chemical class.
5. The engineered variant Cas12a endonuclease of any one of paragraphs 1-4, wherein
(a) the polypeptide sequence comprises a mutation at an amino acid position corresponding to
position E95, E125, V245, Y277, R747, H759, 1765, F810, or T814 with reference to amino
acid position numbering of LbCas12a ND2006 and (b) the variant Cas12a endonuclease
exhibits hyperactivity.
6. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position E95 with
reference to amino acid position numbering of LbCas12a ND2006, optionally wherein the
polypeptide sequence has at least 90% identity to a wild-type reference Cas12a endonuclease,
optionally to a wild-type reference Cas12a endonuclease of Table 1.
7. The engineered variant Cas12a endonuclease of paragraph 6, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position E95 with
reference to amino acid position numbering of LbCas12a ND2006, preferably E9SR or E95H,
more preferably E9SR.
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8. The engineered variant Cas12a endonuclease of paragraph 6, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position E95 with
reference to amino acid position numbering of LbCas12a ND2006, preferably E95Y.

9. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position E125
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

10. The engineered variant Cas12a endonuclease of paragraph 9, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position E125 with
reference to amino acid position numbering of LbCas12a ND2006, preferably E125A,
E125G, E1251, E125L, E125P, E125V, more preferably E125A.

14. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position V245
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

15. The engineered variant Cas12a endonuclease of paragraph 14, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position V245 with
reference to amino acid position numbering of LbCas12a ND2006, preferably V2451,
V245A, V245G, V2451, or V245P, more preferably V2451.

16. The engineered variant Cas12a endonuclease of paragraph 14, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position V245 with
reference to amino acid position numbering of LbCas12a ND2006, preferably V245Y.

21. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position Y277
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

22. The engineered variant Cas12a endonuclease of paragraph 21, wherein the mutation is
a substitution of a polar, uncharged, and/or hydroxyl amino acid at position Y277 with
reference to amino acid position numbering of LbCas12a ND2006, preferably Y277S or
Y277T, more preferably Y2778S.
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29. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position R747
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

30. The engineered variant Cas12a endonuclease of paragraph 29, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position R747 with
reference to amino acid position numbering of LbCas12a ND2006, preferably R747Y.

31. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position H759
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

32. The engineered variant Cas12a endonuclease of paragraph 31, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position H759 with
reference to amino acid position numbering of LbCas12a ND2006, preferably H759V,
H759A, H759G, H7591, H759L, or H759P, more preferably H759V.

33. The engineered variant Cas12a endonuclease of paragraph 31, wherein the mutation is
a substitution of a polar, negatively charged, and/or acidic amino acid at position H759 with
reference to amino acid position numbering of LbCas12a ND2006, preferably H759D.

34. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position 1765 with
reference to amino acid position numbering of LbCas12a ND2006, optionally wherein the
polypeptide sequence has at least 90% identity to a wild-type reference Cas12a endonuclease,
optionally to a wild-type reference Cas12a endonuclease of Table 1.

35. The engineered variant Cas12a endonuclease of paragraph 34, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position 1765 with
reference to amino acid position numbering of LbCas12a ND2006, preferably 1765Y.

36. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position F§10 with
reference to amino acid position numbering of LbCas12a ND2006, optionally wherein the
polypeptide sequence has at least 90% identity to a wild-type reference Cas12a endonuclease,

optionally to a wild-type reference Cas12a endonuclease of Table 1.

149



10

15

20

25

30

WO 2023/131870 PCT/1B2023/000043

37. The engineered variant Cas12a endonuclease of paragraph 36, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position F§10 with
reference to amino acid position numbering of LbCas12a ND2006, preferably FS10W.

38. The engineered variant Cas12a endonuclease of paragraph 36, wherein the mutation is
a substitution of a polar, charged, and/or acidic amino acid at position F§10 with reference to
amino acid position numbering of LbCas12a ND2006, preferably F810Q.

39. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position T814
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

40. The engineered variant Cas12a endonuclease of paragraph 39, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position T814 with
reference to amino acid position numbering of LbCas12a ND2006, preferably T814E.

41. The engineered variant Cas12a endonuclease of paragraph 39, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position T814 with
reference to amino acid position numbering of LbCas12a ND2006, preferably T814R,
T814H, or T814K, more preferably T§814R.

42. The engineered variant Cas12a endonuclease of any one of paragraphs 1-4, wherein
(a) the polypeptide sequence comprises a mutation at an amino acid position corresponding to
position N813, 1831, T870, G902, S982, K984, or T988 with reference to amino acid position
numbering of LbCas12a ND2006 and (b) the variant Cas12a endonuclease exhibits low
indiscriminate single strand deoxyribonuclease (ssDNase) activity.

43. The engineered variant Cas12a endonuclease of paragraph 42, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position N813 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

44. The engineered variant Cas12a endonuclease of paragraph 43, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position N813 with
reference to amino acid position numbering of LbCas12a ND2006, preferably N813W.

45. The engineered variant Cas12a endonuclease of paragraph 43, wherein the mutation is

a substitution of a polar, positively charged, and/or basic amino acid at position N813 with
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reference to amino acid position numbering of LbCas12a ND2006, preferably N§13R,
N813H, or N813K, more preferably N813R or N§13H.

46. The engineered variant Cas12a endonuclease of paragraph 42, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position 1831 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

47. The engineered variant Cas12a endonuclease of paragraph 46, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position 1831 with
reference to amino acid position numbering of LbCas12a ND2006, preferably I831A, I831G,
I831L, I831P, or 1831V, more preferably I831A.

48. The engineered variant Cas12a endonuclease of paragraph 46, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position I831 with
reference to amino acid position numbering of LbCas12a ND2006, preferably I1831Y.

49. The engineered variant Cas12a endonuclease of paragraph 42, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position T870 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

50. The engineered variant Cas12a endonuclease of paragraph 47, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position T870 with
reference to amino acid position numbering of LbCas12a ND2006, preferably T870Y.

51. The engineered variant Cas12a endonuclease of paragraph 47, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position T870 with
reference to amino acid position numbering of LbCas12a ND2006, preferably T870F or
T870W, more preferably T870F.

52. The engineered variant Cas12a endonuclease of paragraph 42, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position G902 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of

Table 1.
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53. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position G902 with
reference to amino acid position numbering of LbCas12a ND2006, preferably G902R,
G902H, or G902K, more preferably G902R.

54. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position G902 with
reference to amino acid position numbering of LbCas12a ND2006, preferably G902W or
G902F, more preferably G902W.

55. The engineered variant Cas12a endonuclease of paragraph 42, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position S982 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

56. The engineered variant Cas12a endonuclease of paragraph 55, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position S982 with
reference to amino acid position numbering of LbCas12a ND2006, preferably S982F or
S982W, more preferably S982W.

57. The engineered variant Cas12a endonuclease of paragraph 42, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position K984 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

58. The engineered variant Cas12a endonuclease of paragraph 57, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position K984 with
reference to amino acid position numbering of LbCas12a ND2006, preferably K984F or
K984W, more preferably K984F.

59. The engineered variant Cas12a endonuclease of paragraph 57, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position K984 with
reference to amino acid position numbering of LbCas12a ND2006, preferably K984R,
K984H, or K984K, more preferably K984R.

60. The engineered variant Cas12a endonuclease of paragraph 42, wherein the

polypeptide sequence comprises a mutation at an amino acid position corresponding to
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position T988 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

61. The engineered variant Cas12a endonuclease of paragraph 60, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position T988 with
reference to amino acid position numbering of LbCas12a ND2006, preferably T988F or
T988W, more preferably T988F.

62. The engineered variant Cas12a endonuclease of any one of paragraphs 1-4, wherein
(a) the polypeptide sequence comprises a mutation at an amino acid position corresponding to
positionN260 or G902 with reference to amino acid position numbering of LbCas12a
ND2006 and (b) the variant Cas12a endonuclease exhibits target nickase activity (or a
preference for cleaving one strand over the other of a dsDNA).

63. The engineered variant Cas12a endonuclease of paragraph 62, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position N260 with reference to amino acid position numbering of LbCas12a, optionally
wherein the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

64. The engineered variant Cas12a endonuclease of paragraph 63, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position N260 with
reference to amino acid position numbering of LbCas12a ND2006, preferably N260R,
N260H, or N260K, more preferably N260R.

65. The engineered variant Cas12a endonuclease of paragraph 62, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position G902 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

66. The engineered variant Cas12a endonuclease of paragraph 65, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position G902 with
reference to amino acid position numbering of LbCas12a ND2006, preferably G902W or
G902F, more preferably G902W.

67. The engineered variant Cas12a endonuclease of any one of paragraphs 1-4, wherein

(a) polypeptide sequence comprises a mutation at an amino acid position corresponding to
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position K960 with reference to amino acid position numbering of LbCas12a ND2006 and
(b) the variant Cas12a endonuclease exhibits PAM nickase activity (or a preference for
cleaving one strand over the other of a dsSDNA).

68. The engineered variant Cas12a endonuclease of paragraph 67, wherein the mutation is
a substitution of a polar, negatively charged, and/or amide amino acid amino acid at position
K960 with reference to amino acid position numbering of LbCas12a ND2006, preferably
K960E, optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

69. The engineered variant Cas12a endonuclease of any one of the preceding paragraphs
comprising an amino acid sequence having at least 85%, at least 90%, or least 95%, but less
than 100% identity with the amino acid sequence of a wild-type Casl2a endonuclease
selected from Acidaminococcus sp., Lachnospiraceae sp., and Francisella sp.

70. The engineered variant Cas12a endonuclease of any one of the preceding paragraphs
further comprising no more than 1, 2, 3,4, 5,6, 7, 8,9, or 10 additional amino acid
substitutions relative to a wild-type reference Cas12a endonuclease.

71. An engineered variant Cas12a endonuclease comprising a polypeptide sequence

comprising the amino acid sequence of any one of SEQ ID NOs: 48-119.

72. A polynucleotide encoding the variant Cas12a endonuclease of any one of the
preceding paragraphs.
73. A cell comprising (a) the variant Cas12a endonuclease of any one of the preceding

paragraphs or the polynucleotide of paragraph 72 and (b) a guide RNA or a polynucleotide

encoding a guide RNA.

74. A method comprising introducing into a cell (a) the variant Cas12a endonuclease of

any one of the preceding paragraphs or the polynucleotide of paragraph 72 and optionally (b)

a guide RNA or a polynucleotide encoding a guide RNA.

75. Use of the variant Cas12a endonuclease of any one of the preceding paragraphs for

cleaving a nucleic acid.

76. A method for introducing a double strand break in a target nucleic acid, comprising
introducing into a cell comprising a target nucleic acid (a) the variant Cas12a

endonuclease of any one of paragraphs 5-41 and (b) a guide RNA; and

incubating the cell to produce a double strand break in the target nucleic acid.
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7. A method for introducing a double strand break in a target nucleic acid, comprising
introducing into a cell comprising a target nucleic acid (a) the variant Cas12a
endonuclease of any one of paragraphs 42-61 and (b) a guide RNA; and
incubating the cell to produce a double strand break in the target nucleic acid.
78. The method of paragraph 77, wherein off-target single strand nucleic acid cleavage in
the cell is reduced relative to off-target single strand nucleic acid cleavage in a control cell
comprising a wild-type Cas12a endonuclease and a guide RNA.
79. A method for introducing a single strand break in a target nucleic acid, comprising
introducing into a cell comprising a target nucleic acid (a) the variant Cas12a
endonuclease of any one of paragraphs 62-68 and (b) a guide RNA; and

incubating the cell to produce a single strand break in the target nucleic acid.

Further Embodiments

Further embodiments are described in the following numbered paragraphs:
1. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising a mutation at an amino acid position corresponding to position R833, E§35,
R836, 5929, F931, K932, N933, S934, R935, V936, K937, V938, K940, Q941, Y943, Q944,
F983, or M986 with reference to amino acid position numbering of LbCas12a ND2006.
2. The engineered variant Cas12a endonuclease of paragraph 1, wherein the engineered
variant Cas12a endonuclease exhibits hyperactivity, low indiscriminate single strand
deoxyribonuclease (DNase) activity, or target nickase activity (or a preference for cleaving
one strand over the other of a dsDNA).
3. The engineered variant Cas12a endonuclease of paragraph 1 or 2, wherein the
mutation is an amino acid substitution.
4. The engineered variant Cas12a endonuclease of paragraph 3, wherein the amino acid
substitution is an amino acid having an equivalent charge, polarity, and/or chemical class.
5. The engineered variant Cas12a endonuclease of any one of paragraphs 1-4, wherein
(a) the polypeptide sequence comprises a mutation at an amino acid position corresponding to
position K932, N933, or V936, with reference to amino acid position numbering of LbCas12a
ND2006 and (b) the engineered variant Cas12a endonuclease exhibits hyperactivity.
6. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position K932

with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
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the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

1. The engineered variant Cas12a endonuclease of paragraph 6, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position K932 with
reference to amino acid position numbering of LbCas12a ND2006, preferably K932I, K932L,
K932V, K932A, or K932P, more preferably K9321, K932L, or K932V.

8. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position N933
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

9. The engineered variant Cas12a endonuclease of paragraph 8, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position N933 with
reference to amino acid position numbering of LbCas12a, preferably N933L, N933A,
N933G, N9331, or N933P, more preferably N933L.

10. The engineered variant Cas12a endonuclease of paragraph 5, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position V936
with reference to amino acid position numbering of LbCas12a ND2006, optionally wherein
the polypeptide sequence has at least 90% identity to a wild-type reference Cas12a
endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.

11. The engineered variant Cas12a endonuclease of paragraph 10, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or sulfuric amino acid at position V936 with
reference to amino acid position numbering of LbCas12a, preferably V936M or V936C, more
preferably VO36M.

12. The engineered variant Cas12a endonuclease of any one of paragraphs 1-4, wherein
(a) the polypeptide sequence comprises a mutation at an amino acid position corresponding to
position S929, K932, N933, S934, V936, K937, Q944, F983, or M986 with reference to
amino acid position numbering of LbCas12a ND2006 and (b) the variant Cas12a
endonuclease exhibits low indiscriminate single strand deoxyribonuclease (ssDNase) activity.
13. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position S929 with reference to amino acid position numbering of LbCas12a, optionally
wherein the polypeptide sequence has at least 90% identity to a wild-type reference Casl2a

endonuclease, optionally to a wild-type reference Cas12a endonuclease of Table 1.
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14. The engineered variant Cas12a endonuclease of paragraph 13, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position S929 with
reference to amino acid position numbering of LbCas12a, preferably S929L, S929A, S929I,
S929P, or S929V, more preferably S929L.

15. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position K932 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

16. The engineered variant Cas12a endonuclease of paragraph 15, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932R.

17. The engineered variant Cas12a endonuclease of paragraph 15, wherein the mutation is
a substitution of a polar, uncharged, and/or hydroxyl amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932T.

18. The engineered variant Cas12a endonuclease of paragraph 15, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932F or K932W.

19. The engineered variant Cas12a endonuclease of paragraph 15, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932Y.

20. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position N933 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

21. The engineered variant Cas12a endonuclease of paragraph 20, wherein the mutation is
a substitution of a polar, negatively charged, and/or amide amino acid at position N933 with
reference to amino acid position numbering of LbCas12a, preferably N933E.

22. The engineered variant Cas12a endonuclease of paragraph 20, wherein the mutation is

a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position N933 with
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reference to amino acid position numbering of LbCas12a, preferably N933V, N933A,
N933G, N9331, or N933P, more preferably N933V.

23. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position S934 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

24, The engineered variant Cas12a endonuclease of paragraph 23, wherein the mutation is
a substitution of a polar, uncharged, and/or acidic amino acid at position S934 with reference
to amino acid position numbering of LbCas12a, preferably S934Q.

25. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position V936 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

26. The engineered variant Cas12a endonuclease of paragraph 25, wherein the mutation is
a substitution of a polar, negatively charged, and/or amide amino acid at position V936 with
reference to amino acid position numbering of LbCas12a, preferably V936E.

27. The engineered variant Cas12a endonuclease of paragraph 25, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position V936 with
reference to amino acid position numbering of LbCas12a, preferably V936K, V936R, or
V936H, more preferably V936K.

28. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position K937 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

29. The engineered variant Cas12a endonuclease of paragraph 28, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position K937 with

reference to amino acid position numbering of LbCas12a, preferably K937Y.
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30. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position Q944 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

31. The engineered variant Cas12a endonuclease of paragraph 30, wherein the mutation is
a substitution of a polar, negatively charged, and/or acidic amino acid at position Q944 with
reference to amino acid position numbering of LbCas12a, preferably Q944D.

32. The engineered variant Cas12a endonuclease of paragraph 30, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or sulfur amino acid at position Q944 with
reference to amino acid position numbering of LbCas12a, preferably Q944M or Q944C, more
preferably Q944M.

33. The engineered variant Cas12a endonuclease of paragraph 30, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position Q944 with
reference to amino acid position numbering of LbCas12a, preferably Q944G, Q9441, Q944A,
Q944L, Q944P, or Q944V, more preferably Q944G.

34. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position F983 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

35. The engineered variant Cas12a endonuclease of paragraph 34, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position F983 with
reference to amino acid position numbering of LbCas12a, preferably FO83L, FO83A, F983G,
F9831, FO983P, or F983V, more preferably FO83L.

36. The engineered variant Cas12a endonuclease of paragraph 12, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position M986 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of

Table 1.
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37. The engineered variant Cas12a endonuclease of paragraph 36, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position M986 with
reference to amino acid position numbering of LbCas12a, preferably M986F or M986W,
more preferably M986F.

38. The engineered variant Cas12a endonuclease of paragraph 36, wherein the mutation is
a substitution of a polar, uncharged, and/or hydroxyl amino acid at position M986 with
reference to amino acid position numbering of LbCas12a, preferably M986S or M986T, more
preferably M986S.

39. The engineered variant Cas12a endonuclease of any one of paragraphs 1-4, wherein
(a) the polypeptide sequence comprises a mutation at an amino acid position corresponding to
position R833, E835, R836, F931, K932, R935, V936, V938, K940, Q941, Y943, Q944, or
M986 with reference to amino acid position numbering of LbCas12a ND2006 and (b) the
variant Cas12a endonuclease exhibits target nickase activity (or a preference for cleaving one
strand over the other of a dsDNA).

40. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position R833 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

41. The engineered variant Cas12a endonuclease of paragraph 40, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position R833 with
reference to amino acid position numbering of LbCas12a, preferably R§33K or R833H, more
preferably R833K optionally wherein the engineered variant Cas12a endonuclease also
exhibits low indiscriminate ssDNase activity.

42. The engineered variant Cas12a endonuclease of paragraph 40 wherein the mutation is
a substitution of a nonpolar, uncharged, and/or sulfuric amino acid at position R833 with
reference to amino acid position numbering of LbCas12a, preferably R833M or R833C, more
preferably R833M, optionally wherein the engineered variant Cas12a endonuclease also
exhibits low indiscriminate ssDNase activity.

43. The engineered variant Cas12a endonuclease of paragraph 40, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position R833 with

reference to amino acid position numbering of LbCas12a, preferably R833L, R833A, R833I,
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R833P, or R833V, more preferably R833L, optionally wherein the engineered variant Cas12a
endonuclease also exhibits low indiscriminate ssDNase activity.

44, The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position E835 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

45. The engineered variant Cas12a endonuclease of paragraph 44, wherein the mutation is
a substitution of a polar, negatively charged, and/or acidic amino acid at position E835 with
reference to amino acid position numbering of LbCas12a, preferably E835D, optionally
wherein the engineered variant Cas12a endonuclease exhibits hypoactivity.

46. The engineered variant Cas12a endonuclease of paragraph 44, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position E835 with
reference to amino acid position numbering of LbCas12a, preferably E835G, E835A, E835I,
E835L, E835P, or E835V, more preferably E835G or E835A.

47. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position R836 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

48. The engineered variant Cas12a endonuclease of paragraph 47, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position R836 with
reference to amino acid position numbering of LbCas12a, preferably R836G, R836A, R8361,
R836L, R836P, or R836V, more preferably R836G or R836A.

49. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position F931 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

50. The engineered variant Cas12a endonuclease of paragraph 49, wherein the mutation is

a substitution of a polar, positively charged, and/or basic amino acid at position F931 with
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reference to amino acid position numbering of LbCas12a, preferably F931H or F931K, more
preferably F931H, optionally wherein the engineered variant Cas12a endonuclease exhibits
hypoactivity.

51. The engineered variant Cas12a endonuclease of paragraph 49, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position F931 with
reference to amino acid position numbering of LbCas12a, preferably FO31L, FO31A, F931G,
F9311, F931P, or F931V, more preferably FO31L.

52. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position K932 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

53. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932G or K932P, more
preferably K932G, optionally wherein the engineered variant Cas12a endonuclease exhibits
hypoactivity.

54. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a polar, negatively charged, and/or amide amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932E, optionally
wherein the engineered variant Cas12a endonuclease exhibits hypoactivity.

55. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932H or K932R, more
preferably K932H.

56. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or sulfur amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932M or K932C, more
preferably K932M.

57. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a polar, uncharged, and/or amide amino acid at position K932 with reference

to amino acid position numbering of LbCas12a, preferably K932N.
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58. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a polar, uncharged, and/or acidic amino acid at position K932 with reference
to amino acid position numbering of LbCas12a, preferably K932Q.

59. The engineered variant Cas12a endonuclease of paragraph 52, wherein the mutation is
a substitution of a polar, uncharged, and/or hydroxyl amino acid at position K932 with
reference to amino acid position numbering of LbCas12a, preferably K932S.

60. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position R935 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

61. The engineered variant Cas12a endonuclease of paragraph 60, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position R935 with
reference to amino acid position numbering of LbCas12a, preferably R935L, R935G, R933],
or R935P, more preferably R935L, R935G, or R935I, optionally wherein the engineered
variant Cas12a endonuclease having the R935I substitution exhibits hypoactivity.

62. The engineered variant Cas12a endonuclease of paragraph 60, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position R935 with
reference to amino acid position numbering of LbCas12a, preferably R935H or R935K.

63. The engineered variant Cas12a endonuclease of paragraph 60, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position R935 with
reference to amino acid position numbering of LbCas12a, preferably R935F or R935W,
optionally wherein the engineered variant Cas12a endonuclease having the R935W
substitution exhibits hypoactivity.

64. The engineered variant Cas12a endonuclease of paragraph 60, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or sulfur amino acid at position R935 with
reference to amino acid position numbering of LbCas12a, preferably R935M or R935C, more
preferably R935M.

65. The engineered variant Cas12a endonuclease of paragraph 60, wherein the mutation is
a substitution of a polar, uncharged, and/or amide amino acid at position R935 with reference

to amino acid position numbering of LbCas12a, preferably R935N.
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66. The engineered variant Cas12a endonuclease of paragraph 60, wherein the mutation is
a substitution of a polar, uncharged, and/or hydroxyl amino acid at position R935 with
reference to amino acid position numbering of LbCas12a, preferably R935S or R935T.

67. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position V936 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

68. The engineered variant Cas12a endonuclease of paragraph 67, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position V936 with
reference to amino acid position numbering of LbCas12a, preferably V936G, V9361, V936L,
or V936P, more preferably V936G, optionally wherein the engineered variant Cas12a
endonuclease also exhibits low indiscriminate ssDNase activity.

69. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position V938 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

70. The engineered variant Cas12a endonuclease of paragraph 69, wherein the mutation is
a substitution of a polar, negatively charged, and/or amide amino acid at position V938 with
reference to amino acid position numbering of LbCas12a, preferably V938E, optionally
wherein the engineered variant Cas12a endonuclease also exhibits low indiscriminate
ssDNase activity.

71. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position K940 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

72. The engineered variant Cas12a endonuclease of paragraph 71, wherein the mutation is

a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position K940 with
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reference to amino acid position numbering of LbCas12a, preferably K940G, K940A, K9401,
K940L, K940P, or K940V, more preferably K940G.

73. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position Q941 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

74. The engineered variant Cas12a endonuclease of paragraph 73, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position Q941 with
reference to amino acid position numbering of LbCas12a, preferably Q941K, Q941R, or
Q941H.

75. The engineered variant Cas12a endonuclease of paragraph 73, wherein the mutation is
a substitution of a polar, uncharged, and/or aromatic amino acid at position Q941 with
reference to amino acid position numbering of LbCas12a, preferably Q941Y.

76. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position Y943 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

77. The engineered variant Cas12a endonuclease of paragraph 76, wherein the mutation is
a substitution of a polar, uncharged, and/or hydroxyl amino acid at position Y943 with
reference to amino acid position numbering of LbCas12a, preferably Y943T or Y943S, more
preferably Y943T.

78. The engineered variant Cas12a endonuclease of paragraph 76, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aromatic amino acid at position Y943 with
reference to amino acid position numbering of LbCas12a, preferably Y943F or Y943W, more
preferably Y943F.

79. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position Q944 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
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reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

80. The engineered variant Cas12a endonuclease of paragraph 79, wherein the mutation is
a substitution of a polar, positively charged, and/or basic amino acid at position Q944 with
reference to amino acid position numbering of LbCas12a, preferably Q944K, Q944R, or
Q944H, more preferably Q944K.

81. The engineered variant Cas12a endonuclease of paragraph 79, wherein the mutation is
a substitution of a polar, negatively charged, and/or amide amino acid at position Q944 with
reference to amino acid position numbering of LbCas12a, preferably Q944E.

82. The engineered variant Cas12a endonuclease of paragraph 39, wherein the
polypeptide sequence comprises a mutation at an amino acid position corresponding to
position M986 with reference to amino acid position numbering of LbCas12a ND2006,
optionally wherein the polypeptide sequence has at least 90% identity to a wild-type
reference Cas12a endonuclease, optionally to a wild-type reference Cas12a endonuclease of
Table 1.

83. The engineered variant Cas12a endonuclease of paragraph 82, wherein the mutation is
a substitution of a nonpolar, uncharged, and/or aliphatic amino acid at position M986 with
reference to amino acid position numbering of LbCas12a, preferably M986G, M986A,
MO86I, M986P, or M986V, more preferably M986G, optionally wherein the engineered
variant Cas12a endonuclease also exhibits low indiscriminate ssDNase activity.

84. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
R833L, S929L, K932M, Q944F, and E947M, with reference to amino acid position
numbering of LbCas12a ND20006, preferably wherein the engineered variant Cas12a
endonuclease exhibits low indiscriminate single strand DNase activity, optionally wherein the
engineered variant Cas12a endonuclease also exhibits hypoactivity.

85. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
NO33L and Q944M, with reference to amino acid position numbering of LbCas12a
ND20006, preferably wherein the engineered variant Casl2a endonuclease exhibits low
indiscriminate single strand DNase activity, optionally wherein the engineered variant
Cas12a endonuclease also exhibits hypoactivity.

86. An engineered variant Cas12a endonuclease comprising a polypeptide sequence

comprising amino acid substitutions corresponding to the following amino acid substitutions:
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R833K and E947D, with reference to amino acid position numbering of LbCas12a ND20006,
preferably wherein the engineered variant Cas12a endonuclease exhibits target nickase
activity (or a preference for cleaving one strand over the other of a dsDNA).

87. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
E835G and E880G, with reference to amino acid position numbering of LbCas12a ND20006,
preferably wherein the engineered variant Cas12a endonuclease exhibits target nickase
activity (or a preference for cleaving one strand over the other of a dsDNA).

88. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
5929G, K932G, and N933G, with reference to amino acid position numbering of LbCas12a
ND20006, preferably wherein the engineered variant Casl2a endonuclease exhibits target
nickase activity (or a preference for cleaving one strand over the other of a dsSDNA).

89. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
5929G, K932G, N933G, and V936G, with reference to amino acid position numbering of
LbCas12a ND20006, preferably wherein the engineered variant Cas12a endonuclease
exhibits target nickase activity (or a preference for cleaving one strand over the other of a
dsDNA).

90. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
S5929G, K932G, N933G, and V936F, with reference to amino acid position numbering of
LbCas12a ND20006, preferably wherein the engineered variant Cas12a endonuclease
exhibits target nickase activity (or a preference for cleaving one strand over the other of a
dsDNA).

91. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
S5929G, V936G, FI983G, and M986G, with reference to amino acid position numbering of
LbCas12a ND20006, preferably wherein the engineered variant Cas12a endonuclease
exhibits target nickase activity (or a preference for cleaving one strand over the other of a
dsDNA).

92. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:

G930A and F931L, with reference to amino acid position numbering of LbCas12a ND20006,
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preferably wherein the engineered variant Cas12a endonuclease exhibits target nickase
activity (or a preference for cleaving one strand over the other of a dsDNA)and low
indiscriminate single strand DNase activity.

93. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
G930A, F931L, and S934Q with reference to amino acid position numbering of LbCas12a,
preferably wherein the engineered variant Cas12a endonuclease exhibits target nickase
activity (or a preference for cleaving one strand over the other of a dsDNA).

94. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
K932G and N933G, with reference to amino acid position numbering of LbCas12a
ND20006, preferably wherein the engineered variant Casl2a endonuclease exhibits target
nickase activity (or a preference for cleaving one strand over the other of a dsDNA).

9s. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
K932G, N933G, and V936F, with reference to amino acid position numbering of LbCas12a
ND20006, preferably wherein the engineered variant Cas12a endonuclease exhibits target
nickase activity (or a preference for cleaving one strand over the other of a dsDNA).

96. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
V936G, FI983G, and M986G, with reference to amino acid position numbering of LbCas12a
ND20006, preferably wherein the engineered variant Cas12a endonuclease exhibits target
nickase activity (or a preference for cleaving one strand over the other of a dsDNA).

97. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising amino acid substitutions corresponding to the following amino acid substitutions:
F983G and M986G, with reference to amino acid position numbering of LbCas12a
ND20006, preferably wherein the engineered variant Cas12a endonuclease exhibits target
nickase activity (or a preference for cleaving one strand over the other of a dsDNA) and low
indiscriminate single strand DNase activity.

98. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising a Lid-hub domain, wherein the polypeptide comprises a mutation at an amino
acid position in the Lid-hub domain or in the vicinity of the Lid-Hub domain.

99. The engineered variant Cas12a endonuclease of paragraph 98, wherein the mutation is

a substitution at a position corresponding to the following amino acid positions: R833, E835,
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E880, R836, 5929, G930, F931, K932, N933, 5934, R935, V936, K937, V938, K940, Q9%41,
Y943, Q944, E947, FO83, or M986, with reference to amino acid position numbering of
LbCas12a ND20006.

100. The engineered variant Cas12a endonuclease of paragraph 98 or 99, wherein the
engineered variant Cas12a endonuclease exhibits hyperactivity.

101. The engineered variant Cas12a endonuclease of paragraph 100, wherein the mutation
is a substitution corresponding to any one of the following amino acid substitutions: K932I,
K932L, K932V, N933L, or V936M.

102.  The engineered variant Cas12a endonuclease of paragraph 98 or 99, wherein the
engineered variant Cas12a endonuclease exhibits low indiscriminate single strand
deoxyribonuclease (DNase) activity.

103. The engineered variant Cas12a endonuclease of paragraph 102, wherein the mutation
is a substitution corresponding to any one of the following amino acid substitutions: S929L,
K932F, K932R, K932T, K932Y, K932W, N933E, N933V, S934Q, V936E, V936K, K937Y,
Q944D, Q944G, Q944M, F983L, M9S6F, or M986S.

104.  The engineered variant Cas12a endonuclease of paragraph 98 or 99, wherein the
engineered variant Cas12a endonuclease exhibits target nickase activity (or a preference for
cleaving one strand over the other of a dsDNA).

105. The engineered variant Cas12a endonuclease of paragraph 104, wherein the mutation
is a substitution corresponding to any one of the following amino acid substitutions: R§33K,
R833L, R833M, E835A, E835D, E835G, R836A, R836G, F931H, F931L, K932E, K932G,
K932H, K932M, K932N, K932Q, K9328S, R935F, R935G, R935H, R935I, R935K, R935L,
R935M, R935N, R935S, R935T, R935W, V936G, VI38E, K940G, Q941H, Q941K, Q941R,
Q941Y, Y943F, Y943T, Q944E, Q944K, or M986G.

106. The engineered variant Cas12a endonuclease of any one of the preceding paragraphs
comprising an amino acid sequence having at least 85%, at least 90%, or least 95%, but less
than 100% identity with the amino acid sequence of a wild-type Cas12a endonuclease
selected from Acidaminococcus sp., Lachnospiraceae sp., and Francisella sp.

107.  The engineered variant Cas12a endonuclease of any one of the preceding paragraphs
further comprising no more than 1,2, 3,4, 5,6, 7, 8,9, or 10 additional amino acid
substitutions relative to a wild-type reference Cas12a endonuclease.

108.  An engineered variant Cas12a endonuclease comprising a polypeptide sequence

comprising the amino acid sequence of any one of SEQ ID NOs: 48-119.
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109. A polynucleotide encoding the variant Cas12a endonuclease of any one of the
preceding paragraphs.
110. A cell comprising (a) the variant Cas12a endonuclease of any one of the preceding
paragraphs or the polynucleotide of paragraph 109 and (b) a guide RNA or a polynucleotide
encoding a guide RNA.
111. A method comprising introducing into a cell (a) the variant Cas12a endonuclease of
any one of the preceding paragraphs or the polynucleotide of paragraph 109 and optionally
(b) a guide RNA or a polynucleotide encoding a guide RNA.
112.  Use of the variant Cas12a endonuclease of any one of the preceding paragraphs for
cleaving a nucleic acid.
113. A method for introducing a double strand break in a target nucleic acid, comprising
introducing into a cell comprising a target nucleic acid (a) the variant Cas12a
endonuclease of any one of paragraphs 5-11 and (b) a guide RNA; and
incubating the cell to produce a double strand break in the target nucleic acid.
114. A method for introducing a double strand break in a target nucleic acid, comprising
introducing into a cell comprising a target nucleic acid (a) the variant Cas12a
endonuclease of any one of paragraphs 12-38, 84, or 85 and (b) a guide RNA; and
incubating the cell to produce a double strand break in the target nucleic acid.
115.  The method of paragraph 114, wherein off-target single strand nucleic acid cleavage
in the cell is reduced relative to off-target single strand nucleic acid cleavage in a control cell
comprising a wild-type Cas12a endonuclease and a guide RNA.
116. A method for introducing a single strand break in a target nucleic acid, comprising
introducing into a cell comprising a target nucleic acid (a) the variant Cas12a
endonuclease of any one of paragraphs 39-83 or 86-97 and (b) a guide RNA; and

incubating the cell to produce a single strand break in the target nucleic acid.

EXAMPLES
Example 1. Casl12a Endonuclease Variants
Purified Cas12a variants of Table 3 in complex with crRNA were tested against (1)
dsDNA containing a quencher on one site of the cleavage site and a fluorophore on the other
site of the cleavage site, on separate DNA strands, and (2) a combination dsDNA containing
no quencher or fluorophore but together with a ssDNA containing both a quencher and
fluorophore. The retained activity on dsDNA was confirmed by (1) where the quencher and

fluorophore were separated upon cleavage, and the emission signal increases over time.
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Hyperactive Cas12a endonuclease variants were identified as having a higher reaction
speed or by initiating the reaction faster than the naturally-occurring (i.e., wildtype (WT))
Cas12a. Within the subset of Cas12a endonuclease variants that had hyperactivity, several
variants were also identified as having low ssDNase activity. Low ssDNase activity is
identified by a lowered ability to cleave the sSDNA and thereby separate the quencher and
fluorophore when activated by specific dsDNA, thus by lacking an emission signal in
comparable magnitude to that of the wildtype Cas12a in (2). See FIGs. 2A-2D and Table 6.

Hypoactive Cas12a endonuclease variants were identified as having a lower reaction
speed or by initiating the reaction slower than the wildtype (WT) Cas12a. Within the subset
of Cas12a endonuclease variants that had hypoactivity, several variants were also identified
as having low ssDNase activity. Low ssDNase activity is identified by a lowered ability to
cleave the ssDNA and thereby separate the quencher and fluorophore when activated by
specific dSDNA, thus by lacking an emission signal in comparable magnitude to that of the
wildtype Cas12a in (2). See FIGs. 3A-3E, 4A-4C, and Table 6.

Three Cas12a endonuclease variants were identified as having similar activity profile

as wildtype Cas12a while demonstrating low ssDNase activity. See FIG. 5 and Table 6.

Table 6. Variant Cas12a Endonucleases of Example 1

Reduced/Lowered
Variant dsDNA Phenotype Activity towards ssDNA?
E95R Hyperactive
E95Y Hyperactive
E125A Hyperactive
E125W Hyperactive
N256A Hyperactive
N256K Hypoactive
R747Y Hyperactive
H759V Hyperactive
H759D Hyperactive
N813R Hyperactive Yes
N§13W Wildtype Yes
N813H Hyperactive Yes
1831A Hypoactive Yes
1831Y Hypoactive Yes
K932L Hyperactive
K9321 Wildtype
K932V Wildtype
K932M Hypoactive Yes
K932F Hypoactive Yes
K932R Hypoactive Yes
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K932A Hypoactive Yes
K932H Hypoactive Yes
K932N Hypoactive Yes
K932Q Hypoactive Yes
K9328 Hypoactive Yes
K932T Hypoactive Yes
K932Y Hypoactive Yes
K932W Hypoactive Yes
N933E Hyperactive Yes
N933V Hyperactive

NO33L Hypoactive Yes
5934Q Hyperactive Yes
$934K Wildtype Yes
S934W Hypoactive

VI36E Hyperactive Yes
VIo36M Hyperactive

V936K Hyperactive

V936G Hypoactive Yes
Q944D Hypoactive Yes
Q944E Hypoactive Yes
Q944K Hypoactive Yes
Q944M Hypoactive

S982W Hypoactive Yes
S982T Hypoactive

S982A Wildtype

S982N Hyperactive

F983L Hypoactive Yes
F983G Hypoactive Yes
K984R Hyperactive

K984F Hypoactive Yes
M986G Hypoactive Yes
M986F Wildtype Yes
MI86L Hypoactive

MI86S Hypoactive

T988F Hypoactive Yes
K932F, FO83L Hypoactive Yes
K932F, T988F Hypoactive Yes
K932R, Q944D Hypoactive Yes
K932R, F983L Hypoactive Yes
K932R, T988F Hypoactive Yes
K932Y, F983L Hypoactive Yes
K932Y, T988F Hypoactive Yes
NO33L, Q944M Hypoactive Yes
V936G, Q944D Hypoactive Yes
V936G, S982W Hypoactive Yes
V936G, M986G Hypoactive Yes
V936G, TI88F Hypoactive Yes
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Q944D, S982W Hypoactive Yes
Q944D, F983L Hypoactive Yes
Q944D, T988F Hypoactive Yes
S982W, FI983L Hypoactive Yes
S982W, T988F Hypoactive Yes
F983G, M986G Hypoactive Yes

Example 2. Enzyme-to-Enzyme Linker Assessment

The activity of different C-to-T base editors (fusion proteins comprising a Cas12a
variant and cytidine deaminase) containing linkers of varying sizes and sequences between
different domains was tested in U20S cells. U20S cells were transfected using a plasmid
expressing the base editor together with a plasmid expressing a gRNA
(AGCCTCAC3CoC1oCTC13sTAGCCCT (SEQ ID NO: 186)). Transfected cells were sorted
after 3 days and re-cultured for another 3 days after which the cells were lysed and genomic
DNA was extracted. Genomic region around the gRNA was PCR amplified and editing was
analyzed by next generation sequencing. In these experiments, LbCas12a was either catalytic
inactive (inactive Cas12a comprising a D832A mutation) LbCas12a or a LbCas12a variant
(TBNO4).

LbBEV2 (comprising Linker4 between rAPOBEC1 and LbCas12a and Linker5
between LbCas12a and UGI) showed efficient base editing (FIG. 6A-6C). FIG. 6A: % of
total reads showing base editing at individual positions. This includes the reads that show
base editing without indels plus the reads that harbor base editing as well as the indels. FIG.
6B: % of total reads showing only base editing at individual positions. This only includes the
reads that show base editing but no indels. FIG. 6C: % of total reads showing base editing at
only one specific position. This excludes all the reads with base editing at multiple positions
as well as the reads harboring indels. Inactive Cas12a was used as the control.

The improvement in the base editing efficiency with LbBEv2 was more significant
when using a base editor containing LbCas12a variant (TBNO4). These data suggest that
inclusion of a longer linker between the Cas12a variant and the base editing enzyme in the
fusion proteins described herein is useful in improving base editing efficiency (likely by
decreasing undesired interactions, e.g., steric interactions, between the Cas12a variant and the
base editing enzyme).

Structure of LbBEV2 is as follows:

Linker3-rAPOBECI1-Linkerd-LbCas12a-NP NLS-Linker5-UGI-Linker2-SV40 NLS; wherein

Linker3 sequence is the amino acid sequence of GS, Linker4 sequence is the amino acid
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sequence of SGGSSGGSSGSETPGTSESATPESSGGSSGGS (SEQ ID NO: 204) and
Linker5 sequence is the amino acid sequence of GSSGGSGGSGGS (SEQ ID NO: 207).

Example 3. Nuclear Localization Signal Assessment

The activity of C-to-T base editors (fusion proteins comprising a LbCas12a Cas12a
variant (TBNO4) and cytidine deaminase) with different NLSs at the N-terminus (LbVEv3,
LbBEv4 and LbBEv5) was tested in U20S cells and compared with LbBEv2, which lacks an
NLS at the N-terminus. U20S cells were transfected using a plasmid expressing the base
editor together with a plasmid expressing the gRNA. Transfected cells were sorted after 3
days and re-cultured for another 3 days after which the cells were lysed, and genomic DNA
was extracted. Genomic region around the gRNA was PCR amplified and editing was
analyzed by next generation sequencing. Two different gRNAs were tested-
TTCTCCCCSTC10TGCTGGATAC (SEQ ID NO:187) (FIG. 7A-7D) and
CTGATGGTCoC1o0ATGTC1sTGTTA (SEQ ID NO: 191) (FIG. 8A-8D).

FIG. 7A: % of total reads showing base editing at individual positions. This includes
the reads that show base editing without indels plus the reads that harbor base editing as well
as the indels. FIG. 7B: % of total reads showing only base editing at individual positions.
This only includes the reads that show base editing but no indels. FIG. 7C: % of total reads
showing base editing at only one specific position. This excludes all the reads with base
editing at multiple positions as well as the reads harboring indels. FIG. 7D: % of total reads
showing indels. Inactive Cas12a was used as the control.

In these experiments, LbCas12a can be catalytic inactive (inactive LbCas12a
comprising a D832A mutation) or a variant LbCas12a (TBN04). Relative to LbBEV2 (i.e.,
lacking an NLS at the N-terminus), C-to-T base editors with N-terminus NLS (LbBEv3,
LbBEv4 and LbBEv5) showed improved base editing efficiency in a gRNA-specific manner
(FIG. 8A-8D). FIG. 8A: % of total reads showing base editing at individual positions. This
includes the reads that show base editing without indels plus the reads that harbor base
editing as well as the indels. FIG. 8B: % of total reads showing only base editing at
individual positions. This only includes the reads that show base editing but no indels. FIG.
8C: % of total reads showing base editing at only one specific position. This excludes all the
reads with base editing at multiple positions as well as the reads harboring indels. FIG. 8D:

% of total reads showing indels. Inactive Cas12a was used as the control.
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These data demonstrate that inclusion of an NLS located at or near the N-terminal of
the fusion proteins described herein is useful in improving base editing efficiency (likely by
increasing the amount of fusion protein located in the nucleus).

Structure of LbBEv3 is as follows:

SV40 NLS-Linker3-rAPOBEC1-Linker4-LbCas12a-NP NLS-Linker5-UGI-Linker2-SV40
NLS

Structure of LbBEv4 is as follows:

NP NLS-Linker3-rAPOBECI1-Linker4-LbCas12a-NP NLS-Linker5-UGI-Linker2-SV40 NLS

Structure of LbBEVS is as follows:

Linker3-BP NLS-Linker3-rAPOBECI1-Linker4-LbCas12a-NP NLS-Linker5-UGI-Linker2-
SV40 NLS

Example 4. Efficiency and Specificity of C-to-T Base Editors

The base editing efficiency and specificity of C-to-T base editors (fusion proteins
comprising a Cas12a variant and cytidine deaminase) was determined when comprising
either inactive LbCas12a (Cas12a comprising a D832 A mutation) or TBNO4 (LbCas12a
variant). U20S cells were transfected using a plasmid expressing the base editor together
with a plasmid expressing the gRNA. Transfected cells were sorted after 3 days and re-
cultured for another 3 days after which the cells were lysed and genomic DNA was extracted.
Genomic region around the gRNA was PCR amplified and editing was analyzed by next
generation sequencing. Two different gRNAs were tested -
AGCCTCACsCoC10C11TC13TAGCCCT (SEQ ID NO:192) (FIG. 9A-9F) and
TTCTCCCCSTC1oTGCTGGATAC (SEQ ID NO: 187) (FIG. 10A-10F).

C-to-T base editor containing the TBNO4 shows overall higher base editing efficiency
than base editors containing inactive Cas12a. Moreover, TBNO4 base editor shows
remarkable base selectivity where the majority of edited alleles has editing only at one
specific position whereas C-to-T base editor containing inactive LbCas12a lacks base
selectivity and edits multiple Cs in the editing window.

For example, for gRNA AGCCTCsACsCoC10C11TC13TAGCCCT (SEQ ID NO: 192),
base editor containing TBNO04 shows editing primarily at C13 whereas base editor with
inactive LbCas12a edits all the Cs between position 6 and 13 with comparable efficiency
(FIG. 9A-9F).

FIGs. 9A-9D provide graphs of data comparing percent (%) of total reads having a C-

to-T nucleotide edit at genomic positions corresponding to positions C6, C8, C9, C10, C11,
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and C13 of the gRNA using the LbBEvS5 base editor. FIG. 9A: % of total reads showing base
editing at individual positions. This includes the reads that show base editing without indels
plus the reads that harbor base editing as well as the indels. FIG. 9B: % of total reads
showing only base editing at individual positions. This only includes the reads that show base
editing but no indels. FIG. 9C: % of total reads showing base editing at only one specific
position. This excludes all the reads with base editing at multiple positions as well as the
reads harboring indels. FIG. 9D: % of total reads showing indels. FIGs. 9E-9F show allele
frequency tables around the gRNA. Fig. 9E: frequency of alleles harboring different edits by
LbBEVS containing inactive LbCas12a and gRNA AGCCTCsACsCoC10C11TC13TAGCCCT
(SEQ ID NO: 192) in U20S cells. FIG. 9F: frequency of alleles harboring different edits by
LbBEVS5 containing TBN04 (LbCas12a) and gRNA AGCCTCsACsCoC10C11TC1sTAGCCCT
(SEQ ID NO: 192) in U20S cells.

Likewise, for gRNA TTCTCCCCsTC1oTGCTGGATAC (SEQ ID NO: 187), base
editor containing TBNO4 shows editing primarily at C1p whereas base editor with inactive
LbCas12a edits both Cg and Ci0 with comparable efficiency (FIG. 10A-10F).

FIGs. 10A-10D provide graphs of data comparing percent (%) of total reads having a
C-to-T nucleotide edit at genomic positions corresponding to positions C8 and C10 of the
gRNA using the LbBEVS base editor. FIG. 10A: % of total reads showing base editing at
individual positions. This includes the reads that show base editing without indels plus the
reads that harbor base editing as well as the indels. FIG. 10B: % of total reads showing only
base editing at individual positions. This only includes the reads that show base editing but no
indels. FIG. 10C: % of total reads showing base editing at only one specific position. This
excludes all the reads with base editing at multiple positions as well as the reads harboring
indels. FIG. 10D: % of total reads showing indels. FIGs. 10E-10F show allele frequency
tables around the gRNA. FIG. 10E: frequency of alleles harboring different edits by LbBEvS
containing inactive LbCas12a and gRNA TTCTCCCCsTC10TGCTGGATAC (SEQ ID NO:
187) in U20S cells. FIG. 10F: frequency of alleles harboring different edits by LbBEv5
containing TBNO4 (LbCas12a) and gRNA TTCTCCCCsTC1yTGCTGGATAC (SEQ ID NO:
187) in U20S cells.

Example 5. Efficiency and Specificity of A-to-G Base Editors
The base editing efficiency and specificity of A-to-G base editor (fusion protein
comprising a Cas12a variant and adenosine deaminase) containing inactive LbCas12a

(Cas12a comprising a D832A mutation) or TBNO4 (LbCas12a variant) was determined.
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U20S cells were transfected using a plasmid expressing the base editor together with a
plasmid expressing the gRNA. Transfected cells were sorted after 3 days and re-cultured for
another 3 days after which the cells were lysed and genomic DNA was extracted. Genomic
region around the gRNA was PCR amplified and editing was analyzed by next generation
sequencing.

The A-to-G base editor containing the TBNO4 shows overall higher base editing
efficiency than base editors containing inactive Cas12a. Moreover, TBNO4 base editor shows
significant base selectivity where the majority of edited alleles has editing only at one
specific position. This is in contrast to the A-to-G base editor containing inactive LbCas12a
which lacked base selectivity and edited multiple As in the editing window. For example, for
gRNA TGCTGCA7AsGTA11A1GCAsSTGCATTTG (SEQ ID NO: 188), base editor
containing TBNO4 shows editing primarily at Ai; whereas base editor with inactive
LbCas12a edits all the As between position 7 and 15 with comparable efficiency (FIG. 11A-
11F).

FIGs. 11A-11D provide graphs of data comparing percent (%) of total reads having a
C-to-T nucleotide edit at genomic positions corresponding to positions A7, A8, All, A12,
and A15 of the gRNA using the LbABESe base editor. FIG. 11A: % of total reads showing
A-to-G base editing at individual positions. This includes the reads that show base editing
without indels plus the reads that harbor base editing as well as the indels. FIG. 11B: % of
total reads showing only base editing at individual positions. This only includes the reads that
show base editing but no indels. FIG. 11C: % of total reads showing base editing at only one
specific position. This excludes all the reads with base editing at multiple positions as well as
the reads harboring indels. FIG. 11D: % of total reads showing indels. FIGs. 11E-11F show
allele frequency tables around the gRNA. Fig. 11E: frequency of alleles harboring different
edits by LbABESe containing inactive LbCas12a and gRNA
TGCTGCA7AsGTA11A12GCA1sTGCATTTG (SEQ ID NO: 188) in U20S cells. FIG. 11F:
frequency of alleles harboring different edits by LbABES8e containing TBN04 (LbCas12a)
and gRNA TGCTGCA7A3GTA11A12GCA1sTGCATTTG (SEQ ID NO: 188) in U20S cells.

The structure of LbABESe is as follows:

BP NLS-TadA-Linker4-LbCas12a-Linker2-BP NLS; wherein LbCas12a can be inactive
LbCas12a or TBNO4 (LbCas12a variant).

A selection of fusion proteins comprising a Cas12a variants as provided in Table 7

were assayed for their ability to produce indels and perform an A-to-G base conversion. The

Cas12a variants were placed into the LbBABESe structural framework. The data in Table 7
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and FIGs. 12A-12C demonstrate that the A-to-G base editors were selective for the Ay in the
gRNA TGCTGCA7AsGTA11A12GCA1sTGCATTTG (SEQ ID NO: 188). These data
demonstrate that single and combinatorial mutations in Cas12a endonuclease provide higher
base editing efficiency and higher base editing selectivity relative to inactive Cas12 and
TBNO4.

FIGs. 12A-12C provide graphs of data comparing percent (%) of total reads having a
A-to-G nucleotide edit at genomic positions corresponding to positions A11 and A12 of the
2RNA using the base editors. FIG. 12A: % of total reads showing A-to-G base editing at
individual positions. This includes the reads that show base editing without indels plus the
reads that harbor base editing as well as the indels. FIG. 12B: % of total reads showing only
base editing at individual positions. This only includes the reads that show base editing but no
indels. FIG. 12C: % of total reads showing base editing at only one specific position (left)
and % of total reads showing indels (right). This excludes all the reads with base editing at

multiple positions as well as the reads harboring indels.

Table 7. Cas12a variant for use in A-to-G base editors*

Only base Unique base
Total base i editing at single
. Indels " editing o .

Variant . . editing . . position without

Mutation (Normalized . without indels | .
name (Normalized to . indels

to TBN04) (Normalized .
TBNO04) to TBNO4) (Normalized to
TBN04)

Inactive D832A 2.9 65.6 109.2 28.2
Casl2a

K932G,
TBNO04 NO33G 100 100 100 100
LbAA9 R833L 101.7 60.1 35.2 34.7
LbAA19 R833K 105.4 94 94.4 92.3
LbEF1s9 R833M 111.6 69 40.5 38.7
LbAA23 K932E 88.6 82.6 84.8 78.8
LbMSO07 Q944K 108.2 90.4 83.9 87.1
LbAA49 K940G 130.4 86.8 62.5 58
LbAC10 Q944K 189.5 119.4 98.2 84.5

K932G,

NO933G,
LbMS3n5 VO36G. 106.3 92.5 90.8 87.7

S929G

K940G,
LbTN37 QO44K 37.7 75.7 100.9 83.8

R836G,
LbTN39 QO44K 21,3 WP 93.3 61,3937
LbTN2 R833M, 52,9 105,4 132,3 77,8
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Variant
name

Mutation

Indels
(Normalized
to TBN04)

Total base
editing
(Normalized to
TBN04)

Only base
editing
without indels
(Normalized
to TBN04)

Unique base
editing at single
position without
indels
(Normalized to
TBN04)

E835D,
Y943T

LbFM14

R836G,
QY944K,
R935G

0,7

65.4

112

34,3

LbFM17

R833M,
E&35D,
Y943T,
R935G

1,2

66,7

113,8

24.8

LbFM28

R833M,
E835D,
Y943T,
QV41K

93,7

160,2

27,5

LbFM44

R833M,
E&35D,
E125A

23,2

94,5

146.8

71,7

LbFM51

Y943F,
Q9%44K,
K932G,
NO933G,
E125A

9,3

113,8

199,9

86,7

LbFM64

R836G,
Q944K,
R935G,
EI125A

0,6

145.8

262,0

85,4

LbFM65

R833M,
E835D,
Y943T,
R935G,
E125A

0,4

131,2

235.8

43,1

LbFM67

R833M,
E835D,
Y943T,
Q941K,
E125A

0.4

134,5

2414

42,9

LbFM76

D832A,
Y943F,
QY944K,
K932G,
N933G,
E125A

1,0

153,8

276,1

65,8

*based on Base Editor LbABE8e SEQ ID NO: 177 and gRNA SEQ ID NO: 189 in HEK 293T cells. Editing

efficiencies are corresponding to A-to-G base editing at position Al1.
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Example 6. Efficiency and Specificity of A-to-C Base Editors

The N-methyl purine glycosylase (MPG) coding sequence was inserted at the N-
terminus (LbABE8e_nMPG) or at the C-terminus (LbABES8e_cMPG) of the LbABESe
construct (A-to-G base editor). The TadA domain functions to convert adenine to inosine. In
the absence of MPG, the inosine is then replaced by guanine during DNA replication and
DNA repair. However, in the presence of MPG, inosine is instead removed by MPG as part
of the base excision (BER) repair pathway to form an AP site, which is further processed to
result in an A-to-C conversion.

The base editing efficiency and specificity of these A-to-C base editors (containing
inactive LbCas12a or TBNO4 (LbCas12a variant)) were determined. HEK 293T cells were
transfected using a plasmid expressing the base editor together with a plasmid expressing the
gRNA. Transfected cells were sorted after 3 days and re-cultured for another 3 days after
which the cells were lysed and genomic DNA was extracted. Genomic region around the
gRNA was PCR amplified and editing was analyzed by next generation sequencing.

The A-to-C base editor containing the TBN04 and MPG (TBN04_nMPG and
TBNO04_cMPG) showed higher A-to-C base editing efficiency than base editors containing
inactive Cas12a. The A-to-C base editors demonstrated high selectivity for specific sites. For
gRNA TGCTGCA7AsGTA11A12GCAIsSTGCATTTG (SEQ ID NO: 189), the base editors
showed selective editing at A1 (FIG. 13A). For gRNA
GTTTA5A6A7CA9CA11CCGGGTTA19A20TA» A3 (SEQ ID NO: 190), the base editors
showed selective editing at Ao (FIG. 13B).

FIG. 13A: % of total reads showing A-to-C, A-to-G, or A-to-T base editing at
position A1 of TGCTGCA7AsGTA11A12GCA1sTGCATTTG (SEQ ID NO: 189). FIG. 13B:
% of total reads showing A-to-C, A-to-G, or A-to-T base editing at position Ag of
GTTTA5AcA7CAsCA11ICCGGGTTA19A20TA2A23 (SEQ ID NO: 190).

Construct structures

The structure of LbABE8e_nMPG is as follows:

MPG-Linker5-BP NLS-TadA-Linker4-LbCas12a-Linker2-BP NLS; wherein LbCas12a can
be inactive LbCas12a or TBNO4 (LbCas12a variant).

The structure of LbABE8e_cMPG is as follows:

BP NLS-TadA-Linker4-LbCas12a-Linker5-MPG-Linker2-BP NLS; wherein LbCas12a can
be inactive LbCas12a or TBNO4 (LbCas12a variant).
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All references, patents and patent applications disclosed herein are incorporated by
reference with respect to the subject matter for which each is cited, which in some cases may
encompass the entirety of the document.

The indefinite articles “a” and “an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”

It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order in which the steps or acts of the method
are recited.

In the claims, as well as in the specification above, all transitional phrases such as

ERIRYS

“comprising,” “including,

9% ¢ ERINT3 99 ¢el

carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the United
States Patent Office Manual of Patent Examining Procedures, Section 2111.03.

The terms “about” and “substantially” preceding a numerical value mean +10% of the
recited numerical value.

Where a range of values is provided, each value between and including the upper and

lower ends of the range are specifically contemplated and described herein.
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‘What is claimed is:
CLAIMS

1. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising a mutation at an amino acid position corresponding to position E95, E125, N256,
R747, H759, N813, K932, N933, S934, V936, S982, or K984 with reference to amino acid
position numbering of LbCas12a ND2006.

2. The engineered variant Cas12a endonuclease of claim 1, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position E95R,
E95Y, E125A, E125W, N256A, R747Y, H759V, H759D, N813R, N813H, K932L, N933E,
N933V, §934Q, VI36E, V936M, V936K, S982N, or K984R.

3. The engineered variant Cas12a endonuclease of claim 1 or 2, wherein the

endonuclease exhibits hyperactivity.

4, The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position E95, optionally
wherein the mutation is E95R or E95Y, further optionally wherein the polypeptide sequence
has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to
the amino acid sequence of SEQ ID NO: 48 or 49.

5. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position E125, optionally
wherein the mutation is E125A or E125W, further optionally wherein the polypeptide
sequence has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100%
identity to the amino acid sequence of SEQ ID NO: 50 or 51.

6. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position N256, optionally
wherein the mutation is N256A, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 52 or 53.

7. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position R747, optionally

wherein the mutation is R747Y, further optionally wherein the polypeptide sequence has at
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least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 54.

8. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position H759, optionally
wherein the mutation is H759V or H759D, further optionally wherein the polypeptide
sequence has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100%
identity to the amino acid sequence of SEQ ID NO: 55 or 56.

9. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position N813, optionally
wherein the mutation is N813R or N813H, further optionally wherein the polypeptide
sequence has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100%
identity to the amino acid sequence of SEQ ID NO: 57, 58, or 59.

10. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position K932, optionally
wherein the mutation is K932L, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 62.

11. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position N933, optionally
wherein the mutation is N933E or N933V, further optionally wherein the polypeptide
sequence has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100%
identity to the amino acid sequence of SEQ ID NO: 76 or 77.

12. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position S934, optionally
wherein the mutation is S934Q, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 79.

13. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position V936, optionally
wherein the mutation is V936E, V936M, or V936K, further optionally wherein the
polypeptide sequence has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%,
or 100% identity to the amino acid sequence of SEQ ID NO: 82, 83, or 84.
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14. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position S982, optionally
wherein the mutation is S982N, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 92.

15. The engineered variant Cas12a endonuclease of any one of the preceding claims
comprising a mutation at an amino acid position corresponding to position K984, optionally
wherein the mutation is K984R, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 96.

16. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising a mutation at an amino acid position corresponding to position N256, 1831, K932,
N933, S934, V936, Q944, S982, F983, K984, M986, or T988 with reference to amino acid
position numbering of LbCas12a ND2006.

17. The engineered variant Cas12a endonuclease of claim 16, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position N256K,
I831A,1831Y, K932A, K932F, K932H, K932M, K932N, K932Q, K932R, K9328S, K932T,
K932W, K932Y, N933L, S934W, V936G, Q944D, Q944E, Q944K, Q944M, S982T,
S982W, F983G, FI83L, K984F, M986G, M986L, M986S, or TI98SF.

18. The engineered variant Cas12a endonuclease of claim 16 or 17, wherein the

endonuclease exhibits hypoactivity.

19. The engineered variant Cas12a endonuclease of any one of claims 16-18 comprising a
mutation at an amino acid position corresponding to position N813, optionally wherein the
mutation is N813H, N813R, or N813W, further optionally wherein the polypeptide sequence
has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to
the amino acid sequence of SEQ ID NO: 57, 58, or 59.

20. The engineered variant Cas12a endonuclease of any one of claims 16-19 comprising a
mutation at an amino acid position corresponding to position 1831, optionally wherein the
mutation is I831A or I831Y, further optionally wherein the polypeptide sequence has at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino
acid sequence of SEQ ID NO: 60 or 61.
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21. The engineered variant Cas12a endonuclease of any one of claims 16-20 comprising a
mutation at an amino acid position corresponding to position K932, optionally wherein the
mutation is K932A, K932F, K932H, K932M, K932N, K932Q, K932R, K932S, K932T,
K932W, or K932Y, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 68, 66, 69, 65, 70, 71, 67,72, 73,75, or 74.

22. The engineered variant Cas12a endonuclease of any one of claims 16-21 comprising a
mutation at an amino acid position corresponding to position N933, optionally wherein the
mutation is N933L, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 78.

23. The engineered variant Cas12a endonuclease of any one of claims 16-22 comprising a
mutation at an amino acid position corresponding to position S934, optionally wherein the
mutation is S934W, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 81.

24. The engineered variant Cas12a endonuclease of any one of claims 16-23 comprising a
mutation at an amino acid position corresponding to position V936, optionally wherein the
mutation is V936G, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 85.

25. The engineered variant Cas12a endonuclease of any one of claims 16-24 comprising a
mutation at an amino acid position corresponding to position Q944, optionally wherein the
mutation is Q944D, Q944E, Q944K, Q944M, further optionally wherein the polypeptide
sequence has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100%
identity to the amino acid sequence of SEQ ID NO: 86, 87, 88, or 89.

26. The engineered variant Cas12a endonuclease of any one of claims 16-25 comprising a
mutation at an amino acid position corresponding to position S982, optionally wherein the
mutation is S982T or S982W, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 90 or 90.
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27. The engineered variant Cas12a endonuclease of any one of claims 16-26 comprising a
mutation at an amino acid position corresponding to position F983, optionally wherein the
mutation is F983G or FO83L, further optionally wherein the polypeptide sequence has at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino
acid sequence of SEQ ID NO: 94 or 93.

28. The engineered variant Cas12a endonuclease of any one of claims 16-27 comprising a
mutation at an amino acid position corresponding to position K984, optionally wherein the
mutation is K984F, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 95.

29. The engineered variant Cas12a endonuclease of any one of claims 16-28 comprising a
mutation at an amino acid position corresponding to position M986, optionally wherein the
mutation is M986G, M986L, or M986S, further optionally wherein the polypeptide sequence
has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to
the amino acid sequence of SEQ ID NO: 97, 99, or 100.

30. The engineered variant Cas12a endonuclease of any one of claims 16-29 comprising a
mutation at an amino acid position corresponding to position T988, optionally wherein the
mutation is T988F, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 101.

31. The engineered variant Cas12a endonuclease of any one of claims 16-18, wherein the
polypeptide sequence comprises mutations at an amino acid positions corresponding to
positions: K932F and F983L; K932F and T988F; K932R and Q944D; K932R and FI83L;
K932R and T988F; K932Y and F983L; K932Y and T988F; N933L and Q944M; V936G and
Q944D; V936G and S982W; V936G and M986G; V936G and TI88F; Q944D and S982W;
Q944D and F983L; Q944D and T988F; S982W and F983L; S982W and TI988F; or F983G
and M986G.

32. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations K932F and F983L, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 102.
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33. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations K932F and T988F, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 103.

34. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations K932R and Q944D, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 104.

35. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations K932R and F983L, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 105.

36. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations K932R and T988F, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 106.

37. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations K932Y and FO983L, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 107.

38. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations K932Y and T988F, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 108.

39. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations N933L and Q944M, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 109.

40. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations V936G and Q944D, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 110.
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41. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations V936G and S982W, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 111.

42. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations V936G and M986G, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 112.

43. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations V936G and T988F, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 113.

44, The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations Q944D and S982W, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 114.

45. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations Q944D and F983L, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 115.

46. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations Q944D and T988F, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 116.

47. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations S982W and F983L, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 117.

48. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations S982W and T988F, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 118.
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49. The engineered variant Cas12a endonuclease of claim 31 comprising the following
mutations F983G and M986G, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 119.

50. An engineered variant Cas12a endonuclease comprising a polypeptide sequence
comprising a mutation at an amino acid position corresponding to position N§813, 1831, K932,
N933, S934, V936, Q944, S982, F983, K984, M986, or T988 with reference to amino acid
position numbering of LbCas12a ND2006.

51. The engineered variant Cas12a endonuclease of claim 50, wherein the polypeptide
sequence comprises a mutation at an amino acid position corresponding to position N813H,
N813R, N813W, I831A,1831Y, K932A, K932F, K932H, K932M, K932N, K932Q, K932R,
K93285, K932T, K932W, K932Y, N933E, N933L, S934K, 5934Q, V936E, V936G, Q944D,
Q944E, Q944K, S982W, F983G, FI83L, K984F, M986F, M986G, or TI988F.

52. The engineered variant Cas12a endonuclease of claim 50 or 51, wherein the

endonuclease exhibits low indiscriminate ssDNase activity.

53. The engineered variant Cas12a endonuclease of any one of claims 50-52 comprising a
mutation at an amino acid position corresponding to position N813, optionally wherein the
mutation is N813H, N813R, or N§13W, further optionally wherein the polypeptide sequence
has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to
the amino acid sequence of SEQ ID NO: 59, 58, or 57.

54. The engineered variant Cas12a endonuclease of any one of claims 50-53 comprising a
mutation at an amino acid position corresponding to position 1831, optionally wherein the
mutation is I831A or I831Y, further optionally wherein the polypeptide sequence has at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino
acid sequence of SEQ ID NO: 60 or 61.

55. The engineered variant Cas12a endonuclease of any one of claims 50-54 comprising a
mutation at an amino acid position corresponding to position K932, optionally wherein the
mutation is K932A, K932F, K932H, K932M, K932N, K932Q, K932R, K932S, K932T,
K932W, or K932Y, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 68, 66, 69, 65, 70, 71, 67, 72,73, 75, or 74.
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56. The engineered variant Cas12a endonuclease of any one of claims 50-55 comprising a
mutation at an amino acid position corresponding to position N933, optionally wherein the
mutation is N933E or N933L, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 76 or 78.

57. The engineered variant Cas12a endonuclease of any one of claims 50-56 comprising a
mutation at an amino acid position corresponding to position S934, optionally wherein the
mutation is S934K or S934Q, further optionally wherein the polypeptide sequence has at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino
acid sequence of SEQ ID NO: 80 or 79.

58. The engineered variant Cas12a endonuclease of any one of claims 50-57 comprising a
mutation at an amino acid position corresponding to position V936, optionally wherein the
mutation is V936E or V936G, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 82 or 85.

59. The engineered variant Cas12a endonuclease of any one of claims 50-58 comprising a
mutation at an amino acid position corresponding to position Q944, optionally wherein the
mutation is Q944D, Q944E, or Q944K, further optionally wherein the polypeptide sequence
has at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to
the amino acid sequence of SEQ ID NO: 86, 87, or 88.

60. The engineered variant Cas12a endonuclease of any one of claims 50-59 comprising a
mutation at an amino acid position corresponding to position S982, optionally wherein the
mutation is S982W, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 90.

61. The engineered variant Cas12a endonuclease of any one of claims 50-60 comprising a
mutation at an amino acid position corresponding to position F983, optionally wherein the
mutation is F983G or F983L, further optionally wherein the polypeptide sequence has at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino
acid sequence of SEQ ID NO: 94 or 93.

62. The engineered variant Cas12a endonuclease of any one of claims 50-61 comprising a

mutation at an amino acid position corresponding to position K984, optionally wherein the
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mutation is K984F, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 95.

63. The engineered variant Cas12a endonuclease of any one of claims 50-62 comprising a
mutation at an amino acid position corresponding to position M986, optionally wherein the
mutation is M986F or M986G, further optionally wherein the polypeptide sequence has at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the
amino acid sequence of SEQ ID NO: 98 or 97.

64. The engineered variant Cas12a endonuclease of any one of claims 50-63 comprising a
mutation at an amino acid position corresponding to position T988, optionally wherein the
mutation is T988F, further optionally wherein the polypeptide sequence has at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 101.

65. The engineered variant Cas12a endonuclease of claim 50, wherein the polypeptide
sequence comprises mutations at an amino acid positions corresponding to positions: N933L

and Q944M; or F983G and M986G.

66. The engineered variant Cas12a endonuclease of claim 65 comprising the following
mutations N933L and Q944M, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 109.

67. The engineered variant Cas12a endonuclease of claim 65 comprising the following
mutations F983G and M986G, optionally wherein the polypeptide sequence has at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or 100% identity to the amino acid
sequence of SEQ ID NO: 119.

68. A polynucleotide encoding an engineered variant Cas12a endonuclease of any one of

the preceding claims.

69. A cell comprising (a) an engineered variant Cas12a endonuclease of any one of the
preceding claims or a polynucleotide endonuclease of any one of the preceding claims and (b)

a guide RNA or a polynucleotide encoding a guide RNA.
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70. A method comprising introducing into a cell (a) an engineered variant Cas12a
endonuclease of the present disclosure or a polynucleotide of any one of the preceding claims

and optionally (b) a guide RNA or a polynucleotide encoding a guide RNA.

71. Use of an engineered variant Cas12a endonuclease of any one of the preceding claims

for cleaving a nucleic acid.

72. A method for introducing a double strand break in a target nucleic acid comprising
introducing into a cell comprising a target nucleic acid (a) an engineered variant Cas12a
endonuclease of any one of the preceding claims and (b) a guide RNA and incubating the cell

to produce a double strand break in the target nucleic acid.

73. A method for introducing a double strand break in a target nucleic acid comprises
introducing into a cell comprising a target nucleic acid (a) an engineered variant Cas12a
endonuclease of any one of the preceding claims and (b) a guide RNA and incubating the cell

to produce a double strand break in the target nucleic acid.

74. The method of claim 73, wherein the off-target single strand nucleic acid cleavage in
the cell is reduced relative to off-target single strand nucleic acid cleavage in a control cell

comprising a wild-type Cas12a endonuclease and a guide RNA.

75. A method for introducing a single strand break in a target nucleic acid, comprises
introducing into a cell comprising a target nucleic acid (a) an engineered variant Cas12a
endonuclease of any one of the preceding claims (b) a guide RNA, and incubating the cell to

produce a single strand break in the target nucleic acid.

76. A fusion protein comprising an engineered variant Cas12a endonuclease of any one of

the preceding claims and a base editing enzyme.

77. A fusion protein comprising the amino acid sequence of any one of SEQ ID NOs:
163-185 and 388-408 or a variant thereof having at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to the
amino acid sequence of any one of SEQ ID NOs: 163-185 and 388-408.

78. A fusion protein comprising an engineered variant Cas12a endonuclease an amino
acid sequence having at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% identity to the amino acid sequence of any one
of SEQ ID NOs: 367-387.
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79. The fusion protein of any one of the preceding claims, wherein the base editing
enzyme is capable of converting a purine into a different purine or a pyrimidine into a

different pyrimidine.

80. The fusion protein of claim 79, wherein the base editing enzyme comprises a

deaminase, a guanine oxidase, or a guanine methyltransferase.

81. The fusion protein of claim 79, wherein the deaminase is a cytidine deaminase or an

adenosine deaminase.

82. The fusion protein of claim 79, wherein the deaminase comprises a rAPOBEC1
polypeptide, an evoAPOBECI polypeptide, a hAPOBEC3A polypeptide, an evoCDA
polypeptide, an evoFERNY polypeptide, or a TadA polypeptide.

83. The fusion protein of any one of the preceding claims, further comprising a uracil

glycosylase inhibitor (UGD).

84. The fusion protein of any one of the preceding claims, further comprising one or more
nuclear localization signal (NLS), optionally selected from an SV40 NLS, a nucleoprotein

(NP) NLS, and a bipartite (BP) NLS.

85. The fusion protein of any one of the preceding claims, further comprising a uracil
DNA glycosylase (UNG), optionally a human UNG (hUNG) or an Escherichia coli UNG
(eUNG).

86. The fusion protein of any one of the preceding claims, further comprising a N-methyl
purine glycosylase (MPG), optionally wherein the MPG is positioned at or near the N-

terminal or C-terminal ends of the fusion protein.

87. The fusion protein of any one of the preceding claims, further comprising one or more
linker.
88. The fusion protein of any one of the preceding claims, wherein the linker comprises

the sequence of SGSETPGTSESATPES (SEQ ID NO: 203).

89. The fusion protein of any one of claims 1-10, wherein the linker comprises the

sequence of SGGSSGGSSGSETPGTSESATPESSGGSSGGS (SEQ ID NO: 204)

90. The fusion protein of any one of the preceding claims, further comprising a DNA

binding domain (DBD).

91. The fusion protein of claim 90, wherein the DBD is a Rad51 DBD.
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92. A polynucleotide encoding the fusion protein of any one of the preceding claims.
93. A cell comprising:
a target nucleic acid comprising a target strand and a non-target strand;

a guide RNA (gRNA) or a nucleic acid encoding a gRNA that binds to the target

strand; and

the fusion protein of any one of the preceding claims or the polynucleotide of any one

of the preceding claims.
4. The cell of claim 93, wherein the cell is a human cell.

95. The cell of claim 93, wherein the human cell is from a human subject, wherein the

human subject has a disease, disorder or condition associated with the target nucleic acid.
96. The cell of claim 93, wherein the cell is a plant cell.

97. A method comprising introducing into a cell (a) the fusion protein of any one of the
preceding claims or the polynucleotide of claim 92 and optionally (b) a guide RNA or a

polynucleotide encoding a guide RNA.
98. A method of gene editing comprising

i) contacting a target nucleic acid sequence with the fusion protein of any one of the
preceding claims and a guide RNA, wherein the target nucleic acid comprises a target

nucleobase; and
(ii) modifying the target nucleobase.

99. The method of claim 98, wherein the target nucleic acid is a target double-stranded

DNA nucleic acid.

100.  The method of claim 98 or 99, wherein the guide RNA directs the fusion protein to

bind to a specific segment of the target nucleic acid and in proximity to the target nucleobase.

101.  The method of any one of claims 97-100, wherein the fusion protein cleaves the target

nucleic acid.

102.  The method of any one of claims 97-101, wherein the fusion protein comprises a

cytidine deaminase and the target nucleobase is a cytidine.

103.  The method of any one of claims 97-101, wherein the fusion protein comprises a

guanine oxidase and the target nucleobase is a guanosine.
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104.  The method of any one of claims 97-101, wherein the fusion protein comprises a

guanine methyltransferase and the target nucleobase is a guanosine.

105. The method of any one of claims 97-104, wherein the method is performed in a cell,

optionally a human cell or a plant cell.

106. The method of any one of claims 97-105, wherein the method is performed in vitro or

ex vivo.
107. The method of any one of claims 97-105, wherein the method is performed in vivo.

108.  The method of any one of claims 97-107, wherein the target nucleic acid is a gene

comprising a nucleobase mutation relative to a wild-type gene.

109.  The method of claim 108, wherein the gene comprising a nucleobase mutation is

associated with a disease or disorder.
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