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MITOCHONDRIAL PROTEIN TARGETING ENGINEERED DEUBIQUITINASES
AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional Patent
Application No. 63/110,625, filed November 6, 2020, the entire disclosure of which is

incorporated herein by reference.

1. FIELD

[a001] This disclosure relates to fusion proteins comprising an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof;, and a
targeting domain comprising a moiety that specifically binds a target mitochondrial protein. The

disclosure further relates to therapeutic methods of using the same.

2. BACKGROUND

{0002} A subset of genetic diseases are associated with a decrease in the level of expression of
a functional mitochondrial protein or a decrease in the stability of a mitochondrial protein. For
example, haploinsufficiency genetic diseases are caused by the presence a single copy of a wild-
type allele in heterozygous combination with a loss of function variant allele, wherein the level of
functional protein expressed is insufficient to produce the standard phenotype. Haploinsufficiency
can arise from a de novo or inherited loss-of-function mutation in the variant allele, such that it
produces little or no functional protein. Despite recent developments in gene therapy, there are still
no curative treatments for these diseases, and treatment typically centers on the management of
symptoms. Therefore, new treatments are needed for diseases, e.g., genetic diseases, that are

associated with decreased functional mitochondrial protein expression or stability.

3. SUMMARY

[0003] Provided herein are, inter alia, engineered deubiquitinases (enDubs) that comprise a
targeting moiety that specifically binds a mitochondrial target protein and a catalytic domain of a
deubiquitinase. The targeting moiety directs that deubiquitinase catalytic domain to the specific

target mitochondrial protein for deubiquitination. The fusion proteins described herein are
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particularly useful in methods of treating genetic diseases, particularly those associated with or
caused by decreased expression or stability of a specific mitochondrial protein.

{0004} In one aspect, provided herein are fusion proteins comprising: an effector domain
comprising a catalytic domain of a deubiquitinase, or a functional fragment or functional variant
thereof, and a targeting domain comprising a targeting moiety that specifically binds a
mitochondrial protein.

j600s] In some embodiments, the deubiquitinase is a cysteine protease or a metalloprotease.
[8006}] In some embodiments, the deubiquitinase is a cysteine protease. In some embodiments,
the cysteine protease is a ubiquitin-specific protease (USP), a ubiquitin C-terminal hydrolase
(UCH), a Machado-Josephin domain protease (MJD), an ovarian tumour protease (OTU), a
MINDY protease, or a ZUFSP protease.

{0007} In some embodiments, the cysteine protease is a USP. In some embodiments, the USP
is USP1, USP2, USP3, USP4, USP5, USP6, USP7, USPS, USP9X, USP9Y, USP10, USPI11,
USP12, USP13, USP14, USP15, USP16, USP17, USP17L2, USP17L3, USP17L4, USP17L5,
USP17L7, USP17L8, USP18, USP19, USP20, USP21, USP22, USP23, USP24, USP25, USP26,
USP27X, USP28, USP29, USP30, USP31, USP32, USP33, USP34, USP35, USP36, USP37,
USP38, USP39, USP40, USP41, USP42, USP43, USP44, USP45, or USP46

[0008] In some embodiments, the cysteine protease is a UCH. In some embodiments, the UCH
is BAP1, UCHL1, UCHLS3, or UCHLS.

0009} In some embodiments, the cysteine protease is a MJD. In some embodiments, the MJD
is ATXN3 or ATXN3L.

18010} In some embodiments, the cysteine protease is a OTU. In some embodiments, the OTU
is OTUBI1 or OTUB2.

{0011} In some embodiments, the cysteine protease is a MINDY. In some embodiments, the

MINDY is MINDY1, MINDY2, MINDY3, or MINDY4.

[0012} In some embodiments, the cysteine protease is a ZUFSP. In some embodiments, the
ZUFSP is ZUPI1.
(0013} In some embodiments, the deubiquitinase is a metalloprotease. In some embodiments,

the metalloprotease is a Jab1/Mov34/Mprl Pad1l N-terminal+ (MPN+) (JAMM) domain protease.
o014} In some embodiments, the deubiquitinase comprises an amino acid sequence at least

80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
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97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOS: 1-112.
0015} In some embodiments, the catalytic domain comprises a catalytic domain derived from
a deubiquitinase at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
any one of SEQ ID NOS: 1-112.

0016} In some embodiments, the catalytic domain comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOS: 113-
220 or 270.

[6017] In some embodiments, the catalytic domain comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 270.

0018} In some embodiments, the moiety that specifically binds a mitochondrial protein
comprises an antibody, or functional fragment or functional variant thereof. In some embodiments,
the antibody, or functional fragment or functional variant thereof, comprises a full-length antibody,
a single chain variable fragment (scFv), a scFv2, a scFv-Fc, aFab, a Fab', a F(ab')2, a F(v), a VHH,
or a (VHH),. In some embodiments, the antibody, or functional fragment or functional variant
thereof, comprises a VHH or a (VHH),.

{6019} In some embodiments, the mitochondrial protein is dynamin-like 120 kDa protein
(OPA1), protoporphyrinogen oxidase (PPOX), frataxin (FXN), DNA polymerase subunit gamma-
1 (POLG), cytochrome ¢ oxidase subunit 6A2, mitochondrial (COX6A?2), ubiquinol-cytochrome-
¢ reductase complex assembly factor 2 (UQCC2), or complex III assembly factor LYRM?7
(LYRM7).

[6020] In some embodiments, the mitochondrial protein is dynamin-like 120 kDa protein
(OPA1), protoporphyrinogen oxidase (PPOX), frataxin (FXN), or DNA polymerase subunit
gamma-1 (POLG).

[0021] In some embodiments, the mitochondrial protein is cytochrome ¢ oxidase subunit 6A2,
mitochondrial (COX6A2), ubiquinol-cytochrome-c reductase complex assembly factor 2
(UQCC2), or complex III assembly factor LYRM7 (LYRM?7).

o022} In some embodiments, the mitochondrial protein comprises an amino acid sequence at

least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino
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acid sequence of any one of SEQ ID NOS: 221-224 or 271-273.

[0023] In some embodiments, the effector domain is directly operably connected to the
targeting domain. In some embodiments, the effector domain is indirectly operably connected to
the targeting domain. In some embodiments, the effector domain is indirectly operably connected
to the targeting domain via a peptide linker. In some embodiments, the effector domain is indirectly
operably connected to the targeting domain via a peptide linker of sufficient length such that the
effector domain and the targeting domain can simultaneous bind the respective target proteins. In
some embodiments, the peptide linker comprises the amino acid sequence of any one of SEQ ID
NOS: 279-406, or the amino acid sequence of any one of SEQ ID NOS: 279-406 comprising 1, 2,
or 3 amino acid modifications. In some embodiments, the peptide linker comprises the amino acid
sequence of any one of SEQ ID NOS: 279-288, or the amino acid sequence of any one of SEQ ID
NOS: 279-288 comprising 1, 2, or 3 amino acid modifications.

10024} In some embodiments, the effector domain is operably connected either directly or
indirectly to the C terminus of the targeting domain. In some embodiments, the effector moiety is
operably connected either directly or indirectly to the N terminus of the targeting domain.

[0025] In one aspect, provided herein are nucleic acid molecules encoding a fusion protein
described herein. In some embodiments, the nucleic acid molecule is a DNA molecule. In some
embodiments, the nucleic acid molecule is an RNA molecule.

{0026} In one aspect, provided herein are vectors comprising a nucleic acid molecule described
herein (e.g., a nucleic acid molecule encoding a fusion protein described herein). In some
embodiments, the vector is a plasmid or a viral vector.

6027} In one aspect, provided herein are viral particles comprising a nucleic acid molecule
described herein (e.g., a nucleic acid molecule encoding a fusion protein described herein).
[0028] In one aspect, provided herein are in vitro cell or population of cells comprising a fusion
protein described herein, a nucleic acid molecule described herein, or a vector described herein.
[0029] In one aspect, provided herein are pharmaceutical compositions comprising a fusion
protein described herein, a nucleic acid described herein, a vector described herein, or a viral
particle described herein, and an excipient.

0030} In one aspect, provided herein are methods of making a fusion protein described herein,
comprising introducing into an in vitro cell or population of cells a nucleic acid molecule described

herein, a vector described herein, or a viral particle described herein; culturing the cell or
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population of cells in a culture medium under conditions suitable for expression of the fusion
protein, isolating the fusion protein from the culture medium, and optionally purifying the fusion
protein.

(0031} In one aspect, provided herein are methods of treating or preventing a disease in a
subject comprising administering a fusion protein described herein, a nucleic acid molecule
described herein, a vector described herein, a viral particle described herein, or a pharmaceutical
composition described herein, to a subject in need thereof. In some embodiments, the subject is
human.

[0032] In some embodiments, the disease is associated with decreased expression of a
functional version of the mitochondrial protein relative to a non-diseased control. In some
embodiments, the disease is associated with decreased stability of a functional version of the
mitochondrial protein relative to a non-diseased control. In some embodiments, the disease is
associated with increased ubiquitination of the nuclear protein relative to a non-diseased control.
In some embodiments, the disease is associated with increased ubiquitination and degradation of
the mitochondrial protein relative to a non-diseased control. In some embodiments, the disease is
a genetic disease.

[0033} In some embodiments, the disease is selected from the group consisting of optic atrophy

1, porphyria variegata, Friedreich's Ataxia, Alpers Syndrome mitochondrial complex IV

deficiency nuclear type 18 (MC4DN18), mitochondrial complex III deficiency nuclear 7
(MC3DN7), mitochondrial complex III deficiency nuclear 8 (MC3DNS).

[0100] In some embodiments, the target mitochondrial protein is OPA1, and the disease is
Optic atrophy 1; the target mitochondrial protein is PPOX, and the disease is porphyria variegata;
the target mitochondrial protein is FXN, and the disease is Friedreich's Ataxia; the target
mitochondrial protein is POLG, and the disease is Alpers Syndrome; the target mitochondrial
protein is COX6A2, and the disease is mitochondrial complex IV deficiency nuclear type 18
(MC4DN18); the target mitochondrial protein is UQCC2, and the disease is mitochondrial
complex III deficiency nuclear 7 (MC3DN7); or the target mitochondrial protein is LYRM7, and
the disease is mitochondrial complex III deficiency nuclear 8 (MC3DNS).

[0034] In some embodiments, the disease is a haploinsufficiency disease.

jO035] In some embodiments, the fusion protein is administered at a therapeutically effective

dose. In some embodiments, the fusion protein is administered systematically or locally. In some
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embodiments, the fusion protein is administered intravenously, subcutaneously, or
intramuscularly.

{0036} In one aspect, provided herein are fusion proteins described herein, polynucleotides
described herein, DNA described herein, RNA described herein, vectors described herein, viral
particles described herein, and pharmaceutical compositions described herein for use as a
medicament.

[0037] In one aspect, provided herein are fusion proteins described herein, polynucleotides
described herein, DNA described herein, RNA described herein, vectors described herein, viral
particles described herein, and pharmaceutical compositions described herein for use in treating or
inhibiting a genetic disorder.

0038] In one aspect, provided herein, are fusion proteins comprising: (a) an effector domain
comprising a catalytic domain of a deubiquitinase, or a functional fragment or functional variant
thereof, and (b) a targeting domain comprising a targeting moiety that specifically binds a
mitochondrial protein.

[0039] In some embodiments, the deubiquitinase is a cysteine protease or a metalloprotease.
0040} In some embodiments, the deubiquitinase is a cysteine protease. In some embodiments,
the cysteine protease is a ubiquitin-specific protease (USP), a ubiquitin C-terminal hydrolase
(UCH), a Machado-Josephin domain protease (MJD), an ovarian tumour protease (OTU), a
MINDY protease, or a ZUFSP protease.

j0041} In some embodiments, the cysteine protease is a USP. In some embodiments, the USP
is selected from the group consisting of USP1, USP2, USP3, USP4, USPS, USP6, USP7, USPS,
USP9X, USP9Y, USP10, USP11, USP12, USP13, USP14, USP15, USP16, USP17, USP17L2,
USP17L3, USP17L4, USP17L5, USP17L7, USP17L8, USP18, USP19, USP20, USP21, USP22,
USP23, USP24, USP25, USP26, USP27X, USP28, USP29, USP30, USP31, USP32, USP33,
USP34, USP35, USP36, USP37, USP38, USP39, USP40, USP41, USP42, USP43, USP44,
USP45, and USP46.

[0042] In some embodiments, the cysteine protease is a UCH. In some embodiments, the UCH
is selected from the group consisting of BAP1, UCHL1, UCHLS3, and UCHLS.

[0043] In some embodiments, the cysteine protease is a MJD. In some embodiments, the MJD
is selected from the group consisting of ATXN3 and ATXN3L.

0044} In some embodiments, the cysteine protease is a OTU. In some embodiments, the OTU



WO 2022/099034 PCT/US2021/058286

is selected from the group consisting of OTUB1 and OTUB2.

[0045] In some embodiments, the cysteine protease is a MINDY. In some embodiments, the
MINDY is selected from the group consisting of MINDY 1, MINDY2, MINDY3, and MINDY4.
[0046} In some embodiments, the cysteine protease is a ZUFSP. In some embodiments, the
ZUFSP is ZUPI.

[0047] In some embodiments, the deubiquitinase is a metalloprotease. In some embodiments,
the metalloprotease is a Jab1/Mov34/Mprl Pad1l N-terminal+ (MPN+) (JAMM) domain protease.
0048} In some embodiments, the deubiquitinase comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to any one of SEQ ID NOS: 1-112.

0049} In some embodiments, the catalytic domain comprises a catalytic domain derived from
a deubiquitinase at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOS: 1-
112.

[0050] In some embodiments, the catalytic domain comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to any one of SEQ ID NOS: 113-220.

[0051] In some embodiments, the moiety that specifically binds a mitochondrial protein
comprises an antibody, or functional fragment or functional variant thereof. In some embodiments,
the antibody, or functional fragment or functional variant thereof, comprises a full-length antibody,
a single chain variable fragment (scFv), a scFv2, a scFv-Fc, a Fab, a Fab', a F(ab')2, a F(v), or a
VHH. In some embodiments, the antibody, or functional fragment or functional variant thereof,
comprises a VHH.

[0052] In some embodiments, the mitochondrial protein is selected from the group consisting
of dynamin-like 120 kDa protein (OPA1), protoporphyrinogen oxidase (PPOX), frataxin (FXN),
and DNA polymerase subunit gamma-1 (POLG).

{0033} In some embodiments, the mitochondrial protein comprises an amino acid sequence at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of
SEQ ID NOS: 221-224.

j0054] In some embodiments, the effector domain is directly fused to the targeting domain. In

some embodiments, the effector domain is indirectly fused to the targeting domain. In some
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embodiments, the effector domain is indirectly fused to the targeting domain via a peptide linker.
In some embodiments, the effector domain is indirectly fused to the targeting domain via a peptide
linker of sufficient length such that the effector domain and the targeting domain can simultaneous
bind the respective target proteins.

[035] In some embodiments, the effector domain is fused to the C terminus of the targeting
domain. In some embodiments, the effector moiety is fused to the N terminus of the targeting
domain.

0056 In one aspect, provided herein are nucleic acid molecules encoding the fusion protein
described herein. In some embodiments, the nucleic acid molecule is a DNA molecule. In some
embodiments, the nucleic acid molecule is an RNA molecule.

[O0ST] In one aspect, provided herein are vectors comprising a nucleic acid molecule described
herein. In some embodiments, the vector is a plasmid or a viral vector.

[0058] In one aspect, provided herein are viral particles comprising a nucleic acid described
herein.

[0059] In one aspect, described herein is an in vitro cell or population of cells comprising a
fusion protein described herein, a nucleic acid molecule described herein, or a vector described
herein.

{0060} In one aspect, provided herein are pharmaceutical compositions comprising a fusion
protein described herein, a nucleic acid molecule described herein, a vector described herein, or a
viral particle described herein, and an excipient.

LHHY Y In one aspect, provided herein are methods of making a fusion protein described herein,
comprising (a) introducing into an in vitro cell or population of cells a nucleic acid described
herein, a vector described herein, or a viral particle described herein; (b) culturing the cell or
population of cells in a culture medium under conditions suitable for expression of the fusion
protein, (c) isolating the fusion protein from the culture medium, and (d) optionally purifying the
fusion protein.

[0062] In one aspect, provided herein are methods of treating a disease in a subject comprising
administering a fusion protein described herein, a nucleic acid described herein, a vector described
herein, or a viral particle described herein, or a pharmaceutical composition described herein, to a
subject in need thereof.

10063} In some embodiments, the subject is human.
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[0064] In some embodiments, the disease is associated with decreased expression of a
functional version of the mitochondrial protein relative to a non-diseased control.

[0065] In some embodiments, the disease is associated with decreased stability of a functional
version of the mitochondrial protein relative to a non-diseased control.

[066] In some embodiments, the disease is associated with increased ubiquitination and
degradation of the mitochondrial protein relative to a non-diseased control.

[8067] In some embodiments, the disease is a genetic disease.

0068 In some embodiments, the disease is optic atrophy 1, porphyria variegata, Friedreich's
Ataxia, and Alpers Syndrome.

[0069] In some embodiments, the disease is a haploinsufficiency disease.

{0070} In some embodiments, the fusion protein is administered at a therapeutically effective
dose. In some embodiments, the the fusion protein is administered systematically or locally. In
some embodiments, the fusion protein is administered intravenously, subcutaneously, or

intramuscularly.

4. BRIEF DESCRIPTION OF THE FIGURES

0071} FIGS. 1A-1D provides a schematic representation of exemplary fusion proteins
described herein. FIG. 1A is a schematic of an engineered deubiquitinase comprising from N’ to
C’ terminus a VHH that specifically binds a mitochondrial target protein and the catalytic domain
of a deubiquitinase. In this specific embodiment, the C-terminus of the VHH is directly connected
to the N-terminus of the catalytic domain of the deubiquitinase. FIG. 1B is a schematic of an
engineered deubiquitinase comprising from N’ to C’ terminus the catalytic domain of a
deubiquitinase that specifically binds a mitochondrial target protein and a VHH that specifically
binds a mitochondrial target protein. In this specific embodiment, the C-terminus of the catalytic
domain of the deubiquitinase is directly connected to the N-terminus of the VHH. FIG. 1C is a
schematic of an engineered deubiquitinase comprising from N’ to C’ terminus a VHH that
specifically binds a mitochondrial target protein and the catalytic domain of a deubiquitinase. In
this specific embodiment, the C-terminus of the VHH is indirectly connected to the N-terminus of
the catalytic domain of the deubiquitinase through a peptide linker. FIG. 1D is a schematic of an
engineered deubiquitinase comprising from N’ to C’ terminus the catalytic domain of a

deubiquitinase that specifically binds a mitochondrial target protein and a VHH that specifically
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binds a mitochondrial target protein. In this specific embodiment, the C-terminus of the catalytic
domain of the deubiquitinase is indirectly connected to the N-terminus of the VHH through a
peptide linker.

(6072} FIG. 2 is a schematic representation of the assay utilized in Example 3, to screen the
effect of targeted deubiquitination of different mitochondrial proteins on target protein expression.
[0073] FIG. 3 is a bar graph depicting the fold change in COX6A2 protein expression relative
to control (deubiquitinase without the nanobody targeting the alfa-tag).

{0074 FIG. 4 is a bar graph depicting the fold change in UQCC?2 protein expression relative
to control (deubiquitinase without the nanobody targeting the alfa-tag).

[0075] FIG. 5 is a bar graph depicting the fold change in LYRM?7 protein expression relative

to control (deubiquitinase without the nanobody targeting the alfa-tag).

. DETAILED DESCRIPTION
5.1 Overview

[6076] Ubiquitination is the process by which ubiquitin ligases mediate the addition of
ubiquitin, a 76 amino acid regulatory protein, to a substrate protein. Ubiquitination generally starts
by the attachment of a single ubiquitin molecule to a lysine amino acid residue of the substrate
protein. Mevissen T. et al. Mechanisms of Deubiquitinase Specificity and Regulation Annual
Review of Biochemistry 86:1, 159-192 (2017), the entire contents of which is incorporated by
reference herein. These monoubiquitination events are abundant and serve various functions.
Ubiquitin itself contains seven lysine residues, all of which can be ubiquitinated resulting in
polyubiquitinated proteins. Komander, D. et al. Breaking the chains: structure and function of the
deubiquitinases. Nat Rev Mol Cell Biol 10, 550-563 (2009), the entire contents of which is
incorporated by reference herein. Mono and polyubiquitination can have multiple effects on the
substrate protein, including marking the substrate protein for degradation via the proteasome,
altering the protein’s cellular location, altering the protein’s activity, and/or promoting or
preventing normal protein interactions. See e.g., Hershko A. et al. The ubiquitin system. Annu Rev
Biochem. 67:425-79 (1998); Nandi D, et al. The ubiquitin-proteasome system. J Biosci.
Mar;31(1):137-55 (2006), the entire contents of each of which is incorporated by reference herein.
The effects of ubiquitination can be reversed or prevented by removing the ubiquitin protein(s)

from the substrate protein. The removal of ubiquitin from a substrate protein is mediated by
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deubiquitinase (DUB) proteins. /d.

(00771 Numerous genetic diseases are associated with or caused by a decrease in the level of
expression of a functional mitochondrial protein or the stability of the mitochondrial protein. For
example, haploinsufficiency genetic diseases are caused by the presence a single copy of a wild-
type allele in heterozygous combination with a loss of function variant allele, wherein the level of
functional protein expressed is insufficient to produce the standard phenotype. See e.g., Johnson,
A. et al, Causes and effects of haploinsufficiency. Biol Rev, 94: 1774-1785 (2019), the entire
contents of which is incorporated by reference herein. Haploinsufficiency can arise from a de novo
or inherited loss-of-function mutation in the variant allele, such that it produces little or no
functional protein. Other genetic disorders result from the ubiquitination and subsequent
degradation of variant but functional proteins, resulting in a decrease in expression of the
functional protein.

10078} The present disclosure provides, inter alia, novel fusion proteins that comprise the
catalytic domain (or functional fragment thereof) of a deubiquitinase and a targeting moiety, such
as a VHH, that specifically binds to a target mitochondrial protein. In some embodiments,
decreased expression of a functional version of the target mitochondrial protein or decreased
stability of a functional version of the target mitochondrial protein is associated with a disease
phenotype. As such, the fusion proteins described herein are particularly useful in the treatment of
genetic diseases characterized by a decrease in the level of expression of a functional target
mitochondrial protein or the stability of the target mitochondrial protein. Upon expression of the
fusion protein by host cells, the catalytic domain of the deubiquitinase will be specifically targeted
to the target mitochondrial protein and deubiquitinated, resulting in increased expression of the

target mitochondrial protein, e.g., to a level sufficient to alleviate the disease phenotype.

5.2 Definitions

0791 The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described.

6080} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure is
related. For example, the Concise Dictionary of Biomedicine and Molecular Biology, Juo, Pei-

Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular Biology, 3rd ed., 1999,
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Academic Press; and the Oxford Dictionary Of Biochemistry And Molecular Biology, Revised,
2000, Oxford University Press, provide one of skill with a general dictionary of many of the terms
used in this disclosure.

{0081} It is to be understood that the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of any subject matter
claimed. In this application, the use of the singular includes the plural unless specifically stated
otherwise.

{0082} It must be noted that, as used in the specification and the appended claims, the singular

(13 29 <C

forms “a,” “an,” and “the” include plural referents unless the context clearly dictates otherwise.
Furthermore, use of the term “including” as well as other forms, such as “include,” “includes,” and
“included,” is not limiting.

{0083} It is understood that wherever aspects are described herein with the language
“comprising,” otherwise analogous aspects described in terms of “consisting of” and/or
“consisting essentially of” are also provided.

[0084] The term “and/or” where used herein is to be taken as specific disclosure of each of the
two specified features or components with or without the other. Thus, the term “and/or” as used in
a phrase such as “A and/or B” herein is intended to include “A and B,” “A or B,” “A” (alone), and
“B” (alone). Likewise, the term “and/or” as used in a phrase such as “A, B, and/or C” is intended
to encompass each of the following aspects: A, B, and C; A, B, orC; AorC; AorB; Bor C; A
and C; A and B; B and C; A (alone); B (alone); and C (alone).

[0085] Units, prefixes, and symbols are denoted in their Systeme International de Unites (SI)
accepted form. Numeric ranges are inclusive of the numbers defining the range. The headings
provided herein are not limitations of the various aspects of the disclosure, which can be had by
reference to the specification as a whole. Accordingly, the terms defined immediately below are
more fully defined by reference to the specification in its entirety.

[0086] As described herein, any concentration range, percentage range, ratio range or integer
range is to be understood to include the value of any integer within the recited range and, when
appropriate, fractions thereof (such as one tenth and one hundredth of an integer), unless otherwise
indicated.

jO0RT| The terms “about” or “comprising essentially of” refer to a value or composition that

is within an acceptable error range for the particular value or composition as determined by one of
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ordinary skill in the art, which will depend in part on how the value or composition is measured or
determined, i.e., the limitations of the measurement system. For example, “about” or “comprising
essentially of” can mean within 1 or more than 1 standard deviation per the practice in the art.
Alternatively, “about” or “comprising essentially of” can mean a range of up to 20%. Furthermore,
particularly with respect to biological systems or processes, the terms can mean up to an order of
magnitude or up to S-fold of a value. When particular values or compositions are provided in the
application and claims, unless otherwise stated, the meaning of “about” or “comprising essentially
of” should be assumed to be within an acceptable error range for that particular value or
composition.

[O088] As used herein, the term “catalytic domain” in reference to a deubiquitinase refers to
an amino acid sequence, or a variant thereof, of a deubiquitinase that is capable of mediating
deubiquitination of a target protein. The catalytic domain may comprise a naturally occurring
amino acid sequence of a deubiquitinase or it may comprise a variant amino acid sequence of a
naturally occurring deubiquitinase. The catalytic domain may comprise the minimum amino acid
sequence of a deubiquitinase to mediate deubiquitination of a target protein. The catalytic domain
may comprise more than the minimum amino acid sequence of a deubiquitinase to mediate
deubiquitination of a target protein.

[0089] The terms “polynucleotide” and “nucleic acid sequence” are used interchangeably
herein and refer to a polymer of DNA or RNA. The polynucleotide sequence can be single-
stranded or double-stranded; contain natural, non-natural, or altered nucleotides; and contain a
natural, non-natural, or altered internucleotide linkage, such as a phosphoroamidate linkage or a
phosphorothioate linkage, instead of the phosphodiester found between the nucleotides of an
unmodified polynucleotide sequence. Polynucleotide sequences include, but are not limited to, all
polynucleotide sequences which are obtained by any means available in the art, including, without
limitation, recombinant means, e.g., the cloning of polynucleotide sequences from a recombinant
library or a cell genome, using ordinary cloning technology and polymerase chain reaction, and
the like, and by synthetic means.

{6090} The terms “amino acid sequence” and “polypeptide” are used interchangeably herein
and refer to a polymer of amino acids connected by one or more peptide bonds.

[a091] The term “functional variant” as used herein in reference to a protein or polypeptide

refers to a protein that comprises at least one amino acid modification (e.g., a substitution, deletion,

13



WO 2022/099034 PCT/US2021/058286

addition) compared to the amino acid sequence of a reference protein, that retains at least one
particular function. In some embodiments, the reference protein is a wild type protein. For
example, a functional variant of an IL-2 protein can refer to an IL-2 protein comprising an amino
acid substitution as compared to a wild type IL-2 protein that retains the ability to bind the
intermediate affinity IL-2 receptor but abrogates the ability of the protein to bind the high affinity
IL-2 receptor. Not all functions of the reference wild type protein need be retained by the
functional variant of the protein. In some instances, one or more functions are selectively reduced
or eliminated.

(0092} The term “functional fragment” as used herein in reference to a protein or polypeptide
refers to a fragment of a reference protein that retains at least one particular function. For example,
a functional fragment of an anti-HER2 antibody can refer to a fragment of the anti-HER2 antibody
that retains the ability to specifically bind the HER2 antigen. Not all functions of the reference
protein need be retained by a functional fragment of the protein. In some instances, one or more
functions are selectively reduced or eliminated.

0093} As used herein, the term “modification,” with reference to a polynucleotide sequence,
refers to a polynucleotide sequence that comprises at least one substitution, alteration, inversion,
addition, or deletion of nucleotide compared to a reference polynucleotide sequence.
Modifications can include non-naturally nucleotides. As used herein, the term “modification,” with
reference to an amino acid sequence refers to an amino acid sequence that comprises at least one
substitution, alteration, inversion, addition, or deletion of an amino acid residue compared to a
reference amino acid sequence. Modifications can include the inclusion of non-naturally occurring
amino acid residues.

[6094] As used herein, the term “derived from” with reference to an amino acid sequence
refers to an amino acid sequence that has at least 80% sequence identity to a reference naturally
occurring amino acid sequence. For example, a catalytic domain derived from a naturally occurring
deubiquitinase means that the catalytic domain has an amino acid sequence with at least 80%
sequence identity to the sequence of the deubiquitinase catalytic domain from which it is derived.
The term “derived from” as used herein does not denote any specific process or method for
obtaining the amino acid sequence. For example, the amino acid sequence can be chemically or
recombinantly synthesized.

[0095] The term “fusion protein” and grammatical equivalents as used herein refers to a
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protein that comprises an amino acid sequence derived from at least two separate proteins. The
amino acid sequence of the at least two separate proteins can be directly connected through a
peptide bond; or can be operably connected through an amino acid linker. Therefore, the term
fusion protein encompasses embodiments, wherein the amino acid sequence of e.g., Protein A is
directly connected to the amino acid sequence of Protein B through a peptide bond (Protein A —
Protein B), and embodiments, wherein the amino acid sequence of e.g., Protein A is operably
connected to the amino acid sequence of Protein B through an amino acid linker (Protein A —linker
— Protein B).

[0096] The term “fuse” and grammatical equivalents thereof as used herein refers to the
operable connection of an amino acid sequence derived from one protein to the amino acid
sequence derived from different protein. The term fuse encompasses both a direct connection of
the two amino acid sequences through a peptide bond, and the indirect connection through an
amino acid linker.

[6097] An “isolated antibody” refers to an antibody that is substantially free of other antibodies
having different antigenic specificities (e.g., an isolated antibody that binds specifically to HER2
is substantially free of antibodies that bind specifically to antigens other than HER2). An isolated
antibody that binds specifically to HER2 may, however, cross-react with other antigens, such as
HER?2 molecules from different species. Moreover, an isolated antibody may be substantially free
of other cellular material and/or chemicals. By comparison, an “isolated” nucleic acid refers to a
nucleic acid composition of matter that is markedly different, i.e., has a distinctive chemical
identity, nature and utility, from nucleic acids as they exist in nature. For example, an isolated
DNA, unlike native DNA, is a freestanding portion of a native DNA and not an integral part of a
larger structural complex, the chromosome, found in nature. Further, an isolated DNA, unlike
native DNA, can be used as a PCR primer or a hybridization probe for, among other things,
measuring gene expression and detecting biomarker genes or mutations for diagnosing disease or
predicting the efficacy of a therapeutic. An isolated nucleic acid may also be purified so as to be
substantially free of other cellular components or other contaminants, e.g., other cellular nucleic
acids or proteins, using standard techniques well known in the art.

[0098] As used herein, the term “antibody” or “antibodies” are used in the broadest sense and
encompasses various antibody structures, including but not limited to monoclonal antibodies,

polyclonal antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody
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fragments so long as they exhibit the desired antigen-binding activity (i.e. antigen binding
fragments as defined herein). The term antibody thus includes, for example, include full-length
antibodies, antigen-binding fragments of full-length antibodies, molecules comprising antibody
CDRs, VH regions, and/or VL regions; and antibody-like scaffolds (e.g., fibronectins). Examples
of antibodies include, without limitation, monoclonal antibodies, recombinantly produced
antibodies, monospecific antibodies, multispecific antibodies (including bispecific antibodies),
human antibodies, humanized antibodies, chimeric antibodies, immunoglobulins, synthetic
antibodies, tetrameric antibodies comprising two heavy chain and two light chain molecules, an
antibody light chain monomer, an antibody heavy chain monomer, an antibody light chain dimer,
an antibody heavy chain dimer, an antibody light chain- antibody heavy chain pair, intrabodies,
heteroconjugate antibodies, antibody-drug conjugates, single domain antibodies (e.g.,VHH,
(VHH)2), monovalent antibodies, single chain antibodies, single-chain Fvs (scFv; (scFv)y),
camelized antibodies, affybodies, Fab fragments (e.g., Fab, single chain Fab (scFab), F(ab’),
fragments, disulfide-linked Fvs (sdFv), anti-idiotypic (anti-Id) antibodies (including, e.g., anti-
anti-Id antibodies), diabodies, tribodies, and antibody-like scaffolds (e.g., fibronectins), Fc fusions
(e.g., Fab-Fc, scFv-Fc, VHH-Fc, (scFv):-Fc, (VHH),-Fc, and antigen-binding fragments of any of
the above, and conjugates or fusion proteins comprising any of the above. In certain embodiments,
antibodies described herein refer to polyclonal antibody populations. In certain embodiments,
antibodies described herein refer to monoclonal antibody populations. Antibodies can be of any
type (e.g., 1gG, IgE, IgM, IgD, IgA or IgY), any class (e.g., 1gG1, IgGa, 1gGs, IgGa, IgA or IgAr),
or any subclass (e.g., IgG2a or IgGap) of immunoglobulin (Ig) molecule. In certain embodiments,
antibodies described herein are IgG antibodies, or a class (e.g., human IgGi or IgGs) or subclass
thereof. In a specific embodiment, the antibody is a humanized monoclonal antibody. In another
specific embodiment, the antibody is a human monoclonal antibody.

0099} The term “full-length antibody,” as used herein refers to an antibody having a structure
substantially similar to a native antibody structure comprising two heavy chains and two light
chains interconnected by disulfide bonds. In some embodiments, the two heavy chains comprise a
substantially identical amino acid sequence; and the two light chains comprise a substantially
identical amino acid sequence. Antibody chains may be substantially identical but not entirely
identical if they differ due to post-translational modifications, such as C-terminal cleavage of

lysine residues, alternative glycosylation patterns, etc.
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[60100] The terms “antigen binding fragment” and “antigen binding domain” are used
interchangeably herein and refer to one or more polypeptides, other than a full-length antibody,
that is capable of specifically binding to antigen and comprises a portion of a full-length antibody
(e.g., a VH, a VL). Exemplary antigen binding fragments include, but are not limited to, single
domain antibodies (e.g.,VHH, (VHH),), single chain antibodies, single-chain Fvs (scFv; (scFv),),
camelized antibodies, affybodies, Fab fragments (e.g., Fab, single chain Fab (scFab), F(ab’),
fragments, and disulfide-linked Fvs (sdFv). The antigen binding domain can be part of a larger
protein, e.g., a full-length antibody.

[00101] The term “(scFv),” as used herein refers to an antibody that comprises a first and a
second scFv operably connected (e.g., via alinker). The first and second scFv can specifically bind
the same or different antigens. In some embodiments, the first and second scFv are operably
connected by an amino via an amino acid linker.

[00102] The term “(VHH),” as used herein refers to an antibody that comprises a first and a
second VHH operably connected (e.g., via a linker). The first and the second VHH can specifically
bind the same or different antigens. In some embodiments, the first and second VHH are operably
connected by an amino via an amino acid linker.

[00103] The term “Fab-Fc” as used herein refers to an antibody that comprises a Fab operably
linked to an Fc domain or a subunit of an F¢c domain. A full-length antibody described herein
comprises two Fabs, one Fab operably connected to one Fc domain and the other Fab operably
connected to a second Fc domain.

[00104]{ The term “scFv-Fc¢” as used herein refers to an antibody that comprises a scFv operably
linked to an Fc domain or subunit of an F¢ domain.

f00105] The term “VHH-Fc” as used herein refers to an antibody that comprises a VHH
operably linked to an Fc domain or a subunit of an F¢c domain.

[00106] The term “(scFv);-Fc” as used herein refers to a (scFv), operably linked to an Fc
domain or a subunit of an Fc domain.

{00107]  The term “(VHH)2-Fc” as used herein refers to (VHH); operably linked to an Fc domain
or a subunit of an Fc domain.

[00108] “Antibody-like scaffolds” are known in the art, for example, fibronectin and designed
ankyrin repeat proteins (DARPins) have been used as alternative scaffolds for antigen-binding

domains, see, e.g., Gebauer and Skerra, Engineered protein scaffolds as next-generation antibody
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therapeutics. Curr Opin Chem Biol 13:245-255 (2009) and Stumpp et al., Darpins: A new
generation of protein therapeutics. Drug Discovery Today 13: 695-701 (2008). Exemplary
antibody-like scaffold proteins include, but are not limited to, lipocalins (Anticalin), Protein A-
derived molecules such as Z-domains of Protein A (Affibody), an A-domain (Avimer/Maxibody),
a serum transferrin (trans-body); a designed ankyrin repeat protein (DARPin), VNAR fragments,
a fibronectin (AdNectin), a C-type lectin domain (Tetranectin); a variable domain of a new antigen
receptor beta-lactamase (VNAR fragments), a human gamma-crystallin or ubiquitin (Affilin
molecules); a kunitz type domain of human protease inhibitors, microbodies such as the proteins
from the knottin family, peptide aptamers and fibronectin (adnectin).

f00109]  As used herein, the term “CDR” or “complementarity determining region” means the
noncontiguous antigen combining sites found within the variable region of both heavy and light
chain polypeptides. These particular regions have been described by Kabat ez a/., J. Biol. Chem.
252, 6609-6616 (1977) and Kabat ef al., Sequences of protein of immunological interest. (1991),
all of which are herein incorporated by reference in their entireties. Unless otherwise specified,
the term “CDR” is a CDR as defined by Kabat ef a/., J. Biol. Chem. 252, 6609-6616 (1977) and
Kabat et al., Sequences of protein of immunological interest. (1991).

[00110]  As used herein, the term “framework (FR) amino acid residues” refers to those amino
acids in the framework region of an antibody variable region. The term “framework region” or
“FR region” as used herein, includes the amino acid residues that are part of the variable region,
but are not part of the CDRs (e.g., using the Kabat definition of CDRs).

[00111]  Asused herein, the term “heavy chain” when used in reference to an antibody can refer
to any distinct type, e.g., alpha (a), delta (6), epsilon (g), gamma (y), and mu (u), based on the
amino acid sequence of the constant domain, which give rise to IgA, IgD, IgE, IgG, and IgM
classes of antibodies, respectively, including subclasses of IgG, e.g., IgGi, IgG, IgGs, and IgGs.
[00112]  As used herein, the term “light chain” when used in reference to an antibody can refer
to any distinct type, e.g., kappa (k) or lambda (1) based on the amino acid sequence of the constant
domains. Light chain amino acid sequences are well known in the art. In specific embodiments,
the light chain is a human light chain.

[00113]  Asused herein, the terms “variable region” refers to a portion of an antibody, generally,
a portion of a light or heavy chain, typically about the amino-terminal 110 to 120 amino acids or

110 to 125 amino acids in the mature heavy chain and about 90 to 115 amino acids in the mature
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light chain, which differ extensively in sequence among antibodies and are used in the binding and
specificity of a particular antibody for its particular antigen. The variability in sequence is
concentrated in those regions called complementarity determining regions (CDRs) while the more
highly conserved regions in the variable domain are called framework regions (FR). Without
wishing to be bound by any particular mechanism or theory, it is believed that the CDRs of the
light and heavy chains are primarily responsible for the interaction and specificity of the antibody
with antigen. In certain embodiments, the variable region is a human variable region. In certain
embodiments, the variable region comprises rodent or murine CDRs and human framework
regions (FRs). In particular embodiments, the variable region is a primate (e.g., non-human
primate) variable region. In certain embodiments, the variable region comprises rodent or murine
CDRs and primate (e.g., non-human primate) framework regions (FRs).

[00114] The terms “VL” and “VL domain” are used interchangeably to refer to the light chain
variable region of an antibody.

f00115]  The terms “VH” and “VH domain” are used interchangeably to refer to the heavy chain
variable region of an antibody.

[00116]  Asused herein, the terms “constant region” and “constant domain” are interchangeable
and are common in the art. The constant region is an antibody portion, e.g., a carboxyl terminal
portion of a light and/or heavy chain which is not directly involved in binding of an antibody to
antigen but which can exhibit various effector functions, such as interaction with an Fc receptor
(e.g., Fc gamma receptor). The constant region of an immunoglobulin (Ig) molecule generally has
a more conserved amino acid sequence relative to an immunoglobulin (Ig) variable domain.
[00117] The term “Fc region” as used herein refers to the C-terminal region of an
immunoglobulin (Ig) heavy chain that comprises from N- to C-terminus at least a CH2 domain
operably connected to a CH3 domain. In some embodiments, the Fc region comprises an
immunoglobulin (Ig) hinge region operably connected to the N-terminus of the CH2 domain.
Examples of proteins with engineered Fc regions can be found in Saunders 2019 (K. O. Saunders,
“Conceptual Approaches to Modulating Antibody Effector Functions and Circulation Half-Life,”
2019, Frontiers in Immunology, V. 10, Art. 1296, pp. 1-20, which is incorporated by reference
herein).

[00118] As used herein, the term “EU numbering system” refers to the EU numbering

convention for the constant regions of an antibody, as described in Edelman, G M. et al., Proc.
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Natl. Acad. USA, 63, 78-85 (1969) and Kabat ef al/, Sequences of Proteins of Immunological
Interest, U.S. Dept. Health and Human Services, Sth edition, 1991, each of which is herein
incorporated by reference in its entirety.

(00119  As used herein, the term “Kabat numbering system” refers to the Kabat numbering
convention for variable regions of an antibody, see e.g., Kabat ef al, Sequences of Proteins of
Immunological Interest, U.S. Dept. Health and Human Services, 5th edition, 1991. Unless
otherwise noted, numbering of the variable regions of an antibody are denoted according to the
Kabat numbering system.

[00128]  As used herein, the terms “specifically binds,” refers to molecules that bind to an
antigen (e.g., epitope or immune complex) as such binding is understood by one skilled in the art.
For example, a molecule that specifically binds to an antigen can bind to other peptides or
polypeptides, generally with lower affinity as determined by, e.g., immunoassays, BIAcore®,
KinExA 3000 instrument (Sapidyne Instruments, Boise, ID), or other assays known in the art. In
a specific embodiment, molecules that specifically bind to an antigen bind to the antigen with a
Ka that is at least 2 logs (e.g., factors of 10), 2.5 logs, 3 logs, 4 logs or greater than the K4 when
the molecules bind non-specifically to another antigen. The skilled worker will appreciate that an
antibody, as described herein, can specifically bind to more than one antigen (e.g., via different
regions of the antibody molecule). The term specifically binds includes molecules that are cross
reactive with the same antigen of a different species. For example, an antigen binding domain that
specifically binds human CD20 may be cross reactive with CD20 of another species (e.g.,
cynomolgus monkey, or murine), and still be considered herein to specifically bind human CD20.
[00121]  “Affinity” refers to the strength of the sum total of non-covalent interactions between
a single binding site of a molecule (e.g., a receptor) and its binding partner (e.g., a ligand). Unless
indicated otherwise, as used herein, “binding affinity” refers to intrinsic binding affinity, which
reflects a 1 : 1 interaction between members of a binding pair (e.g., an antigen binding moiety and
an antigen, or a receptor and its ligand). The affinity of a molecule X for its partner Y can generally
be represented by the dissociation constant (KD), which is the ratio of dissociation and association
rate constants (koff and kon, respectively). Thus, equivalent affinities may comprise different rate
constants, as long as the ratio of the rate constants remains the same. Affinity can be measured by
well-established methods known in the art, including those described herein. A particular method

for measuring affinity is Surface Plasmon Resonance (SPR).
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[60122] The determination of “percent identity” between two sequences (e.g., amino acid
sequences or nucleic acid sequences) can be accomplished using a mathematical algorithm.
Identity measures 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
(i.e., “algorithms”). A specific, non-limiting example of a mathematical algorithm utilized for the
comparison of two sequences is the algorithm of Karlin S & Altschul SF (1990) PNAS 87: 2264-
2268, modified as in Karlin S & Altschul SF (1993) PNAS 90: 5873-5877, each of which is herein
incorporated by reference in its entirety. Such an algorithm is incorporated into the BLASTN,
BLASTP, BLASTX programs of Altschul SF et al., (1990) J Mol Biol 215: 403, which is herein
incorporated by reference in its entirety. BLAST nucleotide searches can be performed with the
NBLAST nucleotide program parameters set, e.g., for score=100, wordlength=12 to obtain
nucleotide sequences homologous to a nucleic acid molecule described herein. BLAST protein
searches can be performed with the BLASTP program parameters set, e.g., default settings; to
obtain amino acid sequences homologous to a protein molecule described herein. To obtain gapped
alignments for comparison purposes, Gapped BLAST can be utilized as described in Altschul SF
et al., (1997) Nuc Acids Res 25: 3389-3402, which is herein incorporated by reference in its
entirety. Alternatively, PSIBLAST can be used to perform an iterated search which detects distant
relationships between molecules (Id.). When utilizing BLAST, Gapped BLAST, and PSI Blast
programs, the default parameters of the respective programs (e.g., of BLASTP and BLASTN) can
be used (see, e.g., National Center for Biotechnology Information (NCBI) on the worldwide web,
ncbi.nlm.nih.gov). Another specific, non-limiting example of a mathematical algorithm utilized
for the comparison of sequences is the algorithm of Myers and Miller, 1988, CABIOS 4:11-17,
which is herein incorporated by reference in its entirety. Such an algorithm is incorporated in the
ALIGN program (version 2.0) which is part of the GCG sequence alignment software package.
When utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight
residue table, a gap length penalty of 12, and a gap penalty of 4 can be used. The percent identity
between two sequences can be determined using techniques similar to those described above, with
or without allowing gaps. In calculating percent identity, typically only exact matches are counted.
As described above, the percent identity is based on the amino acid matches between the smaller
of two proteins. Therefore, for example, using NCBI Basic Local Alignment Tool - BLASTP

program on the default settings (Search Parameters: word size 3, expect value 0.05, hitlist 100,
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Gapcosts 11,1; Matrix BLOSUM®62, Filter string: F; Genetic Code: 1; Window Size: 40;
Threshold: 11; Composition Based Stats: 2; Karlin-Altschul Statistics: Lambda: 0.31293; 0.267;
K: 0.132922; 0.041; H: 0.401809; 0.14; and Relative Statistics: Effective search space: 288906);,
the percent identity between SEQ ID NO: 80 and SEQ ID NO: 270 is 100% identity.

f00123]  As used herein, the term “operably connected” refers to a linkage of polynucleotide
sequence elements or amino acid sequence elements in a functional relationship. For example, a
polynucleotide sequence is operably connected when it is placed into a functional relationship with
another polynucleotide sequence. In some embodiments, a transcription regulatory polynucleotide
sequence e.g., a promoter, enhancer, or other expression control element is operably-linked to a
polynucleotide sequence that encodes a protein if it affects the transcription of the polynucleotide
sequence that encodes the protein.

{00124 The terms “subject” and “patient” are used interchangeably herein and include any
human or nonhuman animal. The term “nonhuman animal” includes, but is not limited to,
vertebrates such as nonhuman primates, sheep, dogs, and rodents such as mice, rats and guinea
pigs. In some embodiments, the subject is a human.

[00125{  As used herein, the term “administering” refers to the physical introduction of a
therapeutic agent (or a precursor of the therapeutic agent that is metabolized or altered within the
body of the subject to produce the therapeutic agent in vivo) to a subject, using any of the various
methods and delivery systems known to those skilled in the art. Exemplary routes of include
intravenous, intramuscular, subcutaneous, intraperitoneal, spinal or other parenteral routes of
administration, for example by injection or infusion. The term “parenteral administration” as used
herein means modes of administration other than enteral and topical administration, usually by
injection, and includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal,
intralymphatic, intralesional, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal,
epidural and intrasternal injection and infusion, as well as in vivo electroporation. A therapeutic
agent may be administered via a non-parenteral route, or orally. Other non-parenteral routes
include a topical, epidermal or mucosal route of administration, for example, intranasally,
vaginally, rectally, sublingually or topically. Administering can also be performed, for example,
once, a plurality of times, and/or over one or more extended periods.

[00126] A “therapeutically effective amount” or “therapeutically effective dose” of a drug or
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therapeutic agent is any amount of the drug that, when used alone or in combination with another
therapeutic agent, protects a subject against the onset of a disease or promotes disease regression
evidenced by a decrease in severity of disease symptoms, an increase in frequency and duration of
disease symptom-free periods, or a prevention of impairment or disability due to the disease
affliction. The ability of a therapeutic agent to promote disease regression can be evaluated using
a variety of methods known to the skilled practitioner, such as in human subjects during clinical
trials, in animal model systems predictive of efficacy in humans, or by assaying the activity of the
agent in in vitro assays.

f00127]  The terms “disease,” “disorder,” and “syndrome” are used interchangeably herein.

29 <C

[60128]  As used herein, the terms “treat,” treating,” “treatment,” and the like refer to reducing
or ameliorating a disease and/or symptom(s) associated therewith or obtaining a desired
pharmacologic and/or physiologic effect. It will be appreciated that, although not precluded,
treating a disease does not require that the disease or symptoms associated therewith be completely
eliminated. In some embodiments, the effect is therapeutic, i.e., without limitation, the effect
partially or completely reduces, diminishes, abrogates, abates, alleviates, decreases the intensity
of, or cures a disease and/or adverse symptom attributable to the disease. In some embodiments,
the effect is preventative, i.e., the effect protects or prevents an occurrence or reoccurrence of a

disease. To this end, the presently disclosed methods comprise administering a therapeutically

effective amount of a compositions as described herein.

5.3 Fusion Proteins

[00129] In certain aspects, provided herein are fusion proteins that comprise an effector domain
comprising a catalytic domain of a deubiquitinase, or a functional fragment or functional variant
thereof, and a targeting domain comprising a moiety that specifically binds a target cytosolic

protein.

5.3.1 Effector Domain

(00130] In some embodiments, the effector domain comprises a catalytic domain of a
deubiquitinase, or a functional fragment or functional variant thereof. In some embodiments, the
deubiquitinase is human. In some embodiments, the catalytic domain is derived from a naturally

occurring deubiquitinase (e.g., a naturally occurring human deubiquitinase).
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[60131] In some embodiments, the amino acid sequence of the effector domain comprises the
amino acid sequence of a full length deubiquitinase. In some embodiments, the amino acid
sequence of the effector domain comprises the amino acid sequence of a catalytic domain of a
deubiquitinase and an additional amino acid sequence at the N-terminal, C-terminal, or N-terminal
and C-terminal end of the catalytic domain.

[00132] Insome embodiments, the catalytic domain comprises a naturally occurring amino acid
sequence of a deubiquitinase. In some embodiments, the catalytic domain comprises a variant of
a naturally occurring deubiquitinase. In some embodiments, the amino acid sequence of the
catalytic domain of the fusion protein is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%., or 100% identical to the
amino acid sequence of the catalytic domain of a naturally occurring deubiquitinase. In some
embodiments, the amino acid sequence of the catalytic domain of the fusion protein comprises 1,
2,3,4,5,6,7,8,9, 10, 15, or 20 amino acid modifications compared to the amino acid sequence
of the catalytic domain of a naturally occurring deubiquitinase.

(00133] In some embodiments, the catalytic domain comprises the minimum amino acid
sequence of a naturally occurring deubiquitinase sufficient to mediate deubiquitination of a target
protein. In some embodiments, the catalytic domain comprises more than the minimum amino acid
sequence of a naturally occurring deubiquitinase sufficient to mediate deubiquitination of a target
protein.

[00134] In some embodiments, the deubiquitinase is a cysteine protease or a metalloprotease.
In some embodiments, the deubiquitinase is a cysteine protease. In some embodiments, the
deubiquitinase is a metalloprotease. In some embodiments, the deubiquitinase is a ubiquitin-
specific protease (USP), a ubiquitin C-terminal hydrolase (UCH), a Machado-Josephin domain
protease (MJD), an ovarian tumor protease (OTU), a MINDY protease, or a ZUFSP protease.
[00135] Exemplary deubiquitinases include, but are not limited to, USP1, USP2, USP3, USP4,
USPS, USP6, USP7, USP8, USP9X, USP9Y, USP10, USP11, USP12, USP13, USP14, USP15,
USP16, USP17, USP17L2, USP17L3, USP17L4, USP17L5, USP17L7, USP17L8, USPI18,
USP19, USP20, USP21, USP22, USP23, USP24, USP25, USP26, USP27X, USP28, USP29,
USP30, USP31, USP32, USP33, USP34, USP35, USP36, USP37, USP38, USP39, USP40,
USP41, USP42, USP43, USP44, USP45, USP46, BAP1, UCHLI1, UCHL3, UCHLS, ATXN3,
ATXN3L, OTUB1, OTUB2, MINDY1, MINDY?2, MINDY3, MINDY4, and ZUP1. Exemplary
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deubiquitinases for use in the present disclosure are also disclosed in Komander, D. et al. Breaking
the chains: structure and function of the deubiquitinases. Nat Rev Mol Cell Biol 10, 550-563
(2009), the entire contents of which is incorporated by reference herein.

{00136] In some embodiments, the deubiquitinase is selected from the group consisting of
USP1, USP2, USP3, USP4, USP5, USP6, USP7, USP8, USP9X, USP9Y, USP10, USP11, USP12,
USP13, USP14, USP15, USP16, USP17, USP17L2, USP17L3, USP17L4, USP17L5, USP17L7,
USP17L8, USP18, USP19, USP20, USP21, USP22, USP23, USP24, USP25, USP26, USP27X,
USP28, USP29, USP30, USP31, USP32, USP33, USP34, USP35, USP36, USP37, USP38,
USP39, USP40, USP41, USP42, USP43, USP44, USP45, and USP46.

[60137] In some embodiments, the deubiquitinase is BAP1, UCHL1, UCHL3, or UCHLS. In
some embodiments, the deubiquitinase is ATXN3 or ATXN3L. In some embodiments, the
deubiquitinase is OTUB1 or OTUB2. In some embodiments, the deubiquitinase is MINDY1,
MINDY2, MINDY3, or MINDY4. In some embodiments, the deubiquitinase is ZUP1. In some
embodiments, the deubiquitinase is a Jabl/Mov34/Mprl Padl N-terminal+ (MPN+) (JAMM)
domain protease.

(00138 In some embodiments, the deubiquitinase is a deubiquitinase described in Table 1. In
some embodiments, the amino acid sequence of the deubiquitinase comprises an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of a
deubiquitinase in Table 1. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to a catalytic
domain of a deubiquitinase in Table 1. In some embodiments, the effector domain comprises a
functional fragment of a deubiquitinase in Table 1. In some embodiments, the effector domain
deubiquitinase comprises a functional variant of deubiquitinase in Table 1. In some embodiments,
the catalytic domain comprises a functional fragment of a catalytic domain of a deubiquitinase in
Table 1. In some embodiments, the catalytic domain comprises a functional variant of a catalytic
domain of a deubiquitinase in Table 1.

[00139] In some embodiments, the deubiquitinase comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical any one of SEQ ID NOS: 1-112. In some embodiments, the
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deubiquitinase consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical any
one of SEQ ID NOS: 1-112.

[00140] In some embodiments, the deubiquitinase comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 1. In some embodiments, the deubiquitinase
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%. or 100% identical to SEQ ID NO:
2. In some embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 3. In some embodiments, the deubiquitinase comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 4. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 5. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 6. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 7. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 8. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 9. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 10. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or

100% identical to SEQ ID NO: 11. In some embodiments, the deubiquitinase comprises an amino
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acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 12. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 13. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 14. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 15. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 16. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 17. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 18. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 19. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 20. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 21. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 22. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 23. In some embodiments, the deubiquitinase comprises an amino

acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
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93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 24. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 25. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 26. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 27. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 28. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 29. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 30. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 31. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 32. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 33. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 34. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 35. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 36. In some
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embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 37. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 38. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 39. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 40. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 41. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 42. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 43. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 44. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 45. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 46. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 47. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 48. In some

embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
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84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 49. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 50. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 51. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 52. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 53. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 54. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 55. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 56. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 57. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 58. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 59. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 60. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,

84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
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100% identical to SEQ ID NO: 61. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 62. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 63. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 64. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 65. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 66. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 67. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 68. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 69. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 70. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 71. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 72. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or

100% identical to SEQ ID NO: 73. In some embodiments, the deubiquitinase comprises an amino
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acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 74. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 75. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 76. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 77. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 78. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 79. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 80. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 81. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 82. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 83. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 84. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 85. In some embodiments, the deubiquitinase comprises an amino

acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
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93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 86. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 87. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 88. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 89. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 90. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 91. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 92. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 93. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 94. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 95. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 96. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 97. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 98. In some
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embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 99. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 100. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 101. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 102. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 103. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 104. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 105. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 106. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 107. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 108. In some
embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to SEQ ID NO: 109. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 110. In some

embodiments, the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
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84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 111. In some embodiments, the deubiquitinase comprises an amino
acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 112.

f00141] In some embodiments, the amino acid sequence of the effector domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the
catalytic domain of any one of SEQ ID NOS: 1-112. In some embodiments, the amino acid
sequence of the effector domain consists of an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to the amino acid sequence of the catalytic domain of any one of SEQ ID NOS: 1-
112.

[00142] In some embodiments, the amino acid sequence of the effector domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the
catalytic domain of SEQ ID NO: 1. In some embodiments, the amino acid sequence of the effector
domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%., or 100% identical to the
amino acid sequence of the catalytic domain of SEQ ID NO: 2. In some embodiments, the amino
acid sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 3. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 4. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%. 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 5. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,

84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
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100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 6. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 7. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 8. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 9. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 10. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 11. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 12. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 13. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 14. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 15. In some
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embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 16. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 17. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 18. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 19. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 20. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 21. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 22. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 23. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 24. In some

embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
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at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 25. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 26. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 27. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 28. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 29. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 30. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 31. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 32. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 33. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence

at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
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95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 34. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 35. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 36. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 37. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 38. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 39. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 40. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 41. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 42. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
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of SEQ ID NO: 43. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 44. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 45. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 46. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 47. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 48. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 49. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 50. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 51. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain

of SEQ ID NO: 52. In some embodiments, the amino acid sequence of the effector domain
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comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 53. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 54. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 55. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 56. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 57. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 58. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 59. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 60. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 61. In some embodiments, the amino acid sequence of the effector domain

comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
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89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 62. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 63. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 64. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 65. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 66. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 67. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 68. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 69. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 70. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
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acid sequence of the catalytic domain of SEQ ID NO: 71. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 72. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 73. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 74. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 75. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 76. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 77. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 78. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 79. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino

acid sequence of the catalytic domain of SEQ ID NO: 80. In some embodiments, the amino acid
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sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 81. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 82. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 83. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 84. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 85. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 86. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 87. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 88. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 89. In some embodiments, the amino acid

sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
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84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 90. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 91. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 92. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 93. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 94. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 95. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 96. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 97. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 98. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,

84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
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100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 99. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 100. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 101. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 102. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 103. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 104. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 105. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 106. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 107. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%., 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 108. In some
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embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 109. In some embodiments, the amino acid sequence of the effector domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%. 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of the catalytic domain of SEQ ID NO: 110. In some embodiments, the amino acid
sequence of the effector domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to the amino acid sequence of the catalytic domain of SEQ ID NO: 111. In some
embodiments, the amino acid sequence of the effector domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of the catalytic domain
of SEQ ID NO: 112.

(00143] In some embodiments, the catalytic domain is derived from a deubiquitinase that
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%. 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of any one of SEQ ID NOS: 1-112. In some embodiments, the catalytic domain is
derived from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%., 99%,
or 100% identical to the amino acid sequence of any one of SEQ ID NOS: 1-112.

[00144] In some embodiments, the catalytic domain is derived from a deubiquitinase that
consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%. 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 1. In some embodiments, the catalytic domain is derived from a
deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 2. In some embodiments, the catalytic domain is
derived from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,

or 100% identical to the amino acid sequence of SEQ ID NO: 3. In some embodiments, the
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catalytic domain is derived from a deubiquitinase that consists of an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 4. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
5. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 6. In some embodiments, the catalytic domain is derived from a deubiquitinase that
consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 7. In some embodiments, the catalytic domain is derived from a
deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 8. In some embodiments, the catalytic domain is
derived from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the amino acid sequence of SEQ ID NO: 9. In some embodiments, the
catalytic domain is derived from a deubiquitinase that consists of an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 10. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
11. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 12. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% identical to the
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amino acid sequence of SEQ ID NO: 13. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence of SEQ ID NO: 14. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 15. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
16. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 17. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 18. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 19. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 20. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
21. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 22. In some embodiments, the catalytic domain is derived from a deubiquitinase

that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
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88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 23. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 24. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 25. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
26. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 27. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 28. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 29. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 30. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
31. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence

of SEQ ID NO: 32. In some embodiments, the catalytic domain is derived from a deubiquitinase
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that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 33. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 34. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 35. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
36. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 37. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 38. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 39. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 40. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
41. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
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of SEQ ID NO: 42. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 43. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 44. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 45. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
46. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 47. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 48. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 49. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 50. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
51. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of

an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
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91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 52. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 53. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 54. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 55. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
56. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 57. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 58. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 59. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 60. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:

61. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
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an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 62. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 63. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 64. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 65. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
66. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 67. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 68. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 69. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 70. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
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71. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 72. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 73. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 74. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 75. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
76. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 77. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 78. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence of SEQ ID NO: 79. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 80. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid

sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
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94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
81. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 82. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 83. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 84. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 85. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
86. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 87. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 88. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence of SEQ ID NO: 89. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 90. In some

embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
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sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
91. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 92. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 93. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 94. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 95. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
96. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 97. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 98. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 99. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 100. In some
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embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
101. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 102. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 102. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of SEQ ID NO: 104. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 105. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
106. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 107. In some embodiments, the catalytic domain is derived from a deubiquitinase
that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 108. In some embodiments, the catalytic domain is derived
from a deubiquitinase that consists of an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence of SEQ ID NO: 109. In some embodiments, the catalytic
domain is derived from a deubiquitinase that consists of an amino acid sequence at least 80%,

81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
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98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 110. In some
embodiments, the catalytic domain is derived from a deubiquitinase that consists of an amino acid
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO:
111. In some embodiments, the catalytic domain is derived from a deubiquitinase that consists of
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 112.

[00145] In some embodiments, the catalytic domain comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOS: 113-
220 or 270. In some embodiments, the catalytic domain consists of an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOS: 113-
220.

[00146] In some embodiments, the catalytic domain comprises an amino acid sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 113. In some
embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to the amino acid sequence of SEQ ID NO: 114. In some embodiments, the
catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 115. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%. 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 116. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 117. In some embodiments, the catalytic domain comprises an amino acid sequence

at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
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95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 118.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 119. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 120. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 121. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 122. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 123.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 124. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 125. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 126. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 127. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 128.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,

82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
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99%, or 100% identical to the amino acid sequence of SEQ ID NO: 129. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 130. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 131. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 132. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 133.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 134. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 135. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 136. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 137. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 138.

In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,

82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or 100% identical to the amino acid sequence of SEQ ID NO: 139. In some embodiments,

the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,

86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
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to the amino acid sequence of SEQ ID NO: 140. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 141. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 142. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 143.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 144. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 145. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 146. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 147. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 148.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 149. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 150. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
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acid sequence of SEQ ID NO: 151. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 152. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 153.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 154. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 155. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 156. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 157. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 158.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 159. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 160. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 161. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
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SEQ ID NO: 162. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 163.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 164. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 165. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 166. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 167. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 168.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 169. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 170. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 171. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 172. In some embodiments, the catalytic domain comprises an amino acid sequence

at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 173.
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In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 174. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 175. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 176. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 177. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 178.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 179. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 180. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 181. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 182. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 183.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 184. In some embodiments,
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the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 185. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 186. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 187. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 188.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 189. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 190. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 191. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 192. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 193.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 194. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical

to the amino acid sequence of SEQ ID NO: 195. In some embodiments, the catalytic domain
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comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 196. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 197. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 198.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 199. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 200. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 201. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 202. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 203.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 204. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 205. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino

acid sequence of SEQ ID NO: 206. In some embodiments, the catalytic domain comprises an
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amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 207. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 208.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 209. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 210. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 211. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of
SEQ ID NO: 212. In some embodiments, the catalytic domain comprises an amino acid sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 213.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 214. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 215. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 216. In some embodiments, the catalytic domain comprises an
amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of

SEQ ID NO: 217. In some embodiments, the catalytic domain comprises an amino acid sequence
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at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 218.
In some embodiments, the catalytic domain comprises an amino acid sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 219. In some embodiments,
the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%. 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 220. In some embodiments, the catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%., 92%. 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 270.

{00147 Table 1 below describes, the amino acid sequence of exemplary human deubiquitinases
and exemplary catalytic domains of the exemplary human deubiquitinases. The catalytic domains
are exemplary. A person of ordinary skill in the art could readily determine a sufficient amino acid
sequence of a human deubiquitinase to mediate deubiquitination (e.g., a catalytic domain). Any of
the human deubiquitinases (functional fragment or variants thereof) may be used to derive a
catalytic domain for use in a fusion protein described herein.

Table 1. The amino acid sequence of exemplary human deubiquitinases and exemplary catalytic

domains of the same

. . SE . . SE Exemplary Catalytic Domains
Description D 1\?0 Amino Acid Sequence D 1\?0 ( A?nilf()), Acid Syequence)
MCKDYVYDKDIEQIAKEEQGEA SSFTIGLRGLINLGNTC FMN
LKLOASTSTEVSHQQCSVPGLG CTIVQOALTHTPILRDFFLSDR
EKFPTWETTKPELELLGHNPRR HRCEMPSPELCLVCEMSSLF
RRITSSFTIGLRGLINLGNTCF RELYSGNPSPHVPYKLLHLV
MNCTVQATLTHTPTLRDFFLSDR WIHARHLAGYRQQDAHEFL, T
HRCEMPSPELCLVCEMSSLFRE AATDVLHRHCKGDDVGKAAN
LYSGNPSPHVPYKLLHLVWIHA NPNHCNCTTDQTFTGGLQSD
UBP2Z7 HUM RHLAGYRQQDAHEFLIAALDVL VTCQACHGVSTTIDPCWDTS
AN Ubiquitin HRHCKGDDVGKAANNPNHCNC T LDLPGSCTSFWPMSPGRESS
carboxyl- 1 TDOTFTGGLOSDVTCQACHGVS 13 | YNGESHIPGITTLTDCLRRE
terminal TTIDPCWDISLDLPGSCTSFWP TRPEHLGSSAKIKCGSCOSY
hydrolase 27 MSPGRESSVNGESHIPGITTLT OESTKQLTMNKLPVVACFHF
DCLRRFTRPEHLGSSAKTKCGS KRFEHSAKQRRKITTYTSFP
COSYQESTKQLTMNKLPVVACF LELDMTPFMASSKESRMNGO
HFKRFEHSAKQRRKITTYISFP LOLPTNSGNNENKYSTLFAVV
LELDMTPFMASSKESRMNGOLQ NHQGTLESGHYTSFIRHHKD
LPTNSGNNENKY STL,EAVVNHQG QWFKCDDAVITKASTKDVLD
TLESGHYTSFTRHHKDQWFKCD
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DAVITKASIKDVLDSEGYLLEY
HKOQVLEHESEKVKEMNTQAY

SEGYLLEFYHKOVLEHESEKV
KEMNTQAY

UBP48 HUM
AN Ubiquitin

carboxyl- 2

terminal
hydrolase 48

MAPRLOLEKAAWRWAETVRPEE
VSQEHIETAYRIWLEPCIRGVC
RRNCKGNPNCLVGIGEHIWLGE
IDENSEFHNIDDPNCERRKKNSE
VGLTNLGATCYVNTEFLOQVWELN
LELRQALYLCPSTCSDYMLGDG
IQEEKDYEPQTICEHLQYLEFAL
LONSNRRYIDPSGEFVKALGLDT
GOQODAQEFSKLEFMSLLEDTLS
KOKNPDVRNIVQQQFCGEYAYV
TVCNQCGRESKLLSKEFYELELN
IQGHKQLTDCISEFLKEEKLEG
DNRY FCENCQSKONATRKIRLL
SLPCTLNLQLMREVEFDRQTGHK
KKLNTYIGEFSEILDMEPYVEHK
GGSYVYELSAVLIHRGVSAY SG
HYIAHVKDPQSGEWYKENDEDTI
EKMEGKKLOQLGIEEDLAEPSKS
QTRKPKCGKGTHCSRNAYMLVY
RLOTQEKPNTTVQVPAFLOELV
DRDNSKFEEWCIEMAEMRKQSV
DKGKAKHEEVKELYQRLPAGAE
PYEFVSLEWLOQKWLDESTPTKP
IDNHACLCSHDKLHPDKISIMK
RISEYAADIEFYSRYGGGPRLTV
KALCKECVVERCRILRLKNQLN
EDYKTVNNLLKAAVKGSDGEWV
GKSSLRSWROQLALEQLDEQDGD
AEQSNGKMNGSTLNKDESKEER
KEEEELNENEDILCPHGELCIS
ENERRLVSKEAWSKLQQY FPKA
PEFPSYKECCSQCKILEREGEE
NEALHKMIANEQKTSLPNLEQD
KNRPCLSNWPEDTDVLYIVSQF
FVEEWRKEVRKPTRCSPVSSVG
NSALLCPHGGLMEFTFASMTKED
SKLIALIWPSEWOMIQKLEVVD
HVIKITRIEVGDVNPSETQYIS
EPKLCPECREGLLCOQQQRDLRE
YTQATIYVHKVVDNKKVMKDSA
PELNVSSSETEEDKEEAKPDGE
KDPDENQSNGGTKROKISHONY
IAYQOKOVIRRSMRHRKVRGEKA
LLVSANQTLKELKIQIMHAFEFSV
APFDONLSIDGKILSDDCATLG
TLGVIPESVILLKADEPIADYA
AMDDVMQVCMPEEGFKGTGLLG
H

114

NSEFHNIDDPNCERRKKNSEV
GLTNLGATCYVNTEFLOQVWEL
NLELRQALYLCPSTCSDYML
GDGIQEEKDYEPQTICEHLQ
YLEFATLLONSNRRYIDPSGEV
KALGLDTGQQQODAQEFSKLE
MSLLEDTLSKOQKNPDVRNIV
QOQFCGEYAYVTVCNQCGRE
SKLLSKEFYELELNIQGHKQL
TDCISEFLKEEKLEGDNRYF
CENCQSKONATRKIRLLSLP
CTLNLQLMREVEFDRQTGHKK
KLNTYIGFSEILDMEPYVEH
KGGSYVYELSAVLIHRGVSA
YSGHY TAHVKDPQOSGEWYKE
NDEDIERKMEGKKLOQLGIEED
LAEPSKSQTRKPKCGKGTHC
SRNAYMLVYRLQT
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UBP3 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 3

MECPHLSSSVCIAPDSAKEPNG
SPSSWCCSVCRSNKSPWVCLTC
SSVHCGRYVNGHAKKHYEDAQV
PLTNHKKSEKQDKVQHTVCMDC
SSYSTYCYRCDDEVVNDTKLGL
VOKVREHLONLENSAFTADRHK
KRKLLENSTLNSKLLKVNGSTT
ATCATGLRNLGNTCEFMNAILQS
LSNIEQFCCYFKELPAVELRNG
KTAGRRTYHTRSQGDNNVSLVE
EFRKTLCALWQGSQTAFSPESL
FYVVWKIMPNFRGYQQQODAHEF
MRYLLDHLHLELQGGENGVSRS
ATLOQENSTLSASNKCCINGAST
VVTAIFGGILONEVNCLICGTE
SRKEDPFLDLSLDIPSQFRSKR
SKNQENGPVCSLRDCLRSEFTDL
EELDETELYMCHKCKKKQKSTK
KEWIQKLPKVLCLHLKREFHWTA
YLRNKVDTYVEFPLRGLDMKCY
LLEPENSGPESCLYDLAAVVVH
HGSGVGSGHYTAYATHEGRWEH
FNDSTVTLTDEETVVKAKAYTIL
FYVEHQAKAGSDKL

115

TATICATGLRNLGNTCEMNAT
LOSLSNIEQFCCYFKELPAV
ELRNGKTAGRRTYHTRSQGD
NNVSLVEEFRKTLCALWQOGS
QTAFSPESLEYVVWKIMPNE
RGYQQODAHEFMRYLLDHLH
LELOGGEFNGVSRSAILQENS
TLSASNKCCINGASTVVTAT
FGGILONEVNCLICGTESRK
FDPFLDLSLDIPSQFRSKRS
KNOQENGPVCSLRDCLRSETD
LEELDETELYMCHKCKKKQOK
STKKEWIQKLPKVLCLHLKR
FHWTAYLRNKVDTYVEFPLR
GLDMKCYLLEPENSGPESCL
YDLAAVVVHHGSGVGSGHYT
AYATHEGRWEFHENDSTVTLT
DEETVVKAKAYILEYVEHOQ

U17LB_ HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 11

QLAPREKLPLSSRRPAAVGAGL
ONMGNTCYVNASLOQCLTYTPPL
ANYMLSREHSQTCHRHKGCMLC
TMOAHITRALHNPGHVIQPSQA
LAAGFHRGKQEDAHEFLMETVD
AMKKACLPGHKQVDHHSKDTTL
THOQIFGGYWRSQIKCLHCHGIS
DTEFDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGVCL
QRAPASKTLTLHTSAKVLILVL
KRESDVTGNKIAKNVQYPECLD
MOPYMSQTNTGPLVYVLYAVLV
HAGWSCHNGHY F'SYVKAQEGOW
YKMDDAEVTASSITSVLSQQAY
VLEYIQKSEWERHSESVSRGRE
PRALGAEDTDRRATQGELKRDH
PCLOAPELDEHLVERATQESTL
DHWKEFLOQEQONKTKPEEFNVRKVE
GTLPPDVLVIHQSKYKCGMKNH
HPEQOSSLLNLSSTTPTHQESM
NTGTLASLRGRARRSKGKNKHS
KRALLVCQ

116

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQTNTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS

UBP1 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 1

MPGVIPSESNGLSRGSPSKKNR
LSLKFFOKKETKRALDETDSQE
NEEKASEYRASEIDQVVPAAQS
SPINCEKRENLLPEFVGLNNLGN
TCYLNSILOQVLYFCPGFKSGVK

117

LPEFVGLNNLGNTCYLNSILQ
VLY FCPGFKSGVKHLENITIS
RKKEALKDEANQKDKGNCKE
DSLASYELICSLQSLIISVE
QLOASFLLNPEKYTDELATQ
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HLENIISRKKEALKDEANQKDK
GNCKEDSLASYELICSLOSLITI
SVEQLOQASFLLNPEKYTDELAT
QPRRLLNTLRELNPMYEGYLQH
DAQEVLQCILGNIQETCQLLKK
EEVKNVAELPTKVEETIPHPKEE
MNGINSTIEMDSMRHSEDFKEKL
PKGNGKRKSDTE FGNMKKKVKL
SKEHOQSLEENQRQTRSKRKATS
DTLESPPKITIPKYISENESPRP
SOKKSRVKINWLKSATKQPSIL
SKECSLGKITTNQGVKGQSKEN
ECDPEEDLGKCESDNTTNGCGL
ESPGNTVTPVNVNEVKPINKGE
EQIGFELVEKLFQGQLVLRTRC
LECESLTERREDFQDISVPVQE
DELSKVEESSEISPEPKTEMKT
LRWAISQFASVERIVGEDKYFC
ENCHHYTEAERSLLEDKMPEVTI
TIHLKCFAASGLEFDCYGGGLS
KINTPLLTPLKLSLEEWSTKPT
NDSYGLFAVVMHSGITISSGHY
TASVKVTDLNSLELDKGNEVVD
OMCEIGKPEPLNEEEARGVVEN
YNDEEVSIRVGGNTQPSKVLNK
KNVEAIGLLGGOKSKADYELYN
KASNPDKVASTAFAENRNSETS
DTTGTHESDRNKESSDQTGINI
SGEFENKISYVVQSLKEYEGKWL
LEFDDSEVKVTEEKDFLNSLSPS
TSPTSTPYLLEYKKL

PRRLLNTLRELNPMYEGYLQ
HDAQEVLQCILGNIQETCQL
LKKEEVKNVAELPTKVEEIP
HPKEEMNGINSIEMDSMRHS
EDFKEKLPKGNGKRKSDTEF
GNMKKKVKLSKEHQSLEENQ
ROTRSKRKATSDTLESPPKT
IPKYISENESPRPSQKKSRV
KINWLKSATKQPSILSKECS
LGKITTNQGVKGQSKENECD
PEEDLGKCESDNTTNGCGLE
SPGNTVTPVNVNEVKPINKG
EEQIGFELVEKLFQGQLVLR
TRCLECESLTERREDEFQDIS
VPVQEDELSKVEESSEISPE
PKTEMKTLRWAISQFASVER
IVGEDKYFCENCHHYTEAER
SLLEFDKMPEVITIHLKCEFAA
SGLEFDCYGGGLSKINTPLL
TPLKLSLEEWSTKPTNDSYG
LFAVVMHSGITISSGHYTAS
VKVTDLNSLELDKGNEVVDQ
MCEIGKPEPLNEEEARGVVE
NYNDEEVSIRVGGNTQPSKV
LNKKNVEATIGLLGGQKSKAD
YELYNKASNPDKVASTAFAE
NRNSETSDTTGTHESDRNKE
SSDOQTGINISGFENKISYVV
QSLKEYEGKWLLEDDSEVKV
TEEKDFLNSLSPSTSPTSTP
YLLEYKKL

UBP40 HUM
AN Ubiquitin

carboxyl- 6

terminal
hydrolase 40

MEGDLFEEEY STVSNNQYGKGK
KLKTKALEPPAPREFTNLSGIR
NOGGTCYLNSLLOQTLHEFTPEFR
EALFSLGPEELGLFEDKDKPDA
KVRITPLOLORLFAQLLLLDOQE
AASTADLTDSEFGWTSNEEMROH
DVOELNRILESALETSLVGTSG
HDLIYRLYHGTIVNQIVCKECK
NVSERQEDFLDLTVAVKNVSGL
EDATLWNMYVEEEVEDCDNLYHC
GTCDRLVKAAKSAKLRKLPPFL
TVSLLRENEFDEVKCERYKETSC
YTFPLRINLKPFCEQSELDDLE
YIYDLESVIIHKGGCYGGHYHV
YIKDVDHLGNWQFQEEKSKPDV
NLKDLOSEEEIDHPLMILKATIL
LEENNLIPVDQLGOQKLLKKIGI
SWNKKYRKQHGPLRKELQLHSQ
IFLLSSDESTVRLLKNSSLQAE
SDEQRNDQQIFKMLPPESPGLN

118

FINLSGIRNQGGTCYLNSLL
QTLHFTPEFREALFSLGPEE
LGLFEDKDKPDAKVRIIPLQ
LORLFAQLLLLDQEAASTAD
LTDSEFGWTSNEEMRQHDVQE
LNRILFSALETSLVGTSGHD
LIYRLYHGTIVNQIVCKECK
NVSERQEDEFLDLTVAVKNVS
GLEDALWNMYVEEEVEDCDN
LYHCGTCDRLVKAAKSAKLR
KLPPFLTVSLLRENEFDEVKC
ERYKETSCYTFPLRINLKPFE
CEQSELDDLEYIYDLESVITI
HKGG

CYGGHYHVY IKDVDHLGNWQ
FOEEKSKPDVNLKDLQSEEE
IDHPLMILKAILLEENNLIP
VDOQLGOKLLKKIGISWNKKY
RKOHGPLRKFLOLHSQIFLL
SSDESTVRLLKNSSLQAESD
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NSISCPHWEDINDSKVQPIREK
DIEQQFQGKESAYMLEYRKSQL
QRPPEARANPRYGVPCHLLNEM
DAANTIELQTKRAECDSANNTEFE
LHLHLGPQYHEFEFNGALHPVVSQ
TESVWDLTEFDKRKTLGDLRQST
FOLLEFWEGDMVLSVAKLVPAG
LHIYQSLGGDELTLCETEIADG
EDIFVWNGVEVGGVHIQTGIDC
EPLLILNVLHLDTSSDGEKCCQV
IESPHVEFPANAEVGTVLTALAT
PAGVIFINSAGCPGGEGWTATIP
KEDMRKTEFREQGLRNGSSILIQ
DSHDDNSLLTKEEKWVTSMNE T
DWLHVKNLCQLESEEKQVKISA
TVNTMVEFDIRIKATKELKLMKE
LADNSCLRPIDRNGKLLCPVPD
SYTLKEAELKMGSSLGLCLGKA
PSSSQLEFLFFAMGSDVQPGTEM
EIVVEETISVRDCLKLMLKKSG
LOGDAWHLRKMDWCYEAGEPLC
EEDATLKELLICSGDTLLLIEG
QLPPLGFLKVPIWWYQLOGPSG
HWESHODQTNCTSSWGRVWRAT
SSQGASGNEPAQVSLLYLGDIE
ISEDATLAELKSQAMTLPPFLE
FGVPSPAHLRAWTVERKRPGRL
LRTDROQPLREYKLGRRIEICLE
PLOKGENLGPOQDVLLRTQVRIP
GERTYAPALDLVWNAAQGGTAG
SLROQRVADFYRLPVEKIETIAKY
FPEKFEWLPISSWNQQITKRKK
KKKODYLOQGAPYYLKDGDTIGV
KNLLIDDDDDESTIRDDTGKEK
QKORALGRRKSQEALHEQSSYT
LSSAETPARPRAPETSLSIHVG
SER

FORNDQOIFKMLPPESPGLN
NSISCPHWEDINDSKVQPIR
EKDIEQQFOGKESAYMLEYR
KSQLORPPEARANPRYGVPC
HLLNEMDAANTIELQTKRAEC
DSANNTFELHLHLGPQYHEFF
NGALHPVVSQTESVWDLTED
KRKTLGDLROSIFQLLEEFWE
GDMVLSVAKLVPAGLHIYQS
LGGDELTLCETEIADGEDIF
VWNGVEVGGVHIQTGIDCEP
LLLNVLHLDTSSDGEKCCQV
IESPHVFPANAEVGTVLTAL
ATPAGVIFINSAGCPGGEGW
TATIPKEDMRKTFREQGLRNG
SSILIQODSHDDNSLLTKEEK
WVTSMNE IDWLHVKNLCQLE
SEEKQVKISATVNTMVEDIR
IKATKELKLMKELADNSCLR
PIDRNGKLLCPVPDSYTLKE
AELKMGSSLGLCLGKAPSSS
QLFLEFFAMGSDVQPGTEMET
VVEETISVRDCLKLMLKKSG
LOGDAWHLRKMDWCYEAGEP
LCEEDATLKELLICSGDTLL
LIEGQLPPLGEFLKVPIWWYQ
LOGPSGHWESHQDQTNCTSS
WGRVWRATSSQGASGNEPAQ
VSLLYLGDIEISEDATLAEL
KSOQAMTLPPFLEFGVPSPAH
LRAWTVERKRPGRLLRTDRO
PLREYKLGRRIEICLEPLQK
GENLGPODVLLRTQVRIPGE
RTYAPALDLVWNAAQGGTAG
SLRORVADFYRLPVEKIEIA
KYFPEKFEWLPISSWNQOQIT
KRKKKKKQDYLOQGAPYYLKD
GDTIGVKNLLIDDDDDESTI
RDDTGKEKQKQRALGRRKSQ

UBP7 HUM
AN Ubiquitin

carboxyl- 7

terminal
hydrolase 7

MNHQQOQQQQKAGEQQLSEPED
MEMEAGDTDDPPRITQONPVING
NVALSDGHNTAEEDMEDDTSWR
SEATFQFTVERESRLSESVLSP
PCEVRNLPWKIMVMPREY PDRP
HOKSVGEFEFLQCNAESDSTSWSC
HAQAVLKIINYRDDEKSESRRI
SHLEFFHKENDWGESNEFMAWSEV
TDPEKGEFIDDDKVTFEVEVQAD
APHGVAWDSKKHTGYVGLKNQG
ATCYMNSLLOTLEFTNQLRKAV
YMMPTEGDDSSKSVPLALQRVE

119

TGYVGLKNQGATCYMNSLLQ
TLEFTNQLRKAVYMMPTEGD
DSSKSVPLALQRVEYELQHS
DKPVGTKKLTKSEFGWETLDS
FMOHDVQELCRVLLDNVENK
MKGTCVEGTIPKLEFRGKMVS
YIQCKEVDYRSDRREDYYDI
QLSIKGKKNIFESEVDYVAV
EQLDGDNKYDAGEHGLQEAE
KGVKFLTLPPVLHLOLMREM
YDPOQTDONIKINDREFEFPEQ
LPLDEFLOKTDPKDPANYIL
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YELOHSDKPVGTKKLTKSFGWE
TLDSFMOHDVQELCRVLLDNVE
NKMKGTCVEGTIPKLERGKMVS
YIQCKEVDYRSDRREDYYDIQL
SIKGKKNIFESEVDYVAVEQLD
GDNKYDAGEHGLOQEAEKGVKEL
TLPPVLHLQLMREMYDPQTDON
IKINDRFEFPEQLPLDEFLOKT
DPKDPANY ITLHAVLVHSGDNHG
GHYVVYLNPKGDGKWCKEDDDV
VSRCTKEEATEHNYGGHDDDLS
VRHCTNAYMLVY IRESKLSEVL
QAVTDHDIPQOQLVERLQEEKRTI
EAQKRKERQEAHLYMQVQIVAE
DQFCGHQGNDMYDEEKVKYTVE
KVLKNSSLAEFVQSLSQTMGEP
ODQIRLWPMOARSNGTKRPAML
DNEADGNKTMIELSDNENPWT I
FLETVDPELAASGATLPKEDKD
HDVMLEFLKMYDPKTRSLNYCGH
IYTPISCKIRDLLPVMCDRAGE
IODTSLILYEEVKPNLTERIQD
YDVSLDKALDELMDGDIIVEQK
DDPENDNSELPTAKEY FRDLYH
RVDVIFCDKTIPNDPGEVVTLS
NRMNYFOQVAKTVAQRLNTDPML
LOFFKSQGYRDGPGNPLRHNYE
GTLRDLLOFFKPRQPKKLYYQQ
LKMKITDFENRRSEKCIWLNSQ
FREEEITLYPDKHGCVRDLLEE
CKKAVELGEKASGKLRLLETIVS
YKIIGVHQEDELLECLSPATSR
TFRIEEIPLDQVDIDKENEMLV
TVAHFHKEVFGTFGIPFLLRIH
QGEHFREVMKRIQSLLDIQEKE
FEKFKFATIVMMGRHQY INEDEY
EVNLKDFEPQPGNMSHPRPWLG
LDHEFNKAPKRSRYTYLEKATKTI
HN

HAVLVHSGDNHGGHYVVYLN
PKGDGKWCKEDDDVVSRCTK
EEATEHNYGGHDDDLSVRHC
TNAYMLVYIRE

U17L5 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 5

MEDDSLYLRGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLAK
PEELNGENAYHCGVCLQRAPAS

120

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLAKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQOPNTGPLV
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KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPECLDMQPYMS
QOPNTGPLVYVLYAVLVHAGWSC
HNGHY FSYVKAQEGOWYKMDDA
EVTASSITSVLSQQAYVLEYTIQ
KSEWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQAP
ELDEHLVERATQESTLDHWKEL
QEQNKTKPEFNVRKVEGTLPPD
VLVIHQSKYKCGMKNHHPEQQS
SLLNLSSSTPTHQESMNTGTLA
SLRGRARRSKGKNKHSKRALLV
cQ

YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS
EWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQ
APEL

U17LL_ HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 21

MEEDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSNRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KMLTLLTSAKVLILVLKRESDV
TGNKIAKNVQYPECLDMQPYMS
QOPNTGPLVYVLYAVLVHAGWSC
HNGHY FSYVKAQEGOWYKMDDA
EVTASSITSVLSQQAYVLEYTIQ
KSEWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQAP
ELDEHLVERATQESTLDHWKEL
QEQNKTKPEFNVRKVEGTLPPD
VLVIHQSKYKCGMKNHHPEQQS
SLLNLSSSTPTHQESMNTGTLA
SLRGRARRSKGKNKHSKRALLV
cQ

121

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKMLTLLTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQOPNTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS
EWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQ
APEL

U17LA_ HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 10

10

MEDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KPPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYKPPLANYMLEF
REHSQTCHRHKGCMLCTMQAHT
TRALHIPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMRKAC
LPGHKOQVDRHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHNSAKVLILVLKRFPDV

122

AVGAGLONMGNTCYVNASLQ
CLTYKPPLANYMLFREHSQT
CHRHKGCMLCTMQAHITRAL
HIPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMRKAC
LPGHKQVDRHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHNSAKVL
ILVLKREPDVTGNKIAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHNGHY S
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TGNKIAKNVQYPECLDMQPYMS
QONTGPLVYVLYAVLVHAGWSC
HNGHY SSYVKAQEGOWYKMDDA
EVTASSITSVLSQQAYVLEYTIQ
KSEWERHSESVSRGREPRALGV
EDTDRRATQGELKRDHPCLQAP
ELDEHLVERATQESTLDHWKEL
QEQNKTKPEFNVRRVEGTVPPD
VLVIHQSKYKCRMKNHHPEQQS
SLLNLSSTTPTDQESMNTGTLA
SLRGRTRRSKGKNKHSKRALLV
cQ

SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS
EWERHSESVSRGREPRALGV
EDTDRRATQGELKRDHPCLQ
APEL

UBP41 HUM
AN Putative
ubiquitin
carboxyl-
terminal
hydrolase 41

11

MDGVLEFRAHQCQYVHPCVHVYV
TVGLMDPLCERKEKASKQEREN
PLAHLAAWGLVGLHNIGQTCCL
NSLIQVEVMNVDFARILKRITV
PRGADEQRRSVPFOMLLLLEKM
ODSROKAVWPLELAYCLOKYNV
PLEVOHDAAQLY LKLWNLIKDQ
IADVHLVERLQALYMIRMKDSL
ICLDCAMESSRNSSMLTLRLSE
FDVDSKPLKTLEDALHCFEFFEFQPR
ELSSKSKCEFCENCGKKTRGKQV
LKLTHLPQTLTIHLMRESIRNS
QTRKICHSLYFPQSLDESQILP
MKRESCDAEEQSGGQYELFAVT
AHVGMADSGHYCVY IRNAVDGK
WECENDSNICLVSWEDIQCTYG
NPNYHW

123

WGLVGLHNIGQTCCLNSLIQ
VEVMNVDFARILKRITVPRG
ADEQRRSVPFOMLLLLEKMOQ
DSROKAVWPLELAYCLQKYN
VPLEVOHDAAQLYLKLWNLT
KDOQIADVHLVERLQALYMIR
MKDSLICLDCAMESSRNSSM
LTLRLSFFDVDSKPLKTLED
ALHCEFFQPRELSSKSKCECE
NCGKKTRGKQVLKLTHLPQT
LTITHLMREFSIRNSQTRKICH
SLYFPOSLDESQILPMKRES
CDAEEQSGGQYELFAVIAHV
GMADSGHYCVY IRNAVDGKW
FCENDSNICLVSWEDIQCTY
GNPNY HW

UBP38 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 38

12

MDKILEGLVSSSHPLPLKRVIV
RKVVESAEHWLDEAQCEAMEDL
TTRLILEGODPFQRQVGHQVLE
AYARYHRPEFESEFENKTEVLGL
LHOGYHSLDRKDVAILDY THNG
LKLIMSCPSVLDLESLLQVEVL
RMVCERPEPQLCARLSDLLTDEFE
VOCIPKGKLSITFCQQLVRTIG
HEQCVSTQERELREYVSQVTKV
SNLLONIWKAEPATLLPSLOEV
FASISSTDASFEPSVALASLVQ
HIPLOMITVLIRSLTTDPNVKD
ASMTOQALCRMIDWLSWPLAQHV
DTWVIALLKGLAAVOKEFTILID
VILLKIELVENRLWEPLVRPGA
LAVLSHMLLSFQHSPEAFHLIV
PHVVNLVHSEFKNDGLPSSTAFL
VOLTELTIHCMMYHY SGEFPDLYE
PILEATIKDFPKPSEEKIKLILN
QSAWTSQOSNSLASCLSRLSGKS
ETGKTGLINLGNTCYMNSVIQA
LFMATDFRROVLSLNLNGCNSL

124

SETGKTGLINLGNTCYMNSV
IOALFMATDEFRROVLSLNLN
GCNSLMKKLOHLFAFLAHTOQ
REAYAPRIFFEASRPPWETP
RSQOODCSEYLREFLLDRLHEE
EKILKVQASHKPSEILECSE
TSLOEVASKAAVLTETPRTS
DGEKTLIEKMEFGGKLRTHIR
CLNCRSTSQKVEAFTDLSLA
FCPSSSLENMSVQDPASSPS
IODGGLMQASVPGPSEEPVV
YNPTTAAFICDSLVNEKTIG
SPPNEFYCSENTSVPNESNK
ILVNKDVPQKPGGETTPSVT
DLLNYFLAPETILTGDNQYYC
ENCASLONAEKTMQITEEPE
YLILTLLRESYDOKYHVRRK
ILDNVSLPLVLELPVKRITS
FSSLSESWSVDVDEFTDLSEN
LAKKLKPSGTDEASCTKLVP
YLLSSVVVHSGISSESGHYY
SYARNITSTDSSYQOMYHOQSE

76




WO 2022/099034

PCT/US2021/058286

MKKLOHLFAFLAHTQREAYAPR
IFFEASRPPWEFTPRSQODCSEY
LRFLLDRLHEEEKILKVQASHK
PSEILECSETSLQEVASKAAVL
TETPRTSDGEKTLIEKMEGGKL
RTHIRCLNCRSTSQKVEAFTDL
SLAFCPSSSLENMSVQDPASSP
SIQODGGLMQASVPGPSEEPVVY
NPTTAAFICDSLVNEKTIGSPP
NEFYCSENTSVPNESNKILVNK
DVPOKPGGETTPSVTDLLNY FL
APETLTGDNQYYCENCASLONA
EKTMOQITEEPEYLILTLLRESY
DOKYHVRRKILDNVSLPLVLEL
PVKRITSEFSSLSESWSVDVDET
DLSENLAKKLKPSGTDEASCTK
LVPYLLSSVVVHSGISSESGHY
YSYARNITSTDSSYQMYHOSEA
LATASSQSHLLGRDSPSAVEEQ
DLENKEMSKEWEFLENDSRVTET
SEFQSVOKITSREFPKDTAYVLLY
KKOHSTNGLSGNNPTSGLWING
DPPLOKELMDAITKDNKLYLQE
QELNARARALQAASASCSEFRPN
GEFDDNDPPGSCGPTGGGGGGGE
NTVGRLVE

ALALASSQSHLLGRDSPSAV
FEQDLENKEMSKEWEFLENDS
RVTEFTSEFQSVQKITSREPKD
TAYVLLYKKQH

UBP43 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 43

13

MDLGPGDAAGGGPLAPRPRRRR
SLRRLESRFLLALGSRSRPGDS
PPRPOQPGHCDGDGEGGFACAPG
PVPAAPGSPGEERPPGPQPQLQ
LPAGDGARPPGAQGLKNHGNTC
FMNAVVQCLSNTDLLAEFLALG
RYRAAPGRAEVTEQLAATVRATL
WTREYTPQOLSAEFKNAVSKYGS
QFOGNSOQHDALEFLLWLLDRVH
EDLEGSSRGPVSEKLPPEATKT
SENCLSPSAQLPLGQSEVQSHE
QAQYRSSLTCPHCLKQSNTEDP
FLCVSLPIPLRQTREFLSVTLVE
PSKSQRFLRVGLAVPILSTVAA
LRKMVAEEGGVPADEVILVELY
PSGEFQRSFFDEEDLNT IAEGDN
VYAFQVPPSPSQGTLSAHPLGL
SASPRLAAREGQRESLSLHSES
KVLILFCNLVGSGQQASREFGPP
FLTIREDRAVSWAQLQOSILSKV
RHLMKSEAPVONLGSLESIRVV
GLSVACSYLSPKDSRPLCHWAV
DRVLHLRRPGGPPHVKLAVEWD
SSVKERLFGSLOQEERAQDADSV
WOQOOOAHQQHSCTLDECEQEYT

125

RPPGAQGLKNHGNTCEMNAV
VOCLSNTDLLAEFLALGRYR
AAPGRAEVTEQLAATVRALW
TREYTPOLSAEFKNAVSKYG
SQFQGNSQHDALEFLLWLLD
RVHEDLEGSSRGPVSEKLPP
EATKTSENCLSPSAQLPLGQ
SEVOSHFQAQYRSSLTCPHC
LKOSNTFDPFLCVSLPIPLR
QTREFLSVTLVEPSKSQRFEFLR
VGLAVPILSTVAALRKMVAE
EGGVPADEVILVELYPSGFEFQ
RSFFDEEDLNTIAEGDNVYA
FOVPPSPSQGTLSAHPLGLS
ASPRLAAREGOQRESLSLHSE
SKVLILEFCNLVGSGQOQASRE
GPPFLIREDRAVSWAQLQOS
ILSKVRHLMKSEAPVONLGS
LESIRVVGLSVACSYLSPKD
SRPLCHWAVDRVLHLRRPGG
PPHVKLAVEWDSSVKERLEG
SLOEERAQDADSVWQQOOAH
QOHSCTLDECEFQFYTKEEQL
AQDDAWKCPHCQVLOQGMVK
LSLWITLPDILITHLKRECQV

77
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KEEQLAQDDAWKCPHCQVLOQOG
MVKLSLWTLPDILIIHLKRECQ
VGERRNKLSTLVKFPLSGLNMA
PHVAQRSTSPEAGLGPWPSWKQ
PDCLPTSYPLDELYDLYAVCNH
HGNLQGGHYTAYCRNSLDGOWY
SYDDSTVEPLREDEVNTRGAYT
LEYQOKRNSIPPWSASSSMRGST
SSSLSDHWLLRLGSHAGSTRGS
LLSWSSAPCPSLPQVPDSPIEFT
NSLCNQEKGGLEPRRLVRGVKG
RSISMKAPTTSRAKQGPEFKTMP
LRWSEFGSKEKPPGASVELVEYL
ESRRRPRSTSQSIVSLLTGTAG
EDEKSASPRSNVALPANSEDGG
RAIERGPAGVPCPSAQPNHCLA
PGNSDGPNTARKLKENAGQDIK
LPRKEFDLPLTVMPSVEHEKPAR
PEGOKAMNWKESFOMGSKSSPP
SPYMGESGNSKDSRRGTSELDR
PLOGTLTLLRSVEFRKKENRRNE
RAEVSPQVPPVSLVSGGLSPAM
DGOAPGSPPALRIPEGLARGLG
SRLERDVWSAPSSLRLPRKASR
APRGSALGMSQRTVPGEQASYG
TFOQRVKYHTLSLGRKKTLPESS
F

GERRNKLSTLVKFPLSGLNM
APHVAQRSTSPEAGLGPWPS
WKOQPDCLPTSYPLDELYDLY
AVCNHHGNLQGGHYTAYCRN
SLDGOWY SYDDSTVEPLRED
EVNTRGAY ILFYQOKRN

UBP2 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 2

14

MSQLSSTLKRYTESARYTDAHY
AKSGYGAYTPSSYGANLAASLL
EKEKLGEFKPVPTSSEFLTRPRTY
GPSSLLDYDRGRPLLRPDITGG
GKRAESQTRGTERPLGSGLSGG
SGEPYGVTNNCLSYLPINAYDQ
GVTLTQKLDSQSDLARDESSLR
TSDSYRIDPRNLGRSPMLARTR
KELCTLOQGLYQTASCPEYLVDY
LENYGRKGSASQVPSQAPPSRV
PEITSPTYRPIGRYTLWETGKG
QAPGPSRSSSPGRDGMNSKSAQ
GLAGLRNLGNTCEFMNSILQCLS
NTRELRDYCLORLYMRDLHHGS
NAHTALVEEFAKLIQTIWTSSP
NDVVSPSEFKTQIQRYAPREVG
YNQODAQEFLREFLLDGLHNEVN
RVTLRPKSNPENLDHLPDDEKG
ROMWRKYLEREDSRIGDLEVGQ
LKSSLTCTDCGYCSTVEDPEWD
LSLPIAKRGYPEVTLMDCMRLEF
TKEDVLDGDEKPTCCRCRGRKR
CIKKESIQRFPKILVLHLKRES
ESRIRTSKLTTEFVNEFPLRDLDL

126

SAQGLAGLRNLGNTCEMNST
LOCLSNTRELRDYCLQRLYM
RDLHHGSNAHTALVEEFAKL
IQTIWTSSPNDVVSPSEEFKT
QIQRYAPREVGYNQQDAQEF
LREFLLDGLHNEVNRVTLRPK
SNPENLDHLPDDEKGROMWR
KYLEREDSRIGDLEVGQLKS
SLTCTDCGYCSTVEDPEWDL
SLPTAKRGYPEVTLMDCMRL
FTKEDVLDGDEKPTCCRCRG
RKRCIKKESIQRFPKILVLH
LKRESESRIRTSKLTTEVNE
PLRDLDLREFASENTNHAVY
NLYAVSNHSGTTMGGHYTAY
CRSPGTGEWHT FNDSSVTPM
SSSQVRTSDAYLLEYELAS

78
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REFASENTNHAVYNLYAVSNHS
GTTMGGHYTAYCRSPGTGEWHT
FNDSSVTPMSSSQVRTSDAYLL
FYELASPPSRM

UBP45 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 45

15

MRVKDPTKALPEKAKRSKRPTV
PHDEDSSDDIAVGLTCQHVSHA
ISVNHVKRATIAENLWSVCSECL
KERREFYDGQLVLTSDIWLCLKC
GFQGCGKNSESQHSLKHEFKSSR
TEPHCIIINLSTWIIWCYECDE
KLSTHCNKKVLAQIVDEFLOKHA
SKTQTSAFSRIMKLCEEKCETD
ETQOKGGKCRNLSVRGITNLGNT
CEFFNAVMONLAQTYTLTDLMNE
IKESSTKLKIFPSSDSQLDPLV
VELSRPGPLTSALFLEFLHSMKE
TEKGPLSPKVLENQLCQOKAPRE
KDFQOQODSQELLHYLLDAVRTE
ETKRIQASILKAFNNPTTKTAD
DETRKKVKAYGKEGVKMNEFIDR
IFIGELTSTVMCEECANISTVK
DPFIDISLPITEERVSKPLLWG
RMNKYRSLRETDHDRY SGNVTTI
ENIHQPRAAKKHSSSKDKSQLTI
HDRKCIRKLSSGETVTYQKNEN
LEMNGDSLMFASLMNSESRLNE
SPTDDSEKEASHSESNVDADSE
PSESESASKQTGLEFRSSSGSGV
QPDGPLYPLSAGKLLYTKETDS
GDKEMAEATISELRLSSTVTGDQ
DFDRENQPLNISNNLCEFLEGKH
LRSYSPONAFQTLSQSYITTSK
ECSIQSCLYQFTSMELLMGNNK
LLCENCTKNKQKYQEETSEFAEK
KVEGVYTNARKQLLISAVPAVL
ILHLKRFHQAGLSLRKVNRHVD
FPLMLDLAPFCSATCKNASVGD
KVLYGLYGIVEHSGSMREGHYT
AYVKVRTPSRKLSEHNTKKKNV
PGLKAADNESAGOWVHVSDTYL
QVVPESRALSAQAYLLEYERVL

127

LSVRGITNLGNTCEFEFNAVMO
NLAQTYTLTDLMNEIKESST
KLKIFPSSDSQLDPLVVELS
RPGPLTSALFLEFLHSMKETE
KGPLSPKVLENQLCOKAPREF
KDFOQODSQELLHYLLDAVR
TEETKRIQASILKAFNNPTT
KTADDETRKKVKAYGKEGVK
MNFIDRIFIGELTSTVMCEE
CANISTVKDPEFIDISLPIIE
ERVSKPLLWGRMNKYRSLRE
TDHDRYSGNVTIENIHQPRA
AKKHSSSKDKSQLIHDRKCT
RKLSSGETVTYQKNENLEMN
GDSLMFASILMNSESRLNESP
TDDSEKEASHSESNVDADSE
PSESESASKQTGLERSSSGS
GVQPDGPLYPLSAGKLLYTK
ETDSGDKEMAEATISELRLSS
TVTGDQDFDRENQPLNTISNN
LCFLEGKHLRSYSPONAFEFQT
LSQSYITTSKECSIQSCLYQ
FTSMELLMGNNKLLCENCTK
NKOKYQEETSFAEKKVEGVY
TNARKQLLISAVPAVLILHL
KRFHQAGLSLRKVNRHVDEP
IMLDLAPFCSATCKNASVGD
KVLYGLYGIVEHSGSMREGH
YTAYVKVRTPSRKLSEHNTK
KKNVPGLKAADNE SAGQWVH
VSDTYLQVVPESRALSAQAY
LLEFYERVL

UBP32 HUM
AN Ubiquitin
carboxyl-

terminal
hydrolase 32

16

MGAKESRIGFLSYEEALRRVTD
VELKRLKDAFKRTCGLSYYMGOQ
HCFIREVLGDGVPPKVAEVIYC
SEFGGTSKGLHENNLIVGLVLLT
RGKDEEKAKYIFSLESSESGNY
VIREEMERMLHVVDGKVPDTLR
KCEFSEGEKVNYEKEFRNWLEFLNK
DAFTEFSRWLLSGGVYVTLTDDS
DTPTEFYQTLAGVTHLEESDIID
LEKRYWLLKAQSRTGREFDLETEF

128

TEKGATGLSNLGNTCEMNSS
IQCVSNTQOPLTQY FISGRHL
YELNRTNPIGMKGHMAKCYG
DLVOQELWSGTQKNVAPLKLR
WITTIAKYAPRENGEFQQQODSQE
LLAFLLDGLHEDLNRVHEKP
YVELKDSDGRPDWEVAAEAW
DNHLRRNRSIVVDLEFHGQLR
SQVKCKTCGHISVRFDPENEFE
LSLPLPMDSYMHLEITVIKL

79
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GPLVSPPIRPSLSEGLENAFDE
NRDNHIDFKEISCGLSACCRGP
LAERQKFCEFKVEDVDRDGVLSR
VELRDMVVALLEVWKDNRTDDT
PELHMDLSDIVEGILNAHDTTK
MGHLTLEDYQIWSVKNVLANEEF
LNLLFQVCHIVLGLRPATPEEE
GQITIRGWLERESRYGLQAGHNW
FITSMOWWQOWKEYVKYDANPV
VIEPSSVLNGGKYSFGTAAHPM
EQVEDRIGSSLSYVNTTEEKES
DNISTASEASETAGSGEFLYSAT
PGADVCEFARQHNTSDNNNQCLL
GANGNILLHLNPQKPGAIDNQP
LVTQEPVKATSLTLEGGRLKRT
POLTHGRDYEMVPEPVWRALYH
WYGANLALPRPVIKNSKITDIPE
LELFPRYLLFLROQPATRTQQS
NIWVNMGNVPSPNAPLKRVLAY
TGCEFSRMOTIKEIHEYLSQORLR
IKEEDMRLWLYNSENYLTLLDD
EDHKLEYLKIQDEQHLVIEVRN
KDMSWPEEMSFIANSSKIDRHK
VPTEKGATGLSNLGNTCEFMNSS
IQCVSNTQPLTQYFISGRHLYE
LNRTNPIGMKGHMAKCYGDLVQ
ELWSGTQKNVAPLKLRWT IAKY
APRENGEFQOODSQELLAFLLDG
LHEDLNRVHEKPYVELKDSDGR
PDWEVAAEAWDNHLRRNRSIVV
DLFHGQLRSQVKCKTCGHISVR
FDPFNFLSLPLPMDSYMHLEIT
VIKLDGTTPVRYGLRLNMDEKY
TGLKKOLSDLCGLNSEQILLAE
VHGSNIKNEPODNQKVRLSVSG
FLCAFEIPVPVSPISASSPTQT
DEFSSSPSTNEMFTLTTNGDLPR
PIFIPNGMPNTVVPCGTERKNET
NGMVNGHMPSLPDSPEFTGYITIA
VHRKMMRTELYFLSSQKNRPSL
FGMPLIVPCTVHTRKKDLYDAV
WIQVSRLASPLPPQEASNHAQD
CDDSMGYQYPEFTLRVVQKDGNS
CAWCPWYRFCRGCKIDCGEDRA
FIGNAY IAVDWDPTALHLRYQT
SQERVVDEHESVEQSRRAQAEP
INLDSCLRAFTSEEELGENEMY
YCSKCKTHCLATKKLDLWRLPP
ILTIHLKREFQFVNGRWIKSQKT
VKEPRESFDPSAFLVPRDPALC
QHKPLTPQGDELSEPRILAREV

DGTTPVRYGLRLNMDEKYTG
LKKQLSDLCGLNSEQILLAE
VHGSNIKNEPODNQKVRLSV
SGEFLCAFEIPVPVSPISASS
PTQTDEFSSSPSTNEMETLTT
NGDLPRPIFIPNGMPNTVVP
CGTEKNFTNGMVNGHMPSLP
DSPFTGYITAVHRKMMRTEL
YFLSSQKNRPSLEFGMPLIVP
CTVHTRKKDLYDAVWIQVSR
LASPLPPQEASNHAQDCDDS
MGYQYPEFTLRVVQKDGNSCA
WCPWYRFCRGCKIDCGEDRA
FIGNAYTAVDWDPTALHLRY
QTSQERVVDEHESVEQSRRA
QAEPINLDSCLRAFTSEEEL
GENEMYYCSKCKTHCLATKK
LDLWRLPPILITHLKREQEV
NGRWIKSQKIVKEFPRESEDP
SAFLVPRDPALCQHKPLTPQ
GDELSEPRILAREVKKVDAQ
SSAGEEDVLLSKSPSSLSAN
IISSPKGSPSSSRKSGTSCP
SSKNSSPNSSPRTLGRSKGR
LRLPQIGSKNKLSSSKENLD
ASKENGAGQICELADALSRG
HVLGGSQPELVTPQDHEVAL
ANGFLYEHEACGNGY SNGQL
GNHSEEDSTDDQREDTRIKP
IYNLYATSCHSGILGGGHYV
TYAKNPNCKWYCYNDSSCKE
LHPDEIDTDSAYILEFYEQOG
IDYAQFLPKTDGKKMADTSS
MDEDFESDYKKYCVLQ
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KKVDAQSSAGEEDVLLSKSPSS
LSANITISSPKGSPSSSRKSGTS
CPSSKNSSPNSSPRTLGRSKGR
LRLPOQIGSKNKLSSSKENLDAS
KENGAGQICELADALSRGHVLG
GSQPELVTPODHEVALANGELY
EHEACGNGY SNGQLGNHSEEDS
TDDOQREDTRIKPIYNLYATISCH
SGILGGGHYVTYAKNPNCKWYC
YNDSSCKELHPDEIDTDSAYIL
FYEQQGIDYAQFLPKTDGKKMA
DTSSMDEDFESDYKKYCVLQ

U17L6 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 6

17

MEDDSLYLRGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPECLDMQPYMS
QONTGPLVYVLYAVLVHAGWSC
HNGHY FSYVKAQEGOWYKMDDA
EVTASSITSVLSQQAYVLEYTIQ
KSEWERHSESVSRGREPRALGS
ED

129

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS

UBP42 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 42

18

MTIVDKASESSDPSAYQNQPGS
SEAVSPGDMDAGSASWGAVSSL
NDVSNHTLSLGPVPGAVVYSSS
SVPDKSKPSPOQKDQALGDGIAP
POKVLEPSEKICLKWQOTHRVG
AGLONLGNTCEFANAATLQCLTYT
PPLANYMLSHEHSKTCHAEGEC
MMCTMQAHITQALSNPGDVIKP
MEVINEMRRIARHFREGNQEDA
HEFLOQYTVDAMOKACLNGSNKL
DRHTQATTLVCQIFGGYLRSRV
KCLNCKGVSDTFDPYLDITLET
KAAQSVNKALEQEFVKPEQLDGE
NSYKCSKCKKMVPASKRETIHR
SSNVLTLSLKREFANFTGGKIAK
DVKYPEYLDIRPYMSQPNGEPTI
VYVLYAVLVHTGEFNCHAGHYFC
YTIKASNGLWYQMNDSIVSTSDI
RSVLSQQAYVLEYIRSHDVKNG
GELTHPTHSPGQSSPRPVISQR

130

RVGAGLONLGNTCEFANAALQ
CLTYTPPLANYMLSHEHSKT
CHAEGFCMMCTMQAHITQAL
SNPGDVIKPMEVINEMRRIA
RHFREFGNQEDAHEFLQYTVD
AMOKACLNGSNKLDRHTQAT
TLVCQIFGGYLRSRVKCLNC
KGVSDTEFDPYLDITLEIKAA
QSVNKALEQEFVKPEQLDGEN
SYKCSKCKKMVPASKRETIH
RSSNVLTLSLKREFANFTGGK
IAKDVKYPEYLDIRPYMSQP
NGEPIVYVLYAVLVHTGENC
HAGHYFCYIKASNGLWYQMN
DSIVSTSDIRSVLSQQAYVL
FYTRSHDVKNGGE

81
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VVINKQAAPGFIGPQLPSHMIK
NPPHLNGTGPLKDTPSSSMSSP
NGNSSVNRASPVNASASVONWS
VNRSSVIPEHPKKOQKITISIHN
KLPVROCQOSQPNLHSNSLENPT
KPVPSSTITNSAVQSTSNASTM
SVSSKVTKPIPRSESCSQPVMN
GKSKLNSSVLVPYGAESSEDSD
EESKGLGKENGIGTIVSSHSPG
QODAEDEEATPHELQEPMTLNGA
NSADSDSDPKENGLAPDGASCQ
GOPALHSENPFAKANGLPGKLM
PAPLLSLPEDKILETFRLSNKL
KGSTDEMSAPGAERGPPEDRDA
EPOPGSPAAESLEEPDAAAGLS
STKKAPPPRDPGTPATKEGAWE
AMAVAPEEPPPSAGEDIVGDTA
PPDLCDPGSLTGDASPLSQDAK
GMIAEGPRDSALAEAPEGLSPA
PPARSEEPCEQPLLVHPSGDHA
RDAQDPSQOSLGAPEAAERPPAP
VLDMAPAGHPEGDAEPSPGERV
EDAAAPKAPGPSPAKEKIGSLR
KVDRGHYRSRRERSSSGEPARE
SRSKTEGHRHRRRRTCPRERDR
ODRHAPEHHPGHGDRLSPGERR
SLGRCSHHHSRHRSGVELDWVR
HHYTEGERGWGREKEY PDRPRW
DRCRYYHDRYALYAARDWKPFH
GGREHERAGLHERPHKDHNRGR
RGCEPARERERHRPSSPRAGAP
HALAPHPDRESHDRTALVAGDN
CNLSDRFHEHENGKSRKRRHDS
VENSDSHVEKKARRSEQKDPLE
EPKAKKHKKSKKKKKSKDKHRD
RDSRHQOQDSDLSAACSDADLHR
HKKKKKKKKRHSRKSEDEVKDS
ELHLPRVTSLETVAQEFRRAQGG
FPLSGGPPLEGVGPEFREKTKHL
RMESRDDRCRLFEYGQGKRRYL
ELGR

U17L7 HUM
AN Inactive
ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 7

19

MEDDSLYLGGDWQENHESKLTS
SRLDAAFAETQRTSLSEKSPLS
SETRFDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLQKIGNT
FYVNVSLQCLTYTLPLSNYMLS
REDSQTCHLHKCCMECTMQAHT
TWALHSPGHVIQPSQVLAAGEH
RGEQEDAHEFLMETVDAMKKAC
LPGHKOQLDHHSKDTTLIHQIFG
AYWRSQIKYLHCHGVSDTFEDPY

131

AVGAGLOKIGNTEYVNVSLQ
CLTYTLPLSNYMLSREDSQT
CHLHKCCMEFCTMQAHITWAL
HSPGHVIQPSQVLAAGEFHRG
EQEDAHEFLMEFTVDAMKKAC
LPGHKQLDHHSKDTTLIHQT
FGAYWRSQIKYLHCHGVSDT
FDPYLDIALDIQAAQSVKQA
LEQLVKPKELNGENAYHCGL
CLOKAPASKTLTLPTSAKVL
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LDIALDIQAAQSVKQALEQLVK
PKELNGENAYHCGLCLQKAPAS
KTLTLPTSAKVLILVLKRESDV
TGNKLAKNVQYPKCRDMQPYMS
QONTGPLVYVLYAVLVHAGWSC
HNGHY FSYVKAQEGOWYKMDDA
EVTASGITSVLSQQAYVLEYTIQ
KSEWERHSESVSRGREPRALGA
EDTDRPATQGELKRDHPCLQVP
ELDEHLVERATQESTLDHWKEP
QEQNKTKPEFNVRKVEGTLPPN
VLVIHQSKYKCGMKNHHPEQQS
SLLNLSSTKPTDQESMNTGTLA
SLOGSTRRSKGNNKHSKRSLLV
cQ

ILVLKRESDVTGNKLAKNVQ
YPKCRDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SGITSVLSQQAYVLEYIQKS
EWERHSESVSRGREPRALGA
EDTDRPATQGELKRDHPCLQ
VPEL

U17LH_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 17

20

MEDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPECLDMQPYMS
QONTGPLVYVLYAVLVHAGWSC
HNGHY FSYVKAQEGOWYKMDDA
EVTAASITSVLSQQAYVLEYTIQ
KSEWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQAP
ELDEHLVERATQESTLDHWKEL
QEQNKTKPEFNVRKVEGTLPPD
VLVIHQSKYKCGMKNHHPEQQS
SLLNLSSSTPTHQESMNTGTLA
SLRGRARRSKGKNKHSKRALLV
cQ

132

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
ASITSVLSQQAYVLEYIQKS
EWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQ
APEL

UBP13_HUM
AN Ubiquitin
carboxyl-

terminal
hydrolase 13

21

MORRGALFGMPGGSGGRKMAAG
DIGELLVPHMPTIRVPRSGDRV
YKNECAFSYDSPNSEGGLYVCM
NTEFLAFGREHVERHFRKTGQSV
YMHLKRHVREKVRGASGGALPK
RRNSKIFLDLDTDDDLNSDDYE
YEDEAKLVIFPDHYEIALPNIE
ELPALVTIACDAVLSSKSPYRK
ODPDTWENELPVSKYANNLTQL
DNGVRIPPSGWKCARCDLRENL
WLNLTDGSVLCGKWEEDSSGGN

133

YGPGYTGLKNLGNSCYLSSV
MOATEFSTIPEFQRAYVGNLPR
IFDYSPLDPTODENTQOMTKL
GHGLLSGQYSKPPVKSELIE
QVMKEEHKPQONGISPRMEK
AFVSKSHPEFSSNRQODAQE
FFLHLVNLVERNRIGSENPS
DVFRFLVEERTIQCCQOTRKVR
YTERVDYLMOQLPVAMEAATN
KDELIAYELTRREAEANRRP
LPELVRAKIPESACLQAFSE

83
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GHALEHYRDMGYPLAVKLGTIT
PDGADVYSFQEEEPVLDPHLAK
HLAHFGIDMLHMHGTENGLQDN
DIKLRVSEWEVIQESGTKLKPM
YGPGYTGLKNLGNSCYLSSVMQ
ATFSIPEFQRAYVGNLPRIEDY
SPLDPTQDEFNTOMTKLGHGLLS
GQYSKPPVKSELIEQVMKEEHK
POONGISPRMFKAFVSKSHPEF
SSNROQODAQEFEFLHLVNLVERN
RIGSENPSDVFREFLVEERIQCC
QTRKVRYTERVDYLMQLPVAME
AATNKDELIAYELTRREAEANR
RPLPELVRAKIPEFSACLQAFSE
PENVDDEFWSSALQAKSAGVKTS
RFASFPEYLVVQIKKETEFGLDW
VPKKFDVSIDMPDLLDINHLRA
RGLOPGEEELPDISPPIVIPDD
SKDRLMNQLIDPSDIDESSVMQ
LAEMGEFPLEACRKAVY FTGNMG
AEVAFNWIIVHMEEPDFAEPLT
MPGYGGAASAGASVFGASGLDN
QPPEEIVAIITSMGEFQRNQATQ
ALRATNNNLERALDWIEFSHPEF
EEDSDEVIEMENNANANIISEA
KPEGPRVKDGSGTYELFAFISH
MGTSTMSGHY ICHIKKEGRWVI
YNDHKVCASERPPKDLGYMY F'Y
RRIPS

PENVDDFWSSALQAKSAGVK
TSREASFPEYLVVQIKKETE
GLDWVPKKEFDVSIDMPDLLD
INHLRARGLQPGEEELPDIS
PPIVIPDDSKDRLMNQLIDP
SDIDESSVMQLAEMGEFPLEA
CRKAVYFTGNMGAEVAENWI
IVHMEEPDFAEPLTMPGYGG
AASAGASVFGASGLDNQPPE
EIVATIITSMGEFQRNQATQATL
RATNNNLERALDWIEFSHPEF
EEDSDEVIEMENNANANTIIS
EAKPEGPRVKDGSGTYELFEA
FISHMGTSTMSGHYICHIKK
EGRWVIYNDHKVCASERPPK
DLGYMYFYRRIPS

UBP11_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 11

22

MAVAPRLFGGLCEFRFRDONPEV
AVEGRLPISHSCVGCRRERTAM
ATVAANPAAAARAAVARAAAVTE
DREPQHEELPGLDSQWRQIENG
ESGRERPLRAGESWEFLVEKHWY
KOWEAYVQGGDODSSTEFPGCIN
NATLFOQDEINWRLKEGLVEGED
YVLLPAAAWHYLVSWYGLEHGO
PPIERKVIELPNIQKVEVYPVE
LLLVRHNDLGKSHTVQESHTDS
IGLVLRTARERFLVEPQEDTRL
WARKNSEGSLDRLYDTHITVLDA
ALETGQLIIMETRKKDGTWPSA
QLHVMNNNMSEEDEDFKGOPGTI
CGLTNLGNTCFMNSALQCLSNV
POLTEY FLNNCYLEELNERNPL
GMKGEIAEAYADLVKQAWSGHH
RSIVPHVEKNKVGHFASQEFLGY
QOHDSQELLSFLLDGLHEDLNR
VKKKEYVELCDAAGRPDQEVAQ
EAWQONHKRRNDSVIVDTFHGLE
KSTLVCPDCGNVSVTEDPECYL

134

KGOPGICGLTNLGNTCEFMNS
ALQCLSNVPQLTEY FLNNCY
LEELNFRNPLGMKGEIAEAY
ADLVKOAWSGHHRSIVPHVE
KNKVGHFASQFLGYQQHDSQ
ELLSFLLDGLHEDLNRVKKK
EYVELCDAAGRPDQEVAQEA
WONHKRRNDSVIVDTFHGLE
KSTLVCPDCGNVSVTEDPFEC
YLSVPLPISHKRVLEVEFEIP
MDPRRKPEQHRLVVPKKGKT
SDLCVALSKHTGISPERMMV
ADVESHREYKLYQLEEPLSS
ILDRDDIFVYEVSGRIEATE
GSREDIVVPVYLRERTPARD
YNNSYYGLMLFGHPLLVSVP
RDRFTWEGLYNVLMYRLSRY
VTKPNSDDEDDGDEKEDDEE
DKDDVPGPSTGGSLRDPEPE
QAGPSSGVTNRCPEFLLDNCL
GTSOQWPPRRRRKOLETLQTV
NSNGTSDRTTSPEEVHAQPY

84
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SVPLPISHKRVLEVFEFIPMDPR
RKPEQHRLVVPKKGKISDLCVA
LSKHTGISPERMMVADVESHRE
YKLYQLEEPLSSILDRDDIEVY
EVSGRIEAIEGSREDIVVPVYL
RERTPARDYNNSYYGLMLFEFGHP
LLVSVPRDRFTWEGLYNVLMYR
LSRYVTKPNSDDEDDGDEKEDD
EEDKDDVPGPSTGGSLRDPEPE
QAGPSSGVTNRCPEFLLDNCLGT
SOWPPRRRRKOQLEFTLOTVNSNG
TSDRTTSPEEVHAQPYTIAIDWE
PEMKKRYYDEVEAEGYVKHDCV
GYVMKKAPVRLOQECIELEFTTVE
TLEKENPWYCPSCKQHQLATKK
LDLWMLPEILITHLKRESYTKE
SREKLDTLVEFPIRDLDESEEFV
IQPONESNPELYKYDLIAVSNH
YGGMRDGHYTTEFACNKDSGQWH
YFDDNSVSPVNENQIESKAAYV
LEYQRODVARRLLSPAGSSGAP
ASPACSSPPSSEFMDVN

IATDWEPEMKKRYYDEVEAE
GYVKHDCVGYVMKKAPVRLQ
ECIELFTTVETLEKENPWYC
PSCKOHQLATKKLDLWMLPE
ILTTHLKRESYTKEFSREKLD
TLVEFPIRDLDESEEFVIQPO
NESNPELYKYDLIAVSNHYG
GMRDGHYTTEFACNKDSGQWH
YEFDDNSVSPVNENQIESKAA
YVLEYQROD

U17L1 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 1

23

MGDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
SETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYENASLOQCLTYTLPLANYMLS
REHSQTCQRPKCCMLCTMQAHT
TWALHSPGHVIQPSQALAAGEH
RGKQEDVHEFLMETVDAMKKAC
LPGHKOQVDHHCKDTTLIHQIFG
GCWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVKQALEQLVK
PEELNGENAYHCGLCLQRAPAS
NTLTLHTSAKVLILVLKRESDV
AGNKLAKNVQYPECLDMQOPYMS
QONTGPLVYVLYAVLVHAGWSC
HDGHY FSYVKAQEVOWYKMDDA
EVTIVCSIISVLSQQAYVLEYIQ
KSEWERHSESVSRGREPRALGA
EDTDRRAKQGELKRDHPCLQAP
ELDEHLVERATQESTLDHWKEL
QEQNKTKPEFNVGKVEGTLPPN
ALVIHQSKYKCGMKNHHPEQQS
SLLNLSSTTRTDQESMNTGTLA
SLOGRTRRAKGKNKHSKRALLV
cQ

135

AVGAGLONMGNTCYENASLQ
CLTYTLPLANYMLSREHSQT
CORPKCCMLCTMQAHITWAL
HSPGHVIQPSQALAAGEFHRG
KOQEDVHEFLMEFTVDAMKKAC
LPGHKQVDHHCKDTTLIHQT
FGGCWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVKQA
LEQLVKPEELNGENAYHCGL
CLOQRAPASNTLTLHTSAKVL
ILVLKRESDVAGNKLAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHDGHY F'
SYVKAQEVQWYKMDDAEVTV
CSIISVLSQOAYVLEYIQKS

UBP14 HUM
AN Ubiquitin
carboxyl-

24

MPLY SVIVKWGKEKFEGVELNT
DEPPMVEKAQLFALTGVQPARQ
KVMVKGGTLKDDDWGNIKIKNG
MTLLMMGSADALPEEPSAKTVE

136

ASAMELPCGLTNLGNTCYMN
ATVQCIRSVPELKDALKRYA
GALRASGEMASAQYITAATLR
DLEFDSMDKTSSSIPPITILLQ
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terminal
hydrolase 14

VEDMTEEQLASAMELPCGLTNL
GNTCYMNATVQCIRSVPELKDA
LKRYAGALRASGEMASAQYITA
ALRDLFDSMDKTSSSIPPIILL
QFLHMAFPQFAEKGEQGQYLQQO
DANECWIQOMMRVLOOKLEATED
DSVKETDSSSASAATPSKKKSL
IDQFFGVEFETTMKCTESEEEE
VTKGKENQLOLSCFINQEVKYL
FITGLKLRLOEEITKQSPTLQRN
ALYTIKSSKISRLPAYLTIQMVR
FEYKEKESVNAKVLKDVKEPLM
LDMYELCTPELQEKMVSEFRSKE
KDLEDKKVNQQPNT SDKKSSPQ
KEVKYEPEFSFADDIGSNNCGYY
DLOAVLTHQGRSSSSGHYVSWV
KRKODEWIKEDDDKVSIVTPED
ILRLSGGGDWHIAYVLLYGPRR
VEIMEEESEQ

FLHMAFPOQFAEKGEQGQYLQ
ODANECWIQMMRVLOQOKLEA
IEDDSVKETDSSSASAATPS
KKKSLIDQFFGVEEFETTMKC
TESEEEEVTKGKENQLQLSC
FINQEVKYLEFTGLKLRLQEE
ITKOSPTLORNALYIKSSKI
SRLPAYLTIQMVREFYKEKE
SVNAKVLKDVKFPLMLDMY E
LCTPELQEKMVSFRSKFKDL
EDKKVNQQPNTSDKKSSPQK
EVKYEPESFADDIGSNNCGY
YDLOAVLTHQGRSSSSGHYV
SWVKRKODEWIKEFDDDKVST
VTPEDILRLSGGGDWHIAYV
LLYGPRR

Q13107|UBP4
_HUMAN
Ubiquitin
carboxyl-
terminal
hydrolase 4

25

MAEGGGCRERPDAETQKSELGP
IMRTTLORGAQWYLIDSRWEKQ
WKKYVGEDSWDMYNVGEHNLEP
GPIDNSGLESDPESQTLKEHLTI
DELDYVLVPTEAWNKLLNWYGC
VEGQQOPIVRKVVEHGLEVKHCK
VEVYLLELKLCENSDPTNVLSC
HESKADTIATIEKEMRKLENIP
AERETRLWNKYMSNTYEQLSKL
DNTVQDAGLYQGQVLVIEPQONE
DGTWPRQTLOSKSSTAPSRNET
TSPKSSASPYSSVSASLIANGD
STSTCGMHSSGVSRGGSGESAS
YNCOQEPPSSHIQPGLCGLGNLG
NTCEMNSALQCLSNTAPLTDYF
LKDEYEAETINRDNPLGMKGETIA
EAYAELTKOMWSGRDAHVAPRM
FKTOVGREFAPQESGYQQQODSQE
LLAFLLDGLHEDLNRVKKKPYL
ELKDANGRPDAVVAKEAWENHR
LRNDSVIVDTEFHGLEFKSTLVCP
ECAKVSVTFDPFCYLTLPLPLK
KDRVMEVEFLVPADPHCRPTQYR
VIVPLMGAVSDLCEALSRLSGI
AAENMVVADVYNHRFHKIFQMD
EGLNHIMPRDDIFVYEVCSTSV
DGSECVTLPVYFRERKSRPSST
SSASALYGQPLLLSVPKHKLTL
ESLYQAVCDRISRYVKQPLPDE
FGSSPLEPGACNGSRNSCEGED
EEEMEHQEEGKEQLSETEGSGE
DEPGNDPSETTQOKKIKGQPCPK

137

SHIQPGLCGLGNLGNTCEMN
SALQCLSNTAPLTDY FLKDE
YEAEINRDNPLGMKGEIAEA
YAELTKOMWSGRDAHVAPRM
FKTOVGRFAPQESGYQQQDS
QELLAFLLDGLHEDLNRVKK
KPYLELKDANGRPDAVVAKE
AWENHRLRNDSVIVDTEFHGL
FKSTLVCPECAKVSVTEFDPF
CYLTLPLPLKKDRVMEVFELV
PADPHCRPTQYRVTVPLMGA
VSDLCEALSRLSGIAAENMV
VADVYNHREFHKIFOMDEGLN
HIMPRDDIEFVYEVCSTSVDG
SECVTLPVYFRERKSRPSST
SSASALYGQPLLLSVPKHKL
TLESLYQAVCDRISRYVKQP
LPDEFGSSPLEPGACNGSRN
SCEGEDEEEMEHQEEGKEQL
SETEGSGEDEPGNDPSETTQ
KKIKGQPCPKRLETESLVNS
YGTADINSLAADGKLLKLNS
RSTLAMDWDSETRRLYYDEQ
ESEAYEKHVSMLQPOKKKKT
TVALRDCIELFTTMETLGEH
DPWYCPNCKKHQQATKKEDL
WSLPKILVVHLKRESYNRYW
RDKLDTVVEFPIRGLNMSEF
VCNLSARPYVYDLIAVSNHY
GAMGVGHYTAYAKNKLNGKW
YYEFDDSNVSLASEDQIVTKA
AYVLEYQRRD
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RLEFTEFSLVNSYGTADINSLAAD
GKLLKLNSRSTLAMDWDSETRR
LYYDEQESEAYEKHVSMLOPQK
KKKTTVALRDCIELFTTMETLG
EHDPWYCPNCKKHQQOATKKEDL
WSLPKILVVHLKRESYNRYWRD
KLDTVVEFPIRGLNMSEEFVCNL
SARPYVYDLIAVSNHYGAMGVG
HYTAYARKNKLNGKWYY FDDSNV
SLASEDQIVTKAAYVLEYQRRD
DEFYKTPSLSSSGSSDGGTRPS
SSQQGEFGDDEACSMDTN

UBP26 HUM
AN Ubiquitin
carboxyl-

terminal
hydrolase 26

26

MAATLFLRGEVQIGNCKTGISKS
KEAFTEAVERKKKDRLVLYEFKS
GKYSTEFRLSDNIQNVVLKSYRG
NONHLHLTLONNNGLEIEGLSS
TDAEQLKIFLDRVHONEVOPPV
RPGKGGSVESSTTQKEINKTSE
HKVDEKSSSKSFEIAKGSGTGV
LORMPLLTSKLTLTCGELSENQ
HKKRKRMLSSSSEMNEEFLKEN
NSVEYKKSKADCSRCVSYNREK
QLKLKELEENKKLECESSCIMN
ATGNPYLDDIGLLOALTEKMVL
VFLLOQGY SDGY TKWDKLKLEF
ELFPEKICHGLPNLGNTCYMNA
VLOSLLSIPSFADDLLNQSEPW
GKIPLNALTMCLARLLEFEFKDTY
NIEIKEMLLLNLKKAISAAART
FHGNAONDAHEFLAHCLDQLKD
NMEKLNTIWKPKSEFGEDNEFPK
QVEFADDPDTSGESCPVITNEEL
ELLHSIACKACGQVILKTELNN
YLSINLPQRIKAHPSSIQSTED
LFFGAEELEYKCAKCEHKTSVG
VHSEFSRLPRILIVHLKRY SLNE
FCALKKNDQEVITISKYLKVSSH
CNEGTRPPLPLSEDGEITDEQL
LKVIRKMTSGNISVSWPATKES
KDILAPHIGSDKESEQKKGQTV
FKGASRROQOKYLGKNSKPNEL
ESVYSGDRAFIEKEPLAHLMTY
LEDTSLCQFHKAGGKPASSPGT
PLSKVDFQTVPENPKRKKY VKT
SKEVAFDRIINPTKDLYEDKNT
RIPERFQKVSEQTQQCDGMRIC
EQAPQOALPQOSFPKPGTQGHTK
NLLRPTKLNLOKSNRNSLLALG
SNKNPRNKDILDKIKSKAKETK
RNDDKGDHTYRLISVVSHLGKT
LKSGHYICDAYDFEKQIWETYD

138

KICHGLPNLGNTCYMNAVLQ
SLLSIPSFADDLLNQSEPWG
KIPLNALTMCLARLLEFEFKDT
YNIEITKEMLLLNLKKAISAA
AETFHGNAQONDAHEFLAHCL
DOLKDNMEKLNTIWKPKSEF
GEDNEPKQVEFADDPDTSGE'S
CPVITNFELELLHSTACKAC
GOQVILKTELNNYLSINLPQOR
IKAHPSSIQSTEFDLEFEFGAEE
LEYKCAKCEHKTSVGVHSE'S
RLPRILIVHLKRYSLNEFCA
LKKNDQEVITISKYLKVSSHC
NEGTRPPLPLSEDGEITDEQ
LLKVIRKMTSGNISVSWPAT
KESKDILAPHIGSDKESEQK
KGOTVEFKGASRROQQOKYLGK
NSKPNELESVYSGDRAFIEK
EPLAHLMTYLEDTSLCQFHK
AGGKPASSPGTPLSKVDEQT
VPENPKRKKYVKTSKEVAED
RIINPTKDLYEDKNIRIPER
FOKVSEQTQQCDGMRICEQA
POQOALPQSFPKPGTQGHTKN
LLRPTKLNLOKSNRNSLLAL
GSNKNPRNKDILDKIKSKAK
ETKRNDDKGDHTYRLISVVS
HLGKTLKSGHY ICDAYDFEK
QIWEFTYDDMRVLGIQEAQMO
EDRRCTGYIFFYMHN
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DMRVLGIQEAQMOEDRRCTGY I
FEYMHNETIFEEMLKREENAQLN
SKEVEETLOKE

UBP19 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 19

27

MSGGASATGPRRGPPGLEDTTS
KKKQKDRANQESKDGDPRKETG
SRYVAQAGLEPLASGDPSASAS
HAAGITGSRHRTRLEEPSSSGS
ASTPOEEQTKEGACEDPHDLLA
TPTPELLLDWRQSAEEVIVKLR
VGVGPLQLEDVDAAFTDTDCVV
RFAGGOQWGGVEYAETIKSSCAK
VOTRKGSLLHLTLPKKVPMLTW
PSLLVEADEQLCIPPLNSQTCL
LGSEENLAPLAGEKAVPPGNDP
VSPAMVRSRNPGKDDCAKEEMA
VAADAATLVDEPESMVNLAFVK
NDSYEKGPDSVVVHVYVKEICR
DTSRVLEFREQDFTLIFQTRDGN
FLRLHPGCGPHTTEFRWQVKLRN
LIEPEQCTFCFTASRIDICLRK
ROSQRWGGLEAPAARVGGAKVA
VPTGPTPLDSTPPGGAPHPLTG
QEEARAVEKDKSKARSEDTGLD
SVATRTPMEHVTPKPETHLASP
KPTCMVPPMPHSPVSGDSVEEE
EEEEKKVCLPGFTGLVNLGNTC
FMNSVIQSLSNTRELRDEFEFHDR
SFEAEINYNNPLGTGGRLAIGE
AVLLRALWKGTHHAFQPSKLKA
IVASKASQFTGYAQHDAQEFMA
FLLDGLHEDLNRIQNKPYTETV
DSDGRPDEVVAEEAWQRHKMRN
DSEFIVDLEFQGQYKSKLVCPVCA
KVSITFDPFLYLPVPLPQKQKV
LPVEFYFAREPHSKPIKELVSVS
KENSTASEVLDSLSQSVHVKPE
NLRLAEVIKNRFHRVEFLPSHSL
DTVSPSDTLLCFELLSSELAKE
RVVVLEVQORPQOVPSVPISKCA
ACQORKQOSEDEKLKRCTRCYRV
GYCNQLCOQKTHWPDHKGLCRPE
NIGYPFLVSVPASRLTYARLAQ
LLEGYARYSVSVFQPPFQPGRM
ALESQSPGCTTLLSTGSLEAGD
SERDPIQPPELQLVTPMAEGDT
GLPRVWAAPDRGPVPSTSGISS
EMLASGPIEVGSLPAGERVSRP
EAAVPGYQHPSEAMNAHTPQEF
IYKIDSSNREQRLEDKGDTPLE
LGDDCSLALVWRNNERLQEFEVL
VASKELECAEDPGSAGEAARAG

139

LPGFTGLVNLGNTCEFMNSVI
QOSLSNTRELRDFFHDRSFEA
EINYNNPLGTGGRLAIGEFAV
LLRATLWKGTHHAFQPSKLKA
IVASKASQFTGYAQHDAQEF
MAFLLDGLHEDLNRIQONKPY
TETVDSDGRPDEVVAEEAWQ
RHKMRNDSFIVDLEQGQYKS
KLVCPVCAKVSITEFDPEFLYL
PVPLPOKOKVLPVEYFAREP
HSKPIKFLVSVSKENSTASE
VLDSLSQSVHVKPENLRLAE
VIKNRFHRVFLPSHSLDTVS
PSDTLLCFELLSSELAKERV
VVLEVQORPQVPSVPISKCA
ACQRKQQSEDEKLKRCTRCY
RVGYCNQLCOKTHWPDHKGL
CRPENIGYPFLVSVPASRLT
YARLAQLLEGYARYSVSVEQ
PPFQPGRMALESQSPGCTTL
LSTGSLEAGDSERDPIQPPE
LOLVTPMAEGDTGLPRVWAA
PDRGPVPSTSGISSEMLASG
PIEVGSLPAGERVSRPEAAV
PGYQHPSEAMNAHTPQFEFTIY
KIDSSNREQRLEDKGDTPLE
LGDDCSLA
LVWRNNERLOQEFVLVASKEL
ECAEDPGSAGEAARAGHETL
DOQCLNLETRPEVLAPEEAWY
CPQCKQHREASKQLLLWRLP
NVLIVQLKRESFRSEIWRDK
INDLVEFPVRNLDLSKEFCIG
QKEEQLPSYDLYAVINHYGG
MIGGHYTACARLPNDRSSQR
SDVGWRLEDDSTVTTVDESQ
VVTRYAYVLEYRRRN
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HFTLDOQCLNLEFTRPEVLAPEEA
WYCPQCKOQHREASKQLLLWRLP
NVLIVQLKRESEFRSEFIWRDKIN
DLVEFPVRNLDLSKFCIGQKEE
QLPSYDLYAVINHYGGMIGGHY
TACARLPNDRSSQRSDVGWRLE
DDSTVTTVDESQVVTRYAYVLE
YRRRNSPVERPPRAGHSEHHPD
LGPAAEAAASQASRIWQELEAE
EEPVPEGSGPLGPWGPQDWVGP
LPRGPTTPDEGCLRYEFVLGTVA
ALVALVLNVEYPLVSQSRWR

UBP10_ HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 10

28

MALHSPQYIFGDESPDEFNQETE
VTPRSSVELPPY SGTVLCGTQA
VDKLPDGQEYQRIEFGVDEVIE
PSDTLPRTPSYSISSTLNPQAP
EFILGCTASKITPDGITKEASY
GSIDCQYPGSALALDGSSNVEA
EVLENDGVSGGLGQRERKKKKK
RPPGYYSYLKDGGDDSISTEAL
VNGHANSAVPNSVSAEDAEFMG
DMPPSVTPRTCNSPONSTDSVS
DIVPDSPEFPGALGSDTRTAGQP
EGGPGADFGQSCFPAEAGRDTL
SRTAGAQPCVGTDTTENLGVAN
GQILESSGEGTATN

GVELHTTESIDLDPTKPESASP
PADGTGSASGTLPVSQPKSWAS
LFHDSKPSSSSPVAYVETKYSP
PATISPLVSEKQVEVKEGLVPVS
EDPVAIKIAELLENVTLIHKPV
SLOPRGLINKGNWCY INATLOQA
LVACPPMYHLMKFIPLYSKVQR
PCTSTPMIDSEVRLMNEETNMP
VPPKPROALGDKIVRDIRPGAA
FEPTYIYRLLTVNKSSLSEKGR
QEDAEEYLGFILNGLHEEMLNL
KKLLSPSNEKLTISNGPKNHSV
NEEEQEEQGEGSEDEWEQVGPR
NKTSVITROQADEVQT

PITGIFGGHIRSVVYQQSSKES
ATLOPFEFTLOLDIQSDKIRTVQ
DALESLVARESVQGYTTKTKQE
VEISRRVITLEKLPPVLVLHLKR
FVYEKTGGCQKLIKNIEYPVDL
ETISKELLSPGVKNKNEKCHRTY
RLFAVVYHHGNSATGGHYTTDV
FOIGLNGWLRIDDQTVKVINQY
QVVKPTAERTAYLLYYRRVDLL

140

SLOPRGLINKGNWCY INATL
QALVACPPMYHLMKFEIPLYS
KVORPCTSTPMIDSEVRLMN
EFTNMPVPPKPROALGDKIV
RDIRPGAAFEPTYIYRLLTV
NKSSLSEKGROQEDAEEYLGE
ILNGLHEEMLNLKKLLSPSN
EKLTISNGPKNHSVNEEEQE
EQGEGSEDEWEQVGPRNKT S
VTRQADEVQTPITGIFGGHT
RSVVYQQSSKESATLQPEET
LOLDIQSDKIRTVODALESL
VARESVQGYTTKTKQEVETS
RRVTLEKLPPVLVLHLKREV
YEKTGGCOKLIKNIEYPVDL
EISKELLSPGVKNKNEFKCHR
TYRLEFAVVYHHGNSATGGHY
TTDVEQIGLNGWLRIDDQTV
KVINQYQVVKPTAERTAYLL
YYRRVD

UBP49 HUM
AN Ubiquitin

29

MDRCKHVGRLRLAQDHSILNPQ
KWCCLECATTESVWACLKCSHV

141

MDRCKHVGRLRLAQDHSILN
POKWCCLECATTESVWACLK
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carboxyl-
terminal
hydrolase 49

ACGRYIEDHALKHFEETGHPLA
MEVRDLYVEFCYLCKDY VLNDNP
EGDLKLLRSSLLAVRGQKQDTP
VRRGRTLRSMASGEDVVLPQRA
POGOPOMLTALWYRRQRLLART
LRILWEFEKSSRGOAKLEQRRQEE
ALERKKEEARRRRREVKRRLLE
ELASTPPRKSARLLLHTPRDAG
PAASRPAALPTSRRVPAATLKL
RROPAMAPGVTGLRNLGNTCYM
NSILOVLSHLOKFRECEFLNLDP
SKTEHLEFPKATNGK

TOLSGKPTNSSATELSLRNDRA
EACEREGEFCWNGRASISRSLEL
IONKEPSSKHISLCRELHTLER
VMWSGKWALVSPFAMLHSVWSL
IPAFRGYDQODAQEFLCELLHK
VOQELESEGTTRRILIPESQRK
LTKOQVLKVVNTIFHGOQLLSQVT
CISCNYKSNTIEPFWDLSLEFEP
ERYHCIEKGEVPLNQTECLLTE
MLAKFTETEALEGRIYACDQCN
SKRRKSNPKPLVLSEARKQLMT
YRLPOQVLRLHLKREFRWSGRNHR
EKIGVHVVEDQVLTMEPYCCRD
MLSSLDKETFEFAYDL

SAVVMHHGKGFGSGHYTAYCYN
TEGGEFWVHCNDSKLNVCSVEEV
CKTQAYILEFYTOQRTVOGNARIS
ETHLQAQVQSSNNDEGRPQTE'S

CSHVACGRYIEDHALKHEEE
TGHPLAMEVRDLYVECYLCK
DYVLNDNPEGDLKLLRSSLL
AVRGOKODTPVRRGRTLRSM
ASGEDVVLPQRAPQGQPOML
TALWYRRORLLARTLRLWEE
KSSRGOAKLEQRRQEEATLER
KKEEARRRRREVKRRLLEEL
ASTPPRKSARLLLHTPRDAG
PAASRPAALPTSRRVPAATL
KLRROQPAMAPGVTGLRNLGN
TCYMNSILOVLSHLOKFREC
FINLDPSKTEHLEPKATNGK
TOLSGKPTNSSATELSLRND
RAEACEREGFCWNGRASISR
SLELIONKEPSSKHISLCRE
LHTLEFRVMWSGKWALVSPEFA
MLHSVWSLIPAFRGYDQODA
QEFLCELLHKVQQELESEGT
TRRILIPEFSQRKLTKQVLKV
VNTIFHGOQLLSQVTCISCNY
KSNTIEPFWDLSLEFPERYH
CIEKGEFVPLNQTECLLTEML
AKFTETEALEGRIYACDQCN
SKRRKSNPKPLVLSEARKQL
MIYRLPQVLRLHLKRERWSG
RNHREKIGVHVVEDQVLTME
PYCCRDMLSSLDKETFAYDL
SAVVMHHGKGFGSGHYTAYC
YNTEGGEFWVHCNDSKLNVCS
VEEVCKTQAYILEFYTQRT

U17L8 HUM
AN Inactive
ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 8

30

MEDDSLYLGGEWQENHESKLTS
PRPDAAFAETQRTSLPEKSPLS
SETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYLNASLQCLTYTPPLANYMLS
REHSQTCQRPKCCMLCTMQAHT
TWALHSPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GCWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVKQALEQLVK
PEELNGENAYPCGLCLQRAPAS
NTLTLHTSAKVLILVLKREFCDV
TGNKLAKNVQYPEC

LDMOPYMSQONTGPLVYVLYAV
LVHAGWSCHNGYYFESYVKAQEG
QWYKMDDAEVTACSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRPATQGELKR
DHPCLOVPELDEHLVERATEES

142

AVGAGLONMGNTCYLNASLQ
CLTYTPPLANYMLSREHSQT
CORPKCCMLCTMQAHITWAL
HSPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGCWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVKQA
LEQLVKPEELNGENAYPCGL
CLOQRAPASNTLTLHTSAKVL
ILVLKREFCDVTGNKLAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHNGYYF
SYVKAQEGOWYKMDDAEVTA
CSITSVLSQQAYVLEYIQKS

90
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TLDHWKEFPQEQNKMKPEEFNVRK
VEGTLPPNVLVIHQSKYKCGMK
NHHPEQQOSSLLNLSSMNSTDQE
SMNTGTLASLOGRTRRSKGKNK
HSKRSLLVCQ

6VN6_1

31

GSKKHTGY VGLKNQGATCYMNS
LLOQTLEFTNQLRKAVYMMPTEG
DDSSKSVPLALQRVEYELQHSD
KPVGTKKLTKSFGWETLDSEMQ
HDVQELCRVLLDNVENKMKGTC
VEGTIPKLERGKMVSY IQCKEV
DYRSDRREDYYDIQLSTKGKKN
IFESFVDYVAVEQLDGDNKY DA
GEHGLOQEAEKGVKELTLPPVLH
LOLMREMYDPQTDONIKINDRE
EFPEQLPLDEFLOKTDPKDPAN
YILHAVLVHSGDNHGGHYVVYL
NPKGDGKWCKEDDDVV SRCTKE
EATEHNYGGHDDDLSVRHCTNA
YMLVYIRESKLSEVLOQAVTDHD
IPOOLVERLOEEKRIEAQKR

143

TGYVGLKNQGATCYMNSLLQ
TLEFTNQLRKAVYMMPTEGD
DSSKSVPLALQRVEYELQHS
DKPVGTKKLTKSEFGWETLDS
FMOHDVQELCRVLLDNVENK
MKGTCVEGTIPKLEFRGKMVS
YIQCKEVDYRSDRREDYYDI
QLSIKGKKNIFESEVDYVAV
EQLDGDNKYDAGEHGLQEAE
KGVKFLTLPPVLHLOLMREM
YDPOQTDONIKINDREFEFPEQ
LPLDEFLOKTDPKDPANYIL
HAVLVHSGDNHGGHYVVYLN
PKGDGKWCKEDDDVVSRCTK
EEATEHNYGGHDDDLSVRHC
TNAYMLVYIRE

6DGF 1

32

AQGLAGLRNLGNTCEFMNSILQC
LSNTRELRDYCLOQRLYMRDLHH
GSNAHTALVEEFAKLIQTIWTS
SPNDVVSPSEFKTQIQRYAPREFE
VGYNQOQDAQEFLRFLLDGLHNE
VNRVTLRPKSNPENLDHLPDDE
KGROMWRKYLEREDSRIGDLEV
GQOLKSSLTCTDCGYCSTVEDPEF
WDLSLPIAKRGYPEVTLMDCMR
LFTKEDVLDGDEKPTCCRCRGR
KRCIKKESIQRFPKILVLHLKR
FSESRIRTSKLTTFVNEFPLRDL
DLREFASENTNHAVYNLYAVSN
HSGTTMGGHYTAYCRSPGTGEW
HTENDSSVTPMSSSQVRTSDAY
LLEFYELASPPSRM

144

AQGLAGLRNLGNTCFMNSTIL
QCLSNTRELRDYCLQRLYMR
DLHHGSNAHTALVEEFAKLT
QTIWTSSPNDVVSPSEFKTQ
IORYAPREVGYNQODAQEFTL
RFLLDGLHNEVNRVTLRPKS
NPENLDHLPDDEKGROMWRK
YLEREDSRIGDLEVGQLKSS
LTCTDCGYCSTVEDPEWDLS
LPIAKRGYPEVTLMDCMRLEF
TKEDVLDGDEKPTCCRCRGR
KRCIKKESIQREFPKILVLHL
KRESESRIRTSKLTTEVNEP
LRDLDLREFASENTNHAVYN
LYAVSNHSGTTMGGHYTAYC
RSPGTGEWHTEFNDSSVTPMS
SSQVRTSDAYLLEFYELAS

2VHF 1

33

GLEIMIGKKKGIQGHYNSCYLD
STLECLFAFSSVLDTVLLRPKE
KNDVEYYSETQELLRTEIVNPL
RIYGYVCATKIMKLRKILEKVE
AASGEFTSEEKDPEEFLNILEHH
ILRVEPLLKIRSAGQKVQDCYF
YOIFMEKNEKVGVPTIQQLLEW
SEFINSNLKFAEAPSCLIIQMPR
FGKDFKLFKKIFPSLELNITDL
LEDTPROQCRICGGLAMYECREC
YDDPDISAGKIKQEFCKTCNTQV
HLHPKRLNHKYNPVSLPKDLPD
WDWRHGCIPCONMELEFAVLCIE

145

MIGKKKGIQGHYNSCYLDST
LFCLFAFSSVLDTVLLRPKE
KNDVEYYSETQELLRTEIVN
PLRIYGYVCATKIMKLRKIL
EKVEAASGFTSEEKDPEEFL
NILFHHILRVEPLLKIRSAG
QKVODCYFYQIFMEKNEKVG
VPTIQQLLEWSEFINSNLKEA
EAPSCLITIQMPRFGKDEKLE
KKIFPSLELNITDLLEDTPR
QCRICGGLAMYECRECYDDP
DISAGKIKQFCKTCNTQVHL
HPKRLNHKYNPVSLPKDLPD
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TSHYVAFVKYGKDDSAWLEEDS
MADRDGGONGENIPQVTPCPEV
GEYLKMSLEDLHSLDSRRIQGC
ARRLLCDAYMCMYQSPTMSLYK

WDWRHGCIPCONMELEFAVLC
IETSHYVAFVKYGKDDSAWL
FEDSMADRDGGONGENIPQV
TPCPEVGEYLKMSLEDLHSL
DSRRIQGCARRLLCDAYMCM
YOS

U17LI HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 18

34

MEDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPEC
LDMOPYMSQTNTGPLVYVLYAV
LVHAGWSCHNGHYFESYVKAQEG
QWYKMDDAEVTASSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRAKQGELKR
DHPCLOAPELDEHLVERATQES
TLDHWKFLOQEQONKTKPEEFNVRK
VEGTLPPDVLVIHQSKYKCGMK
NHHPEQQOSSLLNLSSTTPTHQE
SMNTGTLASLRGRARRSKGKNK
HSKRALLVCQ

146

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQTNTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS

UBP22 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 22

35

MVSRPEPEGEAMDAELAVAPPG
CSHLGSFKVDNWKONLRATYQC
FVWSGTAEARKRKAKSCICHVC
GVHLNRLHSCLYCVFEFFGCETKK
HIHEHAKAKRHNLATIDLMYGGTI
YCFLCODYIYDKDMEITAKEEQ
RKAWKMQGVGEKESTWEPTKRE
LELLKHNPKRRKITSNCTIGLR
GLINLGNTCEFMNCIVQALTHTP
LLRDFFLSDRHRCEMQSPSSCL
VCEMSSLEFQEFYSGHRSPHIPY
KLLHLVWTHARHLAGYEQQDAH
EFLTAALDVLHRHCKGDDNGKK
ANNPNHCNCIIDQIFTGGLQSD
VTCQVCHGVSTTIDPEWDISLD
LPGSSTPFWPLSPGSEGNVVNG
ESHVSGTTTLTDCLRREFTRPEH
LGSSAKIKCSGCHSYQESTKQL
TMKKLPIVACFHLKRFEHSAKL
RRKITTYVSEFPLELDMTPEFMAS

147

LGNTCFMNCIVOQALTHTPLL
RDFFLSDRHRCEMQSPSSCL
VCEMSSLEFQEFYSGHRSPHI
PYKLLHLVWTHARHLAGYEQ
ODAHEFLIAALDVLHRHCKG
DDNGKKANNPNHCNCIIDQT
FTGGLQSDVTCQVCHGVSTT
IDPEFWDISLDLPGSSTPEWP
LSPGSEGNVVNGESHVSGTT
TLTDCLRREFTRPEHLGSSAK
IKCSGCHSYQESTKQLTMKK
LPIVACFHLKRFEHSAKLRR
KITTYVSFPLELDMTPEFMAS
SKESRMNGQYQQPTDSLNND
NKYSLFAVVNHOGTLESGHY
TSEFIRQHKDOWEKCDDATIIT
KASTIKDVLDSEGYLLEYHKQ
F
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SKESRMNGQYQQPTDSLNNDNK
YSLFAVVNHOQGTLESGHYTSET
ROHKDOWEKCDDAIITKASIKD
VLDSEGYLLEFYHKQFLEYE

WO 2022/099034
UBP18 HUM
AN Ubl
carboxyl- 36
terminal

hydrolase 18

MSKAFGLLRQICQSILAESSQS
PADLEEKKEEDSNMKREQPRER
PRAWDY PHGLVGLHNIGQTCCL
NSLIQVEVMNVDEFTRILKRITV
PRGADEQRRSVPFOMLLLLEKM
ODSROQKAVRPLELAYCLQKCNV
PLEVOHDAAQLY LKLWNLIKDQ
ITDVHLVERLQALYTIRVKDSL
ICVDCAMESSRNSSMLTLPLSL
FDVDSKPLKTLEDALHCFEFFEFQPR
ELSSKSKCEFCENCGKKTRGKQV
LKLTHLPQTLTIHLMRESIRNS
QTRKICHSLYFPQSLDESQILP
MKRESCDAEEQSGG
QYELFAVIAHVGMADSGHYCVY
IRNAVDGKWEFCENDSNICLVSW
EDIQCTYGNPNYHWQETAYLLV
YMKMEC

148

KGLVPGLVNLGNTCEMNSLL
QGLSACPAFIRWLEEEFTSQY
SRDOKEPPSHQYLSLTLLHL
LKALSCQEVTDDEVLDASCL
LDVLRMYRWQISSFEEQDAH
ELFHVITSSLEDERDRQPRV
THLEDVHSLEQQSEITPKQTI
TCRTRGSPHPTSNHWKSQHP
FHGRLTSNMVCKHCEHQSPV
REFDTFDSLSLSIPAATWGHP
LTLDHCLHHFISSESVRDVV
CDNCTKIEAKGTLNGEKVEH
QRTTEVKQLKLGKLPQCLCI
HLORLSWSSHGTPLKRHEHV
QFNEFLMMDIYKYHLLGHKP
SOQHNPKLNKNPGPTLELQDG
PGAPTPVLNQPGAPKTQIFM
NGACSPSLLPTLSAPMPEFPL
PVVPDYSSSTYLEFRLMAVVV
HHGDMHSGHEVTYRRSPPSA
RNPLSTSNOQWLWVSDDTVRK
ASLOEVLSSSAYLLFYERVL

UBP28 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 28

37

MTAELQQDDAAGAADGHGSSCQ
MLLNQLREITGIQDPSFLHEAL
KASNGDITQAVSLLTDERVKEP
SODTVATEPSEVEGSAANKEVL
AKVIDLTHDNKDDLOQAATIALSL
LESPKIQADGRDLNRMHEATSA
ETKRSKRKRCEVWGENPNPNDW
RRVDGWPVGLKNVGNTCWESAV
IOSLFQLPEFRRLVLSYSLPON
VLENCRSHTEKRNIMEMQELQY
LFALMMGSNRKEVDPSAALDLL
KGAFRSSEEQQODVSEFTHKLL
DWLEDAFQLAVNVNSPRNKSEN
PMVQLEYGTFLTEG

VREGKPEFCNNETFGQYPLQVNG
YRNLDECLEGAMVEGDVELLPS
DHSVKYGQERWEFTKLPPVLTEFE
LSRFEFNQSLGQPEKIHNKLEF
POITYMDRYMYRSKELIRNKRE
CIRKLKEEIKILOQKLERYVKY
GSGPARFPLPDMLKYVIEFAST
KPASESCPPESDTHMTLPLSSV
HCSVSDQTSKESTSTESSSQDV
ESTESSPEDSLPKSKPLTSSRS
SMEMPSQPAPRTVTDEEINEVK

149

GWPVGLKNVGNTCWESAVIQ
SLEFQLPEFRRLVLSY SLPON
VLENCRSHTEKRNIMEMQEL
QYLFALMMGSNRKEVDPSAA
LDLLKGAFRSSEEQQQODVSE
FTHKLLDWLEDAFQLAVNVN
SPRNKSENPMVOQLEYGTEFLT
EGVREGKPFCNNETFGQYPL
QVNGYRNLDECLEGAMVEGD
VELLPSDHSVKYGQERWETK
LPPVLTFELSREFEFNQSLGO
PEKTHNKLEFPQITIYMDRYM
YRSKELIRNKRECIRKLKEE
IKILOQKLERYVKYGSGPAR
FPLPDMLKYVIEFASTKPAS
ESCPPESDTHMTLPLSSVHC
SVSDOQTSKESTSTESSSQDV
ESTEFSSPEDSLPKSKPLTSS
RSSMEMPSQPAPRTVTDEET
NEVKTCLORWRSEIEQDIQD
LKTCIASTTQTIEQMYCDPL
LROQVPYRLHAVLVHEGQANA
GHYWAYIYNQPROSWLKYND
ISVTESSWEEVERDSYGGLR
NVSAYCLMY INDKLPY
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TCLORWRSEIEQDIQDLKTCIA
STTQTIEQMYCDPLLRQVPYRL
HAVLVHEGQANAGHYWAY IYNQ
PROSWLKYNDISVTESSWEEVE
RDSYGGLRNVSAYCLMY INDKL
PYFNAEAAPTESDOMSEVEALS
VELKHY IQEDNWRFEQEVEEWE
EEQSCKIPOMESSTNSSSQDYS
TSQEPSVASSHGVRCLSSEHAV
IVKEQTAQAIANTARAYEKSGV
EAATLSEVMLSPAMQGVILATAK
ARQTEFDRDGSEAGLIKAFHEEY
SRLYQLAKETPTSHSDPRLOHV
LVYFFONEAPKRVVERTLLEQF
ADKNLSYDERSISIMKVAQAKL
KEIGPDDMNMEEYKKWHEDY ST
FRKVSVYLLTGLELYQKGKYQE
ALSYLVYAYQSNAALTMKGPRR
GVKESVIALYRRKCLLELNAKA
ASLFETNDDHSVTEGINVMNEL
IIPCIHLIINNDISKDDLDATIE
VMRNHWCSYLGOQDIAENLQLCL
GEFLPRLLDPSAETIVLKEPPT
IRPNSPYDLCSREFAAVMESIQG
VSTVTVK

U17L2 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17

38

MEDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
SEARVDLCDDLAPVARQLAPRK
KLPLSSRRPAAVGAGLONMGNT
CYENASLQCLTYTPPLANYMLS
REHSQTCQRPKCCMLCTMQAHT
TWALHSPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GCWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVKQALEQLVK
PEELNGENAYHCGLCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKLAKNVQYPEC
LDMOPYMSQONTGPLVYVLYAV
LVHAGWSCHDGHYFESYVKAQEG
QWYKMDDAKVTACSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRATQGELKR
DHPCLOAPELDERLVERATQES
TLDHWKEFPQEQONKTKPEEFNVRK
VEGTLPPNVLVIHQSKYKCGMK
NHHPEQQOSSLLNLSSTTRTDQE
SVNTGTLASLOGRTRRSKGKNK
HSKRALLVCQ

150

AVGAGLONMGNTCYENASLQ
CLTYTPPLANYMLSREHSQT
CORPKCCMLCTMQAHITWAL
HSPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGCWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVKQA
LEQLVKPEELNGENAYHCGL
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKLAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHDGHY F'
SYVKAQEGOWYKMDDAKVTA
CSITSVLSQQAYVLEYIQKS
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UBP31 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 31

39

MSKVTAPGSGPPAAASGKEKRS
FSKRLFRSGRAGGGGAGGPGAS
GPAAPSSPSSPSSARSVGSEMS
RVLKTLSTLSHLSSEGAAPDRG
GLRSCEFPPGPAAAPTPPPCPPP
PASPAPPACAAFEPVPGVAGLRN
HGNTCEFMNATLOQCLSNTELEFAE
YLALGQYRAGRPEPSPDPEQPA
GRGAQGOQGEVTEQLAHLVRALW
TLEYTPOHSRDEKTIVSKNALQ
YRGNSQHDAQEFLLWLLDRVHE
DLNHSVKQSGQPPLKPPSETDM
MPEGPSEFPVCSTEVQELFQAQY
RSSLTCPHCQKQSN

TFDPFLCISLPIPLPHTRPLYV
TVVYQGKCSHCMRIGVAVPLSG
TVARLREAVSMETKIPTDQIVL
TEMYYDGFHRSEFCDTDDLETVH
ESDCIFAFETPEIFRPEGILSQ
RGIHLNNNLNHLKEFGLDYHRLS
SPTQTAAKQGKMDSPTSRAGSD
KIVLLVCNRACTGQQOGKREFGLP
FVLHLEKTIAWDLLOKEILEKM
KYFLRPTVCIQVCPESLRVVSV
VGITYLLPQEEQPLCHPIVERA
LKSCGPGGTAHVKLVVEWDKET
RDFLEVNTEDEY IPDAESVRLQ
RERHHQPQTCTLSQ

CFQLYTKEERLAPDDAWRCPHC
KOLOOGSITLSLWTLPDVLITIH
LKRFROEGDRRMKLONMVKEPL
TGLDMTPHVVKRSQSSWSLPSH
WSPWRRPYGLGRDPEDYIYDLY
AVCNHHGTMQGGHYTAYCKNSV
DGLWYCEDDSDVQOQLSEDEVCT
QTAYILFYQRRTATPSWSANSS
VAGSTSSSLCEHWVSRLPGSKP
ASVTSAASSRRTSLASLSESVE
MTGERSEDDGGEFSTRPEVRSVQ
ROSLSSRSSVTSPLAVNENCMR
PSWSLSAKLOMRSNSPSRESGD
SPIHSSASTLEKIG

EAADDKVSISCFGSLRNLSSSY
QEPSDSHSRREHKAVGRAPLAV
MEGVEFKDESDTRRLNSSVVDTQ
SKHSAQGDRLPPLSGPEDNNNQ
IAYVDQSDSVDSSPVKEVKAPS
HPGSLAKKPESTTKRSPSSKGT
SEPEKSLRKGRPALASQESSLS
STSPSSPLPVKVSLKPSRSRSK
ADSSSRGSGRHSSPAPAQPKKE

151

PVPGVAGLRNHGNTCEMNAT
LOCLSNTELFAEYLALGQYR
AGRPEPSPDPEQPAGRGAQG
QGEVTEQLAHLVRALWITLEY
TPOHSRDEFKTIVSKNALQYR
GNSQHDAQEFLLWLLDRVHE
DLNHSVKQSGQPPLKPPSET
DMMPEGPSEFPVCSTEVQELEFE
QAQYRSSLTCPHCOKQSNTEF
DPFLCISLPIPLPHTRPLYV
TVVYQGKCSHCMRIGVAVPL
SGTVARLREAVSMETKIPTD
QIVLTEMYYDGEFHRSECDTD
DLETVHESDCIFAFETPEIF
RPEGILSQRGIHLNNNLNHL
KFGLDYHRLSSPTQTAAKQG
KMDSPTSRAGSDKIVLLVCN
RACTGOQGKREFGLPEVLHLE
KTIAWDLLOKEILEKMKYFL
RPTVCIQVCPESLRVVSVVG
ITYLLPQEEQPLCHPIVE
RALKSCGPGGTAHVKLVVEW
DKETRDEFLEFVNTEDEYIPDA
ESVRLORERHHQPQTCTLSQ
CFQLYTKEERLAPDDAWRCP
HCKOLOQGSITLSLWTLPDV
LITHLKRFROQEGDRRMKLON
MVKEPLTGLDMTPHVVKRSQ
SSWSLPSHWSPWRRPYGLGR
DPEDYIYDLYAVCNHHGTMQ
GGHYTAYCKNSVDGLWYCED
DSDVQOLSEDEVCTQTAYIL
FYQRRT

95
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SSPKSQDSVSSPSPOKOKSASA
LTYTASSTSAKKASGPATRSPE
PPGKSRTSDHSLSREGSRQSLG
SDRASATSTSKPNSPRVSQARA
GEGRGAGKHVRSSS
MASLRSPSTSIKSGLKRDSKSE
DKGLSFEFKSALRQKETRRSTDL
GKTALLSKKAGGSSVKSVCKNT
GDDEAERGHQOPPASQOPNANTT
GKEQLVTKDPASAKHSLLSARK
SKSSQLDSGVPSSPGGRQSAEK
SSKKLSSSMQTSARPSQKPO

U17LJ] HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 19

40

MEEDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPEC
LDMOPYMSQTNTGPLVYVLYAV
LVHAGWSCHNGHYFESYVKAQEG
QWYKMDDAEVTASSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRATQGELKR
DHPCLOAPELDEHLVERATQES
TLDHWKFLOQEQONKTKPEEFNVRK
VEGTLPPDVLVIHQSKYKCGMK
NHHPEQOSSLLKLSSTTPTHQE
SMNTGTLASLRGRARRSKGKNK
HSKRALLVCQ

152

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQTNTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS
EWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQ
APEL

U17LF_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 15

41

MEDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIDKNVQYPEC

153

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIDKNVQ
YPECLDMKLYMSQTNSGPLV
YVLYAVLVHAGWSCHNGHY F'

96
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LDMKLYMSQTNSGPLVYVLYAV
LVHAGWSCHNGHYFESYVKAQEG
QWYKMDDAEVTASSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRATQGELKR
DHPCLOAPELDEHLVERATQES
TLDHWKFLOQEQONKTKPEEFNVRK
VEGTLPPDVLVIHQSKYKCGMK
NHHPEQQOSSLLNLSSTTPTHQE
SMNTGTLASLRGRARRSKGKNK
HSKRALLVCQWSQWKY RPTRRG
AHTHAHTQTHT

SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS

UBP47 HUM
AN Ubiquitin
carboxyl-

terminal
hydrolase 47

42

MVPGEENQLVPKEDVEWRCRON
IFDEMKKKELOIENAAEEPRVL
CIIODTTNSKTVNERITLNLPA
STPVRKLFEDVANKVGYINGTEF
DLVWGNGINTADMAPLDHTSDK
SLLDANFEPGKKNFLHLTDKDG
EQPQILLEDSSAGEDSVHDRET
GPLPREGSGGSTSDYVSQSYSY
SSILNKSETGYVGLVNQAMTCY
LNSLLOTLFMTPEFRNALYKWE
FEESEEDPVTSIPYQLORLEVL
LOTSKKRAIETTDVTRSEGWDS
SEAWQQOHDVQELCRVMEDALEQ
KWKQTEQADLINEL

YOGKLKDYVRCLECGYEGWRID
TYLDIPLVIRPYGSSQAFASVE
EALHAFIQPEILDGPNQYFCER
CKKKCDARKGLRFLHFPYLLTL
QLKREDEFDYTTMHRIKLNDRMT
FPEELDMSTFIDVEDEKSPQTE
SCTDSGAENEGSCHSDOMSNDEFE
SNDDGVDEGICLETNSGTEKIS
KSGLEKNSLIYELESVMVHSGS
AAGGHYYACTIKSESDEQWYSEN
DOHVSRITQEDIKKTHGGSSGS
RGYYSSAFASSTNAYMLIYRLK
DPARNAKFLEVDEYPEHIKNLV
QKERELEEQEKROR

ETERNTCKIKLFCLHPTKQOVMM
ENKLEVHKDKTLKEAVEMAY KM
MDLEEVIPLDCCRLVKYDEFHD
YLERSYEGEEDTPMGLLLGGVK
STYMEFDLLLETRKPDQVEFQSYK
PGEVMVKVHVVDLKAESVAAPT
TVRAYLNQTVTEFKQLISKATH
LPAETMRIVLERCYNDLRLLSV
SSKTLKAEGFEFRSNKVEVESSE
TLDYQMAFADSHLWKLLDRHAN
TIRLEVLLPEQSPVSYSKRTAY

154

ETGYVGLVNQAMTCYLNSLL
QTLEMTPEFRNALYKWEEFEE
SEEDPVTSIPYQLQRLEVLL
QTSKKRAIETTDVTRSFGWD
SSEAWQQHDVQELCRVMEDA
LEQKWKQTEQADLINELYQG
KLKDYVRCLECGYEGWRIDT
YLDIPLVIRPYGSSQAFASV
EEALHAFIQPEILDGPNQYF
CERCKKKCDARKGLRELHEP
YLLTLOLKREDFDYTTMHRT
KLNDRMTEFPEELDMSTEIDV
EDEKSPQTESCTDSGAENEG
SCHSDOMSNDESNDDGVDEG
ICLETNSGTEKISKSGLEKN
SLIYELFSVMVHSGSAAGGH
YYACIKSEFSDEQWYSENDQH
VSRITQEDIKKTHGGSSGSR
GYYSSAFASSTNAYMLIYRL
KD
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QKAGGDSGNVDDDCERVKGPVG
SLKSVEAILEESTEKLKSLSLQ
QOODGDNGDSSKST
ETSDFENIESPLNERDSSASVD
NRELEQHIQTSDPENEFQSEERS
DSDVNNDRSTSSVDSDILSSSH
SSDTLCNADNAQTIPLANGLDSH
SITSSRRTKANEGKKETWDTAE
EDSGTDSEYDESGKSRGEMQYM
YFKAEPYAADEGSGEGHKWLMV
HVDKRITLAAFKQHLEPEVGVL
SSHEKVEFRVYASNOQEFESVRLN
ETLSSEFSDDNKITIRLGRALKK
GEYRVKVYQLLVNEQEPCKELL
DAVEFAKGMTVROSKEELIPQLR
EQCGLELSIDRFRLRKKTWKNP
GTVFLDYHIYEEDT
NISSNWEVEFLEVLDGVEKMKSM
SQLAVLSRRWKPSEMKLDPEQE
VVLESSSVDELREKLSEISGIP
LDDIEFAKGRGTFPCDISVLDI
HODLDWNPKVSTLNVWPLYICD
DGAVIFYRDKTEELMELTDEQR
NELMKKESSRLOKTGHRVTYSP
RKEKALKIYLDGAPNKDLTQD

UBP51 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 51

43

MAQVRETSLPSGSGVRWISGGG
GGASPEEAVEKAGKMEEAAAGA
TKASSRREAEEMKLEPLQEREP
APEENLTWSSSGGDEKVLPSIP
LRCHSSSSPVCPRRKPRPRPQP
RARSRSQPGLSAPPPPPARPPP
PPPPPPPPAPRPRAWRGSRRRS
RPGSRPQTRRSCSGDLDGSGDP
GGLGDWLLEVEFGQGPTGCSHV
ESFRKVGKNWQKNLRLIYQREVW
SGTPETRKRKAKSCICHVCSTH
MNRLHSCLSCVFEFGCEFTEKHIH
KHAETKQHHLAVDLYHGVIYCE
MCKDYVYDKDIEQT

AKETKEKILRLLTSTSTDVSHQ
QFMTSGFEDKQSTCETKEQEPK
LVKPKKKRRKKSVYTVGLRGLI
NLGNTCEMNCIVQALTHIPLLK
DFFLSDKHKCIMTSPSLCLVCE
MSSLEFHAMYSGSRTPHIPYKLL
HLIWIHAEHLAGYRQQDAHEFL
IATLDVLHRHSKDDSGGQEANN
PNCCNCIIDQIFTGGLQSDVTC
QACHSVSTTIDPCWDISLDLPG
SCATFDSONPERADSTVSRDDH
IPGIPSLTDCLOWEFTRPEHLGS

155

YTVGLRGLINLGNTCEMNCTI
VOALTHIPLLKDEFFLSDKHK
CIMTSPSLCLVCEMSSLEFHA
MYSGSRTPHIPYKLLHLIWT
HAEHLAGYRQODAHEFLIAT
LDVLHRHSKDDSGGQEANNP
NCCNCIIDQIFTGGLQSDVT
CQACHSVSTTIDPCWDISLD
LPGSCATEFDSQNPERADSTV
SRDDHIPGIPSLTDCLOWET
RPEHLGSSAKIKCNSCQSYQ
ESTKQLTMKKLPIVACEFHLK
RFEHVGKQRRKINTFISEPL
ELDMTPEFLASTKESRMKEGQ
PPTDCVPNENKYSLFAVINH
HGTLESGHYTSEFIRQOKDOW
FSCDDATIITKATIEDLLYSE
GYLLEYHKQG
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SAKIKCNSCQSYQESTKQLTMK
KLPIVACEFHLKREE
HVGKQRRKINTFISFPLELDMT
PFLASTKESRMKEGQPPTDCVP
NENKYSLFAVINHHGTLESGHY
TSEFIRQOKDOWESCDDATIITKA
TIEDLLYSEGYLLEYHKQGLEK
D

UBP36 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 36

44

MPIVDKLKEALKPGRKDSADDG
ELGKLLASSAKKVLLOKIEFEP
ASKSESYQLEALKSKYVLLNPK
TEGASRHKSGDDPPARRQGSEH
TYESCGDGVPAPQKVLEFPTERL
SLRWERVFRVGAGLHNLGNTCEFE
LNATIQCLTYTPPLANYLLSKE
HARSCHQGSEFCMLCVMQONHIVQ
AFANSGNAIKPVSEFIRDLKKIA
RHFRFGNQEDAHEFLRYTIDAM
QKACLNGCAKLDRQTOATTLVH
QIFGGYLRSRVKCSVCKSVSDT
YDPYLDVALEIRQAANIVRALE
LEVKADVLSGENAY

MCAKCKKKVPASKRETIHRTSN
VLTLSLKRFANESGGKITKDVG
YPEFLNIRPYMSQONNGDPVMYG
LYAVLVHSGYSCHAGHYYCYVK
ASNGOWYQOMNDSLVHSSNVKVV
LNOQOAYVLEYLRIPGSKKSPEG
LISRTGSSSLPGRPSVIPDHSK
KNIGNGIISSPLTGKRQDSGTM
KKPHTTEEIGVPISRNGSTLGL
KSONGCIPPKLPSGSPSPKLSQ
TPTHMPTILDDPGKKVKKPAPP
QHESPRTAQGLPGTSNSNSSRS
GSQRQGSWDSRDVVLSTSPKLL
ATATANGHGLKGND

ESAGLDRRGSSSSSPEHSASSD
STKAPQTPRSGAAHLCDSQETN
CSTAGHSKTPPSGADSKTVKLK
SPVLSNTTTEPASTMSPPPAKK
LALSAKKASTLWRATGNDLRPP
PPSPSSDLTHPMKTSHPVVAST
WPVHRARAVSPAPQSSSRLOPP
FSPHPTLLSSTPKPPGTSEPRS
CSSISTALPQVNEDLVSLPHQL
PEASEPPOSPSEKRKKTEVGEP
QRLGSETRLPQHIREATAAPHG
KRKRKKKKRPEDTAASAT.QEGQ
TOROPGSPMYRREGQAQLPAVR
RQEDGTQPQVNGQQ

156

RVGAGLHNLGNTCFELNATIQ
CLTYTPPLANYLLSKEHARS
CHQGSFCMLCVMONHIVQAF
ANSGNATKPVSFIRDLKKIA
RHFREFGNQEDAHEFLRYTID
AMOKACLNGCAKLDROTOQAT
TLVHQIFGGYLRSRVKCSVC
KSVSDTYDPYLDVALETIRQA
ANIVRALELEFVKADVLSGEN
AYMCAKCKKKVPASKRETIH
RTSNVLTLSLKREFANEFSGGK
ITKDVGYPEFLNIRPYMSON
NG
DPVMYGLYAVLVHSGYSCHA
GHYYCYVKASNGOWYQMNDS
LVHSSNVKVVLNQOQAYVLEY
LRIP
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VGCVTDGHHASSRKRRRKGAEG
LGEEGGLHQDPLRHSCSPMGDG
DPEAMEESPRKKKKKKRKQETQ
RAVEEDGHLKCPRSAKPQDAVV
PESSSCAPSANGWCPGDRMGLS
QAPPVSWNGERESDVVQELLKY
SSDKAY GRKVLTWDGKMSAVSQ
DAIEDSRQARTETVVDDWDEEFE
DRGKEKKIKKEFKREKRRNEFNAF
QOKLOTRRNEWSVTHPAKAASLS
YRR

UBP44 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 44

45

MLAMDTCKHVGQLOLAQDHSSL
NPOKWHCVDCNTTESIWACLSC
SHVACGRY IEEHALKHFQESSH
PVALEVNEMYVECYLCDDYVLN
DNTTGDLKLLRRTLSATKSQONY
HCTTRSGREFLRSMGTGDDSY FL
HDGAQSLLOSEDQLYTALWHRR
RILMGKIFRTWFEQSPIGRKKQ
EEPFQEKIVVKREVKKRRQELE
YOVKAELESMPPRKSLRLOGLA
QSTITIEIVSVQVPAQTPASPAK
DKVLSTSENEISQKVSDSSVKR
RPIVTPGVTGLRNLGNTCYMNS
VLOVLSHLLIFRQC
FLKLDLNQWLAMTASEKTRSCK
HPPVTDTVVYQMNECQEKDTGE
VCSROSSLSSGLSGGASKGRKM
ELIQPKEPTSQYISLCHELHTL
FOVMWSGKWALVSPFAMLHSVW
RLIPAFRGYAQODAQEFLCELL
DKIQRELETTGTSLPALIPTSQ
RKLTKQVLNVVNNIFHGQLLSQ
VITCLACDNKSNTIEPEWDLSLE
FPERYQCSGKDIASQPCLVTEM
LAKFTETEALEGKIYVCDQCNS
KRRRESSKPVVLTEAQKQLMIC
HLPOQVLRLHLKREFRWSGRNNRE
KIGVHVGFEEILNM
EPYCCRETLKSLRPECFIYDLS
AVVMHHGKGEFGSGHYTAYCYNS
EGGFWVHCNDSKLSMCTMDEVC
KAQAYILEFYTQRVTENGHSKLL
PPELLLGSQHPNEDADTSSNET
LS

157

TPGVIGLRNLGNTCYMNSVL
QVLSHLLIFRQCEFLKLDLNQ
WLAMTASEKTRSCKHPPVTD
TVVYQMNECQEKDTGEVCSR
QOSSLSSGLSGGASKGRKMEL
IQOPKEPTSQYISLCHELHTL
FOVMWSGKWALVSPFAMLHS
VWRLIPAFRGYAQODAQEFL
CELLDKIQRELETTGTSLPA
LIPTSQRKLIKQVLNVVNNTI
FHGOLLSQVTCLACDNKSNT
IEPFWDLSLEFPERYQCSGK
DIASQPCLVTEMLAKEFTETE
ALEGKIYVCDQCNSKRRRES
SKPVVLTEAQKQLMICHLPQ
VLRLHLKREFRWSGRNNREKT
GVHVGFEEILNMEPYCCRET
LKSLRPECFIYDLSAVVMHH
GKGEFGSGHYTAYCYNSEGGE
WVHCNDSKLSMCTMDEVCKA
QAYTILEFYTQRV

UBP8 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 8

46

MPAVASVPKELYLSSSLKDLNK
KTEVKPEKISTKSYVHSALKIFE
KTAEECRLDRDEERAYVLYMKY
VIVYNLIKKRPDFKQOODYFHS
ILGPGNIKKAVEEAERLSESLK
LRYEEAEVRKKLEEKDRQEEAQ

158

PALTGLRNLGNTCYMNSILQ
CLCNAPHLADY FNRNCYQDD
INRSNLLGHKGEVAEEFGIT
MKALWTGQYRYISPKDEKIT
IGKINDQFAGY SQODSQELL
LFLMDGLHEDLNKADNRKRY
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RLOQKRQETGREDGGTLAKGSL
ENVLDSKDKTQKSNGEKNEKCE
TKEKGAITAKELYTMMTDKNIS
LITMDARRMODYQDSCILHSLS
VPEEATISPGVTASWIEAHLPDD
SKDTWKKRGNVEYVVLLDWESS
AKDLQIGTTLRSLKDALFKWES
KTVLRNEPLVLEGG
YENWLLCYPQYTTNAKVTPPPR
RONEEVSISLDFTYPSLEESIP
SKPAAQTPPASTIEVDENIELIS
GONERMGPLNISTPVEPVAASK
SDVSPIIQPVPSIKNVPQIDRT
KKPAVKLPEEHRIKSESTNHEQ
QSPQOSGKVIPDRSTKPVVESPT
IMLTDEEKARTHAETALLMEKN
KOEKELRERQOEEQKEKLRKEE
QEQKAKKKQEAEENEITEKQQK
AKEEMEKKESEQAKKEDKETSA
KRGKEITGVKROSKSEHETSDA
KKSVEDRGKRCPTPEIQKKSTG
DVPHTSVTGDSGSG
KPFKIKGQPESGILRTGTFRED
TDDTERNKAQREPLTRARSEEM
GRIVPGLPSGWAKEFLDPITGTE
RYYHSPTNTVHMYPPEMAPSSA
PPSTPPTHKAKPQIPAERDREP
SKLKRSYSSPDITQAIQEEEKR
KPTVTPTVNRENKPTCYPKAET
SRLSASQIRNLNPVEFGGSGPAL
TGLRNLGNTCYMNSILQCLCNA
PHLADY FNRNCYQDDINRSNLL
GHKGEVAEEFGIIMKALWTGQY
RYISPKDEFKITIGKINDQEFAGY
SQODSQELLLEFLMDGLHEDLNK
ADNRKRYKEENNDH
LDDFKAAFEHAWQKHKQOLNESTT
VALFQGQFKSTVQCLTCHKKSR
TFEAFMYLSLPLASTSKCTLQD
CLRLESKEEKLTDNNREYCSHC
RARRDSLKKIEIWKLPPVLLVH
LKRESYDGRWKOQKLOQTSVDEPL
ENLDLSQYVIGPKNNLKKYNLE
SVSNHYGGLDGGHY TAYCKNAA
RORWEFKEDDHEVSDISVSSVKS
SAAYTILEFYTSLGPRVTDVAT

KEENNDHLDDFKAAEHAWQK
HKOLNESTIVALEFQGQEFKST
VOQCLTCHKKSRTFEAFMYLS
LPLASTSKCTLODCLRLESK
EEKLTDNNREYCSHCRARRD
SLKKIETWKLPPVLLVHLKR
FSYDGRWKQKLQTSVDFPLE
NLDLSQYVIGPKNNLKKYNL
FSVSNHYGGLDGGHYTAYCK
NAARQRWEFKEFDDHEVSDISV
SSVKSSAAYTILFYTSLG

UBP37 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 37

47

MSPLKIHGPIRIRSMQTGITKW
KEGSFEIVEKENKVSLVVHYNT
GGIPRIFQLSHNIKNVVLRPSG
AKQSRLMLTLODNSFLSIDKVP
SKDAEEMRLEFLDAVHONRLPAA

159

QOLOGEFSNLGNTCYMNATILQ
SLESLOSEFANDLLKQGIPWK
KIPLNALTRRFAHLLVKKDI
CNSETKKDLLKKVKNAISAT
AEREFSGYMONDAHEFLSQCL
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MKPSQGSGSFGAILGSRTSQKE
TSROLSYSDNQASAKRGSLETK
DDIPFRKVLGNPGRGSIKTVAG
SGIARTIPSLTSTSTPLRSGLL
ENRTEKRKRMISTGSELNEDYP
KENDSSSNNKAMTDPSRKYLTS
SREKQLSLKQSEENRTSGLLPL
QSSSEFYGSRAGSKEHSSGGTNL
DRTNVSSQTPSAKR
SLGFLPQPVPLSVKKLRCNQDY
TGWNKPRVPLSSHQQOOQLOGE'S
NLGNTCYMNAILQSLESLOSFA
NDLLKQGIPWKKIPLNALIRREF
AHLLVKKDICNSETKKDLLKKV
KNATSATAERFSGYMONDAHEF
LSQCLDOQLKEDMEKLNKTWKTE
PVSGEENSPDISATRAYTCPVI
TNLEFEVOHSIICKACGEIIPK
REQFNDLSIDLPRRKKPLPPRS
IODSLDLEFRAEELEY SCEKCG
GKCALVRHKFNRLPRVLILHLK
RYSENVALSLNNKIGQQVIIPR
YLTLSSHCTENTKP
PFTLGWSAHMATISRPLKASQOMV
NSCITSPSTPSKKETEKSKSSL
ALCLDSDSEDELKRSVALSQRL
CEMLGNEQOQOEDLEKDSKLCPI
EPDKSELENSGFDRMSEEELLA
AVLEISKRDASPSLSHEDDDKP
TSSPDTGFAEDDIQEMPENPDT
METEKPKTITELDPASETEITK
DCDENKENKTPEGSQGEVDWLQ
QYDMEREREEQELQOQALAQSLQ
EQEAWEQKEDDDLKRATELSLQ
EFNNSEFVDALGSDEDSGNEDVE
DMEYTEAEAEELKRNAETGNLP
HSYRLISVVSHIGS
TSSSGHYISDVYDIKKQAWETY
NDLEVSKIQEAAVQOSDRDRSGY
IFFYMHKETIFDELLETEKNSQS
LSTEVGKTTRQAL

DOQLKEDMEKLNKTWKTEPVS
GEENSPDISATRAYTCPVIT
NLEFEVOHSTIICKACGEITIP
KREQFNDLSIDLPRRKKPLP
PRSIODSLDLFFRAEELEYS
CEKCGGKCALVRHKENRLPR
VLILHLKRYSEFNVALSLNNK
IGQOVITIPRYLTLSSHCTEN
TKP
PFTLGWSAHMAISRPLKASQ
MVNSCITSPSTPSKKETEKS
KSSLALCLDSDSEDELKRSV
ALSQRLCEMLGNEQQOQOEDLE
KDSKLCPIEPDKSELENSGE
DRMSEEELLAAVLEISKRDA
SPSLSHEDDDKPTSSPDTGE
AEDDIQEMPENPDTMETEKP
KTITELDPASFTEITKDCDE
NKENKTPEGSQGEVDWLQQY
DMEREREEQELOQALAQSLQ
EQEAWEQKEDDDLKRATELS
LOEFNNSFVDALGSDEDSGN
EDVFDMEYTEAEAEELKRNA
ETGNLPHSYRLISVVSHIGS
TSSSGHY ISDVYDIKKQAWE
TYNDLEVSKIQEAAVQSDRD
RSGYIFEFYMHK

U17LD_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 13

48

MEEDSLYLGGEWQENHESKLTS
SRLDAAFAETQRTSLPEKSPLS
CETRVDLCDDLVPEARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKQVDHPSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY

160

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHPSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
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LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPEC
LDMOPYMSQONTGPLVYVLYAV
LVHAGWSCHNGHYFESYVKAQEG
OQWYKMDDAEVTAASTITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRATQGELKR
DHPCLOAPELDEHLVERATQES
TLDRWKFLOQEQNKTKPEEFNVRK
VEGTLPPDVLVIHQSKYKCGMK
NHHPEQQOSSLLNLSSSTPTHQE
SMNTGTLASLRGRARRSKGKNK
HSKRALLVCQ

ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
ASITSVLSQQAYVLEYIQKS

U17L3_ HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 3

49

MGDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
SETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYENASLOQCLTYTLPLANYMLS
REHSQTCQRPKCCMLCTMQAHT
TWALHSPGHVIQPSQALASGEH
RGKQEDVHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GCWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVKQALEQLVK
PEELNGENAYHCGLCLQRAPAS
NTLTLHTSAKVLILVLKRESDV
AGNKLAKNVQYPEC
LDMOPYMSQONTGPLVYVLYAV
LVHAGWSCHDGHYFESYVKAQEG
QWYKMDDAEVTVCSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRAKQGELKR
DHPCLOAPELDEHLVERATQES
TLDHWKFLOQEQONKTKPEEFNVGK
VEGTLPPNALVIHQSKYKCGMK
NHHPEQQOSSLLNLSSTTRTDQE
SMNTGTLASLOGRTRRAKGKNK
HSKRALLVCQ

161

AVGAGLONMGNTCYENASLQ
CLTYTLPLANYMLSREHSQT
CORPKCCMLCTMQAHITWAL
HSPGHVIQPSQALASGEFHRG
KOQEDVHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGCWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVKQA
LEQLVKPEELNGENAYHCGL
CLOQRAPASNTLTLHTSAKVL
ILVLKRESDVAGNKLAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHDGHY F'
SYVKAQEGQWYKMDDAEVTV
CSITSVLSQQAYVLEYIQKS

UBP54 HUM
AN Inactive
ubiquitin
carboxyl-
terminal
hydrolase 54

50

MSWKRNY F'SGGRGSVQGMEAPR
SSTSIAPSKGLSNEPGONSCEL
NSALQVLWHLDIFRRSFRQLTT
HKCMGDSCIFCALKGIEFNQEQC
SSEKVLPSDTLRSALAKTEFQDE
QREFQLGIMDDAAECEFENLLMRI
HFHIADETKEDICTAQHCISHQ
KFAMTLEFEQCVCTSCGATSDPL
PFIOMVHYISTTSLCNQATICML
ERREKPSPSMEFGELLONASTMG
DLRNCPSNCGERIRIRRVLMNA

162

APSKGLSNEPGONSCEFLNSA
LOVLWHLDIFRRSFRQLTTH
KCMGDSCIFCALKGIENQFEFQ
CSSEKVLPSDTLRSALAKTE
QODEQRFQLGIMDDAAECEEN
LIMRIHFHIADETKEDICTA
QHCISHOKFAMTLFEQCVCT
SCGATSDPLPFEIQ

MVHYISTTSLCNQAICMLER
REKPSPSMFGELLONASTMG
DLRNCPSNCGERIRIRRVLM
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POITITIGLVWDSDHSDLAEDVI
HSLGTCLKLGDLFEFRVTDDRAK
QSELYLVGMICYYG

KHYSTFEFFQTKIRKWMY FDDAH
VKEIGPKWKDVVTKCIKGHYQP
LLLLYADPQGTPVSTQDLPPQA
EFQSYSRTCYDSEDSGREPSIS
SDTRTDSSTESYPYKHSHHESV
VSHESSDSQGTVIYNVENDSMS
QSSRDTGHLTDSECNQKHTSKK
GSLIERKRSSGRVRRKGDEPQA
SGYHSEGETLKEKQAPRNASKP
SSSTNRLRDEFKETVSNMIHNRP
SLASQTNVGSHCRGRGGDQPDK
KPPRTLPLHSRDWEIESTSSES
KSSSSSKYRPTWRPKRESLNID
SIFSKDKRKHCGYT

QLSPEFSEDSAKEFIPDEPSKPP
SYDIKEFGGPSPQYKRWGPARPG
SHLLEQHPRLIQRMESGYESSE
RNSSSPVSLDAALPESSNVYRD
PSAKRSAGLVPSWRHIPKSHSS
SILEVDSTASMGGWTKSQPESG
EEISSKSELDELQEEVARRAQE
QELRRKREKELEAAKGENPHPS
RFMDLDELONQGRSDGEFERSLQ
EAESVFEESLHLEQKGDCAAAT,
ALCNEATISKLRLALHGASCSTH
SRALVDKKLQISTRKARSLODR
MOOQOSPOOPSQOPSACLPTQAG
TLSQPTSEQPIPLQ

VLLSQEAQLESGMDTEFGASSE
FHSPASCHESHSSLSPESSAPQ
HSSPSRSALKLLTSVEVDNIEP
SAFHROQGLPKAPGWTEKNSHHS
WEPLDAPEGKLQGSRCDNSSCS
KLPPQEGRGIAQEQLEFQEKKDP
ANPSPVMPGIATSERGDEHSLG
CSPSNSSAQPSLPLYRTCHPIM
PVASSEVLHCPDPVQKTNQCLQ
GOSLKTSLTLKVDRGSEETYRP
EFPSTKGLVRSLAEQEFQRMOGV
SMRDSTGFKDRSLSGSLRKNSS
PSDSKPPEFSQGQEKGHWPWAKQ
QSSLEGGDRPLSWE

ESTEHSSLALNSGLPNGETSSG
GOPRLAEPDIYQEKLSQVRDVR
SKDLGSSTDLGTSLPLDSWVNI
TREFCDSQLKHGAPRPGMKSSPH
DSHTCVTYPERNHILLHPHWNQ
DTEQETSELESLYQASTOASQA

NAPQITITIGLVWDSDHSDLA
EDVIHSLGTCLKLGDLEFEFRV
TDDRAKQSELYLVGMICYYG
KHYSTEFFFQTKIRKWMY F'DD
AHVKEIGPKWKDVVTKCIKG
HYQPLLLLYADPQGTPVSTQ
DLPPQAEFQSYSRTCYDSED
SGREPSISSDTRTDSSTESY
PYKHSHHESVVSHESSDSQG
TVIYNVEND
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GCSGWGQODTAWHPLSQTGSAD
GMGRRLHSAHDPGLSKTSTAEM
EHGLHEARTVRTSQATPCRGLS
RECGEDEQYSAENLRRISRSLS
GTVVSEREEAPVSSHSFDSSNV
RKPLETGHRCSSSSSLPVIHDP
SVEFLLGPQLYLPQPQFLSPDVL
MPTMAGEPNRLPGT
SRSVOQFLAMCDRGETSQGAKY
TGRTLNYQSLPHRSRTDNSWAP
WSETNQHIGTREFLTTPGCNPQL
TYTATLPERSKGLQVPHTQSWS
DLFHSPSHPPIVHPVYPPSSSL
HVPLRSAWNSDPVPGSRTPGPR
RVDMPPDDDWROQSSYASHSGHR
RTVGEGFLEVLSDAPRREQIRA
RVLOHSQW

SNUT2_ HUM
AN U4/U6.U5
tri-snRNP-
associated
protein 2

51

MSGRSKRESRGSTRGKRESESR
GSSGRVKRERDREREPEAASSR
GSPVRVKREFEPASAREAPASV
VPEVRVKREREVDEDSEPEREV
RAKNGRVDSEDRRSRHCPYLDT
INRSVLDEDFEKLCSISLSHIN
AYACLVCGKYFQGRGLKSHAYT
HSVOFSHHVELNLHTLKEYCLP
DNYEIIDSSLEDITYVLKPTET
KOOIANLDKQAKLSRAYDGTTY
LPGIVGLNNIKANDYANAVLQA
LSNVPPLRNYFLEEDNYKNIKR
PPGDIMFLLVOQRFGELMRKLWN
PRNFKAHVSPHEML
QAVVLCSKKTEFQITKQGDGVDE
LSWELNALHSALGGTKKKKKT I
VIDVFQGSMRIFTKKLPHPDLP
AEEKEQLLHNDEYQETMVESTE
MYLTLDLPTAPLYKDEKEQLIT
POVPLENILAKENGITEKEYKT
YKENFLKREQLTKLPPYLIFCI
KRETKNNEEFVEKNPTIVNEPIT
NVDLREYLSEEVQAVHKNTTYD
LIANIVHDGKPSEGSYRIHVLH
HGTGKWYELQDLOVTDILPQMI
TLSEAY IQIWKRRDNDETNQQG
A

163

LPGIVGLNNIKANDYANAVL
QALSNVPPLRNYFLEEDNYK
NIKRPPGDIMFLLVQRFGEL
MRKLWNPRNEFKAHVSPHEML
QAVVLCSKKTEFQITKQGDGV
DFLSWEFLNALHSALGGTKKK
KKTIVTDVEFQGSMRIFTKKL
PHPDLPAEEKEQLLHNDEYQ
ETMVESTFMYLTLDLPTAPL
YKDEKEQLITPQVPLENILA
KENGITEKEYKTYKENEFLKR
FOLTKLPPYLIFCIKRETKN
NFEVEKNPTIVNEFPITNVDL
REYLSEEVQAVHKNTTYDLT
ANIVHDGKPSEGSYRIHVLH
HGTGKWYELQODLQVTDILPQ
MITLSEAYIQIWKRRD

UBP35_ HUM
AN Ubiquitin
carboxyl-

terminal
hydrolase 35

52

MDKILEAVVTSSYPVSVKQGLV
RRVLEAARQPLEREQCLALLATL
GARLYVGGAEELPRRVGCQLLH
VAGRHHPDVFAEFFSARRVLRL
LOGGAGPPGPRALACVQLGLQL
LPEGPAADEVFALLRREVLRTV
CERPGPAACAQVARLLARHPRC

164

SDTGKIGLINLGNTCYVNSTI
LOALFMASDEFRHCVLRLTEN
NSQPLMTKLOWLEFGEFLEHSQ
RPAISPENFLSASWTPWESP
GTQODCSEYLKYLLDRLHEE
EKTGTRICQKLKQSSSPSPP
EEPPAPSSTSVEKMEGGKIV
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VPDGPHRLLECQQLVRCLGRFEFR
CPAEGEEGAVEFLEQAQQVSGL
LAQLWRAQPAATLPCLKELFEFAV
ISCAEEEPPSSALASVVQHLPL
ELMDGVVRNLSNDDSVTDSQML
TATISRMIDWVSWPLGKNIDKWI
IALLKGLAAVKKES
ILTEVSLTKIEKVESKLLYPIV
RGAALSVLKYMLLTFQHSHEAF
HLLLPHIPPMVASLVKEDSNSG
TSCLEQLAELVHCMVEREPGEP
DLYEPVMEATIKDLHVPNEDRIK
QLLGODAWT SQKSELAGEYPRL
MAKSDTGKIGLINLGNTCYVNS
ILOALFMASDFRHCVLRLTENN
SOQPLMTKLOWLEGFLEHSQRPA
ISPENFLSASWTPWESPGTQQD
CSEYLKYLLDRLHEEEKTGTRI
COKLKOSSSPSPPEEPPAPSST
SVEKMEGGKIVTRICCLCCLNV
SSREEAFTDLSLAF
PPPERCRRRRLGSVMRPTEDIT
ARELPPPTSAQGPGRVGPRROR
KHCITEDTPPTSLYIEGLDSKE
AGGOSSQEERIEREEEGKEERT
EKEEVGEEEESTRGEGEREKEE
EVEEEEEKVEKETEKEAEQEKE
EDSLGAGTHPDAATPSGERTCG
SEGSRSVLDLVNYFLSPEKLTA
ENRYYCESCASLQDAEKVVELS
QGPCYLILTLLREFSFDLRTMRR
RKILDDVSIPLLLRLPLAGGRG
QAYDLCSVVVHSGVSSESGHYY
CYAREGAARPAASTL.GTADRPEP
ENOWYLENDTRVSFE
SSEFESVSNVTSEFPKDTAYVLE
YRORPREGPEAELGSSRVRTEP
TLHKDLMEAISKDNILYLOEQE
KEARSRAAYISALPTSPHWGRG
FDEDKDEDEGSPGGCNPAGGNG
GDFHRLVE

TRICCLCCLNVSSREEAFEFTD
LSLAFPPPERCRRRRLGSVM
RPTEDITARELPPPTSAQGP
GRVGPRRORKHCITEDTPPT
SLY TEGLDSKEAGGQSSQEE
RIEREEEGKEERTEKEEVGE
EEESTRGEGEREKEEEVEEE
EEKVE
KETEKEAEQEKEEDSLGAGT
HPDAATPSGERTCGSEGSRS
VLDLVNY FLSPEKLTAENRY
YCESCASLODAEKVVELSQG
PCYLILTLLRESFDLRTMRR
RKILDDVSIPLLLRLPLAGG
RGOAYDLCSVVVHSGVSSES
GHYYCYAREGAARPAAST.GT
ADRPEPENQWYLENDTRVSE
SSFESVSNVTSFEFPKDTAYV
LEYRQRP

UBP15_ HUM
AN Ubiquitin
carboxyl-

terminal
hydrolase 15

53

MAEGGAADLDTQRSDIATLLKT
SLRKGDTWYLVDSRWEKQWKKY
VGEDSWDKYQOMGDONVYPGPID
NSGLLKDGDAQSLKEHLIDELD
YILLPTEGWNKLVSWYTLMEGQ
EPIARKVVEQGMEVKHCKVEVY
LTELKLCENGNMNNVVTRRESK
ADTIDTIEKEIRKIFSIPDEKE
TRLWNKYMSNTEFEPLNKPDSTI
QODAGLYQGQVLVIEQKNEDGTW

165

EQPGLCGLSNLGNTCFMNSA
IQCLSNTPPLTEY FLNDKYQ
EELNFDNPLGMRGEIAKSYA
ELIKOMWSGKESYVTPRAFK
TOQVGRFAPQESGYQQODCQE
LLAFLLDGLHEDLNRIRKKP
YIQLKDADGRPDKVVAEEAW
ENHLKRNDSIIVDIFHGLEK
STLVCPECAKISVTEFDPECY
LTLPLPMKKERTLEVYLVRM

106




WO 2022/099034

PCT/US2021/058286

PRGPSTPKSPGASNESTLPKIS
PSSLSNNYNNMNNRNVKNSNYC
LPSYTAYKNYDY SEPGRNNEQP
GLCGLSNLGNTCEM
NSATIQCLSNTPPLTEY FLNDKY
QEELNEFDNPLGMRGEIAKSYAE
LIKOMWSGKESYVTPRAFKTQV
GREFAPQFSGYQQODCOELLAFL
LDGLHEDLNRIRKKPY IQLKDA
DGRPDKVVAEEAWENHLKRNDS
IIVDIFHGLFKSTLVCPECAKI
SVIFDPFCYLTLPLPMKKERTL
EVYLVRMDPLTKPMQYKVVVPK
IGNILDLCTALSALSGIPADKM
IVIDIYNHRFHRIFAMDENLSS
IMERDDIYVFEININRTEDTEH
VIIPVCLREKFRHSSYTHHTGS
SLEGOQPFLMAVPRN
NTEDKLYNLLLLRMCRYVKIST
ETEETEGSLHCCKDONINGNGP
NGIHEEGSPSEMETDEPDDESS
ODQELPSENENSQSEDSVGGDN
DSENGLCTEDTCKGQLTGHKKR
LETFQEFNNLGNTDINY IKDDTR
HIRFDDRQLRLDERSELALDWD
PDLKKRYFDENAAEDFEKHESV
EYKPPKKPEVKLKDCIELEFTTK
EKLGAEDPWYCPNCKEHQQOATK
KLDLWSLPPVLVVHLKRESY SR
YMRDKLDTLVDEPINDLDMSEF
LINPNAGPCRYNLIAVSNHYGG
MGGGHYTAFAKNKD
DGKWYYFEFDDSSVSTASEDQIVS
KAAYVLEYQRODTESGTGEEPL
DRETKGASAATGIPLESDEDSN
DNDNDIENENCMHTN

DPLTKPMQYKVVVPKIGNIL
DLCTALSALSGIPADKMIVT
DIYNHRFHRIFAMDENLSST
MERDDIYVFEININRTEDTE
HVIIPVCLREKFRHSSYTHH
TGSSLEFGOQPFLMAVPRNNTE
DKLYNLLLLRMCRYVKISTE
TEETEGSLHCCKDONINGNG
PNGITHEEGSPSEMETDEPDD
ESSQODOELPSENENSQSEDS
VGGDNDSENGLCTEDTCKGQ
LTGHKKRLEFTFQEFNNLGNTD
INYIKDDTRHIREFDDRQLRL
DERSFLALDWDPDLKKRYFEFD
ENAAEDFEKHESVEYKPPKK
PEVKLKDCIELFTTKEKLGA
EDPWYCPNCKEHQQATKKLD
LWSLPPVLVVHLKRESYSRY
MRDKLDTLVDEFPINDLDMSE
FLINPNAGPCRYNLIAVSNH
YGGMGGGHY TAFAKNKDDGK
WYYFDDSSVSTASEDQIVSK
AAYVLEYQROD

UBP29 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 29

54

MISLKVCGFIQIWSQKTGMTKL
KEALTETVORQKEIKLVVTEKS
GKFIRIFQLSNNIRSVVLRHCK
KROSHLRLTLKNNVEFLEFIDKLS
YRDAKQLNMFLDITHONKSQQP
MKSDDDWSVEFESRNMLKEIDKT
SEYSICNKPSYQKMPLEMSKSP
THVKKGILENQGGKGONTLSSD
VOTNEDILKEDNPVPNKKYKTD
SLKYIQSNRKNPSSLEDLEKDR
DLKLGPSENTNCNGNPNLDETV
LATQTLNAKNGLTSPLEPEHSQ
GDPRCNKAQVPLDSHSQQLQQG
FPNLGNTCYMNAVL

166

QLOOGEFPNLGNTCYMNAVLQ
SLEATIPSEFADDLLTQGVPWE
YIPFEALIMTLTQLLALKDEF
CSTKIKRELLGNVKKVISAV
AETFSGNMONDAHEFLGQCL
DOLKEDMEKLNATLNTGKEC
GDENSSPOMHVGSAATKVEV
CPVVANFEFELQLSLICKAC
GHAVLKVEPNNYLSINLHQE
TKPLPLSIONSLDLEFFKEEE
LEYNCOMCKOKSCVARHTE'S
RLSRVLITHLKRY SENNAWL
LVKNNEQVYIPKSLSLSSYC
NESTKPPLPLSSSAPVGKCE
VLEVSQEMISEINSPLTPSM
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QSLFATIPSFADDLLTQGVPWEY
IPFEALIMTLTQLLALKDECST
KIKRELLGNVKKVISAVAETES
GNMONDAHEFLGQCLDQLKEDM
EKLNATLNTGKECGDENSSPOM
HVGSAATKVEVCPVVANFEFEL
QLSLICKACGHAVLKVEPNNYL
SINLHQETKPLPLSIONSLDLEFE
FKEEELEYNCOMCKQKSCVARH
TESRLSRVLITHLKRY SENNAW
LLVKNNEQVYIPKSLSLSSYCN
ESTKPPLPLSSSAPVGKCEVLE
VSQEMISEINSPLTPSMKLTSE
SSDSLVLPVEPDKN

ADLORFQRDCGDASQEQHQRDL
ENGSALESELVHEFRDRAIGEKE
LPVADSLMDQGDISLPVMYEDG
GKLISSPDTRLVEVHLQEVPQH
PELOQKYEKTNTEVEEFNEDSVTE
STNGEYDCKENRIPEGSQGMAE
QLOOCIEESIIDEFLOQAPPPG
VRKLDAQEHTEETLNQSTELRL
QOKADLNHLGALGSDNPGNKNIL
DAENTRGEAKELTRNVKMGDPL
QAYRLISVVSHIGSSPNSGHY I
SDVYDEFQKOAWETYNDLCVSET
SETKMQEARLHSGY IFEFYMHNG
IFEELLRKAENSRLPSTQAGVI
POGEYEGDSLYRPA

KLTSESSDSLVLPVEPDKNA
DLORFORDCGDASQEQHQRD
LENGSALESELVHFRDRAIG
EKELPVADSLMDQGDISLPV
MYEDGGKLISSPDTRLVEVH
LOEVPQHPELOKYEKTNTEV
EFNFDSVTESTNGEYDCKEN
RIPEGSQGMAEQLQOQCIEES
IIDEFLOQAPPPGVRKLDAQ
EHTEETLNQSTELRLOKADL
NHLGALGSDNPGNKNILDAE
NTRGEAKELTRNVKMGDPLQ
AYRLISVVSHIGSSPNSGHY
ISDVYDEFOQKQAWETYNDLCV
SEISETKMOEARLHSGYIFF
YMHN

UBP6 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 6

55

MDMVENADSLQAQERKDILMKY
DKGHRAGLPEDKGPEPVGINSS
IDRFGILHETELPPVTAREAKK
IRREMTRTSKWMEMLGEWETYK
HSSKLIDRVYKGIPMNIRGPVW
SVLLNIQEIKLKNPGRYQIMKE
RGKRSSEHIHHIDLDVRTTLRN
HVFFRDRYGAKQRELEYILLAY
SEYNPEVGYCRDLSHITALEFLL
YLPEEDAFWALVQLLASERHSL
PGEFHSPNGGTVQGLODOQEHVV
PKSQPKTMWHODKEGLCGQCAS
LGCLLRNLIDGISLGLTLRLWD
VYLVEGEQVLMPIT

SIALKVQOKRLMKTSRCGLWAR
LRNQFEFDTWAMNDDTVLKHLRA
STKKLTRKOGDLPPPAKREQGS
LAPRPVPASRGGKTLCKGYRQA
PPGPPAQFQRPICSASPPWASR
FSTPCPGGAVREDTYPVGTQGV
PSLALAQGGPOQGSWRELEWKSM
PRLPTDLDIGGPWEPHYDEEWS

167

KGATGLSNLGNTCEFMNSSIQ
CVSNTQPLTQYFISGRHLYE
LNRTNPIGMKGHMAKCYGDL
VOELWSGTQKSVAPLKLRRT
IAKYAPKEDGFQOODSQELL
AFLLDGLHEDLNRVHEKPYV
ELKDSDGRPDWE

VAAEAWDNHLRRNRSTIIVDL
FHGOQLRSQVKCKTCGHISVR
FDPNFLSLPLPMDSYMDLET
TVIKLDGTTPVRYGLRLNMD
EKYTGLKKQLRDLCGLNSEQ
ILLAEVHDSNIKNEFPQDNOQK
VOLSVSGFLCAFEIPVPSSP
ISASSPTQIDFSSSPSTNGM
FITLTTNGDLPKPIFIPNGMP
NTVVPCGTEKNEFTNGMVNGH
MPSLPDSPFTGYITIAVHRKM
MRTELYFLSPOQENRPSLEFGM
PLIVPCTVHTRKKDLYDAVW
IQVSWLARPLPPOQEASTHAQ
DRDNCMGYQYPETLRVVQKD
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CWVRAISQEDQLATCWQAEHCG
EVHNKDMSWPEEMSETANSSKI
DROKVPTEKGATGLSNLGNTCE
MNSSIQCVSNTQPLTQYEFISGR
HLYELNRTNPIGMKGHMAKCYG
DLVQELWSGTQKSV
APLKLRRTIAKYAPKEDGEQQQ
DSQELLAFLLDGLHEDLNRVHE
KPYVELKDSDGRPDWEVAAEAW
DNHLRRNRSTIIVDLEFHGQLRSQ
VKCKTCGHISVREDPENELSLP
LPMDSYMDLEITVIKLDGTTPV
RYGLRLNMDEKYTGLKKQLRDL
CGLNSEQILLAEVHDSNIKNEP
ODNQKVQLSVSGFLCAFEIPVP
SSPISASSPTQIDEFSSSPSTNG
METLTTNGDLPKPIFIPNGMPN
TVVPCGTERKNETNGMVNGHMPS
LPDSPFTGYITIAVHRKMMRTEL
YFLSPOQENRPSLEG
MPLIVPCTVHTRKKDLYDAVWI
QVSWLARPLPPQEASTIHAQDRD
NCMGYQYPEFTLRVVQKDGNSCA
WCPQYRFCRGCKIDCGEDRAEFET
GNAY IAVDWHPTATLHLRYQTSQ
ERVVDKHESVEQSRRAQAEPIN
LDSCLRAFTSEEELGESEMYYC
SKCKTHCLATKKLDLWRLPPFEFL
ITHLKREQEFVNDOWIKSQKIVR
FLRESFDPSAFLVPRDPALCQH
KPLTPQOGDELSKPRILAREVKK
VDAQSSAGKEDMLLSKSPSSLS
ANISSSPKGSPSSSRKSGTSCP
SSKNSSPNSSPRTL
GRSKGRLRLPQIGSKNKPSSSK
KNLDASKENGAGQICELADALS
RGHMRGGSQPELVTPQDHEVAL
ANGFLYEHEACGNGCGDGY SNG
QLGNHSEEDSTDDQREDTHIKP
IYNLYATSCHSGILSGGHYITY
AKNPNCKWYCYNDSSCEELHPD
EIDTDSAYILEFYEQQGIDYAQF
LPKIDGKKMADTSSTDEDSESD
YEKYSMLQ

GNSCAWCPQYRFCRGCKIDC
GEDRAFIGNAY IAVDWHPTA
LHLRYQTSQERVVDKHESVE
QOSRRAQAEPINLDSCLRAEFT
SEEELGESEMYYCSKCKTHC
LATKKLDLWRLPPFLITHLK
REFQFVNDOQWIKSQKIVRELR
ESFDPSAFLVPRDPALCQHK
PLTPOGDELSKPRILAREVK
KVDAQSSAGKEDMLLSKSPS
SLSANISSSPKGSPSSSRKS
GTSCPSSKNSSPNSSPRTLG
RSKGRLRLPQIGSKNKPSSS
KKNLDASKENGAGQICELAD
ALSRGHMRGGSQPELVTPQD
HEVALANGFLYEHEACGNGC
GDGYSNGQLGNHSEEDSTDD
QREDTHIKPIYNLYAISCHS
GILSGGHYITYAKNPNCKWY
CYNDSSCEELHPDEIDTDSA
YILEYEQQG

UBP53 HUM
AN Inactive
ubiquitin
carboxyl-
terminal
hydrolase 53

56

MAWVKELRKPGGNLGKVYQPGS
MLSLAPTKGLLNEPGONSCELN
SAVQVLWOLDIFRRSLRVLTGH
VCQGDACIFCALKTIFAQEFQHS
REKALPSDNIRHALAESFKDEQ
RFQLGLMDDAAECEFENMLERTIH
FHIVPSRDADMCTSKSCITHQK

168

APTKGLLNEPGONSCEFLNSA
VOVLWQLDIFRRSLRVLTGH
VCQGDACIFCALKTIFAQFEQ
HSREKALPSDNIRHALAESE
KDEQREFQLGLMDDAAECFEEN
MLERIHFHIVPSRDADMCTS
KSCITHQKFAMTLYEQCVCR
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FAMTLYEQCVCRSCGASSDPLP
FTEFVRYISTTALCNEVERMLE
RHERFKPEMFAELLOQAANTTDD
YRKCPSNCGOKIKIRRVLMNCP
EIVIIGLVWDSEHSDLTEAVVR
NLATHLYLPGLEYRVTDENAKN
SELNLVGMICYTSQ
HYCAFAFHTKSSKWVEEFDDANV
KEIGTRWKDVVSKCIRCHEFQPL
LLEYANPDGTAVSTEDALRQVI
SWSHYKSVAENMGCEKPVIHKS
DNLKENGEGDQAKQRENQKEPT
DNISSSNRSHSHTGVGKGPAKL
SHIDOQREKIKDISRECALKAIE
QKNLLSSQRKDLEKGQORKDLGR
HRDLVDEDLSHFQSGSPPAPNG
FKOHGNPHLYHSQGKGSYKHDR
VVPOSRASAQITISSSKSQILAP
GEKITGKVKSDNGTGYDTDSSQ
DSRDRGNSCDSSSKSRNRGWKP
MRETLNVDSIFSES
EKROQHSPRHKPNISNKPKSSKD
PSESNWPKENPKOQKGLMTIYED
EMKQEIGSRSSLESNGKGAEKN
KGLVEGKVHGDNWOMQRTESGY
ESSDHISNGSTNLDSPVIDGNG
TVMDISGVKETVCESDQITTSN
LNKERGDCTSLOSQHHLEGEFRK
ELRNLEAGYKSHEFHPESHLQTI
KNHLIKRSHVHEDNGKLEPSSS
LOIPKDHNAREHIHQSDEQKLE
KPNECKESEWLNIENSERTGLP
FHVDNSASGKRVNSNEPSSLWS
SHLRTVGLKPETAPLIQQQONIM
DOQCYFENSLSTECT
IRSASRSDGCOMPKLECQONLPP
PLPPKKYAITSVPQSEKSESTP
DVKLTEVFKATSHLPKHSLSTA
SEPSLEVSTHMNDERHKETEQV
RECEGNTPNCPSSSSTNDFQAN
SGAIDAFCQOQPELDSISTCPNET
VSLTTYFEFSVDSCMTDTYRLKYH
QRPKLSFPESSGEFCNNSLS

SCGASSDPLPFTEEFVRYIST
TALCNEVERMLERHEREFKPE
MFAELLOQAANTTDDYRKCPS
NCGOQKIKIRRVLMNCPEIVT
IGLVWDSEHSDLTEAVVRNL
ATHLYLPGLEYRVTDENAKN
SELNLVGMICYTSQHYCAFA
FHTKSSKWVEFDDANVKEIG
TRWKDVVSKCIRCHEFQPLLL
FYANPDGTAVSTEDALRQVI
SWSHYKSVAENMGCEKPVIH
KSDNLKENGFGDQAKQRENQ
KFPTDNISSSNRSHSHTGVG
KGPAKLSHIDQREKIKDISR
ECALKATEQKNLLSSQRKDL
EKGORK

U17LO_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 24

57

MEDDSLYLRGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC

169

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
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LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPEC
LDMOPYMSQPNTGPLVYVLYAV
LVHAGWSCHNGHYFESYVKAQEG
QWYKMDDAEVTASSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRATQGELKR
DHPCLOAPELDEHLVERATQES
TLDHWKFLOQEQONKTKPEEFNVRK
VEGTLPPDVLVIHQSKYKCGMK
NHHPEQQOSSLLNLSSSTPTHQE
SMNTGTLASLRGRARRSKGKNK
HSKRALLVCQ

LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQOPNTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS

U17LM_HU
MAN
Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 22

MEDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPEC
LDMOPYMSQONTGPLVYVLYAV
LVHAGWSCHNGHYFESYVKAQEG
QWYKMDDAEVTASSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRATQGELKR
DHPCLOAPELDEHLVERATQES
TLDHWKFLOQEQONKTKPEEFNVRK
VEGTLPPDVLVIHQSKYKCGMK
NHHPEQOSSLLKLSSTTPTHQE
SMNTGTLASLRGRARRSKGKNK
HSKRALLVCQ

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS

UBP5_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 5

58

MAELSEEALLSVLPTIRVPKAG
DRVHKDECAFSFDTPESEGGLY
ICMNTFLGEFGKQYVERHENKTG
QRVYLHLRRTRRPKEEDPATGT
GDPPRKKPTRLAIGVEGGEDLS
EEKFELDEDVKIVILPDYLEIA
RDGLGGLPDIVRDRVTSAVEAL
LSADSASRKQEVQAWDGEVRQV
SKHAFSLKQLDNPARIPPCGWK

170

FGPGYTGIRNLGNSCYLNSV
VOVLEFSIPDFQRKYVDKLEK
IFONAPTDPTQODESTQVAKL
GHGLLSGEY SKPVPESGDGE
RVPEQKEVODGIAPRMEFKAL
IGKGHPEFSTNRQODAQEFEF
LHLINMVERNCRSSENPNEV
FRELVEEKIKCLATEKVKYT
QRVDY IMQOLPVPMDAALNKE
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CSKCDMRENLWLNLTDGSILCG
RRYEFDGSGGNNHAVEHYRETGY
PLAVKLGTITPDGADVYSYDED
DMVLDPSLAEHLSHEFGIDMLKM
QKTDKTMTELEIDM
NORIGEWELIQESGVPLKPLFEG
PGYTGIRNLGNSCYLNSVVQVL
FSIPDFQRKYVDKLEKIEFQNAP
TDPTQDEFSTQOVAKLGHGLLSGE
YSKPVPESGDGERVPEQKEVQD
GIAPRMFKALIGKGHPEFEFSTNR
QODAQEFFLHLINMVERNCRSS
ENPNEVFRFLVEEKIKCLATEK
VKYTQRVDY IMQLPVPMDAALN
KEELLEYEEKKRQAEEEKMALP
ELVRAQVPEFSSCLEAYGAPEQV
DDFWSTALQAKSVAVKTTREAS
FPDYLVIQIKKEFTEFGLDWVPKK
LDVSIEMPEELDIS
QLRGTGLOPGEEELPDIAPPLV
TPDEPKGSLGEYGNEDEDSECS
PHESSPTSPMLDESVIIQLVEM
GFPMDACRKAVYYTGNSGAEAA
MNWVMSHMDDPDFANPLILPGS
SGPGSTSAAADPPPEDCVTTIV
SMGESRDOQALKALRATNNSLER
AVDWIFSHIDDLDAEAAMDISE
GRSAADSISESVPVGPKVRDGP
GKYQLFAFISHMGTSTMCGHYV
CHIKKEGRWVIYNDQKVCASEK
PPKDLGYIYFYQRVAS

ELLEYEEKKRQAEEEKMALP
ELVRAQVPFSSCLEAYGAPE
QVDDEFWSTALQAKSVAVKTT
RFASFPDYLVIQIKKEFTEGL
DWVPKKLDVSIEMPEELDIS
QLRGTGLOPGEEELPDIAPP
LVTPDEPKGSLGEFYGNEDED
SFCSPHESSPTSPMLDESVI
IQLVEMGFPMDACRKAVYYT
GNSGAEAAMNWVMSHMDDPD
FANPLILPGSSGPGSTSAAA
DPPPEDCVTTIVSMGESRDQ
ALKALRATNNSLERAVDWIEF
SHIDDLDAEAAMDISEGRSA
ADSISESVPVGPKVRDGPGK
YOLFAFISHMGTSTMCGHYV
CHIKKEGRWVIYNDQKVCAS
EKPPKDLGYIYEFYQRVA

UBP25 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 25

59

MTVEQNVLOQSAAQKHQOTELN
QLREITGINDTQILOQALKDSN
GNLELAVAFLTAKNAKTPQOQEE
TTYYQTALPGNDRY ISVGSQAD
TNVIDLTGDDKDDLQRATATSL
AESNRAFRETGITDEEQATISRV
LEASTAENKACLKRTPTEVWRD
SRNPYDRKRQDKAPVGLKNVGN
TCWESAVIQSLENLLEFRRLVL
NYKPPSNAQDLPRNQKEHRNLP
FMRELRYLFALLVGTKRKYVDP
SRAVEILKDAFKSNDSQQQDVS
EFTHKLLDWLEDAFOMKAEEET
DEEKPKNPMVELEY

GREFLAVGVLEGKKEFENTEMEGQO
YPLOVNGEFKDLHECLEAAMIEG
ETESLHSENSGKSGOQEHWETEL
PPVLTFELSRFEFNQALGRPEK
IHNKLEFPQVLYLDRYMHRNRE
ITRIKREETIKRLKDYLTVLQQOR

KAPVGLKNVGNTCWESAVIQ
SLENLLEFRRLVLNYKPPSN
AQDLPRNQKEHRNLPFMREL
RYLFALLVGTKRKYVDPSRA
VEILKDAFKSNDSQQQDVSE
FTHKLLDWLEDAFOMKAEEE
TDEEKPKNPMVELEFYGREFLA
VGVLEGKKFENTEMFGQYPL
QVNGEFKDLHECLEAAMIEGE
IESLHSENSGKSGQEHWETE
LPPVLTFELSRFEFNQALGR
PEKTHNKLEFPOQVLYLDRYM
HRNREITRIKREETIKRLKDY
LTVLOQORLERYLSYGSGPKR
FPLVDVLOQYALEFASSKPVC
TSPVDDIDASSPPSGSIPSQ
TLPSTTEQQGALSSELPSTS
PSSVAATSSRSVIHKPETQS
RIPPDLPMHPAPRHITEEEL
SVLESCLHRWRTEIENDTRD
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LERYLSYGSGPKREPLVDVLQY
ALEFASSKPVCTSPVDDIDASS
PPSGSIPSQTLPSTTEQQGALS
SELPSTSPSSVAATISSRSVIHK
PFTQSRIPPDLPMHPAPRHITE
EELSVLESCLHRWRTEIENDTR
DLOESISRIHRTIELMY SDKSM
IQVPYRLHAVLVHE
GOANAGHYWAY IFDHRESRWMK
YNDIAVTKSSWEELVRDSFGGY
RNASAYCLMY INDKAQFLIQEE
FNKETGOQPLVGIETLPPDLRDEF
VEEDNQRFEKELEEWDAQLAQK
ALQEKLLASQKLRESETSVTTA
QAAGDPEYLEQPSRSDFSKHLK
EETIQITITKASHEHEDKSPETV
LOSATKLEYARLVKLAQEDTPP
ETDYRLHHVVVYFIQONQAPKKI
IEKTLLEQFGDRNLSEFDERCHN
IMKVAQAKLEMIKPEEVNLEEY
EEWHODYRKFRETTMYLIIGLE
NFOQRESYIDSLLEFL
ICAYONNKELLSKGLYRGHDEE
LISHYRRECLLKLNEQAAELFE
SGEDREVNNGLIIMNEFIVPEL
PLLLVDEMEEKDILAVEDMRNR
WCSYLGQEMEPHLOQEKLTDEFLP
KLLDCSMEIKSFHEPPKLPSYS
THELCERFARIMLSLSRTPADG
R

LOESISRIHRTIELMYSDKS
MIQVPYRLHAVLVHEGQANA
GHYWAYIFDHRESRWMKYND
IAVTKSSWEELVRDSEFGGYR
NAS

UBP33 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 33

60

MTGSNSHITILTLKVLPHEFESL
GKQEKIPNKMSAFRNHCPHLDS
VGEITKEDLIQKSLGTCQDCKV
QGPNLWACLENRCSYVGCGESQ
VDHSTIHSQETKHYLTVNLTTL
RVWCYACSKEVFLDRKLGTQPS
LPHVROPHQIQENSVODEKIPS
NTTLKTPLVAVEDDLDIEADEE
DELRARGLTGLKNIGNTCYMNA
ALQALSNCPPLTQFFLDCGGLA
RTDKKPAICKSYLKLMTELWHK
SRPGSVVPTTLEFQGIKTVNPTE
RGYSQODAQEFLRCLMDLLHEE
LKEQVMEVEEDPQT

ITTEETMEEDKSQSDVDEFQSCE
SCSNSDRAENENGSRCESEDNN
ETTMLIQDDENNSEMSKDWQKE
KMCNKINKVNSEGEEFDKDRDST
SETVDLNNQETVKVQIHSRASE
YITDVHSNDLSTPQILPSNEGV
NPRLSASPPKSGNLWPGLAPPH

171

ARGLTGLKNIGNTCYMNAAL
QALSNCPPLTQFFLDCGGLA
RTDKKPAICKSYLKLMTELW
HKSRPGSVVPTTLEFQGIKTV
NPTFRGYSQQODAQEFLRCLM
DLLHEELKEQVMEVEEDPQT
ITTEETMEEDKSQSDVDEQS
CESCSNSDRAENENGSRCE'S
EDNNETTMLIQDDENNSEMS
KDWOKEKMCNKINKVNSEGE
FDKDRDSISETVDLNNQETV
KVOIHSRASEY ITDVHSNDL
STPQILPSNEGVNPRLSASP
PKSGNLWPGLAPPHKKAQSA
SPKRKKQHKKYRSVISDIED
GTIISSVQCLTCDRVSVTLE
TFOQDLSLPIPGKEDLAKLHS
SSHPTSIVKAGSCGEAYAPQ
GWIAFFMEYVKREVVSCVPS
WEWGPVVTLODCLAAFFARD
ELKGDNMY SCEKCKKLRNGV
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KKAQSASPKRKKQHKKYRSVIS
DIFDGTIISSVQCLTCDRVSVT
LETFOQDLSLPIPGKEDLAKLHS
SSHPTSIVKAGSCGEAYAPQGW
IAFFMEYVKREVVSCVPSWEWG
PVVTLODCLAAFFARDELKGDN
MY SCEKCKKLRNGV
KFCKVONFPEILCIHLKRERHE
IMESTKISTHVSFPLEGLDLQP
FLAKDSPAQIVTYDLLSVICHH
GTASSGHY IAYCRNNLNNLWYE
FDDQSVTEVSESTVONAEAYVL
FYRKSSEEAQKERRRISNLLNT
MEPSLLOFYISROQWLNKEKTEFA
EPGPISNNDEFLCIHGGVPPRKA
GYIEDLVLMLPONIWDNLYSRY
GGGPAVNHLY ICHTCQIEAEKT
EKRRKTELETFIRLNRAFQKED
SPATEFYCISMOWEFREWESEVKG
KDGDPPGPIDNTKIAVTKCGNV
MLROQGADSGQISEETWNEFLOST
YGGGPEVILRPPVVHVDPDILQ
AEEKIEVETRSL

KFCKVONFPEILCIHLKRER
HELMESTKISTHVSEFPLEGL
DLOPFLAKDSPAQIVTYDLL
SVICHHGTASSGHYIAYCRN
NLNNLWYEEFDDQOSVTEVSES
TVONAEAYVLEYRKSS

UBP21 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 21

61

MPOASEHRLGRTREPPVNIQPR
VGSKLPFAPRARSKERRNPASG
PNPMLRPLPPRPGLPDERLKKL
ELGRGRTSGPRPRGPLRADHGV
PLPGSPPPTVALPLPSRTNLAR
SKSVSSGDLRPMGIALGGHRGT
GELGAALSRLALRPEPPTLRRS
TSLRRLGGFPGPPTLESIRTEP
PASHGSFHMISARSSEPEYSDD
KMAHHTLLLGSGHVGLRNLGNT
CFLNAVLQCLSSTRPLRDEFCLR
RDFRQEVPGGGRAQELTEAFAD
VIGALWHPDSCEAVNPTREFRAV
FOKYVPSESGYSQQ
DAQEFLKLLMERLHLEINRRGR
RAPPILANGPVPSPPRRGGALL
EEPELSDDDRANLMWKRYLERE
DSKIVDLEVGQLKSCLKCQACG
YRSTTFEVFCDLSLPIPKKGEA
GGKVSLRDCENLFTKEEELESE
NAPVCDRCROQKTRSTKKLTVOQOR
FPRILVLHLNRESASRGSIKKS
SVGVDEFPLORLSLGDFASDKAG
SPVYQLYALCNHSGSVHYGHYT
ALCRCQTGWHVYNDSRVSPVSE
NOQVASSEGYVLEYQLMQEPPRC
L

172

LGSGHVGLRNLGNTCEFLNAV
LOCLSSTRPLRDFCLRRDER
QEVPGGGRAQELTEAFADVI
GALWHPDSCEAVNPTRERAV
FOKYVPSESGY SQODAQEFT
KLLMERLHLETINRRGRRAPP
ILANGPVPSPPRRGGALLEE
PELSDDDRANLMWK
RYLEREDSKIVDLEVGQLKS
CLKCQACGYRSTTFEVEFCDL
SLPTIPKKGFAGGKVSLRDCEFE
NLEFTKEEELESENAPVCDRC
ROKTRSTKKLTVQREPRILV
LHLNREFSASRGSIKKSSVGV
DFPLORLSLGDEFASDKAGSP
VYQLYALCNHSGSVHYGHYT
ALCRCQTGWHVYNDSRVSPV
SENQVASSEGYVLEYQLMQ
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U17L4 HUM
AN Inactive
ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 4

62

MGDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
SETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYENASLOQCLTYTLPLANYMLS
REHSQTCQRPKCCMLCTMQAHT
TWALHSPGHVIQPSQALAAGEH
RGKQEDVHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GCWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVKQALEQLVK
PEELNGENAYHCGLCLQRAPAS
NTLTLHTSAKVLILVLKRESDV
AGNKLAKNVQYPEC
LDMOPYMSQONTGPLVYVLYAV
LVHAGWSCHDGYYFESYVKAQEG
QWYKMDDAEVTVCSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRPATQGELKR
DHPCLOVPELDEHLVERATEES
TLDHWKEFPQEQNKMKPEEFNVRK
VEGTLPPNVLVIHQSKYKCGMK
NHHPEQQOSSLLNLSSMNSTDQE
SMNTGTLASLOGRTRRSKGKNK
HSKRSLLVCQ

173

AVGAGLONMGNTCYENASLQ
CLTYTLPLANYMLSREHSQT
CORPKCCMLCTMQAHITWAL
HSPGHVIQPSQALAAGEFHRG
KOQEDVHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGCWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVKQA
LEQLVKPEELNGENAYHCGL
CLOQRAPASNTLTLHTSAKVL
ILVLKRESDVAGNKLAKNVQ
YPECLDMQPYMSQONTGPLV
YVLYAVLVHAGWSCHDGYYF
SYVKAQEGQWYKMDDAEVTV
CSITSVLSQQAYVLEYIQKS

U17LK_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 20

63

MEDDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSSRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KTLTLHTSAKVLILVLKRESDV
TGNKIAKNVQYPECLDMQPYMS
QOPNTGPLVYVLYAVLVHAGWSC
HNGHY FSYVKAQEGOWYKMDDA
EVTASSITSVLSQQAYVLEYTIQ
KSEWERHSESVSRGREPRALGA
EDTDRRATQGELKRDHPCLQAP
ELDEHLVERATQESTLDHWKEL
QEQNKTKPEFNVRKVEGTLPPD
VLVIHQSKYKCGMKNHHPEQQS
SLLNLSSTTPTHQESMNTGTLA
SLRGRARRSKGKNKHSKRALLV
cQ

174

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKTLTLHTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQOPNTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS
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UBP12 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 12

64

MEILMTVSKEFASICTMGANASA
LEKEIGPEQFPVNEHY FGLVNE
GNTCYCNSVLQALY FCRPEFREK
VLAYKSQPRKKESLLTCLADLFE
HSIATOKKKVGVIPPKKEFITRL
RKENELEDNYMOQODAHEFLNYL
ILNTIADILQEERKQEKQONGRLP
NGNIDNENNNSTPDPTWVHEIF
QGTLTNETRCLTCETISSKDED
FLDLSVDVEQNTSITHCLRGE'S
NTETLCSEYKYYCEECRSKQEA
HKRMKVKKLPMILALHLKREKY
MDOQLHRYTKLSYRVVEPLELRL
FNTSGDATNPDRMY
DLVAVVVHCGSGPNRGHYIATV
KSHDFWLLEDDDIVEKIDAQAT
EEFYGLTSDISKNSESGYILEY
QSRD

175

EHYFGLVNEGNTCYCNSVLQ
ALYFCRPFREKVLAYKSQPR
KKESLLTCLADLFHSIATQK
KKVGVIPPKKEFITRLRKENE
LEDNYMOODAHEFLNYLLNT
IADILQEERKOQEKONGRLPN
GNIDNENNNSTPDPTWVHET
FOGTLTNETRCLTCETISSK
DEDFLDLSVDVEQNTSITHC
LRGEFSNTETLCSEYKYYCEE
CRSKQEAHKRMKVKKLPMIL
ALHLKREFKYMDOQLHRYTKLS
YRVVEPLELRLENTSGDATN
PDRMYDLVAVVVHCGSGPNR
GHYIATVKSHDFWLLEDDDI
VEKIDAQATEEFYGLTSDIS
KNSESGYILEFYQSR

UL17C_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 17-
like protein 12

65

MEEDSLYLGGEWQENHESKLTS
SRPDAAFAETQRTSLPEKSPLS
CETRVDLCDDLAPVARQLAPRE
KLPLSNRRPAAVGAGLONMGNT
CYVNASLQCLTYTPPLANYMLS
REHSQTCHRHKGCMLCTMQAHT
TRALHNPGHVIQPSQALAAGEH
RGKQEDAHEFLMETVDAMKKAC
LPGHKOQVDHHSKDTTLIHQIFG
GYWRSQIKCLHCHGISDTEDPY
LDIALDIQAAQSVQQALEQLVK
PEELNGENAYHCGVCLQRAPAS
KMLTLLTSAKVLILVLKRESDV
TGNKIAKNVQYPEC
LDMOPYMSQPNTGPLVYVLYAV
LVHAGWSCHNGHYFESYVKAQEG
QWYKMDDAEVTASSITSVLSQQ
AYVLEYIQKSEWERHSESVSRG
REPRALGAEDTDRRATQGELKR
DHPCLOAPELDEHLVERATQES
TLDHWKFLOQEQONKTKPEEFNVRK
VEGTLPPDVLVIHQSKYKCGMK
NHHPEQOSSLLKLSSTTPTHQE
SMNTGTLASLRGRARRSKGKNK
HSKRALLVCQ

176

AVGAGLONMGNTCYVNASLQ
CLTYTPPLANYMLSREHSQT
CHRHKGCMLCTMQAHITRAL
HNPGHVIQPSQALAAGEFHRG
KOEDAHEFLMEFTVDAMKKAC
LPGHKQVDHHSKDTTLIHQT
FGGYWRSQIKCLHCHGISDT
FDPYLDIALDIQAAQSVQQA
LEQLVKPEELNGENAYHCGV
CLOQRAPASKMLTLLTSAKVL
ILVLKRESDVTGNKIAKNVQ
YPECLDMQPYMSQOPNTGPLV
YVLYAVLVHAGWSCHNGHY F'
SYVKAQEGOWYKMDDAEVTA
SSITSVLSQQAYVLEYIQKS

UBP20 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase

66

MGDSRDLCPHLDSIGEVTKEDL
LLKSKGTCQSCGVITGPNLWACL
QVACPYVGCGESFADHSTIHAQ
AKKHNLTVNLTTEFRLWCYACEK
EVFLEQRLAAPLLGSSSKESEQ
DSPPPSHPLKAVPIAVADEGES
ESEDDDLKPRGLTGMKNLGNSC
YMNAALQALSNCPPLTQFFLEC

177

PRGLTGMKNLGNSCYMNAATL
QALSNCPPLTQFFLECGGLV
RTDKKPALCKSYQKLVSEVW
HKKRPSYVVPTSLSHGIKLV
NPMFRGYAQODTQEFLRCLM
DOLHEELKEPVVATVALTEA
RDSDSSDTDEKREGDRSPSE
DEFLSCDSSSDRGEGDGQGR
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GGLVRTDKKPALCKSYQKLVSE
VWHKKRPSYVVPTSLSHGIKLV
NPMFRGYAQODTQEFLRCLMDQ
LHEELKEPVVATVALTEARDSD
SSDTDEKREGDRSPSEDEFLSC
DSSSDRGEGDGQGR
GGGSSQAETELLIPDEAGRATS
EKERMKDRKESWGQORTNSEQV
DEDADVDTAMAALDDQPAEAQP
PSPRSSSPCRTPEPDNDAHLRS
SSRPCSPVHHHEGHAKLSSSPP
RASPVRMAPSYVLKKAQVLSAG
SRRRKEQRYRSVISDIFDGSIL
SLVQCLTCDRVSTTVETFQDLS
LPIPGKEDLAKLHSATIYQONVPA
KPGACGDSYAAQGWLAFIVEYT
RREVVSCTPSWEWGPVVTLEDC
LAAFFAADELKGDNMY SCERCK
KLRNGVKYCKVLRLPEILCIHL
KREFRHEVMYSFKIN
SHVSFPLEGLDLRPFLAKECTS
QITTYDLLSVICHHGTAGSGHY
IAYCONVINGOQWYEEFDDQYVTE
VHETVVONAEGYVLEYRKSSEE
AMRERQQVVSLAAMREPSLLREFE
YVSREWLNKENTFAEPGPITNQ
TFLCSHGGIPPHKYHYIDDLVV
ILPONVWEHLYNRFGGGPAVNH
LYVCSICQVEIEALAKRRRIET
DTFIKLNKAFQAEESPGVIYCI
SMOWEFREWEAFVKGKDNEPPGP
IDNSRIAQVKGSGHVQLKOGAD
YGOISEETWTYLNSLYGGGPET
ATROSVAQPLGPENLHGEQKIE
AETRAV

GGGSSQAETELLIPDEAGRA
ISEKERMKDRKESWGQORTN
SEQVDEDADVDTAMAALDDQ
PAEAQPPSPRSSSPCRTPEP
DNDAHLRSSSRPCSPVHHHE
GHAKLSSSPPRASPVRMAPS
YVLKKAQVLSAGSRRRKEQR
YRSVISDIFDGSILSLVQCL
TCDRVSTTVETEFQDLSLPIP
GKEDLAKLHSATYQONVPAKP
GACGDSYAAQGWLAFIVEYT
RREVVSCTPSWEWGPVVTLE
DCLAAFFAADELKGDNMY SC
ERCKKLRNGVKYCKVLRLPE
ILCIHLKRFRHEVMY SFKIN
SHVSFPLEGLDLRPFLAKEC
TSQITTYDLLSVICHHGTAG
SGHY IAYCONVINGOQWYEED
DOQYVTEVHETVVONAEGYVL
FYRKSS

UBP46 HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase 46

67

MTVRNIASICNMGTNASALEKD
IGPEQFPINEHY FGLVNEGNTC
YCNSVLOALYFCRPFRENVLAY
KAQQKKKENLLTCLADLEFHSIA
TOKKKVGVIPPKKEISRLRKEN
DLEDNYMQODAHEFLNYLLNTTI
ADILOEEKKQEKONGKLKNGNM
NEPAENNKPELTWVHEIFQGTL
TNETRCLNCETVSSKDEDEFLDL
SVDVEQNTSITHCLRDESNTET
LCSEQKYYCETCCSKQEAQKRM
RVKKLPMILALHLKREKYMEQL
HRYTKLSYRVVFPLELRLENTS
SDAVNLDRMYDLVA

178

EHYFGLVNEGNTCYCNSVLQ
ALYFCRPFRENVLAYKAQQK
KKENLLTCLADLEFHSIATQK
KKVGVIPPKKEFISRLRKEND
LEDNYMOODAHEFLNYLLNT
IADILQEEKKQEKONGKLKN
GNMNEPAENNKPELTWVHET
FOGTLTNETRCLNCETVSSK
DEDFLDLSVDVEQNTSITHC
LRDEFSNTETLCSEQKYYCET
CCSKQEAQKRMRVKKLPMIL
ALHLKREFKYMEQLHRYTKLS
YRVVEPLELRLENTSSDAVN
LDRMYDLVAVVVHCGSGPNR
GHYITIVKSHGFWLLEDDDI
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VVVHCGSGPNRGHY ITIVKSHG
FWLLFDDDIVEKIDAQATEEEY
GLTSDISKNSESGYILEYQSRE

VEKIDAQATEEFYGLTSDIS
KNSESGYILEFYQSR

CYLD_HUM
AN Ubiquitin
carboxyl-
terminal
hydrolase
CYLD

68

MSSGLWSQEKVTISPYWEERTIEY
LLLOECSVTDKQTQKLLKVPKG
SIGQYIQDRSVGHSRIPSAKGK
KNOQIGLKILEQPHAVLEVDEKD
VVEINEKFTELLLAITNCEERFE
SLEKNRNRLSKGLOIDVGCPVK
VOLRSGEEKFPGVVRFRGPLLA
ERTVSGIFFGVELLEEGRGQGE
TDGVYQGKQLFQCDEDCGVEVA
LDKLELIEDDDTALESDYAGPG
DTMOQVELPPLEINSRVSLKVGE
TIESGTVIFCDVLPGKESLGYF
VGVDMDNPIGNWDGREDGVQLC
SFACVESTILLHIN
DIIPALSESVTQERRPPKLAEFM
SRGVGDKGSSSHNKPKATGSTS
DPGNRNRSELEFYTLNGSSVDSQ
POSKSKNTWY IDEVAEDPAKSL
TEISTDEFDRSSPPLQPPPVNSL
TTENREFHSLPESLTKMPNTNGS
IGHSPLSLSAQSVMEELNTAPV
QESPPLAMPPGNSHGLEVGSLA
EVKENPPEFYGVIRWIGQPPGLN
EVLAGLELEDECAGCTDGTEFRG
TRYFTCALKKALEFVKLKSCRPD
SREASLOPVSNQIERCNSLAFG
GYLSEVVEENTPPKMEKEGLET
MIGKKKGIQGHYNS
CYLDSTLEFCLFAFSSVLDTVLL
RPKEKNDVEYYSETQELLRTET
VNPLRIYGYVCATKIMKLRKIL
EKVEAASGFTSEEKDPEEFLNT
LFHHILRVEPLLKIRSAGQKVQ
DCYEYQIFMEKNEKVGVPTIQQ
LLEWSEFINSNLKFAEAPSCLITI
OMPREGKDFKLEKKIFPSLELN
ITDLLEDTPROCRICGGLAMYE
CRECYDDPDISAGKIKQFEFCKTC
NTOQVHLHPKRLNHKYNPVSLPK
DLPDWDWRHGCIPCONMELEAV
LCIETSHYVAFVKYGKDDSAWL
FEDSMADRDGGONGENIPQVTP
CPEVGEYLKMSLEDLHSLDSRR
IOGCARRLLCDAYMCMYQSPTM
SLYK

179

GKKKGIQGHYNSCYLDSTLEF
CLFAFSSVLDTVLLRPKEKN
DVEYYSETQELLRTEIVNPL
RIYGYVCATKIMKLRKILEK
VEAASGEFTSEEKDPEEFLNT
LFHHILRVEPLLKIRSAGOK
VODCYFYQIFME
KNEKVGVPTIQQLLEWSEIN
SNLKFAEAPSCLIIQOMPREG
KDFKLEFKKIFPSLELNITDL
LEDTPRQCRICGGLAMYECR
ECYDDPDISAGKIKQFCKTC
NTQVHLHPKRLNHKYNPVSL
PKDLPDWDWRHGCIPCONME
LFAVLCIETSHYVAFVKYGK
DDSAWLEEFDSMADRDGGONG
FNIPQVTPCPEVGEYLKMSL
EDLHSLDSRRIQGCARRLLC
DAYMCMYQSPT

UBP16 HUM
AN Ubiquitin
carboxyl-

69

MGKKRTKGKTVPIDDSSETLEP
VCRHIRKGLEQGNLKKALVNVE
WNICODCKTDNKVKDKAEEETE

180

ITVKGLSNLGNTCEFEFNAVMO
NLSQTPVLRELLKEVEKMSGT
IVKIEPPDLALTEPLEINLE
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terminal
hydrolase 16

EKPSVWLCLKCGHQGCGRNSQE
QHALKHYLTPRSEPHCLVLSLD
NWSVWCYVCDNEVQYCSSNQLG
QVVDYVRKQASITTPKPAEKDN
GNIELENKKLEKESKNEQEREK
KENMAKENPPMNSPCQITVKGL
SNLGNTCEFEFNAVMONLSQTPVL
RELLKEVKMSGTIVKIEPPDLA
LTEPLEINLEPPGPLTLAMSQF
LNEMQETKKGVVTPKELESQVC
KKAVRFKGYQQODS
QELLRYLLDGMRAEEHQRVSKG
ILKAFGNSTEKLDEELKNKVKD
YEKKKSMPSEFVDRIFGGELT SM
IMCDQCRTVSLVHESEFLDLSLP
VLDDQSGKKSVNDKNLKKTVED
EDODSEEEKDNDSYIKERSDIP
SGTSKHLOKKAKKQAKKQAKNQ
RROQOKIQGKVLHLNDICTIDHP
EDSEYEAEMSLOGEVNIKSNHI
SQEGVMHKEYCVNQKDLNGQAK
MIESVTDNOKSTEEVDMKNINM
DNDLEVLTSSPTRNLNGAYLTE
GSNGEVDISNGEKNLNLNAATLH
PDEINIEILNDSHT
PGTKVYEVVNEDPETAFCTLAN
REVENTDECSIQHCLYQEFTRNE
KLRDANKLLCEVCTRRQCNGPK
ANIKGERKHVYTNAKKOMLISL
APPVLTLHLKREFQQAGENLRKV
NKHIKFPEILDLAPFCTLKCKN
VAEENTRVLY SLYGVVEHSGTM
RSGHYTAYAKARTANSHLSNLV
LHGDIPODFEMESKGOQWEHISD
THVOQAVPTTKVLNSQAYLLEYE
RIL

PPGPLTLAMSQFLNEMQETK
KGVVTPKELEFSQVCKKAVRE
KGYQQODSQELLRYLLDGMR
AEEHQRVSKGILKAFGNSTE
KLDEELKNKVKDY EKKKSMP
SEVDRIFGGELTSMIMCDQC
RTVSLVHESFLDLSLPVLDD
QOSGKKSVNDKNLKKTVEDED
ODSEEEKDNDSYIKERSDIP
SGTSKHLOKKAKKQAKKQAK
NORROOKIQGKVLHLNDICT
IDHPEDSEYEAEMSLOGEVN
IKSNHISQEGVMHKEYCVNQ
KDLNGOQAKMIESVTDNQKST
EEVDMKNINMDNDLEVLTSS
PTRNLNGAYLTEGSNGEVDI
SNGEFKNLNLNAATHPDEINT
ETILNDSHTPGTKVYEVVNED
PETAFCTLANREVENTDECS
IQHCLYQFTRNEKLRDANKL
LCEVCTRRQCNGPKANIKGE
RKHVYTNAKKOMLISLAPPV
LTLHLKRFOQOQAGEFNLRKVNK
HIKFPEIL
DLAPFCTLKCKNVAEENTRV
LYSLYGVVEHSGTMRSGHYT
AYAKARTANSHLSNLVLHGD
IPODFEMESKGOQWEFHISDTH
VOAVPTTKVLNSQAYLLEYE
RIL

ALG13_ HUM
AN Putative
bifunctional
UDP-N-
acetylglucosa
mine
transferase
and
deubiquitinase
ALGI13

70

MRKCVEVTVGTTSEFDDLIACVSA
PDSLOKIESLGYNRLILQIGRG
TVVPEPFSTESEFTLDVYRYKDS
LKEDIQKADLVISHAGAGSCLE
TLEKGKPLVVVINEKLMNNHQL
ELAKQLHKEGHLEYCTCRVLTC
PGOAKSTIASAPGKCQODSAALTS
TAFSGLDFGLLSGYLHKQALVT
ATHPTCTLLFPSCHAFFPLPLT
PTLYKMHKGWKNYCSQKSLNEA
SMDEYLGSLGLERKLTAKDASC
LFRATISEQLFCSQVHHLEIRKA
CVSYMRENQOTFESYVEGSFEK
YLERLGDPKESAGQ

181

YRYKDSLKEDIQKADLVISH
AGAGSCLETLEKGKPLVVVI
NEKILMNNHQLELAKQLHKEG
HLEFYCTCRVLTCPGQAKSIA
SAPGKCODSAALTSTAFSGL
DFGLLSGYLHKQALVTATHP
TCTLLFPSCHAFFPLPLTPT
LYKMHKGWKNYCSQKSLNEA
SMDEYLGSLGLFRKLTAKDA
SCLFRAISEQLFCSQVHHLE
IRKACVSYMRENQOQTFESYV
EGSFEKYLERLGDPKESAGQ
LETRALSLIYNRDFILYREP
GKPPTYVTDNGYEDKILLCY
SSSGHYDSVYS

119




WO 2022/099034

PCT/US2021/058286

LETRALSLIYNRDEILYREPGK
PPTYVTDNGYEDKILLCYSSSG
HYDSVYSKQFQSSAAVCQAVLY
EILYKDVEVVDEEELKTATIKLE
RSGSKKNRNNAVTGSEDAHTDY
KSSNONRMEEWGACYNAENIPE
GYNKGTEETKSPENPSKMPEPY
KVLKALDPETIYRNVEEFDVWLDS
RKELOQKSDYMEYAGRQYYLGDK
CQVCLESEGRYYNAHIQEVGNE
NNSVITVFIEELAEKHVVPLANL
KPVTQVMSVPAWNAMPSRKGRG
YOKMPGGYVPEIVISEMDIKQQO
KKMEKKIRGKEVYM
TMAYGKGDPLLPPRLOHSMHYG
HDPPMHY SQTAGNVMSNEHEHP
QHPSPROGRGYGMPRNSSREIN
RHNMPGPKVDEYPGPGKRCCQS
YDNEFSYRSRSEFRRSHROMSCVN
KESQYGFTPGNGOMPRGLEETT
TEYEVEEGDETAYPTLPNHGGP
STMVPATSGYCVGRRGHSSGKQ
TLNLEEGNGOSENGRYHEEYLY
RAEPDYETSGVYSTTASTANLS
LODRKSCSMSPOQDTVTSYNY PQ
KMMGNIAAVAASCANNVPAPVL
SNGAAANQATISTTSVSSQNATIQ
PLEVSPPTHGRPVI
ASPSYPCHSATIPHAGASLPPPP
PPPPPPPPPPPPPPPPPPPPPP
PALDVGETSNLQPPPPLPPPPY
SCDPSGSDLPODTKVLQYY FNL
GLOQCYYHSYWHSMVYVPOMQQO
LHVENYPVYTEPPLVDQTVPQC
YSEVRREDGIQAEASANDTEPN
ADSSSVPHGAVYYPVMSDPYGQ
PPLPGEDSCLPVVPDY SCVPPW
HPVGTAYGGSSQIHGAINPGPI
GCIAPSPPASHYVPQGM

OTU1_HUM
AN Ubiquitin
thioesterase
OTU1

71

MEFGPAKGRHEFGVHPAPGEPGGV
SOQAAGTKAGPAGAWPVGSRTD
TMWRLRCKAKDGTHVLQOGLSSR
TRVRELOQGQIAATTGIAPGGQR
ILVGYPPECLDLSNGDTILEDL
PIQOSGDMLIIEEDQTRPRSSPA
FTKRGASSYVRETLPVLTRTVV
PADNSCLEFTSVYYVVEGGVLNP
ACAPEMRRLIAQIVASDPDEYS
EATLGKTNQEYCDWIKRDDTWG
GAIEISILSKEYQCEICVVDTQ
TVRIDRFGEDAGYTKRVLLIYD

182

QGLSSRTRVRELQGQIAATT
GIAPGGQRILVGYPPECLDL
SNGDTILEDLPIQSGDMLIT
EEDQTRPRSSPAFTKRGASS
YVRETLPVLTRTVVPADNSC
LETSVYYVVEGGVLNPACAP
EMRRLIAQIVASDPDEFYSEA
ILGKTNQEYCDWIKRDDTWG
GAIEISILSKEYQCEICVVD
TOQTVRIDRFGEDAGYTKRVL
LIYDGIHYDPLQ
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GIHYDPLORNEFPDPDTPPLTIF
SSNDDIVLVQALELADEARRRR
QFTDVNRETLRCMVCOKGLTGQ
AEAREHAKETGHTNEFGEV

OTUD1 HU
MAN OTU
domain-
containing
protein 1

72

MOQLYSSVCTHYPAGAPGPTAAA
PAPPAAATPFKVSLOPPGAAGA
APEPETGECQPAAAAFRHREAAA
VPAAKMPAFSSCEFEVVSGAAAP
ASAAAGPPGASCKPPLPPHYTS
TAQITVRALGADRLLLHGPDPV
PGAAGSAAAPRGRCLLLAPAPA
APVPPRRGSSAWLLEELLRPDC
PEPAGLDATREGPDRNFRLSEH
ROATLAAAKHRGPAATPGSPDPG
PGPWGEEHLAERGPRGWERGGD
RCDAPGGDAARRPDPEAEAPPA
GSIEAAPSSAAEPVIVSRSDPR
DEKLALYLAEVEKQ
DKYLRORNKYRFHIIPDGNCLY
RAVSKTVYGDQSLHRELREQTV
HYIADHLDHESPLIEGDVGEFT
IAAAQDGAWAGY PELLAMGOML
NVNIHLTTGGRLESPTVSTMIH
YLGPEDSLRPSIWLSWLSNGHY
DAVEDHSYPNPEYDNWCKQTOQV
QRKRDEELAKSMATSLSKMY IE
QONACS

183

HREAAAVPAARKMPAFSSCFEE
VVSGAAAPASARAGPPGASC
KPPLPPHYTSTAQITVRALG
ADRLLLHGPDPVPGAAGSAA
APRGRCLLLAPAPAAPVPPR
RGSSAWLLEELLRPDCPEPA
GLDATREGPDRNFRLSEHRQ
ALAAAKHRGPAATPGSPDPG
PGPWGEEHLAERGPRGWERG
GDRCDAPGGDAARRPDPEAE
APPAGSTEAAPSSAAEPVIV
SRSDPRDEKLALYLAEVEKQ
DKYLRORNKYREFHITIPDGNC
LYRAVSKTVYGDQSLHRELR
EQTVHYIADHLDHESPLIEG
DVGEFITIAARQDGAWAGYPE
LLAMGOMILNVNIHLTTGGRL
ESPTVSTMIHYLGPEDSLRP
SIWLSWLSNGHYDAV

OTU6B_HU
MAN
Deubiquitinas
¢ OTUD6B

73

MEAVLTEELDEEEQLLRRHRKE
KKELQAKTIQGMKNAVPKNDKKR
RKOLTEDVAKLEKEMEQKHREE
LEQLKLTTKENKIDSVAVNISN
LVLENQPPRISKAQKRREKKAA
LEKEREERTIAEAETENLTGARH
MESEKLAQILAARQLEIKQIPS
DGHCMYKATIEDQLKEKDCALTV
VALRSQTAEYMQSHVEDELPEL
TNPNTGDMYTPEEFQKYCEDIV
NTAAWGGQLELRALSHILQTPT
ETIQADSPPITIVGEEYSKKPLI
LVYMRHAYGLGEHYNSVTRLVN
IVTENCS

184

QKHREELEQLKLTTKENKID
SVAVNISNLVLENQPPRISK
AQKRREKKAALEKEREERIA
EAETENLTGARHMESEKLAQ
ILAARQLETKQIPSDGHCMY
KATEDQLKEKDCALTVVALR
SOQTAEYMOSHVEDFLPEFLTN
PNTGDMYTPEEFQKYCEDIV
NTAAWGGQLELRALSHILQT
PIETIQADSPPIIVGEEYSK
KPLILVYMRHAYG

OTU6A _HU
MAN OTU
domain-
containing
protein 6A

74

MDDPKSEQORILRRHQRERQEL
QAQIRSLKNSVPKTDKTKRKQL
LODVARMEAEMAQKHRQELEKE
ODDSSIESVVEDLAKMNLENRP
PRSSKAHRKRERMESEERERQE
SIFQAEMSEHLAGFKREEEEKL
AATTLGARGLEMKATPADGHCMY
RAIQDQLVESVSVEMLRCRTAS
YMKKHVDEFLPEFFSNPETSDSE
GYDDFMIYCDNIVRTTAWGGQL

185

QELEKFODDSSIESVVEDLA
KMNLENRPPRSSKAHRKRER
MESEERERQESIFQAEMSEH
LAGFKREEEEKLAATLGARG
LEMKATPADGHCMYRATIQDO
LVESVSVEMLRCRTASYMKK
HVDEFLPFFSNPETSDSEGY
DDEFMIYCDNIVRTTAWGGQL
ELRALSHVLKTPIEVIQADS
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ELRALSHVLKTPIEVIQADSPT
LITIGEEYVKKPIILVYLRYAYS
LGEHYNSVTPLEAGAAGGVLPR
LL

PTLIIGEEYVKKPIILVYLR
YAYS

OTUBI_HU
MAN
Ubiquitin
thioesterase
OTUBI1

75

MAAEEPQOOKQEPLGSDSEGVN
CLAYDEATMAQODRIQQETIAVQ
NPLVSERLELSVLYKEYAEDDN
IYQOOKIKDLHKKYSYIRKTRPD
GNCEFYRAFGFSHLEALLDDSKE
LORFKAVSAKSKEDLVSQGETE
FITTEDFHNTEFMDLIEQVEKQTS
VADLLASFNDQSTSDYLVVYLR
LLTSGYLOQRESKFFEHFIEGGR
TVKEFCOQEVEPMCKESDHIHT
IATLAQALSVSIQVEYMDRGEGG
TTNPHIFPEGSEPKVYLLYRPG
HYDILYK

75

MAAFEEPQOOKOEPLGSDSEG
VNCLAYDEATMAQODRIQQE
IAVONPLVSERLELSVLYKE
YAEDDNIYQOKIKDLHKKY S
YIRKTRPDGNCEYRAFGESH
LEALLDDSKELQRFKAVSAK
SKEDLVSQGEFTEFTIEDFHN
TFMDLIEQVEKQTSVADLLA
SENDQSTSDYLVVYLRLLTS
GYLORESKEFFEHFIEGGRTV
KEFCQOEVEPMCKESDHIHT
IATLAQALSVSIQVEYMDRGE
GGTTNPHIFPEGSEPKVYLL
YRPGHYDILYK

OTU7A_HU
MAN OTU
domain-
containing
protein 7A

76

MVSSVLPNPTSAECWAALLHDP
MTLDMDAVLSDEFVRSTGAEPGL
ARDLLEGKNWDLTAATL.SDYEQL
ROVHTANLPHVENEGRGPKQPE
REPQPGHKVERPCLORQDDIAQ
EKRLSRGISHASSAIVSLARSH
VASECNNEQFPLEMPIYTFEQLP
DLSVYSEDFRSFIERDLIEQAT
MVALEQAGRLNWWSTVCTSCKR
LLPLATTGDGNCLLHAASLGMW
GFHDRDLVLRKALYTMMRTGAE
REALKRRWRWQOTQONKEEEWE
REWTELLKLASSEPRTHESKNG
GTGGGVDNSEDPVY

ESLEEFHVEVLAHILRRPIVVV
ADTMLRDSGGEAFAPIPFGGIY
LPLEVPPNRCHCSPLVLAYDQA
HESALVSMEQRDQOREQAVIPL
TDSEHKLLPLHFAVDPGKDWEW
GKDDNDNARLAHLILSLEAKLN
LLHSYMNVITWIRIPSETRAPLA
QPESPTASAGEDVQSLADSLDS
DRDSVCSNSNSNNGKNGKDKEK
EKQRKEKDKTRADSVANKLGSEFE
SKTLGIKLKKNMGGLGGLVHGK
MGRANSANGKNGDSAERGKEKK
AKSRKGSKEESGASASTSPSEK
TTPSPTDKAAGASP

AEKGGGPRGDAWKY STDVKLSL
NILRAAMOGERKFIFAGLLLTS
HRHQFHEEMIGYYLTSAQERES
AEQEQRRRDAATAAAAAANAAR
ATAKRPPRRPETEGVPVPERAS

186

SDYEQLROVHTANLPHVENE
GRGPKQPEREPQPGHKVERP
CLOQRODDIAQEKRLSRGISH
ASSATVSLARSHVASECNNE
QFPLEMPIYTEFQLPDLSVYS
EDFRSEFIERDLIEQATMVAL
EQAGRLNWWSTVCTSCKRLL
PLATTGDGNCLLHAASLGMW
GFHDRDLVLRKALYTMMRTG
AEREALKRRWRWQQOTQOONKE
EEWEREWTELLKLASSEPRT
HESKNGGTGGGVDNSEDPVY
ESLEEFHVEVLAHILRRPIV
VVADTMLRDSGGEAFAPIPEF
GGIYLPLEVPPNRCHCSPLV
LAYDQAHEFSAL
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PGPPTQLVLKLKERPSPGPAAG
RAARAAAGGTASPGGGARRASA
SGPVPGRSPPAPARQSVIHVOQA
SGARDEACAPAVGALRPCATYP
QONRSLSSQSYSPARAAALRTV
NTVESLARAVPGALPGAAGTAG
AAEHKSQTYTNGEFGALRDGLEF
ADADAPTARSNGECGRGGPGPV
QRRCORENCAFYGRAETEHYCS
YCYREELRRRREARGARP

OTUD4 HU
MAN OTU
domain-
containing
protein 4

77

MEAAVGVPDGGDQGGAGPREDA
TPMDAYLRKLGLYRKLVAKDGS
CLFRAVAEQVLHSQSRHVEVRM
ACIHYLRENREKFEAFIEGSFE
EYLKRLENPQEWVGQVEISALS
IMYRKDFITIYREPNVSPSQVTE
NNEFPEKVLLCESNGNHYDIVYP
IKYKESSAMCOSLLYELLYEKV
FKTDVSKIVMELDTLEVADEDN
SEISDSEDDSCKSKTAAAAADV
NGEFKPLSGNEQLKNNGNSTSLP
LSRKVLKSLNPAVYRNVEYETIW
LKSKQAQQKRDY STAAGLQYEV
GDKCQVRLDHNGKEFE

LNADVQGIHSENGPVLVEELGK
KHTSKNLKAPPPESWNTVSGKK
MKKPSTSGONEFHSDVDYRGPKN
PSKPIKAPSALPPRLOHPSGVR
QHAFSSHSSGSQSQKESSEHKN
LSRTPSQITRKPDRERVEDEDH
TSRESNYFGLSPEERREKQATE
ESRLLYEIQNRDEQAFPALSSS
SVNQSASQSSNPCVQRKSSHVG
DRKGSRRRMDTEERKDKDSTIHG
HSQLDKRPEPSTLENITDDKYA
TVSSPSKSKKLECPSPAEQKPA
EHVSLSNPAPLLVSPEVHLTPA
VPSLPATVPAWPSE

PTTEFGPTGVPAPIPVLSVTQTL
TTGPDSAVSQAHLTPSPVPVSI
QAVNQPLMPLPOTLSLYQDPLY
PGFPCNEKGDRAIVPPYSLCQT
GEDLPKDKNILREFEFEFNLGVKAY
SCPMWAPHSYLYPLHQAYLAAC
RMYPKVPVPVYPHNPWEQEAPA
AQNESDCTCTDAHEFPMOTEASYV
NGOMPOQPEIGPPTEFSSPLVIPP
SQVSESHGQLSYQADLESETPG
QLLHADYEESLSGKNMEFPOSFEFG
PNPFLGPVPIAPPFFPHVWYGY

187

MEAAVGVPDGGDQGGAGPRE
DATPMDAYLRKLGLYRKLVA
KDGSCLFRAVAEQVLHSQSR
HVEVRMACIHYLRENREKFE
AFIEGSFEEYLKRLENPQEW
VGOQVEISALSLMYRKDEFITY
REPNVSPSQVTENNEFPEKVL
LCESNGNHYDIVYP
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PFOQGFIENPVMRONIVLPSDEK
GELDLSLENLDLS
KDCGSVSTVDEFPEARGEHVHS
LPEASVSSKPDEGRTEQSSQTR
KADTALASIPPVAEGKAHPPTQ
IILNRERETVPVELEPKRTIQSL
KEKTEKVKDPKTAADVVSPGAN
SVDSRVQRPKEESSEDENEVSN
ILRSGRSKQFYNQTYGSRKYKS
DWGY SGRGGYQHVRSEESWKGQ
PSRSRDEGYQYHRNVRGRPEFRG
DRRRSGMGDGHRGQHT

OTUB2 HU
MAN
Ubiquitin
thioesterase
OTUB2

78

MSETSEFNLISEKCDILSILRDH
PENRIYRRKIEELSKRETATIRK
TKGDGNCEYRALGYSYLESLLG
KSREIFKFKERVLOQTPNDLLAA
GFEEHKFRNFENAFYSVVELVE
KDGSVSSLLKVENDQSASDHIV
QFLRLLTSAFIRNRADEFFRHET
DEEMDIKDFCTHEVEPMATECD
HIQITALSQALSIALQVEYVDE
MDTALNHHVFPEAATPSVYLLY
KTSHYNILYAADKH

78

MSETSEFNLISEKCDILSILR
DHPENRIYRRKIEELSKRET
ATRKTKGDGNCEYRALGYSY
LESLLGKSREIFKFKERVLQ
TPNDLLAAGFEEHKEFRNEEN
AFYSVVELVEKDGSVSSLLK
VENDQSASDHIVQEFLRLLTS
AFIRNRADFFRHEIDEEMDIT
KDFCTHEVEPMATECDHIQT
TALSQALSTALQVEYVDEMD
TALNHHVFPEAATPSVYLLY
KTSHYNILYAADKH

OTUD3_HU
MAN OTU
domain-
containing
protein 3

79

MSRKOQAAKSRPGSGSRKAEAER
KRDERAARRATLAKERRNRPESG
GGGGCEEEFVSFANQLOALGLK
LREVPGDGNCLEFRALGDQLEGH
SRNHLKHRQETVDYMIKQREDEFE
EPFVEDDIPFEKHVASLAKPGT
FAGNDATIVAFARNHQLNVVIHQ
LNAPLWOQIRGTEKSSVRELHIA
YRYGEHYDSVRRINDNSEAPAH
LOTDFOMLHODESNKREKIKTK
GMDSEDDLRDEVEDAVQKVCNA
TGCSDENLIVONLEAENYNTIES
ATTIAVLRMNQGKRNNAEENLEP
SGRVLKQCGPLWEE
GGSGARIFGNQGLNEGRTENNK
AQASPSEENKANKNQLAKVTNK
QRREQOWMEKKKRQEERHRHKA
LESRGSHRDNNRSEAEANTQVT
LVKTFAALNT

188

MSRKOAAKSRPGSGSRKAEA
ERKRDERAARRALAKERRNR
PESGGGGGCEEEFVSEFANQL
QALGLKLREVPGDGNCLEFRA
LGDOQLEGHSRNHLKHRQETV
DYMIKQREDFEPFVEDDIPFE
EKHVASLAKPGTFAGNDAIV
AFARNHQLNVVIHQLNAPLW
QIRGTEKSSVRELHIAYRYG
EHYDSVRR

OTU7B_HU
MAN OTU
domain-
containing
protein 7B

80

MTLDMDAVLSDEFVRSTGAEPGL
ARDLLEGKNWDVNAALSDEFEQL
ROVHAGNLPPSEFSEGSGGSRTP
EKGESDREPTRPPRPILORQDD
IVOEKRLSRGISHASSSIVSLA
RSHVSSNGGGGGSNEHPLEMPT
CAFQLPDLTVYNEDFRSEFIERD
LIEQSMLVALEQAGRLNWWVSV

189

MTLDMDAVLSDEVRSTGAEP
GLARDLLEGKNWDVNAALSD
FEQLRQVHAGNLPPSESEGS
GGSRTPEKGEFSDREPTRPPR
PILORODDIVQEKRLSRGIS
HASSSIVSLARSHVSSNGGG
GGSNEHPLEMPICAFQLPDL
TVYNEDFRSFIERDLIEQSM
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(Also referred
to herein as
Cezanne)

DPTSQRLLPLATTGDGNCLLHA
ASLGMWGEFHDRDLMLRKALYAT,
MEKGVEKEALKRRWRWQOTQON
KESGLVYTEDEWQKEWNELIKL
ASSEPRMHLGTNGANCGGVESS
EEPVYESLEEFHVEVLAHVLRR
PIVVVADTMLRDSGGEAFAPIP
FGGIYLPLEVPASQCHRSPLVL
AYDQAHEFSALVSMEQKENTKEQ
AVIPLTDSEYKLLPLHEFAVDPG
KGWEWGKDDSDNVRLASVILSL
EVKLHLLHSYMNVKWIPLSSDA
QAPLAQPESPTASAGDEPRSTP
ESGDSDKESVGSSSTSNEGGRR
KEKSKRDREKDKKRADSVANKL
GSEFGKTLGSKLKKNMGGLMHSK
GSKPGGVGTGLGGSSGTETLEK
KKKNSLKSWKGGKEEAAGDGPV
SEKPPAESVGNGGSKY SQEVMQ
SLSILRTAMQGEGKFIEFVGTLK
MGHRHQYQEEMIQRYLSDAEER
FLAEQKOKEAERKIMNGGIGGG
PPPAKKPEPDAREEQPTGPPAE
SRAMAFSTGYPGDFTIPRPSGG
GVHCQEPRROQLAGGPCVGGLPP
YATFPROCPPGRPYPHQDSIPS
LEPGSHSKDGLHRGALLPPPYR
VADSYSNGYREPPEPDGWAGGL
RGLPPTQTKCKQOPNCSFEFYGHPE
TNNFCSCCYREELRRREREPDG
ELLVHRF

LVALEQAGRLNWWVSVDPTS
QRLLPLATTGDGNCLLHAAS
LGMWGEFHDRDLMLRKALYAL
MEKGVEKEALKRRWRWOQOTOQ
ONKESGLVYTEDEWQKEWNE
LIKLASSEPRMHLGTNGANC
GGVESSEEPVYESLEEFHVE
VLAHVLRRPIVVVADTMLRD
SGGEAFAPIPFGGIYLPLEV
PASQCHRSPLVLAYDQAHES
AL

270

PPSEFSEGSGGSRTPEKGESD
REPTRPPRPILORQDDIVQE
KRLSRGISHASSSIVSLARS
HVSSNGGGGGSNEHPLEMPT
CAFQLPDLTVYNEDEFRSFEIE
RDLIEQSMLVALEQAGRLNW
WVSVDPTSQRLLPLATTGDG
NCLLHAASLGMWGEFHDRDLM
LRKALYALMEKGVEKEALKR
RWRWQOTQONKESGLVYTED
EWOKEWNELIKLASSEPRMH
LGTNGANCGGVESSEEPVYE
SLEEFHVEVLAHVLRRPIVV
VADTMLRDSGGEAFAPIPEG
GIYLPLEVPASQCHRSPLVL
AYDQAHESALVSMEQKENTK
EQAVIPLTDSEYKLLPLHEFA
VDPGKGWEWGKDDSDNVRLA
SVILSLEVKLHLLHSYMNVK
WIPLSSDAQAPLAQ

OTUD5_HU
MAN OTU
domain-
containing
protein 5

81

MTILPKKKPPPPDADPANEPPP
PGPMPPAPRRGGGVGVGGGGTG
VGGGDRDRDSGVVGARPRASPP
POGPLPGPPGALHRWALAVPPG
AVAGPRPOOASPPPCGGPGGPG
GGPGDALGAAAAGVGAAGVVVG
VGGAVGVGGCCSGPGHSKRRRQ
APGVGAVGGGSPEREEVGAGYN
SEDEYEAAAARTEAMDPATVEQ
QEHWEFEKALRDKKGEFITIKOMKE
DGACLFRAVADQVYGDQDMHEV
VRKHCMDY LMKNADY EF'SNYVTE
DEFTTY INRKRKNNCHGNHIEMQ
AMAEMYNRPVEVYQ

YSTGTSAVEPINTEFHGIHONED
EPIRVSYHRNIHYNSVVNPNKA
TIGVGLGLPSFKPGFAEQSLMK
NATKTSEESWIEQOMLEDKKRA
TDWEATNEATIEEQVARESYLOW
LRDOEKQARQVRGPSQPRKASA

190

MTILPKKKPPPPDADPANEP
PPPGPMPPAPRRGGGVGVGG
GGTGVGGGDRDRDSGVVGAR
PRASPPPQGPLPGPPGALHR
WALAVPPGAVAGPRPQOASP
PPCGGPGGPGGGPGDALGAA
AAGVGAAGVVVGVGGAVGVG
GCCSGPGHSKRRROAPGVGA
VGGGSPEREEVGAGYNSEDE
YEAAAARTEAMDPATVEQQE
HWFEKALRDKKGETIIKQMKE
DGACLFRAVADQVYGDQDMH
EVVRKHCMDYLMKNADY F'SN
YVTEDEFTTY INRKRKNNCHG
NHIEMOAMAEMYNRPVEVYQ
YSTGTSAVEPINTFHGIHON
EDEPIRVSYHRNIHYNSV
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TCSSATAAASSGLEEWTSRSPR
QRSSASSPEHPELHAELGMKPP
SPGTVLALAKPPSPCAPGTSSQ
FSAGADRATSPLVSLYPALECR
ALIQOMSPSAFGLNDWDDDEIL
ASVLAVSQQEYLDSMKKNKVHR
DPPPDKS

TNAP3 HUM
AN Tumor
necrosis factor
alpha-induced
protein 3

82

MAEQVLPOQALYLSNMRKAVKIR
ERTPEDIFKPTNGIIHHFKTMH
RYTLEMFRTCQFCPQFREITHK
ALIDRNIQATLESQKKLNWCRE
VRKLVALKTNGDGNCLMHATSQ
YMWGVOQDTDLVLRKALEFSTLKE
TDTRNEFKFRWOQLESLKSQEEFVE
TGLCYDTRNWNDEWDNLIKMAS
TDTPMARSGLOQYNSLEETHIEV
LCNILRRPIIVISDKMLRSLES
GSNFAPLKVGGIYLPLHWPAQE
CYRYPIVLGYDSHHEFVPLVTLK
DSGPEIRAVPLVNRDRGRFEDL
KVHFLTDPENEMKE

KLLKEYLMVIEIPVOQGWDHGTT
HLINAAKLDEANLPKEINLVDD
YFELVOHEYKKWOQENSEQGRRE
GHAQNPMEPSVPQLSLMDVKCE
TPNCPFFMSVNTQPLCHECSER
ROKNONKLPKLNSKPGPEGLPG
MALGASRGEAYEPLAWNPEEST
GGPHSAPPTAPSPEFLEFSETTAM
KCRSPGCPFTLNVQHNGEFCERC
HNARQLHASHAPDHTRHLDPGK
COACLODVTRTENGICSTCEKR
TTAEASSSLSTSLPPSCHQORSK
SDPSRLVRSPSPHSCHRAGNDA
PAGCLSQAARTPGD

RTGTSKCRKAGCVY FGTPENKG
FCTLCFIEYRENKHFAAASGKV
SPTASRFONTIPCLGRECGTLG
STMFEGYCQOKCEFIEAQNQREHE
ARKRTEEQLRSSQRRDVPRTTOQS
TSRPKCARASCKNILACRSEEL
CMECQHPNQRMGPGAHRGEPAP
EDPPKORCRAPACDHEGNAKCN
GYCNECEFQEFKQOMYG

191

MAEQVLPQALYLSNMRKAVK
IRERTPEDIFKPTNGITIHHE
KTMHRYTLEMEFRTCQEFCPQF
REITHKALIDRNIQATLESQ
KKLNWCREVRKLVALKTNGD
GNCLMHATSQYMWGVQDTDL
VLRKALEFSTLKETDTRNEKE
RWOLESLKSQEEFVETGLCYD
TRNWNDEWDNLIKMASTDTP
MARSGLQYNSLEETIHIFVLC
NILRRPIIVISDKMLRSLES
GSNFAPLKVGGIYLPLHWPA
QECYRYPIVLGYDSHHEVPL

ZRAN1 HU
MAN
Ubiquitin
thioesterase
ZRANBI

83

MSERGIKWACEYCTYENWPSAT
KCTMCRAQRPSGTIITEDPEKS
GSSDVGRDWDPSSTEGGSSPLI
CPDSSARPRVKSSY SMENANKW
SCHMCTYLNWPRAIRCTQCLSQ
RRTRSPTESPQSSGSGSRPVAF
SVDPCEEYNDRNKLNTRTQHWT

192

MSERGIKWACEYCTYENWPS
ATKCTMCRAQRPSGTIITED
PFKSGSSDVGRDWDPSSTEG
GSSPLICPDSSARPRVKSSY
SMENANKWSCHMCTYLNWPR
ATRCTQCLSQRRTRSPTESP
QSSGSGSRPVAFSVDPCEEY
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CSVCTYENWAKAKRCVVCDHPR
PNNIEATELAETEEASSTIINEQ
DRARWRGSCSSGNSQRRSPPAT
KRDSEVKMDEFQRIELAGAVGSK
EELEVDEFKKLKQIKNRMKKTDW
LFLNACVGVVEGDLAATEAYKS
SGGDIARQLTADEV
RLLNRPSAFDVGYTLVHLAIRF
QRODMLATILLTEVSQQAAKCIP
AMVCPELTEQIRREIAASTHOR
KGDFACYFLTDLVTEFTLPADIE
DLPPTVQEKLEFDEVLDRDVQKE
LEEESPIINWSLELATRLDSRL
YATLWNRTAGDCLLDSVLQATWG
IYDKDSVLRKALHDSLHDCSHW
FYTRWKDWESWY SQSEFGLHESL
REEQWOEDWAFILSLASQPGAS
LEQTHIFVLAHILRRPIIVYGV
KYYKSFRGETLGYTREQGVYLP
LIWEQSFCWKSPIALGYTRGHE
SALVAMENDGYGNR
GAGANLNTDDDVTITEFLPLVDS
ERKLLHVHFLSAQELGNEEQQE
KLLREWLDCCVTEGGVLVAMQK
SSRRRNHPLVTOMVEKWLDRYR
QIRPCTSLSDGEEDEDDEDE

NDRNKLNTRTQHWTCSVCTY
ENWAKAKRCVVCDHPRPNNT
EATELAETEEASSTIINEQDR
ARWRGSCSSGNSQRRSPPAT
KRDSEVKMDFQRIELAGAVG
SKEELEVDFKKLKQIKNRMK
KTDWLEFLNACVGVVEGDLAA
IEAYKSSGGDIARQLTADEV
RLLNRPSAFDVGYTLVHLAT
RFQRODMLATILLTEVSQQAA
KCIPAMVCPELTEQIRREIA
ASLHQRKGDFACY FLTDLVT
FITLPADIEDLPPTVQEKLED
EVLDRDVQKELEEESPTIINW
SLELATRLDSRLYALWNRTA
GDCLLDSVLOQATWGIYDKDS
VLRKALHDSLHDCSHWEYTR
WKDWESWYSQSFGLHESLRE
EQWOEDWAFILSLASQPGAS
LEQTHIFVLAHILRRPITIVY
GVKYYKSFRGETLGYTREQG
VYLPLLWEQSFCWKSPIALG
YTRGHESAL

VCIP1I_HUM
AN
Deubiquitinati

ng protein
VCIP135

84

MSQPPPPPPPLPPPPPPPEAPQ
TPSSLASAAASGGLLKRRDRRI
LSGSCPDPKCQARLFEFEFPASGSV
SIECTECGQRHEQOQLLGVEEV
TDPDVVLHNLLRNALLGVTGAP
KKNTELVKVMGLSNYHCKLLSP
ILARYGMDKQTGRAKLLRDMNQ
GELFDCALLGDRAFLIEPEHVN
TVGYGKDRSGSLLYLHDTLEDI
KRANKSQECLIPVHVDGDGHCL
VHAVSRALVGRELFWHALRENL
KOHFQOHLARYQALFHDFIDAA
EWEDIINECDPLEVPPEGVPLG
LRNIHIFGLANVLH

RPITLLDSLSGMRSSGDY SATFE
LPGLIPAEKCTGKDGHLNKPIC
ITAWSSSGRNHYIPLVGIKGAAL
PKLPMNLLPKAWGVPQDLIKKY
IKLEEDGGCVIGGDRSLODKYL
LRLVAAMEEVFMDKHGIHPSLV
ADVHQYFEFYRRTGVIGVQPEEVT
AAAKKAVMDNRLHKCLLCGALS
ELHVPPEWLAPGGKLYNLAKST
HGOLRTDKNY SEFPLNNLVCSYD
SVKDVLVPDYGMSNLTACNWCH

193

PASGSVSIECTECGQRHEQQ
QLLGVEEVTDPDVVLHNLLR
NALLGVTGAPKKNTELVKVM
GLSNYHCKLLSPILARYGMD
KOTGRAKLLRDMNQGELEDC
ALLGDRAFLIEPEHVNTVGY
GKDRSGSLLYLHDTLEDIKR
ANKSQECLIPVHVDGDGHCL
VHAVSRALVGRELEFWHALRE
NLKOHFQOHLARYQALFHDEF
IDAAEWEDIINECDPLEVPP
EGVPLGLRNIHIFGLANVLH
RPITILLDSLSGMRSSGDYSA
TFLPGLIPAEKCTGKDGHLN
KPICIAWSSSGRNHYIPL
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GTSVRKVRGDGSIVYLDGDRTN
SRSTGGKCGCGEFKHFWDGKEYD
NLPEAFPITLEWGG

RVVRETVYWEQYESDSSLNSNV
YDVAMKLVTKHEPGEFGSEILV
QKVVHTILHQTAKKNPDDYTPV
NIDGAHAQRVGDVOGQESESQL
PTKIILTGOKTKTLHKEELNMS
KTERTIQONITEQASVMOKRKT
EKLKQEQKGQPRTVSPSTIRDG
PSSAPATPTKAPYSPTTSKEKK
IRITTNDGROSMVTLKSSTTFEF
ELOESIAREFNIPPYLQCIRYG
FPPKELMPPOAGMEKEPVPLQH
GDRITIEILKSKAEGGQSAAAH
SAHTVKQEDIAVTGKLSSKELQ
EQAFEKEMY SLCLLA

TLMGEDVWSYAKGLPHMEQQGG
VEYSIMKKTMGMADGKHCTEFPH
LPGKTEVYNASEDRLELCVDAA
GHFPIGPDVEDLVKEAVSQVRA
EATTRSRESSPSHGLLKLGSGG
VVKKKSEQLHNVTAFQGKGHSL
GTASGNPHLDPRARETSVVRKH
NTGTDESNSSTKTEPSVETASS
SNSELIRIAPGVVTMRDGRQLD
PDLVEAQRKKLQEMVSSTIQASM
DRHLRDQSTEQSPSDLPQRKTE
VVSSSAKSGSLOTGLPESEFPLT
GGTENLNTETTDGCVADALGAA
FATRSKAQRGNSVEELEEMDSQ
DAEMTNTTEPMDHS

UCHL3_HU
MAN
Ubiquitin
carboxyl-
terminal
hydrolase
isozyme L3

85

MEGORWLPLEANPEVTNQEFLKQ
LGLHPNWQEFVDVYGMDPELLSM
VPRPVCAVLLLEFPITEKYEVER
TEEEEKIKSQGQDVTSSVYFMK
QTISNACGTIGLIHAIANNKDK
MHFESGSTLKKFLEESVSMSPE
ERARYLENYDAIRVTHETSAHE
GOQTEAPSIDEKVDLHFIALVHV
DGHLYELDGRKPFPINHGETSD
ETLLEDATIEVCKKEMERDPDEL
REFNATIALSAA

194

QRWLPLEANPEVTNQEFLKQL
GLHPNWQFVDVYGMDPELLS
MVPRPVCAVLLLEPITEKYE
VFRTEEEEKIKSQGQDVTSS
VYFMKQTISNACGTIGLIHA
IANNKDKMHEFESGSTLKKEL
EESVSMSPEERARYLENYDA
IRVTHETSAHEGQTEAPSID
EKVDLHEFIALVHVDGHLYEL
DGRKPEFPINHGETSDETLLE
DAIEVCKKEFMERDPDELREN
ATALSAA

UCHL1 HU
MAN
Ubiquitin
carboxyl-
terminal
hydrolase
isozyme L1

86

MOLKPMEINPEMLNKVLSRLGV
AGOWREVDVLGLEEESLGSVPA
PACALLLLFPLTAQHENERKKQ
IEELKGQEVSPKVY FMKQTIGN
SCGTIGLIHAVANNQDKLGEFED
GSVLKQFLSETEKMSPEDRAKC
FEKNEATQAAHDAVAQEGQCRV

36

MQLKPME INPEMLNKVLSRL
GVAGQWREFVDVLGLEEESLG
SVPAPACALLLLEFPLTAQHE
NFRKKQIEELKGQEVSPKVY
FMKQTIGNSCGTIGLIHAVA
NNOQDKLGFEDGSVLKQFLSE
TEKMSPEDRAKCFEKNEATQ
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DDKVNFHEILEFNNVDGHLYELD
GRMPEFPVNHGASSEDTLLKDAA
KVCREFTEREQGEVRESAVALC
KAA

AAHDAVAQEGQCRVDDKVNE
HEFILFNNVDGHLYELDGRMP
FPVNHGASSEDTLLKDAAKV
CREFTEREQGEVRESAVALC
KAA

UCHL5 _HU
MAN
Ubiquitin
carboxyl-
terminal
hydrolase
isozyme L5

87

MTGNAGEWCLMESDPGVEFTELT
KGFGCRGAQVEEIWSLEPENEFE
KLKPVHGLIFLFKWQPGEEPAG
SVVQDSRLDTIFFAKQVINNAC
ATQATVSVLLNCTHODVHLGET
LSEFKEFSQSEFDAAMKGLALSN
SDVIRQVHNSFARQOMEFEEFDTK
TSAKEEDAFHEVSYVPVNGRLY
ELDGLREGPIDLGACNQDDWIS
AVRPVIEKRIQKYSEGEIRENL
MAIVSDRKMIYEQKIAELQRQL
AEEEPMDTDQGNSMLSATIQSEV
AKNOMLTEEEVOKLKRYKIENT
RRKHNYLPFIMELLKTLAEHQQ
LIPLVEKAKEKONAKKAQETK

195

GEWCLMESDPGVEFTELIKGE
GCRGAQVEEIWSLEPENFEK
LKPVHGLIFLEFKWQPGEEPA
GSVVQDSRLDTIFFAKQVIN
NACATQAIVSVLLNCTHQDV
HLGETLSEFKEFSQSFDAAM
KGLALSNSDVIRQVHNSFEFAR
QOMFEFDTKTSAKEEDAFHE
VSYVPVNGRLYELDGLREGP
IDLGACNQDDWISAVRPVIE
KRIQKYSEGEIREFNLMATIVS
DRK

ATX3 HUM
AN Ataxin-3

88

MESTIFHEKQEGSLCAQHCLNNL
LOGEYFSPVELSSTIAHQLDEEE
RMRMAEGGVTSEDYRTEFLQOPS
GNMDDSGFEFSIQVISNALKVWG
LELILENSPEYQRLRIDPINER
SEFICNYKEHWEFTVRKLGKQWEN
LNSLLTGPELISDTYLALFLAQ
LOQEGYSTIEFVVKGDLPDCEADQ
LLOMIRVOQOMHRPKLIGEELAQ
LKEQRVHKTDLERVLEANDGSG
MLDEDEEDLOQRATLALSRQEIDM
EDEEADLRRATQLSMQGSSRNI
SODMTQTSGTNLTSEELRKRRE
AYFEKQQQKQQOQQOQQQQGDL
SGOSSHPCERPATSSGALGSDL
GDAMSEEDMLQAAVTMSLETVR
NDLKTEGKK

196

ESIFHEKQEGSLCAQHCLNN
LLOGEYFSPVELSSTAHQLD
EEERMRMAEGGVTSEDYRTE
LOQPSGNMDDSGEFEFSIQVIS
NALKVWGLELILENSPEYQR
LRIDPINERSFICNYKEHWE
TVRKLGKOWENLNSLLTGPE
LISDTYLALFLAQLQOEGY S
IFVVK

JOS2 HUMA
N Josephin-2

89

MSQAPGAQPSPPTVYHERQRLE
LCAVHALNNVLQOQLESQEAAD
EICKRLAPDSRLNPHRSLLGTG
NYDVNVIMAALQGLGLAAVWWD
RRRPLSQLALPQVLGLILNLPS
PVSLGLLSLPLRRRHWVALROQV
DGVYYNLDSKLRAPEALGDEDG
VRAFLAAATAQGLCEVLLVVTK
EVEEKGSWLRTD

197

PTVYHERQRLELCAVHALNN
VLOOOLESQEAADETICKRLA
PDSRLNPHRSLLGTGNYDVN
VIMAALQGLGLAAVWWDRRR
PLSQLALPQVLGLILNLPSP
VSLGLLSLPLRRRHWVALRQ
VDGVYYNLDSKLRAPEALGD
EDGVRAFLAAATAQGLCEVL
INYAY

JOS1 _HUMA
N Josephin-1

90

MSCVPWKGDKAKSESLELPQAA
PPOQIYHEKQRRELCALHALNNYV
FODSNAFTRDTLOQETFQRLSPN
TMVTPHKKSMLGNGNY DVNVIM
AATQTKGYEAVWWDKRRDVGVI

198

POAAPPQIYHEKQRRELCAL
HALNNVEQDSNAFTRDTLQE
IFQRLSPNTMVTPHKKSMLG
NGNYDVNVIMAATLQTKGYEA
VWWDKRRDVGVIALTNVMGE
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ALTNVMGFIMNLPSSLCWGPLK
LPLKROHWICVREVGGAYYNLD
SKLKMPEWIGGESELRKELKHH
LRGKNCELLLVVPEEVEAHQSW
RTDV

IMNLPSSLCWGPLKLPLKRQ
HWICVREVGGAYYNLDSKLK
MPEWIGGESELRKFLKHHLR
GKNCELLLVV

ATX3L HU
MAN Ataxin-
3-like protein

91

MDFIFHEKQEGFLCAQHCLNNL
LOGEYFSPVELASTAHQLDEEE
RMRMAEGGVTSEEYLAFLQOPS
ENMDDTGEEFSIQVISNALKEWG
LEITHENNPEYQKLGIDPINER
SEFICNYKOQHWETIRKEFGKHWEN
LNSLLAGPELISDTCLANFLAR
LOQOAYSVEVVKGDLPDCEADQ
LLOQITISVEEMDTPKLNGKKLVK
QKEHRVYKTVLEKVSEESDESG
TSDODEEDFQRALELSRQETNR
EDEHLRSTIELSMQGSSGNTSQ
DLPKTSCVTPASEQPKKIKEDY
FEKHQOQEQKQOQQOSDLPGHSS
YLHERPTTSSRAIESDLSDDIS
EGTVQAAVDTILEIMRKNLKIK
GEK

199

DFIFHEKQEGFLCAQHCLNN
LLOGEYFSPVELASTAHQLD
EEERMRMAEGGVTSEEYLAF
LOQPSENMDDTGEESIQVIS
NALKFWGLEIIHENNPEYOQOK
LGIDPINERSFICNYKQHWE
TIRKEFGKHWENLNSLLAGPE
LISDTCLANFLARLQOQAY S
VEVVK

MINY3 HU
MAN
Ubiquitin
carboxyl-
terminal
hydrolase
MINDY -3

92

MSELTKELMELVWGTKSSPGLS
DTIFCRWTQGEVESESEGSALE
QFEGGPCAVIAPVQAFLLKKLL
FSSEKSSWRDCSEEEQKELLCH
TLCDILESACCDHSGSYCLVSW
LRGKTTEETASISGSPAESSCQ
VEHSSALAVEELGFERFHALTIQ
KRSEFRSLPELKDAVLDQY SMWG
NKEGVLLEFLY SVLLTKGIENIK
NETEDASEPLIDPVYGHGSQSL
INLLLTGHAVSNVWDGDRECSG
MKLLGIHEQAAVGFLTLMEALR
YCKVGSYLKSPKFPIWIVGSET
HLTVFFAKDMALVA
PEAPSEQARRVEQTYDPEDNGE
IPDSLLEDVMKALDLVSDPEYT
NLMKNKLDPEGLGIILLGPEFLQ
EFFPDOGSSGPESEFTVYHYNGL
KOSNYNEKVMYVEGTAVVMGEFE
DPMLOQTDDTPIKRCLOTKWPY I
ELLWTTDRSPSLN

200

CRWTQGEVESESEGSALEQF
EGGPCAVIAPVQAFLLKKLL
FSSEKSSWRDCSEEEQKELL
CHTLCDILESACCDHSGSYC
LVSWLRGKTTEETASISGSP
AESSCQVEHSSALAVEELGE
ERFHALTIQKRSEFRSLPELKD
AVLDQYSMWGNKE'G
VLLFLYSVLLTKGIENIKNE
IEDASEPLIDPVYGHGSQSL
INLLLTGHAVSNVWDGDREC
SGMKLLGIHEQAAVGEFLTLM
EALRYCKVGSYLKSPKEFPIW
IVGSETHLTVFFAKDMALVA
PEAPSEQARRVEFQTYDPEDN
GFIPDSLLEDVMKALDLVSD
PEYINLMKNKLDPEGLGITIL
LGPFLOQEFFPDQGSSGPESE
TVYHYNGLKQSNYNEKVMYV
EGTAVVMGFEDPMLOQTDDTP
IKRCLOTKWPYIELLWTTDR
SPSLN

MINY1 HU
MAN
Ubiquitin
carboxyl-
terminal
hydrolase
MINDY-1

93

MEYHOQPEDPAPGKAGTAEAVIP
ENHEVLAGPDEHPQDTDARDAD
GEAREREPADQALLPSQCGDNL
ESPLPEASSAPPGPTLGTLPEV
ETIRACSMPQELPQOSPRTRQPE
PDEYCVKWIPWKGEQTPIITQS
TNGPCPLLAIMNILEFLOWKVKL

201

YCVKWIPWKGEQTPIITQST
NGPCPLLAIMNILFLOWKVK
LPPOKEVITSDELMAHLGNC
LLSIKPQEKSEGLQLNEFQON
VDDAMTVLPKLATGLDVNVR
FITGVSDFEYTPECSVEDLLG
IPLYHGWLVDPQSPEAVRAV
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PPOKEVITSDELMAHLGNCLLS
IKPOEKSEGLOLNEFQONVDDAM
TVLPKLATGLDVNVRETGVSDEF
EYTPECSVEFDLLGIPLYHGWLV
DPOSPEAVRAVGKLSYNQLVER
IITCKHSSDTNLVTEGLIAEQF
LETTAAQLTYHGLC

ELTAAAKEGELSVEFRNNHEST
MTKHKSHLYLLVTDOGEFLQEEQ
VVWESLHNVDGDSCECDSDEFHL
SHSLGKGPGAEGGSGSPETQLQ
VDODYLIALSLOQOQPRGPLGL
TDLELAQQLOQEEYQOQQAAQP
VRMRTRVLSLOGRGAT SGRPAG
ERRQRPKHESDCILL

GKLSYNQLVERIITCKHSSD
TNLVTEGLIAEQFLETTAAQ
LTYHGLCELTAAAKEGELSV
FFRNNHESTMTKHKSHLYLL
VIDOQGEFLOEEQVVWESLHNV
DGDSCEFCDSDFHLSHSLGKG
PGAEGGSGSPETQLQVDQODY
LIALSLOQOQOPRGPLGLTDL
ELAQQLOQEEYQOQOAAQPV
RMRTRVLSLOGRGATSGRPA
GERRQRPKHESDCILL

MINY2 HU
MAN
Ubiquitin
carboxyl-
terminal
hydrolase
MINDY -2

94

MESSPESLOQPLEHGVAAGPASG
TGSSQEGLOQETRLAAGDGPGVW
AAETSGGNGLGAAAARRSLPDS
ASPAGSPEVPGPCSSSAGLDLK
DSGLESPAAAEAPTLRGQYKVTA
SPETAVAGVGHELGTAGDAGAR
PDLAGTCQAELTAAGSEEPSSA
GGLSSSCSDPSPPGESPSLDSL
ESFSNLHSFPSSCEFNSEEGAE
NRVPEEEEGAAVLPGAVPLCKE
EEGEETAQVLAASKEREFPGQSV
YHIKWIQWKEENTPIITONENG
PCPLLATILNVLLLAWKVKLPPM
MEIITAEQLMEYLG
DYMLDAKPKEISEIQRLNYEQN
MSDAMATLHKLQTGLDVNVRET
GVRVEFEYTPECIVEDLLDIPLY
HGWLVDPQIDDIVKAVGNCSYN
QLVEKIISCKQSDNSELVSEGE
VAEQFLNNTATQLTYHGLCELT
STVQEGELCVEFEFRNNHESTMTK
YKGOLYLLVTDQGELTEEKVVW
ESLHNVDGDGNFCDSEFHLRPP
SDPETVYKGQODQIDQDYILMAL
SLOQEQOSQEINWEQIPEGISD
LELAKKLOQEEEDRRASQYYQEQ
EQAAAAAANAASTQAQQGOPAQA
SPSSGRQSGNSERKRKEPREKD
KEKEKEKNSCVIL

202

YHIKWIQWKEENTPIITONE
NGPCPLLATILNVLLLAWKVK
LPPMMEITITAEQLMEYLGDY
MLDAKPKEISEIQRLNYEQN
MSDAMATLHKLQTGLDVNVR
FTGVRVFEYTPECIVEDLLD
IPLYHGWLVDPQIDDIVKAV
GNCSYNQLVEKITISCKQSDN
SELVSEGEVAEQFLNNTATQ
LTYHGLCELTSTVQEGELCV
FFRNNHESTMTKYKGQLYLL
VIDQGFLTEEKVVWESLHNV
DGDGNEFCDSEFHLRPPSDPE
TVYKGQODOQIDODYLMALSL
QOEQQSOQEINWEQIPEGISD
LELAKKLOQEEEDRRASQYYQ
EQEQAAAAAANANASTQAQQGQ
PAQASPSSGROQSGNSERKRK
EPREKDKEKEKEKNSCVIL

MINY4 HU
MAN
Probable
ubiquitin
carboxyl-
terminal

95

MDSLEVEEVAASLVREFLSRKG
LKKTCVTMDQERPRSDLS INNR
NDLRKVLHLEFLYKENKAKENP
LKTSLELITRYFLDHEFGNTANN
FTODTPIPALSVPKKNNKVPSR
CSETTLVNIYDLSDEDAGWRTS
LSETSKARHDNLDGDVLGNEVS

203

FCCENEEWKLOSESESNTAS
LKYGIVONKGGPCGVLAAVQ
GCVLQKLLFEGDSKADCAQG
LOPSDAHRTRCLVLALADIV
WRAGGRERAVVALASRTQQOF
SPTGKYKADGVLETLTLHSL
TCYEDLVTFLOQSIHQFEVG
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hydrolase
MINDY -4

SKRPPHKSKPMQTVPGETPVLT
SAWEKIDKLHSEPSLDVKRMGE
NSRPKSGLIVRGMMSGPIASSP
ODSFHRHYLRRSSPSSSSTQPQ
EESRKVPELEVCTQODILASSN
SSPSRTSLGQLSELTVERQKTT
ASSPPHLPSKRLPP
WDRARPRDPSEDTPAVDGSTDT
DRMPLKLYLPGGNSRMTQERLE
RAFKROGSQPAPVRKNQLLPSD
KVDGELGALRLEDVEDELIREE
VILSPVPSVLKLQTASKPIDLS
VAKEIKTLLEFGSSFCCENEEWK
LOSEFSESNTASLKYGIVONKGG
PCGVLAAVQGCVLOKLLFEGDS
KADCAQGLOPSDAHRTRCLVLA
LADIVWRAGGRERAVVALASRT
QOFSPTGKYKADGVLETLTLHS
LTCYEDLVTFLOOSTHQFEVGP
YGCILLTLSAILSRSTELIRQD
FDVPTSHLIGAHGY
CTQELVNLLLTGKAVSNVENDV
VELDSGDGNITLLRGIAARSDI
GFLSLEFEHYNMCQVGCFLKTPR
FPIWVVCSESHESILESLQOPGL
LRDWRTERLEFDLYYYDGLANQQ
EQIRLTIDTTQTISEDTDNDLV
PPLELCIRTKWKGASVNWNGSD
PIL

PYGCILLTLSAILSRSTELT
RODFDVPTSHLIGAHGYCTQ
ELVNLLLTGKAVSNVENDVV
ELDSGDGNITLLRGIAARSD
IGFLSLFEHYNMCQVGCFEFLK
TPREPIWVVCSESHESILES
LOPGLLRDWRTERLEFDLYYY
DGLANQQEQIRLTIDTTQTT
SEDTDNDLVPPLELCIRTKW
KGASVNWNGSDPIL

STABP_HUM
AN STAM-
binding
protein

96

MSDHGDVSLPPEDRVRALSQLG
SAVEVNEDIPPRRYFRSGVEIT
RMASTYSEEGNIEHAFTILYNKY
ITLFIEKLPKHRDYKSAVIPEK
KDTVKKLKETIAFPKAEELKAEL
LKRYTKEYTEYNEEKKKEAEEL
ARNMATQOELEKEKQRVAQQKQ
QOLEQEQFHAFEEMIRNQELEK
ERLKIVQEFGKVDPGLGGPLVP
DLEKPSLDVEPTLTVSSIQPSD
CHTTVRPAKPPVVDRSLKPGAL
SNSESIPTIDGLRHVVVPGRLC
POFLOLASANTARGVETCGILC
GKLMRNEFTITHVL

IPKOSAGSDYCNTENEEELFLT
ODOOGLITLGWIHTHPTQTAFL
SSVDLHTHCSYQMMLPESVAIV
CSPKEQETGFEFKLTDHGLEETS
SCROKGFHPHSKDPPLFCSCSH
VTVVDRAVTITDLR

204

VVPGRLCPQFLQLASANTAR
GVETCGILCGKLMRNEEFTIT
HVLIPKQSAGSDYCNTENEE
ELFLIODQOGLITLGWIHTH
PTOQTAFLSSVDLHTHCSYQM
MLPESVAIVCSPKEFQETGEF
KLTDHGLEEISSCRQKGEHP
HSKDPPLEFCSCSHVTVVDRA
VTITDLR

MPND HUM
AN MPN

97

MAAPEPLSPAGGAGEEAPEEDE
DEAEAEDPERPNAGAGGGRSGG

205

VAVSSNVLELLDFHSHLTRS
EVVGYLGGRWDVNSOMLTVL
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domain-
containing
protein

GGSSVSGGGGGGGAGAGGCGGP
GGALTRRAVTLRVLLKDALLEP
GAGVLSIYYLGKKELGDLOPDG
RIMWQETGQTEFNSPSAWATHCK
KLVNPAKKSGCGWASVKYKGQK
LDKYKATWLRLHQLHTPATAAD
ESPASEGEEEELLMEEEEEDVL
AGVSAEDKSRRPLGKSPSEPAH
PEATTPGKRVDSKIRVPVRYCM
LGSRDLARNPHTLVEVTSFAAT
NKEFQPEFNVAVSSNVLELLDFHS
HLTRSEVVGYLGGR
WDVNSQMLTVLRAFPCRSRLGD
AETAAATEEEIYQSLELRGLSL
VGWYHSHPHSPALPSLODIDAQ
MDYQLRLOGSSNGEFQPCLALLC
SPYYSGNPGPESKISPEFWVMPP
PEMLLVEFYKGSPDLVRLOQEPW
SOEHTYLDKLKISLASRTPKDQ
SLCHVLEQVCGVLKQOGS

RAFPCRSRLGDAETAAATEE
ETYQOSLEFLRGLSLVGWYHSH
PHSPALPSLODIDAQMDYQL
RLOGSSNGFQPCLALLCSPY
YSGNPGPESKISPFWVMPPP
EMLLVEEFYKGSPDLVRLQEP
WSQEHTYLDKLKISLASRTP
KDQSLCHVLEQVCGVLKQGS

EMC9 HUM
AN ER
membrane
protein
complex
subunit 9

98

MGEVEISALAYVKMCLHAARYP
HAAVNGLEFLAPAPRSGECLCLT
DCVPLFHSHLALSVMLEVALNQ
VDVWGAQAGLVVAGYYHANAAV
NDQSPGPLALKIAGRIAEFEFPD
AVLIMLDNQKLVPQPRVPPVIV
LENQGLRWVPKDKNLVMWRDWE
ESROMVGALLEDRAHQHLVDED
CHLDDIRQDWTNQRLNTQITQW
VGPTNGNGNA

206

ALAYVKMCLHAARYPHAAVN
GLEFLAPAPRSGECLCLTDCV
PLFHSHLALSVMLEVALNQV
DVWGAQAGLVVAGYYHANAA
VNDQSPGPLALKIAGRIAEF
FPDAVLIMLDNQKLVPQPRV
PPVIVLENQGLRWVPKDKNL
VMWRDWEESROMVGALLEDR
AHOHLVDEFDCHLDDIRQDWT
NORILNTQITQWVGPTNGNGN
A

PSDE HUM
AN 26S
protcasome
non-ATPase
regulatory
subunit 14

99

MDRLLRLGGGMPGLGQGPPTDA
PAVDTAEQVYISSLALLKMLKH
GRAGVPMEVMGLMLGEEVDDYT
VRVIDVEFAMPQOSGTGVSVEAVD
PVEFQAKMLDMLKQTGRPEMVVG
WYHSHPGFGCWLSGVDINTQQS
FEALSERAVAVVVDPIQSVKGK
VVIDAFRLINANMMVLGHEPRQ
TTSNLGHLNKPSIQALTHGLNR
HYYSITINYRKNELEQKMLLNL
HKKSWMEGLTLODY SEHCKHNE
SVVKEMLELAKNYNKAVEEEDK
MTPEQLATIKNVGKOQDPKRHLEE
HVDVIMTSNIVQCLAAMLDTVV
FK

207

QVYISSLALLKMLKHGRAGV
PMEVMGLMLGEEFVDDYTVRV
IDVEFAMPOSGTGVSVEAVDP
VEFQAKMLDMLKQTGRPEMVV
GWYHSHPGFGCWLSGVDINT
QOSFEALSERAVAVVVDPIOQ
SVKGKVVIDAFRLINANMMYV
LGHEPROTTSNLGHLNKPST
QALTHGLNRHYYSITINYRK
NELEQKMLLNLHKKSWMEGL
TLODY SEHCKHNE SVVKEML
ELAKNYNKAVEEEDKMTPEQ
LATKNVGKQDPKRHLEEHVD
VIMTSNIVQCLAAMLDTVVE
K

MYSM1 HU
MAN Histone
H2A

deubiquitinase
MYSMI

100

MAAEEADVDIEGDVVAAAGAQP
GSGENTASVLQKDHYLDSSWRT
ENGLIPWTLDNTISEENRAVIE
KMLLEEEYYLSKKSQPEKVWLD
QKEDDKKYMKSLOKTAKIMVHS

208

QVKVASEALLIMDLHAHVSM
AEVIGLLGGRYSEVDKVVEV
CAAEPCNSLSTGLQCEMDPV
SOTQASETLAVRGESVIGWY
HSHPAFDPNPSLRDIDTQAK
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PTKPASYSVKWITIEEKELEFEQG
LAKFGRRWTKISKLIGSRTVLQ
VKSYARQY FKNKVKCGLDKETP
NOKTGHNLQVKNEDKGTKAWTP
SCLRGRADPNLNAVKIEKLSDD
EEVDITDEVDELSSQTPQOKNSS
SDLLLDEFPNSKMHETNQGEEIT
SDSQEALFSKSSRGCLONEKQD
ETLSSSEITLWTEK
QSNGDKKSIELNDQKENELIKN
CNKHDGRGIIVDARQLPSPEPC
ETQOKNLNDNEMLEHSCQOMVEES
HEEEELKPPEQEIEIDRNIIQE
EEKQATIPEFFEGRQAKTPERYL
KIRNYILDOWEICKPKYLNKTS
VRPGLKNCGDVNCIGRIHTYLE
LIGAINFGCEQAVYNRPQTVDK
VRIRDRKDAVEAYQLAQRLOSM
RTRRRRVRDPWGNWCDAKDLEG
QTFEHLSAEELAKRREEEKGRP
VKSLKVPRPTKSSEFDPFQLIPC
NFEFSEEKQEPFQVKVASEALLT
MDLHAHVSMAEVIG
LLGGRYSEVDKVVEVCAAEPCN
SLSTGLQCEMDPVSQTQASETL
AVRGEFSVIGWYHSHPAFDPNPS
LRDIDTQAKYQSYEFSRGGAKET
GMIVSPYNRNNPLPYSQITCLV
ISEEISPDGSYRLPYKFEVQOM
LEEPOQWGLVFEKTRWITIEKYRL
SHSSVPMDKIFRRDSDLTCLOK
LLECMRKTLSKVTNCEFMAEEFL
TEIENLFLSNYKSNQENGVTEE
NCTKELLM

YOSYESRGGAKFIGMIVSPY
NRNNPLPYSQITCLVISEET
SPDGSYRLPYKFEVQOMLEE
POWGLVFEKTRWIIEKYRLS
HSSVPMDKIFRRDSDLTCLQ
KLLECMRKTLSKVTNCEFMAE
EFLTEIENLFLSNYKSNQEN
GVTEENCTKELLM

ABRX2 HU
MAN BRISC
complex
subunit
Abraxas 2

101

MAASTISGYTESAVCFHSANSNA
DHEGFLLGEVRQEETESISDSQ
ISNTEFLOQVIETHNHQPCSKLE
SEYDYASKVNEESLDRILKDRR
KKVIGWYRFRRNTQOOMSYREQ
VLHKQLTRILGVPDLVEFLLESFE
ISTANNSTHALEYVLERPNRRY
NORISLAIPNLGNTSQQEYKVS
SVPNTSQSYAKVIKEHGTDEFED
KDGVMKDIRATYQVYNALQEKV
QAVCADVEKSERVVESCQAEVN
KLRROQITQRKNEKEQERRLQOQA
VLSROMPSESLDPAEFSPRMPSS
GFAAEGRSTLGDAE

ASDPPPPYSDEFHPNNQESTLSH
SRMERSVEFMPRPQAVGSSNYAS
TSAGLKYPGSGADLPPPQRAAG

209

AVCFHSANSNADHEGEFLLGE
VROEETEFSISDSQISNTEFEFL
QVIETITHNHQPCSKLESEYDY
ASKVNEESLDRILKDRRKKYV
IGWYREFRRNTOQQOMSYREQV
LHKQLTRIL

GVPDLVFLLESEFISTANNST
HALEYVLEFRPNRRYNQRISL
ATPNLGNTSQOEYKVSSVPN
TSQSYAKVIKEHGTDEFDKD
GVMKDIRATIYQVYNALQEKV
QAVCADVEKSERVVESCQAE
VNKLRROQITQRKNEKEQERR
LOQAVLSROMPSESLDPAEF'S
PRMPSSGEFAAEGRSTLGDAE
ASDPPPPYSDEFHPNNQESTL
SHSRMERSVEMPRPQAVGSS
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DSGEDSDDSDYENLIDPTEPSN
SEYSHSKDSRPMAHPDEDPRNT
QTSQT

NYASTSAGLKYPGSGADLPP
PORAAGDSGEDSDDSDY ENL
IDPTEPSNSEYSHSKDSRPM
AHPDEDPRNTQTSQT

PRP8 HUMA
N Pre-mRNA-
processing-
splicing factor
8

102

MAGVEPYRGPGNPVPGPLAPLP
DYMSEEKLOQEKARKWQQLOAKR
YAEKRKFGEVDAQKEDMPPEHV
RKITRDHGDMTNRKEFRHDKRVY
LGALKYMPHAVLKLLENMPMPW
EQIRDVPVLYHITGAISEVNET
PWVIEPVYISQWGSMWIMMRRE
KRDRRHEKRMRFPPEFDDEEPPL
DYADNILDVEPLEAIQLELDPE
EDAPVLDWEYDHQPLRDSRKYV
NGSTYQRWQFTLPMMSTLYRLA
NOQLLTDLVDDNY FYLEDLKAFFE
TSKALNMATIPGGPKEFEPLVRDI
NLODEDWNEENDIN

KIITROPIRTEYKIAFPYLYNN
LPHHVHLTWYHTPNVVEIKTED
PDLPAFYFDPLINPISHRHSVK
SQEPLPDDDEEFELPEFVEPEL
KDTPLYTDNTANGIALLWAPRP
FNLRSGRTRRALDIPLVKNWYR
EHCPAGQPVKVRVSYQKLLKYY
VLNALKHRPPKAQKKRYLEFRSFE
KATKFFQSTKLDWVEVGLQVCR
QGYNMLNLLTIHRKNLNYLHLDY
NENLKPVKTLTTKERKKSREGN
AFHLCREVLRLTKLVVDSHVQY
RLGNVDAFQLADGLQY IFAHVG
QLTGMYRYKYKLMR

QIRMCKDLKHLIYYRENTGPVG
KGPGCGFWAAGWRVWLEEFMRGI
TPLLERWLGNLLARQFEGRHSK
GVAKTVTKQRVESHFDLELRAA
VMHDILDMMPEGIKONKARTIL
QHLSEAWRCWKANIPWKVPGLP
TPIENMILRYVKAKADWWTNTA
HYNRERIRRGATVDKTVCKKNL
GRLTRLYLKAEQERQHNYLKDG
PYITAEEAVAVYTTTVHWLESR
REFSPIPFPPLSYKHDTKLLILA
LERLKEAY SVKSRLNQOSQREEL
GLIEQAYDNPHEATLSRIKRHLL
TORAFKEVGIEFMD

LYSHLVPVYDVEPLEKITDAYL
DOYLWYEADKRRLEFPPWIKPAD
TEPPPLLVYKWCQGINNLODVW
ETSEGECNVMLESREFEKMYEKT
DLTLLNRLLRLIVDHNIADYMT

210

FNPRTGOLFLKITHTSVWAG
QKRLGOQLAKWKTAEEVAALT
RSLPVEEQPKQIIVTRKGML
DPLEVHLLDFPNIVIKGSEL
QLPFQACLKVEKFGDLILKA
TEPOMVLENLYDDWLKTISS
YTAFSRLILILRALHVNNDR
ARKVILKPDKTTITEPHHIWP
TLTDEEWIKVEVQLKDLILA
DYGKKNNVNVASLTQSEIRD
IILGMEISAPSQQRQOQIAET
EKQTKEQSQLTATQTRTVNK
HGDEIITSTTSNYETQTESS
KTEWRVRAISAANTLHLRTNH
IYVSSDDIKETGYTY ILPKN
VLKKFICISDLRAQIAGYLY
GVSPPDNPQVKEIRCIVMVP
OWGTHQTVHLPGOQLPQHEYL
KEMEPLGWIHTQPNESPQLS
PODVTTHAKIMADNP SWDGE
KTITIITCSFTPGSCTLTAYK
LTPSGYEWGRONTDKGNNPK
GYLPSHYERVOMLLSDRFELG
FEMVPAQSSWNYNEFMGVRHD
PNMKYELQLANPKEFYHEVH
RPSHFLNFALLQEGEVYSAD
REDLYA
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ARKNNVVINYKDMNHTNSYGIIR
GLQFASFIVQYYGLVMDLLVLG
LHRASEMAGPPOMPNDEFLSEQD
IATEAAHPIRLFCRYIDRIHIF
FREFTADEARDLIQRYLTEHPDP
NNENIVGYNNKKCWPRDARMRL
MKHDVNLGRAVFWDIKNRLPRS
VITTVOQWENSEVSVY SKDNPNLL
FNMCGFECRILPKC

RTSYEEFTHKDGVWNLONEVTK
ERTAQCFLRVDDESMQREHNRV
ROILMASGSTTEFTKIVNKWNTA
LIGLMTYFREAVVNTQELLDLL
VKCENKIQTRIKIGLNSKMPSR
FPPVVEYTPKELGGLGMLSMGH
VLIPQOSDLRWSKQTDVGITHER
SGMSHEEDQLIPNLYRYIQPWE
SEFIDSQRVWAEYALKRQEATIA
ONRRLTLEDLEDSWDRGIPRIN
TLEFOQKDRHTLAYDKGWRVRTDEF
KOQYQVLKONPEFWWTHQRHDGKL
WNLNNYRTDMIQALGGVEGILE
HTLEKGTYFPTWEG

LEFWEKASGFEESMKWKKLTNAQ
RSGLNQIPNRRFTLWWSPTINR
ANVYVGEFQVQLDLTGIFMHGKT
PTLKISLIQIFRAHLWQKIHES
IVMDLCOQVEDQELDALETETVQ
KETTHPRKSYKMNSSCADILLEFE
ASYKWNVSRPSLLADSKDVMDS
TTTOKYWIDIQLRWGDYDSHDI
ERYARAKFLDYTTDNMSIYPSP
TGVLIAIDLAYNLHSAYGNWEP
GSKPLIQQAMAKIMKANPALYV
LRERIRKGLOLYSSEPTEPYLS
SONYGELFSNQITWEVDDTNVY
RVTTHKTEFEGNLTT

KPINGAIFIFNPRTGQLEFLKIT
HTSVWAGOKRLGQLAKWKTAEE
VAALIRSLPVEEQPKQITIVTRK
GMLDPLEVHLLDEFPNIVIKGSE
LOLPFOACLKVEKEFGDLILKAT
EPOMVLENLYDDWLKTISSYTA
FSRLILILRALHVNNDRAKVIL
KPDKTTITEPHHIWPTLTDEEW
IKVEVQLKDLILADYGKKNNVN
VASLTQSEIRDIILGMEISAPS
QOROQIAETEKQTKEQSQLTAT
QTRTVNKHGDEIITSTTSNYET
QTEFSSKTEWRVRAISAANLHLR
TNHIYVSSDDIKET
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GYTYILPKNVLKKEICISDLRA
QIAGYLYGVSPPDNPQVKEIRC
IVMVPOQWGTHQTVHLPGQLPQH
EYLKEMEPLGWIHTQPNESPQL
SPODVTTHAKIMADNPSWDGEK
TIIITCSEFTPGSCTLTAYKLTP
SGYEWGRONTDKGNNPKGYLPS
HYERVOMLLSDREFLGEEFMVPAQ
SSWNYNEFMGVRHDPNMKY ELQL
ANPKEFYHEVHRPSHELNFALL
QEGEVYSADREDLYA

NPL4 HUMA
N
Mitochondrial
protein
localization
protein 4
homolog

103

MAESITITRVQSPDGVKRITATK
RETAATFLKKVAKEFGEFQONNGE
SVYINRNKTGEITASSNKSLNL
LKIKHGDLLFLEPSSLAGPSSE
METSVPPGFKVFGAPNVVEDET
DOQYLSKQDGKIYRSRDPQLCRH
GPLGKCVHCVPLEPFDEDYLNH
LEPPVKHMSFHAYIRKLTGGAD
KGKEVALENISCKIKSGCEGHL
PWPNGICTKCQPSAITLNROKY
RHVDNIMEFENHTVADREFLDEWR
KTGNQHEFGYLYGRYTEHKDIPL
GIRAEVAATYEPPQIGTONSLE
LLEDPKAEVVDEIA

AKLGLRKVGWIFTDLVSEDTRK
GTVRYSRNKDTYFLSSEECITA
GDEFONKHPNMCRLSPDGHEGSK
FVTAVATGGPDNQVHEEGYQVS
NOCMALVRDECLLPCKDAPELG
YAKESSSEQYVPDVEYKDVDKE
GNEITQLARPLPVEYLIIDITT
TEFPKDPVYTEFSISQNPFPIENR
DVLGETQDFHSLATYLSQNTSS
VFLDTISDFHLLLFLVTNEVMP
LODSISLLLEAVRTRNEELAQT
WKRSEQWATIEQLCSTVGGQLP
GLHEYGAVGGSTHTATAAMWAC
QHCTEFMNQPGTGHCEMCSLPRT

211

QPSATTLNROKYRHVDNIME
ENHTVADRFLDEWRKTGNQH
FGYLYGRYTEHKDIPLGIRA
EVAATYEPPOIGTONSLELL
EDPKAEVVDETIAAKLGLRKV
GWIFTDLVSEDTRKGTVRYS
RNKDTYEFLSSEECITAGDEQ
NKHPNMCRLSPDGHEGSKEV
TAVATGGPDNQVHFEGYQVS
NOCMALVRDECLLPCKDAPE
LGYAKESSSEQYVPDVEYKD
VDKEFGNEITQLARPLPVEYL
IIDITTTEFPKDPVYTESISQ
NPEFPIENRDVLGETQDFHSL
ATYLSONTSSVFLDTISDEH
LLLFLVTNEVMPLODSISLL
LEAVRTRNEELAQTWKRSEQ
WATIEQLCSTVGGQLPGLHE
YGAVGGSTHTATAAMWACQOH
CTFMNQPGTGHCEMCSLPRT

EMC8 HUM
AN ER
membrane
protein
complex
subunit 8

104

MPGVKLTTQAYCKMVLHGAKYP
HCAVNGLLVAEKQKPRKEHLPL
GGPGAHHTLEFVDCIPLFHGTLA
LAPMLEVALTLIDSWCKDHSYV
IAGYYQANERVKDASPNQVAEK
VASRIAEGESDTALIMVDNTKE
TMDCVAPTIHVYEHHENRWRCR
DPHHDYCEDWPEAQRISASLLD
SRSYETLVDEFDNHLDDIRNDWT
NPEINKAVLHLC

212

TOQAYCKMVLHGAKYPHCAVN
GLLVAEKQKPRKEHLPLGGP
GAHHTLEFVDCIPLFHGTLAL
APMLEVALTLIDSWCKDHSY
VIAGYYQANERVKDASPNQV
AEKVASRIAEGEFSDTALIMV
DNTKEFTMDCVAPTIHVYEHH
ENRWRCRDPHHDYCEDWPEA
QRISASLLDSRSYETLVDED
NHLDDIRNDWTNPEINKAVL
HLC
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ABRXI1 HU
MAN
BRCA1-A
complex
subunit
Abraxas 1

105

MEGESTSAVLSGEVLGALAFQH
LNTDSDTEGFLLGEVKGEAKNS
ITDSOQMDDVEVVYTIDIQKYIP
CYQLESFYNSSGEVNEQALKKTI
LSNVKKNVVGWYKERRHSDQIM
TFRERLLHKNLOQEHEFSNQDLVE
LLLTPSITITESCSTHRLEHSLY
KPOKGLEFHRVPLVVANLGMSEQ
LGYKTVSGSCMSTGESRAVQTH
SSKEFEEDGSLKEVHKINEMYA
SLOEELKSICKKVEDSEQAVDK
LVKDVNRLKREIEKRRGAQIQA
AREKNIQKDPQENIFLCQOALRT
FEFPNSEFLHSCVMS
LKNRHVSKSSCNYNHHLDVVDN
LTIMVEHTDIPEASPASTPQIT
KHKALDLDDRWOQEFKRSRLLDTQ
DKRSKADTGSSNQDKASKMSSP
ETDEEIEKMKGFGEYSRSPTEF

213

GEFVLGALAFQHLNTDSDTEG
FLLGEVKGEAKNSITDSQMD
DVEVVYTIDIQKYIPCYQLF
SEYNSSGEVNEQALKKILSN
VKKNVVGWY KEFRRHSDQ IMT
FRERLLHKNLOEHEFSNQDLV
FLLLTPSIITESCSTHRLEH
SLYKPOKGLEFHRVPLVVANL
GMSEQLGYKTVSGSCMSTGE
SRAVOTHSSKFFEEDGSLKE
VHKINEMYASLQEELKSICK
KVEDSEQAVDKLVKDVNRLK
REIEKRRGAQIQAAREKNIQ
KDPQENIFLCQALRTEFEPNS
EFLHSCVMSLKNRHVSKSSC
NYNHHLDVVDNLTLMVEHTD
IPEASPASTPQITKHKALDL
DDRWQFKRSRLLDTQDKRSK
ADTGSSNQDKASKMSSPETD
EEIEKMKGFGEYSRSPTFE

STALP_HUM
AN AMSH-
like protease

106

MDQPEFTVNSLKKLAAMPDHTDV
SLSPEERVRALSKLGCNITISE
DITPRRYFRSGVEMERMASVYL
EEGNLENAFVLYNKEFITLEVEK
LPNHRDYQQCAVPEKQDIMKKL
KEIAFPRTDELKNDLLKKYNVE
YOEYLOSKNKYKAETILKKLEHQ
RLIEAERKRIAQMROQQLESEQ
FLEFEDQLKKOQELARGOMRSQOQ
TSGLSEQIDGSALSCESTHQNN
SLLNVEADQOPNKSDATNYASHS
PPVNRALTPAATLSAVONLVVE
GLRCVVLPEDLCHKFLQLAESN
TVRGIETCGILCGK
LTHNEFTITHVIVPKOSAGPDY
CDMENVEELFNVODQHDLLTLG
WIHTHPTQTAFLSSVDLHTHCS
YOLMLPEATATVCSPKHKDTGI
FRLTNAGMLEVSACKKKGEFHPH
TKEPRLEFSICKHVLVKDIKITIV
LDLR

214

VVLPEDLCHKFLQLAESNTV
RGIETCGILCGKLTHNEETT
THVIVPKQOSAGPDYCDMENV
EELFNVODOHDLLTLGWIHT
HPTOQTAFLSSVDLHTHCSYQ
IMLPEATATVCSPKHKDTGI
FRLTNAGMLEVSACKKKGEH
PHTKEPRLESICKHVLVKDI
KIIVLDLR

CSN6_HUM
AN COP9
signalosome
complex
subunit 6

107

MAAAAADAARATNGTGGSSGMEV
DAAVVPSVMACGVTGSVSVALH
PLVILNISDHWIRMRSQEGRPV
QVIGALIGKQEGRNIEVMNSEE
LLSHTVEEKITIIDKEYYYTKEE
QFRKOVEFKELEFLGWYTTGGPPD
PSDIHVHKQVCEIIESPLEFLKL
NPMTKHTDLPVSVFESVIDIIN
GEATMLFAELTYTLATEEAERT
GVDHVARMTATGSGENSTVAEH

215

VALHPLVILNISDHWIRMRS
QEGRPVOVIGALIGKQEGRN
IEVMNSEFELLSHTVEEKITIT
DKEYYYTKEEQFKQVFKELE
FLGWYTTGGPPDPSDIHVHK
QVCEITESPLEFLKLNPMTKH
TDLPVSVFESVIDIINGEAT
MLFAELTYTLATEEAERIGV
DHVARMTATGSGENSTVAEH
LIAQHSATKMLHSRVKLILE

138
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LIAQHSATKMLHSRVKLILEYV
KASEAGEVPENHEILREAYALC
HCLPVLSTDKEFKTDEYDQCNDV
GLMAYLGTITKTCNTMNQEVNK
FNVLYDROQGIGRRMRGLEF

YVKASEAGEVPEFNHEILREA
YALCHCLPVLSTDKEFKTDEY
DOQCNDVGLMAYLGTITKTCN
TMNQEVNKENVLYDRQGIGR
RMRGLEF

EIF3F HUM
AN
Eukaryotic
translation
mitiation
factor 3
subunit F

108

MATPAVPVSAPPATPTPVPAAA
PASVPAPTPAPAAAPVPAAAPA
SSSDPAAARAAATAAPGQTPASA
QAPAQTPAPALPGPALPGPEPG
GRVVRLHPVILASIVDSYERRN
EGAARVIGTLLGTVDKHSVEVT
NCESVPHNESEDEVAVDMEFAK
NMYELHKKVSPNELILGWYATG
HDITEHSVLIHEYYSREAPNPI
HLTVDTSLONGRMSIKAYVSTL
MGVPGRTMGVMEFTPLTVKYAYY
DTERIGVDLIMKTCESPNRVIG
LSSDLOQOVGGASARIQDALSTV
LOYAEDVLSGKVSADNTVGREL
MSLVNQVPKIVPDDFETMLNSN
INDLLMVTYLANLTQSQIALNE
KLVNL

216

VRLHPVILASIVDSYERRNE
GAARVIGTLLGTVDKHSVEV
TNCEFSVPHNESEDEVAVDME
FAKNMYELHKKVSPNELILG
WYATGHDITEHSVLIHEYYS
REAPNPIHLTVDTSLONGRM
SIKAYVSTLMGVPGRTMGVM
FTPLTVKYAYYDTERIGVDL
IMKTCESPNRVIGLSSDLQQO
VGGASARIQDALSTVLQYAE
DVLSGKVSADNTVGRFLMSL
VNQVPKIVPDDFETMLNSNI
NDLIMVTYLANLTQSQIALN
EKLVNL

PSMD7 HU
MAN 268
protcasome
non-ATPase
regulatory
subunit 7

109

MPELAVQKVVVHPLVLLSVVDH
FNRIGKVGNQKRVVGVLLGSWQ
KKVLDVSNSEFAVPEDEDDKDDS
VWELDHDY LENMYGMEKKVNAR
ERIVGWYHTGPKLHKNDIAINE
IMKRYCPNSVLVIIDVKPKDLG
LPTEAYISVEEVHDDGTPTSKT
FEHVTSEIGAEEAEEVGVEHLL
RDIKDTTVGTLSQRITNQVHGL
KGLNSKLLDIRSYLEKVATGKL
PINHOQITYQLODVENLLPDVSL
QEFVKAFYLKTNDOMVVVYLAS
LIRSVVALHNLINNKIANRDAE
KKEGQEKEESKKDRKEDKEKDK
DKEKSDVKKEEKKEKK

217

VVVHPLVLLSVVDHENRIGK
VGNQKRVVGVLLGSWQKKVL
DVSNSEFAVPFDEDDKDDSVW
FLDHDYLENMYGMEFKKVNAR
ERIVGWYHTGPKLHKNDIAT
NELMKRYCPNSVLVIIDVKP
KDLGLPTEAYISVEEVHDDG
TPTSKTFEHVISEIGAEEAE
EVGVEHLLRDIKDTTVGTLS
QRITNQVHGLKGLNSKLLDI
RSYLEKVATGKLPINHQITY
QLODVENLLPDVSLQEEFVKA
FYLKTNDOMVVVYLASLIRS
VVALHNLINNKIANRDAEKK
EGOEKEESKKDRKEDKEKDK
DKEKSDVKKEEKKEKK

EIF3H_ HUM
AN
Eukaryotic
translation
mitiation
factor 3
subunit H

110

MASRKEGTGSTATSSSSTAGAA
GKGKGKGGSGDSAVKQVQIDGL
VVLKITKHYQEEGQGTEVVQGV
LLGLVVEDRLEITNCEFPEPQHT
EDDADFDEVQYQOMEMMRSLRHV
NIDHLHVGWYQSTYYGSEVTRA
LLDSQEFSYQHATEESVVLIYDP
IKTAQGSLSLKAYRLTPKLMEV
CKEKDESPEALKKANITEFEYME
EEVPIVIKNSHLINVLMWELEK
KSAVADKHELLSLASSNHLG

KNLOLLMDRVDEMSQODIVKYNT
YMRNTSKQOQOOKHQYQOQRRQOE

218

VOIDGLVVLKIIKHYQEEGQ
GTEVVQGVLLGLVVEDRLET
TNCEFPFPOHTEDDADEDEVQ
YOMEMMRSTLRHVNIDHLHVG
WYQSTYYGSEVIRALLDSQF
SYQHAIEESVVLIYDPIKTA
QGSLSLKAYRLTPKLMEVCK
EKDFSPEALKKANITFEYME
EEVPIVIKNSHLINVLMWEL
EKKSAVADKHELLSLASSNH
LGKNLQLLMDRVDEMSQDIV
KYNTYMRNT SKQQQOKHQYQ
QRROQENMOROSRGEPPLPE
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NMOROSRGEPPLPEEDLSKLEK
PPOPPARMDSLLIAGQINTYCQ
NIKEFTAQNLGKLFMAQALQEY
NN

EDLSKLEFKPPQPPARMDSLL
IAGQINTYCONIKEFTAQNL
GKLEMAQALQEYNN

CSN5_HUM
AN COP9
signalosome
complex
subunit 5

111

MAASGSGMAQKTWELANNMOEA
QSIDEIYKYDKKQQOQEILAAKP
WTKDHHYFKYCKISALALLKMV
MHARSGGNLEVMGLMLGKVDGE
TMIIMDSFALPVEGTETRVNAQ
AAAYEYMAAY TENAKQVGRLEN
ATGWYHSHPGYGCWLSGIDVST
OMLNQOFQEPEVAVVIDPTRTI
SAGKVNLGAFRTYPKGYKPPDE
GPSEYQTIPLNKIEDFGVHCKQ
YYALEVSYFKSSLDRKLLELLW
NKYWVNTLSSSSLLTNADYTTG
QVEFDLSEKLEQSEAQLGRGSEM
LGLETHDRKSEDKLAKATRDSC
KTTIEATHGLMSQVIKDKLENQ
INIS

219

YCKISALALLKMVMHARSGG
NLEVMGLMLGKVDGETMIIM
DSFALPVEGTETRVNAQAARA
YEYMAAY TENAKQVGRLENA
IGWYHSHPGYGCWLSGIDVS
TOMLNQOQFQEPFVAVVIDPT
RTISAGKVNLGAFRTYPKGY
KPPDEGPSEYQTIPLNKIED
FGVHCKQYYALEVSYFKSSL
DRKLLELLWNKYWVNTLSSS
SLLTNADYTTGQVEDLSEKL
EQSEAQLGRGSEFMLGLETHD
RKSEDKLAKATRDSCKTTIE
ATHGLMSQVIKDKLENQINT
S

BRCC3 HU
MAN Lys-63-
specific
deubiquitinase
BRCC36

112

MAVQVVQAVQAVHLESDAFLVC
LNHALSTEKEEVMGLCIGELND
DTRSDSKEFAYTGTEMRTVAEKV
DAVRIVHIHSVIILRRSDKRKD
RVEISPEQLSAASTEAERLAEL
TGRPMRVVGWYHSHPHITVWPS
HVDVRTQAMY QMMDOQGEVGLIFE
SCEFIEDKNTKTGRVLYTCEQST
QAQKSSESLHGPRDEWSSSQHT
SIEGOKEEERYERIEIPIHIVP
HVTIGKVCLESAVELPKILCQE
EQDAYRRIHSLTHLDSVTKIHN
GSVFTKNLCSQMSAVSGPLLOW
LEDRLEONQOHLOELOQEKEEL
MOQELSSLE

220

VHLESDAFLVCLNHALSTEK
EEVMGLCIGELNDDTRSDSK
FAYTGTEMRTVAEKVDAVRI
VHIHSVIILRRSDKRKDRVE
ISPEQLSAASTEAERLAELT
GRPMRVVGWYHSHPHITVWP
SHVDVRTQAMY QMMDQGEVG
LIFSCFIEDKNTKTGRVLYT
CFOSIQAQKSSESLHGPRDEF
WSSSQHISTIEGQKEEERYER
IETPIHIVPHVTIGKVCLES
AVELPKILCQEEQDAYRRIH
SLTHLDSVTKIHNGSVETKN
LCSOMSAVSGPLLOWLEDRL
EQNOQOHLOELOQOEKEELMQE
LSSLE

5.3.2 Targeting Domain

[00148]

In some embodiments, the targeting domain comprises a targeting moiety that

specifically binds to a target mitochondrial protein. In some embodiments, the targeting moiety

comprises an antibody (or antigen binding fragment thereof). In some embodiments, the antibody

is a full-length antibody, a single chain variable fragment (scFv), a (scFv), a scFv-Fc, a Fab, a

Fab', a (Fab'),, a F(v), a single domain antibody, a single chain antibody, a VHH, or a (VHH),.. In

some embodiments the targeting moiety comprises a VHH. In some embodiments the targeting

moiety comprises a (VHH),.

100149
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In some embodiments, the targeting moiety specifically binds to a wild type target
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mitochondrial protein. In some embodiments, the targeting moiety specifically binds to a wild type
target mitochondrial protein, but does not specifically binds to a variant of the target mitochondrial
protein associated with a genetic disease. In some embodiments, the targeting moiety specifically
binds to a naturally occurring variant of a target mitochondrial protein. In some embodiments, the
targeting moiety specifically binds to a naturally occurring variant of a target mitochondrial protein
that is associated with a genetic disease (e.g., a genetic disease described herein). In some
embodiments, the targeting moiety specifically binds to a naturally occurring variant of a target
mitochondrial protein that is a cause of a genetic disease (e.g., a genetic disease described herein).
In some embodiments, the targeting moiety specifically binds a naturally occurring variant of a
target mitochondrial protein that is a loss of a function variant. In some embodiments, the targeting
moiety specifically binds a naturally occurring variant of a target mitochondrial protein that is a
loss of a function variant associated with a genetic disease (e.g., a genetic disease described
herein). In some embodiments, the targeting moiety specifically binds a naturally occurring variant
of a target mitochondrial protein that is a loss of a function variant that causes a genetic disease
(e.g., a genetic disease described herein).

5.3.2.1 Exemplary Target Mitochondrial Proteins

[00150] In some embodiments, targeting moiety specifically binds a target mitochondrial
protein (e.g., a mitochondrial protein described herein). Exemplary target mitochondrial proteins
include, but are not limited to, dynamin-like 120 kDa protein (OPAT1), protoporphyrinogen oxidase
(PPOX), frataxin (FXN), DNA polymerase subunit gamma-1 (POLG), cytochrome ¢ oxidase
subunit 6A2, mitochondrial (COX6A2), ubiquinol-cytochrome-c reductase complex assembly
factor 2 (UQCC2), and complex III assembly factor LYRM7 (LYRM?7). In some embodiments,
the target mitochondrial protein is OPA1. In some embodiments, the target mitochondrial protein
is PPOX. In some embodiments, the target mitochondrial protein is FXN. In some embodiments,
the target mitochondrial protein is POLG. In some embodiments, the target mitochondrial protein
is cytochrome ¢ oxidase subunit 6A2 mitochondrial (COX6A2). In some embodiments, the target
mitochondrial protein is ubiquinol-cytochrome-c reductase complex assembly factor 2 (UQCC2).
In some embodiments, the target mitochondrial protein is complex III assembly factor LYRM7
(LYRM7).

[00151] In some embodiments, the target mitochondrial protein comprises an amino acid

sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
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the amino acid sequence of SEQ ID NO: 221. In some embodiments, the target mitochondrial
protein comprises an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 222, In some
embodiments, the target mitochondrial protein comprises an amino acid sequence at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 223. In some embodiments, the target mitochondrial protein comprises an amino
acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 224. In some embodiments, the target mitochondrial
protein comprises an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 271. In some
embodiments, the target mitochondrial protein comprises an amino acid sequence at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of SEQ ID NO: 272. In some embodiments, the target mitochondrial protein comprises an amino
acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to the amino acid sequence of SEQ ID NO: 273.

{00152 Table 2 below, provides the wild type amino acid sequence of exemplary proteins to
target for deubiquitination utilizing the fusion proteins described herein.

Table 2. The amino acid sequence of exemplary mitochondrial proteins to target for

deubiquitination utilizing the fusion proteins described herein and exemplary disease associations

Description Asls)ol:?;tsif)ns SEl\?OID WT Amino Acid Sequence

Dynamin-like Optic atrophy 1 221 MWRLRRAAVACEVCQSLVKHSSGIKGSLPLOKLHIL
120 kDa VSRSIYHSHHPTLKLORPOLRTSFQOQFSSLTNLPL
pHﬁﬂn(OPAl) RKLKFSPIKYGYQPRRNFWPARLATRLLKLRYLIL

GSAVGGGYTAKKTEFDOQWKDMIPDLSEYKWIVPDIV
&gnﬂ WEIDEYIDFEKIRKALPSSEDLVKLAPDFDKIVES
Smﬂmnce LSLLKDFFTSGSPEETAFRATDRGSESDKHERKVS
Underlined DKEKIDOLOQEELLHTOLKYQRILERLEKENKELRK

LVLOKDDKGIHHRKLKKSLIDMY SEVLDVLSDYDA
SYNTOQDHLPRVVVVGDOQSAGKTSVLEMIAQARIFEP
RGSGEMMTRSPVKVTLSEGPHHVALFKDSSREEFDL
TKEEDLAALRHEIELRMRKNVKEGCTVSPETISLN
VKGPGLOQRMVLVDLPGVINTVTSGMAPDTKETIES
ISKAYMONPNATTILCIQDGSVDAERSIVTDLVSQM
DPHGRRTIFVLTKVDLAEKNVASPSRIQQITIEGKL
FPMKALGY FAVVTGKGNSSESIEATREYEEEFEFQON
SKLLKTSMLKAHQVTTRNLSLAVSDCEFWKMVRESV
EQOADSEFKATRENLETEWKNNY PRLRELDRNELEFE
KAKNEILDEVISLSQVTPKHWEEILQOSTLWERVST
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HVIENIYLPAAQTMNSGTEFNTTVDIKLKQWTDKQL
PNKAVEVAWETLOQEEFSRFMTEPKGKEHDDIFDKL
KEAVKEESIKRHKWNDFAEDSLRVIQHNALEDRST
SDKOQOWDAATYFMEEALQARLKDTENATENMVGPD
WKKRWLYWKNRTQEQCVHNETKNELEKMLKCNEEH
PAYLASDEITTVRKNLESRGVEVDPSLIKDTWHQV
YRRHFLKTALNHCNLCRRGEYYYQRHEVDSELECN
DVVLEFWRIQRMLAITANTLROQOQLTNTEVRRLEKNV
KEVLEDFAEDGEKKIKLLTGKRVOQLAEDLKKVRET
QEKLDAFTEALHQEK

Protoporphyrin
ogen oxidase
(PPOX)

Porphyria
variegata

222

MGRTVVVLGGGISGLAASYHLSRAPCPPKVVLVES
SERLGGWIRSVRGPNGAIFELGPRGIRPAGALGAR
TLLLVSELGLDSEVLPVRGDHPAAQNREFLYVGGAL
HALPTGLRGLLRPSPPEFSKPLEFWAGLRELTKPRGK
EPDETVHSFAQRRLGPEVASLAMDSLCRGVFAGNS
RELSIRSCEFPSLFQAEQTHRSILLGLLLGAGRTPQ
PDSALIRQALAERWSQWSLRGGLEMLPQALETHLT
SRGVSVLRGOQPVCGLSLOQAEGRWKVSLRDSSLEAD
HVISAIPASVLSELLPAEAAPLARALSATTAVSVA
VVNLQYQGAHLPVQOGEFGHLVPSSEDPGVLGIVYDS
VAFPEQDGSPPGLRVTVMLGGSWLQTLEASGCVLS
QELFQORAQEAAATQLGLKEMPSHCLVHLHKNCIP
QYTLGHWQKLESARQFLTAHRLPLTLAGASYEGVA
VNDCIESGROQAAVSVLGTEPNS

Frataxin
(FXN)

Friedreic’s
Ataxia

223

MWTLGRRAVAGLLASPSPAQAQTLTRVPRPAELAP
LCGRRGLRTDIDATCTPRRASSNQRGLNQIWNVKK
QSVYLMNLRKSGTLGHPGSLDETTYERLAEETLDS
LAEFFEDLADKPYTFEDYDVSFGSGVLTVKLGGDL
GTYVINKQTPNKQIWLSSPSSGPKRYDWTGKNWVY
SHDGVSLHELLAAELTKALKTKLDLSSLAY SGKDA

DNA
polymerase
subunit
gamma- |
(POLG)

Alpers
Syndrome

224

MSRLLWRKVAGATVGPGPVPAPGRWVSSSVPASDP
SDGQRRRQQOQQOQOQQOQOPQOPQVLSSEGGQLR
HNPLDIQMLSRGLHEQIFGQGGEMPGEAAVRRSVE
HLOKHGLWGQPAVPLPDVELRLPPLYGDNLDQHER
LLAQKOSLPYLEAANLLLOAQLPPKPPAWAWAEGW
TRYGPEGEAVPVAIPEERALVEFDVEVCLAEGTCPT
LAVATISPSAWYSWCSQRLVEERYSWISQLSPADLT
PLEVPTGASSPTQRDWOEQLVVGHNVSEFDRAHIRE
QYLIQGSRMRELDTMSMHMATSGLSSEFQRSLWIAA
KOGKHKVQPPTKQGOKSQRKARRGPATSSWDWLDI
SSVNSLAEVHRLYVGGPPLEKEPRELFVKGTMKDI
RENFQDLMQYCAQDVWATHEVEQQOLPLEFLERCPH
PVTLAGMLEMGVSYLPVNOQNWERY LAEAQGTYEEL
QREMKKSLMDLANDACQLLSGERYKEDPWLWDLEW
DLOEFKOKKAKKVKKEPATASKLPIEGAGAPGDPM
DQEDLGPCSEEEEFQQDVMARACLOKLKGTTELLP
KRPOHLPGHPGWYRKLCPRLDDPAWTPGPSLLSLQ
MRVTPKLMALTWDGFPLHY SERHGWGYLVPGRRDN
LAKLPTGTTLESAGVVCPYRAIESLYRKHCLEQGK
QOLMPOEAGLAEEFLLTDNSAIWQTVEELDYLEVE
AEAKMENLRAAVPGOPLALTARGGPKDTQPSYHHG
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NGPYNDVDIPGCWFFKLPHKDGNSCNVGSPFAKDF
LPRMEDGTLOAGPGGASGPRALEINKMISFWRNAH
KRISSOQMVVWLPRSALPRAVIRHPDYDEEGLYGAT
LPOQVVTAGTITRRAVEPTWLTASNARPDRVGSELK
AMVQAPPGYTLVGADVDSQELWIAAVLGDAHFAGM
HGCTAFGWMTLQGRKSRGTDLHSKTATTVGISREH
AKIFNYGRIYGAGQPFAERLLMQFNHRLTQQEAAE
KAQOMYAATKGLRWYRLSDEGEWLVRELNLPVDRT
EGGWISLODLRKVOQRETARKSQWKKWEVVAERAWK
GGTESEMENKLESTIATSDIPRTPVLGCCISRALEP
SAVQEEFMTSRVNWVVQSSAVDY LHLMLVAMKWLF
EEFATIDGRFCISTIHDEVRYLVREEDRYRAATLATLQT
TNLLTRCMFAYKLGLNDLPQSVAFEFSAVDIDRCLR
KEVTMDCKTPSNPTGMERRYGIPQGEALDIYQITE
LTKGSLEKRSQPGP

Cytochrome c Mitochondrnal 271 MALPLRPLTRGLASAAKGGHGGAGARTWRLLTEVL

oxidase subunit comp]ex I\Y ALPSVALCTEFNSYLHSGHRPRPEFRPYQHLRIRTK

6A2, deﬁcjency’ PYPWGDGNHTLFHNSHVNPLPTGYEHP

mitochondrial | nuclear type 18

(COX6A2) (MC4DN18)

Signal

sequence

underlined

Ubiquinol- Mitochondrial 272 MAASRYRRFLKLCEEWPVDETKRGRDLGAYLRQRV

cytochrome-c | complex I1I AQAFREGENTQVAEPEACDOMYESLARLHSNYYKH

reductase deficiency, KYPRPRDTSFSGLSLEEYKLILSTDTLEELKEIDK

comp]ex nuclear 7 GMWKKLOQEKFAPKGPEEDHKA

assembly factor | (MC3DN7)

2

(UQCC2)

Signal

sequence

underlined

Complex 11T Mitochondrial 273 MGRAVKVLOLEFKTLHRTROQOQVEFKNDARALEAARTIK

assembly factor | complex III INEEFKNNKSETSSKKIEELMKIGSDVELLLRTSV

LYRM7 deﬁcjency’ IQGIHTDHNTLKLVPRKDLLVENVPYCDAPTQKQO

(LYRMY7) nuclear 8

(MC3DNS)

5.3.3 Mitochondrial Localization Signals

[00133] In some embodiments, the fusion protein comprises a mitochondrial localization signal
(MLYS) at the N terminus of the fusion protein. Exemplary MLSs are provided in Table 3. In some
embodiments, the MLS comprises an amino acid sequence at least 95%, 96%, 97%, 98%, 99%, or

100% identical to one of SEQ ID NO: 275-278.
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Table 3. The amino acid sequence of exemplary MLSs

Amino Acid Sequence SEQ ID NO
MWRLRRAAVACEVCQSLVKHSSGIKGSLPLOKLHLVSRSIYHSHHPTLKLORPQLRTS 275
FOOFSSLTNLPLRKLKESPIKYGYQPRRN
MWTLGRRAVAGLLASPSPAQAQTLTRVPRPAELAPLCGRRG 276
MATPLRPLTRGLA 277
MAASRYRRELKLC 278

5.3.4 Orientation and Linkers

[00154] In some embodiments, the effector domain is N-terminal of the targeting domain in the
fusion protein. In some embodiments, the targeting domain is N-terminal of the effector domain
in the fusion protein. In some embodiments, the effector domain is operably connected (directly
or indirectly) to the C terminus of the targeting domain. In some embodiments, the effector domain
is operably connected (directly or indirectly) to the N terminus of the targeting domain. In some
embodiments, the effector domain is directly operably connected to the C terminus of the targeting
domain. In some embodiments, the effector domain is directly operably connected to the N
terminus of the targeting domain.

[00155] In some embodiments, the effector domain is indirectly operably connected to the C
terminus of the targeting domain. In some embodiments, the effector domain is indirectly operably
connected to the N terminus of the targeting domain. One or more amino acid sequences
comprising e.g., a linker, or encoding one or more polypeptides may be positioned between the
effector moiety and the targeting moiety. In some embodiments, the effector domain is indirectly
operably connected to the C terminus of the targeting domain through a peptide linker. In some
embodiments, the effector domain is indirectly operably connected to the N terminus of the
targeting domain through a peptide linker.

f00156] Each component of the fusion protein described herein can be directly linked to the
other to indirectly linked to the other via a peptide linker. [0080] Any suitable peptide linker
known in the art can be used that enables the effector domain and the targeting domain to bind
their respective antigens. In some embodiments, the linker is one or any combination of a cleavable
linker, a non-cleavable linker, a peptide linker, a flexible linker, a rigid linker, a helical linker, or
a non-helical linker. In some embodiments, the linker is a peptide linker. In some embodiments,
the linker is a peptide linker that comprises glycine or serine, or both glycine and serine amino

acid residues. In some embodiments, the peptide linker comprises from about 1-20, 1-15, 1-10, 1-
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5, 5-20, 5-15, 5-10, or 15-20 amino acids. In some embodiments, the peptide linker comprises
from or from about 2-25, 5-25, 10-25, 15-25, 20-25, 2-20, 5-20, 10-20, 15-20, 2-15, 5-15, 10-15,
2-10, or 5-10 amino acids. In some embodiments, the linker is a peptide linker that consists of
glycine or serine, or both glycine and serine amino acid residues. In some embodiments, the
peptide linker consists of from or from about 2-25, 5-25, 10-25, 15-25, 20-25, 2-20, 5-20, 10-20,
15-20, 2-15, 5-15, 10-15, 2-10, or 5-10 amino acids. In some embodiments, the peptide linker
comprises at least 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, or 30 amino acid residues. In some embodiments, the linker is at least 11 amino
acids in length. In some embodiments, the linker is at least 15 amino acids in length. In some
embodiments, the linker is 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, or 30 amino acid residues in length.

[00157] In some embodiments, the linker is a glycine/serine linker, e.g., a peptide linker
substantially consisting of the amino acids glycine and serine. In some embodiments, the linker is
a glycine/serine/proline linker, e.g., a peptide linker substantially consisting of the amino acids
glycine, serine, and proline.

[00158] In some embodiments, the amino acid sequence of the linker comprises the amino acid
sequence of any one of SEQ ID NOS: 297-406, or the amino acid sequence of any one of SEQ ID
NOS: 279-406 comprising 1, 2, or 3 amino acid modifications (e.g., a substitution, deletion, or
addition). In some embodiments, the amino acid sequence of the linker consists of the amino acid
sequence of any one of SEQ ID NOS: 297-406, or the amino acid sequence of any one of SEQ ID
NOS: 297-406 comprising 1, 2, or 3 amino acid modifications (e.g., a substitution, deletion, or
addition).

[00159] In some embodiments, the amino acid sequence of the linker comprises the amino acid
sequence of any one of SEQ ID NOS: 297-288, or the amino acid sequence of any one of SEQ ID
NOS: 297-288 comprising 1, 2, or 3 amino acid modifications (e.g., a substitution, deletion, or
addition). In some embodiments, the amino acid sequence of the linker consists of the amino acid
sequence of any one of SEQ ID NOS: 297-288, or the amino acid sequence of any one of SEQ ID
NOS: 297-288 comprising 1, 2, or 3 amino acid modifications (e.g., a substitution, deletion, or
addition).

f00166] The amino acid sequence of exemplary linkers for use in any one or more of the fusion

proteins described herein is provided in Table 4 below.
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Table 4. Amino Acid Sequence of Exemplary Linkers
Amino Acid Sequence SEQ ID NO
GGGGSGGGGESGGEGEGSGGGEGSGGEGES 279
GGGGSGGGGESGGEGGSGGGEGS 280
GGGGSGGGGSGGGGS 281
GGGGSGGGGS 282
GGGGS 283
SGGGGSGGGGESGGGGS 284
SGGGGSGGGGSGGGG 285
SGGGGSGGGG 286
SGGGG 287
GGSGG 288
AHFKISGEKRPSTDPGKKAKNPKKKKKKDP 289
AHRAKKMSKTHA 290
ASPEYVNLPINGNG 291
CTKRPRW 292
DKAKRVSRNKSEKKRR 293
EELRLKEELLKGIYA 294
EEQLRRRKNSRLNNTG 295
EVLKVIRTGKRKKKAWKRMVTKVC 296
HHHHHHHHHHHHQPH 297
HKKKHPDASVNESEFSK 298
HKRTKKNLS 299
IINGRKLKLKKSRRRSSQTSNNSEFTSRRS 300
KAEQERRK 301
KEKRKRREELEFIEQKKRK 302
KKGKDEWESRGKKP 303
KKGPSVQKRKKTNLS 304
KKKTVINDLLHYKKEK 305
KKNGGKGKNKPSAKIKK 306
KKPKWDDEKKKKK 307
KKRKKDNLS 308
KKRRKRRRK 309
KKRRRRARK 310
KKSKRGR 311
KKSRKRGS 312
KKSTALSRELGKIMRRR 313
KKSYQDPEITAHSRPRK 314
KKTGKNRKLKSKRVKTR 315
KKVSIAGOSGKLWRWKR 316
KKYENVVIKRSPRKRGRPRK 317
KNKKRK 318
KPKKKR 319
KRAMKDDSHGNSTSPKRRK 320
KRANSNLVAAYEKAKKK 321
KRASEDTTSGSPPKKSSAGPKR 322
KREKRRWMVRKMKTKK 323
KRGLNSSFETSPKKVK 324
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KRGNSSIGPNDLSKRKQRKK 325
KRIHSVSLSQSQIDPSKKVKRAK 326
KRKGKLKNKGSKRKK 327
KRRRRRRREKRKR 328
KRSNDRTYSPEEEKQRRA 329
KRTVATNGDASGAHRAKKMSK 330
KRVYNKGEDEQEHLPKGKKR 331
KSGKAPRRRAVSMDNSNK 332
KVNFLDMSLDDITIIYKELE 333
KVOQHRIAKKTTRRRR 334
LSPSLSPL 335
MDSLLMNRRKEFLYQFKNVRWAKGRRETYLC 336
MPONEYIELHRKRYGYRLDYHEKKRKKESREAHERSKKAKKMIGLKAKLY HK 337
MVQLRPRASR 338
NNKLLAKRRKGGASPKDDPMDDIK 339
NYKRPMDGTYGPPAKRHEGE 340
PDTKRAKLDSSETTMVKKK 341
PEKRTKI 342
PGGRGKKK 343
PGKMDKGEHRQERRDRPY 344
PKKGDKYDKTD 245
PKKKSRK 246
PKKNKPE 347
PKKRAKV 348
PKPKKLKVE 349
PKRGRGR 350
PKRRLVDDA 351
PKRRRTY 352
PLEFKRR 353
PLRKAKR 354
PPAKRKCIF 355
PPARRRRL 356
PPKKKRKV 357
PPNKRMKVKH 358
PPRIYPOQLPSAPT 359
PORSPEFPKSSVKR 360
PRPRKVPR 361
PRRRVQRKR 362
PRRVRLK 363
PSRKRPR 364
PSSKKRKV 365
PTKKRVK 366
QRPGPYDRP 367
RGKGGKGLGKGGAKRHRK 368
RKAGKGGGGHKTTKKRSAKDEKVP 369
RKIKLKRAK 370
RKIKRKRAK 371
RKKEAPGPREELRSRGR 372
RKKRKGK 373
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RKKRRORRR 374
RKKSIPLSIKNLKRKHKRKKNKITR 375
RKLVKPKNTKMKTKLRTNPY 376
RKRLILSDKGQLDWKK 377
RKRLKSK 378
RKRRVRDNM 379
RKRSPKDKKEKDLDGAGKRRKT 380
RKRTPRVDGOTGENDMNKRRRK 381
RLPVRRRRRR 382
RLRFRKPKSK 383
ROQORKR 384
RRDLNSSFETSPKKVK 385
RRDRAKLR 386
RRGDGRRR 387
RRGRKRKAEKQ 388
RRKKRR 389
RRKRSKSEDMDSVESKRRR 390
RRKRSR 391
RRPKGKTLQKRKPK 392
RRRGFERFGPDNMGRKRK 393
RRRGKNKVARQNCRK 394
RRRKRRNLS 395
RRROKQKGGASRRR 396
RRRREGPRARRRR 397
RRTIRLKLVYDKCDRSCKIQKKNRNKCQYCRFHKCLSVGMSHNATIRFGRMPRSEKAKL 398
KAE

RRVPQRKEVSRCRKCRK 399
RVGGRRQAVECIEDLLNEPGQPLDLSCKRPRP 400
RVVKLRIAP 401
RVVRRR 402
SKRKTKISRKTR 403
SYVKTVPNRTRTY IKL 404
TGKNEAKKRKIA 405
TLSPASSPSSVSCPVIPASTDESPGSALNI 406
5.3.4.1 Conditional Constructs

[00161]  Also described herein are constructs that comprise a targeting domain (e.g., a VHH,
(VHH)2) bound to an effector domain (e.g., an effector domain that comprises a catalytic domain
of an deubiquitinase, or an effector domain that comprises a deubiquitinase). In some
embodiments, the association of the targeting domain and the effector domain is mediated by
binding of a first agent (e.g., a small molecule, protein, or peptide) attached to the targeting domain
and a second agent (e.g., a small, molecule, protein, or peptide) attached to the effector domain.

For example, in one embodiment, the targeting domain may be attached to a first agent that
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specifically binds to a second agent that is attached to the effector domain. In some embodiments,
specific binding of the first agent to the second agent is mediated by addition of a third agent (e.g.,
a small molecule).

[00162] For example, a conditional construct includes an KBP/FRB-based dimerization switch,
e.g., as described in US20170081411 (the entire contents of which are incorporated by reference
herein), can be utilized herein. FKBP12 (FKBP or FK506 binding protein) is an abundant
cytoplasmic protein that serves as the initial intracellular target for the natural product
immunosuppressive drug, rapamycin. Rapamycin binds to FKBP and to the large PI3K homolog
FRAP (RAFT, mTOR), thereby acting to dimerize these molecules. In some embodiments, an
FKBP/FRAP based switch, also referred to herein as an FKBP/FRB based switch, can utilize a
heterodimerization molecule, e.g., rapamycin or a rapamycin analog. FRB is a 93 amino acid
portion of FRAP, that is sufficient for binding the FKBP-rapamycin complex (Chen, J., Zheng, X.
F.,Brown, E. J. & Schreiber, S. L. (1995) Identification of an 11-kDa FKBP 12-rapamycin-binding
domain within the 289-kDa FKBP12-rapamycin-associated protein and characterization of a
critical serine residue. Proc Natl Acad Sci USA 92: 4947-51), the entire contents of which is
incorporated by reference herein. For example, the targeting domain can be attached to FKBP and
the effector domain attached to FRB. Thereby, the association of the targeting domain and the
effector domain is mediated by rapamycin and only takes place in the presence of rapamycin.
(601631 Exemplary conditional activation systems that can be used here include, but are not
limited to those described in US20170081411; Lajoie MJ, et al. Designed protein logic to target
cells with precise combinations of surface antigens. Science. 2020 Sep 25;369(6511):1637-1643.
doi: 10.1126/science.aba6527. Epub 2020 Aug 20. PMID: 32820060, Farrants H, et al.
Chemogenetic Control of Nanobodies. Nat Methods. 2020 Mar;17(3):279-282. doi:
10.1038/541592-020-0746-7. Epub 2020 Feb 17. PMID: 32066961; and US20170081411, the

entire contents of each of which is incorporated by reference herein for all purposes.

5.3.5 [Exemplary Fusion Proteins

f00164] Exemplary fusion proteins of the present disclosure include, but are not limited to, those
described below. In one embodiment, the fusion protein comprises an effector domain comprising
a catalytic domain of a cysteine protease deubiquitinase, or a functional fragment or functional

variant thereof, and a targeting domain comprising a targeting moiety that specifically binds a
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mitochondrial protein, wherein the mitochondrial protein is OPA1l, PPOX, FXN, POLG,
COX6A2, UQCC2, or LYRM7.

{00163 In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a metalloprotease deubiquitinase, or a functional fragment or functional variant
thereof, and a targeting domain comprising a targeting moiety that specifically binds a
mitochondrial protein, wherein the mitochondrial protein is OPA1l, PPOX, FXN, POLG,
COX6A2, UQCC2, or LYRM7.

[00166] In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the deubiquitinase is a ubiquitin-specific protease (USP), a ubiquitin C-terminal hydrolase
(UCH), a Machado-Josephin domain protease (MJD), an ovarian tumour protease (OTU), a
MINDY protease, or a ZUFSP protease; and a targeting domain comprising a targeting moiety that
specifically binds a mitochondrial protein, wherein the mitochondrial protein is OPA1, PPOX,
FXN, POLG, COX6A2, UQCC2, or LYRM7.

(001671 In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the deubiquitinase is selected from the group consisting of USP1, USP2, USP3, USP4,
USPS, USP6, USP7, USP8, USP9X, USP9Y, USP10, USP11, USP12, USP13, USP14, USP15,
USP16, USP17, USP17L2, USP17L3, USP17L4, USP17L5, USP17L7, USP17L8, USPI18,
USP19, USP20, USP21, USP22, USP23, USP24, USP25, USP26, USP27X, USP28, USP29,
USP30, USP31, USP32, USP33, USP34, USP35, USP36, USP37, USP38, USP39, USP40,
USP41, USP42, USP43, USP44, USP45, USP46, BAP1, UCHL1, UCHL3, UCHLS, ATXN3
ATXN3L, OTUB1, OTUB2 MINDY 1, MINDY2, MINDY3, MINDY4, or ZUP1; and a targeting
domain comprising a targeting moiety that specifically binds a mitochondrial protein, wherein the
mitochondrial protein is OPA1, PPOX, FXN, POLG, COX6A2, UQCC2, or LYRM7.

[00168] In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the deubiquitinase is described in Table 1; and a targeting domain comprising a targeting
moiety that specifically binds a mitochondrial protein, wherein the mitochondrial protein is OPA1,
PPOX, FXN, POLG, COX6A2, UQCC2, os LYRM?7.

(00169 In one embodiment, the fusion protein comprises an effector domain comprising a
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catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the catalytic domain is described in Table 1; and a targeting domain comprising a targeting
moiety that specifically binds a mitochondrial protein, wherein the mitochondrial protein is OPA1,
PPOX, FXN, POLG, COX6A2, UQCC2, or LYRM?.

f00170] In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%. or 100%
identical to any one of SEQ ID NOS: 1-112; and a targeting domain comprising a targeting moiety
that specifically binds a mitochondrial protein, wherein the mitochondrial protein is OPA1, PPOX,
FXN, POLG, COX6A2, UQCC2, or LYRM7.

[00171] In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to any one of SEQ ID NOS: 113-220 or 270; and a targeting domain comprising a
targeting moiety that specifically binds a mitochondrial protein, wherein the mitochondrial protein
is OPA1, PPOX, FXN, POLG, COX6A2, UQCC2, or LYRM7.

(00172] In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to any one of SEQ ID NOS: 1-112; and a targeting domain comprising a targeting moiety
that specifically binds a mitochondrial protein, wherein the mitochondrial protein comprises an
amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to any one of SEQ ID NOS: 221-224 or 271-273.

{00173] In one embodiment, the fusion protein comprises an effector domain comprising a
catalytic domain of a deubiquitinase, or a functional fragment or functional variant thereof,
wherein the catalytic domain comprises an amino acid sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or
100% identical to any one of SEQ ID NOS: 113-220 or 270; and a targeting domain comprising a
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targeting moiety that specifically binds a mitochondrial protein, wherein the mitochondrial protein
comprises an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to any one of SEQ ID NOS: 221-224 or 271-273.

5.3.5.1 Additional Exemplary Embodiments

[00174]  Additional exemplary embodiments of fusion proteins described herein are provided
below, which should not be construed as limiting.

{00175] Embodiment 1. A fusion protein comprising: (a) an effector moiety comprising a
functional fragment of a human deubiquitinase that is capable of mediating deubiquitination,
wherein the human deubiquitinase comprises an amino acid sequence at least 80%, 81%, 82%,
83%, 84%. 85%, 86%., 87%, 88%. 89%, 90%, 95%, 96%, 97%., 98%, 99%. or 100% identical to
the amino acid sequence of any one of SEQ ID NOS: 1-112, and a targeting moiety comprising a
VHH, (VHH),. or scFv that specifically binds to a mitochondrial protein.

f00176] Embodiment 2. A fusion protein comprising an effector moiety comprising a functional
fragment of a human deubiquitinase that is capable of mediating deubiquitination that comprises
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ ID
NOS: 113-220 or 270, and a targeting moiety comprising a VHH, (VHH)», or scFv that specifically
binds to a mitochondrial protein.

(00177 Embodiment 3. A fusion protein comprising an effector moiety comprising a functional
fragment of a human deubiquitinase that is capable of mediating deubiquitination that comprises
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 270,
and a targeting moiety comprising a VHH, (VHH);, or scFv that specifically binds to a
mitochondrial protein.

[00178] Embodiment 4. The fusion protein of any one of Embodiments 1-3, wherein said
targeting moiety is a VHH or (VHH),.

(001791 Embodiment 5. The fusion protein of any one of Embodiments 1-4, wherein the
mitochondrial protein is OPA1, PPOX, FXN, POLG, COX6A2, UQCC2, and LYRM7.

{00180 Embodiment 6. The fusion protein of any one of Embodiments 1-5, wherein said
mitochondrial protein is OPA1, PPOX, FXN, or POLG.

(601811 Embodiment 7. The fusion protein of any one of Embodiments 1-6, wherein said
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mitochondrial protein is COX6A2, UQCC2, or LYRM7.

5.3.6 Methods of Making Fusion Proteins

[00182] Fusion proteins described herein can be made by any conventional technique known in
the art, for example, recombinant techniques or chemical synthesis (e.g., solid phase peptide
synthesis). In some embodiments, the fusion protein is made through recombinant expression in a
cell (e.g., a eukaryotic cell, e.g., a mammalian cell). Briefly, the fusion protein can be made by
synthesizing the DNA encoding the fusion protein and cloning the DNA into any suitable
expression vector. Numerous cloning vectors are known to those of skill in the art, and the selection
of an appropriate cloning vector is a matter of choice. The gene can be placed under the control of
a promoter, ribosome binding site (for bacterial expression) and, optionally, an operator and/or
one or more enhancer elements, so that the DNA sequence encoding the fusion protein is
transcribed into RNA in the host cell transformed by a vector containing this expression
construction. The coding sequence may or may not contain a signal peptide or leader sequence.
Heterologous leader sequences can be added to the coding sequence that causes the secretion of
the expressed polypeptide from the host organism. Other regulatory sequences may also be
desirable which allow for regulation of expression of the protein sequences relative to the growth
of the host cell. Such regulatory sequences are known to those of skill in the art, and examples
include those which cause the expression of a gene to be turned on or off in response to a chemical
or physical stimulus, including the presence of a regulatory compound. Other types of regulatory
elements may also be present in the vector, for example, enhancer sequences. The control
sequences and other regulatory sequences may be ligated to the coding sequence prior to insertion
into a vector, such as the cloning vectors described above. Alternatively, the coding sequence can
be cloned directly into an expression vector which already contains the control sequences and an
appropriate restriction site.

[00183] The expression vector may then be used to transform an appropriate host cell. A number
of mammalian cell lines are known in the art and include immortalized cell lines available from
the American Type Culture Collection (ATCC), such as, but not limited to, Chinese hamster ovary
(CHO) cells, CHO-suspension cells (CHO-S), HeLa cells, HEK293, baby hamster kidney (BHK)
cells, monkey kidney cells (COS), VERO, HepG2, MadinDarby bovine kidney (MDBK) cells,
NOS, U208, A549, HT1080, CAD, P19, NIH3T3, L929, N2a, MCF-7, Y79, SO-Rb50, DUK X-
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X11, and J558L.

[00184] Depending on the expression system and host selected, the fusion protein is produced
by growing host cells transformed by an expression vector described above under conditions
whereby the fusion protein is expressed. The fusion protein is then isolated from the host cells and
purified. If the expression system secretes the fusion protein into growth media, the fusion protein
can be purified directly from the media. If the fusion protein is not secreted, it is isolated from cell
lysates. The selection of the appropriate growth conditions and recovery methods are within the
skill of the art. Once purified, the amino acid sequences of the fusion proteins can be determined,
i.e., by repetitive cycles of Edman degradation, followed by amino acid analysis by HPLC. Other
methods of amino acid sequencing are also known in the art. Once purified, the functionality of
the fusion protein can be assessed, e.g., as described herein, e.g., utilizing a bifunctional ELISA.
{00183 As described above, functionality of the fusion protein can be tested by any method
known in the art. Each functionality can be measured in a separate assay. For example, binding of
the targeting domain to the target protein can be measure using an enzyme linked immunosorbent
assay (ELISA). Catalytic activity of the effector domain can be measured using any standard
deubiquitinase activity assay known in the art. For example, BioVision Deubiquitinase Activity
Assay Kit (Fluorometric) Catalog # K485-100 according to the manufacturer’s instructions. The
deubiquitinase activity of a fusion protein described herein can be measured for example by using
a fluorescent deubiquitinase substrate to detect deubiquitinase activity upon cleavage of the
fluorescent substrate. The deubiquitinase activity can also be measured according to the materials

and methods set forth in the Examples provided herein.

54 Nucleic Acids, Host Cells, Vectors, and Viral Particles

[00186] In one aspect, provided herein are nucleic acid molecules encoding a fusion protein
described herein. In some embodiments, the nucleic acid molecule is a DNA molecule. In some
embodiments, the nucleic acid molecule is an RNA molecule. In some embodiments, the nucleic
acid molecule contains at least one modified nucleic acid (e.g., that increases stability of the nucleic
acid molecule), e.g., phosphorothioate, N6-methyladenosine (m6A), N6,2’-O-dimethyladenosine
(m6Am), 8-ox0-7,8-dihydroguanosine (8-o0xoG), pseudouridine (W), S-methylcytidine (m5C), and
N4-acetylcytidine (ac4C).

{00187 In one aspect, provided herein is a host cell (or population of host cells) comprising a
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nucleic acid encoding a fusion protein described herein. In some embodiments, the nucleic acid is
incorporated into the genome of the host cell. In some embodiments, the nucleic acid is not
incorporated into the genome of the host cell. In some embodiments, the nucleic acid is present in
the cell episomally. In some embodiments, the host cell is a human cell. In some embodiments,
the host cell is a mammalian cell. In some embodiments, the host cell is a mouse, rat, hamster,
guinea pig, cat, dog, or human cell. In some embodiments, the host cell is modified in vitro, ex
Vivo, Or in Vivo.

{00188} The nucleic acid can be introduced into the host cell by any suitable method known in
the art (e.g., as described herein). For example, a viral delivery system (e.g., a retrovirus, an
adenovirus, an adeno associated virus, a herpes virus, a lentivirus, a pox virus, a vaccinia virus, a
vesicular stomatitis virus, a polio virus, a Newcastle’s Disease virus, an Epstein-Barr virus, an
influenza virus, a reoviruses, a myxoma virus, a maraba virus, a rhabdovirus, or a coxsackie virus
delivery system) can be utilized to deliver a nucleic acid (e.g., DNA or RNA molecule) encoding
the fusion protein for expression with the host cell. In some embodiments, the nucleic acid
encoding the fusion protein is present episomally within the host cell. In some embodiments, the
nucleic acid encoding the fusion protein is incorporated into the genome of the host cell. In some
embodiments, the virus replication competent. In some embodiments, the virus is replication
deficient.

[00189] In some embodiments, a nucleic acid (DNA or RNA) is delivered to the host cell using
a non-viral vector (e.g., a plasmid) encoding the fusion protein. In some embodiments, the nucleic
acid encoding the fusion protein is present episomally within the host cell. In some embodiments,
the nucleic acid encoding the fusion protein is incorporated into the genome of the host cell.
Exemplary non-viral transfection methods known in the art include, but are not limited to, direct
delivery of DNA such as by ex vivo transfection, by injection (e.g., microinjection),
electroporation, liposome mediated transfection, receptor-mediated transfection, microprojectile
bombardment, by agitation with silicon carbide fibers Through the application of techniques such
as these cells may be stably or transiently transfected with a nucleic acid encoding a fusion protein
described herein to express the encoded fusion protein.

[00190] In one aspect, provided herein are vectors comprising a nucleic acid encoding a fusion
protein described herein (e.g., a nucleic acid described herein). In some embodiments, the vector

is a viral vector. Exemplary viral vectors include, but are not limited to, retroviral vectors,
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adenoviral vectors, adeno associated viral vectors, herpes viral vectors, lentiviral vectors, pox viral
vectors, vaccinia viral vectors, vesicular stomatitis viral vectors, polio viral vectors, Newcastle’s
Disease viral vectors, Epstein-Barr viral vectors, influenza viral vectors, reovirus vectors, myxoma
viral vectors, maraba viral vectors, rhabdoviral vectors, and coxsackie viral vectors. In some
embodiments, the vector is a non-viral vector. In some embodiments, the non-viral vector is a
plasmid.

(00191} In one aspect, provided herein is a viral particle (or population of viral particles) that
comprise a nucleic acid encoding a fusion protein described herein (e.g., a nucleic acid described
herein). In some embodiments, the viral particle is an RNA virus. In some embodiments, the viral
particle is a DNA virus. In some embodiments, the viral particle comprises a double stranded
genome. In some embodiments, the viral particle comprises a single stranded genome. Exemplary
viral particles include, but are not limited to, a retrovirus, an adenovirus, an adeno associated virus,
a herpes virus, a lentivirus, a pox virus, a vaccinia virus, a vesicular stomatitis virus, a polio virus,
a Newcastle’s Disease virus, an Epstein-Barr virus, an influenza virus, a reoviruses, a myxoma

virus, a maraba virus, a rhabdovirus, or a coxsackie.

5.5  Pharmaceutical Compositions

[00192] In one aspect, provided herein are pharmaceutical compositions comprising 1) a fusion
protein described herein, a nucleic acid encoding a fusion protein described herein, a vector
comprising a nucleic acid encoding a fusion protein described herein, or a viral particle comprising
a nucleic acid encoding a fusion protein described herein; and 2) at least one pharmaceutically
acceptable carrier, excipient, stabilizer buffer, diluent, surfactant, preservative and/or adjuvant, etc
(see, e.g., Remington’s Pharmaceutical Sciences (1990) Mack Publishing Co., Easton, PA). A
person of ordinary skill in the art can select suitable excipient for inclusion in the pharmaceutical
composition. For example, the formulation of the pharmaceutical composition may differ based
on the route of administration (e.g., intravenous, subcutaneous, etc.), and/or the active molecule
contained within the pharmaceutical composition (e.g., a viral particle, a non-viral vector, a nucleic
acid not contained within a vector).

[60193]  Acceptable carriers, excipients, or stabilizers are preferably nontoxic to recipients at
the dosages and concentrations employed, and include buffers such as phosphate, citrate, or other

organic acids; antioxidants including ascorbic acid or methionine, preservatives (such as
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octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol;or m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, or
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA,;
sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium;
metal complexes (e.g., Zn-protein complexes), and/or non-ionic surfactants such as TWEEN™,
PLURONICS™ or polyethylene glycol (PEG).

[00194] In one embodiment, the present disclosure provides a pharmaceutical composition
comprising a fusion protein described herein for use as a medicament. In another embodiment,
the disclosure provides a pharmaceutical composition for use in a method for the treatment of
cancer. In some embodiments, pharmaceutical compositions comprise a fusion protein disclosed
herein, and optionally one or more additional prophylactic or therapeutic agents, in a
pharmaceutically acceptable carrier.

[00195] A pharmaceutical composition may be formulated for any route of administration to a
subject. Specific examples of routes of administration include parenteral administration (e.g.,
intravenous, subcutaneous, intramuscular). In some embodiments, the pharmaceutical
composition is formulated for intravenous administration. In some embodiments, the
pharmaceutical composition is formulated for subcutaneous administration. Injectables can be
prepared in conventional forms, either as liquid solutions or suspensions. The injectables can
contain one or more excipients. Exemplary excipients include, for example, water, saline,
dextrose, glycerol or ethanol. In addition, if desired, the pharmaceutical compositions to be
administered can also contain minor amounts of non-toxic auxiliary substances such as wetting or
emulsifying agents, pH buffering agents, stabilizers, solubility enhancers, or other such agents,
such as for example, sodium acetate, sorbitan monolaurate, triethanolamine oleate or
cyclodextrins.

[00196] In some embodiments, the pharmaceutical composition is formulated for intravenous
administration. Suitable carriers for intravenous administration include physiological saline or

phosphate buffered saline (PBS), or solutions containing thickening or solubilizing agents, such as
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glucose, polyethylene glycol, or polypropylene glycol or mixtures thereof.

[00197] The compositions to be used for in vivo administration can be sterile. This is readily
accomplished by filtration through, e.g., sterile filtration membranes.

{00198] Pharmaceutically acceptable carriers used in the parenteral preparations described
herein include for example, aqueous vehicles, nonaqueous vehicles, antimicrobial agents, isotonic
agents, buffers, antioxidants, local anesthetics, suspending and dispersing agents, emulsifying
agents, sequestering or chelating agents or other pharmaceutically acceptable substances.
Examples of aqueous vehicles, which can be incorporated in one or more of the formulations
described herein, include sodium chloride injection, Ringer’s injection, isotonic dextrose injection,
sterile water injection, dextrose or lactated Ringer’s injection. Nonaqueous parenteral vehicles,
which can be incorporated in one or more of the formulations described herein, include fixed oils
of vegetable origin, cottonseed oil, corn oil, sesame oil or peanut oil. Antimicrobial agents in
bacteriostatic or fungistatic concentrations can be added to the parenteral preparations described
herein and packaged in multiple-dose containers, which include phenols or cresols, mercurials,
benzyl alcohol, chlorobutanol, methyl and propyl p-hydroxybenzoic acid esters, thimerosal,
benzalkonium chloride or benzethonium chloride. Isotonic agents, which can be incorporated in
one or more of the formulations described herein, include sodium chloride or dextrose. Buffers,
which can be incorporated in one or more of the formulations described herein, include phosphate
or citrate. Antioxidants, which can be incorporated in one or more of the formulations described
herein, include sodium bisulfate. Local anesthetics, which can be incorporated in one or more of
the formulations described herein, include procaine hydrochloride. Suspending and dispersing
agents, which can be incorporated in one or more of the formulations described herein, include
sodium carboxymethylcelluose, hydroxypropyl methylcellulose or polyvinylpyrrolidone.
Emulsifying agents, which can be incorporated in one or more of the formulations described
herein, include Polysorbate 80 (TWEEN® 80). A sequestering or chelating agent of metal ions,
which can be incorporated in one or more of the formulations described herein, is EDTA.
Pharmaceutical carriers, which can be incorporated in one or more of the formulations described
herein, also include ethyl alcohol, polyethylene glycol or propylene glycol for water miscible
vehicles; orsodium hydroxide, hydrochloric acid, citric acid or lactic acid for pH adjustment.
[00199] The precise dose to be employed in a pharmaceutical composition will also depend on

the route of administration, and the seriousness of the condition caused by it, and should be decided
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according to the judgment of the practitioner and each subject’s circumstances. For example,
effective doses may also vary depending upon means of administration, target site, physiological
state of the subject (including age, body weight, and health), other medications administered, or
whether therapy is prophylactic or therapeutic. Therapeutic dosages are preferably titrated to

optimize safety and efficacy.

5.6  Methods of Therapeutic Use

[00200] In one aspect, provided herein are methods of treating a disease in a subject by
administering to the subject having the disease a fusion protein described herein, a nucleic acid
encoding a fusion protein described herein, a vector comprising a nucleic acid encoding a fusion
protein described herein, or a viral particle comprising a nucleic acid encoding a fusion protein
described herein.

[00201] The fusion protein can be delivered to host cells via any method known in the art. For
example, a viral delivery system (e.g., a retrovirus, an adenovirus, an adeno associated virus, a
herpes virus, a lentivirus, a pox virus, a vaccinia virus, a vesicular stomatitis virus, a polio virus, a
Newcastle’s Disease virus, an Epstein-Barr virus, an influenza virus, a reoviruses, a myxoma virus,
amaraba virus, a rhabdovirus, an enadenotucirev or a coxsackie) can be utilized to deliver a nucleic
acid (e.g., DNA or RNA molecule) encoding the fusion protein for expression within a population
of cells of a subject. In some embodiments, the nucleic acid encoding the fusion protein is present
episomally within the population of cells of the subject. In some embodiments, the nucleic acid
encoding the fusion protein is incorporated into the genome of the population of cells of the
subject. In some embodiments, the virus is replication competent. In some embodiments, the virus
is replication deficient.

[60202] In some embodiments, the fusion protein is administered to the subject. In some
embodiments, a nucleic acid (DNA or RNA) is administered to the subject. In some embodiments,
the nucleic acid (DNA or RNA) is complexed within a carrier (e.g., a nanoparticle, a liposome, a
microsphere). In some embodiments, a nucleic acid (DNA or RNA) within a non-viral vector (e.g.,

a plasmid) encoding the fusion protein is administered to the subject.

5.6.1 Administration

[00203]{ The fusion protein can be delivered to host cells via any method known in the art. For
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example, a viral delivery system (e.g., a retrovirus, an adenovirus, an adeno associated virus, a
herpes virus, a lentivirus, a pox virus, a vaccinia virus, a vesicular stomatitis virus, a polio virus, a
Newcastle’s Disease virus, an Epstein-Barr virus, an influenza virus, a reoviruses, a myxoma virus,
amaraba virus, a rhabdovirus, an enadenotucirev or a coxsackie) can be utilized to deliver a nucleic
acid (e.g., DNA or RNA molecule) encoding the fusion protein for expression within a population
of cells of a subject. In some embodiments, the nucleic acid encoding the fusion protein is present
episomally within the population of cells of the subject. In some embodiments, the nucleic acid
encoding the fusion protein is incorporated into the genome of the population of cells of the
subject. In some embodiments, the virus is replication competent. In some embodiments, the virus
is replication deficient.

[00204] In some embodiments, the fusion protein is administered to the subject. In some
embodiments, a nucleic acid (DNA or RNA) is administered to the subject. In some embodiments,
the nucleic acid (DNA or RNA) is complexed within a carrier (e.g., a nanoparticle, a liposome, a
microsphere). In some embodiments, a nucleic acid (DNA or RNA) within a non-viral vector (e.g.,
a plasmid) encoding the fusion protein is administered to the subject.

[00205{ In some embodiment, the fusion protein is administered parenterally. In some
embodiments, the fusion protein is administered via intravenous, intramuscular, intraarterial,
intrathecal, intralymphatic, intralesional, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal, epidural or intrasternal injection or infusion. In some embodiments, the
fusion protein is intravenously administered. In some embodiments, the fusion protein is
subcutaneously administered. In some embodiments, the fusion protein is administered via a non-
parenteral route, or orally. Other non-parenteral routes include a topical, epidermal or mucosal
route of administration, for example, intranasally, vaginally, rectally, sublingually or topically.
Administering can also be performed, for example, once, a plurality of times, and/or over one or
more extended periods.

[00206] In some embodiments, the methods disclosed herein are used in place of standard of
care therapies. In certain embodiments, a standard of care therapy is used in combination with any
method disclosed herein. In some embodiments, the methods disclosed herein are used after
standard of care therapy has failed. In some embodiments, the fusion protein is co-administered,

administered prior to, or administered after, an additional therapeutic agent. In some embodiments,
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the disease is a genetic disease.

5.6.2 Exemplary Genetic Diseases

(002071 In some embodiments, the disease is a genetic disease. In some embodiments, the
genetic disease is associated with decreased expression of a functional target mitochondrial
protein. In some embodiments, the genetic disease is associated with decreased stability of a
functional target mitochondrial protein. In some embodiments, the genetic disease is associated
with increased ubiquitination of a target mitochondrial protein. In some embodiments, the genetic
disease is associated with increased ubiquitination and degradation of a target mitochondrial
protein. In some embodiments, the genetic disease is a haploinsufficiency disease.

[00208] In some embodiments, the disease is selected from the group consisting of optic atrophy
1, porphyria variegata, Friedreich's Ataxia, and Alpers Syndrome. In some embodiments, the target
mitochondrial protein is OPA1, and the disease is Optic atrophy 1. In some embodiments, the
target mitochondrial protein is PPOX, and the disease is porphyria variegata. In some
embodiments, the target mitochondrial protein is FXN, and the disease is Friedreich's Ataxia. In
some embodiments, the target mitochondrial protein is POLG, and the disease is Alpers Syndrome.
In some embodiments, the target mitochondrial protein is COX6A2, and the disease is
mitochondrial complex IV deficiency nuclear type 18 (MC4DN18). In some embodiments, the
target mitochondrial protein is UQCC2, and the disease is mitochondrial complex III deficiency
nuclear 7 (MC3DN7). In some embodiments, the target mitochondrial protein is LYRM?7, and the
disease is mitochondrial complex III deficiency nuclear 8 (MC3DNS).

5.7 Kits

f00209] In one aspect, provided herein are kits comprising a fusion protein described herein, a
nucleic acid encoding a fusion protein described herein, a vector comprising a nucleic acid
encoding a fusion protein described herein, or a viral particle comprising a nucleic acid encoding
a fusion protein described herein, for therapeutic uses. Kits typically include a label indicating the
intended use of the contents of the kit and instructions for use. The term label includes any writing,
or recorded material supplied on or with the kit, or which otherwise accompanies the kit.
Accordingly, this disclosure provides a kit for treating a subject afflicted with a disease (e.g., a

genetic disease), the kit comprising: (a) a dosage of a fusion protein, a nucleic acid encoding a
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fusion protein described herein, a vector comprising a nucleic acid encoding a fusion protein
described herein, or a viral particle comprising a nucleic acid encoding a fusion described herein;

and (b) instructions for using the fusion protein in any of the therapy methods disclosed herein.

6. EXAMPLES

[600218]  The present invention is further illustrated by the following examples which should not

be construed as further limiting.

6.1 Example 1. Generation of Targeted Engineered Deubiquitinases

f00211]  This example provides general experimental methods of using fluorescent tagged target
proteins together with fluorophore tagged engineered deubiquitinases (enDUBs) to demonstrate
up-regulation of expression in the context of an enDUB. For illustrative purposes the constructs
disclosed below will be synthesized in a suitable vector for mammalian expression. Generally, the
target protein will be expressed with a C-terminal YFP followed by a P2A cleavage signal and an
mCherry protein as a second reporter (Target protein — YFP — P2A — mCherry). This construct
will be co-transfected in the presence of a trifunctional fusion protein comprising of a CFP protein
followed by a P2A signal and a nanobody specifically binding to YPF followed by the engineered
DUB (CFP - P2A - Anti-YFPnanobody — enDUB). In applications for drug treatment the targeting
nanobodies (or other specific binders) will be directed to the wild type (or disease-causing mutant)
protein in the cell to be upregulated while the enDUB is fused to a binding protein directed to the
target protein. Target protein binding moieties could be any antibody or antibody fragments,
nanobodies, or any other non-antibody scaffold such as fibronectins, anticalins, ankyrin repeats or
natural binding proteins interacting specifically with the target protein to be upregulated. The
amino acid sequence of the components of the test fusion proteins is provided in Table 5 below.

Table 5. Amino Acid Sequence of Components of test fusion proteins

Description | SEQ ID NO | Amino Acid Sequence

Target Proteins

MAAATLLRATPHESGLAAGRTFLLOGLLRLLKAPALPLLCRGLAVE
AKKTYVRDKPHVNVGTIGHVDHGKTTLTAATTKILAEGGGAKEKKY
Elongation 225 EEIDNAPEERARGITINAAHVEY STAARHYAHTDCPGHADY VKNMI
factor TU TGTAPLDGCILVVAANDGPMPOQTREHLLLARQIGVEHVVVYVNKAD
AVODSEMVELVELEIRELLTEFGYKGEETPVIVGSALCALEGRDPE

LGLKSVOKLLDAVDTYIPVPARDLEKPFLLPVEAVY SVPGRGTVVT
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GTLERGILKKGDECELLGHSKNIRTVVTGIEMEFHKSLERAEAGDNL
GALVRGLKREDLRRGLVMVKPGSIKPHQKVEAQVY ILSKEEGGRHK
PEVSHFMPVMESLTWDMACRIILPPEKELAMPGEDLKENLILRQPM
ILEKGOQRFTLRDGNRTIGTGLVTNTLAMTEEEKNIKWG

BAX

226

MDGSGEQPRGGGPTSSEQIMKTGALLLOGEFIQDRAGRMGGEAPELA
LDPVPODASTKKLSECLKRIGDELDSNMELQRMIAAVDTDSPREVE
FRVAADMESDGNENWGRVVALEY FASKLVLKALCTKVPELIRTIMG
WILDFLRERLLGWIQDOQGGWDGLLSYFGTPTWQTVTIEFVAGVLTAS
LTIWKKMG

Fluorescent Proteins

YFP

227

VSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLKE
ICTTGKLPVPWPTLVTTEFGYGLQCFARYPDHMKOQHDEFFKSAMPEGY
VOERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILG
HKLEYNYNSHNVY IMADKOKNGIKVNEKIRHNIEDGSVQLADHY QO
NTPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHMVLLEEFVTAAGIT
LGMDELYK

mCherry

228

MVSKGEEDNMAITKEFMREKVHMEGSVNGHEFETIEGEGEGRPYEGT
QTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSE
PEGEFKWERVMNFEDGGVVTVTQDSSLODGEEFTIYKVKLRGTNEPSDG
PVMOKKTMGWEASSERMY PEDGALKGETIKQRLKLKDGGHY DAEVKT
TYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGG
MDELYK

CFP

229

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYK

A2 Peptides

P2A

230

GSGATNEFSLLKQAGDVEENPGP

T2A

231

GSGEGRGSLLTCGDVEENPGP

E2A

232

GSGQCTNYALLKLAGDVESNPGP

Target Binders

YFP targeting
nanobody

233

QVQLVESGGALVQPGGSLRLSCAASGEPVNRY SMRWYRQAPGKERE
WVAGMSSAGDRSSYEDSVKGRETISRDDARNTVYLOMNSLKPEDTA
VYYCNVNVGEFEYWGQGTQVTVSS

Elongation
factor TU binder
(monobody)

234

QVQLOESGGGLAQAGGSLRLSCAASGRMESINNMGWY RQAPGKQORE
LVAFITRGGTTTYADSMKGRVTISRDNAKNTVYLOMNSLKPEDTAV
YYCAADDINNPRRTTTYWGQGTQVTISS

BAX binder
I(monobody)

235

DVOLOASGGGLVQAGGSLRLSCAASGRTESSYAMGWEFRRAPGKERE
FVAATSWSGTNTNYADSVKGRETISRDNAKNTMY LOMNRLAPEDTA
VYYCAATSTRTYYYTTSRSNEYVYWGQGTQVTVSS

BAX binder
2(monobody)

236

DVOLOASGGGLVQAGGSLRLSCAASGRTNSWY SMGWEFRQAPGKERE
FVAATSWNGDAIYYTDSVKGRETISRDNTKNTVYLOMNSLKPEDTA
VYICAAHAAAFTEAAHIPGYEYWGQGTQVTVSS
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EnDUBS

Cezanne

237

PPSEFSEGSGGSRTPEKGEFSDREPTRPPRPILOQRODDIVQOEKRLSRG
ISHASSSIVSLARSHVSSNGGGGGSNEHPLEMPICAFQLPDLTVYN
EDFRSEFIERDLIEQSMLVALEQAGRLNWWVSVDPTSQRLLPLATTG
DGNCLLHAASLGMWGFHDRDLMLRKALYATMEKGVEKEALKRRWRW
QOTOONKESGLVYTEDEWQKEWNELIKLASSEPRMHLGTNGANCGG
VESSEEPVYESLEEFHVEVLAHVLRRPIVVVADTMLRDSGGEAFAP
IPFGGIYLPLEVPASQCHRSPLVLAYDQAHEFSALVSMEQKENTKEQ
AVIPLTDSEYKLLPLHFAVDPGKGWEWGKDDSDNVRLASVILSLEV
KLHLLHSYMNVKWIPLSSDAQAPLAQ

OTUD1

238

DEKLALYLAEVEKQDKYLRQRNKYRFHITIPDGNCLYRAVSKTVYGD
QSLHRELREQTVHYIADHLDHESPLIEGDVGEFIIAARQDGAWAGY
PELLAMGOMLNVNIHLTTGGRLESPTVSTMIHYLGPEDSLRPSIWL
SWLSNGHYDAVEDHSYPNPEYDNWCKOQTQVOQRKRDEELAKSMATISL
SKMYIEQNACS

TRABID

239

LEVDEFKKLKQIKNRMKKTDWLEFLNACVGVVEGDLAATEAYKSSGGD
IARQLTADEVRLLNRPSAFDVGYTLVHLATIRFQRODMLATILLTEVS
QOAAKCIPAMVCPELTEQIRREIAASTHORKGDFACYFLTDLVTET
LPADIEDLPPTVQEKLFDEVLDRDVOKELEEESPITINWSLELATRL
DSRLYALWNRTAGDCLLDSVLOQATWGIYDKDSVLRKALHDSLHDCS
HWEYTRWKDWESWY SQSEFGLHEFSLREEQWQEDWAFILSLASQPGAS
LEQTHIFVLAHILRRPIIVYGVKYYKSFRGETLGYTRFQGVYLPLL
WEQSFCWKSPIALGYTRGHESALVAMENDGY GNRGAGANLNTDDDV
TITFLPLVDSERKLLHVHFLSAQELGNEEQQEKLLREWLDCCVTEG
GVLVAMOKSSRRRNHPLVTOMVEKWLDRYRQIRPCTSLS

USP21

240

SDDKMAHHTLLLGSGHVGLRNLGNTCFLNAVLOCLSSTRPLRDECL
RRDFROEVPGGGRAQELTEAFADVIGALWHPDSCEAVNPTRERAVE
QKYVPSEFSGYSQODAQEFLKLIMERLHLEINRRGRRAPPILANGPV
PSPPRRGGALLEEPELSDDDRANLMWKRYLEREDSKIVDLEVGQLK
SCLKCQACGYRSTTFEVFCDLSLPIPKKGFAGGKVSLRDCENLETK
EEELESENAPVCDRCROQKTRSTKKLTVQREFPRILVLHLNRESASRG
SIKKSSVGVDEFPLOQRLSLGDFASDKAGSPVYQLYALCNHSGSVHYG
HYTALCRCQTGWHVYNDSRVSPVSENQVASSEGYVLEYQLMOEPPR
CL

OTUD4

241

ATPMDAYLRKLGLYRKLVAKDGSCLFRAVAEQVLHSQSRHVEVRMA
CIHYLRENREKFEAFIEGSFEEY LKRLENPQEWVGQVEISALSLMY
RKDFITIYREPNVSPSQVTENNFPEKVLLCESNGNHYDIVYPIKYKE
SSAMCOSLLYELLYEKVFKTDVSKIVMELDTLEVADE

Human USP3
(full length)
nuclear located

242

MECPHLSSSVCIAPDSAKEPNGSPSSWCCSVCRSNKSPWVCLTCSS
VHCGRYVNGHAKKHY EDAQVPLTNHKKSEKQDKVOHTVCMDCSSY S
TYCYRCDDEVVNDTKLGLVOKVREHLONLENSAFTADRHKKRKLLE
NSTLNSKLLKVNGSTTAICATGLRNLGNTCEFMNAILQSLSNIEQFEC
CYFKELPAVELRNGKTAGRRTYHTRSQGDNNVSLVEEFRKTLCALW
QGSQTAFSPESLEYVVWKIMPNFRGYQQODAHEFMRYLLDHLHLEL
QGGENGVSRSATILOENSTLSASNKCCINGASTVVTATIFGGILONEV
NCLICGTESRKEFDPEFLDLSLDIPSQFRSKRSKNQENGPVCSLRDCL
RSFTDLEELDETELYMCHKCKKKQKSTKKEWIQKLPKVLCLHLKRE
HWTAYLRNKVDTYVEFPLRGLDMKCYLLEPENSGPESCLYDLAAVV
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VHHGSGVGSGHYTAYATHEGRWEHENDSTVTLTDEETVVKAKAY IL
FYVEHQAKAGSDKL

[00212]

The amino acid sequence of the test fusion proteins is provided in Table 6 below.

Table 6. Amino acid sequence of exemplary test fusion proteins

Description

SEQ ID NO

Amino Acid Sequence

Elongation
factor TU
Target — YFP-
P2A — mCherrry

243

MAAATLLRATPHESGLAAGRTFLLOGLLRLLKAPALPLLCRGLAVE
AKKTYVRDKPHVNVGTIGHVDHGKTTLTAATTKILAEGGGAKEKKY
EEIDNAPEERARGITINAAHVEY STAARHYAHTDCPGHADY VKNMI
TGTAPLDGCILVVAANDGPMPOQTREHLLLARQIGVEHVVVYV
NKADAVODSEMVELVELEIRELLTEFGYKGEETPVIVGSALCALEG
RDPELGLKSVQKLLDAVDTYIPVPARDLEKPFLLPVEAVYSVPGRG
TVVTGTLERGILKKGDECELLGHSKNIRTVVTGIEMFHKSLERAEA
GDNLGALVRGLKREDLRRGLVMVKPGSIKPHOKVEAQVYTILS
KEEGGRHKPFVSHFMPVMESLTWDMACRIILPPEKELAMPGEDLKE
NLTILROPMILEKGOREFTLRDGNRTIGTGLVTNTLAMTEEEKNIKWG
VSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATY GKLTLKE
ICTTGKLPVPWPTLVTTEFGYGLQCFARYPDHMKOQHDEFFKSAMPEGY
VOERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILG
HKLEYNYNSHNVY IMADKOKNGIKVNEKIRHNIEDGSVQLADHY QO
NTPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHMVLLEEFVTAAGIT
LGMDELYKGSGATNEFSLLKOQAGDVEENPGPMVSKGEEDNMAT IKEF
MRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPEA
WDILSPOQFMYGSKAYVKHPADIPDY LKLSFPEGEKWERVMNEEDGG
VVIVTQDSSLODGEEFTIYKVKLRGTNEPSDGPVMOKKTMGWEASSER
MYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVOLPGAYNV
NIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK

BAX Target —
YFP- P2A -
mCherrry

244

MDGSGEQPRGGGPTSSEQIMKTGALLLOGEFIQDRAGRMGGEAPELA
LDPVPODASTKKLSECLKRIGDELDSNMELQRMIAAVDTDSPREVE
FRVAADMESDGNENWGRVVALEY FASKLVLKALCTKVPELIRTIMG
WILDFLRERLLGWIQDOQGGWDGLLSYFGTPTWQTVTIFVAGV
LTASLTIWKKMGVSKGEELFTGVVPILVELDGDVNGHKESVSGEGE
GDATYGKLTLKEFICTTGKLPVPWPTLVTTEFGYGLOCEFARYPDHMKQ
HDFFKSAMPEGYVQERTIFEFKDDGNY KTRAEVKFEGDTLVNRIELK
GIDFKEDGNILGHKLEYNYNSHNVY IMADKOKNGIKVNEKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHM
VLLEFVTAAGITLGMDELYKGSGATNEFSLLKQAGDVEENPGPMVSK
GEEDNMATITIKEFMREFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAK
LKVTKGGPLPFAWDILSPOQFMYGSKAYVKHPADIPDYLKLSEFPEGE
KWERVMNEEDGGVVTVTQDSSLODGEEFIYKVKLRGTNEPSDGPVMQ
KKTMGWEASSERMYPEDGALKGE IKQRLKLKDGGHY DAEVKTTY KA
KKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDEL
YK

CFP- P2A-
Cezanne enDUB

245

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCEFSRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPPPSEFSEGSGGSRTPE
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KGFSDREPTRPPRPILOQRODDIVQEKRLSRGISHASSSIVSLARSH
VSSNGGGGGSNEHPLEMPICAFQLPDLTVYNEDFRSEFIERDLIEQS
MLVALEQAGRLNWWVSVDPTSQRLLPLATTGDGNCLLHAASLGMWG
FHDRDLMLRKALYATLMEKGVEKEALKRRWRWOQQOTOQONKESGLVYTE
DEWQOKEWNELTIKLASSEPRMHLGTNGANCGGVESSEEPVYESLEEF
HVEVLAHVLRRPIVVVADTMLRDSGGEAFAPTIPFGGIYLPLEVPAS
QCHRSPLVLAYDQAHEFSALVSMEQKENTKEQAVIPLTDSEYKLLPL
HFAVDPGKGWEWGKDDSDNVRLASVILSLEVKLHLLHSYMNVKWIP
LSSDAQAPLAQ

CFP- P2A-
OTUD1 enDUB

246

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNEFSLLKQAGDVEENPGPDEKLALY LAEVEKQD
KYLROQRNKYRFHITPDGNCLYRAVSKTVYGDQSLHRELREQTVHY T
ADHLDHESPLIEGDVGEFITAAAQDGAWAGY PELLAMGOMLNVNIH
LTTGGRLESPTVSTMIHYLGPEDSLRPSIWLSWLSNGHYDAVEDHS
YPNPEYDNWCKQTQVQORKRDEELAKSMAISLSKMY TEQNACS

CFP- P2A-
TRABID
enDUB

247

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPLEVDEFKKLKQOIKNRM
KKTDWLELNACVGVVEGDLAATIEAYKSSGGDIARQLTADEVRLLNR
PSAFDVGYTLVHLAIRFOQRODMLATILLTEVSQQAAKCIPAMVCPEL
TEQIRREIAASTHORKGDFACYFLTDLVTEFTLPADIEDLPPTVQEK
LEFDEVLDRDVOQKELEEESPIINWSLELATRLDSRLYALWNRTAGDC
LLDSVLOATWGIYDKDSVLRKALHDSLHDCSHWEYTRWKDWESWY S
QSEFGLHEFSLREEQWQEDWAFILSLASQPGASLEQTHIFVLAHILRR
PITVYGVKYYKSFRGETLGYTREFQGVYLPLLWEQSFCWKSPIALGY
TRGHEFSALVAMENDGYGNRGAGANLNTDDDVTITEFLPLVDSERKLL
HVHFLSAQELGNEEQOEKLLREWLDCCVTEGGVLVAMQKSSRRRNH
PLVTOMVEKWLDRYRQIRPCTSLS

CFP- P2A-
USP21 enDUB

248

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNEFSLLKQAGDVEENPGPSDDKMAHHTLLLGSG
HVGLRNLGNTCEFLNAVLQCLSSTRPLRDECLRRDEROQEVPGGGRAQ
ELTEAFADVIGALWHPDSCEAVNPTRERAVFQKYVPSESGY SQQDA
QEFLKLLMERLHLEINRRGRRAPPILANGPVPSPPRRGGALLEEPE
LSDDDRANLMWKRYLEREDSKIVDLEVGQLKSCLKCQACGYRSTTE
EVFCDLSLPIPKKGFAGGKVSLRDCENLETKEEELESENAPVCDRC
ROKTRSTKKLTVQRFPRILVLHLNRESASRGSIKKSSVGVDEFPLOR
LSLGDFASDKAGSPVYQLYALCNHSGSVHYGHYTALCRCQTGWHVY
NDSRVSPVSENQVASSEGYVLEYQLMOEPPRCL

CFP- P2A-
OTUD4 enDUB

249

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
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YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPATPMDAY LRKLGLYR
KLVAKDGSCLFRAVAEQVLHSQSRHVEVRMACIHYLRENREKFEAF
IEGSFEEYLKRLENPQEWVGQVEISALSIMYRKDFITIYREPNVSPS
QVTENNFPEKVLLCESNGNHYDIVYPIKYKESSAMCOQSLLYELLYE
KVFKTDVSKIVMELDTLEVADE

CFP-P2A-a-
YFPnanobody-
Cezanne enDUB

250

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOQVQLVESGGALVQPG
GSLRLSCAASGEFPVNRY SMRWYRQAPGKEREWVAGMSSAGDRSSYE
DSVKGRETISRDDARNTVYLOMNSLKPEDTAVYYCNVNVGEEYWGQO
GTQVITVSSPPSEFSEGSGGSRTPEKGESDREPTRPPRPILORQDDIV
QEKRLSRGISHASSSIVSLARSHVSSNGGGGGSNEHPLEMPICAFQ
LPDLTVYNEDFRSFIERDLIEQSMLVALEQAGRLNWWVSVDPTSQR
LLPLATTGDGNCLLHAASLGMWGEFHDRDLMLRKALYALMEKGVEKE
ALKRRWRWOQTOONKESGLVY TEDEWQKEWNELTIKLASSEPRMHLG
TNGANCGGVESSEEPVYESLEEFHVEVLAHVLRRPIVVVADTMLRD
SGGEAFAPIPFGGIYLPLEVPASQCHRSPLVLAYDQAHEFSALVSME
QKENTKEQAVIPLTDSEYKLLPLHFAVDPGKGWEWGKDDSDNVRLA
SVILSLEVKLHLLHSYMNVKWIPLSSDAQAPLAQ

CFP-P2A-a-
YFPnanobody-
OTUDI1 enDUB

251

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOQVQLVESGGALVQPG
GSLRLSCAASGEFPVNRY SMRWYRQAPGKEREWVAGMSSAGDRSSYE
DSVKGRETISRDDARNTVYLOMNSLKPEDTAVYYCNVNVGEEYWGQO
GTQVTVSSDEKLALYLAEVEKQDKYLRQRNKYRFHITPDGNCLYRA
VSKTVYGDQSLHRELREQTVHY IADHLDHESPLIEGDVGEEFITAAA
ODGAWAGYPELLAMGOMLNVNIHLTTGGRLESPTVSTMIHYLGPED
SLRPSIWLSWLSNGHYDAVEFDHSYPNPEYDNWCKQTQVORKRDEEL
AKSMAISLSKMYTIEQNACS

CFP-P2A-a-
YFPnanobody-
TRABID
enDUB

252

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOQVQLVESGGALVQPG
GSLRLSCAASGEFPVNRY SMRWYRQAPGKEREWVAGMSSAGDRSSYE
DSVKGRETISRDDARNTVYLOMNSLKPEDTAVYYCNVNVGEEYWGQO
GTQVTVSSLEVDFKKLKQIKNRMKKTDWLELNACVGVVEGDLAATE
AYKSSGGDIARQLTADEVRLLNRPSAFDVGY TLVHLATREFQRQDML
ATLLTEVSQQAAKCIPAMVCPELTEQIRREIAASTHQRKGDFACYFE
LTDLVTFTLPADIEDLPPTVQEKLEFDEVLDRDVOKELEEESPTINW
SLELATRLDSRLYALWNRTAGDCLLDSVLOQATWGIYDKDSVLRKAL
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HDSLHDCSHWEYTRWKDWESWY SQSEGLHESLREEQWQEDWAFTILS
LASQPGASLEQTHIFVLAHILRRPIIVYGVKYYKSFRGETLGYTRE
QGVYLPLLWEQSFCWKSPIALGYTRGHESALVAMENDGY GNRGAGA
NLNTDDDVTITFLPLVDSERKLLHVHELSAQELGNEEQQEKLLREW
LDCCVTEGGVLVAMOKSSRRRNHPLVTOMVEKWLDRYRQIRPCTSL

CFP-P2A-a-
YFPnanobody-
USP21 enDUB

253

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOQVQLVESGGALVQPG
GSLRLSCAASGEFPVNRY SMRWYRQAPGKEREWVAGMSSAGDRSSYE
DSVKGRETISRDDARNTVYLOMNSLKPEDTAVYYCNVNVGEEYWGQO
GTQVTVSSSDDKMAHHTLLLGSGHVGLRNLGNTCFLNAVLQCLSST
RPLRDEFCLRRDFRQEVPGGGRAQELTEAFADVIGALWHPDSCEAVN
PTREFRAVEFQKYVPSFSGYSQODAQEFLKLLMERLHLEINRRGRRAP
PILANGPVPSPPRRGGALLEEPELSDDDRANLMWKRYLEREDSKIV
DLEVGOQLKSCLKCQACGYRSTTFEVECDLSLPIPKKGFAGGKVSLR
DCENLEFTKEEELESENAPVCDRCROKTRSTKKLTVOQREFPRILVLHL
NRESASRGSIKKSSVGVDEFPLORLSLGDFASDKAGSPVYQLYALCN
HSGSVHYGHYTALCRCQTGWHVYNDSRVSPVSENQVASSEGYVLEY
QLMOEPPRCL

CFP-P2A-a-
YFPnanobody-
OTUD4 enDUB

254

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOQVQLVESGGALVQPG
GSLRLSCAASGEFPVNRY SMRWYRQAPGKEREWVAGMSSAGDRSSYE
DSVKGRETISRDDARNTVYLOMNSLKPEDTAVYYCNVNVGEEYWGQO
GTQVTVSSATPMDAY LRKLGLYRKLVAKDGSCLEFRAVAEQVLHSQS
RHVEVRMACIHYLRENREKFEAFIEGSFEEY LKRLENPQEWVGQVE
ISALSIMYRKDEIIYREPNVSPSQVTENNEFPEKVLLCESNGNHYDI
VYPIKYKESSAMCOSLLYELLYEKVEFKTDVSKIVMELDTLEVADE

CFP-P2A -anti-
Elongation
factor TU
targeting binder-
Cezanne enDUB

255

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOVOLOESGGGLAQAG
GSLRLSCAASGRMES INNMGWYRQAPGKOQRELVAFITRGGTTTYAD
SMKGRVT ISRDNAKNTVYLOMNSLKPEDTAVYYCAADDINNPRRTT
TYWGQGTQVTISSPPSESEGSGGSRTPEKGESDREPTRPPRPILOR
ODDIVQEKRLSRGISHASSSIVSLARSHVSSNGGGGGSNEHPLEMP
ICAFQLPDLTVYNEDFRSEFIERDLIEQSMLVALEQAGRLNWWVSVD
PTSQRLLPLATTGDGNCLLHAASLGMWGEHDRDLMLRKALYATMEK
GVEKEALKRRWRWOQOTQONKESGLVYTEDEWQKEWNELIKLASSEP
RMHLGTNGANCGGVESSEEPVYESLEEFHVEVLAHVLRRPIVVVAD
TMLRDSGGEAFAPIPFGGIYLPLEVPASQCHRSPLVLAYDQAHESA
LVSMEQKENTKEQAVIPLTDSEY KLLPLHFAVDPGKGWEWGKDDSD
NVRLASVILSLEVKLHLLHSYMNVKWIPLSSDAQAPLAQ
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CFP-P2A -anti-
Elongation
factor TU
targeting binder-
OTUDI enDUB

256

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOVOLOESGGGLAQAG
GSLRLSCAASGRMES INNMGWYRQAPGKOQRELVAFITRGGTTTYAD
SMKGRVT ISRDNAKNTVYLOMNSLKPEDTAVYYCAADDINNPRRTT
TYWGQGTQVTISSDEKLALYLAEVEKQDKYLROQRNKYREFHITIPDGN
CLYRAVSKTVYGDQSLHRELREQTVHY IADHLDHFSPLIEGDVGEF
ITAAAQDGAWAGY PELLAMGOMLNVNIHLTTGGRLESPTVSTMIHY
LGPEDSLRPSIWLSWLSNGHYDAVEDHSY PNPEYDNWCKQTQVQRK
RDEELAKSMATISLSKMY IEQNACS

CFP-P2A -anti-
Elongation
factor TU
targeting binder-
TRABID
enDUB

257

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOVOLOESGGGLAQAG
GSLRLSCAASGRMES INNMGWYRQAPGKOQRELVAFITRGGTTTYAD
SMKGRVT ISRDNAKNTVYLOMNSLKPEDTAVYYCAADDINNPRRTT
TYWGQGTQVTISSLEVDFKKLKQIKNRMKKTDWLEFLNACVGVVEGD
LAATEAYKSSGGDIARQLTADEVRLLNRPSAFDVGYTLVHLATIREQ
RODMLATILLTEVSQQAAKCIPAMVCPELTEQIRREIAASTHQRKGD
FACYFLTDLVTEFTLPADIEDLPPTVQEKLEFDEVLDRDVOQKELEEES
PIINWSLELATRLDSRLYALWNRTAGDCLLDSVLQATWGIYDKDSV
LRKALHDSLHDCSHWEYTRWKDWESWY SQSFGLHESLREEQWQEDW
AFILSLASQPGASLEQTHIFVLAHILRRPIIVYGVKYYKSFRGETL
GYTRFQGVYLPLLWEQSFCWKSPIALGYTRGHESALVAMENDGY GN
RGAGANLNTDDDVTITFLPLVDSERKLLHVHFLSAQELGNEEQQEK
LLREWLDCCVTEGGVLVAMOKSSRRRNHPLVTOMVEKWLDRYRQTIR
PCTSLS

CFP-P2A -anti-
Elongation
factor TU
targeting binder-
USP21 enDUB

258

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNE
QVQLOESGGGLAQAGGSLRLSCAASGRMESINNMGWY RQAPGKQORE
LVAFITRGGTTTYADSMKGRVTISRDNAKNTVYLOMNSLKPEDTAV
YYCAADDINNPRRTTTYWGQGTQVTISSSDDKMAHHTLLLGSGHVG
LRNLGNTCEFLNAVLQCLSSTRPLRDFCLRRDFRQEVPGGGRAQELT
EAFADVIGALWHPDSCEAVNPTREFRAVEFQKYVPSESGY SQODAQEF
LKLLMERLHLEINRRGRRAPPILANGPVPSPPRRGGALLEEPELSD
DDRANLMWKRYLEREDSKIVDLEVGQLKSCLKCQACGYRSTTFEVE
CDLSLPIPKKGFAGGKVSLRDCENLFTKEEELESENAPVCDRCRQK
TRSTKKLTVOQRFPRILVLHLNREFSASRGSIKKSSVGVDEPLORLSL
GDFASDKAGSPVYQLYALCNHSGSVHYGHYTALCRCQTGWHVYNDS
RVSPVSENQVASSEGYVLEYQLMOQEPPRCL

CFP-P2A -anti-
Elongation

259

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG

170




WO 2022/099034

PCT/US2021/058286

factor TU
targeting binder-
OTUD4 enDUB

YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPOVOLOESGGGLAQAG
GSLRLSCAASGRMES INNMGWYRQAPGKOQRELVAFITRGGTTTYAD
SMKGRVT ISRDNAKNTVYLOMNSLKPEDTAVYYCAADDINNPRRTT
TYWGQGTQVTISSATPMDAYLRKLGLY RKLVAKDGSCLEFRAVAEQV
LHSQSRHVEVRMACIHY LRENREKFEAFTIEGSFEEYLKRLENPQEW
VGOQVEISALSIMYRKDFITIYREPNVSPSQVTENNEFPEKVLLCESNG
NHYDIVYPIKYKESSAMCOQSLLYELLYEKVEKTDVSKIVMELDTLE
VADE

CFP-P2A -anti-
BAX A
targeting binder-
Cezanne enDUB

260

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTFSSYAMGWEFRRAPGKEREEFVAATSWSGTNTNYA
DSVKGRETISRDNAKNTMY LOMNRLAPEDTAVYYCAATSTRTYYYT
TSRSNEYVYWGQGTQVIVSSPPSESEGSGGSRTPEKGESDREPTRP
PRPILORODDIVQEKRLSRGISHASSSIVSLARSHVSSNGGGGGSN
EHPLEMPICAFQLPDLTVYNEDFRSEFIERDLIEQSMLVALEQAGRL
NWWVSVDPTSQRLLPLATTGDGNCLLHAASLGMWGEHDRDLMLRKA
LYALMEKGVEKEALKRRWRWQOTQONKESGLVYTEDEWQKEWNELT
KLASSEPRMHLGTNGANCGGVESSEEPVYESLEEFHVEVLAHVLRR
PIVVVADTMLRDSGGEAFAPIPFGGIYLPLEVPASQCHRSPLVLAY
DOAHESALVSMEQKENTKEQAVIPLTDSEYKLLPLHFAVDPGKGWE
WGKDDSDNVRLASVILSLEVKLHLLHSYMNVKWIPLSSDAQAPLAQ

CFP-P2A -anti-
BAX A
targeting binder-
OTUDI enDUB

261

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTFSSYAMGWEFRRAPGKEREEFVAATSWSGTNTNYA
DSVKGRETISRDNAKNTMY LOMNRLAPEDTAVYYCAATSTRTYYYT
TSRSNEYVYWGQGTQVIVSSDEKLALY LAEVEKQDKYLRORNKYREF
HIIPDGNCLYRAVSKTVYGDQSLHRELREQTVHY IADHLDHESPLT
EGDVGEFITAAAQDGAWAGY PELLAMGOMLNVNIHLTTGGRLESPT
VSTMIHYLGPEDSLRPSIWLSWLSNGHYDAVEDHSY PNPEYDNWCK
QTQVORKRDEELAKSMATISLSKMY IEQNACS

CFP-P2A -anti-
BAX A
targeting binder-
TRABID
enDUB

262

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTFSSYAMGWEFRRAPGKEREEFVAATSWSGTNTNYA
DSVKGRETISRDNAKNTMY LOMNRLAPEDTAVYYCAATSTRTYYYT
TSRSNEYVYWGQGTQVITVSSLEVDEKKLKQIKNRMKKTDWLELNAC
VGVVEGDLAATIEAYKSSGGDIARQLTADEVRLLNRPSAFDVGYTLV
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HLATRFQRODMLATILLTEVSQQAAKCIPAMVCPELTEQIRREIAAS
LHOQRKGDFACYFLTDLVTEFTLPADIEDLPPTVQEKLEFDEVLDRDVQ
KELEEESPIINWSLELATRLDSRLYALWNRTAGDCLLDSVLOATWG
IYDKDSVLRKALHDSLHDCSHWEYTRWKDWESWY SQSFGLHESLRE
EQWOEDWAFILSLASQPGASLEQTHIFVLAHILRRPITIVYGVKYYK
SFRGETLGYTRFQGVYLPLLWEQSFCWKSPIALGYTRGHESALVAM
ENDGYGNRGAGANLNTDDDVTITFLPLVDSERKLLHVHFLSAQELG
NEEQOEKLLREWLDCCVTEGGVLVAMQKS SRRRNHPLVTOMVEKWL
DRYRQIRPCTSLS

CFP-P2A -anti-
BAX A
targeting binder-
USP21 enDUB

263

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTFSSYAMGWEFRRAPGKEREEFVAATSWSGTNTNYA
DSVKGRETISRDNAKNTMY LOMNRLAPEDTAVYYCAATSTRTYYYT
TSRSNEYVYWGQGTQVITVSSSDDKMAHHTLLLGSGHVGLRNLGNTC
FINAVLOCLSSTRPLRDEFCLRRDFRQEVPGGGRAQELTEAFADVIG
ALWHPDSCEAVNPTREFRAVEFQKYVPSEFSGYSQODAQEFLKLLMERL
HLEINRRGRRAPPILANGPVPSPPRRGGALLEEPELSDDDRANLMW
KRYLEREDSKIVDLEVGQLKSCLKCQACGYRSTTEFEVECDLSLPIP
KKGFAGGKVSLRDCENLEFTKEEELESENAPVCDRCROKTRSTKKLT
VORFPRILVLHLNRESASRGSIKKSSVGVDEFPLOQRLSLGDEFASDKA
GSPVYQLYALCNHSGSVHYGHYTALCRCQTGWHVYNDSRVSPVSEN
QVASSEGYVLEYQLMOQEPPRCL

CFP-P2A -anti-
BAX A
targeting binder-
OTUD4 enDUB

264

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTFSSYAMGWEFRRAPGKEREEFVAATSWSGTNTNYA
DSVKGRETISRDNAKNTMY LOMNRLAPEDTAVYYCAATSTRTYYYT
TSRSNEYVYWGQGTQVITVSSATPMDAY LRKLGLY RKLVAKDGSCLEF
RAVAEQVLHSQSRHVEVRMACIHYLRENREKFEAFIEGSFEEYLKR
LENPOQEWVGQVEISALSLMYRKDEFIIYREPNVSPSQVTENNEPEKV
LLCESNGNHYDIVYPIKYKESSAMCOSLLYELLYEKVEKTDVSKIV
MELDTLEVADE

CFP-P2A -anti-
BAX B
targeting binder-
Cezanne enDUB

265

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTNSWY SMGWEFRQAPGKEREFVAATSWNGDATIYYT
DSVKGRETISRDNTKNTVYLOMNSLKPEDTAVYICAAHAAAFTEAA
HIPGYEYWGQGTQVTVSSPPSEFSEGSGGSRTPEKGEFSDREPTRPPR
PILORODDIVOQEKRLSRGISHASSSIVSLARSHVSSNGGGGGSNEH
PLEMPICAFQLPDLTVYNEDFRSFIERDLIEQSMLVALEQAGRLNW
WVSVDPTSQRLLPLATTGDGNCLLHAASLGMWGEFHDRDLMLRKALY
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AIMEKGVEKEALKRRWRWQOTQONKESGLVYTEDEWQKEWNELIKL
ASSEPRMHLGTNGANCGGVESSEEPVYESLEEFHVEVLAHVLRRPI
VVVADTMLRDSGGEAFAPIPFGGIYLPLEVPASQCHRSPLVLAYDQ
AHFSALVSMEQKENTKEQAVIPLTDSEYKLLPLHFAVDPGKGWEWG
KDDSDNVRLASVILSLEVKLHLLHSYMNVKWIPLSSDAQAPLAQ

CFP-P2A -anti-
BAX B
targeting binder-
OTUDI enDUB

266

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTNSWY SMGWEFRQAPGKEREFVAATSWNGDATIYYT
DSVKGRETISRDNTKNTVYLOMNSLKPEDTAVYICAAHAAAFTEAA
HIPGYEYWGQGTQVTVSSDEKLALY LAEVEKQDKYLRQRNKYREHT
IPDGNCLYRAVSKTVYGDQSLHRELREQTVHYIADHLDHESPLIEG
DVGEFITIAAAQDGAWAGY PELLAMGOMLNVNIHLTTGGRLESPTVS
TMIHYLGPEDSLRPSIWLSWLSNGHYDAVEDHSYPNPEYDNWCKQT
QVQRKRDEELAKSMATISLSKMY IEQNACS

CFP-P2A -anti-
BAX B
targeting binder-
TRABID
enDUB

267

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTNSWY SMGWEFRQAPGKEREFVAATSWNGDATIYYT
DSVKGRETISRDNTKNTVYLOMNSLKPEDTAVYICAAHAAAFTEAA
HIPGYEYWGQGTQVTVSSLEVDEFKKLKQIKNRMKKTDWLEFLNACVG
VVEGDLAATEAYKSSGGDIARQLTADEVRLLNRPSAFDVGYTLVHL
ATRFQRODMLAILLTEVSQQAAKCIPAMVCPELTEQIRRETIAASLH
QRKGDFACYFLTDLVTFTLPADIEDLPPTVQEKLEFDEVLDRDVOKE
LEEESPIINWSLELATRLDSRLYALWNRTAGDCLLDSVLOATWGIY
DKDSVLRKALHDSLHDCSHWEYTRWKDWESWY SQSEFGLHESLREEQ
WOEDWAFILSLASQPGASLEQTHIFVLAHILRRPITIVYGVKYYKSE
RGETLGYTRFQGVYLPLLWEQSEFCWKSPIALGYTRGHESALVAMEN
DGYGNRGAGANLNTDDDVTITFLPLVDSERKLLHVHEFLSAQELGNE
EQOEKLLREWLDCCVTEGGVLVAMOKSSRRRNHPLVTOMVEKWLDR
YRQIRPCTSLS

CFP-P2A -anti-
BAX B
targeting binder-
USP21 enDUB

268

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCESRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTNSWY SMGWEFRQAPGKEREFVAATSWNGDATIYYT
DSVKGRETISRDNTKNTVYLOMNSLKPEDTAVYICAAHAAAFTEAA
HIPGYEYWGQGTQVTVSSSDDKMAHHTLLLGSGHVGLRNLGNTCEL
NAVLOCLSSTRPLRDFCLRRDFROQEVPGGGRAQELTEAFADVIGAL
WHPDSCEAVNPTRFRAVFQKYVPSESGY SQQDAQEFLKLLMERLHL
EINRRGRRAPPILANGPVPSPPRRGGALLEEPELSDDDRANLMWKR
YLEREDSKIVDLEVGOQLKSCLKCQACGYRSTTFEVFCDLSLPIPKK
GFAGGKVSLRDCENLEFTKEEELESENAPVCDRCROKTRSTKKLTVQ
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RFPRILVLHLNRESASRGSIKKSSVGVDEFPLOQRLSLGDEFASDKAGS
PVYQLYALCNHSGSVHYGHYTALCRCQTGWHVYNDSRVSPVSENQV
ASSEGYVLEFYQLMQEPPRCL

CFP-P2A -anti-
BAX B
targeting binder-
OTUD4 enDUB

269

MVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTWGVQCEFSRY PDHMKOHDFFKSAMPEG
YVOQERTIFFKDDGNY KTRAEVKFEGDTLVNRIELKGIDEFKEDGNIL
GHKLEYNYISHNVYITADKOKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEEFVTAAGT
TLGMDELYKGSGATNESLLKQAGDVEENPGPDVQLOASGGGLVQAG
GSLRLSCAASGRTNSWY SMGWEFRQAPGKEREFVAATSWNGDATIYYT
DSVKGRETISRDNTKNTVYLOMNSLKPEDTAVY ICAAHAAAFTEAA
HIPGYEYWGQGTQVTVSSATPMDAY LRKLGLYRKLVAKDGSCLERA
VAEQVLHSQSRHVEVRMACIHYLRENREKFEAFIEGSFEEYLKRLE
NPOQEWVGQVEISALSIMYRKDFITIYREPNVSPSQVTENNEPEKVLL
CESNGNHYDIVYPIKYKESSAMCOQSLLYELLYEKVEFKTDVSKIVME
LDTLEVADE

6.2  Example 2. Testing of Targeted Engineered Deubiquitinases

(602131 To demonstrate upregulation of a target protein in the context of a specific targeting

enDUB the following experiments will be performed.

Schematic constructs used:

e Control experiment using non-targeting enDUB fusion
o Target — YFP- P2A — mCherrry
o CFP-P2A- enDUB (nontargeting control enDUB)

e Test constructs for up-regulation:
o Target- YFP-P2A-mCherry
o CFP-P2A-a-YFPnanobody-enDUB

e Or specific targeting enDUB fusion composed of

o CFP-P2A -anti-targeting binder-enDUB

f60214]  Co-transfection of both plasmids carrying the YFP tagged target protein together with

the enDUB fused to a target binding protein into HEK cells will be performed. A control construct

carrying the enDUB in the absence of the targeting binder will also be co-transfected together with

the labeled target protein. After 24-48 hours the transfected cells will be analyzed by FACS or

upregulation over the control. The mCherry signal on the target protein will be used to normalize

for transfection efficiency while the CFP signal will be used to normalize for the transfection

efficiency of the enDUB constructs. The YFP fused to the target protein is the read-out for target
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gene expression and will be plotted vs the signal in the control transfection. Relative increase in

the YFP fluorescence over control will demonstrate upregulation in the presence of the enDUB.

6.3  Example 3. Screening Assay for Testing Fusion Proteins

f00215] The following example describes an assay to analyze the ability of a targeted
engineered deubiquitinase (enDub) (e.g., an enDub described herein) to increase expression of a
target protein. Generally, the assay involves tagging the target protein with a fluorescent tag (e.g.,
NanoLuciferase (NLuc)) and an alfa-tag (a-Tag); and tagging a fusion protein of the enDub and
an anti-alfa Tag nanobody with a different fluorescent tag (e.g., Firefly Luciferase (FLuc)) through
a cleavable linker. The use of two different fluorescent tags enables normalization of the signal to
compensate for variation in transfection/expression, as the second fluorescent tag is rapidly
cleaved from the enDub-anti-alfa tag fusion protein inside the cell through cleavage of the
cleavable linker. FIG. 2 provides a general schematic of the cellular aspects of the assay. The
protocol, including materials and methods is described below.

(00216] CHO-K1 cells were digested with 0.25% (w/v) Trypsin-EDTA, at 37°C, for Smin.
Complete medium was added for the CHO-K1 cell cultures to stop the digestion. The CHO-K1
cells were centrifuges at 800 rpm for 5 minutes. After centrifugation, the supernatant was discarded
and the CHO-K1 cells were resuspend in 2 mL culture medium and counted. 106 CHO-K1 cells
were electroporated under 440V with 0.5ug of a plasmid encoding the target protein tagged with
NLuc and alfa-tag, and lug of a plasmid encoding a) enDub-anti-alfa tag nanobody-FLuc fusion
protein (experimental), b) the enDub (control), or the anti-alfa tag nanobody (control). SE+4
cells/well were placed in in 24 well plates and cultured for 24h, at 37°C, 5% CO». The cells were
digested with 0.25% (w/v) Trypsin-EDTA, at 37°C for Smin. Complete medium was added to the
culture to stop the digestion and the cells were counted for use in NanoGlo® Dual Luciferase®
Assay (Promega), which enables detection of FLuc and NLuc® in a single sample. The NanoGlo®
Dual Luciferase® Assay was carried out according to manufacturer’s instructions (Promega,
Nano-Glo® Dual-Luciferase® Reporter Assay Technical Manual #TM426). Briefly, 1E+4
cells/well were placed in 96 well black plates and cultured for 24h, at 37°C, 5% COa». The plates
were removed from the incubator and allowed to equilibrate to room temperature. The samples
were modified as needed to have a starting volume of 80ul per well. All sample wells were injected

with 80ul of ONE-Glo™ EX Reagent and incubated for 3 minutes. The firefly luminescence was
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read in all sample wells using a 1-second integration time. All sample wells were injected with

80ul of NanoDLR™ Stop & Glo® Reagent; and incubated for 5 minutes. The NanoLuc®

luminescence of all sample wells was read using a 1-second integration time. The dispensing lines

were cleaned according to manufacturer’s instructions (Nano-Glo® Dual-Luciferase® Reporter

Assay Technical Manual #TM426.) and the data analyzed.

(002171 The amino acid sequence of the components of the fusion proteins used in the assay

are detailed in Table 7 below.

Table 7. Amino acid sequence of components of test fusion proteins

Description

SEQ ID NO

Amino Acid Sequence

Fluorescent Protein

NanoLuc

407

VEFTLEDEVGDWRQTAGYNLDQVLEQGGVSSLEQ
NLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGL
SGDOMGQIEKIFKVVYPVDDHHEKVILHYGTLV
IDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTL
WNGNKIIDERLINPDGSLLEFRVTINGVTGWRLC
ERILA

Firefly
Luciferase

408

MEDAKNIKKGPAPEFYPLEDGTAGEQLHKAMKRY
ALVPGTIAFTDAHIEVDITYAEYFEMSVRLAEA
MKRYGLNTNHRIVVCSENSLOQFEFMPVLGALEIG
VAVAPANDIYNERELLNSMGISQPTVVEVSKKG
LOKILNVOKKLPITQKITIIMDSKTDYQGFQSMY
TEVTSHLPPGENEYDEVPESFDRDKT IALTIMNS
SGSTGLPKGVALPHRTACVREFSHARDPIFGNQT
IPDTAILSVVPFHHGFGMEFTTLGYLICGEFRVVL
MYRFEEELFLRSLODYKIQSALLVPTLESFFAK
STLIDKYDLSNLHEIASGGAPLSKEVGEAVAKR
FHLPGIRQGYGLTETTSAILITPEGDDKPGAVG
KVVPFFEAKVVDLDTGKTLGVNQRGELCVRGPM
IMSGYVNNPEATNALIDKDGWLHSGDIAYWDED
EHFFIVDRLKSLIKYKGYQVAPAELESILLOHP
NIFDAGVAGLPDDDAGELPAAVVVLEHGKTMTE
KEIVDYVASQVTTAKKLRGGVVEVDEVPKGLTG
KLDARKIREILIKAKKGGKIAVTRLK

Alfa Tag

409

PSRLEEELRRRLTEP

P2A

410

GSGATNEFSLLKQAGDVEENPGP

Domain)

Cezanne (Exemplary Catalytic

411

PPSEFSEGSGGSRTPEKGESDREPTRPPRPILOR
ODDIVQEKRLSRGISHASSSIVSLARSHVSSNG
GGGGSNEHPLEMPICAFQLPDLTVYNEDFRSET
ERDLIEQSMLVALEQAGRLNWWVSVDPTSQRLL
PLATTGDGNCLLHAASLGMWGEFHDRDLMLRKATL
YALMEKGVEKEALKRRWRWQOTQONKESGLVYT
EDEWQKEWNELIKLASSEPRMHLGTNGANCGGV
ESSEEPVYESLEEFHVEVLAHVLRRPIVVVADT
MLRDSGGEAFAPIPFGGIYLPLEVPASQCHRSP
LVLAYDOQAHFSALVSMEQKENTKEQAVIPLTDS
EYKLLPLHFAVDPGKGWEWGKDDSDNVRLASVI
LSLEVKLHLLHSYMNVKWIPLSSDAQAPLAQ
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The amino acid sequence of exemplary target fusion proteins comprising a target

protein, NLuc, and the alfa tag are detailed in Table 8 below.

Table 8. Amino Acid Sequence of exemplary Target Protein — NLuc — Alfa Tag Fusion Proteins

Test Protein

SEQ ID NO

Amino Acid Sequence

COX6A2-nanoluc-
alfa-tag-fusion

412

MALPLRPLTRGLASAAKGGHGGAGARTWRLLTFVLALPSVALCTEF
NSYLHSGHRPRPEFRPYQHLRIRTKPYPWGDGNHTLEFHNSHVNPL
PTGYEHPKVPVETLEDEVGDWROTAGYNLDQVLEQGGVSSLEQNL
GVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKV
VYPVDDHHEKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVEDGKK
ITVTGTLWNGNKIIDERLINPDGSLLERVTINGVTIGWRLCERILA
GGGGSPSRLEEELRRRLTEP

UQCC2-nanoluc-
alfa-tag-fusion

413

MAASRYRRFLKLCEEWPVDETKRGRDLGAY LROQRVAQAFREGENT
QYPRPRDTSEFSGLSLEEYKLILSTDTLEELKE IDKGMWKKLOEKE
APKGPEEDHKAKVPVETLEDEFVGDWROQTAGYNLDOQVLEQGGVSSL
FONLGVSVTPIQRIVLSGENGLKIDIHVITIPYEGLSGDOMGQIEK
IFKVVYPVDDHHEKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVE
DGKKITVTGTLWNGNKIIDERLINPDGSLLEFRVTINGVTGWRLCE
RILAGGGGSPSRLEEELRRRLTEP

LYRM?7-nanoluc-
alfa-tag-fusion

414

MGRAVKVLOLEFKTLHRTRQOVEKNDARALEAARTKINEEEFKNNKS
ETSSKKIEELMKIGSDVELLLRTSVIQGIHTDHNTLKLVPRKDLL
VENVPYCDAPTQKOKVPVETLEDEVGDWRQTAGYNLDOQVLEQGGV
SSLEONLGVSVITPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQ
IEKIFKVVYPVDDHHEFKVILHYGTLVIDGVTPNMIDY FGRPYEGT
AVFDGKKITVTGTLWNGNKIIDERLINPDGSLLERVTINGVTGWR
LCERILAGGGGSPSRLEEELRRRLTEP

{00219]

The amino acid sequence of exemplary fusion proteins comprising a control or a

targeted engineered deubiquitinase are detailed in Table 9 below.

Table 9. Amino Acid Sequence of exemplary enDub Control and Screening Fusion Proteins

Description

SEQ ID NO

Amino Acid Sequence

FireflyLuciferase-
P2A-nano

(Control)

415

MEDAKNIKKGPAPFYPLEDGTAGEQLHKAMKRYALVPGTIAFTDA
HIEVDITYAEYFEMSVRLAEAMKRYGLNTNHRIVVCSENSLQEFFEFM
PVLGALFIGVAVAPANDIYNERELLNSMGISQPTVVEVSKKGLOK
IINVOKKLPITIQKITIMDSKTDYQGEFQSMYTEFVTSHLPPGENEYD
FVPESFDRDKTIALIMNSSGSTGLPKGVALPHRTACVREFSHARDP
IFGNQITPDTAILSVVPFHHGEFGMEFTTLGY LICGFRVVLMYREFEE
ELFLRSLODYKIQSALLVPTLESFFAKSTLIDKYDLSNLHEIASG
GAPLSKEVGEAVAKRFHLPGIRQGYGLTETTSAILITPEGDDKPG
AVGKVVPFFEAKVVDLDTGKTLGVNQRGELCVRGPMIMSGY VNNP
EATNALIDKDGWLHSGDIAYWDEDEHEFFIVDRLKSLIKYKGYQVA
PAELESTILLOHPNIFDAGVAGLPDDDAGELPAAVVVLEHGKTMTE
KEIVDYVASQVTTAKKLRGGVVEVDEVPKGLTGKLDARKIREILT
KAKKGGKIAVTRLKGSGATNEFSLLKQAGDVEENPGPRSGTGSSGE
VOLOESGGGLVQPGGSLRLSCTASGVTISALNAMAMGWYRQAPGE
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RRVMVAAVSERGNAMY RESVOGREFTVTRDEFTNKMV SLOMDNLKPE
DTAVYYCHVLEDRVDSEFHDYWGQGTQVTVSS

FireflyLuciferase-
P2A-Cezanne

(Control)

416

MEDAKNIKKGPAPFYPLEDGTAGEQLHKAMKRYALVPGTIAFTDA
HIEVDITYAEYFEMSVRLAEAMKRYGLNTNHRIVVCSENSLQEFEFM
PVLGALFIGVAVAPANDIYNERELLNSMGISQPTVVEVSKKGLOK
IINVOKKLPITIQKITIMDSKTDYQGEFQSMYTEVTSHLPPGENEYD
FVPESFDRDKTIALIMNSSGSTGLPKGVALPHRTACVRESHARDP
IFGNQITPDTAILSVVPFHHGEFGMEFTTLGY LICGFRVVLMYREFEE
ELFLRSLODYKIQSALLVPTLESFFAKSTLIDKYDLSNLHEIASG
GAPLSKEVGEAVAKRFHLPGIRQGYGLTETTSAILITPEGDDKPG
AVGKVVPFFEAKVVDLDTGKTLGVNQRGELCVRGPMIMSGY VNNP
EATNALIDKDGWLHSGDIAYWDEDEHEFFIVDRLKSLIKYKGYQVA
PAELESTILLOHPNIFDAGVAGLPDDDAGELPAAVVVLEHGKTMTE
KEIVDYVASQVTTAKKLRGGVVEVDEVPKGLTGKLDARKIREILT
KAKKGGKIAVTRLKGSGATNEFSLLKQAGDVEENPGPRSGTGSPPS
FSEGSGGSRTPEKGESDREPTRPPRPILOROQDDIVQEKRLSRGIS
HASSSIVSLARSHVSSNGGGGGSNEHPLEMPICAFQLPDLTVYNE
DFRSFIERDLIEQSMLVALEQAGRLNWWVSVDPTSQRLLPLATTG
DGNCLLHAASTGMWGEHDRDLMLRKALYALMEKGVEKEALKRRWR
WOOTOONKESGLVY TEDEWQOKEWNELTIKLASSEPRMHLGTNGANC
GGVESSEEPVYESLEEFHVEVLAHVLRRPIVVVADTMLRDSGGEA
FAPIPFGGIYLPLEVPASQCHRSPLVLAYDQAHFSALVSMEQKEN
TKEQAVIPLTDSEYKLLPLHFAVDPGKGWEWGKDDSDNVRLASVI
LSLEVKLHLLHSYMNVKWIPLSSDAQAPLAQ

FireflyLuciferase-
P2A-

a_ alfatag nano-
Cezanne

417

MEDAKNIKKGPAPFYPLEDGTAGEQLHKAMKRYALVPGTIAFTDA
HIEVDITYAEYFEMSVRLAEAMKRYGLNTNHRIVVCSENSLQEFEFM
PVLGALFIGVAVAPANDIYNERELLNSMGISQPTVVEVSKKGLOK
IINVOKKLPITIQKITIMDSKTDYQGEFQSMYTEVTSHLPPGENEYD
FVPESFDRDKTIALIMNSSGSTGLPKGVALPHRTACVRESHARDP
IFGNQITPDTAILSVVPFHHGEFGMEFTTLGY LICGFRVVLMYREFEE
ELFLRSLODYKIQSALLVPTLESFFAKSTLIDKYDLSNLHEIASG
GAPLSKEVGEAVAKRFHLPGIRQGYGLTETTSAILITPEGDDKPG
AVGKVVPFFEAKVVDLDTGKTLGVNQRGELCVRGPMIMSGY VNNP
EATNALIDKDGWLHSGDIAYWDEDEHEFFIVDRLKSLIKYKGYQVA
PAELESTILLOHPNIFDAGVAGLPDDDAGELPAAVVVLEHGKTMTE
KEIVDYVASQVTTAKKLRGGVVEVDEVPKGLTGKLDARKIREILT
KAKKGGKIAVTRLKGSGATNEFSLLKOQAGDVEENPGPRSGTGSSGE
VOLOESGGGLVQPGGSLRLSCTASGVTISALNAMAMGWYRQAPGE
RRVMVAAVSERGNAMY RESVOGREFTVTRDEFTNKMV SLOMDNLKPE
DTAVYYCHVLEDRVDSEFHDYWGQGTQVITVSSGAPGSGPPSESEGS
GGSRTPEKGFSDREPTRPPRPILOQRODDIVOQEKRLSRGISHASSS
IVSLARSHVSSNGGGGGSNEHPLEMPICAFQLPDLTVYNEDEFRSE
IERDLIEQSMLVALEQAGRLNWWVSVDPTSQRLLPLATTGDGNCL
LHAASLGMWGEFHDRDLMLRKALYALMEKGVEKEALKRRWRWQOTOQ
ONKESGLVYTEDEWQKEWNELIKLASSEPRMHLGTNGANCGGVES
SEEPVYESLEEFHVEVLAHVLRRPIVVVADTMLRDSGGEAFAPTIP
FGGIYLPLEVPASQCHRSPLVLAYDQAHFSALVSMEQKENTKEQA
VIPLTDSEYKLLPLHFAVDPGKGWEWGKDDSDNVRLASVILSLEV
KLHLLHSYMNVKWIPLSSDAQAPLAQ
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[00220] The assay was conducted with utilizing the tagged proteins and targeted enDubs
described above in Tables 7 and 8. The results of the COX6A2 targeting are shown in FIG. 3,
showing a 1.48-fold increase in COX6A2 protein expression. The results of the UQCC2 targeting
are shown in FIG. 4, showing a 2.87-fold increase in UQCC2 protein expression. The results of
the LYRM?7 targeting are shown in FIG. §, showing a 1.386-fold increase in LYRM7 protein
expression. The control used for the COX6A, UQCC2, and LYRM?7 experiments is the engineered
deubiquitinase without the nanobody targeting the alfa-tag. Normalization of transduction
efficiency was performed using the firefly luciferase signal as the reference and the ratio between

NLuc signal divided by firefly luciferase signal plotted on the y axes.

* * *

[00221] The invention is not to be limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention in addition to those described will become
apparent to those skilled in the art from the foregoing description and accompanying figures. Such
modifications are intended to fall within the scope of the appended claims.

[00222]  All references (e.g., publications or patents or patent applications) cited herein are
incorporated herein by reference in their entireties and for all purposes to the same extent as if
each individual reference (e.g., publication or patent or patent application) was specifically and
individually indicated to be incorporated by reference in its entirety for all purposes.Other

embodiments are within the following claims.
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CLAIMS
What is claimed is:
1. A fusion protein comprising:
a. an effector domain comprising a catalytic domain of a deubiquitinase, or a
functional fragment or functional variant thereof, and
b. atargeting domain comprising a targeting moiety that specifically binds a

mitochondrial protein.

2. The fusion protein of claim 1, wherein said deubiquitinase is a cysteine protease or a
metalloprotease.

3. The fusion protein of claim 2, wherein said deubiquitinase is a cysteine protease.

4. The fusion protein of claim 3, wherein said cysteine protease is a ubiquitin-specific

protease (USP), a ubiquitin C-terminal hydrolase (UCH), a Machado-Josephin domain protease
(MJD), an ovarian tumour protease (OTU), a MINDY protease, or a ZUFSP protease.

5. The fusion protein of claim 4, wherein said cysteine protease is a USP.

6. The fusion protein of claim 5, wherein said USP is USP1, USP2, USP3, USP4, USPS,
USP6, USP7, USP8, USP9X, USP9Y, USP10, USP11, USP12, USP13, USP14, USP15, USP16,
USP17, USP17L2, USP17L3, USP17L4, USP17LS5, USP17L7, USP17L8, USP18, USP19,
USP20, USP21, USP22, USP23, USP24, USP25, USP26, USP27X, USP28, USP29, USP30,
USP31, USP32, USP33, USP34, USP35, USP36, USP37, USP38, USP39, USP40, USP41,
USP42, USP43, USP44, USP45, or USP46.

7. The fusion protein of claim 4, wherein said cysteine protease is a UCH.

8. The fusion protein of claim 7, wherein said UCH is BAP1, UCHL1, UCHL3, or UCHLS.
9. The fusion protein of claim 4, wherein said cysteine protease is a MJD.

10. The fusion protein of claim 9, wherein said MJD is ATXN3 or ATXN3L.

11. The fusion protein of claim 4, wherein said cysteine protease is a OTU.

12.  The fusion protein of claim 11, wherein said OTU is OTUB1 or OTUB2.

13. The fusion protein of claim 4, wherein said cysteine protease is a MINDY.

14. The fusion protein of claim 13, wherein said MINDY is MINDY'1, MINDY2, MINDY?3,
or MINDY4.

15. The fusion protein of claim 4, wherein said cysteine protease is a ZUFSP.

16. The fusion protein of claim 15, wherein said ZUFSP is ZUP1.
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17. The fusion protein of claim 2, wherein said deubiquitinase is a metalloprotease.

18. The fusion protein of claim 17, wherein said metalloprotease is a Jab1/Mov34/Mpr1 Padl
N-terminal+ (MPN+) (JAMM) domain protease.

19. The fusion protein of any one of the preceding claims, wherein said deubiquitinase
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical to the amino
acid sequence of any one of SEQ ID NOS: 1-112.

20. The fusion protein of any one of the preceding claims, wherein said catalytic domain
comprises a catalytic domain derived from a deubiquitinase at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%. 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%. or 100%
identical to the amino acid sequence of any one of SEQ ID NOS: 1-112.

21. The fusion protein of any one of the preceding claims, wherein said catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical to the amino
acid sequence of any one of SEQ ID NOS: 113-220 or 270.

22. The fusion protein of any one of the preceding claims, wherein said catalytic domain
comprises an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 270.

23. The fusion protein of any one of the preceding claims, wherein said moiety that
specifically binds a mitochondrial protein comprises an antibody, or functional fragment or
functional variant thereof.

24.  The fusion protein of claim 23, wherein said antibody, or functional fragment or
functional variant thereof, comprises a full-length antibody, a single chain variable fragment
(scFv), a scFv2, a scFv-Fc, a Fab, a Fab', a F(ab")2, a F(v), a VHH, or a (VHH),.

25.  The fusion protein of claim 24, wherein said antibody, or functional fragment or
functional variant thereof, comprises a VHH or a (VHH),.

26. The fusion protein of any one of the preceding claims, wherein the mitochondrial protein
is dynamin-like 120 kDa protein (OPAT1), protoporphyrinogen oxidase (PPOX), frataxin (FXN),

DNA polymerase subunit gamma-1 (POLG), cytochrome ¢ oxidase subunit 6A2, mitochondrial
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(COX6A2), ubiquinol-cytochrome-c reductase complex assembly factor 2 (UQCC2), or complex
IIT assembly factor LYRM7 (LYRM?7).

27.  The fusion protein of any one of the preceding claims, wherein the mitochondrial protein
comprises an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the amino acid sequence of any one of SEQ ID NOS: 221-224 or 271-
273.

28.  The fusion protein of any one of the preceding claims, wherein said effector domain is
directly operably connected to said targeting domain.

29.  The fusion protein of any one of claims 1-27, wherein said effector domain is indirectly
operably connected to said targeting domain.

30. The fusion protein of claim 29, wherein said effector domain is indirectly operably
connected to said targeting domain via a peptide linker.

31 The fusion protein of claim 30, wherein said effector domain is indirectly operably
connected to said targeting domain via a peptide linker of sufficient length such that said effector
domain and said targeting domain can simultaneous bind the respective target proteins.

32. The fusion protein of claim 30 or 31, wherein said peptide linker comprises the amino
acid sequence of any one of SEQ ID NOS: 279-406, or the amino acid sequence of any one of
SEQ ID NOS: 279-406 comprising 1, 2, or 3 amino acid modifications.

33. The fusion protein of claim 32, wherein said peptide linker comprises the amino acid
sequence of any one of SEQ ID NOS: 279-288, or the amino acid sequence of any one of SEQ
ID NOS: 279-288 comprising 1, 2, or 3 amino acid modifications.

34.  The fusion protein of any one of the preceding claims, wherein said effector domain is
operably connected either directly or indirectly to the C terminus of said targeting domain.

35. The fusion protein of any one of claims 1-33, wherein said effector moiety is operably

connected either directly or indirectly to the N terminus of said targeting domain.

36. A nucleic acid molecule encoding the fusion protein of any one of claims 1-35.

37. The nucleic acid molecule of claim 36, wherein the nucleic acid molecule is a DNA
molecule.

38. The nucleic acid molecule of claim 36, wherein the nucleic acid molecule is an RNA
molecule.

39. A vector comprising the nucleic acid molecule of any one of claims 36-38.
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40. The vector of claim 39, wherein the vector is a plasmid or a viral vector.
41. A viral particle comprising the nucleic acid of any one of claims 36-38.
42. An in vitro cell or population of cells comprising the fusion protein of any one of claims

1-35, the nucleic acid molecule of any one of claims 36-38, or the vector of any one of claims
39-40.
43. A pharmaceutical composition comprising the fusion protein of any one of claims 1-35,
the nucleic acid molecule of any one of claims 36-38, the vector of any one of claims 39-40, or
the viral particle of claim 41, and an excipient.
44. A method of making the fusion protein of any one of claims 1-35, comprising
a. introducing into an in vitro cell or population of cells the nucleic acid molecule of
any one of claims 36-38, the vector of any one of claims 39-40, the viral particle
of claim 41;
b. culturing the cell or population of cells in a culture medium under conditions
suitable for expression of the fusion protein,
c. isolating the fusion protein from the culture medium, and
d. optionally purifying the fusion protein.
45. A method of treating or preventing a disease in a subject comprising administering the
fusion protein of any one of claims 1-35, the nucleic acid molecule of any one of claims 36-38,
the vector of any one of claims 39-40, the viral particle of claim 41, or the pharmaceutical
composition of claim 43, to a subject in need thereof.
46. The method of claim 45, wherein the subject is human.
47. The method of claim 45 or 46, wherein the disease is associated with decreased
expression of a functional version of the mitochondrial protein relative to a non-diseased control.
48.  The method of any one of claims 45-47, wherein the disease is associated with decreased
stability of a functional version of the mitochondrial protein relative to a non-diseased control.
49.  The method of any one of claims 45-48, wherein the disease is associated with increased
ubiquitination of the nuclear protein relative to a non-diseased control.
50.  The method of any one of claims 45-49, wherein the disease is associated with increased
ubiquitination and degradation of the mitochondrial protein relative to a non-diseased control.

51.  The method of any one of claims 45-50, wherein the disease is a genetic disease.
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52. The method of any one of claims 45-51, wherein the disease is selected from the group
consisting of optic atrophy 1, porphyria variegata, Friedreich's Ataxia, Alpers Syndrome
mitochondrial complex IV deficiency nuclear type 18 (MC4DN18), mitochondrial complex IIT
deficiency nuclear 7 (MC3DN?7), mitochondrial complex III deficiency nuclear 8 (MC3DNS).
53. The method of any one of claims 45-52, wherein
a. said target mitochondrial protein is OPA1, and said disease is Optic atrophy 1;
b. said target mitochondrial protein is PPOX, and said disease is porphyria variegata,
c. said target mitochondrial protein is FXN, and said disease is Friedreich's Ataxia;
d. said target mitochondrial protein is POLG, and said disease is Alpers Syndrome;
e. said target mitochondrial protein is COX6A2, and said disease is mitochondrial
complex IV deficiency nuclear type 18 (MC4DN18);
f  said target mitochondrial protein is UQCC2, and said disease is mitochondrial
complex III deficiency nuclear 7 (MC3DN7); or
g. said target mitochondrial protein is LYRM?7, and said disease is mitochondrial

complex III deficiency nuclear 8 (MC3DNS).

54. The method of any one of claims 45-53, wherein the disease is a haploinsufficiency
disease.
55.  The method of any one of claims 45-54, wherein the fusion protein is administered at a

therapeutically effective dose.

56.  The method of any one of claims 45-55, wherein the fusion protein is administered
systematically or locally.

57.  The method of any one of claims 45-56, wherein the fusion protein is administered
intravenously, subcutaneously, or intramuscularly.

58. The fusion protein of any one of claims 1-35, the polynucleotide of claim 36, the DNA of
claim 37, the RNA of claim 38, the vector of any one of claims 39-40, the viral particle of claim
41, or the pharmaceutical composition of claim 43 for use as a medicament.

59. The fusion protein of any one of claims 1-35, the polynucleotide of claim 36, the DNA of
claim 37, the RNA of claim 38, the vector of any one of claims 39-40, the viral particle of claim
41, or the pharmaceutical composition of claim 43 for use in treating or inhibiting a genetic

disorder.
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