woO 20247254530 A1 |0 0000 KOO0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 December 2024 (12.12.2024)

(10) International Publication Number

WO 2024/254530 Al

WIPO I PCT

(51) International Patent Classification:
CO7K 14/47 (2006.01) AG61K 97127 (2025.01)
CI2N 15/113 (2010.01) CO7K 14/15 (2006.01)
CI2N 9/22 (2006.01)

(21) International Application Number:
PCT/US2024/033111

(22) International Filing Date:
07 June 2024 (07.06.2024)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

63/506,811 07 June 2023 (07.06.2023) UsS

(71) Applicant: NVELOP THERAPEUTICS, INC. [US/US];
100 Technology Square, Floor 5, Cambridge, Massachu-
setts 02139 (US).

Inventors: CABECEIRAS, Peter; 100 Technology
Square, Floor 5, Cambridge, Massachusetts 02139 (US).
PAJEROWSKI, Dave; 100 Technology Square, Floor 5,
Cambridge, Massachusetts 02139 (US). ADAMS, Noah;
100 Technology Square, Floor 5, Cambridge, Massachu-
setts 02139 (US).

(72)

(74) Agent: WILSON, Rachel et al.; Wilson Sonsini Goodrich
& Rosati, 650 Page Mill Road, Palo Alto, California 94304
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

(54) Title: PLECKSTRIN HOLOMOGY DOMAINS FOR DELIVERY OF PROTEIN PAYLOADS TO A TARGET CELL

(57) Abstract: The present disclosure relates to the selection, engineering, development,

Paylasd

{ 1

Rayioad

R
WY

Faylaat PMIRE

Faydoad

2 i
Payioad

FIG. 1

and use of Plextrin Homology domains in lipid delivery particles. The Plextrin Homology
can be coupled to protein payloads for the delivery of the protein payload to a target cell.
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PLECKSTRIN HOLOMOGY DOMAINS FOR DELIVERY OF PROTEIN PAYLOADS TO A
TARGET CELL

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 63/506,811, filed June 7,

2023, which application is incorporated herein by reference.

BACKGROUND
[0002] Delivery of therapeutic payloads into the cells has been a significant challenge in drug
development because payloads, such as proteins, cannot freely diffuse across the cell membrane.
Although viral based constructs have been developed to deliver therapeutic payloads, these constructs
often have low cfficacy and/or create considerable side effects. There is a need for improved delivery of

payloads into cells.

SUMMARY
[0003] Disclosed herein, in some aspects, is a chimeric protein comprising a Pleckstrin Homology
domain comprising: (i) at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, at least 99.1%, at least 99.2%., at least 99.3%, at least 99.4%, at least 99.5%, at
least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence identity to the sequence of SEQ ID
NO: 569; and (ii) at least two selected from the group of amino acid substitutions consisting of E17K,
R25C, T81Y, T101C, and a combination of K142A, HI43A, R144A (142-144A) relative to the sequence
of SEQ ID NO: 569; and a protein payload.
[0004] In some cases, the chimeric protein comprises at least one mutation group selected from the
group consisting of: E17K and R25C; E17K and T81Y; E17K and T101C; E17K and 142-144A; R25C
and T81Y; R25C and T101C; R25C and 142-144A; T81Y and T101C; T81Y and 142-144A; and T101C
and 142-144A. In some cases, the chimeric protein comprises the sequence set forth in any one of SEQ
ID NOs: 572,573, 574. 575, 576, 577, 578, 579, or 580. In some cases, the chimeric protein comprises at
least three mutations selected from the group consisting of E17K, R25C, T81Y, T101C, and 142-144A,
relative to the sequence of SEQ ID NO: 569. In some cases, the chimeric protein comprises at least one
mutation group selected from the group consisting of: E17K, R25C, and T81Y: E17K, R25C, and T101C;
E17K, R25C, and 142-144A; E17K, T81Y, and T101C; E17K, T81Y, and 142-144A; E17K, T101C, and
142-144A; R25C, T81Y, and T101C; R25C, T81Y, and 142-144A; R25C, T101C, and 142-144A; and
T81Y, T101C, and 142-144A, relative to the sequence of SEQ ID NO: 569.
[0005] In some cases, the chimeric protein comprises the sequence set forth in any one of SEQ ID NOs:
581, 582, 583, 584, 585,586, 587, 588, 589, or 590. In some cases, the chimeric protein comprises at least
four selected from the group consisting of E17K, R25C, T81Y, T101C, and 142-144A, relative to the

sequence of SEQ ID NO: 569. In some cases, the chimeric protein comprises at least one mutation group
1
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selected from the group consisting of E17K, R25C, T81Y, and T101C; E17K, R25C, T81Y, and 142-
144A; R25C, T81Y, T101C, and 142-144A; R25C, T81Y, T101C, and 142-144A; and E17K, T81Y,
T101C, and 142-144A, relative to the sequence of SEQ ID NO: 569. In some cases, the chimeric protein
comprises the sequence set forth in any one of SEQ ID NOs: 591, 592, 593, 594, or 595. In some cases,
the chimeric protein comprises at least the mutations E17K, R25C, T81Y, T101C, and 142-144A, relative
to the sequence of SEQ ID NO: 569. In some cases, the chimeric protein comprises the sequence of SEQ
ID NO: 59%6.

[0006] In some cases, the chimeric protein further comprises one or more nuclear export sequences. In
some cases, the one or more nuclear export sequences comprises about 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%. 98%, or 99% sequence identity to any one of the sequences set forth in Table 5. In
some cases, the chimeric protein further comprises one or more nuclear localization sequences. In some
cases, the one or more nuclear localization sequences comprises about 80%, 85%., 90%, 91%, 92%., 93%,
94%, 95%, 96%, 97%. 98%, or 99% sequence identity to any one of the sequences set forth in Table 6.
[0007] In some cases, the Pleckstrin Homology domain is coupled to the protein payload. In some cases,
the Pleckstrin Homology domain is reversibly coupled to the protein payload. In some cases, the protein
payload is reversibly coupled to the Pleckstrin Homology domain by a cleavable linker. In some cases,
the cleavable linker is cleavable by a protease. In some cases, the protein payload is coupled to a C-
terminal of the Pleckstrin Homology domain.

[0008] In some cases, the protein payload is coupled to an N-terminal of the Pleckstrin Homology
domain.

[0009] In some cases, the protein payload comprises one or more viral proteins. In some cases, the one
or more viral proteins comprise one or more retroviral proteins. In some cases, the one or more retroviral
proteins comprises a retroviral Gag protein. In some cases, the protein payload comprises one or more
non-viral proteins. In some cases, the one or more non-viral proteins comprises one or more mammalian
proteins. In some cases, the one or more mammalian proteins comprises an Arc protein.

[0010] In some cases, the protein payload comprises a gene editing protein. In some cases, the gene
editing protein comprises a prime editing protein. In some cases, the prime editing protein is coupled to a
target-specific prime editing guide RNA. In some cases, the gene editing protein comprises a CRISPR
system. In some cases, the CRISPR system comprises a Cas domain. In some cases, the gene editing
protein is coupled to a target-specific guide RNA. In some cases, the protein payload comprises an
epigenetic editing protein. In some cases, the epigenetic editing protein is coupled to a target-specific
guide RNA. In some cases, the protein payload comprises a recombinase protein. In some cases, the
protein payload comprises an integrase protein.

[0011] Disclosed herein, in some aspects, is a nucleic acid molecule encoding a chimeric protein.

[0012] Disclosed herein, in some aspects, is a lipid delivery particle comprising a chimeric protein. In
some cases, the lipid delivery particle further comprises an envelope, wherein the envelope comprises a
lipid bilayer encasing a lumen, wherein the chimeric protein is located in the lumen. In some cases, the

lipid delivery particle further comprises a target ligand.
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[0013] In some cases, the target ligand reversibly couples to a target receptor. In some cases, the target
receptor comprises a cell surface protein on a target cell. In some cases, the envelope couples to the target
cell at least partially through coupling of the target ligand and the target receptor on the target cell. In
some cases, coupling of the target ligand and the target receptor on the target cell induces release of the
protein payload in the target cell. In some cascs, release of the protein payload in the target cell follows
fusion of the envelope with cell membrane of the target cell.

[0014] Disclosed herein, in some aspects, 1s a method to deliver a payload to a target cell, the method
comprising delivering the lipid delivery particle to a target cell.

[0015] Disclosed herein, in some aspects, 1s a chimeric protein comprising: a Pleckstrin Homology
domain comprising at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at lcast 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, at least 99.1%. at least 99.2%., at least 99.3%, at least 99.4%, at least 99.5%, at
least 99.6%, at lcast 99.7%., at least 99.8%, or at least 99.9% sequence identity to any one of the
sequences set forth in Table 4B; and a protein payload. In some cases, the chimeric protein comprises the
sequence set forth in any one of SEQ ID NOs: 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608,
609, 610, 611, 612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629,
630, 631, 632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649, 650,
651, 652, 653, 654, 655, 656, 657, 658, 659, 660, 661, 662, 663, 664, 665, 666, 667, 668, 669, 670, 671,
672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 682, 683, 634, 685, 686, 637, 688, 689, 690, 691, 692,
693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707,708, 709, 710, 711, 712, 713,
714,715,716, 717,718, 719, 720, 721, or 722.

[0016] In some cases, the chimeric protein further comprises one or more nuclear export sequences. In
some cases, the one or more nuclear export sequences comprises about 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of the sequences set forth in Table 5. In
some cases, the chimeric protein further comprises one or more nuclear localization sequences. In some
cases, the one or more nuclear localization sequences comprises about 80%, 85%, 90%, 91%, 92%., 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of the sequences set forth in Table 6.
[0017] In some cases, the Pleckstrin Homology domain is coupled to the protein payload. In some cases,
the Pleckstrin Homology domain is reversibly coupled to the protein payload. In some cases, the protein
payload is reversibly coupled to the Pleckstrin Homology domain by a cleavable linker. In some cases,
the cleavable linker is cleavable by a protease. In some cases, the protein payload is coupled to C-terminal
of the Pleckstrin Homology domain. In some cases, the protein payload is coupled to N-terminal of the
Pleckstrin Homology domain.

[0018] In some cases, the protein payload comprises one or more viral proteins. In some cases, the one
or more viral proteins comprise one or more retroviral proteins. In some cases, the one or more retroviral
proteins comprises a retroviral Gag protein. In some cases, the protein payload comprises one or more
non-viral proteins. In some cases, the one or more non-viral proteins comprises one or more mammalian

proteins. In some cases, the one or more mammalian proteins comprises an Arc protein.
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[0019] In some cases, the protein payload comprises a gene editing protein. In some cases, the gene
editing protein comprises a prime editing protein. In some cases, the prime editing protein is coupled to a
target-specific prime editing guide RNA. In some cases, the gene editing protein comprises a CRISPR
system. In some cases, the CRISPR system comprises a Cas domain. In some cases, the gene editing
protein is coupled to a target-specific guide RNA. In some cases, the protein payload comprises an
epigenetic editing protein. In some cases, the epigenctic editing protein is coupled to a target-specific
guide RNA. In some cases, the protein payload comprises a recombinase protein. In some cases, the
protein payload comprises an integrase protein.

[0020] Disclosed herein, in some aspects, 1s a nucleic acid molecule encoding a chimeric protein.

[0021] Disclosed herein, in some aspects, 1s a lipid delivery particle comprising a chimeric protein. In
some cases, the lipid delivery particle further comprises an envelope, wherein the envelope comprises a
lipid bilayer encasing a lumen, wherein the chimeric protein is located in the lumen. In some cases, the
lipid delivery particle further comprises a target ligand.

[0022] In some cases, the target ligand reversibly couples to a target receptor. In some cases, the target
receptor comprises a cell surface protein on a target cell. In some cases, the envelope couples to the target
cell through coupling of the target ligand and the target receptor on the target cell. In some cases,
coupling of the target ligand and the target receptor on the target cell induces release of the protein
payload in the target cell. In some cases, release of the protein payload in the target cell follows
endocytosis of the lipid delivery particle.

[0023] Disclosed herein, in some aspects, is a method to deliver a payload to a target cell, the method
comprising: delivering the lipid delivery particle to a target cell.

[0024] Disclosed herein, in some aspects, is a chimeric protein comprising: a Pleckstrin Homology
domain comprising: (i) at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at lcast 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, at least 99.1%, at least 99.2%., at least 99.3%, at least 99.4%, at least 99.5%, at
least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence identity to the sequence of SEQ ID
NO: 613; and (i1) at least one amino acid substitution selected from the group consisting of E17K, E58K,
E52K, E53K, E55K, and E65K relative to the sequence of SEQ ID NO: 613; and a protein payload.
[0025] In some cases, the chimeric protein comprises the sequence set forth in any one of SEQ ID NOs:
603, 604, 605, 606, or 607. In some cases, the chimeric protein comprises at least two mutations selected
from the group consisting of E17K, E58K, E52K, E53K, E55K, and E65K, relative to the sequence of
SEQ ID NO: 613. In some cases, the chimeric protein comprises at least one mutation group selected
from the group consisting of: E17K and E58K; E17K and E52K; E17K and E53K; E17K and E55K;
E17K and E65K; E58K and E52K; E58K and E5S3K; ES8K and ES5K; ES8K and E65K; E52K and
E53K; ES2K and E535K; E52K and E65K; E53K and E55K; and E53K and E65K, relative to the sequence
of SEQ ID NO: 613. In some cases, the chimeric protein comprises the sequence of SEQ ID NO: 608. In
some cases, the chimeric protein comprises at least three mutations selected from the group consisting of

E17K, E58K, E52K, E53K, E55K, and E65K, relative to the sequence of SEQ ID NO: 613.
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[0026] In some cases, the chimeric protein comprises at least one mutation group selected from the
group consisting of: E17K, E58K, and E52K; E17K, E58K, and E53K; E17K, E58K, and E55K; E17K,
E58K, and E65K; E17K, E52K, and E53K; E17K, E52K, and E55K; E17K, E52K, and E65K; E17K,
E53K, and E55K; E17K, E53K, and E65K; E58K, E52K, and E53K; E5S8K, E52K, and E55K; ES8K,
E52K, and E65K; E58K, ES3K, and E55K; E58K, E53K, and E65K; E52K, E53K, and E65K; and E52K,
E53K, and E55K, relative to the sequence of SEQ ID NO: 613.In some cases, the chimeric protein
comprises the sequence of SEQ ID NO: 609. In some cases, the chimeric protein comprises at least four
mutations selected from the group consisting of E17K, E538K, E52K, E53K, E55K, and E65K, relative to
the sequence of SEQ ID NO: 613. In some cases, the chimeric protein comprises at least one mutation
group selected from the group consisting of: E17K, E58K, E52K, and E53K; E17K, ES8K, E52K, and
E55K; E17K, E58K, E52K, and E65K; E58K, E52K, ES3K, and E55K; ES8K, E52K, E53K, and E65K;
E58K, E52K, E53K, and E65K, relative to the sequence of SEQ ID NO: 613. In some cases, the chimeric
protein comprises the sequence of SEQ ID NO: 610.

[0027] In some cases, the chimeric protein comprises at least five selected from the group consisting of:
E17K, E38K, E52K, E53K, and E55K; E17K, ES8K, E52K, E53K, and E65K; E17K, ES8K, E52K,
E55K, and E65K; E17K, ES8K, E53K, E55K, and E65K; E17K, E52K, ES3K, E55K, and E65K; and
E38K, E52K, E53K, E55K, and E65K, relative to the sequence of SEQ ID NO: 613. In some cases, the
chimeric protein comprises the sequence of SEQ ID NQO: 611. In some cases, the chimeric protein
comprises the mutations E17K, ES8K, ES2K, E53K, E55K, and E65K |, relative to the sequence of SEQ
ID NO: 569. In some cases, the chimeric protein comprises the sequence of SEQ ID NO: 612.

[0028] In some cases, the chimeric protein further comprises one or more nuclear export sequences. In
some cases, the one or more nuclear export sequences comprises about 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of the sequences set forth in Table 5. In
some cases, the chimeric protein further comprises one or more nuclear localization sequences. In some
cases, the one or more nuclear localization sequences comprises about 80%, 85%, 90%, 91%, 92%., 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of the sequences set forth in Table 6.
[0029] In some cases, the Pleckstrin Homology domain is coupled to the protein payload. In some cases,
the Pleckstrin Homology domain is reversibly coupled to the protein payload. In some cases, the protein
payload is reversibly coupled to the Pleckstrin Homology domain by a cleavable linker. In some cases,
the cleavable linker is cleavable by a protease. In some cases, the protein payload is coupled to C-terminal
of the Pleckstrin Homology domain. In some cases, the protein payload is coupled to N-terminal of the
Pleckstrin Homology domain.

[0030] In some cases, the protein payload comprises one or more viral proteins. In some cases, the one
or more viral proteins comprise one or more retroviral proteins. In some cases, the one or more retroviral
proteins comprises a retroviral Gag protein. In some cases, the protein payload comprises one or more
non-viral proteins. In some cases, the one or more non-viral proteins comprises one or more mammalian

proteins. In some cases, the one or more mammalian proteins comprises an Arc protein.
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[0031] In some cases, the protein payload comprises a gene editing protein. In some cases, the gene
editing protein comprises a prime editing protein. In some cases, the prime editing protein is coupled to a
target-specific prime editing guide RNA. In some cases, the gene editing protein comprises a CRISPR
system. In some cases, the CRISPR system comprises a Cas domain. In some cases, the gene editing
protein is coupled to a target-specific guide RNA. In some cases, the protein payload comprises an
epigenetic editing protein. In some cases, the epigenctic editing protein is coupled to a target-specific
guide RNA. In some cases, the protein payload comprises a recombinase protein. In some cases, the
protein payload comprises an integrase protein.

[0032] Disclosed herein, in some aspects, 1s a nucleic acid molecule encoding a chimeric protein.

[0033] Disclosed herein, in some aspects, 1s a lipid delivery particle comprising a chimeric protein. In
some cases, the lipid delivery particle further comprises an envelope, wherein the envelope comprises a
lipid bilayer encasing a lumen, wherein the chimeric protein is located in the lumen. In some cases, the
lipid delivery particle further comprises a target ligand. In some cases, the target ligand reversibly couples
to a target receptor. In some cases, the target receptor comprises a cell surface protein on a target cell. In
some cases, the envelope couples to the target cell through coupling of the target ligand and the target
receptor on the target cell. In some cases, coupling of the target ligand and the target receptor on the
target cell induces release of the protein payload in the target cell. In some cases, release of the protein
payload in the target cell follows endocytosis of the lipid delivery particle.

[0034] Disclosed herein, in some aspects, 1s a method to deliver a payload to a target cell, the method

comprising delivering the lipid delivery particle to a target cell.

INCORPORATION BY REFERENCE
[0035] All publications, patents, and patent applications mentioned in this specification are herein
mcorporated by reference to the same extent as if each individual publication, patent, or patent application

was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036] The novel features of the disclosure are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present disclosure will be obtained by reference
to the following detailed description that sets forth illustrative embodiments, in which the principles of
the disclosure are utilized, and the accompanying drawings of which:
[0037] FIG. 1 is a schematic showing nonlimiting examples of potential architecture for the chimeric
protein disclosed herein. In the schematic, the black box designates the plasma membrane recruitment
element, the checkered box designates the [n * nuclear export signal], the black line designates the
cleavable linker, and the gray box designates a payload, which can further comprise a nuclear localization

sequence.
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[0038] FIGs. 2A-2D are graphs depicting the editing percentage in HEK293T and K5662 cells using
Cas9 genetic editors fused to various PH domains and encapsulated in lipid delivery particles at high and
low doses. FIG. 2A is a graph depicting editing percentages in HEK293T cells treated with a high dose of
lipid delivery particle encapsulated with Cas9 genetic editors fused to various PH domains. FIG. 2B is a
graph depicting editing percentages in HEK293T cells treated with a low dose of lipid delivery particle
encapsulated with Cas9 genctic editors fused to various PH domains. FIG. 2C is a graph depicting editing
percentages in K562 cells treated with a high dose of lipid delivery particle encapsulated with Cas9
genetic editors fused to various PH domains. FIG. 2D is a graph depicting editing percentages in K562
cells treated with a low dose of lipid delivery particle encapsulated with Cas9 genetic editors fused to

various PH domains.

DETAILED DESCRIPTION
[0039] In some aspects, the present disclosure relates to the use of Pleckstrin Homology (PH) domains
for delivery of protein payloads to target cells. In some cases, PH domains are used to facilitate
recruitment and packaging of a payload in a lipid delivery particle. In some cases, PH domains have a
range of attributes and functions that can be modified for particular applications. The PH domain can be
selected or engineered to for one or more improved attributes and functions for a particular application. In
some cases, the plasma membrane recruitment element is modified for more efficient recruitment of
protein payloads into a lipid delivery particle. In some cases, the plasma membrane recruitment element is
modified so that the total number of active protein payload that can be encapsulated in a lipid delivery
particle is increased. The PH domain can be modified for more efficient release of the protein payload
from a lipid delivery particle into a target cell. In some cases, the plasma membrane recruitment clement
1s modified for more efficient trafficking of the protein payload to a particular target cell. In some cases,
the plasma membrane recruitment element can be modified for more cfficient trafficking of the protein
payload to a particular subcellular locale in the target cell. In some cases, the plasma membrane
recruitment clement is modified for suitability for combination with other proteins, protein domains,
protein components, or a combination thereof.
[0040] In some aspects, provided herein are chimeric proteins comprising engineered PH domains. In
some aspects, provided herein are chimeric proteins comprising PH domains coupled to payloads. Also
provided herein, in some aspects, are nucleic acid molecules encoding the chimeric proteins and protein
payloads. Also provided herein, in some aspects, are lipid delivery particles comprising the chimeric
proteins with PH domains. In some aspects, provided herein also includes cells comprising nucleic acid
molecules encoding the chimeric proteins coupled to protein payloads. In some aspects, provided herein
are cells comprising the chimeric proteins. Also provided herein, in some aspects, are methods of making
lipid delivery vehicles comprising chimeric proteins comprising PH domains coupled to protein payloads.
In some aspects, provided herein are methods of contacting target cells with lipid delivery particles
comprising chimeric proteins comprising PH domains coupled to protein payloads. Also provided herein,
in some aspects, are kits comprising nucleic acid molecules encoding chimeric proteins and protein

payloads.
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ENVELOPE PROTEIN

[0041] In some aspects, the lipid delivery particle provided herein comprises an envelope protein. The
envelope protein can be associated with the outside boundary or the surface of the lipid delivery particle,
for example, the membrane or envelope of the lipid delivery particle.

[0042] The membrane of the lipid delivery particle can comprise a lipid layer, such as a single layer or a
lipid bilayer. In some cases, the membrane of the lipid delivery particle is from plasma membrane,
endoplasmic reticulum, or a combination thereof. In some cases, the membrane of the lipid delivery
particle 1s from Golgi complex, ER Golgi intermediate compartment, or nuclear envelope. In some cases,
the membrane of the lipid delivery particle is from plasma membrane. In some cases, the membrane of
the lipid delivery particle 1s a phospholipid bilayer.

[0043] The envelope protein can be associated with the membrane of the lipid delivery particle in
various manners. For example, the envelope protein can be anchored or attached to the external
membrane of the particle or anchored or attached to the internal membrane of the particle. The envelope
protein can be embedded or inserted in the membrane, spanning through the membrane, with certain
portions located at the outside of the membrane, or certain portions extending to the inside of the particle,
or both. The envelope protein within the lipid delivery particle described herein can be overexpressed
from an exogenous source, such as plasmids or stably integrated transgenes, in the production cells.
[0044] The envelope protein can play a role in the delivery of the lipid delivery particle to a target cell
and release of the components of the lipid delivery particle within the target cell. The envelope protein
can contact with the surface of a target cell and participate in the fusion of the lipid delivery particle and
the membrane of the target cell. The envelope protein can participate in the fusion of the lipid delivery
particle with the membrane of the target cell via any appropriate mechanism, such as those described in
White et al. Crit Rev Biochem Mol Biol. 2008, 43(3): 189-219. One example of the fusion mechanisms is
unifying Trimer-of-Hairpins Fusion Mechanism. Membrane fusion can occur after allosteric priming by
binding to a target receptor. In some cases, membrane fusion occurs after proteolysis. In some cases,
membrane fusion occurs after isomerization of disulfide bridges. In some cases, membrane fusion occurs
by internalization and then priming of fusion via (i) cathepsin-mediated proteolysis, or (ii) low
pH/acidification. The cathepsin-mediated proteolysis can be pH dependent or pH independent. Other
fusion triggering mechanisms can include low PH, binding to target cell receptors, and a receptor
followed by low pH. The envelope protein can also play a role in the formation of the lipid delivery
particle. The envelope protein can interact with another component within the lipid delivery particle and
participate in the assembly of the lipid delivery particle, for example, in a producer cell. The envelope
protein can make contact with another envelope protein and form an oligomer embedded within the
membrane. The envelope protein can be a glycoprotein, for example, a transmembrane glycoprotein. In
some cases, envelope protein comprises multiple membrane-spanning regions. These multiple membrane-

spanning regions can oligomerize and form channels in the membrane.
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[0045] In some cases, the envelope protein is fused with a targeting moiety. In some cases, the targeting
moiety recognizes a specific molecule (e.g., antigen, receptor, or other membrane protein) on the surface
of a target cell to allow targeted cell entry with more specificity. In some cases, the targeting moiety is
specific for a certain cell type or is specific for a certain target cell. The targeting moiety can be fused to
the envelope protein at a position that is located at an outside of the lipid delivery particle. For example,
the targeting moiety includes scFvs, antibody variable regions, nanobodies, T-cell receptor variable
regions, other antigen-binding fragments or their mimetics, such as DARPins. In some cases, the targeting
moicty 1s a protein ligand from the human ligandome. The targeting moiety can be a natural peptide or a
synthetic peptide. In some cases, the targeting moiety is not fused with the envelope protein and is
attached to the membrane of the lipid delivery particle from the outside, for example, via a
transmembrane domain.

[0046] A targeting moiety can include, e.g., an antibody or an antigen-binding fragment thereof (e.g.,
Fab, Fab’, F(ab)2, Fv fragments, scFv antibody fragments, disulfide-linked Fvs (sdFv), a Fd fragment
consisting of the VH and CHI1 domains, linear antibodies, single domain antibodies such as sdAb (either
VL or VH), nanobodies, or camelid VHH domains), an antigen-binding fibronectin type Il (Fn3) scaffold
such as a fibronectin polypeptide minibody, a ligand, a cytokine, a chemokine, ora T cell receptor
(TCRs). Membrane-fusion proteins can be re-targeted by non-covalently conjugating a targeting moiety
to the membrane-fusion protein or targeting protein (e.g. the hemagglutinin protein). For example, the
membrane-fusion protein can be engineered to bind the Fc region of an antibody that targets an antigen on
a target cell, redirecting the membrane fusion activity towards cells that display the antibody’s target.
[0047] In some cases, the targeting moiety linked to the membrane-fusion protein binds a cell surface
marker on the target cell, e.g., a protein, glycoprotein, receptor, cell surface ligand, agonist, lipid, sugar,
class I transmembrane protein, class Il transmembrane protein, or class Il transmembrane protein.

[0048] In some cases, the lipid delivery particles disclosed herein display targeting moicties that are not
conjugated to the membrane-fusion protein or other proteins in order to redirect the fusion activity of the
lipid delivery particle towards a cell that is bound by the targeting moiety, or to affect tropism of the lipid
delivery particle toward the target cell.

Envelope protein of viral origin

[0049] In some cases, an envelope protein has a viral origin. For example, a suitable envelope protein is
from a DNA virus, an RNA virus, or a retrovirus. The envelope protein can be envelope protein from
Herpesviruses, Avian sarcoma leukosis virus, Poxviruses, Hepadnaviruses, Asfarviridae, Flaviviruses,
Alphaviruses, Togaviruses, Coronaviruses, Hepatitis D, Orthomyxoviruses, Rhabdovirus, Bunyaviruses,
Filoviruses, Oncoretroviruses, lentiviruses, Spumaviruses. In some cases, envelope protein can be
envelope protein from lentiviruses, for example, human immunodeficiency virus (HIV), simian
immunodeficiency virus (SIV), feline immunodeficiency virus (FIV) and equine infectious anemia virus
(EIAV). In some cases, an envelope protein is a fusion of two different envelope proteins, wherein each
comes from a different virus. Additional suitable envelope proteins that are from viral origins and their

functions are described in White JM e al., Crit Rev Biochem Mol Biol. 2008 May-Jun;43(3):189-219.
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[0050] In some cases, the envelope protein is a vesicular stomatitis virus glycoprotein (VSVG) or a
biologically active mutant thereof. A “biologically active mutant” disclosed herein in connection with a
reference protein can refer to a mutant of the reference protein that remains displaying one or more
biological activities that arc of same nature as the reference protein, which are relevant to the context in
which the reference protein is used in the lipid delivery particle disclosed herein, while the level of the
one or more biological activities of the biologically active mutant can be either similar as or different than
the reference protein. For instance, the biologically active mutant of a VSVG 1n the context of an
envelope protein remains displaying the biological activities of an envelope protein, e.g., mediating
membrane fusion, tropism of the lipid delivery particle toward a target cell, or both. Unless otherwise
noted, a mutant as described in the present disclosure is equivalent to a biologically active mutant. In
some cases, the envelope protein is a Human immunodeficiency virus GP160 or a biologically active
mutant thercof. In some cases, the envelope protein is a Baboon Endogenous Retrovirus (BaEVTR)
glycoprotein or a biologically active mutant thereof. In some cases, the envelope protein is a modified
Baboon Endogenous Retrovirus (BaEVTRIess) glycoprotein or a biologically active mutant thereof. In
some cases, the envelope protein is the fusion protein of Vesicular stomatitis Indiana virus and Rabies
virus Glycoproteins (FuG-E) or a biologically active mutant thereof. In some cases, the envelope protein
pantropic murine leukemia virus envelope protein (MLV) or a biologically active mutant thereof. In some
cases, the envelope protein is a modified Fusion protein of Vesicular stomatitis Indiana virus and Rabies
virus Glycoproteins (FuG-E P440E) or a biologically active mutant thereof. In some cases, the envelope
protein is an ecotropic Murine Leukemia Virus envelope protein (MLV ENV ecotropic) or a biologically
active mutant thereof. In some cases, the envelope protein is an amphotrophic Murine Leukemia Virus
envelope protein (MLV ENV amphotropic) or a biologically active mutant thereof. In some cases, the
envelope protein is a Moloney murine leukemia virus envelope protein (MMLYV) or a biologically active
mutant thereof. In some cases, the envelope protein is a Moloney murine sarcoma virus envelope protein
(MoMSVg) or a biologically active mutant thereof. In some cases, the envelope protein is a moloney
murine leukemia virus 10A1 strain Glycoprotein (MLV 10A1) or a biologically active mutant thereof. In
some cases, the envelope protein is a xenotropic murine leukemia virus envelope protein (MLV ENV
xenotropic) or a biologically active mutant thereof. In some cases, the envelope protein is a xenotropic
murine leukemia virus-related envelope protein (XMRYV) or a biologically active mutant thereof. In some
cases, the envelope protein is a Baculovirus envelope glycoprotein (GP64) or a biologically active mutant
thereof. In some cases, the envelope protein is an endogenous feline virus envelope protein (RD114 ENV)
or a biologically active mutant thereof. In some cases, the envelope protein is a mammalian endogenous
retrovirus protein, or a biologically active mutant thereof. The mammalian endogenous retrovirus protein
can be a koala retrovirus protein (KoRV) or a Jaagsiekte sheep retrovirus protein (enJSRV), or a
biologically active mutant thereof.

[0051] In some cases, the envelope protein is a simian endogenous type D retrovirus protein (RD-114) or
a biologically active mutant thereof. In some cases, the envelope protein 1s a gibbon ape leukemia virus

envelope protein (GALV) or a biologically active mutant thereof. In some cases, the envelope protein is a
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feline leukemia virus envelope protein (FLV) or a biologically active mutant thereof. In some cases, the
envelope protein is a mouse mammary tumor virus envelope protein (MMTYV) or a biologically active
mutant thereof. In some cases, the envelope protein is an avian leukosis virus envelope protein or a
biologically active mutant thereof. In some cases, the envelope protein is a rous sarcoma virus envelope
protein or a biologically active mutant thereof.

[0052] In some cases, the envelope protein can direct the lipid delivery particles to fuse with a certain
type of target cells rather than other cells. For example, based on the specific type of envelope protein
associated with the membrane of the lipid delivery particle, the lipid delivery particle can preferentially
target different cell types (i.e., tropisms of the lipid delivery particles), such as liver cells, ocular cells,
nerve cells, lung cells, immune cells, muscle cells, and any other cell types of interest. For example, to
fuse with a target liver cells, the envelope protein can be a glycoprotein from human hepatitis viruses or a
biologically active mutant thereof, e.g., Hepatitis B virus (HBV) or hepatitis C virus (HCV), VSV-G
glycoprotein or a biologically active mutant thercof, a Marburg virus glycoprotein or a biologically active
mutant thereof, an Ebola virus glycoprotein or a biologically active mutant thereof. To fuse with a target
muscle cell, for example, a skeletal muscle cell, the envelope protein can be a Ross River virus
glycoprotein or a biologically active mutant thereof, or a VSV-G or a biologically active mutant thereof.
To fuse with a target ocular cell, for example, a photoreceptor cell or a retinal cell, the envelope protein
can be an Ebola virus glycoprotein or a biologically active mutant thereof, a Marburg virus glycoprotein
or a biologically active mutant thereof, or a VSV-G or a biologically active mutant thereof. To fuse with a
target immune cell, for example, CD&8+ T cell, an HTLV-1 glycoprotein or a biologically active mutant
thereof, or a VSV- G glycoprotein or a biologically active mutant thereof. To fuse with a target immune
cell, for example, CD4+ T cell, the envelope protein can be a HIV-1 envelope or a biologically active
mutant thereof, a HTLV-1 glycoprotein or a biologically active mutant thereof, or a VSV-G glycoprotein
or a biologically active mutant thereof. To fuse with a target lung cells, the envelope protein can be a
respiratory syncytial virus glycoprotein or a biologically active mutant thereof, or a SARS-CoV
glycoprotein or a biologically active mutant thereof. To fuse with a target nerve cell, such as a cell from
the central nervous system cell (e.g., neurons, glial cells including oligodendrocytes, astrocytes and
microglia), the envelope protein can be a rabies glycoprotein or a biologically active mutant thereof, a
Mokola virus glycoprotein or a biologically active mutant thereof, a Semliki Forest virus glycoprotein or
a biologically active mutant thereof, a Venezuelan equine encephalitis virus glycoprotein or a biologically
active mutant thereof, or a VSV-G or a biologically active mutant thereof. To fuse with a target sensory
cell, such as an auditory cell, including hair cells, cochlear cells, etc., the envelope protein can be an
Ebola virus glycoprotein or a biologically active mutant thereof, a Marburg virus glycoprotein or a
biologically active mutant thereof, or a VSV-G or a biologically active mutant thereof.

[0053] In some cases, the envelope protein comprises the sequences set forth in Table 1. In some cases,
the envelope protein comprises the sequences sct forth in Table 1 with at least one amino acid
substitution, deletion, or insertion. For instance, N-terminal methionine can be absent from the envelope

protein of the lipid delivery particle provided herein relative to the wild-type viral envelope protein. In
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some cases, the envelope protein comprises the sequences set forth in Table 1 and a heterologous peptide
sequence fused to the N-terminal or C-terminal.

[0054] In some cases, the envelope protein comprises one or more of the sequences set forth in Table 1
with at least one amino acid substitution, deletion, or mmsertion. For instance, N-terminal methionine can
be absent from the envelope protein of the lipid delivery particle provided herein relative to the wild-type
viral envelope protein. In some cases, the envelope protein comprises one or more of the sequences set
forth in Table 1 and a heterologous peptide sequence fused to the N-terminal or C-terminal.

[0055] In some cases, the envelope protein comprises any one of the sequences set forth in Table 1 with
at least one amino acid substitution, deletion, or insertion. For instance, N-terminal methionine can be
absent from the envelope protein of the lipid delivery particle provided herein relative to the wild-type
viral envelope protein. In some cases, the envelope protein comprises any one of the sequences set forth
in Table 1 and a heterologous peptide sequence fused to the N-terminal or C-terminal.

[0056] In some cases, the envelope protein comprises an amino acid sequence that has at least about
50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to a sequence set forth in Table 1. In some cases, the envelope protein comprises an amino acid
sequence that has at least about 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to a sequence set forth in any one of SEQ ID NOs: 83-104. In
some cases, the envelope protein comprises an amino acid sequence that has at least about 50% sequence
identity to a sequence set forth in any one of SEQ ID NOs: 83-104. In some cases, the envelope protein
comprises an amino acid sequence that has at least about 60% sequence identity to a sequence set forth in
any one of SEQ ID NOs: 83-104. In some cases, the envelope protein comprises an amino acid sequence
that has at least about 70% sequence identity to a sequence set forth in any one of SEQ ID NOs: 83-104.
In some cases, the envelope protein comprises an amino acid sequence that has at least about 75%
sequence identity to a sequence set forth in any one of SEQ ID NOs: 83-104. In some cases, the envelope
protein comprises an amino acid sequence that has at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%., 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
a sequence set forth in any one of SEQ ID NOs: 83-104. In some cases, the envelope protein comprises
an amino acid sequence that has at least about 80% sequence identity to a sequence set forth in any one of
SEQ ID NOs: 83-104. In some cases, the envelope protein comprises an amino acid sequence that has at
least about 85% sequence identity to a sequence set forth in any one of SEQ ID NOs: 83-104. In some
cases, the envelope protein comprises an amino acid sequence that has at least about 90% sequence
identity to a sequence set forth in any one of SEQ ID NOQOs: 83-104. In some cases, the envelope protein
comprises an amino acid sequence that has at least about 95% sequence identity to a sequence set forth in
any one of SEQ ID NQOs: 83-104. In some cases, the envelope protein comprises an amino acid sequence
that has at least about 96% sequence identity to a sequence set forth in any one of SEQ ID NOs: 83-104.
In some cases, the envelope protein comprises an amino acid sequence that has at least about 97%
sequence 1dentity to a sequence set forth in any one of SEQ ID NOs: 83-104. In some cases, the envelope

protein comprises an amino acid sequence that has at least about 98% sequence identity to a sequence set
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forth in any one of SEQ ID NQOs: 83-104. In some cases, the envelope protein comprises an amino acid

sequence that has at least about 99% sequence identity to a sequence set forth in any one of SEQ 1D

NOs: 83-104.

Table 1. Exemplary envelope proteins from virus origin

Exemplary
envelope
proteins from
virus origin

Amino Acid Sequence

SEQ
ID
NO:

vesicular
stomatitis
virus
glycoprotein
(VSVQG)

MKCLLYLAFLFIGVNCKETIVEPHNQKGNWKNVPSNYHYCPSSSDLNWHNDL
IGTALOVKMPKSHKAIQADGWMCHASKWVITCDFRWYGPKY ITHSIRSETPS
VEQCKESIEQTKQGTWLNPGEFPPQSCGYATVTDAEAVIVOVTPHHVLVDEYT
GEWVDSQFINGKCSNY ICPTVHNSTTWHSDYKVKGLCDSNLISMDITFEFESED
GELSSLGKEGTGFRSNYFAYETGGKACKMQY CKHWGVRLPSGVWEEMADKDL
FAAARFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLP
ISPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAPTILSRMVGMIS
GTTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLHLSS
KAQVFEHPHIODAASQLPDDESLEEFGDTGLSKNPIELVEGWESSWKSSIASE
FEITGLITIGLEFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK

33

KCLLYLAFLFIGVNCKETIVEFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDL I
GTALQVKMPKSHKAIQADGWMCHASKWVITCDFRWYGPKYITHSIRSEFTPSV
EQCKESIEQTKQGTWLNPGEPPQSCGYATVTDAEAVIVQVTPHHVLVDEYTG
EWVDSQFINGKCSNYICPTVHNSTTWHSDYKVKGLCDSNLISMDITEFSEDG
ELSSLGKRKEGTGFRSNY FAYETGGKACKMQYCKHWGVRLP SGVWEFEMADKDLE
AAARFPECPEGSSISAPSQTSVDVSLIQDVERILDY SLCQETWSKIRAGLPI
SPVDLSYLAPKNPGTGPAFTIINGTLKY FETRYIRVDIAAPILSRMVGMISG
TTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLHLSSK
AQVFEHPHIQDAASQLPDDESLEFFGDTGLSKNPIELVEGWESSWKSSIASEFE
FIIGLIIGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK

84

Human
immunodefici
ency virus -
GP160

MRVKEKYQHLWRWGWRWGTMLLGMIMICSATEKLWVTVYYGVPVWKEATTTL
FCASDAKAYDTEVHNVWATHACVPTDPNPQEVVLVNVTENENMWKNDMVEQM
HEDITISLWDQSLKPCVKLTPLCVSLKCTDLKNDTNTNSSSGRMIMEKGE IKN
CSENISTSIRGKVQRKEYAFFYKLDIIPIDNDTTSYKLTSCNTSVITQACPKV
SFEPIPIHYCAPAGFAILKCNNKTFNGIGPCTNVSTVQCTHGIRPVVSTQLL
LNGSLAEEEVVIRSVNETDNAKTITIVQLNTSVEINCTRPNNNTRKRIRIQRG
PGRAFVTIGKIGNMROQAHCNISRAKWNNTLKQIASKLREQEFGNNKTIIEFKQS
SGGDPEIVTHSENCGGEFEYCNSTQLENSTWENSTWSTEGSNNTEGSDTITL
PCRIKQITINMWOQKVGKAMYAPPISGQIRCSSNITGLLLTRDGGNSNNESETF
RPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQREKRAVGIGALEL
GFLGAAGSTMGAASMTLTVQARQLLSGIVOQONNLLRATEAQOHLLOLTVWG
IKQOLOQARILAVERYLKDOQQLLGIWGCSGKLICTTAVPWNASWSNKSLEQIWN
HTTWMEWDRE INNYTSLIHSLIEESONQQERKNEQELLELDKWASLWNWENIT
NWLWYIKLEFIMIVGGLVGLRIVEFAVLSIVNRVROQGY SPLSEFQTHLPTPRGPD
RPEGIEEEGGERDRDRSIRLVNGSLALIWDDLRSLCLESYHRLRDLLLIVTR
IVELLGRRGWEALKYWWNLLQYWSQELKNSAVSLLNATATAVAEGTDRVIEV
VQGACRAIRHIPRRIRQGLERILL

85

RVKEKYQHLWRWGWRWGTMLLGMLMICSATERKLWVIVYYGVPVWKEATTTLE
CASDAKAYDTEVHNVWATHACVPTDPNPQEVVLVNVTEN EFNMWKNDMVEQMH
EDITISLWDQSLKPCVKLTPLCVSLKCTDLKNDTNTNSSSGRMIMEKGETIKNC
SENISTSIRGKVQKEYAFFYKLDITIPIDNDTTSYKLTSCNTSVITQACPKVS
FEPIPIHYCAPAGEFAILKCNNKTENGTGPCTNVSTVQCTHGIRPVVSTQLLL
NGSLAEEEVVIRSVNEFTDNAKTITIVQLNTSVEINCTRPNNNTRKRIRIQRGP
GRAFVTIGKIGNMRQAHCNI SRAKWNNTLKQIASKLREQEFGNNKTIIFKQSS
GGDPEIVTHSEFNCGGEEFFYCNSTQLENSTWENSTWSTEGSNNTEGSDTITLP
CRIKQITINMWOQKVGKAMYAPPISGQIRCSSNITGLLLTRDGGNSNNESETIEFR
PGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVOREKRAVGIGALEFLG
FLGAAGSTMGAASMTLTVQARQLLSGIVQQONNLLRATEAQQHLTL.OLTVWGI

86
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KOLOQARILAVERYLKDOQLLGIWGCSGKLICTTAVPWNASWSNKSLEQTIWNH
TTWMEWDREINNYTSLIHSLIEESONQOEKNEQELLELDKWASTWNWENITN
WLWY IKLEFIMIVGGLVGLRIVEFAVLSIVNRVROGYSPLSFQTHLPTPRGPDR
PEGIEEEGGERDRDRSIRLVNGSLALIWDDLRSLCLESYHRLRDLLLIVTRI
VELLGRRGWEALKYWWNLLOYWSQELKNSAVSLLNATATAVAEGTDRVIEVV
QGACRATIRHIPRRIRQGLERILL

Baboon
Endogenous
Retrovirus
glycoprotein -
BaEVTR

MGFTTKITIFLYNLVLVYAGEFDDPRKATIELVQKRYGRPCDCSGGQVSEPPSDR
VSQVTCSGKTAY LMPDQRWKCKSIPKDT SPSGPLQECPCNSYQSSVHSSCYT
SYQQCRSGNKTYYTATLLKTQTGGTSDVOQVLGSTNKLIQSPCNGIKGOSICW
STTAPIHVSDGGGPLDTTRIKSVOQRKLEETHKALYPELQYHPLATPKVRDNL
MVDAQTLNILNATYNLLLMSNTSLVDDCWLCLKLGPPTPLAIPNFLLSYVTR
SSDNISCLIIPPLLVOPMQEFSNSSCLESPSYNSTERIDLGHVAESNCTSITN
VIGPICAVNGSVFLCGNNMAYTYLPTNWTGLCVLATLLPDIDIIPGDEPVPI
PAIDHFIYRPRKRAIQFIPLLAGLGITAAFTTGATGLGVSVIQYTKLSNQLIS
DVQILSSTIQDLODQVDSLAEVVLONRRGLDLLTAEQGGICLALQEKCCEYV
NKSGIVRDKIKTLOQEELERRRKDLASNPLWIGLOQGLLPYLLPFLGPLLTLLL
LLTIGPCIFNRLVQEVKDRISVVQALVLTOQYHQLKPLEYEP

37

GFTTKITFLYNLVLVYAGEDDPRKAIELVORKRYGRPCDCSGGQVSEPPSDRV
SQVTCSGKTAYLMPDOQRWKCKSTIPKDTSPSGPLQECPCNSYQSSVHSSCYTS
YOQOCRSGNKTYYTATLLKTQTGGT SDVQVLGSTNKLIQSPCNGIKGQSICWS
TTAPTHVSDGGGPLDTTRIKSVOQRKLEETHKALY PELQYHPLATPKVRDNLM
VDAQTLNILNATYNLLIMSNT SLYDDCWLCLKLGPPTPLATIPNFLLSYVTRS
SDNISCLIIPPLLVQPMQFEFSNSSCLESPSYNSTEEIDLGHVAESNCTSITNV
TGPICAVNGSVFLCGNNMAYTYLPTNWTGLCVLATLLPDIDIIPGDEPVPIP
AIDHFIYRPKRAIQFIPLLAGLGITAAFTTGATGLGVSVTQYTKLSNQLISD
VQILSSTIQDLODOQVDSLAEVVLONRRGLDLLTAEQGGICLALQEKCCEYVN
KSGIVRDKIKTLOQEELERRRKDLASNPLWTGLQGLLPYLLPFLGPLLTLLLL
LTIGPCIFNRLVQEVKDRISVVQALVLTQOYHQLKPLEYEP

38

Modified
Baboon
Endogenous
Retrovirus
glycoprotein -
BaEVTRIess

MGFTTKIIFLYNLVLVYAGEFDDPRKAIELVQKRYGRPCDCSGGQVSEPPSDR
VSQVTCSGKTAYLMPDOQRWKCKSIPKDT SPSGPLOECPCNSYQSSVHSSCYT
SYQQCRSGNKTYYTATLLKTQTGGTSDVQVLGSTNKLIQSPCNGIKGOSICW
STTAPTHVSDGGGPLDTTRIKSVQRKLEETHKATLYPELQYHPLATPKVRDNL
MVDAQTLNILNATYNLLLMSNTSLVDDCWLCLKLGPPTPLAIPNFLLSYVTR
SSDNISCLIIPPLLVQPMQEFSNSSCLESPSYNSTEEIDLGHVAEFSNCTSITN
VIGPICAVNGSVFLCGNNMAYTYLPTNWTGLCVLATLLPDIDIIPGDEPVPI
PAIDHEFIYRPKRAIQFIPLLAGLGITAAFTTGATGLGVSVIQYTKLSNQLIS
DVQILSSTIQDLODQVDSLAEVVLONRRGLDLLTAEQGGICLALQEKCCEYV
NKSGIVRDKIKTLOEELERRRKDLASNPLWIGLOGLLPYLLPFLGPLLTLLL
LILTIGPCIEFNRLTAFINDKLNIIHAM

89

GFTITKITFLYNLVLVYAGFDDPRKAIELVOKRYGRPCDCSGGQVSEPPSDRV
SQVITCSGKTAYLMPDORWKCKSIPKDTSPSGPLOECPCNSYQSSVHSSCYTS
YQQOCRSGNKTYYTATLLKTQTGGTSDVQVLGSTNKLIQSPCNGIKGQSICWS
TTAPTHVSDGGGPLDTTRIKSVOQRKLEETHKALY PELQYHPLATPKVRDNLM
VDAQTLNILNATYNLLLMSNTSLVDDCWLCLKLGPPTPLATPNEFLLSYVTRS
SDNISCLIIPPLLVQPMQEFSNSSCLESPSYNSTEEIDLGHVAESNCTSITNV
TGPICAVNGSVFLCGNNMAY TYLPTNWTGLCVLATLLPDIDIIPGDEPVPIP
AIDHFIYRPKRAIQFIPLLAGLGITAAFTTGATGLGVSVTQYTKLSNQLISD
VQILSSTIQODLODOVDSLAEVVLONRRGLDLLTAEQGGICLALQEKCCEYVN
KSGIVRDKIKTLOEELERRRKDLASNPLWTGLQGLLPYLLPFLGPLLTLLLL
LTIGPCIFNRLTAFINDKLNITHAM

90

Fusion protein
of Vesicular
stomatitis
Indiana virus
and Rabies
virus

MVPQVLLEFVLLLGESLCEFGKEFPIYTIPDELGPWSPIDIHHLSCPNNLVVEDE
GCTNLSEFSYMELKVGYISAIKVNGETCTGVVIEAETYTNEVGYVTTTEKRK
HFRPTPDACRAAYNWKMAGDPRYEESLHNPYPDYHWLRTVRTTKESLITISP
SVTDLDPYDKSLHSRVEPGGKCSGITVSSTYCSTNHDYT IWMPENPRPRTPC
DIFTNSRGKRASNGNKTCGEVDERGLYKSLKGACRLKLCGVLGLRLMDGTWV
AMOTSDETKWCPPDQLVNLHDFRSDEIEHLVVEELVKKREECLDALESTIMTT
KSVSFRRLSHLRKLVPGEFGKAYTIEFNKTLMEADAHYKSVRTWNEI IPSKGCL
KVGGRCHPHVNGVEFFNGIILGPDDHVLIPEMQSSLLOOHMELLESSVIPLMH

91
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Glycoproteins
- FuG-E

PLADPSTVFKEGDEAEDFVEVHLPRNPIELVEGWESSWKSSIASFFEFITIGLT
IGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK

VPOVLLEVLLLGESLCEGKEPIYTIPDELGPWSPIDIHHLSCPNNLVVEDEG
CTNLSEFSYMELKVGY ISATKVNGETCTGVVTEAETYTNEVGYVTTTEFKRKH
FRPTPDACRAAYNWKMAGDPRYEESLHNPYPDYHWLRTVRTTKESLIITISPS
VIDLDPYDKSLHSRVFPGGKCSGITVSSTYCSTNHDYTIWMPENPRPRTPCD
IFTNSRGKRASNGNKTCGEVDERGLY KSLKGACRLKLCGVLGLRLMDGTWVA
MOTSDETKWCPPDQLVNLHDEFRSDEIEHLVVEELVKKREECLDALESIMTTK
SVSFRRLSHLRKLVPGEFGKAYTIFNKTLMEADAHYKSVRTWNEITPSKGCLK
VGGRCHPHVNGVEFENGITILGPDDHVLIPEMQSSLLOQHMELLESSVIPLMHP
LADPSTVFKEGDEAEDEVEVHLPKNPIELVEGWESSWKSSIASFFFIIGLIT
GLELVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK

92

Modified
Fusion protein
of Vesicular
stomatitis
Indiana virus
and Rabies
virus
Glycoproteins
- FuG-E
(P440E)

MVPQVLLEFVLLLGESLCEFGKFPIYTIPDELGPWSPIDIHHLSCPNNLVVEDE
GCTNLSEFSYMELRKVGYISAIKVNGETCTGVVIEAETYTNEVGYVTTTEKRK
HERPTPDACRAAYNWKMAGDPRYEESLHNPYPDYHWLRTVRTTKESLITISP
SVTDLDPYDKSLHSRVEPGGKCSGITVSSTYCSTNHDYT IWMPENPRPRTPC
DIFTNSRGKRASNGNKTCGEVDERGLYKSLKGACRLKLCGVLGLRLMDGTWYV
AMOTSDETKWCPPDQLVNLHDFRSDEIEHLVVEELVKKREECLDALESTMTT
KSVSFRRLSHLRKLVPGFGKAYTIFNKTLMEADAHYKSVRTWNEI IPSKGCL
KVGGRCHPHVNGVEEFNGIILGPDDHVLIPEMQOSSTLLOQHMETLLESSVIPLMH
PLADPSTVEFKEGDEAEDFVEVHLERKNPIELVEGWESSWKSSIASFFEIIGLT
IGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK

93

VPOVLLEVLLLGEFSLCFGKFPIYTIPDELGPWSPIDIHHLSCPNNLVVEDEG
CTNLSEFSYMELKVGYISAIKVNGETCTGVVTEAETYTNEVGYVTTTFKRKH
FRPTPDACRAAYNWKMAGDPRYEESLHNPYPDYHWLRTVRTITKESLIITISPS
VIDLDPYDKSLHSRVFPGGKCSGITVSSTYCSTNHDYTIWMPENPRPRTPCD
IFTNSRGKRASNGNKTCGEVDERGLY KSLKGACRLKLCGVLGLRLMDGTWVA
MOTSDETKWCPPDOQLVNLHDFRSDEIEHLVVEELVKKREECLDATLESIMTTK
SVSFRRLSHLRKLVPGEGKAYTIEFNKTLMEADAHYKSVRTWNEITPSKGCLK
VGGRCHPHVNGVEFENGITILGPDDHVLIPEMQSSLLOQHMELLESSVIPLMHP
LADPSTVFKEGDEAEDEVEVHLEKNPIELVEGWESSWKSSIASFFEFITIGLIT
GLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK

94

Ecotropic
Murine
Leukemia
Virus - MLV
ENV
(ecotropic)

MARSTLSKPLKNKVNPRGPLIPLILLMLRGVSTASPGSSPHQVYNITWEVTN
GDRETVWATSGNHPLWTWWPDLTPDLCMLAHHGPSYWGLEYQSPEFSSPPGPP
CCSGGSSPGCSRDCEEPLTSLTPRCNTAWNRLKLDQTTHKSNEGEYVCPGPH
RPRESKSCGGPDSEYCAYWGCETTGRAYWKPSSSWDEITVNNNLT SDOAVQV
CKDNKWCNPLVIRETDAGRRVTSWTTGHYWGLRLYVSGQDPGLTFGIRLRYQ
NLGPRVPIGPNPVLADQQPLSKPKPVKSPSVTKPPSGTPLSPTQLPPAGTEN
RLLNLVDGAYQALNLTSPDKTQECWLCLVAGPPYYEGVAVLGTYSNHTSAPA
NCSVASQHKLTLSEVTGQGLCIGAVPKTHQALCNTTQTSSRGSYYLVAPTGT
MWACSTGLTPCISTTILNLTTDYCVLVELWPRVTYHSPSYVYGLEFERSNRHK
REPVSLTLALLLGGLTMGGIAAGIGTGTTAIMATQQFOQLOAAVQDDLREVE
KSISNLEKSLTSLSEVVLONRRGLDLLFLKEGGLCAATLKEECCEYADHTGLV
RDSMAKLRERLNQROKLFESTOGWEFEGLEFNRSPWETTLISTIMGPLIVLLMI
LLEFGPCILNRLVQEVKDRISVVQALVLTQQYHQLKPIEYEP

95

ARSTLSKPLKNKVNPRGPLIPLILIMLRGVSTASPGSSPHOVYNITWEVTNG
DRETVWAT SGNHPLWTWWPDLTPDLCMLAHHGPSYWGLEYQSPESSPPGPPC
CSGGSSPGCSRDCEEPLTSLTPRCNTAWNRLKLDOQTTHKSNEGEY VCPGPHR
PRESKSCGGPDSFYCAYWGCETTGRAYWKPSSSWDE ITVNNNLTSDQAVQVC
KDNKWCNPLVIRFTDAGRRVTSWTTGHYWGLRLYVSGQDPGLTFGIRLRYQN
LGPRVPIGPNPVLADQOPLSKPKPVKSPSVIKPPSGTPLSPTQLPPAGTENR
LINLVDGAYQALNLTSPDKTQECWLCLVAGPPYYEGVAVLGTY SNHT SAPAN
CSVASQHKLTLSEVTGQGLCIGAVPKTHQALCNTTQTSSRGSYYLVAPTGTM
WACSTGLTPCISTTILNLTTDYCVLVELWPRVIYHSPSYVYGLFERSNRHKR
EPVSLTLALLLGGLTMGGIAAGIGTGTTALMATQOFQQLOQAAVODDLREVEK
SISNLEKSLTSLSEVVLONRRGLDLLEFLKEGGLCAALKEECCEYADHTGLVR
DSMAKLRERLNQROKLEFESTQGWEFEGLENRSPWEFTTLISTIMGPLIVLLMIL
LFGPCILNRLVQFVEKDRISVVQALVLTQQYHQLKPIEYEP

96
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Amphotrophic
Murine
Leukemia
Virus - MLV
ENV
(amphotropic)

MARSTLSKPPOQDKINPWKPLIVMGVLLGVGMAESPHOVENVTWRVTNLMTGR
TANATSLLGTVQDAFPKLYFDLCDLVGEEWDPSDQEPYVGYGCKY PAGRQRT
RTFDFYVCPGHTVKSGCGGPGEGYCGKWGCETTGQAYWKPTSSWDLISLKRG
NTPWDTGCSKVACGPCYDLSKVSNSFOQGATRGGRCNPLVLEFTDAGKKANWD
GPKSWGLRLYRTGTDPITMESLTROQVLNVGPRVPIGPNPVLPDQRLPSSPIE
IVPAPQPPSPLNTSYPPSTTSTPSTSPTSPSVPQPPPGTGDRLLALVKGAYQ
ALNLTNPDKTQECWLCLVSGPPYYEGVAVVGTYTNHSTAPANCTATSQHKLT
LSEVTGQGLCMGAVPKTHOQALCNTTQSAGSGSYY LAAPAGTMWACSTGLTPC
LSTTVLNLTTDYCVLVELWPRVIYHSPDYMYGQLEQRTKYKREPVSLTLALL
LGGLTMGGIAAGIGTGTTALIKTQQFEQLHAATOTDLNEVEKSITNLEKSLT
SLSEVVLONRRGLDLLFLKEGGLCAALKEECCEFYADHTGLVRDSMAKLRERL
NQROKLFETGQGWEFEGLEFNRSPWEFTTLISTIMGPLIVLLLILLFGPCILNRL
VQEVKDRISVVQALVLTQQYHQLKPIEYEP

97

ARSTLSKPPODKINPWKPLIVMGVLLGVGMAESPHQVENVIWRVTNLMTGRT
ANATSLLGTVQDAFPKLY FDLCDLVGEEWDPSDQEPYVGYGCKYPAGRQRTR
TFDEYVCPGHTVKSGCGGPGEGYCGKWGCETTGQAYWKPTSSWDLISTLKRGN
TPWDTGCSKVACGPCYDLSKVSNSFQGATRGGRCNPLVLEFTDAGKKANWDG
PKSWGLRLYRTGTDPITMESLTRQVLNVGPRVPIGPNPVLPDQRLPSSPIET
VPAPQPPSPLNTSYPPSTTSTPSTSPTSPSVPQPPPGTGDRLLALVKGAYQA
LNLTNPDKTQECWLCLVSGPPYYEGVAVVGTYTNHSTAPANCTATSQHKLTL
SEVIGQGLCMGAVPKTHQALCNTTQSAGSGSYYLAAPAGTMWACSTGLTPCL
STTVLNLTTDYCVLVELWPRVIYHSPDYMYGQLEQRTKYKREPVSLTLALLL
GGLTMGGIAAGIGTGTTALIKTOQFEQLHAATQTDLNEVEKSITNLEKSLTS
LSEVVLONRRGLDLLFLKEGGLCAALKEECCFYADHTGLVRDSMAKLRERLN
QROKLFETGQGWEFEGLENRSPWETTLISTIMGPLIVLLLILLEFGPCILNRLV
QFVKDRISVVQALVLTQQYHQLKPIEYEP

98

Moloney
murine
leukemia virus
10A1 strain
Glycoprotein -
MLV 10A1

MARSTLSKPLKDKINPWKSLMVMGVLLRVGMAESPHOVENVTWRVTNLMTGR
TANATSLLGTVQDAFPRLYFDLCDLVGEEWDPSDQEPYVGYGCKY PGGRKRT
RTFDFYVCPGHTVKSGCGGPREGYCGEWGCETTGQAYWKPTSSWDLISLKRG
NTPWDTGCSKMACGPCYDLSKVSNSEFQGATRGGRCNPLVLEFTDAGKKANWD
GPKSWGLRLYRTGTDPITMESLTROQVLNIGPRIPIGPNPVITGQLPPSRPVQ
IRLPRPPQPPPTGAASIVPETAPPSQQPGTGDRLLNLVEGAYRATLNLTNPDK
TOECWLCLVSGPPYYEGVAVVGTYTNHSTAPASCTATSQHKLTLSEVTGQGL
CMGAVPKTHQALCNTTQSAGSGSYYLAAPAGTMWACSTGLTPCLSTTMLNLT
TDYCVLVELWPRIIYHSPDYMYGQLEQRTKYKREPVSLTLALLLGGLTMGGT
AAGIGTGTTALIKTQQFEQLHAATQTDLNEVEKS ITNLEKSLTSLSEVVLON
RRGLDLLFLKEGGLCAALKEECCEFYADHTGLVRDSMAKLRERLNQRQKLFES
GOGWFEGLENRSPWETTLISTIMGPLIVLLLILLEFGPCILNRLVQEVKDRIS
VVOALVLTQOQYHQLKPIEYEP

99

ARSTLSKPLKDKINPWKSLMVMGVLLRVGMAESPHOVENVIWRVTNLMTGRT
ANATSLLGTVODAFPRLY FDLCDLVGEEWDPSDQEPYVGYGCKYPGGRKRTR
TFDEYVCPGHTVKSGCGGPREGYCGEWGCETTGQAYWKPTSSWDLISTLKRGN
TPWDTGCSKMACGPCYDLSKVSNSIFQGATRGGRCNPLVLEFTDAGKKANWDG
PKSWGLRLYRTGTDPITMESLTRQVLNIGPRIPIGPNPVITGQLPPSRPVQOI
RLPRPPQPPPTGAASIVPETAPPSQQPGTGDRLLNLVEGAYRALNLTNPDKT
QECWLCLVSGPPYYEGVAVVGTYTNHSTAPASCTATSQHKLTLSEVTGQGLC
MGAVPKTHQALCNTTQSAGSGSYYLAAPAGTMWACSTGLTPCLSTTMLNLTT
DYCVLVELWPRIIYHSPDYMYGQLEQRTKYKREPVSLTLALLLGGLTMGGIA
AGIGTGTTALIKTQQFEQLHAATQTDLNEVEKSITNLEKSLTSLSEVVLONR
RGLDLLFLKEGGLCAALKEECCEFYADHTGLVRDSMAKLRERLNQROKLEESG
QGWFEGLENRSPWETTLISTIMGPLIVLLLILLFGPCILNRLVQEVKDRISV
VOALVLTQQOYHQLKPIEYEP

100

Baculovirus
envelope
glycoprotein -
GP64

MVSAIVLYVLLAAAAHSAFAARHCNAQOMKTGPYKIKNLDITPPKETLOKDVE
ITIVETDYNENVIIGYRGYYQAYAYNGGSLDPNTRVEETMKTLNVGKEDLLM
WSIRQQCEVGEELIDRWGSDSDDCFRDNEGRGOWVKGKELVKRONNNHFAHH
TCNKSWRCGISTSKMYSRLECQDDTDECQVYILDAEGNPINVTVDTVLHRDG
VSMILKQKSTETTRQIKAACLLIKDDKNNPESVTREHCLIDNDIYDLSKNTW
NCKENRCIKRKVEHRVKKRPPTWRHNVRAKYTEGDTATKGDLMHIQEELMYE

101
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NDLLKMNIELMHAHINKLNNMLHDLIVSVAKVDERLIGNLMNNSVSSTELSD
DTFLLMPCTNPPAHTSNCYNNSIYKEGRVVVANTDSSQCIDEFSNYKELAIDD
DVEFWIPTIGNTTYHDSWKDASGWSEFIAQOKSNLITTMENTKEGGVGTSLSD
ITSMAEGELAAKLTSEFMFGHVVNEVIILIVILFLYCMIRNRNRQY

VSAIVLYVLLAAAAHSAFAARHCNAQMKTGPYKIKNLDITPPKETLOQKDVET
TIVETDYNENVIIGYKGYYQAYAYNGGSLDPNTRVEETMKTLNVGKEDLLMW
SIRQQCEVGEELIDRWGSDSDDCEFRDNEGRGQWVKGKELVKRONNNHEFAHHT
CNKSWRCGISTSKMYSRLECQDDTDECQVYILDAEGNPINVITVDTVLHRDGV
SMILKOKSTFTTROQIKAACLLIKDDKNNPESVTREHCLIDNDIYDLSKNTWN
CKENRCIKRKVEHRVKKRPPTWRHNVRAKYTEGDTATKGDLMHIQEETIMYEN
DLLKMNIEILMHAHINKLNNMLHDLIVSVAKVDERLIGNLMNNSVSSTFLSDD
TFLLMPCTNPPAHTSNCYNNSIYKEGRVVVANTDSSQCIDESNYKELATDDD
VEFWIPTIGNTTYHDSWKDASGWSEIAQQKSNLITTMENTKEGGVGT SLSDI
TSMAEGELAAKLTSFMFGHVVNEVITILIVILFLYCMIRNRNRQY

MKLPTGMVILCSLITIVRAGEFDDPRKATALVQKOHGKPCECSGGQVSEAPPNS
IQOQVTCPGKTAY LMTNQKWKCRVIPKISPSGGELONCPCNTFQDSMHSSCYT
EYRQCRRINKTYYTATLLKIRSGSLNEVQILONPNQLLOSPCRGSINQPVCHW
SATAPIHISDGGGPLDTKRVVVTVQKRLEQTIHKAMTPELOYHPLALPKVRDD
LSLDARTFDILNTTFRLLOMSNESLAQDCWLCLKLGTPTPLAIPTPSLTYSL
ADSLANASCQIIPPLLVQPMQESNSSCLSSPEFINDTEQIDLGAVTETNCTSV 103
ANVSSPLCALNGSVFLCGNNMAYTYLPONVVTRLCVQASLLPDIDINPGDEP
VPIPAIDHYIHRPKRAVQFIPLLAGLGITAAFTTGATGLGVSVIQYTKLSHQ
LISDVOVLSGTIQDLODQVDSLAEVVLONRRGLDLLTAEQGGICLALQEKCC
FYANKSGIVRNKIRTLOQEELQKRRESLATNPLVVTGLOGFLPYLLPLLGPLL

102

Elll.doge,nous TLLLILTIGPCVFSRLMAFINDRLNVVHAMVLAQQYOALKAEEEAQD
cling virus -

KLPTGMVILCSL I IVRAGFDDPRKAIALVOKQHGKPCECSGGOVSEAPPNST
RD114 ENV QKQ 2

QOVTCPGKTAYLMTNQKWKCRVTPKISPSGGELONCPCNTEFQDSMHSSCYTE
YROQCRRINKTYYTATLLKIRSGSLNEVQILONPNQLLOSPCRGSINQPVCWS
ATAPIHISDGGGPLDTKRVVVTVQKRLEQITHKAMTPELQYHPLATLPKVRDDL
SLDARTFDILNTTEFRLLOMSNESLAQDCWLCLKLGTPTPLAIPTPSLTYSLA
DSLANASCQIIPPLLVOPMOFSNSSCLSSPEFINDTEQIDLGAVTEFTNCTSVA 104
NVSSPLCALNGSVEFLCGNNMAYTYLPONVVTRLCVQASTLPDIDINPGDEPV
PIPAIDHYIHRPRKRAVQFIPLLAGLGITAAFTTGATGLGVSVITQYTKLSHOL
ISDVQVLSGTIQDLODQVDSLAEVVLONRRGLDLLTAEQGGICLALQEKCCE
YANKSGIVRNKIRTLOEELQKRRESLATNPLVVTGLQGFLPYLLPLLGPLLT
LILLILTIGPCVESRLMAFINDRLNVVHAMVLAQOYQALKAEEEAQD

Envelope protein of human origin

[0057] In some aspects, the envelope protein in the lipid delivery particle described herein has a human
origin, e.g., has significant sequence similarity to a human wild-type protein, such as at least 90%, at least
95%, at least 98%, or at least 99%. Using an envelope protein of a human origin can have benefits such as
providing a minimized immunogenicity and better tolerance in a human subject receiving the lipid
delivery particles. The lipid delivery particle comprising an envelope protein of a human origin can
comprise another component that is from human origin or from non-human origin (e.g., a payload or a
plasma membrane recruitment element). An envelope protein that is from human origin can include,
example, envelope proteins or glycoproteins of human endogenous retroviruses (HERVs), other human
endogenous envelope proteins, or other human endogenous proteins that serve a similar function of
recognizing and/or fusing with membrane of a target cell (e.g., clathrin adaptor protein complex-1,
CHMPA4C, Proteolipid protein 1, TSAP6, immunoglobulin variable domains, or a biologically active
mutant thereof).
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[0058] In some cases, the envelope protein is a HERV envelope protein such as any one of those listed in
Table 2. In some cases, the envelope protein is a hENVHI or a biologically active mutant thereof. In
some cases, the envelope protein is a hENVH2 or a biologically active mutant thereof. In some cases, the
envelope protein is a hENVH3 or a biologically active mutant thereof. In some cases, the envelope
protein is a hRENVK1 or a biologically active mutant thereof. In some cases, the envelope protein is a
hENVK2 or a biologically active mutant thercof. In some cases, the envelope protein is a hENVK3 or a
biologically active mutant thereof. In some cases, the envelope protein is a hENVK4 or a biologically
active mutant thereof. In some cases, the envelope protein is a hRENVKS or a biologically active mutant
thereof. In some cases, the envelope protein is a hENVKGS6 or a biologically active mutant thereof. In some
cases, the envelope protein 1s a hRENVT or a biologically active mutant thereof. In some cases, the
envelope protein is a hENVW or a biologically active mutant thereof. In some cases, the envelope protein
1s a hENVFRD or a biologically active mutant thereof. In some cases, the envelope protein is a hRENVR
or a biologically active mutant thereof. In some cases, the envelope protein is a hENVR(b) or a
biologically active mutant thereof. In some cases, the envelope protein is a hENVR(c)2 or a biologically
active mutant thereof. In some cases, the envelope protein is a hRENVR(¢)1 or a biologically active mutant
thereof. In some cases, the envelope protein is a hENVKcon or a biologically active mutant thereof. In
some cases, the envelope protein is a truncated HERV protein.

Table 2. Exemplary HERYV envelope proteins

# HERY envelope Gene name Accession no. Position in sequence
entry (a)

1. hENVHI1 envH/p62 AJ289709.1 6313-8067(+)
2. hENVH2 envH/p60 AJ289710.2 5393-7084(+)
3. hENVH3 envH/p59 AJ289711.1 5204-6871(+)
4. hENVK1 envKl AC074261.3 93508-95604(+)
5. hENVK2 envK2/HML-2 HOM | AC072054.10 30365-32464(-)
6. hENVK3 envK3/C19 Y17833.1 5581-7680(+)
7. hENVK4 envK4/K109 AF164615.1 6412-8508(+)
3. hENVKS5 envK5/K113 AY037928.1 6451-8550(+)
9. hENVK6 envK6/K115 AY037929.1 6442-8541(+)
10. hENVT envT AC078899.1 154738-156618(+)
11. hENVW Syncytin-1 AC000064.1 35879-37495(+)
12. hENVFRD Syncytin-2 AL136139.6 21355-22972(-)
13. hENVR erv-3 AC073210.8 54963-56978(-)
14. hENVR(b) envRb AC093488.1 78681-80225(+)
15. hENVF(c)2 envFc2 AC016222 4 85216-86963(+)
16. hENVEF(c)1 envFcl AL354685.2 46744-48717(-)
*17. hENVKcon N/A N/A N/A
(a) ‘+” and ‘-’ refer to the orientation within the sequence entry
*hENVK.onis a consensus sequence from ten proviral ENV sequences. The ENV sequences used to
derive this consensus ENV sequence are from the following HERVs: HERV-K113, HERV-K101,
HERV-K102, HERV-K104, HERV-K107, HERV-K108, HERV-K109, HERV-K115, HERV- K11p22,
and HERV-K12q13.

[0059] In some cases, the envelope protein comprises the sequences set forth in Table 3. In some cases,

the envelope protein comprises the sequences sct forth in Table 3 with at least one amino acid

substitution, deletion, or insertion. For example, for those amino acid sequences start with a N-terminal
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methionine, the N-terminal methionine can be absent. In some cases, the envelope protein comprises the
sequences set forth in Table 3 and a heterologous peptide sequence fused to the N-terminal or C-terminal.
[0060] In some cases, the envelope protein comprises one or more of the sequences set forth in Table 3
with at least one amino acid substitution, deletion, or mmsertion. For instance, N-terminal methionine can
be absent from the envelope protein of the lipid delivery particle provided herein relative to the wild-type
viral envelope protein. In some cases, the envelope protein comprises one or more of the sequences set
forth in Table 3 and a heterologous peptide sequence fused to the N-terminal or C-terminal.

[0061] In some cases, the envelope protein comprises any one of the sequences set forth in Table 3 with
at least one amino acid substitution, deletion, or insertion. For instance, N-terminal methionine can be
absent from the envelope protein of the lipid delivery particle provided herein relative to the wild-type
viral envelope protein. In some cases, the envelope protein comprises any one of the sequences set forth
in Table 3 and a heterologous peptide sequence fused to the N-terminal or C-terminal.

[0062] In some cases, the envelope protein comprises an amino acid sequence that has at least about
50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to a sequence set forth in SEQ ID NOs: 49-82. In some cases, the envelope protein comprises an
amino acid sequence that has at least about 50% sequence identity to a sequence set forth in any one of
SEQ ID NOs: 49-82. In some cases, the envelope protein comprises an amino acid sequence that has at
least about 60% sequence identity to a sequence set forth in any one of SEQ ID NOs: 49-82. In some
cases, the envelope protein comprises an amino acid sequence that has at least about 70% sequence
identity to a sequence set forth in any one of SEQ ID NOs: 49-82. In some cases, the envelope protein
comprises an amino acid sequence that has at least about 75% sequence identity to a sequence set forth in
any one of SEQ ID NOs: 49-82. In some cases, the envelope protein comprises an amino acid sequence
that has at least about 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a sequence set forth in any one of SEQ
ID NOs: 49-82. In some cases, the envelope protein comprises an amino acid sequence that has at least
about 80% sequence identity to a sequence set forth in any one of SEQ ID NOs: 49-82. In some cases,
the envelope protein comprises an amino acid sequence that has at least about 85% sequence identity to a
sequence set forth in any one of SEQ ID NOQOs: 49-82. In some cases, the envelope protein comprises an
amino acid sequence that has at least about 90% sequence identity to a sequence set forth in any one of
SEQ ID NOs: 49-82. In some cases, the envelope protein comprises an amino acid sequence that has at
least about 95% sequence identity to a sequence set forth in any one of SEQ ID NQOs: 49-82. In some
cases, the envelope protein comprises an amino acid sequence that has at least about 96% sequence
identity to a sequence set forth in any one of SEQ ID NOs: 49-82. In some cases, the envelope protein
comprises an amino acid sequence that has at least about 97% sequence identity to a sequence set forth in
any one of SEQ ID NQOs: 49-82 In some cases, the envelope protein comprises an amino acid sequence
that has at least about 98% sequence identity to a sequence set forth in any one of SEQ ID NOs: 49-82.
In some cases, the envelope protein comprises an amino acid sequence that has at least about 99%

sequence identity to a sequence set forth in any one of SEQ ID NOs: 49-82.
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Table 3. Exemplary sequences for human HERV envelope proteins
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HERY
envelope

Amino Acid Sequence

SEQ
1D
NO:

hENVT

MGPEAWVRPLKTAPKPGEATIRLILFIYLSCEFFLPVMSSEPSYSEFLLTSETTGRV
FANTTWRAGTSKEVSFAVDLCVLEPEPARTHEEQHNLPVIGAGSVDLAAGEGHS
GSQTGCGSSKGAEKGLONVDEYLCPGNHPDASCRDTYQFEFCPDWTCVTLATY SG
GSTRSSTLSISRVPHPKLCTRKNCNPLTITVHDPNAAQWYYGMSWGLRLY IPGE
DVGTMFTIQRKKILVSWSSPKPIGPLTDLGDPIFQKHPDKVDLTVPLPEFLVPRPQ
LOQOHLOPSIMSILGGVHHLLNLTQPKLAQDCWLCLKAKPPYYVGLGVEATLKR
GPLSCHTRPRALTIGDVSGNASCLISTGYNLSASPFQATCNQSLLTSISTSVSY
QAPNNTWLACT SGLTRCINGTEPGPLLCVLVHVLPQVYVYSGPEGRQLIAPPEL
HPRLHQAVPLLVPLLAGLSTAGSAAIGTAALVQGETGLISLSQQVDADEFSNLQS
ATIDILHSQVESLAEVVLONCRCLDLLFLSQGGLCAALGESCCEFYANQSGVIKGT
VKKVRENLDRHOOERENNIPWYQSMENWNPWLTTLITGLAGPLLILLLSLIFGP
CILNSEFLNFIKQRIASVKLTYLKTQYDTLVNN

49

GPEAWVRPLKTAPKPGEATIRLILFIYLSCFFLPVMSSEPSYSEFLLTSEFTTGRVE
ANTTWRAGTSKEVSFAVDLCVLEFPEPARTHEEQHNLPVIGAGSVDLAAGEFGHSG
SQTGCGSSKGAEKGLONVDEYLCPGNHPDASCRDTYQFFCPDWTCVTLATY SGG
STRSSTLSISRVPHPKLCTRKNCNPLT ITVHDPNAAQWYYGMSWGLRLYTIPGED
VGTMEFTIQKKILVSWSSPKPIGPLTDLGDPIFQKHPDKVDLTVPLPFLVPRPOL
QOQHLOPSIMSILGGVHHLLNLTOPKLAQDCWLCLKAKPPYYVGLGVEATLKRG
PLSCHTRPRALTIGDVSGNASCLISTGYNLSASPFQATCNQSLLTSISTSVSYQ
APNNTWLACTSGLTRCINGTEPGPLLCVLVHVLPQVYVYSGPEGRQLIAPPELH
PRLHOQAVPLLVPLLAGLSIAGSAAIGTAALVQGETGLISLSQQVDADESNLQSA
IDILHSQVESLAEVVLONCRCLDLLEFLSQGGLCAALGESCCEFYANQSGVIKGTV
KKVRENLDRHQQERENNIPWYQSMEFNWNPWLTTLITGLAGPLLILLLSLIFGPC
ILNSEFLNEFTIKQRIASVKLTYLKTQYDTLVNN

50

hENVW

MALPYHIFLFTVLLPSFTLTAPPPCRCMTSSSPYQEFLWRMORPGNIDAPSYRS
LSKGTPTFTAHTHMPRNCYHSATLCMHANTHYWTGKMINPSCPGGLGVTVCWTY
FTOQTGMSDGGGVODOAREKHVKEVISQLTRVHGTSSPYKGLDLSKLHETLRTHT
RLVSLENTTLTGLHEVSAQNPTNCWICLPLNFRPYVSIPVPEQWNNESTEINTT
SVLVGPLVSNLEITHTSNLTCVKESNTTYTTNSQCIRWVTPPTQIVCLPSGIFEE
VCGTSAYRCLNGSSESMCEFLSFLVPPMTIYTEQDLY SYVISKPRNKRVPILPEV
IGAGVLGALGTGIGGITTSTQFYYKLSQELNGDMERVADSLVTLODOQLNSLAAV
VLONRRALDLLTAERGGTCLELGEECCYYVNQSGIVIEKVKETIRDRIQRRAEET
RNTGPWGLLSQWMPWILPFLGPLAAITLILLLEGPCIENLLVNEVSSRIEAVKLQ
MEPKMQSKTKIYRRPLDRPASPRSDVNDIKGTPPEEISAAQPLLRPNSAGSS;

51

ALPYHIFLFTVLLPSFTLTAPPPCRCMTSSSPYQEFLWRMORPGNIDAPSYRSL
SKGTPTFTAHTHMPRNCYHSATLCMHANTHYWIGKMINPSCPGGLGVIVCWTYF
TOTGMSDGGGVODQAREKHVKEVISQLTRVHGT SSPYKGLDLSKLHETLRTHTR
LVSLENTTLTGLHEVSAQNPTNCWICLPLNFRPYVSIPVPEQWNNESTEINTTS
VLVGPLVSNLEITHTSNLTCVKESNTTYTTNSQCIRWVIPPTQIVCLPSGIFEV
CGTSAYRCLNGSSESMCFLSEFLVPPMTIYTEQDLY SYVISKPRNKRVPILPEVI
GAGVLGALGTGIGGITTSTQEFYYKLSQELNGDMERVADSLVTLODQLNSLAAVV
LONRRALDLLTAERGGTCLFLGEECCYYVNQSGIVTEKVKEIRDRIQRRAEELR
NTGPWGLLSQWMPWILPFLGPLAATILLLLFGPCIFNLLVNEVSSRIEAVKLOM
EPKMOSKTKIYRRPLDRPASPRSDVNDIKGTPPEEISAAQPLLRPNSAGSS

52

hENVH

MIFAGKAPSNTSTIMKEYSLLLY SLLESEFPFLCHPLPLPSYLHHTINLTHSLLA
ASNPSLVNNCWLCISLSSSAYTAVPAVQTDWATSPISLHLRTSENSPHLYPPEE
LIYFLDRSSKTSPDISHQOQAAALTLRTYLKNLSPYINSTPPIFGPLTTOTTIPVA
APLCISWQRPTGIPLGNLSPSRCSFTLHLRSPTTNINETIGAFQLHITDKPSIN
TDKLKNISSNYCLGRHLPCISLHPWLSSPCSSDSPPRPSSCLLIPSPENNSERL
LVDTRRFLIHHENRTEFPSTQLPHOSPLOPLTAAATAGSLGVWVQDTPESTPSHL
FTLHLOQFCLAQGLFFLCGSSTYMCLPANWTGTCTLVELTPKIQFANGTEELPVP
LMTPTQQKRVIPLIPLMVGLGLSASTVALGTGIAGISTSVMTFRSLSNDEFSAST
TDISQTLSVLQAQVDSLAAVVLONRRGLDLLTAEKGGLCIFLNEECCEYLNQSG
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LVYDNIKKLKDRAQKLANQASNYAEPPWALSNWMSWVLPIVSPLIPIFLLLLEG
PCIFRLVSQFIONRIQATITNHSIROMEFLLTSPQYHPLPQDLPSA;

IFAGKAPSNTSTLMKEYSLLLYSLLESFPFLCHPLPLPSYLHHT INLTHSLLAA
SNPSLVNNCWLCISLSSSAYTAVPAVOTDWATSPISLHLRTSEFNSPHLYPPEEL
IYFLDRSSKTSPDISHQOAAATLRTYLKNLSPY INSTPPIFGPLTTQTTIPVAA
PLCISWORPTGIPLGNLSPSRCSETLHLRSPTTNINETIGAFQLHITDKPSINT
DKLKNISSNYCLGRHLPCISLHPWLSSPCSSDSPPRPSSCLLIPSPENNSERLL
VDTRRELIHHENRTEFPSTQLPHQSPLOPLTAAATAGSLGVWVQDTPEFSTPSHLE
TLHLOFCLAQGLFFLCGSSTYMCLPANWIGTCTLVEFLTPRKIQFANGTEELPVPL
MTPTOQKRVIPLIPLMVGLGLSASTVALGTGIAGISTSVMTEFRSLSNDEFSASIT
DISQTLSVLQAQVDSLAAVVLONRRGLDLLTAEKGGLCIFLNEECCEFYLNQSGL
VYDNIKKLKDRAQKLANQASNYAEPPWALSNWMSWVLPIVSPLIPIFLLLLEGP
CIFRLVSQFIONRIQAITNHSIROMELLTSPQYHPLPODLPSA

54

hENVH

MIFAGRASSNTSTIMKEYSLLLYSLLESFPILCHPLPLPSYLHHTINLTHSLLA
VSNPSLAKNCWLCISLPSSAYPAVPALQTDWGTSPVSPHLRTSENSPHLYPPEK
LIYFLDRSSKITSPDISHQQAAATLLCTYLKNLSPYINSTPPTFGPLTTQTTIPVA
APLCISRORPTGIPLGNLSPSRCSFTLHLRSPTTHITETNGAFQLHITDKPSIN
TDKLKNVSSNYCLGRHLSCISLHPWLESPCSSDSPPRPSSCLLIPSPKNNSESL
LVDAQRFLIYHENRTSPSTQLPHQSPLOQPLTAAPLGGSLRVWVQDTPESTPSHL
FITLHLQFCLVQSLEFFLCGSSTYMCLPANWTGTCTLVELTSKIQFANGTEELPVP
LMTPTRQKRVIPLIPLMVGLGLSASTVALGTGIAGISTSVTITFRILSNDESASI
TDISQTLSGLOQAQVDSSAAVVLONROGLDLLTAEKGGLCIFLNEESYEFYLNQSG
LVYDNIKKLKDKAQNLANQASNYAEPPWPLSNWMSWVLPILSPLIPIFLLLEER
PCIFHLVSQFIQNHIQATITDHST

55

IFAGRASSNTSTLMKEYSLLLYSLLESFPILCHPLPLPSYLHHT INLTHSLLAV
SNPSLAKNCWLCISLPSSAYPAVPALQTDWGTSPVSPHLRTSENSPHLYPPEKL
IYFLDRSSKTSPDISHQOAAATLLCTYLKNLSPY INSTPPTFGPLTTQTTIPVAA
PLCISROQRPTGIPLGNLSPSRCSEFTLHLRSPTTHITETNGAFQLHITDKPSINT
DKLKNVSSNYCLGRHLSCISLHPWLESPCSSDSPPRPSSCLLIPSPKNNSESLL
VDAQRFLIYHENRTSPSTQLPHOSPLOPLTAAPT.GGSLRVWVQDTPEFSTPSHLE
TLHLOQFCLVOSLEFFLCGSSTYMCLPANWIGTCTLVEFLTSKIQFANGTEELPVPL
MTPTRQKRVIPLIPIMVGLGLSASTVALGTGIAGISTSVTTFRILSNDEFSASTIT
DISQTLSGLQAQVDSSAAVVLONROQGLDLLTAEKGGLCIFLNEESYFYLNQSGL
VYDNIKKLKDKAQNLANQASNYAEPPWPLSNWMSWVLPILSPLIPIFLLLEFRP
CIFHLVSQFIONHIOQAITDHST

56

hENVH

MILAGRAPSNTSTIMKEYSLLLYSLLESFPFLYHPLPLPSYLHHTINLTHSLPA
ASNPSLANNCWLCISLSSSAYIAVPTLOTDRATSPVSLHLRTSENSPHLYPPEE
LIYFLDRSSKTSPDISHQPAAALTLHIYLKNLSPYINSTPPIFGPLTTQTTIPVA
APLCISRORPTGIPLGNISPSRCSFTLHLQSPTTHVTETIGVEFQLHIIDKPSIN
TDKLKNVSSNYCLGRHLPYISTLHPWLPSPCSSDSPPRPSSCLLTPSPONNSERL
LVDTOQRFLIHHENRTSSSMQLAHQSPLOPLTAAATAGSLGVWVQDTPESTPSHP
FSLHLQFCLTQGLEFFLCGSSTYMCLPANWTGTCTLVELTPKIQFANGTKELPVP
ILMTLTPOQKRVIPLIPLMVGLGLSASTIALSTGIAGISTSVITFRSPSNDESAST
TDISQTLSVLQAQVDSLAAVVLONRRGLGLSILLNEECCEYLNQSGLVYENIKK
LKDRAQKLANQASNYAESPWALSNWMSWVLPILSPLIPIFLLLLEFGPCIFHLVS
QFIONRIQAITNHSI;

57

ILAGRAPSNTSTLMKEYSLLLYSLLESFPFLYHPLPLPSYLHHTINLTHSLPAA
SNPSLANNCWLCISLSSSAYIAVPTLOQTDRATSPVSLHLRTSEFNSPHLYPPEEL
IYFLDRSSKTSPDISHQPAAATLLHIYLKNLSPY INSTPPIFGPLTTQTTIPVAA
PLCISRORPTGIPLGNISPSRCSETLHLOQSPTTHVIETIGVEQLHITDKPSINT
DKLKNVSSNYCLGRHLPYISLHPWLPSPCSSDSPPRPSSCLLTPSPONNSERLL
VDTQRFLIHHENRTSSSMQLAHQSPLOPLTAAATAGSLGVWVQDTPEFSTPSHPE
SLHLQFCLTQGLEFFLCGSSTYMCLPANWTGTCTLVFLTPKIQFANGTKELPVPL
MTLTPQKRVIPLIPLMVGLGLSASTIALSTGIAGISTSVTTEFRSPSNDESASIT
DISQTLSVLOAQVDSLAAVVLONRRGLGLSILLNEECCEYLNQSGLVYENIKKL
KDRAQKLANQASNYAERSPWALSNWMSWVLPILSPLIPIFLLLLEGPCIFHLVSQ
FIONRIQATTNHSI
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hENVK

MHPSEMOQRKAPPRRRRHRNRAPLTHKMNKMVTSEQMKLPSTKKAEPPTWAQLKK
LTQLATKYLENTKVTQTPESMLLAATMIVSMVVSLPMPAGAAAANY TNWAYVPE
PPLIRAVIWMDNPIEVYVNDSVWVHGPIDDRCPAKPEEEGMMINISIGYHYPPT
CLGRAPGCLMPAVONWLVEVPTVSPISRETYNMVSGMSLRPRVNYLODESYQRS
LKFRPKGKPCPKEIPKESKNTEVLVWEECVANSVVILONNEFGT ITDWAPRGQF
YHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSFY PWEWGEKGISTPRP
KITSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTVDLNSSLTVPL
QSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTFNWQHRILLVRAREGV
WIPVSMDRPWEASPSIHILTEVLKGVLNRSKRETIFTLIAVIMGLIAVTAMAAVA
GVALHSEFVQSVNEVNDWQKNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRLM
SLEHRFQLOCDWNTSDEFCITPQIYNESEHHWDMVRRHLOQGREDNLTLDISKLKE
QIFEASKAHLNLVPGTEATAGVADGLANLNPVTWVKTIGSTTIINLILILVCLE
CLLLVCRETQQLRRDSYHRERAMMTMVVLSKRKGGNVGKSKRDQIVTVSV;

59

HPSEMQRKAPPRRRRHRNRAPLTHEKMNKMVT SEQMKLPSTKKAEPPTWAQLKKL
TOLATKYLENTKVTQTPESMLLAALMIVSMVVSLPMPAGAAAANYTNWAYVPEP
PLIRAVITWMDNPIEVYVNDSVWVHGPIDDRCPAKPEEEGMMINISIGYHYPPIC
LGRAPGCLMPAVONWLVEVPTVSPISREFTYNMVSGMSLRPRVNYLODESYQRSL
KFRPKGKPCPKEIPKESKNTEVLVWEECVANSVVILONNEFGTIIDWAPRGQEY
HNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLOSEFYPWEWGEKGISTPRPK
IISPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEYTVDLNSSLTVPLQ
SCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTEFNWQHRILLVRAREGVW
IPVSMDRPWEASPSIHILTEVLKGVLNRSKREIFTLIAVIMGLIAVTAMAAVAG
VALHSEVQSVNEVNDWOKNSTRLWNSQSSIDOKLANQINDLROTVIWMGDRLMS
LEHRFQLOCDWNT SDECITPQIYNESEHHWDMVRRHLOQGREDNLTLDISKLKEQ
IFEASKAHLNLVPGTEAIAGVADGLANLNPVIWVKTIGSTTIINLILILVCLEC
LLLVCRFTQQLRRDSYHRERAMMTMVVLSKRKGGNVGKSKRDQIVTVSV

60

hENVK

MNPSEMOQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLK
KLTQLATKYLENTKVIQTPESMLLAATMIVSMVVSLPMPAGAAARANYTYWAY VP
FPPLIRAVTWMDNPTEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYHYPP
ICLGRAPGCLMPAVONWLVEVPTVSPICREFTYHMVSGMSLRPRVNYLODEFSYQR
SLKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGTI IDWAPRGQ
FYHNCSGQTQSCPSAQVSPAVDSDLTE SLDKHKHKKLOSEYPWEWGEKGISTPR
PKIVSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTIDINSSLTVP
LOSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTENWQHRILLVRAREG
VWIPVSMDRPWEASPSVHILTEVLKGVLNRSKREIFTLTIAVIMGLIAVTATAAV
AGVALHSSVQSVNEVNDWQKNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRL
MSLEHRFQLOCDWNTSDFCITPQIYNESEHHWDMVRRHLOGREDNLTLDI SKLK
EQIFEASKAHLNLVPGTEATAGVADGLANLNPVIWVKTIGSTTIINLILILVCL
FCLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVIVSV;

61

NPSEMORKAPPRRRRHRNRAPLTHKMNKMVT SEEQMKLPSTKKAEPPTWAQLKK
LTOQLATKYLENTKVTQTPESMLLAATMIVSMVVSLPMPAGAAAANY TYWAYVPE
PPLIRAVIWMDNPTEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYHYPPT
CLGRAPGCLMPAVONWLVEVPTVSPICRETYHMVSGMSLRPRVNYLODESYQRS
LKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGT ITDWAPRGQF
YHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSFY PWEWGEKGISTPRP
KIVSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTIDLNSSLTVPL
QOSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTFNWQHRILLVRAREGV
WIPVSMDRPWEASPSVHILTEVLKGVLNRSKRETIFTLIAVIMGLIAVTATAAVA
GVALHSSVQSVNEVNDWQKNSTRLWNSQSSIDQKLANQINDLRQTVIWMGDRLM
SLEHRFQLOCDWNTSDFCITPQIYNESEHHWDMVRRHLOQGREDNLTLDISKLKE
QIFEASKAHLNLVPGTEATAGVADGLANLNPVTWVKTIGSTTIINLILILVCLE
CLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVTVSV

62

hENVK

MNPSEMORKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLK
KLTQLATKYLENTKVIQTPESMLLAATMIVSMVVSLPMPAGAAAANYTYWAYVP
FPPLIRAVTWMDNPIEVYVNDSVWVPGPTDDHCPAKPEEEGMMINISTIGYRY PP
ICLGRAPGCLMPAVONWLVEVPTVSPISREFTYHMVSGMSLRPRVNYLODESYQR
SEFKEFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEEFGTIIDWAPRGQ
FYHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHRKKLOSEYPWEWGERKGISTPR

63
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PRKIISPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTVDLNSSVTVP
LOSCIKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTENWQHRILLVRAREG
VWIPVSMDRPWETSPSIHTLTEVLKGVLNRSKREFIFTLTAVIMGLIAVTATAAV
AGVALHSSVQSVNEVNDWORNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRL
MSLEHRFQLOCDWNTSDESITPQIYNESEHHWDMVRRHLOGREDNLTLDISKLK
EQIFEASKAHLNLVPGTEATAGVADGLANLNPVIWVKTIGSTTIINLILILVCL
FCLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVIVSV;

NPSEMQRKAPPRRRRHRNRAPLTHKMNKMVT SEEQMKLPSTKKAEPPTWAQLKK
LTQLATKYLENTKVTQTPESMLLAATMIVSMVVSLPMPAGAAAANY TYWAYVPE
PPLIRAVIWMDNPIEVYVNDSVWVPGPTDDHCPAKPEEEGMMINISIGYRYPPT
CLGRAPGCLMPAVONWLVEVPTVSPISRETYHMVSGMSLRPRVNYLODESYQRS
FKEFRPRGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGT ITDWAPRGQE
YHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSEFY PWEWGEKGISTPRP
KITSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTVDLNSSVIVPL
QSCIKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTEFNWOQHRILLVRAREGV
WIPVSMDRPWETSPSIHTLTEVLKGVLNRSKREIFTLIAVIMGLIAVTATAAVA
GVALHSSVQSVNEVNDWQKNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRLM
SLEHREFQLOCDWNTSDESITPOIYNESEHHWDMVRRHLOGREDNLTLDISKLKE
QIFEASKAHLNLVPGTEATAGVADGLANLNPVTWVKTIGSTTIINLILILVCLE
CLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVTVSV

64

hENVK

MNPSEMQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLK
KLTQLATKYLENTRVIQTPESMLLAATMIVSMVVSLPMPAGAAAANY TNWAY VP
FPPLIRAVTWMDNPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPT
CLGRAPGCLMPAVONWLVEVPIVSPICREFTYHMVSGMSLRPRVNYLODESYQRS
LKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGT ITDWTPQGQF
YHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSEY PWEWGEKGISTPRP
KITSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTVDLNSSLTLPL
QSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTEFNWOQHRILLVRAREGV
WIPVSMDRPWEASPSIHILTEVLKGVLNRSKREIFTLIAVIMGLIAVTATAAVA
GVALHSSVQSVNEVNDGQKNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRLM
SLEHRFQLOCDWNTSDEFCITPQIYNESEHHWDMVRRHLOGREDNLTLDISKLKE
QIFEASKAHLNLVPGTEATAGVADGLANLNPVTWVKTIGSTTIINLILILVCLE
CLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVTVSV;

65

NPSEMQRKAPPRRRRHRNRAPLTHKMNKMVT SEEQMKLPSTKKAEPPTWAQLKK
LTQLATKYLENTKVTQTPESMLLAATMIVSMVVSLPMPAGAAAANY TNWAYVPE
PPLIRAVIWMDNPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPIC
LGRAPGCIMPAVONWLVEVPIVSPICRFTYHMVSGMSLRPRVNYLODESYQRSL
KFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGTIIDWTPQOGQEY
HNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSEYPWEWGEKGISTPRPK
IISPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEYTVDLNSSLTLPLO
SCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTENWQHRILLVRAREGVW
IPVSMDRPWEASPSIHILTEVLKGVLNRSKREIFTLIAVIMGLIAVTATAAVAG
VALHSSVQSVNEVNDGOKNSTRLWNSQSSIDOKLANQINDLROTVIWMGDRLMS
LEHRFQLOCDWNTSDECITPQIYNESEHHWDMVRRHLOGREDNLTLDISKLKEQ
IFEASKAHLNLVPGTEAIAGVADGLANLNPVIWVKTIGSTTIINLILILVCLEC
LLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVTVSV

66

hENVK

MNPSEMQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLK
KLTQLATKYLENTKVIQTPESMLLAATMIVSMVVSLPMPAGAAAANYTYWAY VP
FPPLIRAVTWMDNPIEIYVNDSVWVPGPTDDCCPAKPEEEGMMINISIGYRYPP
ICLGRAPGCLMPAVONWLVEVPTVSPISRFTYHMVSGMSLRPRVNYLODESYQR
SLKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGTLIDWAPRGQ
FYHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLOSEYPWEWGEKGISTAR
PKIISPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTIDINSSLTVP
LOSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTENWQHRILLVRAREG
VWIPVSMDRPWEASPSVHILTEVLKGVLNRSKRFIFTLTAVIMGLTIAVTATAAV
AGVALHSSVQSVNEVNDWONNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRL
MSLEHREFQLQCDWNTSDEFCITPQIYNESEHHWDMVRCHLOGREDNLTLDISKLK
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EQIFEASKAHLNLVPGTEATAGVADGLANLNTVIWVKTIGSTTIINLILILVCL
FCLLLVYRCTQQLRRDSDHRERAMMTMVVLSKRKGGNVGKSKRDQIVITVSV;

NPSEMQRKAPPRRRRHRNRAPLTHKMNKMVT SEEQMKLPSTKKAEPPTWAQLKK
LTQLATKYLENTKVTQTPESMLLAATMIVSMVVSLPMPAGAAAANY TYWAYVPE
PPLIRAVIWMDNPIEIYVNDSVWVPGPTDDCCPAKPEEEGMMINISIGYRYPPT
CLGRAPGCLMPAVONWLVEVPTVSPISRETYHMVSGMSLRPRVNYLODESYQRS
LKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGTLIDWAPRGQF
YHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSEY PWEWGEKGISTARP
KITSPVSGPEHPELWRLTVASHHIRIWSGNOQTLETRDRKPEFYTIDLNSSLTVPL
QSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTFNWOQHRILLVRAREGV
WIPVSMDRPWEASPSVHILTEVLKGVLNRSKREIFTLIAVIMGLIAVTATAAVA
GVALHSSVQSVNEVNDWONNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRLM
SLEHREFQLOCDWNTSDEFCITPOQIYNESEHHWDMVRCHLOQGREDNLTLDISKLKE
QIFEASKAHLNLVPGTEATAGVADGLANLNTVIWVKTIGSTTIINLILILVCLE
CLLLVYRCTQQLRRDSDHRERAMMTMVVLSKRKGGNVGKSKRDQIVTVSV

68

hENVK

MNPSEMQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLK
KLTQLATKYLENTRKVIQTPESMLLAATMIVSMVVSLPMPAGAAVANY TNWAY VP
FPPLIRAVTWMDNPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRY PP
ICLGRAPGCILMPAVONWLVEVPTVSPISREFTYHMVSGMSLRPRVNYLODEFSYQR
SLKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGTI IDWAPRGQ
FYHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLOSEYPWEWGEKRISTPR
PKIVSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTVDLNSSLTLP
LOSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTENWQHRILLVRAREG
VWIPVSMDRPWEASPSVHILTEVLKGVLNRSKRFIFTLTAVIMGLTIAVTATAAV
AGVALHSSVQSVNEVNDGOQRKNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRL
MSLEHREFQLQCDWNTSDEFCITPQIYNDSEHHWDMVRRHLOGREDNLTLDISKLK
EQIFEASKAHLNLVPGTEATAGVADGLANLNPVIWVKTIGSTTIINLILILVCL
FCLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVITVSV;

69

NPSEMQRKAPPRRRRHRNRAPLTHKMNKMVT SEEQMKLPSTKKAEPPTWAQLKK
LTQLATKYLENTKVTQTPESMLLAATMIVSMVVSLPMPAGAAVANY TNWAYVPE
PPLIRAVIWMDNPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPPT
CLGRAPGCLMPAVONWLVEVPTVSPISRETYHMVSGMSLRPRVNYLODESYQRS
LKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGT ITDWAPRGQF
YHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSEFYPWEWGEKRISTPRP
KIVSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTVDLNSSLTLPL
QSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTFNWOQHRITLLVRAREGV
WIPVSMDRPWEASPSVHILTEVLKGVLNRSKREFTIFTLTAVIMGLTAVTATAAVA
GVALHSSVQSVNEVNDGQKNSTRLWNSQSSIDOQKLANQINDLRQTV IWMGDRLM
SLEHREFQLOQCDWNTSDECITPQIYNDSEHHWDMVRRHLOQGREDNLTLDISKLKE
QIFEASKAHLNLVPGTEATAGVADGLANLNPVTWVKTIGSTTIINLILILVCLE
CLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVTVSV

70

hENVF
RD

MGLLLLVLILTPSLAAYRHPDFPLLEKAQQLLOSTGSPYSTNCWLCTSSSTETP
GTAYPASPREWTSIEAERLHISYRWDPNLKGLMRPANSLLSTVKQDEFPDIRQKPP
IFGPIFTNINLMGIAPICVMAKRRKNGTNVGTLPSTVCNVTEFTVDSNQQTYQTYT
HNQFRHQPRFPKPPNITFPOGTLLDKSSREFCQGRPSSCSTRNFWERPADYNQCL
QISNLSSTAEWVLLDOTRNSLEWENKTKGANQSQTPCVOVLAGMTIATSYLGIS
AVSEFFGTSLTPLEFHFHISTCLKTQGAFY ICGQSIHQCLPSNWTGTCTIGYVTP
DIFIAPGNLSLPIPIYGNSPLPRVRRAIHFIPLLAGLGILAGTGTGIAGITKAS
LTYSQLSKEIANNIDTMAKALTTMQEQIDSLAAVVLONRRGLDMLTAAQGGICL
ALDEKRKCCEWVNQSGKVQDNIRQLLNQASSLRERATQGWLNWEGTWKWESWVLPL
TGPLVSLLLLLLEFGPCLLNLITQEFVSSRLOATKLOTNLSAGRHPRNIQESPE;

71

GLLLLVLILTPSLAAYRHPDFPLLEKAQQLLOSTGSPYSTNCWLCTSSSTETPG
TAYPASPREWT SIEAELHISYRWDPNLKGLMRPANSLLSTVKQDEFPDIRQKPPI
FGPIFTNINLMGIAPICVMAKRKNGTNVGTLPSTVCNVTETVDSNQOQTYQTYTH
NQFRHQPRFPKPPNITFPQGTLLDKSSRECQGRPSSCSTRNFWFRPADYNQCLQ
ISNLSSTAEWVLLDOTRNSLEWENKTKGANQSQTPCVQVLAGMT IATSYLGISA
VSEFFGTSLTPLEFHFHISTCLKTQGAFY ICGQSTHQCLPSNWIGTCTIGYVTPD
IFIAPGNLSLPIPIYGNSPLPRVRRATIHFTIPLLAGLGILAGTGTGIAGITKASL
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TYSQLSKETANNIDTMAKALTTMOEQIDSLAAVVLONRRGLDMLTAAQGGICLA
LDEKRCCEFWVNQSGKVQODNIRQLLNQASSLRERATQGWLNWEGTWKWESWVLPLT
GPLVSLLLLLLFGPCLLNLITQFVSSRLOAIKLOTNLSAGRHPRNIQESPF

hENVR

MLGMNMLLITLFLLLPLSMLKGEPWEGCLHCTHTTWSGNIMTKTLLYHTYYECA
GTCLGTCTHNQTTYSVCDPGRGOPYVCYDPKSSPGTWEFEIHVGSKEGDLLNQTK
VEPSGKDVVSLYFDVCQIVSMGSLEPVIFSSMEYYSSCHKNRYAHPACSTDSPV
TTCWDCTTWSTNQQSLGPIMLTKIPLEPDCKTSTCNSVNLTILEPDOQPIWTTGL
KAPLGARVSGEEIGPGAYVYLYI ITKKTRTRSTQQFRVEESEFYEHVNQKLPEPPP
LASNLFAQLAENTIASSLHVASCYVCGGMNMGDOWPWEARELMPODNEFTLTASSL
EPAPSSQSIWEFLKTSIIGKFCIARWGKAFTDPVGELTCLGOQYYNETLGKTLWR
GKSNNSESPHPSPEFSREPSLNHSWYQLEAPNTWQAPSGLYWICGPQAYRQLPAK
WSGACVLGTIRPSEFFLMPLKOGEALGY PIYDETKRKSKRGITIGDWKDNEWPPE
RITQYYGPATWAEDGMWGYRTPVYMLNRIIRLOQAVLEIITNETAGALNLLAQQA
TKMRNVIYONRLALDYLLAQEEGVCGKEFNLTNCCLELDDEGKVIKEITAKIQKL
AHTPVQTWKG;
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LGMNMLLITLFLLLPLSMLKGEPWEGCLHCTHTTWSGNIMTKTLLYHTYYECAG
TCLGTCTHNQTTY SVCDPGRGQPYVCYDPRKSSPGIWEFETIHVGSKEGDLLNQTKV
FPSGKDVVSLYEFDVCQIVSMGSLEPVIEFSSMEYYSSCHKNRYAHPACSTDSPVT
TCWDCTTWSTNQQSLGPIMLTKIPLEPDCKT STCNSVNLTILEPDQPIWTTGLK
APLGARVSGEEIGPGAYVYLY ITKKTRTRSTQQFRVEFESEYEHVNQKLPEPPPL
ASNLFAQLAENIASSLHVASCYVCGGMNMGDOWPWEARELMPQDNEFTLTASSLE
PAPSSQSIWFLKTSIIGKFCIARWGKAFTDPVGELTCLGOQYYNETLGKTLWRG
KSNNSESPHPSPESREPSLNHSWYQLEAPNTWQAPSGLYWICGPQAYRQLPAKW
SGACVLGTIRPSFFLMPLKQGEALGYPIYDETKRKSKRGITIGDWKDNEWPPER
ITOYYGPATWAEDGMWGYRTPVYMLNRITRLOAVLET ITNETAGALNLLAQQAT
KMRNVIYONRLALDYLLAQEEGVCGKENLTNCCLELDDEGKVIKEITAKIQKLA
HIPVQTWKG
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hENVR(
b)

MDPLHTIEKVPARRNIHDRGHQGHRMGDGTPGRPKISVOOMTRESLIIFFLSAP
FVVNASTSNVELOWAHSYADGLOQGDPCWVCGSLPVINTMELPWWV SPLOGKDW
VEFQSFIGDLKOWTGAQMTGVIRKNISEWPINKTLNEPGHDKPESVNETRDKVI
AFATPLLDTRKVEVQTSRPONTQYRNGEFLOIWDGEFIWLTATKGHLSQIAPLCWEQ
RNHSILDNWPNTTRVMGWIPPGQCRHTILLOQQRDLFATDWSQQOPGLNWYAPNGTQ
WLCSPNLWPWLPSGWLGCCTLGIPWAQGRWVKTMEVYPYLPHVVNQGTRAIVHR
NDHLPTIFMPSVGLGTVIQHIEALANFTQRALNDSLQSISIMNAEVYYMHEDIL
ONRMALDITTAAEGGTCALIKTECCVY IPNNSRNISLALEDTCROQIQVISSSAL
SLHDWIASQEFSGRPSWWOKILIVLATLWSVGIALCCGLYFCRMEFSQHIPQTHST
IFQQELPLSPPSQEHYQSQRDIFHSNAP;
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DPLHTIEKVPARRNIHDRGHQGHRMGDGTPGRPKISVQOMTRESLITFFLSAPE
VVNASTSNVEFLOWAHSYADGLQOQGDPCWVCGSLPVTINTMELPWWVSPLOGKDWV
FFQSEFIGDLKOWITGAQMTGVTRKNISEWPINKTLNEPGHDKPESVNETRDKVIA
FATPLLDTKVEVQTSRPONTQYRNGFLOQIWDGE IWLTATKGHLSQIAPLCWEQR
NHSLDNWPNTTRVMGWIPPGQCRHT ILLOQQRDLEFATDWSQQPGLNWYAPNGTQW
LCSPNLWPWLPSGWLGCCTLGIPWAQGRWVKTMEVYPYLPHVVNOQGTRATIVHRN
DHLPTIFMPSVGLGTVIQHIEATLANFTOQRATLNDSLQSISLMNAEVYYMHEDILQ
NRMALDILTAAEGGTCALIKTECCVYIPNNSRNISLALEDTCRQIQVISSSALS
LHDWIASQFSGRPSWWOKILIVLATIWSVGIALCCGLY FCRMEFSQHIPQTHSTIT
FQOELPLSPPSQEHYQSQRDIEFHSNAP
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hENVF(
o)l

MARPSPLCLLLLLTLLTPIVPSNSLLTEPPFRWREFYLHETWTQGNRLSTVTLAT
VDCQPHGCQAQVTENETSEFKSVLRGWSNPTICEVYDQTHSNCRDYWVDTNGGCP
YAYCRMHVTQLHTAKKLOQHTYRLTSDGRTTYEFLTIPDPWDSRWVSGVTGRLY RW
PTDSYPVGKLRIFLTYIRVIPQVLSNLKDQADNIKHQEEVINTLVQSHPKADMV
TYDDKAEAGPEFSWITLVRHGARLVNMAGLVNLSHCEFLCTALSQPPLVAVPLPOA
FNTSGNHTAHPSGVESEQVPLFRDPLOPQFPFCYTTPNSSWCNQTY SGSLSNLS
APAGGYFWCNFTLTKHLNISSNNTLSRNLCLPISLVPRLTLYSEAELSSLVNPP
MROKRAVEPPLVIGVSLTSSLVASGLGTGAIVHFISSSQDLSIKLOMATEASAE
SLASLQROITSVARKVAMONRRALDLLTADKGGTCMEFLGEECCYY INESGLVETS
LILTLDKIRDGLHRPSSTPNYGGGWWQSPLTTWIIPFISPILTIICLLLLIAPCVL
KFTIKNRISEVSRVIVNQMLLHPYSRLPTSEDHYDDALTQQEAAR;
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ARPSPLCLLLLLTLLTPIVPSNSLLTEPPFRWREYLHETWTQGNRLSTVTLATV
DCQPHGCOAQVTENFTSFKSVLRGWSNPTICEVYDQTHSNCRDYWVDTNGGCPY
AYCRMHVTQLHTAKKLOQHTYRLTSDGRTTYFLTIPDPWDSRWVSGVITGRLYRWP
TDSYPVGKLRIFLTYIRVIPOVLSNLKDOADNIKHQEEVINTLVQSHPKADMVT
YDDKAEAGPEFSWITLVRHGARLVNMAGLVNLSHCFLCTALSQPPLVAVPLPQAF
NTSGNHTAHPSGVESEQVPLEFRDPLOPQFPFCYTTPNSSWCNQTYSGSLSNLSA
PAGGYFWCNFTLTKHLNISSNNTLSRNLCLPISLVPRLTLYSEAELSSLVNPPM
ROKRAVEFPPLVIGVSLTSSLVASGLGTGAIVHEISSSQDLSIKLOMAIEASAES
LASLORQITSVAKVAMONRRALDLLTADKGGTCMELGEECCYYINESGLVET SL
LTLDKIRDGLHRPSSTPNYGGGWWQSPLTTWIIPFISPILITCLLLLIAPCVLK
FIKNRISEVSRVIVNOMLLHPYSRLPTSEDHYDDALTQQEAAR
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hENVF(
c)2

MNSPCDRLOQFIQVLLEESWSEPSEFANTLHWPENLLSY IDELVWQGSLONEFHQH
EVRFDKPPLRLPLTGESSLTENWSSRQAVSSRLVATAASPPAGCQAPIAFLGLK
FSSLGPARKNPALCFLYDQSNSKCNTSWVKENVGCPWHWCNIHEALIRTEKGSD
PMEYVNTSTGGRDGENGENLQISDPWDPRWASGVDGGLYEHKTFMY PVAKIRIA
RTLKTTVIGLSDLASSIQSAEKELTSQLOPAADQAKSSRESWLTLISEGAQLLQ
STGVONLSHCEFLCAALRRPPLVAVPLPTPENYTINSSTPIPPVPRGQVPLESDP
IRHKEPFCYSTPNASWCNQTRMLTSTPAPPRGY FWCNSTLTKVLNSTGNHTLCL
PISLIPGLTLYSQDELSHLLAWTEPRPONKSKWAT FLPLVLGISLASSLVASGL
GKGALTHSIQTSODLSTHLQLAIEASAESLDSLOROQITTVAQVAAQNRQALDLL
MAEKGRTCLFLQEECCYYLNESGVVENSLQTLKKKKSSKRS;
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NSPCDRLOQFIQVLLEESWSFPSFANTLHWPENLLSY IDELVWQGSLONEFHOHE
VREDKPPLRLPLTGEFSSLTENWSSROAVSSRLVATAASPPAGCQAPTAFLGLKE
SSLGPARKNPALCEFLYDQSNSKCNT SWVKENVGCPWHWCNIHEALTRTEKGSDP
MEYVNTSTGGRDGENGENLQI SDPWDFPRWASGVDGGLYEHKTFMYPVAKIRIAR
TLKTTVITGLSDLASSIQSAEKELTSQLOPAADQAKSSRESWLTLISEGAQLLQS
TGVONLSHCFLCAALRRPPLVAVPLPTPENYTINSSTPIPPVPKGQVPLESDPI
RHKFPFCYSTPNASWCNQTRMLTSTPAPPRGYEFWCNSTLTKVLNSTGNHTLCLP
ISLIPGLTLYSQDELSHLLAWTEPRPONKSKWAIFLPLVLGISLASSLVASGLG
KGALTHSIQTSQDLSTHLOQLAIEASAESLDSLOQROITTVAQVAAQNROQALDLLM
AEKGRTCLFLOEECCYYILNESGVVENSLOTLKKKKSSKRS

30

hENVK.

on

MNPSEMOQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLK
KLTQLATKYLENTKVIQTPESMLLAATMIVSMVVSLPMPAGAAARANYTYWAY VP
FPPLIRAVTWMDNPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPP
ICLGRAPGCLMPAVONWLVEVPTVSPISREFTYHMVSGMSLRPRVNYLODESYQR
SLKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGTI IDWAPRGQ
FYHNCSGQTQSCPSAQVSPAVDSDLTE SLDKHKHKKLOSEYPWEWGEKGISTPR
PKIVSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPFYTVDLNSSLTVP
LOSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTENWQHRILLVRAREG
VWIPVSMDRPWEASPSVHILTEVLKGVLNRSKREFIFTLTIAVIMGLIAVTATAAV
AGVALHSSVQSVNEVNDWQKNSTRLWNSQSSIDOQKLANQINDLRQTVIWMGDRL
MSLEHRFQLOCDWNTSDFCITPQIYNESEHHWDMVRRHLOGREDNLTLDISKLK
EQIFEASKAHLNLVPGTEATAGVADGLANLNPVTIWVKTIGSTTIINLILILVCL
FCLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVIVSV;

81

NPSEMORKAPPRRRRHRNRAPLTHKMNKMVT SEEQMKLPSTKKAEPPTWAQLKK
LTQLATKYLENTKVTQTPESMLLAATMIVSMVVSLPMPAGAAAANY TYWAYVPE
PPLIRAVIWMDNPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPPI
CLGRAPGCLMPAVONWLVEVPTVSPISRETYHMVSGMSLRPRVNYLODESYQRS
LKFRPKGKPCPKEIPKESKNTEVLVWEECVANSAVILONNEFGT ITDWAPRGQF
YHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKHKKLQSFY PWEWGEKGISTPRP
KIVSPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPEFYTVDLNSSLTVPL
QSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTENWQHRILLVRAREGV
WIPVSMDRPWEASPSVHILTEVLKGVLNRSKREFIFTLIAVIMGLIAVTATAAVA
GVALHSSVQSVNEVNDWQKNSTRLWNSQSSIDOQKLANQINDLRQTV IWMGDRLM
SLEHRFQLOCDWNTSDECITPQIYNESEHHWDMVRRHLOGREDNLTLDTISKLKE
QIFEASKAHLNLVPGTEATAGVADGLANLNPVTWVKTIGSTTIINLILILVCLE
CLLLVCRCTQQLRRDSDHRERAMMTMAVLSKRKGGNVGKSKRDQIVTVSV
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PLASMA MEMBRANE RECRUITMENT ELEMENT

[0063] In some aspects, the lipid delivery particle provided herein comprises a plasma membrane
recruitment element. The lipid delivery particle disclosed herein can comprise a membrane. In some
cases, the membrane encapsulates a payload. In some cases, the lipid delivery particle comprises a
plasma membrane recruitment element, for example, inside the cavity of the lipid delivery particle. The
plasma membrane recruitment element can localize itself to the membrane of the lipid delivery particles.
The plasma membrane recruitment element can be utilized to recruit a component (e.g., a payload) to the
membrane of the lipid delivery particles via forming a chimeric protein of the plasma membrane
recruitment element and a component to be localized to the membrane or other mechanisms of
attachment. In some cases, the membrane encapsulates a protein core. In some cases, at least a portion of
the plasma membrane recruitment element forms the basic structure of the lipid delivery particle, such as
a portion of the protein core inside the lipid delivery particle. In some cases, at least a portion of the
plasma membrane recruitment clement binds to the membrane of the lipid delivery particle from the
nside.

[0064] The plasma membrane recruitment element can play a role in the assembly of the lipid delivery
particle, such as packing various components (e.g., a payload) into the lipid delivery particles. The plasma
membrane recruitment element can direct budding of the lipid delivery particles from a producer cell. In
some cases, expressing plasma membrane recruitment element alone or together with an envelope protein
disclosed herein in a producer cell can lead to formation of the lipid delivery particle.

[0065] In some cases, the plasma membrane recruitment element has a viral origin. For instance, the
plasma membrane recruitment element comprises a retroviral gag protein, e.g., a retroviral polyprotein
that comprises one or more of a matrix (MA) polypeptide, an RNA-binding phosphoprotein polypeptide,
a capsid (CA) polypeptide, or a nucleocapsid (NC) polypeptide. The plasma membrane recruitment
element can comprise HIV gag or a biologically active mutant thereof. The plasma membrane recruitment
element can comprise a gag from murine leukemia virus (MLV) or a biologically active mutant thereof.
The plasma membrane recruitment element can comprise a gag from Moloney murine leukemia virus
(MMLV) or a biologically active mutant thereof. In some cases, the plasma membrane recruitment
element forms structural protein that forms the protein core of the lipid delivery particles described
herein. The plasma membrane recruitment element can comprise Respiratory syncytial virus (RSV) M or
a biologically active mutant thereof. The plasma membrane recruitment element can comprise Human
Papillomavirus (HPV) L1 protein or a biologically active mutant thereof. The plasma membrane
recruitment element can comprise HPV L2 protein or a biologically active mutant thercof. The plasma
membrane recruitment element can comprise Hepatitis B virus (HBV) core protein or a biologically
active mutant thereof. The plasma membrane recruitment element can comprise Hepatitis C virus (HCV)
core protein or a biologically active mutant thereof. The plasma membrane recruitment element can
comprise hepatitis E virus (HeV) M protein or a biologically active mutant thereof. The plasma
membrane recruitment element can comprise Chikungunya virus (CHIKV) C-E3-E2-6k-E1 or a

biologically active mutant thercof. The plasma membrane recruitment element can comprise RSV NP or a
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biologically active mutant thereof. The plasma membrane recruitment element can comprise Human
metapneumovirus (HMPV) M or a biologically active mutant thereof. The plasma membrane can
comprise a glycoprotein from a flavivirus. The flavivirus can comprise Chikungunya virus, Zika virus,
Dengue virus, or West Niles virus. The plasma membrane recruitment element can comprise Zika virus
(ZIKV) C or a biologically active mutant thereof. The plasma membrane recruitment element can
comprise ZIKV prM/M or a biologically active mutant thereof. The plasma membrane recruitment
element can comprise Dengaue virus (DENV) C-prM or a biologically active mutant thercof. The plasma
membrane recruitment clement can comprise West Nile Virus (WNV) prME protein or a biologically
active mutant thereof. The plasma membrane recruitment element can comprisc WNV CprME protein or
a biologically active mutant thercof. The plasma membrane recruitment clement can comprise Filovirus
VP40 or Z protein or a biologically active mutant thercof. The plasma membrane recruitment element can
comprise Baculovirus P1 protein or a biologically active mutant thereof. The plasma membrane
recruitment element can comprise Rotavirus VP7 or a biologically active mutant thereof. The plasma
membrane recruitment element can comprise Rotavirus VP2 protein or a biologically active mutant
thereof. The plasma membrane recruitment element can comprise Rotavirus VP6 protein or a biologically
active mutant thereof. The plasma membrane recruitment element can comprise Porcine Circovirus Type
2 (PCV2) capsid or a biologically active mutant thereof. The plasma membrane recruitment element can
comprise baculovirus VP2 protein or a biologically active mutant thereof. The plasma membrane
recruitment element can comprise baculovirus VPS5 protein or a biologically active mutant thereof. The
plasma membrane recruitment element can comprise baculovirus VP3 protein or a biologically active
mutant thereof. The plasma membrane recruitment element can comprise or baculovirus VP7 protein or a
biologically active mutant thereof. The plasma membrane recruitment element can comprise Ebola
nucleocapsid or a biologically active mutant thereof. The plasma membrane recruitment element can
comprise Parovirus VP1 protein or a biologically active mutant thereof. The plasma membrane
recruitment element can comprise Parovirus VP2 protein or a biologically active mutant thereof. The
plasma membrane recruitment element can comprise Newcastle disease virus (NDV) M protein or a
biologically active mutant thereof. The plasma membrane recruitment element can comprise Human
polyomavirus 2 (JCPyV) VP1 protein or a biologically active mutant thercof. The plasma membrane
recruitment element can comprise Human parainfluenza virus type 3 (HPIV3) M protein or a biologically
active mutant thereof. The plasma membrane recruitment element can comprise HPIV3N protein or a
biologically active mutant thereof. The plasma membrane recruitment element can comprise or Mumps
virus (MuV) M proteins or a biologically active mutant thereof. The plasma membrane recruitment
element can comprise SARS M protein or a biologically active mutant thereof. The plasma membrane
recruitment element can comprise SARS E protein or a biologically active mutant thereof. The plasma
membrane recruitment element can comprise SARS N protein or a biologically active mutant thereof.
[0066] In some cases, the plasma membrane recruitment element is a mammalian protein or part thereof.
For example, the plasma membrane recruitment element can include a pleckstrin homology (PH) domain

or a transmembrane domain of a mammalian protein, such as a mouse protein or a human protein. In
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some cases, the plasma membrane recruitment element has a human origin. Utilizing the plasma
membrane recruitment element of a human origin in the lipid delivery particle can give rise to reduced
immunogenicity for administration to a human subject. The plasma membrane recruitment element can
include a gag from human endogenous retrovirus, such as Human Endogenous Retrovirus K (e.g., HERV-
K113, HERV-K101, HERV-K102, HERV-K 104, HERV-K107, HERV-K108, HERV-K109, HERV-
K115, HERV-K11p22, and HERV-K12q13) and Human Endogenous Retrovirus-W (HERV-W) or a
biologically active mutant thercof. The plasma membrane recruitment ¢lement can include a hGAGK en
or a biologically active mutant thercof. The plasma membrane recruitment clement can include an
endogenous gag of a mammal (e.g., human) from retrotransposons (e.g., Arc from vertebrate lincage of
Ty3/gypsy retrotransposon), which are also ancestral to retroviruses. In some cases, the plasma membrane
recruitment element comprises a portion from human Arc.

[0067] The plasma membrane recruitment element can include a pleckstrin homology (PH) domain from
a mammalian protein or a biologically active mutant thereof. The plasma membrane recruitment element
can include a pleckstrin homology (PH) domain from a human protein or a biologically active mutant
thereof. The PH domains can play a role in protein—-membrane interactions via binding to
phosphatidylinositol phosphate (PIP), for example PIP2 or PIP3, or other lipids or proteins within the
membrane of the lipid delivery particles. PH domains with different sequences can have varied affinities
and selectivity when binding different PIPs. The plasma membrane recruitment element can include a
pleckstrin homology (PH) domain from a human protein or a mutant thereof. The PH domains can play a
role in protein—-membrane interactions via binding to phosphatidylinositol phosphate (PIP), for example
PIP2 or PIP3, or other lipids or proteins within the membrane of the lipid delivery particles. In some
cases, the plasma membrane recruitment element interacts with one or more anionic lipids within the
membrane of the lipid delivery particles. In some cases, the plasma membrane recruitment element
interacts with one or more monophosphorylated derivatives of phosphatidylinositol. In some cases, the
plasma membrane recruitment element interacts with one or more bisphosphorylated derivatives of
phosphatidylinositol. In some cases, the plasma membrane recruitment element interacts with one or more
trisphosphorylated derivatives of phosphatidylinositol. In some cases, the plasma membrane recruitment
element interacts with one or more phosphatidylinositol 4,5-bisphosphate (PI(4,5)P2) molecules or
phosphatidylinositol 3,5-bisphosphate (PI(3.5)P2) molecules within a lipid layer. In some cases, the
plasma membrane recruitment element interacts with one or more phosphatidylinositol(3.4,5)-
trisphosphate (PIP3) molecules within a lipid layer. PH domains with different sequences can have varied
affinities and selectivity when binding different PIPs.

[0068] In some cases, the plasma membrane recruitment element interacts with one or more proteins
within the membrane of the lipid delivery particles. In some cases, the plasma membrane recruitment
element interacts with one or more G-protein coupled receptors (GPRC) within the membrane of the lipid
delivery particles. In some cases, the plasma membrane recruitment element interacts with one or more
bg-subunits of GPRC within the membrane of the lipid delivery particles. In some cases, the plasma

membrane recruitment clement interacts with one or more kinase proteins within the membrane of the
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lipid delivery particles. In some cases, the plasma membrane recruitment clement interacts with one or
more protein kinase C (PKC) proteins within the membrane of the lipid delivery particles. In some cases,
the plasma membrane recruitment element interacts with one or more members of an Arf family small G-
proteins within the membrane of the lipid delivery particles. In some cases, the plasma membrane
recruitment element interacts with one or more GDP-bound form of ADP-ribosylation factor (ARF)
within the membrane of the lipid delivery particles. In some cases, the plasma membrane recruitment
element mteracts with other proteins, protein domains, protein components, or a combination thereof
within or tethered to the membrane of the lipid delivery particles.

[0069] In some embodiments, the PH domain is selected or engineered for enhanced or altered
properties. In some cases, the plasma membrane recruitment element comprises an enhancement or
alteration of the recruitment of a payload into a lipid delivery particle, the amount of a payload that can be
encapsulated in a lipid delivery particle, release of a payload from the lipid delivery particle into a target
cell, trafficking of a lipid delivery particle to a subcellular locale in a target cell, suitability of the PH for
combination with other protein domains, or a combination thereof. In some cases, the plasma membrane
recruitment element 1s engineered to enhance or alter the delivery of a payload to a target cell or target
cellular compartment. In some cases, the plasma membrane recruitment element is engineered to enhance
or alter the delivery of protein payload to a target cell or target cellular compartment. In some cases, the
plasma membrane recruitment element is engineered to enhance or alter the delivery of a homogenous
protein payload to a target cell or target cellular compartment. In some cases, the plasma membrane
recruitment element is engineered to enhance or alter the delivery of a heterogenous protein payload to a
target cell or target cellular compartment. In some cases, the plasma membrane recruitment element is
engineered to enhance, alter, or decrease other properties and/or functions of the PH domain.

[0070] In some cases, the plasma membrane recruitment element is engineered to comprise mutations in
particular structurally and functionally important regions of the PH domain. In some cases, PH domain
comprises one or more mutations that affect interaction and/or binding between the PH domains and a
lipid. In some cases, the plasma membrane recruitment element comprises one or more mutations that
affect the lipid binding surface. In some cases, the plasma membrane recruitment element comprises one
or more mutations that affect interaction and/or binding between the PH domains and a
phosphatidylinositol or derivative thercof. In some cases, the plasma membrane recruitment element
comprises one or more mutations that affect the binding surface for phosphatidylinositol or derivative
thereof. In some cases, the plasma membrane recruitment element comprises one or more mutations that
affect interaction between the PH domains and a protein. In some cases, the plasma membrane
recruitment element comprises one or more mutations that affect the protein-interacting surfaces. In some
cases, the plasma membrane recruitment element comprises one or more mutations that affect the other
structural and functional features of the PH domains, nonlimiting examples of which can include tertiary
structure, hydrophobicity, o helix architecture and configuration, B-barrel architecture and configuration,
electrostatic interactions, hydrogen-bonding, dimerization, oligomerization, any other structural and/or

functional features, of a combination thereof. In some cases, the plasma membrane recruitment elements
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can be screened for particular functional properties. In some cases, the plasma membrane recruitment
elements can be screened for particular functional properties in a high throughput manner.

[0071] In some cases, the PH is selected from the genera: Homo, Mus, Rattus, Bos, Sus, Gallus, Danio,
Canis, Xenopus, Macaca, Pan, Felis, Pongo, Dasypus, Anser, Cavia, Capra, Ovis, Meriones, Mustela,
Columba, Mauremys, Callorhinchus, Pteropus, Cricetulus, Scophthalmus, Protopterus, Lates, Thunnus,
Callithnix, Equus, Mesocricetus, Oryzias, Mya, Polypterus, Gallus, Drosophila, and other genera
belonging to the Chordata phylum. In some cases, the plasma membrane recruitment clement is selected
from birds, turtles, alligators, lizards, snakes, mammals, amphibians, lungfishes, bony fishes,
cartilaginous fishes, othered jawed vertebrates, or a combination thereof.

[0072] In some cases, the plasma membrane recruitment element is selected from human proteins. The
plasma membrane recruitment clement can include a PH domain of phospholipase Cé1 (e.g., human
phospholipase C81) or a biologically active mutant thereof. The plasma membrane recruitment element
can comprise a PH domain of Aktl (e.g., human Aktl) or a biologically active mutant thereof. The
plasma membrane recruitment element can comprise a mutant PH domain of human Aktl with E17K
substitution or a biologically active mutant thercof. The plasma membrane recruitment element can
comprise a PH domain of 3-phosphoinositide-dependent protein kinase 1 (e.g., human 3-
phosphoinositide-dependent protein kinase 1) or a biologically active mutant thereof. The plasma
membrane recruitment element can comprise a PH domain of Dappl (e.g., human Dappl) or a
biologically active mutant thereof. The plasma membrane recruitment element can comprise a PH domain
of Grpl (e.g.. mouse Grpl) or a biologically active mutant thereof. The plasma membrane recruitment
element can comprise a PH domain of human Grp1 or a biologically active mutant thereof. The plasma
membrane recruitment element can comprise a PH domain of OSBP (e.g., human OSBP) or a biologically
active mutant thereof. The plasma membrane recruitment element can comprise a PH domain of Btk1
(e.g., human Btk1) or a biologically active mutant thereof. The plasma membrane recruitment element
can comprise a PH domain of FAPP1 (e.g., human FAPP1) or a biologically active mutant thereof. The
plasma membrane recruitment element can comprise a PH domain of CERT (e.g., human CERT) or a
biologically active mutant thereof. The plasma membrane recruitment element can comprise a PH domain
of PKD (e.g., human PKD) or a biologically active mutant thereof. The plasma membrane recruitment
element can comprise a PH domain of PHLPPI (e.g., human PHLPP1) or a biologically active mutant
thereof. The plasma membrane recruitment element can comprise a PH domain of SWAP70 (e.g., human
SWAP70) or a biologically active mutant thereof. The plasma membrane recruitment element can
comprise a PH domain of MAPKAP] (e.g., human MAPKAPI) or a biologically active mutant thereof.
[0073] In some cases, the plasma membrane recruitment element comprises a PH domain of SH3 domain
binding protein 2 (3BP2), Rho guanine nucleotide exchange factor 28-like (AKP13), Oxysterol binding
protein like 7 (OSBPL7), FYVE, RhoGEF And PH Domain Containing 6 (FGD6), Bruton
agammaglobulinemia tyrosine kinase (BTK), connector enhancer of kinase suppressor of Ras 2
(CNKSR2), Rho associated coiled-coil containing protein kinase 1 (Rock 1), Rho associated coiled-coil
containing protein kinase 2 (Rock 2), ceramide kinase like (CERKL), ceramide kinase (CERK), SAPK-
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interacting protein 1 (SIN1), pleckstrin homology like domain family A member 2 (PHLDA2), tubby
bipartite transcription factor (TUB), PH domain and leucine rich repeat protein phosphatase 1 (PHLPP1),
ATfGAP with coiled-coil, ankyrin repeat and PH domains 1 (ACAP1), ArfGAP with dual PH domains 1
(ADAPI1 PH1), ArfGAP with dual PH domains 2 (ADAP1 PH2), actin filament associated protein 1 like
2 (AFAPIL2), ArfGAP with GTPase domain, ankyrin repeat and PH domain 2 (AGAP2), A-kinase
anchoring protein 13 (akap13), AKT serine/threonine kinase 2 (AKT2), AKT serine/threonine kinase

3 (AKT3), anillin, actin binding protein (anln), amyloid beta precursor protein binding family B member
1 interacting protein (Apbblip), adaptor protein, phosphotyrosine interacting with PH domain and leucine
zipper 1 (APPL1), adaptor protein, phosphotyrosine interacting with PH domain and leucine zipper 2
(APPL2), ArfGAP with RhoGAP domain, ankyrin repeat and PH domain 2 (ARAP2), Rho GTPasc
activating protein 21 (ARHGAP21), Rho GTPase activating protein 25 (ARHGAP25), Rho GTPase
activating protein 27 (ARHGAP27), Rho GTPase activating protein 9 (Arhgap9), Rho guanine nucleotide
exchange factor 1 (ARHGEF1), Rho guanine nucleotide exchange factor 16 (Arhgef16), Rho/Rac
guanine nucleotide exchange factor 18 (Arhgef18), Rho/Rac guanine nucleotide exchange factor 2
(ARHGEF2), Rho guanine nucleotide exchange factor 28 (ARHGEF28), Rho guanine nucleotide
exchange factor 3 (Arhgef3), Rho guanine nucleotide exchange factor 4 (ARHGEF4), Rac/Cdc42 guanine
nucleotide exchange factor 6 (Arhgef6), Cdc42 guanine nucleotide exchange factor 9 (Arhgef9), ArfGAP
with SH3 domain, ankyrin repeat and PH domain 1 (asapl), Bruton agammaglobulinemia tyrosine kinase
(btk), alkylglycerone phosphate synthase (ADPS), ceramide transfer protein (CERT), cytohesin 3 (cyth3),
dual adaptor for phosphotyrosine and 3-phosphoinositides 1 (dappl), dynamin 1 (dnm1), dynamin 2
(DNM2), dedicator of cytokinesis 9 (dock9), dedicator of cytokinesis 2 (dok2), dedicator of cytokinesis 7
(Dok7), engulfment and cell motility 1 (ELMO1), exocyst complex component 8 (Exoc8), FERM,
ARH/RhoGEF and pleckstrin domain protein 2 (Farp2), FERM domain containing kindlin 1 (Fermtl1),
FERM domain containing kindlin 2 (fermt2), FERM domain containing kindlin 3 (FERMT3), FYVE,
RhoGEF and PH domain containing 3 (FGD3), FYVE, RhoGEF and PH domain containing 6 (Fgd6),
growth factor receptor bound protein 10 (GRB10), growth factor receptor bound protein 14 (GRB14), G
protein-coupled receptor kinase 2 (GRK2), inositol polyphosphate-5-phosphatase B (inpp5b), interaction
protein for cytohesin exchange factors 1 (ipcefl), IQ motif and Sec7 domain ArfGEF 1 (IQSEC1), insulin
receptor substrate 1 (IRS1), MCF 2 cell line derived transforming sequence like (Mcf21), OCRL inositol
polyphosphate-5-phosphatase (OCRL), oxysterol binding protein like 11 (OSBPL11), oxysterol binding
protein like 8 (OSBPLS), 3-phosphoinositide dependent protein kinase 1 (pdpk1), phospholipase C delta
1 (pledl), phospholipase C gamma 1 (Plcgl), pleckstrin 2 (PLEK?2), pleckstrin homology domain
containing A1 (PLEKHA 1), pleckstrin homology domain containing A2 (Plekha?), pleckstrin homology
domain containing A3 (PLEKHA3), pleckstrin homology domain containing A4 (plekha4), pleckstrin
homology domain containing, family A member 5 (PLEKHAS), pleckstrin homology domain containing
A6 (PLEKHAS®), pleckstrin homology domain containing A7 (PLEKHA7), pleckstrin homology domain
containing, family B (evectins) member 1 (Plekhbl), pleckstrin homology domain containing B2

(Plekhb2), pleckstrin homology and RUN domain containing M2 (PLEKHM2), pleckstrin (PH1) (PLEK
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PHI1), pleckstrin (PH2) (PLEK PH2), phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange
factor 1 (p-rex1), phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 2 (PREX2),
protein kinase D2 (PRKD?2), protein kinase D3 (PRKD?3), Ral GEF with PH domain and SH3 binding
motif 1 (Ralgps1), Ras association (RalGDS/AF-6) and pleckstrin homology domains 1 (RAPH1), Rho
associated coiled-coil containing protein kinase 2 (Rock2), SET binding factor 1 (Sbfl), SH2B adaptor
protein 2 (Sh2b2), src kinase associated phosphoprotein 1 (SKAP1), src family associated phosphoprotein
2 (Skap2), SOS Ras/Rac guanine nucleotide exchange factor 1 (Soslspectrin beta, non-erythrocytic

1 (sptbnl), spectrin beta, non-erythrocytic 2 (SPTBN2), signal transducing adaptor family member 1
(stapl), SWA-70 protein (SWAP70), TBC1 domain family member 2 (TBC1D2), tec protein tyrosine
kinase (TEC), TIAM Racl associated GEF 1 (Tiam1), T cell lymphoma invasion and metastasis 2
(Tiam2), trio Rho guanine nucleotide exchange factor (PHI1) (TRIO), trio Rho guanine nucleotide
exchange factor (PH2) (TRIO ), vav guanine nucleotide exchange factor 1 (VAV1), or mutants thereof.
[0074] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to the sequence of
SEQ ID NO: 569. In some cases, the plasma membrane recruitment element comprises an amino acid
sequence that is about 60% or more, about 65% or more, about 70% or more, about 75% or more, about
80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about
97% or more, about 98% or more, about 99% or more sequence identity to the sequence of SEQ ID NO:
569. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to the sequence set
forth in any one of SEQ ID NOs: 570-596. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that is about 60% or more, about 65% or more, about 70% or more,
about 75% or more, about 80% or more, about 85% or more, about 90% or more, about 95% or more,
about 96% or more, about 97% or more, about 98% or more, about 99% or more sequence identity to the
sequence set forth in any one of SEQ ID NOs: 570-596. In some cases, the plasma membrane recruitment
element comprises an amino acid sequence comprising about 60%, about 65%, about 70%, about 75%,
about 80%. about 85%, about 90%, about 95%, about 96%. about 97%. about 98%, about 99%, or about
100% sequence identity to any one of the sequences listed in Table 4A. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that is about 60% or more, about 65%
or more, about 70% or more, about 75% or more, about 80% or more, about 85% or more, about 90% or
more, about 95% or more, about 96% or more, about 97% or more, about 98% or more, about 99% or
more sequence identity to any one of the sequences listed in Table 4A. In some cases, the plasma
membrane recruitment element comprises any one of the sequences listed in Table 4A without the N-
terminal Methionine. In some cases, the plasma membrane recruitment element comprises the sequence
sct forth in any one of SEQ ID NOs: 569-596 without the N-terminal Methionine. In some cases, the

plasma membrane recruitment element comprises any one of the sequences listed in Table 4A with the
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N-terminal Methionine. In some cases, the plasma membrane recruitment element comprises the
sequence set forth in any one of SEQ ID NOs: 569-596 with the N-terminal Methionine.

[0075] In some cases, the plasma membrane recruitment element comprises any one of the sequences
described in Table 4A with a further truncation on the N-terminus. For example, for those amino acid
sequences that start with a N-terminal methionine, the N-terminal methionine can be absent. In some
cases, the plasma membrane recruitment element comprises any one of the sequences described in Table
4A with atruncation (e.g., truncation of about 1, 2, 3,4, 5.6, 7. 8,9, 10, 12, 14, 16, 18, 20, or more amino
acids) on the C-terminus. In some cases, the plasma membrane recruitment element includes those
described in Table 4A with one amino acid substitution. In some cases, the plasma membrane recruitment
element comprises any one of the sequences described in Table 4A with two or more amino acid
substitutions. In some cases, the plasma membrane recruitment element comprises one or more of the
sequences described in Table 4A and further comprises a heterologous peptide sequence fused to the N-
terminus or C-terminus.

[0076] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to one or more of
the sequences listed in Table 4A. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that is about 60% or more, about 65% or more, about 70% or more, about 75% or
more, about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or
more, about 97% or more, about 98% or more, about 99% or more sequence identity to one or more of the
sequences listed in Table 4A. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity
to one or more of the sequences listed in Table 4A fused to a heterologous peptide sequence on the N
terminus. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more, about 80%
or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about 97% or
more, about 98% or more, about 99% or more, or about 100% sequence identity to one or more of the
sequences listed in Table 4A fused to a heterologous peptide sequence on the N terminus. In some cases,
the plasma membrane recruitment element comprises an amino acid sequence comprising about 60%,
about 65%. about 70%, about 75%, about 80%, about 83%, about 90%. about 95%, about 96%, about
97%, about 98%, about 99%, or about 100% sequence identity to one or more of the sequences listed in
Table 4A fused to a heterologous peptide sequence on the C terminus. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence comprising about 60% or more, about
65% or more, about 70% or more, about 75% or more, about 80% or more, about 85% or more, about
90% or more, about 95% or more, about 96% or more, about 97% or more, about 98% or more, about
99% or more, or about 100% sequence identity to one or more of the sequences listed in Table 4A fused

to a heterologous peptide sequence on the C terminus.
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[0077] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to any one of the
sequences listed in Table 4A. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence comprising about 60% or more, about 65% or more, about 70% or more, about 75%
or more, about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or
more, about 97% or more, about 98% or more, about 99%, or about 100% sequence identity to any one of
the sequences listed in Table 4A. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity
to any one of the sequences listed in Table 4A fused to a heterologous peptide sequence on the N
terminus. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more, about 80%
or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about 97% or
more, about 98% or more, about 99%, or about 100% sequence identity to any one of the sequences listed
in Table 4A fused to a heterologous peptide sequence on the N terminus. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence comprising about 60%, about 65%,
about 70%. about 75%, about 80%, about 85%, about 90%, about 95%. about 96%, about 97%, about
98%, about 99%, or about 100% sequence identity to any one of the sequences listed in Table 4A fused
to a heterologous peptide sequence on the C terminus. In some cases, the plasma membrane recruitment
element comprises an amino acid sequence comprising about 60% or more, about 65% or more, about
70% or more, about 75% or more, about 80% or more, about 85% or more, about 90% or more, about
95% or more, about 96% or more, about 97% or more, about 98% or more, about 99%, or about 100%
sequence identity to any one of the sequences listed in Table 4A fused to a heterologous peptide sequence
on the C terminus.

[0078] In some cases, the plasma membrane recruitment element comprises an amino acid sequence that
has at least about 50%, 60%, 70%, 80%., 90%, 91%, 92%, 93%., 94%. 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to any one of the sequences set forth in Table 4A. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that has at least about 50% sequence
identity to any one of the sequences sct forth in Table 4A. In some cases, the plasma membrane
recruitment element comprises an amino acid sequence that has at least about 60% sequence identity to
any one of the sequences set forth in Table 4A. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that has at least about 70% sequence identity to any one of the
sequences set forth in Table 4A. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that has at least about 75% sequence identity to any one of the sequences set forth in
Table 4A. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
that has at least about 80% sequence identity to any one of the sequences set forth in Table 4A. In some

cases, the plasma membrane recruitment element comprises an amino acid sequence that has at least
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about 85% sequence identity to any one of the sequences set forth in Table 4A. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that has at least about 90% sequence
identity to any one of the sequences set forth in Table 4A. In some cases, the plasma membrane
recruitment element comprises an amino acid sequence that has at least about 95% sequence identity to
any one of the sequences set forth in Table 4A . In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that has at least about 96% sequence identity to any one of the
sequences set forth in Table 4A. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that has at least about 97% sequence identity to any one of the sequences set forth in
Table 4A. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
that has at least about 98% sequence identity to any one of the sequences set forth in Table 4A. In some
cases, the plasma membrane recruitment element comprises an amino acid sequence that has at least
about 99% sequence identity to any one of the sequences set forth in Table 4A. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that has about 100% sequence identity
to any one of the sequences set forth in Table 4A. In some cases, the plasma membrane recruitment
element comprises an amino acid sequence that has at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence 1dentity to
any one of the sequences set forth in Table 4A.

Table 4A. RAC-alpha serine/threonine kinase 1 (AKT1) Pleckstrin Homology domains and
corresponding mutations (mut.)

SE PH

Q . | Mut. | Mut. | Mut. | Mut. | Mut.

ID domai Sequence
1 2 3 4 5

NO n

MSDVAIVKEGWLHKRGEYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTFEFIIRCL
569 AKTI1 QWITVIERTFHVETPEEREEWTTATIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPKHRVIMNEFEYLKLL
GKGTEGKVDPPV

MSDVAIVKEGWLHKRGKY IKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
570 AKTI1 E17K QWITVIERTFHVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPKHRVTMNEFEYLKLL
GKGTEGKVDPEV

MSDVAIVKEGWLHKRGKYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
571 AKTI1 142- E17K QWITVIERTFHVETPEEREEWTTAIQ
144A TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPAAAVTMNEFEYLKLL
GKGTFGKVDPPVV

MSDVAIVKEGWLHKRGEYIKTWRPCY

FLLKNDGTFIGYKERPQDVDQREAPL
572 AKTI1 142- R25C NNESVAQCQLMKTERPRPNTEFIIRCL
144A QWITVIERTFHVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
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SEQ
ID
NO

PH
domai

Mut.

Mut.

Mut.

Mut.

Mut.

Sequence

AEFMEVSLAKPAAAVTMNEFEYLKLL
GRKGTEFGKVDPPVV

573

AKTI

142-
144A

T81Y

MSDVAIVKEGWLHKRGEY IKTWRPRY
FLLKNDGTFIGYRKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWYTVIERTFHVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPAAAVTMNEFEYLKLL
GKGTEFGKVDPPVV

574

AKT1

142-
144A

T101

MSDVAIVKEGWLHKRGEYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWITVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDEFRSGSPSDNSG
AEEMEVSLAKPAAAVTMNEFEYLKLL
GKGTEGKVDPPVV

575

AKT1

E17K

R25C

MSDVAIVKEGWLHKRGKY IKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
OQWITVIERTFHVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPKHRVIMNEFEYLKLL
GRKGTFGKVDPPVV

576

AKTI

EIl7K

T81Y

MSDVAIVKEGWLHKRGKYIKTWRPRY
FLLKNDGTFIGYRKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWYTVIERTFHVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPKHRVTMNEFEYLKLL
GKGTFGKVDPPVV

571

AKT1

E17K

T101

MSDVAIVKEGWLHKRGKYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWITVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
ARFMEVSLAKPKHRVIMNEFEYLKLL
GKGTEFGKVDPPVV

578

AKTI

R25C

T81Y

MSDVAIVRKEGWLHKRGEY IKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
OQWYTVIERTFHVETPEEREEWTTATIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPKHRVIMNEFEYLKLL
GKGTEFGKVDPPVV

579

AKTI

R25C

T101

MSDVAIVKEGWLHKRGEYIKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWITVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPKHRVTMNEFEYLKLL
GRGTFGKVDPPVV

580

AKT1

T81Y

T101

MSDVAIVKEGWLHKRGEYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTFEFIIRCL
QWYTVIERTFHVETPEEREEWTCAIQ
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SEQ
ID
NO

PH
domai

Mut.

Mut.

Mut. Mut.

Mut.

Sequence

TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPKHRVTMNEFEYLKLL
GKGTEGKVDPPVV

581

AKT1

142-
144A

E17K

R25C

MSDVAIVRKEGWLHKRGKYIKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWITVIERTFOVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPAAAVTMNEFEYLKLL
GKGTEFGKVDPPVV

582

AKTI

142-
144A

E17K

T81Y

MSDVAIVKEGWLHKRGKY IKTWRPRY
FLLKNDGTFIGYKERPQDVDOREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWYTVIERTFHVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPAAAVTMNEFEYLKLL
GRKGTEFGKVDPPVV

583

AKT1

142-
144A

E17K

TI101

MSDVAIVKEGWLHKRGKYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWITVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPAAAVTMNEFEYLKLL
GKGTEGKVDPPVV

584

AKT1

142-
144A

R25C

T8LY

MSDVAIVRKEGWLHKRGEYIKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWYTVIERTFOVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPAAAVTMNEFEYLKLL
GRKGTEFGKVDPPVV

585

AKTI

142-
144A

R25C

T101

MSDVAIVKEGWLHKRGEY IKTWRPCY
FLLKNDGTFIGYKERPQODVDOREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWITVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPAAAVTMNEFEYLKLL
GRGTFGKVDPPVV

586

AKT1

142-
144A

T31Y

TI101

MSDVAIVKEGWLHKRGEYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWYTVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPAAAVTMNEFEYLKLL
GKGTEGKVDPPVV

587

AKT1

E17K

R25C

T8LY

MSDVAIVKEGWLHKRGKY IKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
OQWYTVIERTFHVETPEEREEWTTATIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPKHRVIMNEFEYLKLL
GRKGTFGKVDPPVV

588

AKTI

El7K

R25C

T101

MSDVAIVKEGWLHKRGKYIKTWRPCY
FLLKNDGTFIGYRKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
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SEQ
ID
NO

PH
domai

Mut.

Mut.

Mut.

Mut.

Mut.

Sequence

QWITVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPKHRVTMNEFEYLKLL
GRGTEFGKVDPPVV

589

AKTI

El7K

T81Y

TI101

MSDVAIVKEGWLHKRGKYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWYTVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPKHRVITMNEFEYLKLL
GKGTEFGKVDPPVV

590

AKT1

R25C

T31Y

T101

MSDVAIVKEGWLHKRGEYIKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQILMKTERPRPNTEFITIRCL
QWYTVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AERFMEVSLAKPKHRVIMNEFEYLKLL
GKGTFGKVDPPVV

591

AKTI

142-
144A

El7K

R25C

T81Y

MSDVAIVKEGWLHKRGKY IKTWRPCY
FLLKNDGTFIGYKERPQDVDOREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWYTVIERTFHVETPEEREEWTTAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPAARAVTMNEFEYLKLL
GRKGTEFGKVDPPVV

592

AKTI1

142-
144A

E17K

R25C

T101

MSDVAIVKEGWLHKRGKYIKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWITVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPAAAVTMNEFEYLKLL
GKGTEFGKVDPPVV

593

AKT1

142-
144A

E17K

T8LY

T101

MSDVAIVRKEGWLHKRGKYIKTWRPRY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWYTVIERTFOVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPAAAVTMNEFEYLKLL
GKGTEFGKVDPPVV

594

AKTI

142-
144A

R25C

T81Y

T101

MSDVAIVKEGWLHKRGEY IKTWRPCY
FLLKNDGTFIGYKERPQDVDOREAPL
NNESVAQCQLMKTERPRPNTEIIRCL
QWYTVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPAAAVTMNEFEYLKLL
GRKGTEFGKVDPPVV

595

AKT1

E17K

R25C

T8IY

T101

MSDVAIVKEGWLHKRGKYIKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
NNESVAQCQLMKTERPRPNTEFIIRCL
QWYTVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEEMEVSLAKPKHRVIMNEFEYLKLL
GKGTEFGKVDPPVV

596

AKTI

142-
144A

EI7K

R25C

T81Y

T101

MSDVAIVKEGWLHKRGKY IKTWRPCY
FLLKNDGTFIGYKERPQDVDQREAPL
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SE PH

Q . | Mut. | Mut. | Mut. | Mut. | Mut.

ID domai Sequence
1 2 3 4 5

NO n

NNESVAQCQLMKTERPRPNTEFIIRCL
QWYTVIERTFHVETPEEREEWTCAIQ
TVADGLKKQEEEEMDERSGSPSDNSG
AEFMEVSLAKPAAAVTMNEFEYLKLL
GKGTEFGKVDPPVV

[0079] In some cases, the plasma membrane recruitment element comprises an amino acid sequence that
is about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about
96%, about 97%, about 98%, about 99%, or about 100% sequence identity to any one of the sequences set
forth in SEQ ID NOQOs: 597-722. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that is about 60% or more, about 65% or more, about 70% or more, about 75% or
more, about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or
more, about 97% or more, about 98% or more, about 99% or more sequence identity to any one of the
sequences set forth in SEQ ID NOs: 597-722. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that is about 60% or more, about 65% or more, about 70% or more,
about 75% or more, about 80% or more, about 85% or more, about 90% or more, about 95% or more,
about 96% or more, about 97% or more, about 98% or more, or about 99% or more sequence identity to
any one of the sequences listed in Table 4B. In some cases, the plasma membrane recruitment clement
comprises an amino acid sequence that is about 60%, about 65%, about 70%, about 75%, about 80%,
about 85%. about 90%, about 95%, about 96%, about 97%. about 98%. about 99%, or about 100%
sequence identity to any one of the sequences listed in Table 4B. In some cases, the plasma membrane
recruitment element comprises any one of the sequences listed in Table 4B without the N-terminal
Methionine. In some cases, the plasma membrane recruitment element comprises any one of the
sequences set forth in SEQ ID NOs: 597-722 without the N-terminal Methionine. In some cases, the
plasma membrane recruitment element comprises any one of the sequences listed in Table 4B with an N-
terminal Methionine. In some cases, the plasma membrane recruitment element comprises any one of the
sequences set forth in SEQ ID NOs: 597-722 with an N-terminal Methionine.

[0080] In some cases, the plasma membrane recruitment element comprises an amino acid sequence that
1s about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about
96%, about 97%, about 98%, about 99%, or about 100% sequence identity to one or more of the
sequences set forth in SEQ ID NOs: 597-722. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that is about 60% or more, about 65% or more, about 70% or more,
about 75% or more, about 80% or more, about 85% or more, about 90% or more, about 95% or more,
about 96% or more, about 97% or more, about 98% or more, about 99% or more sequence identity to a
one or more of the sequences set forth in SEQ ID NOs: 597-722. In some cases, the plasma membrane
recruitment element comprises an amino acid sequence that is about 60% or more, about 65% or more,
about 70% or more, about 75% or more, about 80% or more, about 85% or more, about 90% or more,

about 95% or more, about 96% or more, about 97% or more, about 98% or more, or about 99% or more
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sequence identity to one or more of the sequences listed in Table 4B. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that is about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%,
about 99%, or about 100% sequence identity to one or more of the sequences listed in Table 4B. In some
cases, the plasma membrane recruitment element comprises one or more of the sequences listed in Table
4B without the N-terminal Methionine. In some cases, the plasma membrane recruitment element
comprises onc or more of the sequences sct forth in SEQ ID NQOs: 597-722 without the N-terminal
Methionine. In some cascs, the plasma membrane recruitment clement comprises one or more of the
sequences listed in Table 4B with an N-terminal Methionine. In some cases, the plasma membrane
recruitment element comprises one or more of the sequences set forth in SEQ ID NOs: 597-722 with an
N-terminal Mecthionine.

[0081] In some cases, the plasma membrane recruitment element comprises any one of the sequences
described in Table 4B with a further truncation on the N-terminus. For example, for those amino acid
sequences start with a N-terminal methionine, the N-terminal methionine can be absent. In some cases,
the plasma membrane recruitment eclement comprises any one of the sequences described in Table 4B
with a truncation on the C-terminus. In some cases, the plasma membrane recruitment element comprises
any one of the sequences described in Table 4B with one amino acid substitution. In some cases, the
plasma membrane recruitment element comprises any one of the sequences described in Table 4B with
two or more amino acid substitutions. In some cases, the plasma membrane recruitment element
comprises any one of the sequences described in Table 4B and a heterologous peptide sequence fused to
the N-terminus or C-terminus.

[0082] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to one or more
sequences listed in Table 4B. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity
to one or more sequences listed in Table 4B fused to a heterologous peptide sequence on the N terminus.
In some cases, the plasma membrane recruitment element comprises an amino acid sequence comprising
about 60%. about 65%, about 70%., about 75%, about 80%, about 85%,. about 90%., about 95%, about
96%, about 97%, about 98%, about 99%, or about 100% sequence identity to any one of the sequences
listed in Table 4B fused to a heterologous peptide sequence on the C terminus.

[0083] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more, about 80%
or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about 97% or
more, about 98% or more, about 99%, or about 100% sequence identity to any one of the sequences listed
in Table 4B. In some cases, the plasma membrane recruitment element comprises an amino acid

sequence comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more,
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about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more,
about 97% or more, about 98% or more, about 99%, or about 100% sequence identity to any one of the
sequences listed in Table 4B fused to a heterologous peptide sequence on the N terminus. In some cases,
the plasma membrane recruitment element comprises an amino acid sequence comprising about 60% or
more, about 65% or more, about 70% or more, about 75% or more, about 80% or more, about 85% or
more, about 90% or more, about 95% or more, about 96% or more, about 97% or more, about 98% or
more, about 99%, or about 100% sequence 1dentity to any one of the sequences listed in Table 4B fused
to a heterologous peptide sequence on the C terminus.

[0084] In some cases, the plasma membrane recruitment element comprises an amino acid sequence that
has at least about 50%, 60%, 70%, 80%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%. 98%. 99%, or
100% sequence identity to any one of the sequences set forth in Table 4B. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that has at least about 50% sequence
identity to any one of the sequences set forth in Table 4B. In some cases, the plasma membrane
recruitment element comprises an amino acid sequence that has at least about 60% sequence 1dentity to
any one of the sequences set forth in Table 4B. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that has at least about 70% sequence identity to any one of the
sequences set forth in Table 4B. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that has at least about 75% sequence identity to any one of the sequences set forth in
Table 4B. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
that has at least about 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to any one of the sequences set forth in
Table 4B. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
that has at least about 80% sequence identity to any one of the sequences set forth in Table 4B. In some
cases, the plasma membrane recruitment element comprises an amino acid sequence that has at least
about 85% sequence identity to any one of the sequences set forth in Table 4B. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that has at least about 90% sequence
identity to any one of the sequences set forth in Table 4B. In some cases, the plasma membrane
recruitment element comprises an amino acid sequence that has at least about 95% sequence identity to
any one of the sequences set forth in Table 4B. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that has at least about 96% sequence identity to any one of the
sequences set forth in Table 4B. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that has at least about 97% sequence identity to any one of the sequences set forth in
Table 4B. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
that has at least about 98% sequence identity to any one of the sequences set forth in Table 4B. In some
cases, the plasma membrane recruitment element comprises an amino acid sequence that has at least
about 99% sequence identity to any one of the sequences set forth in Table 4B. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that has about 100% sequence identity

to any one of the sequences set forth in Table 4B.
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[0085] In some cases, the plasma membrane recruitment element is engineered to comprise one or more
mutations to yield PH domain variants. In some cases, the plasma membrane recruitment element variants
comprises about 60% or more, about 65% or more, about 70% or more, about 75% or more, about 80% or
more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about 97% or
more, about 98% or more, about 99% or more, or about 100% sequence identity to the sequence set forth
i any one of SEQ ID NOs: 569-722. In some cases, the plasma membrane recruitment element is
engineered to comprise one or more mutations to yicld PH domain variants. In some cases, the plasma
membrane recruitment element variants comprises about 60% or more, about 65% or more, about 70% or
more, about 75% or more, about 80% or more, about 85% or more, about 90% or more, about 95% or
more, about 96% or more, about 97% or more, about 98% or more, about 99% or more, or about 100%
sequence 1dentity to the sequence set forth in one or more of SEQ ID NOs: 569-722.

Table 4B. Additional Pleckstrin Homology Domains

SEQ . .
ID PH domain Abbreynatnons/ Sequence
mutation
NO
, N GVAKAGY LHKKGGTQLOLLKWPLREVI THKRCVYY
597 SH3 domain binding | 3pp, FKSSTSASPOGAFSLSGYNRVMRAAEETT SNNVEP
protein FKITHISKKHRTWFFSASSEEERKSWMALLRREIG
Rho guanine KLVRDGSVFLKNAAGRLKEVQAVLLTDILVFLOEK
598 nucleotide exchange | AKP13 DOKY I FASLDOKSTVISLKKLIVREVAHEEKGLFL
factor 28-like TSMGMTDPEMVEVHASSKEERNSWIQT TQDT IN
L PERQEGHLLKKRKWPLKGWHKRY FVLEDGTLHYAT
599 Oxys.ter(.)l binding OSBPL7 TRQDITKGKLHGS IDVRLSVMSINKKAQRIDLDTE
protein like 7 DNTYHLKIKSQDLFQSWVAQLRAHRL
FYVE. RhoGEF And VFLKEGILMKLSRKVMOPRMFFLFNDALLYTTPVO
600 PH Domain FGD6 PH SGMYKLNNMLSLAGMKVRKPTQEAYONELKIESVE
Containing 6 domain 1 RSFILSASSATERDEWLEATSRATE
FYVE, RhoGEF And DSSMSGYLYRSKGNKKPWKHFWEV IKNKVLY TYAA
601 PH Domain FGD6 PH SEDVAALESQPLLGFTVIQVKDENSESKVFQLLHK
Containing 6 domain 2 NMLFYVFKAEDAHSAQKWI EAFQEGT T

AVILESIFLKRSQOKKKTSPLNFKKRLFLLTVHKL
SYYKYDFERGRRGSKKGSIDVEKITCVETVVPEKN
PPPERQIPRRGEESSEMEQISITIERFPYPEQVVYD
EGPLYVEFSPTEELRKRWIHQLKNVIR

Bruton
602 agammaglobulinemia | BTK (E41K)
tyrosine kinase

Connector enhancer CNKSR2 RGDCKGWLWKKKDAKSY FSOQKWKKYWEVLKDASLTY
603 of kinase suppressor E17K WY INEEDERAEGFISLPEFKIDRASECRKKYAFKA
of Ras 2 ( ) CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
Connector enhancer CNKSR2 RGDCEGWLWKKKDAKSY FSOKWKKYWEVLKDASTY
604 of kinase suppressor (E58K) WY INEEDEKAKGFISLPEFKIDRASECRKKYAFKA
of Ras 2 CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
Connector enhancer CNKSR?2 RGDCEGWLWKKKDAKSY FSOKWKKYWEVLKDASLTY
605 of kinase suppressor (E52K) WY INKEDEKAEGFISLPEFKIDRASECRKKYAFKA
of Ras 2 CHPKIKSFYFAARHLDDMNRWLNRINMLTA
Connector enhancer CNKSR?2 RGDCEGWLWKKKDAKSY FSOKWKKYWEVLKDASLTY
606 of kinase suppressor (E53K) WY INEKDEKAEGFISLPEFKIDRASECRKKYAFKA
of Ras 2 CHPKIKSFYFAARHLDDMNRWLNRINMLTA
Connector enhancer CNKSR?2 RGDCEGWLWKKKDAKSY FSOKWKKYWEVLKDASLTY
607 of kinase suppressor (E55K) WY INEEDKKAEGFISLPEFKIDRASECRKKYAFKA
of Ras 2 CHPKIKSFYFAARHLDDMNRWLNRINMLTA
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SEQ ..
ID PH domain Abbre.v1at10ns/ Sequence
mutation
NO
Connector enhancer CNKSR? RGDCEGWLWKKKDAKSY FSQKWKKYWEVLKDASLY
608 of kinase suppressor (E52K. ES3K) WY INKKDEKAEGFISLPEFKIDRASECRKKYAFKA
of Ras 2 ’ CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
Connector enhancer | CNKSR2 RGDCEGWLWKKKDAKSY FSOKWKKYWEFVLKDASLY
609 of kinase suppressor | (E52K, E53K, WY INKKDKKAEGFISLPEFKIDRASECRKKYAFKA
of Ras 2 E55K) CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
Connector enhancer | CNKSR2 RGDCEGWLWKKKDAKSYFSQKWKKYWFVLKDASLY
610 of kinase suppressor | (E52K, E53K, WY INKKDKKAKGFISLPEFKIDRASECRKKYAFKA
of Ras 2 E35K, E58K) CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
Connector enhancer CNKSR2 RGDCEGWLWKKKDAKSY FSQKWKKYWEVLKDASLY
611 of kinase suppressor §EE55521§EE5583I§ WY INKKDKKAKGFISLPKFKIDRASECRKKYAFKA
of Ras 2 E65K3 > CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
CNKSR2
Connector enhancer ELTK. ESOK RGDCKGWLWKKKDAKSY FSOKWKKYWEVLKDASLY
612 of kinase suppressor §ES3K ’ESSK’ WY INKKDKKAKGFISLPKFKIDRASECRKKYAFKA
of Ras 2 E58K. E65K) CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
Connector enhancer RGDCEGWLWKKKDAKSY FSQKWKKYWEVLKDASLY
613 of kinase suppressor | CNKSR2 WY INEEDEKAEGFISLPEFKIDRASECRKKYAFKA
of Ras 2 CHPKIKSFYFAAEHLDDMNRWLNRINMLTA
ESRIEGWLSVPNRGNIKRYGWKKQYVVVSSKKILF
Rho associated YNDEQDKEQSNPSMVLDIDKLFHVRPVTQGDVYRA
614 coiled-coil Rockl ETEEIPKIFQILYANEGECRKDVEMEPVQQAEKTN
containing protein FONHKGHEFIPTLYHFPANCDACAKPLWHVFKPPP
kinase 1 ATLECRRCHVKCHRDHLDKKEDLICPCKVSYDVTSA
RDMLLLACSQDEQKKWVTHLVKKIP
Pleckstrin homology VLREGELEKRSDSLFQLWKKKRGVLTSDRLSLEFPA
613 like domain family A | PHLDA2 SPRARPKELRFHSILKVDCVERTGKYVYFTIVTTD
member 2 HKEIDFRCAGESCWNAAIALALI
PH domain and RIQLSGMYNVRKGKMQLPVNRWITRRQVILCGTCLI
616 leucine rich repeat PHLPP1 VSSVKDSLTGKMHVLPLIGGKVEEVKKHQHCLAFES
protein phosphatase | SSGPQSQTYYICFDTFTEYLRWLRQVSKVAS
PH domain and RIQLSGMYNVRKGKMQLPVNRWIRRQVILCGTCLI
617 leucine rich repeat PHLPP1 VSSVKDSLTGKMHVLPLIGGKVEEVKKHQHCLAFS
protein phosphatase 1 SSGPQSQTYYICFDTFTEYLRWLRQVSKVAS
ArfGAP with coiled- GLVMEGHLFKRASNAFKTWSRRWFTIQSNQLVYQK
618 coil, ankyrin repeat ACAP1 KYKDPVIVVVDDLRLCTVKLCPDSERRECFEVVST
and PH domains 1 SKSCLLQADSERLLQLWVSAVQSSIA
ArfGAP with dual AGYREGFLWKRGRDNGQFLSRKEVLTEREGALKYF
619 PH domains 1 ADAPI1 PH1 NRNDAKEPKAVMKIEHLNATFQPAKIGHPHGLQVT
(Centaurin-alpha-1) YLKDNSTRNIFIYHEDGKEIVDWFNALRAARF
, . NYLKEGYMEKTGPKQTEGFRKRWEFTMDDRRLMY FK
620 ?ggg};‘;‘gﬁdual ADAP1 PH2 DPLDAFRARGEVFIGSKESGYTVLHGFPPSTQGHHW
PEGITIVTPDRKFLFACETESDQREWVAAFQKAVD
actin filament SGLETSSYLNVLVNSQWKSRWCSVRDNHLHEYQDR
621 associated protein 1 AFAPIL2 PH2 | NRSKVAQQPLSLVGCEVVPDPSPDHLY SFRILHKG
like 2 EELAKLEAKSSEEMGHWLGLLLSESG
actin filament DARICAFLWRKKWLGOWAKQLOVIKDNRLLOYKSS
622 associated protein 1 AFAPIL2 PH 1 | XDHSPOLDVNLLGSSVIHKEKQVREREHKLKITEM
like 2 NADVIVLGLOSKDOAROWLEVIQEVS
AMTGAP with LB TEOSELL iR SO LNRENKKR TV TLSSIC L LY
y i HPSINDYIHSTHGKEMDLLRTTVKVPGKRPPRAILS
623 GTPase domain, agap?2

ankyrin repeat and

AFGPSASGSAGQAERENFEFLIVSSTGQTWHEEARA
SFEERDAWVQATIESQIL
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SEQ ..
ID PH domain Abbre.v1at10ns/ Sequence
mutation
NO
PH domain 2
(Centaurimn-gamma 1)
. ~ KLVRDGSVFLKNAAGRLKEVOAVLLTDILVFLOEK
624 | Akinascanchoring | o4 DOKY I FASLDOKSTVISLKKL IVREVAHEERGLEL
protein 13 TSMCMTDPEMVEVHASSKEERNSWIQT TODT IN
SMSDVAIVKEGWLHKRGEY IKTWRPRY FLLKNDGT
AKT . FIGYKERPODVDQREAPTNNFSVAQCOIMKTERPR
623 serine/threonine aktl PNTFIIRCLOWTTVIERTFHVETPEEREEWTTATO
kinase 1 TVADGLKKQEEEEMDFRSG
AKT SVIKEGWLHKRGEY IKTWRPRY FLLKSDGSFIGYK
626 serine/threonine akt2 ERPEAPDOTTPPLNNFSVAECQILMKTERPRENT FV
kinase 2 TRCT.OWTTVIERT FHVDS PDEREEWMRAT OMVA
AKT TTIVKEGWVOKRGEY I KNWRPRY FLLKTDGSFIGYK
627 serine/threonine akt3 EKPODVDLPY PLNNFSVAKCOTMKTERPKPNTFTT
kinase 3 RCLOWTTVIERTFHVDTPEEREEWTEATOAVAD
SVEERGFLT I FEDVSGFGAWHRRWCVLSGNC ISYW
68 anillin, actin binding | TYPDDEKRKNPTGRINLANCT SROTEPANREFCAR
protein anin RNTFELTTVRPOREDDRET LV SQOCRDTT.CVTKNWL
SADTKEERDLWMOKLNOVLV
amyloid beta VPELECALYLKEDGKKSWKRRYFLLRASGTYYVPK
precursor protein . GKTKTSRDLACFIQFENVNTIY YGTOHKMKYKAPTD
629 binding family B | Apbblip YCFVLKHPOTIQKESQY TKYLCCDDTRTINQWVMGT
member | interacting RIAKY
protein
adaptor protein,
phosphotyrosine LTRKAGY LNARNKTGLVSSTWDROFY FTQGGNTMS
630 interacting with PH | APPL1 OARGDVAGGT.AMDTDNCSVMAVDCEDRRYCFOTTS
domain and leucine FDGKKSSTLOAESKKDHEEWICT INNT SK
zipper 1
adaptor protein,
phosphotyrosine LTOKAGY LNLRNKTGLVTTTWERLY FFTQGGNLMC
631 interacting with PH | APPL2 OPRGAVAGGL.TQDLDNCSVMAVDCEDRRYCFQTTT
domain and leucine PNGKSGT ILOAESRKENEEWICATNNT SR
zipper 1
AfGAP with KKVKSGWLDKLSPOGKRMFOKRWVKFDGL ST SY YN
632 | RhoGAP domain, ARAP2 (PH 1) | NEKEMYSKGIIPLSAISTVRVQGDNKFEVVTTQRT
ankyrin repeat and FVFRVEKEEERNDWISTLLNATK
PH domain 2
ArﬂléP)“ﬂl . TPEKCGYLELRGY KAKT FTVLSGNSVWLCKNEQDE
633 | RhoGAP domain, ARAP2 (PH2) | KSGLGTTTTPMNVANVKQVDRTVKQSFET TTPYRS
ankyrin repeat and FSFTAETEKEKODWIEAVOQSTA
PH domain 2
DAAKEGWLHAFRPLVTDKGKRVGGS T RPWKOMY VL
634 Rm)GiP?&% . ARHGAP | RGHSLYLYKDKREQTTESEERQPISYNACLIDISY
activating protein 21 SETKRKNVFRLTTSDCECTLFQAEDRDDMLAWTKT T
QESSN
RPTKMGWLKKQORS TVKNWOORY FVLRAQOLY Y Y KD
635 Rho GTPase ARHGAPIS EEDTKPOGCMYLPGCTTKETATNPEEAGKFVFETT
activating protein 25 PASWDONRMGODSYVILMAS SQAEMEEWVKFLRRVA
G
TT,DKAGVLARTKTADKGKRLRKKHAWSASWTVLEGG
636 Rho GTPase ARHGAP?7 VLT FFKDSKTSAAGGLROPSKFSTPEY TVELRGAT

activating protein 27

LSWAPKDKSSRKNVLELRSRDGSEYLIQHDSEATT
STWHKALIAQGIO
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SEQ . .
ID PH domain Abbre.v1at10ns/ Sequence
mutation
NO
EVEKSGLLNMTKIAQGGRKLRKNWGPSWVVLTGNS
Rho GTPase , LVFYREPPPTAPS SGWGPAGSRPESSVDLRGAALA
637 | activating protein 9 | 2% HGRHLSSRRNVLHIRTIPGHEFLLQSDHETELRAW
HRALRTVIE
. KLVHEGPLTWRVTKDKAVEVHVLLLDDLLLLLORQ
Rho guanine - DERLLLKSHSRTLTPTPDGKTMLRPVLRLTSAMTR
638 nucleotide exchange | ARHGEF1 EVATDHKAFYVLEFTWDQEAQIYELVAQTVSERKNW
factor | CALITETAG
. WL LKRGELFLVEETGLFRKTASRETCYLELE
Rho guanine VYT KEKSE RS YMUGD Y ADMIH |
639 nucleotide exchange | Arhgefl6 et é T LRNSECE
factor 16 SARARNTVALTHSER
Rho/Rac guanine OLHLEGALCWKST SGRLKDVLAVLLTDVLLLLOEK
640 nucleotide exchange | Arhgefl8 DQKYVFASVDSKPPVISLOKLIVREVANEEKAMFL
factor 18 ISASMOGPEMYEMYTSSKEDRNIWMAHIRRAVE
Rho/Rac guanine KLIHDGCLLWKTATGRFKDVLVLLMTDVLVFLQEK
641 nucleotide exchange | ARHGEF2 DQKYIFPTLDKPSVVSLONLIVRDIANQEKGMELL
factor 2 SARPPEMYEVHTASRDDRSTWIRVIQQSVR
Rho guanine TLLYDGLVYWKTATGRFKDILALLLTDVLLFLOEK
642 nucleotide exchange | ARHGEF28 DOKYIFAAVDQKPSVISLOKLIAREVANEERGMEL
factor 28 I SASSAGPEMYEIHTNSKEERNNWMRRIQQAVE
INIIQGIVAEINTKIGESECRYYKERLLY LEEGQK
Rho guanine DSLIDSSRVLCCHGELKNNRGVKLHVFLEFQEVLVI
643 nucleotide exchange | Arhgef3 TRAVTHNEQLCYQLYRQPIPVKDLTLEDLQDGEVR
factor 3 LGGSLRGAFSNNERVKNFFRVSFKNGSQSQTHSLO
ANDTFNKQQWLNC IRQAKE
L ) ELIYSGELTRVTQPOAKSQORMEFLEDHQLIYCKK
0 guamne DLLRRDVLYYKGRLDMDGLEVVDLEDGKDRDLHVS
644 nucleotide exchange | ARHGEF4 IKNAFRLHRGATGDSHLLCTRKPEQKQRWLKAFAR
factor 4 PRE
, DIKNLGNVIEFMSQVMVQYGACEEKEERY LML SNV
Rac/Cdp42 guanine ' LIMLEASPRMSGE
643 nucleotide exchange | Arhgefo IYQOGKIPIAGTVVTRLDEIEGNDCTFEITGNTVER
factor 6 IVVHCNNNQDFQEWLEQLNRLIR
Rac/Cdc42 guanine
646 nucleotide exchange | Arhgef6 .
factor 6 .
. ELIYTGEMAWIYQPYGRNQCRVEFLEFDHQMVLCKK
Cdc42 guanine .
. DLIRRDILYYKGRIDMDKYEVIDIEDGRDDDFNVS
647 | nucleotide exchange | Arhgef? MKNAFKLHNKETEEVHLFFAKKLEEKIRWLRAFRE
factor 9 FRK
ArfGAP with SH3 GSEKKGYLLKKSDGIRKVWQRRKCSVKNGILTISH
64y | domain. ankyrin asapl ATSNRQPAKLNLLTCQVKPNAEDKKSFDL T SHNRT
repeat and PH YEFQAEDEQDY VAWISVLTNSKE
domain 1
ArfGAP with SH3 GSEKKGFLLKKSDGI RKVWORRKCAVKNGILTISH
649 | domain, ankyrin Asapl ATSNRQPAKLNLLTCOVKPNAEDKKS FDL TSHNRT
repeat and PH YHFQAEDEQDY IAWI SVLTNSKE
domain 1
. PVERCGVLSKWINY I HGWQDRWVVLKNNALSYYKS
650 | ccramide transfer CERT EDETEYGCRGSICLSKAVITPHDFDECREFDISVND

protein

SVWYLRAQDPDHROQWIDATIEQHKT
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SEQ ..
ID PH domain Abbre.v1at10ns/ Sequence
mutation
NO
dual adaptor for SLGTKEGYLTKQOGGLVKTWKT RWFTLHRNELKY FK
651 | Phosphotyrosineand | 4, DOMSPEPTRILDLTECSAVQFDY SQERVNCFCLVF
iphoqhonmﬂndes PFRTEFYLCAKTCVEADEWIKILRWKLS
TVIRKGWLT INNIGIMKGGSKE
, YWFVLTAENLSWY KDDEEKEKKYMLSVDNLKLRDV
652 dynamin 1 dnm1 EKGFMSSKHIFALFNTEQRNVYKDYRQLELACETO
EEVDSWKASFLRAGY
LVIRRGWLT INNT SLMKGGSKEYWEVLTAESLSWY
‘ KDEEEKEKKYMLPLDNLKT RDVEKGFMSNKHVFAT
653 dynamin 2 DNM2 FNTEQRNVYKDLROT ELACDSQEDVDSWKAS FLRA
GV
GITKHGWLYKGNMNSATSVTMRS FKRRFFHLTOLG
dedicator of DGSYNTLNFYKDEKTSKEPKGS TFLDSCMGVVONNK
654 cytokinesis 9 dock? VRRFAFELKMODKSSYLILAADSEVEMEEW I T TLNK
TLO
GAVKQGFLYLOQOQOT FGKKWRRFGAST,YGGS DCAL
dedicator of ARLELOEGPEKPRRCEAARKVIRLSDCLRVAEAGG
633 cytokinesis 2 dok2 EASSPRDTSAFFLETKERLYLLAAPAAERGDWVOA
TCTIAF
AATLVEGOVKLRDGKKWKSRWLVLRKPSPVADCLLM
dedicator of IVYKDKCERSKGLRERSSLTTL.EDICGLEPALPYEG
636 cytokinesis 7 Dok7 LAHTLAT ICLSQAVMLGFDSHEAMCAWDTRIRYAL
G
RL.VEGTC FRKLNARRRODKEWY CRLSPNHKVLHYG
657 engulfimentand cell | o/ DLEESPQGEVPHDSLODKLPVADTKAVVTGKDC PH
motility | MKEKGALKONKEVLELAFSTLYDSNCOLNFIAPDK
HEYCTWTDGLNALTL.GKD
YI,VYNGDLVEY EADHMAQLORVHGFLMNDCLLVAT
658 exocyst complex Exoct WILPORRGMY RYNATY PLDRLAVVNVKDNP PMKDMF
component 8 KI,LMFPESRT FOAENAKTKREWLEVLEETKRALSD
KR
FERM, . N
EFTREGCTLHKLTKKGLOQRMFFL, FSDMLLYTSKSV
659 ARH/RhoGEF and Farp2 TGASHFRIRGFLPLRGMLVEESENEWSVLHCFTTY
pleckstrin domain ARAQKTIVVAASTRLEKEKWMQDLNAATQ
protem 2
FERM, s . . -
ENQLSGYLLRKFKNSNGHOKLWVVETNFCTFFYKT
660 AR}thOGEF%nd Farp2 HODDY PLAST.PTT.GY SVST,PREADS THKDYVFKT.Q
pleckstrin domain FKSHVY FFRAESKYT FERWMDVIKRASSSPGRP
protein 2
~ KLFRPRKLMLRKACKQYWFVFKDT S TAY FKNKELEQ
661 FERM domain Fermt1 GEPTEKLNLRGCETVPDVNVSGRKFGTKLLIPVAD
containing kindlin 1 GMNEVYLRCDHEDQY ARWMAACTLASK
. KVFKPKKLTLKGY KQYWCT FKDTSTSCYKSKEESS
662 FERM domain fermt?2 GTPAHOMNLRGCEVTPDVNISGOKFNIKLLIPVAE
containing kindlin 2 GMNEIWLRCDNEKQYAHWMAACRLASK
. DELRT FRPRKLTLKGYROHWVVEFRETTLSYY KSQD
663 FERM domain | prp iy EAPGDPTOOLNLKGCEVVPDVNVSGOKFC TKLLVP
containing kindlin 3 SPEGMSETYLRCODEQQYARWMAGCRLASK
FYVE. RhoGEF and PSTLCCPLARLSESCETWSEVWAAT PMSDPOVLHLO
664 PH domain FGD3 (PH 2) GGSODGRLPRTTPLPSCKLSVPDPEERTLDSGHVIWK

containing 3

LOWAKQSWYLSASSAELQQOWLETLSTAAH
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ID PH domain Abbre.v1at10ns/ Sequence
mutation
NO
FY VE, RhoGEF and FLIKEGQIOKLSARNGTEQDRHLFLFNSMILYCVE
665 PH domain FGD3 (PH 1) KLRIMGOKFSVREKMDI SGLOVODIVEPNTAHTFT
containing 3 ITGRERSLELOTRTEENKKEWIQIIQATIE
FYVE. RhoGEF and VFLKEGTLMKL,SRKVMQOPRMF FT, FNDATL LY TTPVQ
666 PH domain Fed6 (PH 1) SGMYKLNNMLSTLAGMKVRKPTQEAYONELKIESVE
containing 6 RS FILSASSATERDEWLEAISRAIE
FYVE. RhoGEF and DS SMSGYLYRSKGNKKPWKHEWEV IKNKVLY TYAA
667 PH domain Fed6 (PH 2) SEDVAALESQPLLGFTVIQVKDENSESKVFQLLHK
containing 6 NMLEYVFKAEDAHSAQKWIEAFQEGT I
CPEIQGFLHVKELGKKSWKKLYVCLRRSGLYCSTK
growth factor GTSAAPRHLQOLLADLEDSNIFSLTAGRKQYNAPTD
663 receptor bound GRBI10 HGLCIKPNKVRNETKELRLLCAEDEQTRT SWMTAF
protein 10 RLLKY
YPETHGFLHAKEQGKKSWKKIYFFLRRSGLY FSTK
growth factor GTSAAPRHLQFFSEFGNSDIYVSLAGKKKHGAPTN
669 receptor bound GRB14 YGFCFKPNKAGGPRDLKMLCAEEEQSRTCHVTATR
protein 14 LLKY
. DC IMEGYMSKMGN PFLTQOWORRY FY LEPNRLEWRG
670 | Gprotein-coupled | pps EGEAPQSLLTMEEIQSVEETQIKERKCLLLKIRGG
receptor kinase 2 KQF1LOCDSDPELVOWKKELRDAYR
1mosttol
671 polyphosphate-5- inppsb
phosphatase B . N y
interaction protein HADCQGWLYKRKEKGOFLQNKWKKFWVILKGoSLY
672 for cytohesin ipcefl WY SNQMAEKADGFVNLPDFTVERASECKKKHAFKI
exchanee factors 1 SHPOIKTFY FAAENVQEMNVHWILNKLGSAVT
. HOREIFLFNDLLVVTKI FOKKKNSVTY SFROSFST
673 1Q motif and Sec7 IQSECI YGMOVLLFENQYYPNGIRLTSSVPGADIKVL INFN
domain ArfGEF 1 APNPQDRKKFTDDLRESTAEVQE
L DVRKVGY LRKPKSMHKRFFVLRAASEAGGPARLEY
674 insulin receptor IRS1 YENEKKWRHKSSAPKRSIPLESCFNINKRADSKNK
substrate | HLYALYTRDEHFATAADSEAEQDSWYQOALLOL
. A KLLMOGS FSVWTDHKKGHT KVKE LAR FKPMORHLF
MCF 2 cell line . . .
. ‘ LHEKAVLFCKKREENGEGYEKAPSYSYKQSLNMTA
675 derived transforming | Mecf2l VGITENVKGDTKKFE IWYNAREEVY TTQAPTPETK
sequence like ARAWVNAIRKVLT
- ME PPLPVGAQPLATVEGMEMKGPLREPCALTLAQR
OCRL mositol > .
NGQYELT IQLHEKEQHVQODI I PTNSHFRCVOEAEE
676 | polyphosphate-3- OCRL TLLIDIASNSGCKIRVQGDWIRERRFEIPDEEHCL
phosphatasc KFLSAVLARQKAQS
. MENVYGY LMKY TNLVTGWQYRFEVLNNEAGLLEY F
677 | Oxysterol binding OSBPL11 VNEQSRNQKPRGTLQLAGAVISPSDEDSHTFTVNA
protein like 11 ASGEQYKLRATDAKERQHWVSRLOICTO
VIVMADWLKIRGT LKSWTKLWCVLKPGVLLIYKTO
678 oxysterol binding OSBPLS KNGOWVGTVILLNACE T TERPSKKDGFCFKLFHPLE
protein like 8 - QS TWAVKGPKGEAVGSITOPLPSSYLIIRATSESD
GRCWMDALELALK
3-phosphoinositide KMGPVDKRKGLFARRRQLLLTEGPHLY YVDPVNKY
679 dependent protein pdpk 1 LKGEIPWSQELRPEAKNFKTFEFVHTPNRTYYLMDP
kinase 1 SGNAHKWCRKIQEVWRQRYQSHPDAAV(Q
630 phospholipase C edl ATLTKGSOLLKVKS SSWRRERFYKLOEDCKTTWQES
delta 1 pie RKVMRSPESQLFSIEDIQEVRMGHRTEGLEKFARD
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SEQ ..
ID PH domain Abbre.v1at10ns/ Sequence
mutation
NO
TPEDRCFSIVFKDQRNTLDLIAPSPADAQHWVOGL
RKTTH
RSLEVGIVMTLEY SKKSORPERKTFQVKLETRQIT
631 phospholipase C Ploc WSRGADKIEGSIDIRETIKETRPGKTSRDFDRYQED
gamma 1 g PAFRPDQSHCFVILYGMEFRLKTLSLOAT SEDEVN
MW TKGLTWLME
SVLREGFLVERGH IVANWKARWE I LRONTLVY YKL
682 pleckstrin 2 PLEK2 (PH 1) GRRVTPERGRILLDGOT ITCECLEY ENRPLLIK
ILXTCOTSTEY FLEACSREERDAWAFEITGATH
TVVKOGY LAKOGHKRKNWKVRRFVLRKDPAFLAYY
. o , DPSKEENRPVGGFSLRGSLVSALEDNGVPTGVKGN
683 pleckstrin 2 PLER2 (PH2) | yooN1 FKVITKDDTHY Y TQASSKAERAEWTEATKK
pleckstrin homology PLEKHA1 (PH
684 domain containing a ] s
1) MINAGMR
Al '
pleckstrin homology R ! )
685 domain containing g;ELJLAl(ij LEKEPLRVIPLEEVHRY ; =3
Al TTERT FYVOADSPEEMASH TKAVSGATY
, ONRICGFLDIEEHENSGKFLRRY FILDTOANCLLW
pleckstrin homology | YMDNPONLAMGAGAVGALQLTY ISKVS TATPKOKP
686 d?nmncmmmmng Plekha2 (PH 1) | 0 o pe pyTNAT SORY FLOANDOKDMKDHVEALNOA
A2 SK
pleckstrin homology PL.IKSGYCVKQGNVRKSWKRRFFALDDET ICY FKC
687 domain containing Plekha2 (PH 2} | EQDREPLRTIFLKDVLKTHECLVKSGDLLMRDNLE
A2 EIITSSRTFYVOADS PEDMHSWIKE IGAAVO
pleckstrin homology MEGVLYKWTNY LTGWOPRWEVLDNGILSYYDSQODD
688 domain containing PLEKHA3 VCKGSKGSTKMAVCE TKVESADNTRMET T TPGEQH
A3 FYMKAVNAAERQRWLVALGSSKA
pleckstrin homology VHIRGWLHKQDSSGLRLWKRRWEFVLSGHCLEYYKD
689 domain containing plekhad SREESVLGSVLLPSYNIRPDGPGAPRGRRETFTAE
Ad HPGMRTYVLAADTLEDLRGWLRALGRASR
pleckstrin homology PVVRRGWLYKQDSTCMKLWKKRWEFVLSDLCLEYYR
690 domain containing, | PLEKHAS DEKEEGILGSILLPSFQIALLTSEDHINRKYAFKA
family A member 5 AHPNMRTYYFCTDTGKEMELWMKAMLDAATL
pleckstrin homology PVTKAGWLFKQOASSCVKOWNKRWEFVLVDRCLEYYK
691 domain containing PLEKHASG DEKEESTLGSIPLLSFRVAAVOPSDNT SRKHTFKA
A6 EHAGVRTYFFSAESPEEQEAWTIQAMGEAAR
] PVVVRGWLHKQKS SCMRLWKRRWEFVLADYCLFYYK
pleckstrin homology DSREEAVLGSIPLPSYVISPVAPEDRT SRKY SFKA
692 domain containing PLEKHA7 VHTGMRALIYNSSTAGSQAEQSGMRTY Y FSADTQE
AT DMNAWVRAMNQAAQ
pleckstrin homology ALVRGEHTA OGTLGYY E
domain containing, I CHDVOPPREGR
693 family B (evectins) Plekhbl g DALAWKTALLE
member 1 ANE
. AFVKSGWLLROST I LKRWKKNWEDLWSDGHL YYD
pleckstrin homology DOTROSTEDKVHMPVDCINTRTGHECRDTOPPDGK
694 domain containing Plekhb2 PRDCLLQIVCRDGKT T SLCAESTDDCLAWKFTLOD
B2 SRT
pleckstrin homology TITKEGMLHYKAGTSYLGKEHWKTCFVVLSNGILY
695 and RUN domain PLEKHM?2 QYPDRTDVIPLLSVNMGGEQCGGCRRANTTDRPHA

containing M2

FOQVILSDRPCLELSAESEAEMAEWMOHLCOQAVS
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NO
KRIREGY LVKKGS VENTWKPMWVVLLEDGIEFYKK
696 pleckstrin PLEK (PH1) KSDNSPKGMIPLKGSTLTSPCQODFGKRMEVEKITT
TKQODHFFOAAFLEERDAWVRDINKAIK
VITKQGCLLKQGHRRKNWKVRKFILREDPAYLHYY
697 pleckstrin PLEK (PH2) DPAGAEDPLGAIHLRGCVVTSVE SNSNGRKSEEEN
LFEITTADEVHY FLOAATPKERTEWIKATOMASR
phosphatidylinositol- OLLLOGTLLKISAGNIQERAFFLFDNLLVYCKRKS
3.4 5-trisphosphate y RVTGSKKSTKRTKSINGSLY I FRGRINTEVMEVEN
698 | dependent Rac p-rexl VEDGTADYHSNGYTVTNGWKI HNTAKNKWFVCMAK
exchange factor | TAEEKQKWLDAIIRERE
phosphatidylinositol- EMLMCGVLLKI SSGNIQERVFFLFDNLLVYCKRKH
599 34.5-trisphosphate | porys RRLKNSKASTDGHRYLFRGRINT EVMEVENVDDGT
dependent Rac ADFHS SGHIVVNGWKIHNTAKNKWFVCMAKT PEEK
exchange factor 2 HEWFEATILKERE
TTLREGWVVHY SNKDTLRKRHYWRLDCKC ITLEQON
o NTTNRYYKEIPLSEILTVESAQNFSLVPPGTNPHC
700 protein kinase D2 PRKD2 FE ITVTANATY FVGEMPGGT PGGP SGQGAEARRGWE
TATRQALM
TMVKEGWMVHY TSRDNLRKRHYWRLDSKCLTLEFQON
o ESGSKYYKETPLSETLRISSPRDFTNT SQGSNPHC
701 protein kinase D3 PRKD3 FETITDTMVY FVGENNGDS SHNPVLAATGVGLDVA
OSWEKATROALM
. VPTMEGPLRRKTLLKEGRKPALSSWTRYWVVLSGA
Ral GEF with PH TLLYYGAKSLRGTDRKHYKST PGKKVS IVGWMVOL
702 domain and SH3 Ralgpsl PDDPEHPDT FOLNNPDKGNVYKFQTGSRFHATLWH
binding motif 1 KUT.DDACK
Ras association VPEIEGVLWLKDDGKKSWKKRY FLLRASG LY YVPK
703 (RaIGDS/AF-6) and | ¢\ pryy GKAKVSRDLVCFLOLDHVNVY YGODYRNKYKAPTD
pleckstrin homology YCTVTL.KHPOTQKKSQY TKYT.CCDDVRTTHOWVNG T
domains 1 RIAKY
ESRLEGWLSLPVRNNTKKFGWVKKYVIVSSKKILF
Rho associated YDSEQDKEQSNPYMVT,DT DKL, FHVRPYTQTDVYRA
cotled-coil DAKEIPRIFQILYANEGESKKEQEFPVEPVGEKSN
704 | containing protein Rock2 Y ICHKGHEFIPTLYHFPTNCEACMKPLWHMEKPPP
kinase 2 ALECRRCHIKCHKDHMDKKEE I TAPCKVYYDISTA
KNLLLLANSTEEQQOKWVSRLVKKIP
NRSYEGILYKKGAFMKPWKARWFVLDKTKHOLRYY
705 SET binding factor I | Sbfl DHRMDTECKGVIDLAEVEAVAPGTPTIGAPKTVDE
KAFFDVKTTRRVYNFCAQDVP SEQOWYDRIQSCLS
DIOREGALRFMVADDAASGPGGTAQWOKCRLLLRR
206 SH2B adaptor Shab2 AVAGERFRLEFFVPPKASRPKVSTPLSAT IEVRTT
protein 2 - MPLEMPEKDNTFVLKVENGAEY TLETTDSLOKHSW
VADTQGCVD
‘ . NVIKQGY LEKKSKDHSFFGSEWQKRWCVVSRGLEY
707 src kinase associated | gy s p) YYANEKSKOPKGT FLIKGY SVRMAPHLRRDSKKES
phosphoprotein 1 CFELTQQDRRTiEFTATbPAEARDWVDQISFLLK
708 src family assqciated Skap2
phosphoprotein 2
SOS Ras/Rac FIMEGTLTPVGABHERHIFLFDGLMICLBSNHGQP
709 guanine nucleotide | Sosl RLPGASSAEYRLKEKFFMRKVOINDKDDT SEYKHA
exchange factor 1 FET ILKDGNSVIFSAKSAREKNNWMAALTSLOYRS
spectrin beta, non- SAQMEGFLNRKHEWEAHNKKASSRSWHNVYCVINN
710 sptbnl

erythrocytic 1

QEMGEYKDARSAASGIPYHSEVPVSLKEAICEVAL
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NO
DY KKKKHVFKLRL SDGNEY LFQAKDDEEMNTWIOA
spectrin beta, non- -
711 erythrocytic 2 SPTBN2 GKEYLEQAKDE
VNAATA
signal transducing PLYFEGFLLIKRSGYREYEHYWIELRGTTLFFYTD
712 adaptor family stapl KKSIIYVDKLDIVDLTCLTEQNSTEKNCAKFTLVL
member 1 PKEEVQLKTENTESGEEWRGFILTVTE
DVLKQGYMMKKGHRRKNWTERWFVLKPNIISY YVS
713 SWA-70 protein SWAP70 EDLKDKKGDILLDENCCVESLPDKDGKKCLFLVKC
FDKTFETSASDKKKKQEWTQATHSTTH
. . , PKKLCGY LSKFGGKGPIRGWKSRWEFY DERKCOLY
714 TBCI domain family | rp~pys YSRTAQDANPLDS TDLSSAVFDCKADAEEGIFETK
member 2 TPSRVITLKAATKQAMLYWLOOLOMKRW
NTILEEILIKRSOQKKKTSPLNYKERLEFVLTKSML,
715 tec protein tyrosine | rp. TYYEGRAEKKYRKGFIDVSKIKCVEIVKNDDGVIP
kinase - CONKY PFQVVHDANTLY T FAPSPQSRDLWVKKLKE
ETK
VRKAGALAVKNFLVHKKNKKVESATRRKWKHYWVS
TIAM Racl . \ LKGCTLFFYESDGRSGIDHNS IPKHAVWVENSTVO
716 associated GEF 1 Tiam1 (PH 1) AVPEHPKKDFVFCLSNSLGDAFLFQTTSQTELENW
TTATHSACATA
DLSMGDLLLHTTV INLNPPASLGKWKKEPELAAFY
TIAM Racl A FKTAVVLVYKDGSKOKKKLVGSHRLSTYEDWDPFR
717 1Racl Tiaml (PH2) | ooy Pe P PADES R RARL VoSt R Ls L b DW= ™
associated GEF 1 FRHMI PTEALQVRALASADARANAVCEIVHVKSES
EGRPERVFHLCCS SPESRKDFLKAVHS TLRDK
VVRKAGWLFFKPLVTLOKERKLE LVARRKWKQY WV
T cell lymphoma . TLKGCTLLFYETYGKNSTEQNSAPRCATLFAEDSTV
713 invasion and Tiam2 (PH 1) QSVPEHPKKEHVFCLSNSCGDVYLFQATSQTDLEN
metastasis 2 WVTATHSACA
T cell lymphoma [\)]:“ o
719 invasion and Tiam?2 (PH 2) T, ']_[ o
metastasis 2 STLRENFRRHTKCELPLEKTCKDRLYE
. . TESOGELILOESFQVWDPKTL IRKGRERHLFLFEM
trio Rho guanine - e D . -
: SLVFSKEVKDSSGRSKYLYKSKLFTSELGVTEHVE
720 nucleotide exchange | TRIO (PHI) GDPCKFALWVGRT PTSDNKIVLKASSIENKQDWIK
factor HIREVIO
. . RKIVAQGKLLLODT FLVTDODAGLLPRCRERRIFLF
rio Rho guanine - X EQTIVIFSEPLDKKKGFSMPGFLFKNSIKVSCLCLE
721 nucleotide exchange | TRIO (PH2) ENVENDPCKFATLTSRTGDVVETFTLHSSSPSVRQT
factor WIHEINQILE
vav guanine RPKIDGELKITSVERRSKMDRYAFLLDKALLICKR
722 nucleotide exchange | VAVI RGDSYDLKDFVNLHS FQVRDDSSGDRDNKKWSHME
factor 1 LLIEDQGAQGYELFFKTRELKKKWMEQFEMATS

[0086] In some cases, the plasma membrane recruitment element comprises the PH domain of any one of

the proteins or protein fragments set forth in Table 4C. In some cases, the plasma membrane recruitment

element comprises the PH domain of one or more of the proteins or protein fragments set forth in Table

4C. In some cases, the plasma membrane recruitment element comprises a PH domain that comprises an

amino acid sequence that is about 60% or more, about 65% or more, about 70% or more, about 75% or
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more, about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or
more, about 97% or more, about 98% or more, about 99% or more sequence identity to any one of the
sequences set forth in any one of SEQ ID NOs: 161-290. In some cases, the plasma membrane
recruitment element comprises a PH domain that comprises an amino acid sequence that is about 60% or
more, about 65% or more, about 70% or more, about 75% or more, about 80% or more, about 85% or
more, about 90% or more, about 95% or more, about 96% or more, about 97% or more, about 98% or
more, about 99% or more sequence identity to one or more of the sequences set forth in any one of SEQ
ID NOs: 161-290. In some cases, the plasma membrane recruitment element comprises a PH domain that
comprises an amino acid sequence that is about 60% or more, about 65% or more, about 70% or more,
about 75% or more, about 80% or more, about 85% or more, about 90% or more, about 95% or more,
about 96% or more, about 97% or more, about 98% or more, about 99% or more sequence identity to any
one of the sequences listed in Table 4C. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that is about 60% or more, about 65% or more, about 70% or more,
about 75% or more, about 80% or more, about 85% or more, about 90% or more, about 95% or more,
about 96% or more, about 97% or more, about 98% or more, about 99% or more sequence identity to the
PH domain of one or more of the sequences listed in Table 4C.

[0087] In some cases, the plasma membrane recruitment element comprises the protein or protein
fragment of any one of the proteins or protein fragments set forth in Table 4C with a further truncation on
the N-terminus. For example, for those amino acid sequences start with a N-terminal methionine, the N-
terminal methionine can be absent. In some cases, the plasma membrane recruitment element comprises
the protein or protein fragment of any one of the proteins or protein fragments set forth in Table 4C with
a further truncation on the C-terminus. In some cases, the plasma membrane recruitment element
comprises the protein or protein fragment of any one of the proteins or protein fragments set forth in
Table 4C with one amino acid substitution. In some cases, the plasma membrane recruitment element
comprises the protein or protein fragment of any one of the proteins or protein fragments set forth in
Table 4C with two or more amino acid substitutions. In some cases, the plasma membrane recruitment
element comprises the protein or protein fragment of any one of the proteins or protein fragments set forth
in Table 4C and a heterologous peptide sequence fused to the N-terminus or C-terminus.

[0088] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to one or more
sequences listed in Table 4C. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity
to one or more sequences listed in Table 4C fused to a heterologous peptide sequence on the N terminus.

In some cases, the plasma membrane recruitment clement comprises an amino acid sequence comprising

about 60%,. about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about
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96%, about 97%, about 98%, about 99%, or about 100% sequence identity to one or more of the
sequences listed in Table 4C fused to a heterologous peptide sequence on the C terminus.

[0089] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to any one of the
sequences listed in Table 4C. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity
to any one of the sequences listed in Table 4C fused to a heterologous peptide sequence on the N
terminus. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to any one of the
sequences listed in Table 4C fused to a heterologous peptide sequence on the C terminus.

[0090] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more, about 80%
or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about 97% or
more, about 98% or more, about 99%, or about 100% sequence identity to any one of the sequences listed
in Table 4C. In some cases, the plasma membrane recruitment element comprises an amino acid
sequence comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more,
about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more,
about 97% or more, about 98% or more, about 99%, or about 100% sequence identity to any one of the
sequences listed in Table 4C fused to a heterologous peptide sequence on the N terminus. In some cases,
the plasma membrane recruitment element comprises an amino acid sequence comprising about 60% or
more, about 65% or more, about 70% or more, about 75% or more, about 80% or more, about 85% or
more, about 90% or more, about 95% or more, about 96% or more, about 97% or more, about 98% or
more, about 99%, or about 100% sequence identity to any one of the sequences listed in Table 4C fused
to a heterologous peptide sequence on the C terminus.

[0091] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more, about 80%
or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about 97% or
more, about 98% or more, about 99%, or about 100% sequence identity to one or more of the sequences
listed in Table 4C. In some cases, the plasma membrane recruitment element comprises an amino acid
sequence comprising about 60% or more, about 65% or more, about 70% or more, about 75% or more,
about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more,
about 97% or more, about 98% or more, about 99%, or about 100% sequence identity to one or more of
the sequences listed in Table 4C fused to a heterologous peptide sequence on the N terminus. In some
cases, the plasma membrane recruitment element comprises an amino acid sequence comprising about

60% or more, about 65% or more, about 70% or more, about 75% or more, about 80% or more, about
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85% or more, about 90% or more, about 95% or more, about 96% or more, about 97% or more, about
98% or more, about 99%, or about 100% sequence identity to one or more of the sequences listed in
Table 4C fused to a heterologous peptide sequence on the C terminus.

[0092] In some cases, the plasma membrane recruitment element comprises a protein or protein fragment
that comprises an amino acid sequence that has at least about 50%, 60%, 70%, 80%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to any one of the sequences set forth
in Table 4C. In some cases, the plasma membrane recruitment element comprises a protein or protein
fragment that comprises an amino acid sequence that has at least about 50% sequence identity to any one
of the sequences set forth in Table 4C. In some cases, the plasma membrane recruitment element
comprises a protein or protein fragment that comprises an amino acid sequence that has at least about
60% sequence 1dentity to any one of the sequences set forth in Table 4C. In some cases, the plasma
membrane recruitment element comprises a protein or protein fragment that comprises an amino acid
sequence that has at least about 70% sequence identity to any one of the sequences set forth in Table 4C.
In some cases, the plasma membrane recruitment element comprises a protein or protein fragment that
comprises an amino acid sequence that has at least about 75% sequence identity to any one of the
sequences set forth in Table 4C.

[0093] In some cases, the plasma membrane recruitment element comprises a protein or protein fragment
that comprises an amino acid sequence that has at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
any one of the sequences set forth in Table 4C. In some cases, the plasma membrane recruitment element
comprises a protein or protein fragments that comprises an amino acid sequence that has at least about
80% sequence identity to any one of the sequences set forth in Table 4C. In some cases, the plasma
membrane recruitment element comprises a protein or protein fragment that comprises an amino acid
sequence that has at least about 85% sequence identity to any one of the sequences set forth in Table 4C.
In some cases, the plasma membrane recruitment element comprises a protein or protein fragment that
comprises an amino acid sequence that has at least about 90% sequence identity to any one of the
sequences set forth in Table 4C. In some cases, the plasma membrane recruitment element comprises a
protein or protein fragment that comprises an amino acid sequence that has at least about 95% sequence
identity to any one of the sequences set forth in Table 4C. In some cases, the plasma membrane
recruitment element comprises a protein or protein fragment that comprises an amino acid sequence that
has at least about 96% sequence identity to any one of the sequences set forth in Table 4C. In some cases,
the plasma membrane recruitment element comprises a protein or protein fragment that comprises an
amino acid sequence that has at least about 97% sequence identity to any one of the sequences set forth in
Table 4C. In some cases, the plasma membrane recruitment element comprises a protein or protein
fragment that comprises an amino acid sequence that has at least about 98% sequence identity to any one
of the sequences sct forth in Table 4C. In some cases, the plasma membrane recruitment element
comprises a protein or protein fragment that comprises an amino acid sequence that has at least about

99% sequence 1dentity to any one of the sequences set forth in Table 4C.
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[0094] In some cases, the plasma membrane recruitment element comprises a protein or protein fragment
that comprises an amino acid sequence that has at least about 50%, 60%, 70%, 80%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a sequence set forth in Table 4C.
In some cases, the plasma membrane recruitment clement comprises a protein or protein fragment that
comprises an amino acid sequence that has at least about 50% sequence identity to one or more of the
sequences set forth in Table 4C. In some cases, the plasma membrane recruitment element comprises a
protein or protein fragment that comprises an amino acid sequence that has at least about 60% sequence
identity to one or more of the sequences set forth in Table 4C. In some cases, the plasma membrane
recruitment element comprises a protein or protein fragment that comprises an amino acid sequence that
has at least about 70% sequence identity to one or more of the sequences set forth in Table 4C. In some
cases, the plasma membrane recruitment element comprises a protein or protein fragment that comprises
an amino acid sequence that has at least about 75% sequence i1dentity to one or more of the sequences set
forth in Table 4C.

[0095] In some cases, the plasma membrane recruitment element comprises a protein or protein fragment
that comprises an amino acid sequence that has at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence 1dentity to
one or more of the sequences set forth in Table 4C. In some cases, the plasma membrane recruitment
element comprises a protein or protein fragments that comprises an amino acid sequence that has at least
about 80% sequence identity to one or more of the sequences set forth in Table 4C. In some cases, the
plasma membrane recruitment element comprises a protein or protein fragment that comprises an amino
acid sequence that has at least about 85% sequence identity to one or more of the sequences set forth in
Table 4C. In some cases, the plasma membrane recruitment element comprises a protein or protein
fragment that comprises an amino acid sequence that has at least about 90% sequence identity to one or
more of the sequences set forth in Table 4C. In some cases, the plasma membrane recruitment element
comprises a protein or protein fragment that comprises an amino acid sequence that has at least about
95% sequence identity to one or more of the sequences set forth in Table 4C. In some cases, the plasma
membrane recruitment element comprises a protein or protein fragment that comprises an amino acid
sequence that has at least about 96% sequence identity to one or more of the sequences set forth in Table
4C. In some cases, the plasma membrane recruitment element comprises a protein or protein fragment
that comprises an amino acid sequence that has at least about 97% sequence identity to one or more of the
sequences set forth in Table 4C. In some cases, the plasma membrane recruitment element comprises a
protein or protein fragment that comprises an amino acid sequence that has at least about 98% sequence
identity to one or more of the sequences set forth in Table 4C. In some cases, the plasma membrane
recruitment element comprises a protein or protein fragment that comprises an amino acid sequence that
has at least about 99% sequence identity to one or more of the sequences set forth in Table 4C.

[0096] In some cases, the plasma membrane recruitment element is identified and/or isolated. In some
cases, the plasma membrane recruitment element comprises at least about 60% or more, about 65% or

more, about 70% or more, about 75% or more, about 80% or more, about 85% or more, about 90% or
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more, about 95% or more, about 96% or more, about 97% or more, about 98% or more, about 99% or

more, or about 100% sequence identity to the sequence set forth in any one of SEQ ID NOs: 161-290. In

some cases, the plasma membrane recruitment element is engineered to comprise one or more mutations

to yield PH domain variants. In some cases, the plasma membrane recruitment element variants

comprises at least about 60% or more, about 65% or more, about 70% or more, about 75% or more, about

80% or more, about 85% or more, about 90% or more, about 95% or more, about 96% or more, about

97% or more, about 98% or more, about 99% or more, or about 100% sequence identity to the sequence
set forth in any one of SEQ ID NOs: 161-290.

Table 4C. Proteins and

rotein fragments comprising Pleckstrin homology domains

SEQ
ID
NO

Protien or
protein
fragement

Abbreviation
and mutation

Protein
Data Bank
(PDB) ID

Protien or protein fragement Sequence

161

SH3 domain
binding
protein

3BP2

N/A

MAAEEMHWPVPMKAIGAQNLLTMPGGVAKA
GYLHKKGGTQLOLLKWPLREVITHKRCVYY
FRKSSTSASPQGAFSLSGYNRVMRAAEETTS
NNVEPEFKIIHISKKHRTWEEFSASSEEERKS
WMALLRREIGHFHEKKDLPLDTSDSSSDTD
SEYGAVERPVDISLSPYPTDNEDYEHDDED
DSYLEPDSPEPGRLEDALMHPPAYPPPPVPE
TPRKPAFSDMPRAHSFTSKGPGPLLPPPPP
KHGLPDVGLAAEDSKRDPLCPRRAEPCPRV
PATPRRMSDPPLSTMPTAPGLRKPPCERES
ASPSPEPWTPGHGACSTSSAAIMATATSRN
CDKLKSFHLSPRGPPTSEPPPVPANKPKEL
KIAEEDPPREAAMPGLEVPPVAPRPPALKL
PVPEAMARPAVLPRPEKPQLPHLOQRSPPDG
QSPRSESFEKPROPSQADTGGDDSDEDYREK
VPLPNSVEVNTTESCEVERLEKATSPRGEP
ODGLYCIRNSSTKSGKVLVVWDETSNKVRN
YRIFEKDSKEYLEGEVLEVSVGSMVEHYHT
HVLPSHQSLLLRHPYGYTGPR

162

Rho guanine
nucleotide
exchange
factor 28-like

AKP13

N/A

MKLNPQOQAPLYGDCVVTVLLAEEDKAEDDV
VEYLVEFLGSTLRHCTSTRKVSSDTLETIAP
GHDCCETVKVQLCASKEGLPVEVVAEEDEH
FVODEAYDAAQFLATSAGNQQALNETRELD
QOSGPPSGDVNSLDKKLVLAFRHLKLPTEWN
VLGTDQSLHDAGPRETLMHFAVRLGLLRLT
WELLOKPGGRGALSTHNQEGATPVSLALER
GYHKLHQLLTEENAGEPDSWSSLSYEIPYG
DCSVRHHRELDIYTLTSESDSHHEHPEFPGD
GCTGPIFKLMNIQOQIMKTNLKOMDSLMPL
MMTAQDPSSAPETDGQFLPCAPEPTDPORL
SSSEETESTQCCPGSEVAQTESPCDLSSIV
EEENTDRSCRKKNKGVERKGEEVEPAPIVD
SGTVSDODSCLOSLPDCGVKGTEGLSSCGN
RNEETGTKSSGMPTDQESLSSGDAVLQRDL
VMEPGTAQY SSGGELGGISTTNVSTPDTAG
EMEHGLMNPDATVWEKNVLQGGESTKEREFEN
SNIGTAGASDVHVTSKPVDKISVPNCAPAA
SSLDGNKPAESSLAFSNEETSTEKTARTET
SRSREESADAPVDONSVVIPAAAKDKISDG
LEPYTLLAAGIGEAMSPSDLALLGLEEDVM
PHONSETNSSHAQSQKGKSSEPICSTTGDDK
LCADSACQONTVTSSGDLVAKLCDNIVSES
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SEQ Protl(.en or Abbreviation Protein ‘ ‘

ID protein and mutation Data Bank | Protien or protein fragement Sequence
NO fragement (PDB) ID

ESTTARQPSSQDPPDASHCEDPQAHTVTSD
PVRDTQERADEFCPEFKVVDNKGQRKDVEKLDK
PLTNMLEVVSHPHPVVPKMEKELVPDQAVI
SDSTESLANSPGEESVIKDDALSEVPSQOKRE
KGTATPELHTATDYRDGPDGNSNEPDTRPL
EDRAVGLSTSSTAARELQHGMGNT SLTGLGG
EHEGPAPPATIPEALNIKGNTDSSLOSVGKA
TLALDSVLTEEGKLLVVSESSAAQEQDKDK
AVICSSIKENALSSGTLOEEQRTPPPGODT
QOFHEKSISADCAKDKALQLSNSPGASSAE
LRAETEHNKEVAPQVSLLTQGGAAQSL VPP
GASLATESRQEALGAEHNS SALLPCLLPDG
SDGSDALNCSQPSPLDVGVKNTQSQGKT SA
CEVSGDVIVDVTGVNALQGMAEPRRENISH
NTODILIPNVLLSQERKNAVLGLPVALODKA
VIDPQGVGTPEMIPLDWEKGKLEGADHSCT
MGDAEEAQIDDEAHPVLLOPVARKELPTDME
LSAHDDGAPAGVREVMRAPPSGRERSTPSL
PCMVSAQDAPLPRGADLIEEAASRIVDAVI
EQVKAAGALLTEGEACHMSLSSPELGPLTK
GLESAFTEKVSTFPPGESLPMGSTPEEATG
SLAGCFAGREEPEKIILPVQGPEPAAEMPD
VKAEDEVDFRASSISEEVAVGSIAATLKMK
QGPMTQAINRENWCT IEPCPDAASLLASKY
SPECENFLDVGLGRECTSKQGVLEKRESGSD
SDLEFHSPSDDMDSITIFPKPEEEHLACDITG
S5SSTDDTASLDRHSSHGSDVSLSQILKPN
RSRDRQSLDGEYSHGMGAEGRESESEPADP
GDVEEEEMDSITEVPANCSVLRSSMRSLSP
FRRESWGPGKNAASDAEMNHRS SMRVLGDV
VRRPPIHRRSFSLEGLTGGAGVGNKPSSSL
EVSSANAEELRHPFSGEERVDSLVSLSEED
LESDOQREHRMEDQOICHRSKOQGENYCTSA
ISSPLTKSISLMTISHPGLDNSRPEFHSTEH
NTSANLTESITEENYNEFLPHSPSKKDSEWK
SGTKVSRTESY IKNKMS SSKKSKEKEKEKD
KIKEKEKDSKDKEKDKKTVNGHTESSIPVV
GPISCSQCMKPETNKDAYTCANCSAEVHKG
CRESLASCARVEMKQPKGSLOAHDTSSLPT
VIMRNKPSQPKERPRSAVLLVDETATTPIF
ANRRSQQSVSLSKSVSIQNITGVGNDENMS
NTWKELSHSTDSLNKISKVNESTESLTDEG
VGTDMNEGOQLLGDFETESKQLEAESWSRIT
DSKFLKQQKKDVVKROEVIYEIMQTEFHHV
RTLKIMSGVYSQGMMADLLFEQOMVEKLEFE
CLDELISIHSQFFQRILERKKESLVDKSEK
NEFLIKRIGDVLVNQESGENAERLKKTYGKE
CGQHNQSVNYFEFKDLY AKDKREQAFVKKKMS
SSVVRRLGIPECILLVTQRITKYPVLEFQRI
LOCTKDNEVEQEDLAQSLSLVKDVIGAVDS
KVASYEKKVRLNEIYTKTDSKSIMRMKSGQ
MEFAKRKEDLKRKKLVRDGSVELRKNAAGRLKEV
QAVLLTDILVELOEKDOKY IFASLDQOKSTV
ISLKKLIVREVAHEEKGLEFLISMGMTDPEM
VEVHASSKEERNSWIQITIQDTINTLNRDED
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Abbreviation
and mutation

Protein
Data Bank
(PDB) ID

Protien or protein fragement Sequence

EGIPSENEEEKKMLDTRARELKEQLHQKDQ
KILLLLEEKEMIFRDMAECSTPLPEDCSPT
HSPRVLEFRSNTEEALKGGPLMKSAINEVEI
LOGLVSGNLGGTLGPTVSSPLEQDVVGPVS
LPRRAETEFGGEDSHOMNASKGGERKEEGDDG
QDLRRTESDSGLRKKGGNANLVEMLKRNSEQ
VVQSVVHLYELLSALQGVVLQQODSY IEDQK
LVLSERALTRSLSRPSSLIEQEKQRSLEKQ
RODLANLQROQAQYLEEKRRREREWEARER
ELREREALLAQREEEVOQGOODLEKEREEL
QOKKGTYQYDLERLRAAQRQLEREQEQLRR
EAERLSQROTERDLCQVSHPHTKLMRIPSE
FPSPEEPPSPSAPSIAKSGSLDSELSVSPK
RNSISRTHKDRGPFHILSSTSQTNKGPEGQ
SQAPASTSASTRLEGLTKPKEKKEKKKKNK
TSRSQPGDGPASEVSAEGEETFC

WO 2024/254530
SEQ Protien or
ID protein
NO fragement
Oxysterol
163 binding

protein like 7

OSBPL7

N/A

MDFQERDPPFLPESAQSSKPSSAQQASELW
EVVEEPRVRLGTEGVMPERQEGHLLKKRKW
PLKGWHKRYEFVLEDGILHYATTROQDITKGK
LHGSIDVRLSVMSINKKAQRIDLDTEDNTIY
HILKIKSQDLEQSWVAQLRAHRTLAHRIDMER
GSLPSTAHRKVPGAQLPTAATASALPGLGP
REKVSSWLRDSDGLDRCSHELSECQGKLQE
LHRLLOSLESLHRIPSAPVIPTHQASVITE
RPKKGKRTSRMWCTOSEFAKDDTIGRVGRLH
GSVPNLSRYLESRDSSGTRGLPPTDYAHLQ
RSEFWALAQKVHSSLSSVLAALTMERDQLRD
MHOGSELSRMGVSEASTGQRRLHSLSTSSD
TTADSFSSLNPEEQEATLYMKGRELTPQLSQ
TSILSLADSHTEFEFDACEVLLSASSSENEG
SEEEESCTSEITTSLSEEMLDLRGAERCQK
GGCVPGRPMGPPRRRCLPAASGPGADVSLW
NILRNNIGKDLSKVSMPVQLNEPLNTLORL
CEELEYSSLILDQASRIADPCERMVYTAAFA
VSAY SSTYHRAGCKPENPVLGETYECERPD
RGEFREISEQVSHHPPISACHAESENEAEWQ
DMEWEKNKEWGKSLEIVPVGTVNVSLPREGD
HEFEWNKVISCIHNVLSGOQRWIEHYGEVLIR
NTODSSCHCKITFCKAKYWSSNVHEVQGAV
LSRSGRVLHRLFGKWHEGLYRGPTPGGQCT
WKPNSMPPDHERNEGETQFALELNELTAET
KRSLPSTDTRLRPDQRYLEEGNIQAAEAQK
RRIEQLORDRRKVMEENNIVHQAREEFRROT
DSSGKEWWVTNNTYWRLRAEPGYGNMDGAV
LW

164

FYVE,
RhoGEF
And PH
Domain
Containing 6

FGD6 1

N/A

MTSAAETKKPPVAPKPKEVVANNKPAPPPI
APKPDIVISSVPQSTKKMKPATIAPKPKVLK
TSPVREIGQSPSRKIMLNLEGHKQELAEST
DNENCKYEGNQSNDY LSPMCSCSSECIHKL
GHRENLCVKOQLVLEPLEMNENLENSKIDET
LTIKTRSKCDLYGEKAKNQGGVVLKASVLE
EELKDATLTHOMPPFISAQKHRPTDSPEMNG
GCNSNGQEFRIEFADLSPSPSSFEKVPDHHS
CHLQLPSDECEHEFETCQDDSEKSNNCEQSS
ELEALENGEKRSTLISSDGVSKKSEVKDLGP
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SEQ
ID
NO

Protien or
protein
fragement

Abbreviation
and mutation

Protein
Data Bank
(PDB) ID

Protien or protein fragement Sequence

LETHLVPYTPKFPTPKPRKTRTARLLRQKC
VDTPSESTEEPGNSDSSSSCLTENSLKINK
ISVLHONVLCKQEQVDKMKLGNKSELNMES
NSDAQDLVNSQKAMCNETTSEFEKMAPSFDK
DSNLSSDSTTVDGSSMSLAVDEGTGEIRCT
VSMSLPKQLKLTCNEHLOSGRNLGVSAPOM
QRESVIKEENSLRIVPKKPQRHSLPATGVL
KKAASEELLEKSSYPSSEEKSSERKSLERNH
LOHLCAQNRGVSSSFDMPERASEKPVWKLP
HPILPESGNPEFLKSVIVSSNSEPSTALTK
PRAKSLSAMDVERCTRKPCKDSTRENSFKKL
LSMKLSICEFMKSDEQKEWSKSSQLGDTTTG
HLSSGEQKGIESDWQGLLVGEEKRSKPIKA
YSTENYSLESQRKKRKKSRGQTSAANGLRAE
SLDDOMLSRESSSQAPYKSVT SLCAPEYEN
TRHYEETIPEYENLPFIMATRKTQELEWQNS
SSMEDADANVYEVEEPYEAPDGQLQLGPRH
QHSSSGASQEEQNDLGLGDLPSDEEEIINS
SDEDDVSSESSKGEPDPLEDKQDEDNGMKS
KVHHIAKEIMSSERKVEVDVLKLLHIDERDA
VAHASROQLGKPVIEDRIINQILYYLPQLYE
LNRDLLKELEERMLHWTEQORIADIEVKKG
PYLKMYSTY IKEFDKNIALLDEQCKKNPGE
AAVVREFEMSPRCANLALKHYLLKPVQRIP
QYRLLLTDYLKNLIEDAGDYRDTQDALAVV
TEVANHANDTMKQGDNEQKLMQTIQY SLNGH
HEIVOPGRVFLKEGILMKLSRKVMQPRME'E
LENDALLYTTPVQSGMY KLNNMLSLAGMKV
RKPTOQEAYONELKIESVERSFILSASSATE
RDEWLEATISRAIEEYAKKRITEFCPSRSLDE
ADSENKEEVSPLGSKAPIWIPDTRATMCMI
CTSEFTLTWRRHHCRACGKIVCQACSSNKY
GLDYLKNQPARVCEHCFQELOKLDHQHSPR
IGSPGNHKSPSSALSSVLHSIPSGRKQKKT
PAALKEVSANTEDSSMSGY LYRSKGNKKPW
KHEWEVIKNKVLYTYAASEDVAALESQPLL
GEFTVIQVKDENSESKVEQLLHKNMLEYVEK
AEDAHSAQKWIEAFQEGTIL

165

Bruton
agammaglob
ulinemia
tyrosine
kinase

BTK (E41K)

N/A

MAAVILESIFLKRSQQKKKTSPLNEKKRLE
LLTVHKLSYYKYDFERGRRGSKKGSIDVEK
ITCVETVVPEKNPPPERQIPRRGEESSEME
QISIIERFPYPFQVVYDEGPLYVESPTEEL
RKRWIHQLKNVIRYNSDLVQKYHPCEFWIDG
QYLCCSQTAKNAMGCQILENRNGSLKPV

166

Connector
enhancer of
kinase
suppressor of
Ras 2

CNKSR2
(E17K)

N/A

MSKRRISCKDLGRGDCKGWLWKKKDAKSY F'
SOKWKKYWEVLKDASLYWY INEEDEKAEGE
ISLPEFKIDRASECRKKYAFKACHPKIKSFE
YFAAEHLDDMNRWLNRINMLTAGYAV

167

Connector
enhancer of
kinase
suppressor of
Ras 2

CNKSR2
(E58K)

N/A

MSKRRISCKDLGRGDCEGWLWKKKDAKSY F'
SOKWKKYWEVLKDASLYWY INEEDEKAKGE
ISLPEFKIDRASECRKKYAFKACHPKIKSE
YFAAEHLDDMNRWLNRINMLTAGYAV
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SEQ Protien or .. Protein
. Abbreviation . .
ID protein and mutation Data Bank | Protien or protein fragement Sequence
NO fragement (PDB) ID
Connector MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
cnhancer of | -\ gpo SOKWKKYWFVLKDASLYWY INKEDEKAEGF
168 | kinase (E52K) N/A ISLPEFKIDRASECRKKYAFKACHPKIKSF
Elapsp;essor of YFAAEHLDDMNRWLNRINMLTAGYAV
Connector MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
enhancer of | ~\papo , SOKWKKYWFVLKDASLYWY INEKDEKAEGF
169 | kinase (E53K) N/A TSLPEFKTDRASECRKKYAFKACHPKIKSF
;“apsp;essor of Y FAAEHLDDMNRWLNRINMLTAGYAV
Connector MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
enhancer of | \pgpo SOKWKKYWFVLKDASLYWY INEEDKKAEGT
170 | kinase (E55K) N/A 1 SLPEFKIDRASECRKKYAFKACHPKIKSF
Elapsp;essor of Y FAAEHLDDMNRWLNRINMLTAGYAV
Connector MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
enhancer of | \pgRo SOKWKKYWFVLKDASLYWY INKKDEKAEGF
171 kinase E52K, E53K) | VA ISLPEFKIDRASECRKKYAFKACHPKIKSF
Elapsp;essor of YFAAEHLDDMNRWLNRINMLTAGYAV
Connector MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
enhancer of | CNKSR2 SOKWKKYWEFVLKDASLYWY INKKDKKAEGF
172 kinase (ES2K, ES3K, | N/A ISLPEFKIDRASECRKKYAFKACHPKIKSF
;“apsp;essor of | ESSK) Y FAAEHLDDMNRWLNRINMLTAGYAV
Connector MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
enhancer of | CNKSR2 SOKWKKYWFVLKDASLYWY INKKDKKAKGT
173 kinase (ES2K, E53K, | N/A ISLPEFKIDRASECRKKYAFKACHPKIKSF
Elazp;essor of | E55K, ES8K) Y FAAEHLDDMNRWLNRINMLTAGYAV
Connector CNKSR2 MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
onhancer of | p5)K Es3K , SOKWKKYWFVLKDASLYWY INKKDKKAKGE
174 | kinase E55K, E58K. N/A ISLPKFKIDRASECRKKYAFKACHPKIKSE
E‘alzp;essor of E65K) Y FAAEHLDDMNRWLNRINMLTAGYAV
Connector CNKSR2 MSKRRISCKDLGRGDCKGWLWKKKDAKSY F
enhancer of | g7 psog SQKWKKYWEVLKDASLY WY INKKDKKAKGE
175 kinase ES3K, Es5K, | VA ISLPKFKIDRASECRKKYAFKACHPKIKSF
;“apsp;essor of | E58K. E65K) Y FAAEHLDDMNRWLNRINMLTAGYAV
Connector MSKRRISCKDLGRGDCEGWLWKKKDAKSY F
enhancer of SOKWKKYWFVLKDASLYWY INEEDEKAEGT
176 kinase CNKSR2 N/A ISLPEFKIDRASECRKKYAFKACHPKIKSF
Elazp;essor of Y FAAEHLDDMNRWLNRINMLTAGYA
MVASFPSADETDGNLPE SR IEGWLSVPNRG
Rho NTKRYGWKKQY VVVSSKKILFYNDEQDKEQ
associated SNPSMVLDIDKLFHVRPVTQGDVYRAETEE
177 coileq-goil Rockl N/A IPKIFQILYANEGECRKDVEMEPVQQAEKT
containing NFONHKGHEFIPTLYHFPANCDACAKPLWH
protein VFKPPPALECRRCHVKCHRDHLDKKEDLIC
kinase 1 PCKVSYDVTSARDMLLLAC SQDEQKKWVTH

LVKKIPKNP
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SEQ Protien or .. Protein
. Abbreviation . .
ID protein and mutation Data Bank | Protien or protein fragement Sequence
NO fragement (PDB) ID
R MDDGFPESRLEGWLSLPVRNNTKKFGWVKK
o YVIVSSKKILFYDSEQDKEQSNPYMVIL,DID
associated KTL,FHVRPVTQTDVYRADAKETPRIFQTLYA
178 coiled-coil | o ' 15 N/A NEGESKKEQEFPVEPVGEKSNY ICHKGHEF
containing TPTLYHFPTNCEACMKPTWHMFKEPPALEC
protein RRCHIKCHKDHMDKKEE I TAPCKVYYDIST
kinase 2 AKNLLLLANSTEEQQOKWVSRLVKKIPKKP
MLRGIFEIGRDSCDVVLSERALRWRPIOPE
179 Ceramide CERKL N/A RPAGDSKYDLLCXKEEFIELKDI FSVKLKRR
kinase like CSVKQQRSGTLLGITLFICLKKEQNKLKNS
TLDLINLSEDECDIWFRQFKKILA
MLRGIFKIGRDSCDVVLSERALRWRPIOQPE
Ceramide RPAGDSKYDLLCKEEFTELKDI FSVKLKRR
180 Kinase like | CERRL(ES3K) | N/A CSVKQQRSGTTILGTTTFTCTKKEQNKTKNS
TLDLINLSEDECDIWFRQFKKILA
MLRGIFEIGRDSCDVVLSERALRWRPIOPE
Ceramide CERKL RPAGDSKYDLLCXEEFIELKDI FSAKAKRR
181 Kinasc like | (V101A, N/A CSVKQQRSGTLLGITLFICLKKEQNKLKNS
L103A) TLDLINLSEDECDIWFRQFKKILA
MGATGAAEPLQSVLWVKQORCAVSLEPARA
. LLRWWRSPGPGAGAPGADACSVPVSET IAV
182 Ceramide CERK N/A EETDVHGKHOGSGKWOKMEKPYAFTVHCVK
kinase RARRHRWKWAQVTFWCPEEQLCHLWLQOTLR
EMLEK
MDMT,SSHHY KS FKVSMTHRT.REFTTDVOL.GT
SAPK- SGDKVEIDPVTNQKASTKFWIKQKPISIDS
183 mferacting SIN1 N/A DLLCACDLAEEKSPSHATFKLTYLSNHDYK
protein 1 HLYFESDAATVNEIVLKVNYILES
Eﬁ;iig; MVLREGELEKRSDSLFQLWKKKRGVLT SDR
: . , LSLFPASPRARPKELRFHS ILKVDCVERTG
184 like domain | PHLDA2 N/A KYVYFTTVTTDHKE I DFRCAGESCWNAATA
family A LALT
member 2
MVDVEVQDLEE FALRPAPOGITIKCRITRD
KKGMDRGMY PTY FLHLDREDGKKVFLLAGR
KRKKSKTSNYTLISVDPTDLSRGGDSY TGKL
Tubby RSNLMGTKFTVYDNGVNPQKASSSTLESGT
185 bipartite TUB N/A LROELAAVCYETNVLGFKGPRKMSVIVPGM
transcription NMVHERVSIRPRNEHETLLARWONKNTES T
factor IELONKTPVWNDDTQSY VLNFHGRVTQASV
KNFQTTHGNDPDY IVMQFGRVAEDVETMDY
NYPLCALQAFATALSSFDSKLACE
PH domain
and leucine MRIQLSGMYNVRKGKMQLPVNRWTRRQVIL
rich repeat CGTCLIVSSVKDSLTGKMEVLPLIGGKVEE
186 mbwﬂ? PHLPP1 N/A VKKHOHCLAFSSSGPQSQTYY ICFDTFTEY
phosphatase LRWLRQVSKVAS
1
PH domain RTQLSGMYNVRKGKMOL PYNRWTRROVILC
and leucine GTCLIVSSVKDSLTGKMHVI,PT.TGGKVEEY
187 rich repeat PHLPP1 N/A KKHQHCTAFSSSGPOSQTYYTCFDTFTEYT,
proten RWLROVSKVAS
phosphatase

1
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SEQ Protien or .. Protein
. Abbreviation . .
ID protein and mutation Data Bank | Protien or protein fragement Sequence
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GPLGSMTVKLDFEECLKDSPRFRASIELVE
AEVSELETRLEKLLKLGTGLLESGRHYLAA
SRAFVVGICDLARLGPPEPMMAECTEKFTV
y SINHKLDSHAELLDATOHTLOQOTQTLVKE
ArfGAP with GLRGFREARRDFWRGAESLEAALTHNAEVP
coiled-coil, RRRAQEAEEAGAALRTARAGYRGRALDYAL
1gg | wkyrn ACAPI] dnsw QINVIEDKRKFDIMEFVLRLVEAQATHFQQ
repeat and GHEELSRLSQYRKELGAOLHOLVLNSAREK
PH domains RDMEQORHVLLKQKELGGEEPEPSLREGPGG
1 LVMEGHLFKRASNAFKTWSRRWFTTQSNOT,
VYQKKYKDPVTVVVDDLRLCTVKLCPDSER
RFCFEVVSTSKSCLLOADSERLLOLWVSAY
0SSTASAFSQARLDDSPRGPGQ
MHHHHHHSSGRENLY FOGKERRRAVLELLQ
RPGNARCADCGAPDPDWASYTLGVFICLSC
SGIHRNIPQVSKVKSVRLDAWEEAQVE FMA
SHGNDAARARFESKVPSFYYRPTPSDCOQLL
ArfGAP with REQWIRAKYERQEFIYPEKQEPYSAGYREG
dual PH FLWKRGRDNGQFLSRKFVLTEREGALKY FN
189 domains 1 ADAPI PHI 3feh RNDAKEPKAVMKIEHLNAT FOPAKIGHPHG
(Centaurin- LQVTYLKDNSTRNIFIYHEDGKE IVDWFNA
alpha-1) LRAARFHYLOVAFPGASDADLVPKLSRNYL
KEGYMEKTGPKQTEGFRKRWETMDDRRLMY
FKDPLDAFARGEVFIGSKESGYTVLHGFPP
STOGHHWPHGITIVT PDRKFLFACETESDO
REWVAAFQKAVDRPMLPQOEYAVEAHF
MHHHHHHSSGRENLY FOGKERRRAVLELLQ
RPGNARCADCGAPDPDWASYTLGVFICLSC
SGIHRNTPQVSKVKSVRLDAWEEAQVE FMA
SHGNDAARARFESKVPSFYYRPTPSDCOLL
REQWIRAKYERQEFTYPEKQEPYSAGYREG
ArfGAP with FLWKRGRONGQFLSRKFVLTEREGALKY FN
190 dual PH ADAP] PH2 3lu RNDAKEPKAVMKIEHLNAT FOQPAKIGHPHG
domains 1 LOVTYLKDNSTRNIFIYHEDGKE TVDWFNA
LRAARFHYLOVAFPGASDADLVPKLSRNYL
KEGYMEKTGPKQTEGFRKRWEFTMDDRRLMY
FKDPLDAFARGEVFIGSKESGYTVLHGFEP
STQGHHWPHGITIVT PDRKFLFACETESDO
REWVAAFQKAVDRPMLPQOEYAVEAHT
?mn GSSGSSGLETSSYLNVLVNSOWKSRWC SVR
ilament DNHLHFY QDRNRSKVAQQPLSLVGCEVVED
191 | associated = | AFAPIL2 2cof PSPDHLY SFRILHKGEELAKLEAKSSEEMG
g““mn]hkc HWLGLLLSESGSGPSSG
ArfGAP with
GTPase RATPTKOSFLLKRSGNSLNKEWKKKYVTLS
domain, SNGFLLYHPSINDY IHSTHGKEMDLLRTTV
19y | ankyrin agap? 21lo KVPGKRPPRAT SAFGPSASGSAGQAEEENF
repeat and EFLIVSSTGOTWHFEAASFEERDAWVOATE
PH domam 2 SOILASLO
(Centaurin-
gamma 1)
A-kinase GILDASYEKKVRLNEIY TKTDSKS IMRMKS
193 anchoring akap13 6bca GOMFAKEDLKRKKLVRDGS VFLKNAAGRLK
protein 13 EVOAVLLTDILVFLOEKDOKY I FASLDOKS
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TVISLKKLIVREVAHEEKGLFLISMGMTDP
EMVEVHASSKEERNSWIQT IQDT INHHHHH
H
SMSDVAIVKEGWLHKRGEY IKTWRPRY FLL
AKT KNDGTFIGYKERPQDVDOREAPLNNFSVAQ
194 serine/threon | aktl lung COLMKTERPRPNTFI TRCLOWTTVIERTFH
ine kinase 1 VETPEEREEWTTATIQTVADGLKKQOEEEEMD
FRSG
MNEVSVIKEGWLHKRGEY T KTWRPRY FT.LK
AKT , SDGSFIGYKERPEAPDOTLPPLNNFSVAEC
195 sering/threon | akt2 Ip6s OLMKTERPRENTFVIRCLOWTTVIERT FHV
ine kinase 2 DSPDEREEWMRATOMVANSLK
SMSDVTIVKEGWVQKRGEY ITKNWRPRY FLL
AKT KTDGSFIGYKEKPQDVDLPYPLNNFSVAKC
196 serine/threon | akt3 2x18 OLMKTERPKPNTFITRCLQWTTVIERT FHV
ine kinase 3 DTPEEREEWTEATQAVADRLOROEEERMN
VNSSVEERGFLTT FEDVSGFGAWHRRWCVT,
anillin, actin SGNCTSYWTYPDDEKRKNP IGRINLANCTS
197 binding anln 2y7b ROIEPANREFCARRNTFELTTVRPQREDDR
protein ETLVSQCRDTLCVTRKNWLSADTKEERDLWM
OKLNQVLVDIRLWQ
GSHELLSKEEEEAKAKADKIKLALEKLKER
amyloid beta KVKKLVVKVHMDDSSTKSLMVDERQLARDY
precursor LDNLFEKTHCDCNVDWCLYEIYPELOIERV
protein FEDHENVVEVT, SDWTRDTENKVLFT.EKEER
binding ‘ Y AVFKNPONFY LDNKGKKENKETNEKMNAK
198 familv B Apbblip 3tca NKEYLLEESFCGTSIIVPELEGALYLKEDG
amily SFCGTS SA
member 1 KKSWKRRY FLLRASGTY YVPKGKTKTSRDL
interacting ACFIQFENVNIYYGIQCKMKYKAPTDHCFV
protein TLKEPQOTOKESQY TKYT.CCDDARTT.SQWVMG
TRIAKYGKTLYDNYQRAVARA
GSEMDKLPIEETLEDSPOTRSLLGVFEEDA
TATSNYMNQLYQAMHRTYDAQNELSARTHI,
adaptor TSKLLKEYEKQRFPLGGDDEVMSSTLOQFS
protein, KVIDELSSCHAVLST QLADAMMFPTTQFKE
phosphotyros RDLKEILTLKEVFQTASNDHDAATNRY SRL
ine SKKRENDKVKY EVTEDVYT SRKKQHQOTMMH
199 interacting | APPLI 5¢5b 1 YFCALNTLQYKKKIALLEPLLGYMQAQISF
with PH FKMGSENLNEQLEEFLANTGT SVONVRREM
domain and DSDIETMQQTIEDLEVASDPLYVPDPDPTK
leucine FPVNRNLTRKAGY LNARNKTGLVSSTWDRQ
zipper 1 FYFTOGGNLMSQARGDVAGGLAMDI DNCSV
MAVDCEDRRYCFQITSFDGKKSSTILOAESK
KDHEEWICT INNTSK
MPAVDKLLLEEALQODSPOTRSLLSVFEEDA
adaptor 3TLTDYTNQLLOAMORYYGAQONEMC LATQQ
protein, LSKOLLAYEKONFALCKGDEEVISTLEYFS
phosphotyros KVVDELNTLLHTELAKQOLADTMVLET TQFRE
ine KDLTEVSTLKDLFGLASNEHDLSMAKY SRL
200 interacting | APPL2 5¢5b 2 PKKKENEKVKTEVGKEVARARRKOHLSSLO
with PH YYCALNALQYRKOMAMMEPMIGFAHGOTINF
domain and FKKGAEMFSKRMDSFLS SVADMVOS TQVEL
leucine EAEAEKMRYVSQQOELLSVDESVYTPDSDVAA
zipper 1 POINRNLTQKAGYLNLRNKTGLVTTTHERL

YEFTOGGNLMCOPRGAVAGGLIQDLDNCSV
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MAVDCEDRRYCFQITTPNGKSGI ILOAESR
KENEEWICAINNISR
ArfGAP with
RhoGAP GSSGSSGKVKSGWLDKLSPOGKRMFOKRWY
domain. KFDGLSISYYNNEKEMY SKGIIPLSAISTV
201 ankyrin ARAP2 2eod RVQGDNKFEVVTTQRTFVFRVEKEEERNDW
repeat and ISILLNALKSQSLTSOSOASGPSSG
PH domain 2
GSSGSSCGDAAKEGWLHERPLVTDKGKRVGG
Rho GTPase STRPWKQOMY VVLRGHSLYLYKDKREQTTPS
202 activating ARHGAP21 2dhj EEEQPISVNACLIDISYSETKRKNVFRLTT
protein 21 SDCECT.FQAEDRDDMIAWT KT TOESSNT.NS
GPSSG
‘ GSSGSSGPIKMGWLKKQORS IVKNWQOORY FV
Rho GTPase X s . . ,
v s LRAQOLYYYKDEEDTKPQGCMYLPGCT IKE
203 activating ARHGAP25 1v89 TATNPEEAGKFVFEI I PASWDONRMGODSY
protein 25 VIMASSQAEMEEWVKFLRRVAGSGPSSG
MAVRTKTLDKAGVLHRTKTADKGKRLRKKH
Rho GTPase WSASWTVLEGGVLTFFKDSKTSARGGLROP
204 activating ARHGAP27 3pp2 SKFSTPEYTVELRGATL SWAPKDKS SRKNV
protein 27 LELRSRDGSEYLIQHDSEATITSTWHKATAQ
GIQE
GSRRASVGSHEVEKSGTLLNMTKIAQGGRKT
Rho GTPase RKNWGPSWVVLTGNSLVFYREPPPTAPSSG
205 activating arhgap9 2p0Oh WGPAGSRPESSVDLRGAALAHGRHLSSRRN
protein 9 VLHIRTIPGHEFLLOSDHETELRAWHRALR
TVIERLVRW
OTSPPGWRELVPPDTLHSL PKSQVKROEVT
SELLVTEAAHVRMLRVLHEDLFFOPMAECLF
FPLEELONIFPSLDELIEVHSLFLDRLMKR
ROESGYLIEEIGDVLLARFDGAEGSWFQKT
, . SSRFCSRQSFALEQLKAKQRKDPRFCAFVO
Rho guanine EAESRPRCRRLOLKDMI PTEMORLTKY PLL
206 | Mucleotide 4 puiaEE 30do LOS IGONTEEPTEREKVELAAECCREILHH
exchange VNQAVRDMEDLLRLKDYORRLDLSHLRQOSS
factor 1 DPMLSEFKNLDITKKKLVHEGPLTWRVTKD
KAVEVHVLLLDDLLLLLORODERLLLKSHS
RTLTPTPDGKTMLRPVLRLTSAMTREVATD
HKAFYVLETWDQEAQTYELVAQTVSERKNW
CALITETAGSLKVPA
GPGSGPRPAQLTWSOLPEVLESGVLDTLST
EERKRQEAIFEILTSEFSYLHSLSILVTEF
LOSRELRATMTQTEHHHLFSNILDVMSASQ
KFFEALEQRHKAQVCVEDI SDILEDHAQHH
FHPY IAYCSNEVYQORTLOKLSNSNAAFRD
Rho guanine VLKEIEKRPACGGLPMISFLILPMORVTRL
nucleotide ey PLLTDTLCLKTQGHPERYKAASQALKAISK
2071 oxchange Arhgefl6 Teso LYKQCNEGAHKMERTEQTY TLNMOLDEGKY
factor 16 KSTLPTLTSASRWLLKRGELFLLEESSTFRKT

ASRPTCYLEFLENDVLVVTKKKSEESYLVOD
YAQLDHVQVRKLEPSEPLLPGGSSRSSSVP
YPFPOVNLLHNSEGRQEQILLSSDSASDRAR
WITALTY KERQWOGITNKGELPQVEVTKAY
FAKQADETTLOQADTIVLVLQEEDGWLHGER
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LRDGETGWFPESFAHS I TSRVAVEGNVRRM
ERLRVETDV
Rho/Rac ATHYEKDORLKEIAAKTDQKSSGKLKNGLT
guanine FRKEDMLOQRQLHLEGALCWKST SGRLKDV
208 nucleotide Arhgefl8 6bcb LAVLLTDVLLLLOEKDOKY VFASVDSKPPV
exchange ISLOKLIVREVANEEKAMFLI SASMOGPEM
factor 18 YEMYTSSKEDRNIWMAH TRRAVESCP
Rho/Rac GARLOEI YNRMDPRAQT PVPGKGPFGREEL
guanine LRRKLIHDGCLLWKTATGRFKDVLVLLMTD
209 nucleotide ARHGEF2 Sefx VLVFLQEKDQKY I FPTLDKPSVVSLONLIV
exchange RDIANQEKGMFLISAAPPEMYEVHTASRDD
factor 2 RSTWIRVIQQSVRTCPSREDFPLI
. GILDERNQKWLEILNKIENKTYTKLKNGHV
Rho guanine FRKQATLMSEERTLLY DGLVYWKTATGRFKD
210 nucleotide ARHGEF28 6bcl TTALLLTDVLLFLOEKDOKY I FAAVDQKPS
exchange VISLOKLIAREVANEERGMFLISASSAGPE
factor 28 MYE THTNSKEERNNWMRRIQQAVESCPEEK
GSSGSSGCVNQVLTAKE TKROEATFELSQG
EEDLIEDLKLAKKAYHDPMLKLS IMTEQEL
NQIFGTLDSLIPLHEELLSQOLRDVRKPDGS
TEHVGPILVGWLPCLSSYDSYCSNQVARKA
Rho guanine LLDBKKQDHRVODFLORCLESPFSRKLDLW
nucleotide . NFLDIPRSRLVKYPLLLREILRHTPNDNPD
211 exchange Arhgef3 2z0q OQHLEEAINIIQGIVAEINTKTGESECRYY
factor 3 KERLLYLEEGQKDSLIDSSRVLCCHGELKN
NRGVKLHVFLFQEVLVITRAVTHNEQLCYQ
LYRQPIPVKDLTLEDLODGEVRLGGSLRGA
FSNNERVKNFFRVS FKNGSQSQTHSLOAND
TFNKQQWLNCIRQAKESGPSSG
GAMS SSHHY SHPGGGGEQLAINELISDGSV
VCAREATLWDHVTMDDOET.GFKAGDVTEVMDA
TNREWWWGRVADGEGWFPASFVRLRVNQDE
PADDDAPLAGN SGAEDGGAEAQSSKDOMRT
NVINEILSTERDY IKHLRDICEGYVRQCRK
RADMFSEEQLRTIFGNIEDIYRCOKAFVEKA
Rho guanine LEQRFNRERPHLSELGACFLEHQADFQIYS
nucleotide EYCNNHPNACVELSRLTKLSKYVYFFEACR
212 exchange ARHGEF4 2pzl LLOKMIDISLDGFLLTPVOKICKYPLOLAE
factor 4 LLKYTHPQHRDFKDVEARLHAMKNVAQLIN
ERKRRLENIDKIAQWOSSIEDWEGEDLLVR
SSELIYSGELTRVTOPOAKSOQORMFFLFDH
QLIYCKKDLLRRDVLYYKGRLDMDGLEVVD
LEDGKDRDLHVS TKNAFRLHRGATGDSHLL
CTRKPEQKORWLKAFAREREQVOLDOETGE
SITELORKQAMLNASK
Rac/Cdc42 GSSGSSGOILSEPTIQAWEGDDIKTLGNVIF
guanine MSQVVMOHGACEEKEERY FLLFSSVLIMLS
213 nucleotide Athgef6 1vé6l ASPRMSGFMYQGKIPTAGMVVNRLDEIEGS
exchange DCMFEITGSTVER IVVHCNNNQDFQEWMEQ
factor 6 LNRLTKSGPSSG
Cdc42 MLWVNQEDGVEEGPSDVONGHLDPNSDCLC
guanine LGRPLONRDOMRANVINE IMSTERHY IKHL
214 nucleotide Athgef9 2dfk KDICEGYLKQCRKRRDMFSDEQLKVIFGNI
exchange EDIYRFOMGFVRDLEKQYNNDDPHLSEIGP
factor 9 CFLEHQDGFWIYSEYCNNHLDACMELSKLM
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KDSRYQHFFEACRLLOQMIDIAIDGFLLTP
VOKICKYPLOLAELLKYTAQDHSDYRY VAR
ATLAVMRNVTOQINERKRRLENIDKIAQWOA
SVLDWEGDDILDRSSELIYTGEMAWIYQPY
GRNQORVFFLFDHOMVLCKKDLTRRDILYY
KGR IDMDKYEVIDIEDGRDDDFNVSMKNAF
KLHNKETEEVHLFFAKKLEEKIRWLRAFRE
ERKMVOEDEKIGFET SENQKRQAARMTVRKA
SKOKVTORKWHY
ArfGAP with GSSGSSGYGSEKKGY LLKKSDGIRKVWQORR
SH3 domain, KCSVEKNGILTTSHATSNRQPAKLNLLTCOV
213 ankyrin asapl 2da0 KPNAEDKKS FDLISHNRTYHFQAEDEQDYV
repeat and AWISVLTNSKEEALTMAFSGPSSG
PH domain 1
ArfGAP with MGHHHHHHHHHHS SGH I DDDKHMGGY SMHQ
SH3 domain, LOGNKEY GSEKKGFLLKKSDGTRKVWORRK
216 | ankyrin Asapl 5¢79 CAVRNGTLTISHATSNRQPAKLNTLL,TCOVK
repeat and PNAEDKKSFDL ISHNRTYHFOAEDEQDY I A
?ﬂdm“mn WISVLTNSKEEALTMAFRGEQSTGENSLED
AAVILESIFLKRSQOKKKTSPLNFKKCLFEL
Bruton LTVHKLSYYEYDFERGRRGSKKGSIDVEKT
agammaglob TCVETVVPEKNPPPERQTPRRGEESSEMEQ
217 ulinemia btk 1btk ISITERFPYPFQVVYDEGPLYVFSPTEELR
tyrosine KRWIHOLKNVIRYNSDLVQKYHPCFWIDGQ
kinase YLCCSQTAKNAMGCOILEN
GSSGSSCMKHSGY LWAIGKNVWKRWKKREF
alkylglycero VILVOVSOYT FAMCSY REKKAEPQELLOLDG
219 ne phosphate | ADPS Iwil YTVDYTDPOQPGLEGGRAFFNAVKEGDTVI F
synthase ASDDEQDRILWVOAMYRATGOSHKPVPPTQ
SGPSSG
. GEFSGPPVERCGVLSKWINY LHGWQDRWVV
ceramide LKNNALSYYKSEDETEYGCRGSTICLSKAVT
220 transfer CERT 4hhv TPHDFDECRFDISVNDSVWYLRAQDPDHRQ
protein QWIDAIEQHKTESGY
TFFNPDREGWLLKLGGRVKTWKRRWELLTD
NCLYYFEYTTDKEPRGI IPLENLSIREVLD
21 cytohesin 3 | cyth3 1fey PRKPNCFELYNPSHKGQOVIKACKTEADGRV
VEGNHVVYRTSAPSPEEKEEWMKSTKASTS
RDPFYDM
gWﬂadmnor MOTGRTEDDLVPTAPSLGTKEGY LTKQGGL
or VKTWKTRWFTLHRNELKY FKDOMSPEPTRT
279 phosphotyros dappl 1fao LDLTECSAVQFDYSQERVNCEFCLVEPFRTF
ine and 3- YLCAKTGVEADEWIKILRWKLSOTRKQLNQ
phosph01n051 GEGTIR
tides 1
KKTSGNQDE ILVIRKGWLT INNIGIMKGGS
KEYWFVLTAENLSWY KDDEEKEKKYMLSVD
223 dynamin 1 dnm1 2dyn NLKLRDVEKGFMSSKHI FALFNTEQRNVYK
DYROLELACETQEEVDSWKASFLRAGVYPE
RV
GSSGSSGVIRRGWLT INNISLMKGGSKEYW
-~ dynamin 2 DNM2 2ys] FVT,TAEST.SWYKDEEEKEKKYMLPT.DNTKT

RDVEKGEMSNEKHVEALENTEQRNVY KDLRQ
IELACDSQEDVDSWKASEFLRAGY
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GSSGSSGAASLGSQKGG ITKHGWLY KGNMN
. SAISVTMRSFKRRFFHLIQLGDGSYNLNFEY
226 | dedicatorof 1y g 1wg7 KDEKISKEPKGSIFLDSCMGVVQONNKVRRE
cytokinesis 9 AFELKMODKSSYLLAADSEVEMEEWIT ILN
KILOLNFEAAMOEKRNGDSHEDDESGPSSG
GSSGSSGMGDGAVKQGFLY LOQQOT FGKKW
. RRFGASLYGGSDCALARLELOEGPEKPRRC
097 | dedicatorof | 05 2d9w EAARKVIRLSDCLRVAEAGGEASSPRDTSA
cytokinesis 2 FFLETKERLYLLAAPAAERGDWVQAICLLA
FSGPSSG
GSEFMTEAALVEGOVKLRDGKKWKSRWLVL
RKPSPVADCLLMLVYKDKCERSKGLRERSS
LTLEDICGLEPALPYEGLAHTLATICLSOA
2pg | dedicatorof 1 py g 3ml4 JHLOEDSTRANCANDT RTR AALGEVIR Y
cytokinesis 7 TVAPGTKLESGPATLHLCNDILVLARDIPP
TVMGOWKLSDLRRYGAVPNGF I FEGGTRCG
YWAGVFFLSSAEGEQMS FLFDCIVRGISPT
KGPFGLRPVLPDPS
GPLGSPILELKEKIQPE ILELIKQOQRLNRL
engulfment VEGTCFRKLNARRRODKFWYCRLSPNHKVL
229 and cell ELMO1 dvsz HYGDLEESPQGEVPHDSLODKLPVADI KAV
motility 1 VTGKDCPHMKEKGALKONKEVLELAFSTLY
DSNCOLNFIAPDKHEYC IWTDGLNALLGKD
LETPGQYLVYNGDLVEY EADHMAQLQRVHG
exocyst FLMNDCLLVATWLPQRRGMYRYNATLYPLDR
230 complex Exoc8 1zc3 LAVVNVKDNPPMKDMFKLLMFPESRIFQAE
component 8 NAKIKREWLEVLEETKRALSDKR
GPHMEDEAYFIAKEILATERTYLKDLEVIT
VWFRSVLIKEEAMPAALMALLFSNIDPVYE
FHRGFLHEVEQRTLATWEGPSSAHTLKGDHOR
IGDILLRNMRQLKEFTSYFQRHDEVLTELE
KATKHCKKLEAVYKEFELQKVCYLPLNTFEL
FERM LKPVORLVHYRLLLSRLCAHY SPGHRDYAD
s CHEALKATTEVTTELQQSLTRLENLQOKLTE
ARH/RhoGE LORDLVGVENLIAPGRE FIREGCLHKLTKK
231 Fand Farp2 dg7u GLOORMFFLFSDMLLYTSKSVTGASHFRIR
pleckstrin GFLPLRGMLVEESENEWSVLHCFTIYARQK
domain TIVVAASTRLEKEKWMQDLNAAIQAAKTIG
protein 2 DSPPVLLGGPVYTRTPRSSDEVSLEESEDG
RGNRGSLEGNSOHRANTTMHVCWYRNTSVS
RADHSAAVENQLSGY LLRKFKNSNGWOKLW
VVETNFCLFFYKTHODDY PLASLPLLGYSV
SLPREADSTHKDYVFKLQFKSHVYFFRAES
KYTFERWMDVIKRASSSPGRP
MAHHHHHHS SGLEVLEFQGPEDITDI PKLAD
FERM YLKLFRPKKLMLKACKQYWFVFKDTSIAYF
domain KNKELEQGEPIEKLNLRGCEIVPDVNVSGR
232 containing | Fermt! 4bblk KFGTKLLTPVADGMNEVYTLRCDHEDQY ARW
kindlin 1 MAACTLASKGKTMADSSYQPEVISILSFLK
MKNRNSSPLVASSLE
FERM SSTMTSENHLNNSDKEVDEVDAALSDLETT
domain LEGGKTSTILGDITSIPELADY IKVFKPKK
233 containing fermt2 4fTh LTLKGYKQYWCTFKDTSISCYKSKEESSGT
kindlin 2 PAHOMNLRGCEVTPDVNISGOKFNIKLLIP
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VAEGMNE IWLRCDNEKQY AHWMAACRLASK
GKTMADSSYNLEVONTILSFLKMO
GSSGSSGIPELKDHLRIFRPRKLTLKGYRQ
FERM HWVVFKETTLSYYKSQODEAPGDPTIQQOLNLK
234 | domain FERMT3 2ys3 GCEVVPDVNVSGQKFCIKLLVPSPEGMSEL
contaming YLRCODEQQYARWMAGCRLASKGRTMADS S
kindlin 3 YTSEVQATILAFLSLQRT
FYVE, GSSGSSGSLLCGPLRLSESGETWSEVWAAT
RhoGEF and . PMSDPQVLHLOGGSODGRLPRTIPLPSCKL
235 . FGD3 2coc -
PH domain SVPDPEERLDSGHVWKLOWAKQSWYLSASS
containing 3 AELQQQWLETLSTARHSGPSSG
FYVE, GSSGSSGSTMSGYLYRSKGSKKPWKHLWEV
RhoGEF and | .. TKNKVLYTYAASEDVAALESQPLLGEFTVTL
236 PH domain | 1890 Iwgq VKDENSESKVFOLLHKGMVFYVFKADDAHS
containing 6 TORWIDAFQEGTVSGPSSG
GSHMAAAKQDVKVFSEDGTSKVVE I LADMT
ARDLCOLLVYKSHSVDDNSWTLVEHHPHLG
LERCLEDHELVVQVE STMASESKFLFRKNY
growth factor AKYEFFKNPMNFFPEQMVTWSQQSNGSQTO
237 Teceptor GRB10 3hk0 LLONFLNSSSSPEIQGFLEVKELGKKSWKK
bound LYVCLRRSGLYCSTKGT SAAPRHLOLLADL
protein 10 EDSNIFSLIAGRKQYNAPTDHGLCIKPNKV
RNETKELRT,T.CAEDEQTRT SWMTAFRT,TLKY
GMLLYQNYRIPQORKA
GHMASGSKKQV IKVYSEDETSRALDVPSDI
TARDVCQLLILKNHY IDDHSWTLFEHLPHT
GVERTIEDHELVIEVLSNWGIEEENKLYFR
growth factor KNYAKYEFFKNPMY FFPEHMVSFATETNGE
238 receptor GRB14 4k81 ISPTQILOMFLSSSTYPEIHGFLHAKEQGK
bound KSWKKIYFFLRRSGLYFSTKGTSAAPRHLO
protein 14 FFSEFGNSDIYVSLAGKKKHGAPTNYGFCF
KPNKAGGPRDLKMLCAEEEQSRTCWVTATR
LLKYGMOLYONYMHPYQG
MADLEAVLADVSY LMAMEKSKAT PARRASK
KILLPEPSIRSVMOKYLEDRGEVTFEKIFS
OQKLGYLLFRDFCLNHLEEARPLVEFYEETK
KYEKLETEEERVARSREIFDSY IMKELLAC
SHPFSKSATEEVOGHLGKKQVPPDLFQPY T
EEICONLRGDVFQKFIESDKFTRFCOWKNV
ELNTHLTMNDFSVHR I IGRGGFGEVYGCRK
ADTGKMY AMKCLDKKRIKMKQGETLALNER
. . IMLSLVSTGDCPFIVCMSY AFHT PDKLSFI
G protein- LDLMNGGDLHYHLSQHGVFSEADMRFYAAE
139 coupled GRK2 IvSw T TLGLEHMHNRFVVYRDLKPANTLLDEHGH
receptor VRISDLGLACDFSKKKPHASVGTHGYMAPE
kinase 2

VLOKGVAYDSSADWESLGCMLEKLLRGHSP
FROHKTKDKHEIDRMTLTMAVELPDSFSPE
LRSLLEGLLQRDVNRRLGCLGRGAQEVKES
PEFRSLDWOMVEFLQKYPPPLIPPRGEVNAA
DAFDIGSEFDEEDTKGIKLLDSDOELYRNEP
LTISERWQQEVAETVEDTINAETDRLEARK
KARKNKQLGHEEDY ALGKDC IMHGYMSKMGN
PELTOWORRYEFYLEPNRLEWRGEGEAPQSL
LTMEEIQSVEETQIKERKCLLLKIRGGKQOF
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TL.OCDSDPELVOWKKELRDAY REAQOLVOR
VPKMKNKPRSPVVELSKVPLVQRGSANGL
. GPLGSMDQSVAIQETLVEGEYCVIAVQGVL
inositol CKGDSROSRLLGLVRYRLENDAQEHALFLY
polyphosphat | . THRRMATTGDDVSTDQIVPLSKDFMLEEVS
241 €-3- inppSb Zkig PDGELY ILGSDVTVQLNTAELKLVFQLPFG
phosphatase SHTRTFLCEVARACPGEFDPETRDPEFEWLS
B RHTCAEPDAES
interaction SMADCOGHT, YKKKEKGS FLSNKWKKFWVT L,
protein for . KGSSLYWY SNOMAEKADGFVNLPDFTVERA
242 cytohesin ipeetl Smrl SECKKKHAFKISHPQIKTFY FAAENVOEMN
exchange VWLNKLGSAVIHO
factors |
SMGCVLSLPHRRLVCYCRLFEVPDPNKPOK
1Q motif and LGLHOREIFLENDLLVVTKI FQKKKNSVTY
243 Sec7 domain | IQSECI 3qwm SFRQSFSLYGMQVLLFENQYYPNGIRLTSS
ArfGEF 1 VPGADIKVLINFNAPNPODRKKFTDDLRES
TAEVOEMEKHRIESELEKQK
PPESDGFSDVRKVGY LRKPKSMHKR FFVLR
AASEAGGPARLEYYENEKKWRHKSSAPKRS
TPLESCFNINKRADSKNKHLVALYTRDEHF
insulin ATAADSEAEQDSWYQALLOLHNRAKGHHDG
244 receptor IRS1 1qqg ARALGAGGGGGSCSGSSGLGEAGEDLSYGD
substrate 1 VPPGPAFKEVWQVILKPKGLGQTKNLIGTY
RLCLTSKTISFVKLNSEAAAVVLOLMNIRR
CGHSENFFFIEVGRSAVTGPGE FWMQVDDS
VVAQNMHET ILEAMRAMSDEFRPR
MGEEEESTATLRRHVMNELLDTERAYVEET,
LCVLEGYAAEMDNPLMAHL T STGLONKKNT
LFGNMEEIYHFHNRIFLRELESC IDCPELV
GRCFLERMEEFQIYEKY CONKPRSESLWRQ
MCF 2 cell CSDCPFFQECOKKLDHKLSLDSYLLKPVOR
line derived TTKYQLLLKEMLKY SKHCEGAEDL.QFALSS
245 . Mef21 1kz7
transforming TLGILKAVNDSMHLIAITGYDGNLGDLGKL
sequence like LMOGSFSVWTDHKKGHT KVKELARFKPMOR
HLFLHEKAVLFCKKREENGEGYEKAPSYSY
KOSLNMTAVGITENVKGDTKKFE TWYNARE
FVY T TQAPTPE TKAAWVNATRKVTTSQT.OA
CREASQHRALEQSHSLEHHHHHH
OCRL inosit GPLGSMEPPLPVGAQPLATVEGMEMKGPLR
ol EPCALTLAQRNGOYELT IQLHEKEQHVODT
246 polyphosphat | OCRL 2kie TPINSHFRCVQEAEETLLIDIASNSGCKIR
e-5- VOGDWIRERRFEIPDEEHCLKFLSAVLAAQ
phosphatase KAQS
oxysterol GSSGSSGENVYGYLMKY TNLVTGWQYRFEV
547 Mndﬁg.r OSBPLLI 2dox LNEE%GLLEYFVNEQSRTQKPRGTLQLAGA
protein like VISPSDEDSHTFTVNAASGEQYKLRATDAK
11 ERQHWVSRLOICTQHHTEATGKNNSGPSSG
GSSGIVMADWLKIRGTLKSWTKLWCVLKPG
oxysterol V1L TYKTOKNGOWVGTVI.INACE TTERPSK
248 | Dinding OSBPLS 5u77 KDGFCFKLFHPLEQS INAVKGPKGEAVGS
protein like TQPLPSSYLIIRATSESDGRCWMDALELAL
8 KSG
i)
3- GPLGSNIEQY IHDLDSNSFELDLQFSEDEK
250 .. | pdpkl lwld . .
phospholnos] RLLLEKQAGGNPWHQEFVENNLILKMGPVDK
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fragement
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and mutation

Protein
Data Bank
(PDB) ID

Protien or protein fragement Sequence

tide
dependent
protein
kinase 1

RKGLFARRRQLLLTEGPHLYYVDPVNKVLK
GEIPWSQELRPEAKNEFKTEFEVHTPNRTYYL
MDPSGNAHKWCRKIQEVWRQRYQSHPDAAV
Q

251

phospholipas
¢ Cdeltal

pled1

Imai

MHGLODDPDLOQALLKGSQLLKVKSSSWRRE
REYKLOQEDCKT IWQESRKVMRSPESQLEST
EDIQEVRMGHRTEGLEKFARDIPEDRCEST
VEFKDORNTLDLIAPSPADAQHWVQGLRKIT
HHSGSMDQROK

252

phospholipas
e C gamma 1

Plegl

6pbc

SOAEVLHLCRSLEVGTVMTLEYSKKSQRPE
RRTFOVKLETROITWSRGADKIEGSIDIRE
IKEIRPGKTSRDEDRYQEDPAFRPDQSHCE
VILYGMEFRLKTLSLQATSEDEVNMWIKGL
TWLMEDTLQAATPLQIERWLRKOQFEY SVDRN
REDRISAKDLENMLSQVNYRVPNMRELRER
LTDLEQRSGDITYGQFAQLYRSIMY SAQKT
MDPLPEFLETNTLRTGERPELCQVSLSEFQQF
LLEYQGELWAVDRLOVOEFMLSFLRDPLRE
IEEPYFFLDELVTEFLESKENSVWNSQLDAV
CPETMNNPLSHYWISSSHNTYLTGDQESSE
SSLEAYARCLRMGCRCIELDCWDGPDGMPV
IYHGHTLTTKIKESDVLHT IKEHAFVASEY
PVILSIEDHCSTAQORNMAQHEFRKVLGDTL
LTKPVDIAADGLPSPNQLKRKILIKHKKLA
EGSAYREEVPTSVMYSENDISNSIKNGILYL
EDPVNHEWYPHYEVLTSSKIYYSEETSSDO
GNEDEEEPKEASGSTELHSSEKWEFHGKLGA
GRDGRHIAERLLTEYCIETGAPDGSELVRE
SETEFVGDYTLSEFWRNGKVQHCRIHSRQDAG
TPKFFLTDNLVEDSLYDLITHYQQVPLRCN
EFEMRLSEPVPOTNAHESKEWYHASLTRAQ
AEHMLMRVPRDGAFLVREKRNEPNSYATISFER
ARGKIKHCRVQQEGOTVMLGNSEEFDSLVDL
ISYYEKHPLYRKMKLRYPINEEALEKIGSG
STFRCAVKALFDYKAQREDELTFTKSAIIQ
NVEKODGGWWRGDYGGKKQLWEPSNYVEEM
INPAILEPEREHLDENSPLGDLLRGVLDVE
ACQIAIRPEGKNNRLEVESISMPSVAQWSL
DVAADSQEELODWVKKIREVAQTADARLTE
GEMMERRKKIALELSELVVYCRPVPEDEEK
IGTERACYRDMSSEFPETKAEKYVNKAKGKK
FLOYNRLQLSRIYPKGQRLDSSNYDPLPMW
ICGSQLVALNFQTPDKPMOMNQALFMAGGH
CGYVLQPSTMRDEAFDPFDKSSLRGLEPCV
ICIEVLGARHLPRNGRGIVCPEFVEIEVAGA
EYDSTKQKTEEVVDNGLNPVWPAKPEHEQIL
SNPEFAFLREVVYEEDMESDONFLAQATEP
VEKGLRKTGYRAVPLENNY SEDLELASLLIKI
DIFPAK

253

pleckstrin 2

PLEK2

Ixlg

GSSGSSGSLSTVELSGTVVKQGY LAKQGHK
RKNWKVRREFVLRKDPAFLHYYDPSKEENRP
VGGEFSLRGSLVSALEDNGVPTGVKGNVQGN
LEFKVITKDDTHYYIQASSKAERAEWIEATIK
KLTSGPSSG
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. Abbreviation . .
ID protein and mutation Data Bank | Protien or protein fragement Sequence
NO fragement (PDB) ID
pleckstrin GSMFTPKPPODSAVT KAGY CVKOGAVMENW
homology KRRY FQLDENT IGY FKSELEKEPLRVIPLK
254 domain PLEKHA1 leaz EVHEKVQECKQOSDIMMRDNL FETVTTSRTEY
containing VOADSPEEMHSWIKAVSGATVAQRGPGRSA
Al SSEHP
pleckstrin GSSGSSGMPYVDRONRICGFLDIEDNENSG
homology KFLRRY FTL.DTQANCLLWYMDNPONT.AVGA
255 domain Plekha? 1v3p GAVGSLOLTYISKVSTATPKOKPKTDFCEV
containing TNALSORY FLOANDOKDLKDWVEALNQASK
A2 SGPSSG
gloe;llgg; GPLGSPEFMEGVLYKWTNY LTGWQPRWFVT,
108 i DNGTLSYYDSODDVCKGSKGS T KMAVCETK
236 domain PLEKHA3 2mdx VHSADNTRMELT I PGEQHFYMKAVNAAERQ
X’;‘tmnmg RWLVALGSSKACLTDTRT
pleckstrin NATLRRDPNT, PVHTRGHTHKQDSSGTRLWKR
homology RWFVLSGHCT,FYYKDSREESVLGSVLLPSY
257 domain plekha4 lupr NTRPDGPGAPRGRRFTFTAEHPGMRTY VLA
containing ADTTEDLRGWLRALGRASRAEGDDYGOPRS
Ad PAR
fle"ksmnv GSSGSSGRRSNSIKRNPNAPVVRRGWLYKQ
homology DSTGMKLWKKRWEVLSDLCLEYY RDEKEEG
258 domain PLEKHAS 2dkp TLGSTLLPSFQTALLTSEDHTNRKY AFKAR
contaning. HPNMRTY Y FCTDTGKEMELWMKAMLDAALV
family A QTSGPSSG
member 5
ﬁled{smn GSSGSSGNAPVTKAGHT, FKQASSGVKQWNK
omology , RWFVI,VDRCLFYYKDEKEESTLGSIPLLSF
259 domain PLEKHAS 2d9y RVAAVQPSDNISRKHT FKAEHAGVRTYFFS
Z"é‘tmnmg AESPEEQEAWIQAMGEAARVOSGPSSG
pleckstrin GPLGSPVVVRGWLHKOKSSGMRLWKRRWEV
homology LADYCLFYYKDSREEAVLGSIPLPSYVISP
260 domain PLEKHA7 Tkjz VAPEDRT SRKY SFKAVHTGMRALTYNSSTA
containing GSQAEQSGMRTYY FSADTQEDMNAWVRAMN
A7 OARQVL.SRSSLKRDMEKVER
pleckstrin
homology GSSGSSGLVRGCWLWROSS TLRRWKRNWEA
domain LWLDGTLGYYEDETAQDEEDRVYTHFNVRD
261 containing, | Plekhbl 2d9v TKVGOECQDVOPPEGRSRDGLLTVNLREGS
family B RTLHTLCAETRDDATAWKTALMEANSTPAPAG
(cvectins) ATVPSGPSSG
member 1
pleckstrin GSSGSSGFVKSGWLLROST TLKRWKKNWED
homology , LWSDGHLTYYDDOTRQS TEDKVAMPYDC TN
262 domain Plekhb2 2dhi TRTGHECRDTQPPDGKPRDCLLO TVCRDGK
"B"zmmnmg TISLCAESTDDCLAWKFTLODSRTSGPSSG
pleckstrin
homology TKEGMLHYKAGTSYLGKEHWKTC FVVLSNG
and RUN T1,YQYPDRTDVIPLLSVNMGGEQCGGCRRA
263 domain PLEKHM2 3exb NTTDRPHAFOVILSDRPCLELSAESEARMA
containing EWMOHTL.COAVSKGVT POGVAPS
M2
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ID protein and mutation Data Bank | Protien or protein fragement Sequence
NO fragement (PDB) ID
MEPKRIREGYLVKKGSV FNTWKPMWVVLLE
. i DGIEFYKKKSDNSPKGMIPLKGSTLTSPCO
264 pleckstrin PLEK (PH1) Ipls DFGKRMFVFKITTTKQQODHFFQAAFLEERD
AWVRDINKAIKCIEGLEHHHHHH
MKHHHHHHPMDVI LKEE FRGVI IKQGCLLK
OGHRRKNWKVRKFILREDPAYLHYYDPAGA
265 pleckstrin PLEK (PH2) 1xx0 EDPLGATHLRGCVVTSVESNSNGRKSEEEN
LFEIITADEVHY FLOAATPKERTEWIKATQ
MASRTGK
phosphatidyli GEFEKLEALEQLOSHTEGWEGSNTLTDICTQ
n???L3ﬁp' LLLQGTLLKISAGNIQERAFFLEDNLLVYC
trisphosp _ate KRKSRVTGSKKSTKRTKSINGSLYIFRGRI
266 dependent p-rexl 5d27 NTEVMEVENVEDGTADY HSNGYTVTNGWKT
Rac HNTAKNKWEVCMAKTAEREEKQKWLDAIIRER
oxchange EQRESLKLGMERDAY VM
factor 1
ﬁggﬁ?ﬁfﬁ& GEFEKLEVLEEWQSHTEGWEGSNTTDTCTE
OSIOL-2,%.- MLMCGVLLKISSGNIQERVFFLFDNLLVYC
trisphosphate : T T TT T T T [ e
KRKHRRLENSKASTDGHRYLFRGRINTEVM
267 dependent PREX2 6bnm EVENVDDGTADFHSSGHIVVNGWKIHNTAK
Rac NKWFVCMAKTPEEKHEWFEATLKERERRKG
exchange LKLGMEQDTWVM
factor 2
GSSGSSGTLREGWVVHY SNKDTLRKRHYWR
” LDCKCITLFONNTTNRY YKETPLSEILTVE
268 protein PRKD2 2coa SAQNFSTLVPPGTNPHCFEIVTANATY FVGE
kinase D2 MPGGTPGGPSGQGAEAARGWETATROALMS
GPSSG
GSSGSSGMVKEGWMVHY TSRDNLRKRHYWR
. LDSKCLTLFONESGSKY YKEIPLSETILRIS
269 protein PRKD?3 249z SPRDFTNTISQGSNPHCFET ITDTMVY FVGE
kinase D3 NNGDSSHNPVLAATGVGLDVAQSWEKAIRQ
AIMSGPSSG
Ral GEF PTMEGPLRRKT LLKEGRKPALSSWIRYWVV
with PH LSGATLLYYGAKSLRGTDRKHYKSTPGKKV
270 domain and | Ralgps! 2dtc STVGWMVQLPDDPEHPDIFOLNNEDKGNVY
SH3 binding KFOTGSRFHATTLWHKHT.DDACKSSRPQVPA
motif 1 NLMSFE
AQVKKLV IRVHMSDDSSKTMMVDERQT VRO
Ras VI.DNIMDKSHCGY ST.DWSTLVETVSETLOMER
association T FEDHENLVENLLNWTRDSONKLIFMERTE
(RalGDS/AF KYALFKNPONY LLGKKETAEMADRNKEVLL
271 -6) and RAPHI 4gnl EECFCGSSVTVPEIEGVLWLKDDGKKSWKK
pleckstrin RYFLLRASGIYYVPKGKAKVSRDLVCFLOL
homology DHVNVY Y GODY RNKY KAPTDYCLVLKHPQT
domains 1 QKKSQY IKYLCCDDVRTLHOWVNGIRIAKY
GKQLYMNYQEALKRT
Rho
associated SRLEGWLSLPVRNNTKKFGWVKKYVIVSSK
coiled-coil KILFYDSEQDKEQSNPYMVLDIDKLFHVRP
272 . Rock2 2rov , < e
containing VTQTDVYRADAKEIPRIFQILYANEGISSA
protein KNLLLLANSTEEQQKWVSRLVKKI PKK
kinase 2
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. Abbreviation . .
ID protein and mutation Data Bank | Protien or protein fragement Sequence
NO fragement (PDB) ID
GSSGSSGRSYEGTILYKKGAFMKPWKARWEY
- SET binding | g, o oS TLDKTKHOLRYY DHRMDTECKGVTDLAEVEA
factor 1 : VAPGTPTIGAPKTVDEKAFFDVKTTRRVYN
FCAQDVPSAQQWVDRIOSCLSSGPSSG
GSSGSSCGNLAAKVELVDIQREGALREMVAD
SH2B DAL SGPGETAOWOKCRLLLRRAVAGER FRT,
274 adaptor Sh2b2 Ivim EFFVPPKASRPKVSIPLSAIIEVRTTMPLE
protein 2 MPEKDNT FVLKVENGAEY TLETTDST.OKHS
WVADTQGCVDSGPSSG
src kinase GSVIKQGYLEKKSKDHS FEGSEWQKRWCVY
575 associated SKAPI Lusd SRGLEYYYANEKSKOPKGT FL.TKGY SVRMA
phosphoprote PHLRRDSKKESCFELTSQDRRTYEFTATSP
inl AEARDWYDQTSFLLKDLS
. RASVGSPGI PAQDILPFVIKAGY LEKRRKDH
stc family SFLGFEWQKRWCALSKTVFYYYGSDKDKQQ
276 | dssociated g lusf KGE FATDGY DVRMNNTLRKDGKKDCCFEIC
phosphoprote APDKRIYQFTAASPKDAEEWVQOLKFILOD
in 2 1,GSDVIPEDDEERGELYDDVDHPAAVSS
SOS Ras/Rac GSKQLAIKKMNEIQKNIDCWEGKDIGQCCN
guanine EFIMEGTLTRVGAKHERHT FL,EDGLMICCK
277 nucleotide Sosl Ipms SNEGOPRLPGASSARYRLKEKFFMRKVOTN
exchange DKDDTSEYKHAFET TLKDGNSVI FSAKSAE
factor 1 EKNNWMAALTSTLOYRS
specirin beta, MEGFLNRKHEWEAHNKKAS SRSWHNVYCV T
non- , NNQEMGFYKDAKSAASGTPYHSEVPVSLKE
279 | erythrocytic | SPER! Ibtn ATCEVALDYKKKKHVFKLRLSDGNEYTFQA
1 KDDEEMNTWIQAT SSA
. GSSGSSGEQMEGMLCRKOEMEAFGKKAANR
speetrin beta, SWONVYCVT,RRGST.GFYKDAKAASAGVPYH
280 non- .| SPTBN2 lwjm GEVPVSLARAQGSVAFDYRKRKHVFKLGLO
erythrocytic DGKEYLFQAKDEAEMSSWLRVVNAATASGP
2 SSG
signal GSSGSSGOERLKITALPLY FEGFLL IKRSG
transducing YREYEHYWTELRGTTLFFYTDKKST TYVDK
281 adaptor stap1 1x1f LDIVDLTCLTEQNSTEKNCAKFTLVLPKEE
family VOLKTENTESGEEWRGFILTVTELSVPONV
member 1 STLPGOVIKLHEVLEREKKRRTESGPSSG
GSSGSSGVLKQGYMMKKGHRRENWT ERWEY
SWA-70 TLKPNTISYYVSEDLKDKKGDILLDENCCVE
282 protein SWAPT0 2dn6 ST,PDKDGKKCT FLVKCFDKTFE T SASDKKK
KOEWTQATHST THLLKLGSSGPSSG
TBC1 GSSGSSGRKLCGY LSKFGGKGPTRGWKSRI
domain . FFYDERKCOLYY SRTAQDANPLDSTDLSSA
284 family TBCID2 2dhk VFDCKADAREGTFETKTPSRVITLKAATKQ
member 2 AMLYWLOOTLOMKRWE FHNS PPAPSGPSSG
MGHHHHHHS HMNFNT TTEE T T, TKRSOOKKK
. TSPLNYKERLFVLTKSMLTYYEGRARKKYR
tec protein . KGFIDVSKIKCVEIVKNDDGVIPCONKYPF
285 tyrosine TEC 2Iul QVVHDANTLY I FAPSPQSRDLWVKKLKEE T
kinase KNNNNIMIKYHPKFWTDGSYOCCROTEKLA
PGCEKYNLFESSTR
TIAM Racl GARAOGTVRKAGALAVKNEFLVHKKNKKVES
286 associated Tiam1 4K20 ATRRKWKHYWVSLKGCTLFFYESDGRSGID
GEF 1 HNS T PKHAVWVENS I VOAVPEHPKKDEVEC
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LSNSLGDAFLEFQTTSQTELENWITATHSAC
ATAVARHHHKEDTLRLLKSEIKKLEQKIDM
DEKMKKMGEMQLSSVIDSKAAATILDQIEV
WEONLEQFOMDLERFRCYLASLOGGELPNFE
KRLLAFASRPTRKVAMGRLGIEFSVSSEFHALV
ARRTGETGVRRRTQAMSRSASKRRSRESSL
WGLDTT

287

T cell
lymphoma
invasion and
metastasis 2

Tiam?2

3adp

GPLGSKEQGVVRKAGWLEEFKPLVTLOKERK
LELVARREKWKQYWVTLKGCTLLEYETYGKN
STEQNSAPRCALFAEDSTIVQSVPEHPKKEH
VECLSNSCGDVYLFQATSQTDLENWVTAIH
SACASLEFAKKHGKEDTVRLLKSQTRSLLOK
IDMDSKMKKMAELQLSVVSDPKNRKATIENQ
IROWEQNLEKFHMDLFRMRCYLASLQOGGEL
PNPKSLLAATSRPSKLALGRLGVLSVSSEH
ATLVCSRDDSTLRKRTLSLTQRGK

288

trio Rho
guanine
nucleotide
exchange
factor

TRIO (PHI)

Inty

EERKRKSARRKEFIMAELIQTEKAYVRDLRE
CMDTYLWEMTSGVEEIPPGIVNKELTIIEFGN
MOEIYEFHNNIFLKELEKYEQLPEDVGHCE
VITWADKEQMYVTYCKNKPDSTQLILEHAGS
YEFDEIQORHGLANSISSYLIKPVQRITKYQ
LLLKELLTCCEEGKGEIKDGLEVMLSVPKR
ANDAMHLSMLEGEDENIESQGELILOESEQ
VWDPKTLIRKGRERHLEFLEFEMSLVESKEVK
DSSGRSKYLYKSKLITSELGVTEHVEGDPC
KEFALWVGRTPTSDNKIVLKASSIENKQDWI

KHIREVIQERT

289

1o Rho
guanine
nucleotide
exchange
factor

TRIO (PH2)

6d8z

GEFEERKSSSLKRRHYVLOQELVETERDYVR
DLGYVVEGYMALMKEDGVPDDMKGKDKIVE
GNIHQIYDWHRDEFFLGELEKCLEDPEKLGS
LEVKHERRLHMYIAYCONKPKSEHIVSEY T
DTFFEDLKQRLGHRLOLTDLLIKPVQRIMK
YOQLLLKDEFLKY SKKASLDT SELERAVEVMC
IVPRRCNDMMNVGRLOGEDGKIVAQGKLLL
QDT FLVIDODAGLLPRCRERRIFLFEQIVI
FSEPLDKKKGESMPGELEFKNSIKVSCLCLE
ENVENDPCKFALTSRTGDVVETFILHSSSP
SVROQTWIHEINQILENQRN

290

vav guanine
nucleotide
exchange
factor 1

VAVI]

3ky9

GHMKELWRQCTHWLIQCRVLPPSHRVTWEG
AQVCELAQALRDGVLLCOLINNLLPHATINL
REVNLRPOMSQFLCLEKNIRTFLSTCCEKEG
LKRSELFEAFDLEDVQDEGKVIYTLSALSW
TPIAQNRGIMPFPTEEESVGDEDIYSGLSD
QIDDTVEEDEDLYDCVENEEAEGDETYEDL
MRSEPVSMPPKMTEY DKRCCCLREIQQTEE
KYTDTLGSIQQHFLKPLORFLKPQDIEITFE
INIEDLLRVHTHELKEMKEALGTPGAANLY
QVEFIKYKERFLVYGRYCSQVESASKHLDRY
AAAREDVOMKLEECSQRANNGREFTLRDLLM
VPMORVLKYHLLLOQELVKHTQEAMEKENLR
LALDAMRDLAQCVNEVEKRDNETLROQITNEQ
LSIENLDQSLAHYGRPKIDGELKITSVERR
SKMDRYAFLLDKALLICKRRGDSYDLKDEV
NLHSEFQVRDDS SGDRDNKKWSHMELLIEDQ
GAQGYELFFKTRELKKKWMEQFEMATISNIY
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SEQ Protien or Protein

ID protein i?;rmezgttli?; Data Bank | Protien or protein fragement Sequence
NO fragement (PDB) ID

PENATANGHDFOQMESFEETTSCKACOMLLR
GTEFYQGYRCHRCRASAHKECLGRVPPCGRH
GQDFPGTMKKDKLHRRA

[0097] The plasma membrane recruitment element can also include a membrane protein (e.g., a human
membrane protein), a transmembrane domain thereof, or a biologically active mutant thereof. For
example, the transmembrane domain of a human protein can be a tetraspanin or a biologically active
mutant thereof. In some cases, the plasma membrane recruitment element comprises a transmembrane
domain of human CD?9 or a biologically active mutant thereof. In some cases, the plasma membrane
recruitment element comprises a transmembrane domain of human CD47 or a biologically active mutant
thereof. In some cases, the plasma membrane recruitment element comprises a transmembrane domain of
human CD63 or a biologically active mutant thereof. In some cases, the plasma membrane recruitment
element comprises a transmembrane domain of human CD81, or a biologically active mutant thereof.
[0098] The plasma membrane recruitment element can comprise a retroviral gag or a biologically active
mutant thercof. The mutant of a retroviral gag can include only a portion of the retroviral gag. The plasma
membrane recruitment element can include a gag of an alpha retrovirus or a biologically active mutant
thereof. The plasma membrane recruitment element can a beta retrovirus or biologically active mutant
thereof. The plasma membrane recruitment element can include a gamma retrovirus or biologically active
mutant thereof. The plasma membrane recruitment element can include a delta retrovirus or biologically
active mutant thereof. The plasma membrane recruitment element can include or biologically active
mutant thereof. The plasma membrane recruitment element can include an epsilon retrovirus or
biologically active mutant thereof. The plasma membrane recruitment element can include a spumavirus
or biologically active mutant thereof. The retroviral gag can include a gag of HIV (e.g., HIV-1), a gag of
murine leukemia virus (MLV), a gag of Moloney murine leukemia virus (MMLYV), a gag of Simian
immunodeficiency virus (SIV), a gag of Rous sarcoma virus (RSV), a gag of human T-cell leukemia virus
type-1 (HTLV), or a gag of bovine leukemia virus (BLV), or a biologically active mutant thereof. The
plasma membrane recruitment element can include a gag of HIV (e.g., HIV-1) or a biologically active
mutant thereof. The plasma membrane recruitment element can include a gag of MLV or a biologically
active mutant thereof. The plasma membrane recruitment element can include a gag of RSV ora
biologically active mutant thereof. The plasma membrane recruitment element can include a gag of
Friend murine leukemia virus (FMLYV) or biologically active mutant thereof.

[0099] In some cases, the envelope protein comprises one or more of the sequences set forth in Table 4D
with at least one amino acid substitution, deletion, or insertion. For instance, N-terminal methionine can
be absent from the envelope protein of the lipid delivery particle provided herein relative to the wild-type
viral envelope protein. In some cases, the envelope protein comprises one or more of the sequences set
forth in Table 4D and a heterologous peptide sequence fused to the N-terminus or C-terminus. In some

cases, the plasma membrane recruitment element comprises any one of the sequences described in Table
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4D with a further truncation on the N-terminus. For example, for those amino acid sequences start with a
N-terminal methionine, the N-terminal methionine can be absent. In some cases, the plasma membrane
recruitment element comprises any one of the sequences set forth in Table 4D with a further truncation
on the C-terminus. In some cases, the plasma membrane recruitment element comprises any one of the
sequences sct forth in Table 4D with one amino acid substitution. In some cases, the plasma membrane
recruitment element comprises any one of the sequences set forth in Table 4D with two or more amino
acid substitutions. In some cases, the plasma membrane recruitment element comprises any one of the
sequences set forth in Table 4D and a heterologous peptide sequence fused to the N-terminus or C-
terminus.

[0100] In some cases, the plasma membrane recruitment element comprises one or more of the
sequences set forth in Table 4D with a further truncation on the N-terminus. In some cases, the plasma
membrane recruitment element comprises one or more of the sequences set forth in Table 4D with a
further truncation on the C-terminus. In some cases, the plasma membrane recruitment element comprises
one or more of the sequences set forth in Table 4D with one amino acid substitution. In some cases, the
plasma membrane recruitment element comprises one or more of the sequences set forth in Table 4D
with two or more amino acid substitutions. In some cases, the plasma membrane recruitment element
comprises one or more of the sequences set forth Table 4D and a heterologous peptide sequence fused to
the N-terminus or C-terminus.

[0101] In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to one or more of
the sequences listed in Table 4D. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity
to one or more of the sequences listed in Table 4D fused to a heterologous peptide sequence on the N
terminus. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
comprising about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about 100% sequence identity to any one of the
sequences listed in Table 4D fused to a heterologous peptide sequence on the C terminus.

[0102] In some cases, the plasma membrane recruitment element comprises any one of the sequences set
forth in Table 4D with at least one amino acid substitution, deletion, or insertion. For instance, N-
terminal methionine can be absent from the plasma membrane recruitment element of the lipid delivery
particle provided herein relative to the wild-type viral envelope protein. In some cases, the plasma
membrane recruitment element comprises any one of the sequences set forth in Table 4D and a
heterologous peptide sequence fused to the N-terminal or C-terminal.

[0103] In some cases, the plasma membrane recruitment element comprises any one of the sequences set
forth in Table 4D with a further truncation on the N-terminus. For example, for those amino acid

sequences start with a N-terminal methionine, the N-terminal methionine can be absent. In some cases,
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the plasma membrane recruitment element comprises any one of the sequences set forth in Table 4D with
a further truncation on the C-terminus. In some cases, the plasma membrane recruitment element
comprises any one of the sequences set forth in Table 4D with one amino acid substitution. In some
cases, the plasma membrane recruitment element comprises any one of the sequences set forth in Table
4D with two or more amino acid substitutions. In some cases, the plasma membrane recruitment element
comprises any one of the sequences set forth in Table 4D and a heterologous peptide sequence fused to
the N-terminal or C-terminal. In some cases, the plasma membrane recruitment element comprises one or
more of the sequences set forth in Table 4D with a further truncation on the N-terminus. For example, for
those amino acid sequences start with a N-terminal methionine, the N-terminal methionine can be absent.
In some cases, the plasma membrane recruitment element comprises one or more of the sequences set
forth in Table 4D with a further truncation on the C-terminus. In some cases, the plasma membrane
recruitment element comprises one or more of the sequences set forth in Table 4D with one amino acid
substitution. In some cases, the plasma membrane recruitment clement comprises one or more of the
sequences set forth in Table 4D with two or more amino acid substitutions. In some cases, the plasma
membrane recruitment element comprises one or more of the sequences set forth in Table 4D and a
heterologous peptide sequence fused to the N-terminal or C-terminal.

[0104] In some cases, the plasma membrane recruitment element comprises an amino acid sequence that
has at least about 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to any one of the sequences set forth in Table 4D. In some cases, the plasma
membrane recruitment element comprises an amino acid sequence that has at least about 50%, 60%, 70%,
80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a sequence
set forth in any one of SEQ ID NOs: 1-48. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that has at least about 50% sequence identity to a sequence set forth in
any one of SEQ ID NQs: 1-48. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that has at least about 60% sequence identity to a sequence set forth in any one of
SEQ ID NOs: 1-48. In some cases, the plasma membrane recruitment element comprises an amino acid
sequence that has at least about 70% sequence identity to a sequence set forth in any one of SEQ ID
NOs: 1-48. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
that has at least about 75% sequence identity to a sequence set forth in any one of SEQ ID NOs: 1-48.
[0105] In some cases, the plasma membrane recruitment element comprises an amino acid sequence that
has at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%., 88%. 89%., 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a sequence set forth in any one of SEQ ID
NOs: 1-48. In some cases, the plasma membrane recruitment element comprises an amino acid sequence
that has at least about 80% sequence identity to a sequence set forth in any one of SEQ ID NOs: 1-48. In
some cases, the plasma membrane recruitment element comprises an amino acid sequence that has at least
about 85% sequence identity to a sequence set forth in any one of SEQ ID NOs: 1-48. In some cases, the
plasma membrane recruitment element comprises an amino acid sequence that has at least about 90%

sequence 1dentity to a sequence set forth in any one of SEQ ID NOs: 1-48. In some cases, the plasma
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membrane recruitment element comprises an amino acid sequence that has at least about 95% sequence
identity to a sequence set forth in any one of SEQ ID NOQOs: 1-48. In some cases, the plasma membrane
recruitment element comprises an amino acid sequence that has at least about 96% sequence identity to a
sequence set forth in any one of SEQ ID NOs: 1-48. In some cases, the plasma membrane recruitment
element comprises an amino acid sequence that has at least about 97% sequence 1dentity to a sequence set
forth in any one of SEQ ID NOs: 1-48. In some cases, the plasma membrane recruitment element
comprises an amino acid sequence that has at least about 98% sequence identity to a sequence set forth in
any one of SEQ ID NOs: 1-48. In some cases, the plasma membrane recruitment element comprises an
amino acid sequence that has at least about 99% sequence identity to a sequence set forth in any one of
SEQ ID NOs: 1-48.

Table 4D. Exemplary plasma membrane recruitment elements and their sequences

Plasma
membrane
recruitment
element

SEQ
Amino Acid Sequences ID
NO:

MGOTKSKIKSKYASYLSFIKILLKRGGVKVSTRNLIKLEFQITEQFCPWEP
EQGTLDLKDWKRIGKELKQAGRKGNITIPLTVWNDWAITKAATLEPFOQTEED
SVSVSDAPGSCIIDCNENTRKKSQKETEGLHCEYVAEPVMAQSTQNVDYN
QLOEVIYPETLKLEGKGPELVGPSESKPRGT SPLPAGOVPVILOPQKQVK
ENKTQPPVAYQYWPPAELQYRPPPESQYGYPGMPPAPQGRAPYPQOPPTRR
LNPTAPPSRQGSELHEIIDKSRKEGDTEAWQFPVILEPMPPGEGAQEGEP
PTVEARYKSEFSTKMLKDMKEGVKQYGPNSPYMRTLLDSTAHGHRLIPYDW
EILAKSSLSPSQFLOQFKTWWIDGVQEQVRRNRAANPPVNIDADQLLGIGQ
NWSTISQQAIMONEAIEQVRAICLRAWEKIQDPGSTCPSENTVRQGSKEP
YPDEVARLODVAQKSIADEKARKVIVELMAYENANPECQSATKPLKGKVP
AGSDVISEYVKACDGIGGAMHKAMIMAQATITGVVLGGOVRTEFGGKCYNCG
QIGHLKEKNCPVLNKONITIQATTTGREPPDLCPRCKKGKHWASQCRSKED
KNGQPLSGNEQRGQPQAPQQTGAFPIQPFVPOGEFQGQQPPLSQVEQGISQ

hGAGKcon* LPQYNNCPPPQAAVQQ

GOTKSKIKSKYASYLSEFIKILLKRGGVKVSTKNLIKLEQITEQFCPWEPE
QGTLDLKDWKRIGKELKQAGRKGNIIPLTVWNDWAITIKAATLEPFQTEEDS
VSVSDAPGSCIIDCNENTRKKSQKETEGLHCEYVARPVMAQSTONVDYNQ
LOEVIYPETLKLEGKGPELVGPSESKPRGTSPLPAGQVPVTLOPOKQOVKE
NKTQPPVAYQYWPPAELQYRPPPESQYGY PGMPPAPQGRAPYPOPPTRRL
NPTAPPSROGSELHEITIDKSRKEGDTEAWQFPVTLEPMPPGEGAQEGEPP
TVEARYKSESIKMLKDMKEGVKQYGPNSPYMRTLLDSIAHGHRLIPYDWE
ITARSSLSPSQFLOQFKTWWIDGVQEQVRRNRAANPPVNIDADQLLGIGON
WSTISQQATLMONEATEQVRATICLRAWEKIQDPGSTCPSENTVROGSKEPY
PDEFVARLQDVAQKSIADEKARKVIVELMAYENANPECQSATIKPLKGKVPA
GSDVISEYVKACDGIGGAMHKAMIMAQATITGVVLGGQVRT EFGGKCYNCGQ
IGHLKKNCPVLNKONITIQATTTGREPPDLCPRCKKGKHWASQCRSKEDK
NGOPLSGNEQRGQPQAPQQTGAFPIQPEFVPOGEFQOGOQPPLSQVEQGISQL
PQYNNCPPPQAAVQQ

MELDHRTSGGLHAYPGPRGGQVAKPNVILQIGKCRAEMLEHVRRTHRHLL
AEVSKQVERELKGLHRSVGKLESNLDGYVPT SDSQRWKKS IKACLCRCQR
TIANLERWVKREMHVWREVEYRLERWADRLE STGGKYPVGSESARHTVSV
GVGGPESYCHEADGYDYTVSPYAITPPPAAGELPGOQEPAEAQQYQPWVPG
EDGOPSPGVDTQIFEDPREFLSHLEEYLROVGGSEEYWLSOQTONHMNGPA
KKWWEFKQGSVKNWVEFKKEFLQYSEGTLSREATQRELDLPQKQGEPLDQ
FLWRKRDLYQTLYVDADEEEIIQYVVGTLOPKLKREFLROHPLPKTLEQL IO
RGMEVODDLEQAAFPAGPHLPVEDEAETLTPAPNSESVASDRTQPE

Human Arc

ELDHRTSGGLHAY PGPRGGQVAKPNVILQIGKCRAEMLEHVRRTHRHLLA
EVSKQVERELKGLHRSVGKLESNLDGYVPTSDSQRWKKSIKACLCRCQET
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IANLERWVRKREMHVWREVEFYRLERWADRLESTGGKY PVGSESARHTVSVG
VGGPESYCHEADGYDYTVSPYAITPPPAAGELPGOEPAEAQQYQPWVPGE
DGQPSPGVDTQIFEDPREFLSHLEEYLRQVGGSEEYWLSQIQNHMNGPAK
KWWEFKQGSVKNWVEFKKEFLOY SEGTLSREAIQRELDLPOKQGEPLDQF
LWRKRDLYQTLYVDADEEETIIQYVVGTLOPKLKRFLRHPLPKTLEQLIOR
GMEVQDDLEQAARPAGPHLPVEDEAETLTPAPNSESVASDRTQPE

MDSGRDELTLHGLODDEDLQATLLKGSQLLKVKSSSWRREREY KLOQEDCKT

Pleckstrin IWQESRKVMRTPESQLFSIEDIQEVRMGHRTEGLEKFARDVPEDRCFS TV
homology FKDORNTLDLIAPSPADEOHWVLGLHKI T HHSGSMDOROKLOHWIHSCLR |  °
domain of KADKNKDNKMS FKELONFLKELNTQ
human DSGRDFLTLHGLODDEDLOALLKGSQOLLKVKSSSWRRERFYKLOEDCKT T
phospholipase | WOESRKVMRTPESQLFSTEDIQEVRMGHRTEGLEKFARDVPEDRCEFSTVE .
C81 (hPLCS1) | KDQRNTLDLIAPSPADAQHWVLGLHKITHHSGSMDQROKLOHWIHSCLRK
ADKNKDNKMS FKELONFLKELNTQ
MSDVATVKEGWLHKRGEY I KTWRPRY FLLKNDGT FIGYKERPODVDQREA
PLNNFSVAQCQIMKTERPRPNTFITRCLOWITVIERT FHVET PEEREEWT
TATIQTVADGLKKQEEEEMDFRSGSPSDNSGAEEMEVSTLAKPKHRVTMNEF 7
EYLKLLGKGT FGKVDPPV
SDVAIVKEGWLHKRGEY IKTWRPRY FLLKNDGTFIGYKERPQDVDQREAP
. LNNFSVAQCOLMKTERPRPNT FT IRCLOWTTVIERT FHVETPEEREEWTT
Pleckstrin ATOTVADGLKKQEEEEMDFRSGS PSDNSGAEEMEVSTLAKPKHRVTMNE FE 8
homology YTLKLLGKGTFGKVDPPV
domain of o ST HRRGEY TKTWRPRY FLLRNDGT FIGYKERPODVDOREA
human Aktl | o7 )\ PeyAQCOLMKTERPRENTF I TRCLOWTTV I ERT FEVET PEEREEWT
(hAktl) TATIQTVADGLKKQEEEEMDFRSGSPSDNSGAEEMEVSTLAKPKHRVTMNEF 9
EYLKLLGKGTFGKVDPPVV
SDVATVKEGWLHKRGEY IKTWRPRY FLLKNDGTFIGYKERPQDVDQREAP
LNNFSVAQCQLMKTERPRPNT FT IRCLOWTTVIERT FHVETPEEREEWTT
ATOTVADGLKKQEEEEMDFRSGS PSDNSGAEEMEVSLAKPKHRVTIMNEFE | 10
YTLKLLGKGT FGKVDPPVV
Mutant MSDVAIVKEGWLHKRGKY I KTWRPRY FLLKNDGT FIGY KERPODVDQREA
Pleckstrin PLNNFSVAQCOIMKTERPRPNTFITRCLOWITVIERT FHVET PEEREEWT
homology TATOTVADGLKKOEEERMDFRSGSPSDNSGARRMEVSLAKPKHRVTMNEF | L1
domain of EYLKLLGKGTFGKVDPPV
human Aktl | SDVAIVKEGWLHKRGKY IKTWRPRY FLLKNDGTFIGYKERPQDVDOREAP
with E17K | INNFSVAQCQIMKTERPRPNTFT TRCTL.OWTTVIERT FHVETPEEREEWTT
substitution | AIQTVADGLKKQEEEEMDFRSGS PSDNSGAEEMEVSLAKPKHRVIMNEFE | 12
(hAktIE17K) | YLKLLGKGTFGKVDPPV
Pleckstrin
homology MEMGPVDKRKGLFARRROLLLTEGPHLY Y VDPVNKVLKGEIPWSOELREE | -
domain of | AKNFKTEFFVHTPNRTYYLMDPSGNAHKWCRK IQEVWRQRY QSH
human 3-
phosphoinositid
e-dependent | KMGPVDKRKGLFARRRQLLLTEGPHLYYVDPVNKVLKGEIPWSQELRPEA |
protein kinase 1 | KNFKTEFVHTPNRTY Y LMDPSGNAHKWCRKIQEVWRQRYQSH
(hPDPK 1)
MSPVKGGTKCIKYLLFGFNFIFWLAGIAVLAIGLWLREFDSQTKSIFEQET
NNNNSSFYTGVY ILIGAGALMMLVGFLGCCGAVQESQCMLGLFFGFLLVI
FATETAAATWGYSHKDEVIKEVQEFYKDTYNKLKTKDEPQRETLKATHYA | 15
LNCCGLAGGVEQFISDICPKKDVLET FTVKSCPDATKEVFONKFHT TGAV
GIGIAVVMIFGMI FSMILCCATRRNREMV
Human CD9 - op o e e e TRV T L FGENF I FWLAG T AVLAT GLWLREFDSOTKS I FEOETN
NNNSSFYTGVY ILIGAGALMMLVGFLGCCGAVOE SQCMLGLFFGFLLVIF
ATETAAATWGY SHKDEVIKEVQEFYKDTYNKLKTKDEPQRETLKATHYAL | 16
NCCGLAGGVEQFISDICPKKDVLETFTVKSCPDATKEVEDNKFHI IGAVG
IGIAVVMIFGMIFSMILCCATRRNREMV
MWPLVAALLLGSACCGSAQLLFNKTKSVE FT FCNDTVVIPCFVTNMEAQN
Human CD47 17

TTEVYVKWKFKGRDIYTEFDGALNKSTVPTDESSAKIEVSQLLKGDASLKM
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DKSDAVSHTGNYTCEVTELTREGETITELKYRVVSWESPNENILIVIFPI
FATILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILEVPG
EYSLKNATGLGLIVISTGILILLHYYVESTAIGLTSEVIAILVIQVIAYI
LAVVGLSLCIAACIPMHGPLLISGLSILALAQLLGLVYMKEVE

WPLVAALTLLGSACCGSAQLLENKTKSVEFTFCNDTVVIPCEVINMEAQNT
TEVYVKWKEKGRDIYTEDGALNKSTVPTDESSAKIEVSQLLKGDASLKMD
KSDAVSHTGNYTCEVTELTREGETIIELKYRVVSWESPNENILIVIFPIF
ATITLFWGQFGIKTLKYRSGGMDEKT IALTLVAGLVITVIVIVGAILEVPGE
YSLENATGLGLIVTSTGILILLHYYVESTATIGLTSEVIAILVIQVIAYIL
AVVGLSLCIAACIPMHGPLLISGLSILALAQLLGLVYMKEVE

18

Human CD63

MAVEGGMKCVKELLYVLLLAFCACAVGLIAVGVGAQLVLSQTIIQGATPG
SLLPVVIIAVGVELFLVAFVGCCGACKENYCLIMITFATFLSLIMLVEVAA
ATAGYVERDKVMSEFNNNEFRQOMENY PKNNHTASTILDRMQADFKCCGAAN
YTDWEKIPSMSKNRVPDSCCINVIVGCGINFNEKATHKEGCVEKIGGWLR
KNVLVVAAAATGIAFVEVLGIVFACCLVKSIRSGYEVM

19

AVEGGMKCVKFLLYVLLLAFCACAVGLIAVGVGAQLVLSQTIIQGATPGS
LLPVVIIAVGVFLFLVAFVGCCGACKENYCLMITFATIFLSLIMLVEVAAA
IAGYVEFRDKVMSE ENNNFROQOMENY PKNNHTASTILDRMQADEFKCCGAANY
TDWEKIPSMSKNRVPDSCCINVTIVGCGINENEKATHKEGCVEKIGGWLRK
NVLVVAAAATGIAFVEVLGIVFACCLVKSIRSGYEVM

20

Human CDS81

MGVEGCTRCIKYLLEVENEVFWLAGGVILGVALWLRHDPQTTNLLYLELG
DKPAPNTEFYVGIYILIAVGAVMMEVGFLGCYGAIQESQCLLGTEFFTCLVI
LFACEVAAGIWGEFVNKDQIAKDVKQEYDQATLQOQAVVDDDANNAKAVVKTE
HETLDCCGSSTLTALTTSVLKNNLCPSGSNIISNLEKEDCHQKIDDLESG
KLYLIGIAATVVAVIMIFEMILSMVLCCGIRNSSVY

21

GVEGCTKCIKYLLEVENEFVEWLAGGVILGVALWLRHDPQTTNLLYLELGD
KPAPNTEYVGIYILIAVGAVMMEVGELGCYGAIQESQCLLGTFETCLVIL
FACEVAAGIWGEVNRKDQIAKDVKQEYDOQALQOQAVVDDDANNAKAVVEKT F'H
ETLDCCGSSTLTALTTSVLKNNLCPSGSNITISNLFKEDCHOKIDDLESGK
LYLIGIAATVVAVIMIFEMILSMVLCCGIRNSSVY

22

Pleckstrin

homology

domain of
Human Dappl

MOTGRTEDDLVPTAPSLGTKEGY LTKQGGLVKTWKTRWETLHRNELKY F'K
DOMSPEPIRILDLTECSAVQEDY SQERVNCEFCLVEFPFRTEFYLCAKTGVEA
DEWIKILRWKLSQIRKQLNQGEGTIR

23

QTGRTEDDLVPTAPSLGTKEGY LTKQGGLVKTWKTRWETLHRNELKY F'KD
OMSPEPIRILDLTECSAVQEDYSQERVNCECLVEPFRTEYLCAKTGVEAD
EWIKILRWKLSQIRKQLNQGEGT IR

24

Pleckstrin

homology

domain of
Mouse Grpl

MPFKIPEDDGNDLTHTEFEFNPDREGWLLKLGGRVKTWKRRWEILTDNCLYY
FEYTTDKEPRGIIPLENLSIREVEDPRKPNCFELYNPSHKGQVIKACKTE
ADGRVVEGNHVVYRISAPSPEEKEEWMKSIKASISRDPEFYDMLATRKRRI
ANKK

25

PFKIPEDDGNDLTHT FENPDREGWLLKLGGRVKTWKRRWEFILTDNCLYYF
EYTTDKEPRGITIPLENLSIREVEDPRKPNCEFELYNPSHKGOVIKACKTEA
DGRVVEGNHVVYRISAPSPEEKEEWMKSIKASISRDPEYDMLATRKRRIA
NKK

26

Pleckstrin

homology

domain of
Human Grpl

MNPDREGWLLKLGGRVKTWKRRWEILTDNCLYYFEYTTDKEPRGIIPLEN
LSIREVEDPRKPNCFELYNPSHKGQVIKACKTEADGRVVEGNHVVYRISA
PSPEEREEWMKSIKASISPFKIPEDDGNDLTHTFENPDREGWLLKLGGRV
KTWKRRWEILTDNCLYYFEYTTDKEPRGIIPLENLSIREVEDPRKPNCEER
LYNPSHKGQVIKACKTEADGRVVEGNHVVYRISAPSPEEKEEWMKSIKAS
ISRDPEFYDMLATRKRRIANKK

27

NPDREGWLLKLGGRVKTWKRRWEILTDNCLYYFEYTTDKEPRGITIPLENL
SIREVEDPRKPNCFELYNPSHKGQVIKACKTEADGRVVEGNHVVYRISAP
SPEEKEEWMKSIKASISPFKIPEDDGNDLTHT FEFNPDREGWLLKLGGRVK
TWKRRWEILTDNCLYYFEYTTDKEPRGIIPLENLSIREVEDPRKPNCFEFEL
YNPSHKGOQVIKACKTEADGRVVEGNHVVYRISAPSPEEKEEWMKSIKAST
SRDPFYDMLATRKRRIANKK

28
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MGSGSAREGWLEFKWINY IKGYQRRWEVLSNGLLSYYRSKAEMRHTCRGT I

NLATANITVEDSCNFIISNGGAQTYHLKASSEVERQRWVTALELAKAKAY | 29
Pleckstrin K
homology GSGSAREGWLFKWTNY IKGYQRRWFVLSNGLLSYYRSKAEMRHTCRGT IN
domain of LATANITVEDSCNFIISNGGAQTYHLKASSEVERQRWVTALELAKAKAVK | 30
Human OSBP
SGSAREGWLFKWINY IKGY ORRWFVLSNGLLSYYRSKAEMRHTCRGT INL
ATANITVEDSCNFIISNGGAQTYHLKASSEVERQRWVTALELAKAKAVK 31
MAAVILEST FLKRSQOKKKTS PLNFKKRL FLLTVHKLSYY EY DFERGRRG
SKKGSIDVEKITCVETVVPEKNPPPERQI PRRGEESSEMEQI STIERFPY
Pleckstrin PEQVVYDEGPLYVESPTEELRKRWIHOLKNV IRYNSDLVQOKY HECFWIDG | -2
homology QYLCCSQTAKNAMGCQILENRNGSLKP
domain of | AAVILESIFLKRSQQOKKKTSPLNFKKRLFLLTVHKLSYYEYDFERGRRGS
Human Btk]l | KKGSIDVEKITCVETVVPEKNPPPERQIPRRGEESSEMEQISIIERFPYP
FOVVYDEGPLYVFSPTEELRKRW I HOLKNVIRYNSDLVOKYHPCFWIDGO | oo
YLCCSQTAKNAMGCOILENRNGSLKP
Pleckstrin MEGVLYKWTNY LTGWQPRWFVLDNGILSYYDSQODDVCKGSKGS IKMAVCE
homology TKVHSADNTRMELI I PGEQHFYMKAVNAAERQRWLVALGS SKACLTDT 34
domain of EGVLYKWTNYLTGWQPRWFVLDNGILSYYDSODDVCKGSKGS IKMAVCE T
Human FAPP1 | KVHSADNTRMETTTPGEQHFYMKAVNAAERQRWI,VAT.GSSKACT.TDT 35
MSDNQSWNSSGSEEDPETESGPPVERCGVLSKWTNY THGWODRWVVLKNN
ALSYYKSEDETEYGCRGSICLSKAVITPHDFDECRFDISVNDSVWYLRAQ | 36
DPDHRQOWIDATEQHKTESGYG
Pleckstrin SDNCSWNSSGSEEDPETESGPPVERCGVLSKWINY T HGWQDRWVVLKNNA
homology LSYYKSEDETEYGCRGSICLSKAVITPHDFDECRFDISVNDSVWYLRAQD | 37
domain of PDHRQOWIDAIEQHKTESGYG
Human CERT | MPVERCGVLSKWTNY ITHGWODRWVVLKNNALSYYKSEDETEYGCRGS ICL
SKAVITPHDFDECRFDISVNDSVWYLRAQDPDHRQQOW I DATEQHKT 38
PVERCGVLSKWINY I HGWQDRWVVLKNNALSYYKSEDETEYGCRGSICLS
KAVITPHDFDECRFDISVNDSVWYLRACDPDHRQOWIDAT EQHKT 39
MGTVMKEGWMVHY TSKDTLRKRHYWRLDSKC I TLFONDTGSRYYKE L PLS
EILSLEPVKTSALIPNGANPHCFEITTANVVYYVGENVVNPSSPSPNNSV | 40
, LTSGVGADVARMWETATQHALM
Pleckstrin GTVMKEGWMVHYT SKDTLRKRHYWRLDSKCITLFONDTGSRY YKE I PLSE
homology ILSLEPVKTSALIPNGANPHCFE ITTANVVYYVGENVVNPSSPSPNNSVL | 41
domain of TSGVGADVARMWE IATQHALM
Human PKD - e o Y TS KDOT L RKRHYWRL.DSKC TTLFONDTGSRYYKETPLSET
LSLEPVKTSALIPNGANPHCFEITTANVVYYVGENVVNPSSPSPNNSVLT | 42
SGVGADVARMWETATQHALM
MRTQT.SGMYNVRKGKMOT, PYNRWTRRQV I TLCGTCT,TVS SVKDSLTGKMAV
Pleckstrin LPLIGGKVEEVKKHQHCLAFSSSGPQSQTYY ICFDTFTEYLRWLRQVSKV | 43
homology AS
domain of RIQLSGMYNVRKGKMQLPVNRWTRRQVILCGTCLIVSSVKDSLTGKMHAVL
Human PHLPP] | PLIGGKVEEVKKHQHCLAFSSSGPOSQTYYICFDTFTEYLRWLRQVSKVA | 44
s
Pleckstrin MDVLKQGYMMKKGHRRKNWTERWEVLKPNIISYYVSEDLKDKKGDILLDE
homology NCCVESLPDKDGKKCLFLVKCFDKT FETSASDKKKKQEWIQATHSTTH 435
domain of DVLKQGYMMKKGHRRKNWTERWFVLKPNI ISYYVSEDLKDKKGDILLDEN
Human CCVESLPDKDGKKCLFLVKCFDKTFEI SASDKKKKOEWIQATHSTIH 46
SWAP70
. MDML SSHHYKSFKVSMIHRLRFTTDVOLG I SGDKVE IDPVTNQKASTKEW
Pleckstrin TKQKPISIDSDLLCACDLAEEKSPSHATFKLTYLSNHDYKHLYFESDART | 47
homology VNEIVLKVNYILES
domain of DML SSHHYKSFKVSMIHRLRFTTDVOLGISGDKVEIDPVTNQKASTKEWT
hﬂiﬁﬁi}l KQKPISIDSDLLCACDLAEEKSPSHATIFKLTYLSNHDYKHLY FESDRATV | 48

NEIVLKVNYILES
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*hGAGK.n 1s a consensus sequence derived from ten proviral GAG sequences encoded by human
genomic sequences. The GAG sequences used to derive this consensus GAG sequence are from the
following HERVs: HERV-K113, HERV-K101, HERV-K102, HERV-K104, HERV-K107, HERVK108,
HERV-K109, HERV-K115, HERV- K11p22, and HERV-K12q13.

[0106] In some cases, the lipid delivery particle disclosed herein comprises a protein core that is
composcd of at least a structural protein of a viral origin, for instance, a retroviral gag protein. In some of
these cases, the lipid delivery particle comprises a retroviral gag-pro-pol polyprotein, e.g., a gag-pro-pol
poly protein from HIV, MMLYV, or FMLV, which can help assemble a protein core of the lipid delivery
particle. In some of these cases, some of the gag-pro-pol polyprotein is cleaved, e.g., by pro (protease)
present freely or in the gag-pro-pol polyprotein. Without wishing to be bound by any particular theory,
the cleavage by pro can be mefficient, and the resultant cleavage products can include gag polyprotein,
gag-pro polyprotein, free pro, and free pol (polymerase). In some cases, a retroviral gag polyprotein can
be further cleaved into MA, CA, NC, and other small fragments, if any. In some other cases, the lipid
delivery particle comprises a retroviral gag-pro polyprotein without the pol component, and the gag-pro
polyprotein can help form a protein core of the lipid delivery particle. The gag-pro can also be cleaved by
pro, in some cases, inefficiently, into separate gag and pro proteins. In some cases, there can be different
plasma membrane recruitment elements in a lipid delivery particle. For instance, a gag-pro or gag-pro-pol
polyprotein from one species of virus (e.g., a retrovirus, e.g., a HIV) can help assemble form a protein
core of the lipid delivery particle, while a chimeric protein in the lipid delivery particle, discussed infra,
can comprise a payload fused with a gag protein from a different species of virus (e.g., an MMLYV), or
from a HERV, or a PH domain or transmembrane domain of a huma protein (e.g., a PH domain of human

Aktl with E17K substitution).

CHIMERIC PROTEIN

[0107] In aspects, the present disclosure provides a chimeric protein comprising a plasma membrane
recruitment element and a payload that is a protein or a fragment therecof. In some aspects, the lipid
delivery particle comprises a chimeric protein comprising a plasma membrane recruitment element and a
payload that is a protein or a fragment thercof. In some cases, the plasma membrane recruitment element
and the payload are fused directly in the chimeric protein. In other cases, the plasma membrane
recruitment element and the payload are fused indirectly via a linker. In some cases, the linker between
the plasma membrane recruitment element and the payload is a cleavable linker that is recognized by a
protease.

[0108] The chimeric protein (e.g., comprising a gag protein) can form at least part of a protein core of
the lipid delivery particle. A lipid delivery particle can comprise two or more chimeric proteins. The
chimeric protein can include a structural protein. The structural protein can comprise a plasma membrane
recruitment element (e.g., retroviral gag protein). The plasma membrane recruitment element can be fused
to a payload. In some cases, the two or more chimeric proteins comprise the same structural protein. In

some cases, the two or more chimeric proteins comprise different structural proteins. In some cases, the
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two or more chimeric proteins comprise different payloads. In some cases, the chimeric protein comprises
a payload that comprises a nucleic acid-binding moiety. In some cases, the payload further comprises a
guide nucleic acid molecule that forms a ribonucleoprotein complex with the nucleic acid-binding moiety.
In some cases, the chimeric protein is suitable for delivery by a lipid delivery particle disclosed herein.
[0109] In some cases, the lipid delivery particle of the present disclosure further comprises a protease
that recognizes the cleavable linker in the chimeric protein and cuts the chimeric protein at the cleavable
linker. As a result of the cleavage at the cleavable linker by the protease, the payload can be separated
from the plasma membrane recruitment element. In some cases, the payload is present as a "free" entity
separate from the plasma membrane recruitment element. For instance, the payload can be free and
present within an inside of the protein core of the lipid delivery particle. In some cases, the protease is
part of a second chimeric protein comprising a second plasma membrane recruitment element and the
protcase, where the second plasma membrane recruitment clement can be cither different from or same as
the plasma membrane recruitment element that 1s fused with the payload.

[0110] In some cases, the chimeric protein disclosed herein also comprises one or more non-cleavable
linkers that operably link components together. The non-cleavable linker can be any suitable linker
sequence that is used for chimeric protein construction, such as peptide linkers that consist of glycine
(Gly) and serine (Ser) residues. In some embodiments, the non-cleavable linker comprises an amino acid
sequence selected from the group consisting of: (GS)x (SEQ ID NO: 564), (GGS)x (SEQ ID NO: 565),
(GGGGS)x (SEQ ID NO: 566), (GGSG)x (SEQ ID NO: 567), and (SGGG)x (SEQ ID NO: 568), and
wherein x is an integer from 1 to 50.

[0111] In some cases, the chimeric protein of the present disclosure comprises a nuclear export signal
(NES) sequence that can direct transport of the chimeric protein out of the nucleus of a cell, e.g., a
producer cell.

[0112] In some cases, the chimeric protein disclosed herein has one of the following configurations of
components positioned in an order from N-terminus to C-terminus:

plasma membrane recruitment element]-[cleavable linker]-[payload];

plasma membrane recruitment element]-[n * NES]-[cleavable linker]-[payload];

plasma membrane recruitment element]-[cleavable linker]-[payload]-[n * NES];

plasma membrane recruitment element]-[cleavable linker]-[n * NES]-[payload];

payload]-[cleavable linker]-[n ¥ NES]-[plasma membrane recruitment element];
payload]-[n * NES]-[cleavable linker]-[plasma membrane recruitment element];

[
[
[
[
[plasma membrane recruitment element]-[cleavable linker 1]-[payload]-[cleavable linker 2]-[n * NES];
[
[
[n * NES]-[payload]-[cleavable linker]-[plasma membrane recruitment element];

[

n
n * NES]-[cleavable linker 1]-[payload]-[cleavable linker 2]-[plasma membrane recruitment element];
and

[payload]-[cleavable linker]|-[plasma membrane recruitment element];

wherein n is an integer in the range of from 1 to 10, and denotes the number of repeats of the NES

sequence. Non-cleavable linker sequence can be present or absent in any of the foregoing configurations
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between any two neighboring components. As provided herein, the payload sequence in the chimeric
protein can have one or more NLS sequences, at its N-terminus, C-terminus, or both.

[n * NES]-[cleavable linker 1]-[payload]-[cleavable linker 2]-[plasma membrane recruitment element];
and

[payload]-[cleavable linker]|-[plasma membrane recruitment element];

wherein n is an integer in the range of from 1 to 10, and denotes the number of repeats of the NES
sequence. Non-cleavable linker sequence can be present or absent in any of the foregoing configurations
between any two neighboring components. As provided herein, the payload sequence in the chimeric
protein can have one or more NLS sequences, at its N-terminus, C-terminus, or both.

Nuclear Export Signal

[0113] Direction of nuclear transport within the cell can be governed by nuclear targeting signals within
payload proteins or coupled to (e.g.. fused with) the payload proteins. As used herein, the term “nuclear
export signal” refers to a sequence of amino acids that targets a payload protein for export from the
nucleus. In some cases, a nuclear export signal (NES) 1s a short target peptide sequence containing four
hydrophobic residues. These residues target the protein for export from the nucleus to the cytoplasm
through the nuclear pore complex. A chimeric protein provided herein can comprise 1 NES, 2 NESs, 3
NESs, 4 NESs, 5 NESs, 6 NESs, 7 NESs, 8 NESs, 9 NESs, or 10 NESs. In some cases, the NES is located
at the N-terminus, C-terminus, or in an internal region of the chimeric protein. In some cases, a NES is
coupled between the plasma membrane recruitment element and the payload in the chimeric protein. In
some cases, there is a cleavable linker between the plasma membrane recruitment element and the
payload in the chimeric protein, and one or more NESs present on the same of the cleavable linker as the
plasma membrane recruitment element.

[0114] In some cases, the NES sequence that is used in the chimeric protein comprises LQLPPLERLTL
(SEQ ID NO: 403) derived from HIV-1 Rev protein, or any of the sequences having at least 80% identity
thereto. In some cases, the NES sequence comprises LALKLAGLDI (SEQ ID NO: 352) or
NELALKLAGLDI (SEQ ID NO: 416), derived from PKla, or any of the sequences having at least 80%
identity thereto. In some cases, the NES sequence that is used in the chimeric protein comprises an amino
acid sequence as set forth in Table 5. In some cases, the NES sequence comprises any one of the
sequences set forth in Table 5. In some cases, the NES sequence comprises one or more of the sequences
set forth in Table 5. In some cases, the NES sequence comprises more than one, more than two, more
than three, more than four, more than five, more than six, more than seven, more than eight, more than
nine, or more than ten of the sequences set forth in Table 5. In some cases, the NES sequences comprises
multiple sequences set forth in Table 5.

[0115] In some cases, the NES sequence comprises an amino acid sequence having 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%. or 99% sequence identity to any sequence listed in Table
5. In some cases, the NES sequence comprises an amino acid sequence having 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%. or 99% sequence identity to any sequence set forth in SEQ ID

NOs: 353-453. In some cases, the NES sequence described herein comprises a sequence with greater than
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80% sequence identity to any sequence listed in Table 5. The transport of payload proteins within a cell is
enabled through both NES and nuclear export receptors. In some cases, the NES described herein is
associated with a nuclear export receptor (e.g., CRM-1). In some cases, the NES may be conditionally
active or inactive. In some cases, the NES sequence disclosed herein comprises a sequence such as those
described in T la Cour, et al., Nucleic Acids Res. 2003;31(1):393-396; and Xu D, et al. Mol Biol Cell.
2012 Sep;23(18):3673-6, each of which is incorporated herein by reference in its entirety. Any of the
NES sequences described in the NES sequence database (NESdb®; prodata.swmed.edu/LRNes) or
(NESbase; services.healthtech.dtu.dk/datasets/NESbase-1.0) can be used in a chimeric protein disclosed
herein, e.g., for the purpose of packaging a payload into the molecular assembly, e.g., the lipid delivery
particle.

[0116] In some cases, a chimeric protein disclosed herein include a nuclear export sequence (NES). In
some cases, the NES facilitates localization of the chimeric protein in the cytosol of a target cell relative
to the nucleus.

[0117] In some cases, a chimeric protein disclosed herein includes at least one NES sequences, such as, 2
or more, 3 or more, 4 or more, or 5 or more NES sequences. In some cases, one or more NES sequences
(2 or more, 3 or more, 4 or more, or 5 or more NES sequences) are positioned at or near (e.g., within 50
amino acids of) the N-terminus and/or the C- terminus of the chimeric protein. In some cases, the
chimeric protein disclosed herein comprises only one NES sequence. In some cases, the chimeric protein
disclosed herein comprises two NES sequences. In some cases, the chimeric protein disclosed herein
comprises three NES sequences. In some cases, one or more NES sequences (2 or more, 3 or more, 4 or
more, or 5 or more NES sequences) are positioned at or near (e.g., within 50 amino acids of) the N-
terminus of the chimeric protein. In some cases, one or more NES sequences (2 or more, 3 or more, 4 or
more, or 5 or more NES sequences) are positioned at or near (e.g., within 50 amino acids of) the C-
terminus of the chimeric protein. In some cases, one or more NES sequences (3 or more, 4 or more, or 5
or more NES sequences) are positioned at or near (e.g., within 50 amino acids of) both the N-terminus
and the C-terminus of the chimeric protein. In some cases, an NES sequence is positioned at the N-
terminus and an NES sequence is positioned at the C-terminus of the chimeric protein.

[0118] In some cases, a payload is a protein that is delivered as part of the chimeric protein disclosed
herein, e.g., operably linked to a structural protein (e.g., human endogenous retroviral structural protein or
a Plasma membrane recruitment element). In some embodiments, the one or more NES sequences are
positioned at or near the one or both ends of the payload protein sequence inside the chimeric protein. For
example, in some cases, one or more NES sequences (2 or more, 3 or more, 4 or more, or 5 or more NES
sequences) are positioned at or near (e.g., within 50 amino acids of) the N-terminus and/or the C-
terminus of the payload protein sequence. In some cases, one or more NES sequences (2 or more, 3 or
more, 4 or more, or 5 or more NES sequences) are positioned at or near (e.g., within 50 amino acids of)
the N-terminus of the payload protein sequence. In some cases, one or more NES sequences (2 or more, 3
or more, 4 or more, or 5 or more NES sequences) are positioned at or near (e.g., within 50 amino acids of)

the C-terminus of the payload protein sequence. In some cases, one or more NES sequences (3 or more, 4
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or more, or 5 or more NES sequences) are positioned at or near (e.g., within 50 amino acids of) both the
N-terminus and the C-terminus of the payload protein sequence. In some cases, an NES sequence is
positioned at the N-terminus and an NES sequence is positioned at the C-terminus of the payload protein
sequence. In some cases, the chimeric protein disclosed herein comprises only one NES sequence. In
some cases, the chimeric protein comprises only one NES sequence, and the NES sequence is positioned
at or ncar (e.g., within 50 amino acids of) the N-terminus of the payload protein.

[0119] In eukaryotic cells, transport of proteins between the nucleus and the cytoplasm can be mediated
by transport factors in the karyopherin-p family, which are also known as importins and exportins. The
direction of nuclear—cytoplasmic transport can be dictated by nuclear targeting signals within the payload
proteins. Nuclear export sequences (NESs) can direct export of proteins from the nucleus to the
cytoplasm. NESs can bind directly to the export karyopherin CRM1 (also known as exportin 1), which
can escort payload proteins through the nuclear pore complex.

Table 5. Exemplary NES sequences

NES sequence Protein fron:i Wl‘lich NES can be SEQ ID NO:
erived

LALKLAGLDI PKla 352
AAEPVILDLRDLFQL Dabl 353
AGVEAIIRILQQLLF Vpr 334
AHWMRQLVSFQKLKL Tbx3 355
AKIIPYSGLLLVITV RSV M 356
ANMRIQDLKVSLKPL MK35 357
AQLONLTKRIDSLPL APC protein 358
ATMRVDYEQIKIKKI MK5 359
ATRELDELMASLSDFE Paxillin 360
CAFLSVKKQFEELTL Survivin 361
DELLOVLRMMVGVNI CHP1 362
DHAEKVAEKLEALSV RanBP1 363
DMDFLRNLFSQTLSL SIRT?2 364
DTVLDILRDFFELRL Topo 1la 365
DVKEEMT SALATMRV MK2 366
EAINKLENNLRELQI c-Abl 367
EAINKLESNLRELQI c-Abl 368
EATQDLCLAVEEVSL NPM mutA 369
EESYDLTSHLARLGV LE] 370
EESYTLNSDLARLGV LEI 371
EFSLPTHHTVRLIRV N protein 372
EGCVSNLMV p28GANK 373
EIVRDIKEKLCYVATL Actin 374
ENFEILMKLKESLEL p73 375
EQLLEIVHDLENLSL Hst2 376
ERFEMFRELNEALEL p53 377
ESSAEDLRTLOQLFL E7 378
FETVYELTKMCTIR Smad1 379
FETVYELTKMCTIRM Smadl 380
FNATAVVRHMRKLOL CaMKla 381
GIQQAHAEQLANMRI MK35 382

Human FGF1 + GGSG (SEQ ID
GNYKKPKLGGSGLALKLAGLDL NO: 540) + Protein Kinase

Inhibitor o NES 383
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Human FGF1 + GGSG (SEQ ID
GNYKKPKLGGSGLQLPPLERLTL NO: 540) + HIV REV NES 184
Human FGF1 + HTLV 1 Rex
GNYKKPKLGGSGLSAQLYSSLSLD Protein NES 385
Human FGF1 + GGSG (SEQ ID
GNYKKPKLGGSGLTDWARVREETL NO: 540) + RSV gag NES 186
GNYKKPKLGGSGQLVEELLKIICAFQL | Human FGF1 + BRCA1 NES 387
GNYKKPKLGGSGVKGVGTMYMELTRMT | Human FGF1 + Influenza A NP
NES 388
GNYKKPKLGNYKKPKL Human FGF1 (2x sequence) 389
GNYKKPKLGNYKKPKLGNYKKPKI, Human FGF1 (3x sequence) 390
ISFTEFVKVLEKVDV CHPlg 391
ISPEHVIQALESLGE NC2B 392
IVLNQLCVRFFGLDL nsP2 393
KKRKKKRK RSV gag (2x sequence) 394
KKRKKKRKKKRK RSV gag (3x sequence) 395
KKRKKKRKKKRKKKRK RSV gag (4x sequence) 396
KQVLWDRTFSLFQQL Stat1 397
KVYPITLRLGSNLSL ORF-% 398
LALKLAGLDL Protein Kinase Inhibitor « 399
LEPLKKLECLXSLDL APRIL 400
LINRNGELKLANFGL Cdk5-p27 401
LQGEEFVCLKSIILL ERo 402
LOLPPLERLTL HIV REV (NES) 403
LQSEEVHWLHLDMGV FAK1 404
LQVRKYSLDLASLIL FAK1 405
LRSEEVHWLHVDMGV FAK1 406
LSAQLYSSLSLD HTLV 1 Rex Protein 407
LSSHFQELSI ADARI 408
LTDWARVREEL RSV gag 409
MEELSQATASSFSV Snurportin 410
MEGCVSNLMV p28GANK 411
MESATITLWQFLLOL Net 412
MNFKELKDFLKELNI PLC-51 413
MSSGYYLGEILRLAL Hxk?2 414
NDENEHQLSLRTVSL NPM 415
NELALKLAGLDI PKla 416
NHRMKNLREISQLGI Gal3 417
NHRVKKLNEISKLGI Gal3 418
NSVNEILSEFYYVRL Top2 419
NVMKY FTDLFDYLPL PP2ACa 420
C Myc + GGSG (SEQ ID NO:
PAAKRVKLDGGSGLALKLAGLDL 540) + Protein Kinase Inhibitor o
NES 421
C Myc + GGSG (SEQ ID NO:
PAAKRVKLDGGSGLQLPPLERLTL 540 + HIV REV NES 1)
C Myc + GGSG (SEQ ID NO:
PAAKRVKLDGGSGLTDWARVREEL 540) + RSV gag NES 13
C Myc + HTLV 1 Rex Protein
PAAKRVKLDLSAQLYSSLSLD NESy 104
PAAKRVKLDQLVEELLKIICAFQL C Myc + BRCA1 NES 425
PAAKRVKLDVKGVGTMVMELIRMI C Myc + Influenza A NP NES 426
PKYSDIDVDGLCSEL Yaplp 427
PLOLPPLERLTL HIV-REV 428
PSAHEITGLADSLOL Oct-6 429
PSVQELTEQIHRLLM mPER2 430
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QARFILEKIDGKITT Topo ag 431
QLVEELLKIICAFQL BRCALl 432
QSTHVDIRTLEDLLM E7 433
QVKFIKMIIEKELTV Top2 434
RQERKRPLLDLHIEL FLIP-L 435
RRIYDITNVLEGIGL E2F4 436
SDOKQEQLLLKKMYL Statl 437
SGIFGLVTINLEELEV STRADa 438
SGKASSSLGLODFDL WPKC 439
SLGGFEITPPVVLRL NPM 440
STNGSLAAEFRHLQL Stat1 441
SVMLAVQEGIDLLTF ElA 442
TEKHLQKYLRQDLRL DcpS 443
TGVEALIRILQQLLF VPR protein 444
THYGQKAILFLPLPV FGF-1 445
TNLEALQKKLEELEL MAPKK1/MEK1 446
VDLACTPTDVRDVDI Cyclin D1 447
VKGVGTMVMELIRMI Influenza A NP 4438
VPKELMQQIENFEKI Hxk?2 449
VRLHDVLHSDKKLTL Cdk5-p27 450
YAGFSLPHAILRIDL Actin 451
YGEKTTQRDLTELEI p38 452
YONIELITFINALKL BPV El 453

Nuclear Localization Signal

[0120] In some instances, a payload described herein comprises one or more nuclear localization

sequences (NLS). As used herein, the term “nuclear localization signal” refers to a sequence of amino

acids that targets a payload (e.g., a protein or a short polypeptide), which the NLS is present within or

coupled to, to localize to the nucleus. In some cases, an NLS facilitates the import of a polypeptide

comprising an NLS into the cell nucleus. A polypeptide can comprise 1 NLS, 2 NLSs, 3 NLSs, 4 NLSs, 5

NLSs, 6 NLSs, 7 NLSs, 8 NLSs, 9 NLSs, or 10 NLSs. In some cases, the NLS is located at the N-

terminus, C-terminus, or in an internal region of the polypeptide. In some cases, a NLS is coupled to a

nucleic acid binding domain described elsewhere herein. In some cases, a NLS is coupled to a nucleic

acid modifying domain described elsewhere herein. In some cases, a NLS is coupled to a guidable

polypeptide domain, a deaminase domain, or a reverse transcriptase domain. In some cases, a NLS is

covalently linked to a nucleic acid binding domain described elsewhere herein. In some cases, a NLS is
covalently linked to a nucleic acid modifying domain described elsewhere herein. In some cases, a NLS is
covalently linked to a guidable polypeptide domain, a deaminase domain, or a reverse transcriptase
domain. In some cases, a nucleic acid binding domain does not comprise an NLS. In some cases, a
nucleic acid binding domain does not comprise an NLS. In some cases, a guidable polypeptide domain, a
deaminase domain, or a reverse transcriptase domain does not comprise an NLS. Examples of NLS are
provided in Table 6 below.

[0121] In some cases, the NLS comprises an amino acid sequence as set forth in Table 6. In some cases,
the NLS comprises any one of the sequences sct forth in Table 6. In some casces, the NLS comprises one

or more of the sequences set forth in Table 6. In some cases, the NLS comprises more than one of the
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sequences set forth in Table 6. In some cases, the NLS comprises multiple sequences set forth in Table 6.
In some cases, NLS sequence can comprise an amino acid sequence having 80%, 85%., 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any sequence listed in Table 6. In some
cases, the NLS sequence described herein can comprise a sequence with greater than 80% sequence
identity to any sequence listed in Table 6. In some cases, NLS sequence can comprise an amino acid
sequence having 80%, 85%, 90%, 91%, 92%, 93%., 94%, 95%., 96%, 97%, 98%, or 99% sequence
identity to any sequence set forth in SEQ ID NOs: 454-477.

[0122] In some cases, a chimeric protein disclosed herein includes a nuclear localization sequence
(NLS). In some cases, the NLS facilitates delivery of the chimeric protein, or a payload released from the
chimeric protein (for instance, released from the chimeric protein following cleavage of a cleavable
linker), into the nucleus of a target cell.

[0123] In some cases, a payload is a protein and 1s delivered as part of the chimeric protein disclosed
herein, e.g., operably linked to a structural protein (e.g., plasma membrane recruitment clement). In some
embodiments, the one or more NLS sequences are positioned at or near the one or both ends of the
payload protein sequence of the chimeric protein. In some cases, a chimeric protein includes (e.g., 1s
fused to) between 2 and 5 NLS sequences (e.g., 2-4, or 2-3 NLSs). Examples of NLS sequences include
an NLS sequence derived from: the NLS of the SV40 virus large T-antigen, having the amino acid
sequence PKKKRKYV (SEQ ID NO: 468); the NLS from nucleoplasmin (e.g., the nucleoplasmin bipartite
NLS with the sequence KRPAATKKAGQAKKKK (SEQ ID NO: 460); the c-myc NLS having the amino
acid sequence PAAKRVKLD (SEQ ID NO: 467) or RQRRNELKRSP (SEQ ID NO: 541); the hRRNPAI
M9 NLS having the sequence NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGGY (SEQ ID
NO: 542); the sequence RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEQILKRRNV (SEQ ID
NO: 543) of the IBB domain from importin-alpha; the sequences VSRKRPRP (SEQ ID NO: 477) and
PPKKARED (SEQ ID NO: 544) of the myoma T protein; the sequence PQPKKKPL (SEQ ID NO: 545)
of human p33; the sequence SALIKKKKKMAP (SEQ ID NO: 546) of mouse c-abl IV; the sequences
DRLRR (SEQ ID NO: 547) and PKQKKRK (SEQ ID NO: 5438) of the influenza virus NS1; the sequence
RKLKKKIKKL (SEQ ID NO: 549) of the Hepatitis virus delta antigen; the sequence REKKKFLKRR
(SEQ ID NO: 550) of the mouse Mxl protein; the sequence KRKGDE VDGVDEV AKKKS KK (SEQ ID
NO: 551) of the human poly(ADP-ribose) polymerase; and the sequence RKCLQAGMNLEARKTKK
(SEQ ID NO: 552) of the steroid hormone receptors (human) glucocorticoid, and sequences having at
least 80% identity to the foregoing. In some cases, an NLS comprises the amino acid sequence
MDSLLMNRRKFLY QFKNVRWAKGRRETYLC (SEQ ID NO: 353).

[0124] Other examples of an NLS sequence include KRTADGSEFESPKKKRKYV (SEQ ID NO: 462),
KKTELQTTNAENKTKKL (SEQ ID NO: 554), KRGINDRNFWRGENGRKTR (SEQ ID NO: 555),
RKSGKIAAIVVKRPRK (SEQ ID NO: 556), and MDSLLMNRRKFLY QFKNVRWAKGRRETYLC
(SEQ ID NO: 463), SPKKKRKVEAS (SEQ ID NO: 557), encoded by
AGCCCCAAGAAgAAGAGaAAGGTGGAGGCCAGC (SEQ ID NO: 558), GFKKKRKVAAA (SEQ
ID NO: 559), as well as any of those described in Cokol ef al., EMBO Rep., 2000, 1(5): 411-415 and
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Freitas et al., Current Genomics, 2009, 10(8): 550-7; Lu, J., et la., Cell Commun Signal 19, 60 (2021);
international publication no. W0Q/2001/038547, each of which is incorporated herein by reference in its
entirety, and sequences having at least 80% identity to the foregoing.

[0125] In some embodiments, the chimeric protein comprises one NES sequence and two NLS
sequences. In some cases of these embodiments, the NES sequence, NLS sequences, and the payload
protein sequence are positioned in an order from N-terminus to C-terminus as follows: NES-NLS-payload
protein-NLS. In some embodiments, the chimeric protein comprises two or more NES sequences and two
NLS sequences. In some cases of these embodiments, the NES sequences, NLS sequences, and the

payload protein sequence are positioned in an order from N-terminus to C-terminus as follows: n X NES

(n >=2)-NLS-payload protein-NLS.
Table 6. Exemplary NLS sequences

. . Protein from which NLS can be SEQ
Amino Acid Sequence . ID
derived NO:
AVKRPAATKKAGQAKKKKLD NUCLEOPLASMIN 454
EGRAPPAKRAR HEPATITIS D VIRUS ANTIGEN 455
GNYKKPKL Human FGF1 456
KGINDRNEWRGENGRRTR Influenza A NP 457
KKRK RSVgag 458
KLKTIKRPVK TUS-PROTEIN 459
KRPAATKKAGQAKKKK Nucleoplasmin 460
KRTADGSEFEPKKKRKV Plasma Derived Variant 461
KRTADGSEFESPKKKRKV BIPARTITE SV40 462
MDST.IMNRRKFLYQFRKNVRWAKGRRETYT.C AID 463
DSLLMNRRKFLYQFKNVRWAKGRRETYLC AID 464
MKRTADGSEFESPKKKRKV BIPARTITE SV40 465
MSRRRKANPTKLSENAKKLAKEVEN EGL-13 466
PAAKRVKLD C-MYC 467
PKKKRKV Simian Virus 468
PKKKRKVEDPYC SV40LargeTAntigen 469
PKKKRKVPKKKRKV Simian Virus (2x sequence) 470
PKKKRKVPKKKRKVPKKKRKV Simian Virus (3x sequence) 471
PKTRROQRTRRARRNRPPT HTLYV Rex Protein 472
PPOPKKKPLDGE MURINE P53 473
SGGSKRTADGSEFEPKKKRKV PE1 AND PE2 474
TKGTKRSYEQM Influenza A NP 475
TKGTKRSYEQMTKGTKRSYEQM Influenza A NP(2x sequence) 476
VSRKRPRP POLYOMA LARGE T-AG 477
ROQRRNELKRSP C-MYC 541
I;TQSSNFGPMKGGNFGGRSSGPYGGGGQY FAKPRNQGG hRNPAI M9 i
RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEQTL .
KRRNV Importin-alpha 543
PPKKARED Myoma T 544
PQPKKKPL Human p53 545
SALIKKKKKMAP Mouse c-abl IV 546
DRLRR Influenza virus NS1 547
PKQKKRK Influenza virus NS1 548
RKLKKKIKKL Hepatitis virus delta antigen 549
REKKKFLKRR Mouse Mxl protein 550
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KRKGDEVDGVDEVAKKKSKK Human poly(ADP-ribosc)

polymerase 551
RKCLOAGMNLEARKTKK Glucocorticoid receptor 552
MDSLLMNRRKFLY QFKNVRWAKGRRETYLC Activation-induced Cytidine

Decaminase 553
KKTELOTTNAENKTKKL Kanadaptin 554
KRGINDRNEFWRGENGRKTR Influenza A nucleoprotein 555
RKSGKIAAIVVKRPRK Tight junction protein ZO-2 556
SPKKKRKVEAS Cas9 557
AGCCCCAAGAAGAAGAGAAAGGTGGAGGCCAGT Cas9 558
CPKKKRKVAAA Cas9 559

Cleavable Linker

[0126] In some cases, the chimeric protein comprises a cleavable linker in between two or more
components. For instance, the chimeric protein can comprise a cleavable linker between a payload protein
sequence and a plasma membrane recruitment element sequence (e.g., retroviral gag protein sequence). In
some cases, the cleavable linker separates the plasma membrane recruitment element sequence from a
NLS sequence, and/or a NES sequence at its N-terminus or C-terminus. The cleavable linker can separate
the payload protein sequence from the plasma membrane recruitment element sequence, NLS sequence,
and/or NES sequence at its N-terminus or C-terminus. Examples of cleavable linker sequences that can be
used in the chimeric protein include TSTLLMENSS (SEQ ID NO: 560), PRSSLYPALTP (SEQ ID NO:
561), VQALVLTQ (SEQ ID NO: 562), and PLQVLTLNIERR (SEQ ID NO: 563), and sequences having
at least 80% identity to any one of the foregoing.

PAYLOAD

[0127] A payload in a lipid delivery particle of the present disclosure can comprise a protein, a
polypeptide, a nucleic acid (e.g., DNA or RNA), or any combinations thercof.

[0128] The payload can be a part of the chimeric protein disclosed herein or can comprise a part of the
chimeric protein disclosed herein. Altematively or additionally, the payload can include an entity in the
lipid delivery particle separate from the chimeric protein disclosed herein. For instance, in some cases, the
payload 1s a protein or polypeptide coupled to a plasma membrane recruitment element. In some cases,
the payload comprises a first moiety (e.g., a nucleic acid-binding protein) that is fused to a plasma
membrane recruitment element, and further comprises a second moiety that 1s coupled to the first moiety
via covalent or non-covalent interaction. For instance, the first moiety can be a nucleic acid binding
protein that is fused with the plasma membrane recruitment element, and the second moiety can be a
nucleic acid molecule that binds to the nucleic acid binding protein.

[0129] In some cases, a payload is directly packaged within the lipid delivery particles and delivered into
a target cell in its free form. In some cases, a payload can be fused to a plasma membrane recruitment
element (e.g., pleckstrin homology domain) and form a chimeric protein as part of the lipid delivery
particles, and then delivered into the target cell. In some cases, the plasma membrane recruitment element
(e.g., pleckstrin homology domain) forms at least part of a protein core of the lipid delivery particle. In

some embodiments, the payload in its free form or as part of a chimeric protein is within the inside cavity
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of the protein core of the lipid delivery particles disclosed herein. In some cases, the payload in its free
form derives from a cleavage of the chimeric protein comprising the payload.

[0130] In some cases, a lipid delivery particle can deliver more than one payload. Each of the payloads
can independently comprise nucleic acid-binding moiety, a nucleic acid-modifying moiety, a fusion
protein, or a nucleic acid, or any combinations thereof.

[0131] In some embodiments, the plasma membrane recruitment element and the payload are coupled
via any suitable method. Covalent coupling between the plasma membrane recruitment element and a
payload peptide can include inteins that can form peptide bonds, direct protein-protein chimeras
generated from a single reading frame. In some cases, nucleic acids base pairing to other nucleic acids via
hydrogen bonding interactions (e.g., DNA/RNA, DNA/DNA, or RNA/RNA hybrids), protein-protein
binding, or protein-nucleic acid molecule binding can be involved for the coupling between the plasma
membrane recruitment element and the payload. Examples of protein-nucleic acid molecule binding
include an RNA binding protein (RBP) and an RBP binding sequence (e.g., an RNA) that binds to the
RBP. In some embodiments, each of the plasma membrane recruitment element and the payload is fused
to a heterologous sequence, and the two heterologous sequences dimerize or multimerize with or without
the need for a chemical compound to induce the protein-protein binding, such as a single-stranded nucleic
acid sequence or protein dimerization domains). In some embodiments, each of the plasma membrane
recruitment clement and the payload is fused to one member of a pair of binding partners (e.g., antibody
and its target antigen). In some embodiments, the plasma membrane recruitment element is fused to an
RBP, and the payload is fused to a RBP binding sequence. Examples of suitable protein domains or
nucleic acid molecules for forming the non-covalent connections include single chain variable fragments,
nanobodies, affibodies, DmrA/DmrB/DmrC, FKBP/FRB, dDZFs, Leucine zippers, proteins that bind to
DNA and/or RNA, optogenetic protein domains that can dimerize or multimerize in the presence of
certain light wavelengths, proteins with quaterary structural interactions, and/or naturally reconstituting
split proteins. Examples of RBPs and their RBP binding sequences that can be used include a sequence
having at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%., or 100% sequence identity to a sequence set forth in Table 7.
Examples of RBPs and their RBP binding sequences that can be used include a sequence having at least
about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% sequence identity to a sequence set forth in any one of SEQ ID NOs: 478-
513. In some cases, the RBP comprises an amino acid sequence as set forth in Table 7. In some cases, the
RBP comprises any one of the sequences set forth in Table 7. In some cases, the RBP comprises one or
more of the sequences set forth in Table 7. In some cases, the RBP comprises more than one of the
sequences set forth in Table 7. In some cases, the RBP comprises multiple sequences set forth in Table 7.
In some cases, the RBP binding sequence comprises an amino acid sequence as set forth in Table 7. In
some cases, the RBP binding sequence comprises any one of the sequences set forth in Table 7. In some

cases, the RBP binding sequence comprises one or more of the sequences set forth in Table 7. In some
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cases, the RBP binding sequence comprises more than one of the sequences set forth in Table 7. In some

cases, the RBP binding sequence comprises multiple sequences set forth in Table 7.

Table 7. Exemplary RNA binding proteins (RBP) and corresponding RBP binding sequences

QRTWYSKPGERGITCSGRQKIKGKSIPLI

] 3 SEQ RBP binding SEQ
RBP RBP Amino Acid Sequence ID ID
NO: sequence NO:
MASNETQEFVLVDNGGTGDVTVAPSNEFANGIAEWISSNSR
SQAYKVTCSVRQSSAQKRKYTIKVEVPKVATQTVGGVEL GGGAGCACAU
PVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGN 478 GAGGAUCACC
MS2 PIPSATAANSGIY CAUGUGCGAC
(N55 ASNFTQEVLVDNGGTGDVTVAPSNFANGIAEWISSNSRS UCCCACAGUC 502
K) QAYKVTCSVRQSSAQKRKYTIKVEVPRKVATQTVGGVELP ACUGGGGAGU
VAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNP 479 cuuccee
IPSATAANSGIY
MGKSIRCKNCNKLLEFKADSEFDHIETRCPRCKRHI IMLNA
CEHPTEKHCGKREKITHSDETVRY 480 CUGAAUGCCU
Com GKSIRCKNCNKLLFKADSFDHIETRCPRCKRHIIMLNAC GCGAGCAUC 503
EHPTEKHCGKREKITHSDETVRY 481
MAKTIVLAVGEATRTLTEIQSTADRQIFEEKVGPLVGRL
RLTASLRONGAKTAYRVNLKLDOADVVDASTSVAGELPK
VRYTQVWSHDVTIVANSTEASRKSLYDLTKSLVATSQVE 482
DLVVNLVPLGRSLE GGAGCAGACG
PP7 AUAUGGCGUC 504
AKTIVLAVGEATRTLTEIQSTADRQIFEEKVGPLVGRLR GCUCCEGCC
LTASLRONGAKTAY RVNLKLDQADVVDASTSVAGELPKV
RYTQVWSHDVTIVANSTEASRKSLYDLTKSLVATSQVED 483
LVVNLVPLGRSLE
MAVPETRPNHTIYINNLNSKIKKDELKKSLYATESQEFGQ
ILDILVPROQRTPRGQAFVIFKEVSSATNALRSMOGEPEY 484 | GGCCAGAUCU
TAT DKPMRIQYAKTDKRIPAKMKGTEV GAGCCUGGGA
BP6.7 AVPETRPNHTIYINNLNSKIKKDELKKSLYATIFSQFGQT GCUCUCUGGC S05
LDILVPROQRTPRGOAFVIFKEVSSATNALRSMQGEPEYD 485 | C
KPMRIQYAKTDKRIPAKMKGTEV
MADFETDESVLMRROKOQINYGKNT IAYDRY IKEVPRHLR CAAACAANCA
QPGIHPKTPNKFKKYSRRSWDQOIKLWKVALHEWD 486 AACCAAAGGC
SLBP ADFETDESVLMRROKQINYGKNTIAYDRYIKEVPRHLRQ UCUUCUCAGA 506
PGIHPKTPNKFKKY SRRSWDQQTKLWKVALHEWD 487 GCCACCCA
MYVREFEVPEDMONEALSLLEKVRESGKVKKGTNETTKAV
ERGLAKLVYIAEDVDPPEIVAHLPLLCEEKNVPYIYVKS 438
gEDLGRAVGIEVPCASAAIINEGELRKELGSLVEKIKGL GEECGUGAUC
L7Ae YVRFEVPEDMONEALSTLLEKVRESGKVKKGTNETTKAVE ggiAAGGUGA' >07
RGLAKLVYIAEDVDPPEIVAHLPLLCEERNVPYIYVKSK
NDLGRAVGIEVPCASAAIINEGELRKELGSLVEKIKGLQ 489
K
MGDHYLDIRLRPDPEFPPAQIMSVLEGKLAQALVAQGGD
RIGVSFPDLDESRSRLGERLRIHASADDLRATLTARPWLE
GLRDHLOFGEPAVVPHPTPYRQVSRVQAKSNPERLRRRL 490
MRRHDLSEEEARKRIPDTVARALDLPEVTLRSQSTGQHE
Csy4 RLFIRHGPLOVTAREGGETCYGLSKGGEVPWE GUUCACUGCC
(H29 GUAUAGGCAG 508
A) GDHYLDIRLRPDPEFPPAQLMSVLEFGKLAQATVAQGGDR CUARGRAAR
IGVSFPDLDESRSRLGERLRIHASADDLRALLARPWLEG
LRDHLQFGEPAVVPHPTPYRQVSRVOAKSNPERLRRRLM 491
RRHDLSEEEARKRIPDTVARALDLPEVTLRSQSTGQHER
LEIRHGPLOVTAEEGGEFTCYGLSKGGEVPWE
MDAQTRRRERRAEKQAQWKAANPLLVGVSAKPVNRPILS
Lamb GGAUCCGGGC
da N LNRKPKSRVESALNPIDLTVLAEYHKQIESNLQRIERKN 492 CCUGARGAAG 509
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DAQTRRRERRAEKQAQWKAANPLLVGVSAKPVNRPILSL GGCCCUUUCC
NRKPKSRVESALNPIDLTVLAEYHKQIESNLQRIERKNQ | 493 | UUU
RTWYSKPGERGITCSGROKIKGKS IPLT
Lamb | MDAQTRRRERRAEERAQWKAAN 494
daN
(non GCCCUGARRA | (o
anti- | DAQTRRRERRAEERAQWKAAN 495 | AGGGC
termin
ating)
MPKTRRRPRRSQRKRP 496 | UAGGCGACGG
HILV UACGCRAGUA
-1 PKTRRRPRRSQRKRP 497 | cucvueeaee | Ol
Rex GGCCUR
MTROARRNRRRRWRERQR 498 | GGCUGGACUC
HIV-1 GUACUUCGGU
REV | TROARRNRRRRWRERQR 499 | acucencaan | ~12
CAGCC
MHT IY INNLNEKIKKDELKKSLYAIFSQFGQILDILVSR
UIA 2;?MRGQAFVIFKEVSSATNALRSMQGFPFYDKPMRIQY 500 | L ccuuRucea
(Ulhp M Ty TNNLNERIRKDELXKSLYAL FSOFGOILDILVSRS UUGCACUCCG | 513
10 GAUGAGCU
LKMRGOAFVIFKEVSSATNALRSMOGFPEFYDKPMRIOYA | 501
RT

Nucleic acid binding domains and nucleic acid modifying domains

[0132] In some cases, the payload comprises a nucleic acid-binding moiety, a nucleic acid-modifying
moicty, a fusion protein, or a nucleic acid. In some cases, the payload comprises a nucleic acid-binding
domain, ¢.g., a DNA-binding protein domain or polypeptide or an RNA-binding domain or polypeptide
¢.g., an RNA-binding protein (RBP). A nucleic acid-binding moicty can be capable of binding a nucleic
acid. A nucleic acid-binding domain can bind to a nucleic acid in a nonspecific or a site-specific manner.
[0133] In some cases, the nucleic acid-binding moiety binds to a nucleic acid in a site-specific manner.
For example, a nucleic acid-binding moiety can comprise an aptamer binding domain that selectively
binds to a specific target. In some cases, a nucleic acid-binding moicty recognizes a specific recognition
sequence 1n the target nucleic acid. In some cases, a nucleic acid-binding moiety comprises an aptamer
binding domain. In some cases, a nucleic acid binding moiety selectively binds to a sequence or a
structural element in a nucleic acid molecule. In some cases, an RNA-binding domain selectively binds to
a specific sequence motif in an RNA molecule. In some cases, a nucleic acid-binding moiety selectively
binds to a structural element in a nucleic acid molecule. For example, a nucleic acid-binding domain can
bind to a stem-loop in a nucleic acid molecule.

[0134] In some cases, a nucleic acid-binding moiety is or comprises a guidable polypeptide domain, a
transcriptional regulatory domain, or a nucleic acid-modifying domain. A guidable polypeptide domain
can be capable of binding to a polynucleotide (e.g. an RNA guide) that can direct the guidable
polypeptide domain a target site. In some cases, the guidable polypeptide domain forms a complex with
the RNA guide and recognizes the target sequence through DNA-RNA base pairing. In some cases, a
nucleic-acid binding moiety is or comprises a transcriptional regulatory domain. In other cases, a nucleic-

binding moiety can help recruit a transcriptional repressor or activator to a target site. In some cases, a
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nucleic acid-binding moiety is or comprises a nucleic acid-modifying moiety. In some cases, the present
disclosure uses nucleic acid-binding moieties to recruit a nucleic acid-modifying moiety to a target site. In
some cases, a nucleic-acid binding moiety comprises catalytic activity. In other cases, a nucleic acid-
binding moiety is catalytically inactive. In some cases, a nucleic-acid binding moiety comprising catalytic
activity is modified to have a reduced level of activity compared to its wild-type counterpart.
[0135] In some cases, the payload in the present disclosure comprises a nucleic acid modifying domain.
A nucleic acid-modifying domain can comprise a polypeptide domain, a nucleic acid or a combination
thereof (e.g., a ribonucleoprotein complex). A nucleic acid-modifying domain can be capable of
modifying nucleic acid, such as cleaving double-stranded nucleic acid; nicking a single-stranded nucleic
acid; introducing a mutation, deletion, or insertion in a nucleic acid; methylating or demethylating a
nucleic acid, or altering the structure of DNA (¢ .g., changing chromatin structure through modifying
histones). For example, a nucleic acid modifying domain can comprise a nuclease domain, a nickase
domain, a deaminase domain, a polymerase, reverse transcriptase domain, a recombinase domain, a
transposase domain, or an epigenetic modifying domain. A nuclease domain can be capable of cleaving
phosphodiester bonds between nucleotides in nucleic acids. A nuclease domain can comprise an
exonuclease (e.g., a nuclease capable of cleaving nucleic acids from the ends) or an endonuclease (e.g., a
nuclease capable of cleaving nucleic acids in the middle). In some cases, a nucleic acid modifying
effector or nucleic acid binding domain is a nickase, which can be capable of cleaving a single-strand in a
double-stranded DNA. Nucleic acid modifying domains can be useful for gene editing, or for regulating,
activating, or inhibiting gene expression.

Guidable polypeptide domain
[0136] In some cases, the payload in the present disclosure comprises a guidable polypeptide domain
(e.g., a CRISPR-Cas protein domain). In some cases, a guidable polypeptide domain is capable of binding
to a polynucleotide (e.g., an RNA guide) that directs it to a target site. In some cases, the guidable
polypeptide domain forms a complex with the polynucleotide and recognizes the target sequence through
DNA-RNA base pairing.
[0137] In some cases, a guidable polypeptide domain is a CRISPR/CRISPR-associated (Cas) domain. A
CRISPR domain can be a natural or an engineered domain. A Cas protein or domain can be derived from
a CRISPR system or share structural and/or functional similarities to a protein involved in a CRISPR
system.
[0138] In some cases, the guidable polypeptide domain is any suitable nuclease, e.g., a CRISPR-
associated (Cas) protein or a Cas nuclease which functions in a non-naturally occurring CRISPR
(Clustered Regularly Interspaced Short Palindromic Repeats)/Cas (CRISPR-associated) system. In
bacteria, this system can provide adaptive immunity against foreign DNA (Barrangou, R., ef a/, “CRISPR
provides acquired resistance against viruses in prokaryotes,” Science (2007) 315: 1709-1712; Makarova,
K.S., et al, “Evolution and classification of the CRISPR-Cas systems,” Nat Rev Microbiol (2011) 9:467-

477, Garneau, J. E., ef al, “The CRISPR/Cas bacterial immune system cleaves bacteriophage and plasmid
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DNA,” Nature (2010) 468:67-71 ; Sapranauskas, R., er al, “The Streptococcus thermophilus CRISPR/Cas
system provides immunity in Escherichia coli,” Nucleic Acids Res (2011) 39: 9275-9282).

[0139] Suitable nucleases include CRISPR-associated (Cas) proteins or Cas nucleases including type I
CRISPR-associated (Cas) polypeptides, type I CRISPR-associated (Cas) polypeptides (e.g., Cas9 or
Cas14), type III CRISPR-associated (Cas) polypeptides, type IV CRISPR-associated (Cas) polypeptides,
type V CRISPR-associated (Cas) polypeptides (e.g., Cpfl/Casl2a, C2¢l, or c2¢3), and type VI CRISPR-
associated (Cas) polypeptides (e.g., C2¢2/Cas13a, Casl3b, Casl3c, Casl3d).

[0140] A CRISPR system is a system encoding DNA sequence arrays known as clustered regularly
iterspaced short palindromic repeats (CRISPRs), which can be found in microbial genomes or phage
genomes. In some cases, CRISPR systems comprise genes encoding CRISPR-associated (Cas) proteins
and/or small RNA guide molecules (¢.g., crRNA or tracrRNA) that assemble with the CRISPR domain.
In some cases, the CRISPR-Cas domain forms a complex with one or more RNA guide molecules to form
an effector ribonucleoprotein complex. The effector ribonucleoprotein complex can recognize a target
sequence through sequence specific DNA-RNA base pairing with a spacer sequence in the RNA guide. In
some cases, target recognition activates one or more nuclease domains (e.g., a RuvC domain or HNH
domain) in the CRISPR domain to make a double-stranded cut at the target DNA. A CRISPR-Cas domain
complexed with an RNA guide can be capable of inactivating target gene through a gene knockout. In
some cases, the CRISPR domain is used to enable gene insertion and/or deletion, which can inactivate,
modify, or restore the gene’s function.

[0141] One or more components of a CRISPR/Cas system (e.g., modified and/or unmodified) delivered
by the lipid delivery particles disclosed herein can be utilized as a genome engineering tool in a wide
variety of organisms including diverse mammals, animals, plants, and yeast. A CRISPR/Cas system can
comprise a guide nucleic acid such as a guide RNA (gRNA) complexed with a Cas protein for targeted
regulation of gene expression and/or activity or nucleic acid editing. An RNA-guided Cas protein (e.g., a
Cas nuclease such as a Cas9 nuclease) can specifically bind a target polynucleotide (e.g., DNA)in a
sequence-dependent manner. The Cas protein, if possessing nuclease activity, can cleave the DNA
(Gasiunas, G, et af, “Cas9-crRNA ribonucleoprotein complex mediates specific DNA cleavage for
adaptive immunity in bacteria,” Proc Natl Acad Sci USA (2012) 109: E2579-E2 86; Jinek, M., er al, “A
programmable dual-RNA-guided DNA endonuclease in adaptive bacterial immunity,” Science (2012)
337:816-821; Stemberg, S. H., ez al, “DNA interrogation by the CRISPR RNA-guided endonuclease
Cas9,” Nature (2014) 507:62; Deltcheva, E., er al, “CRISPR RNA maturation by trans-encoded small
RNA and host factor RNase III,” Nature (201 1) 471 :602-607), and has been widely used for
programmable genome editing in a variety of organisms and model systems (Cong, L., ef a/, “Multiplex
genome engineering using CRISPR Cas systems,” Science (2013) 339:819-823; Jiang, W, et al, “RNA-
guided editing of bacterial genomes using CRISPR-Cas systems,” Nat. Biotechnol. (2013) 31: 233-239;
Sander, J. D. & Joung, J. K, “CRISPR-Cas systems for editing, regulating and targeting genomes,” Nature
Biotechnol. (2014) 32:347-355).
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[0142] In some cases, the Cas protein is mutated and/or modified to yield a nuclease deficient protein or
a protein with decreased nuclease activity relative to a wild-type Cas protein. A nuclease deficient protein
can retain the ability to bind DNA but can lack or have reduced nucleic acid cleavage activity. A protein
encoded by a donor sequence comprises a Cas nuclease (e.g., retaining wild-type nuclease activity,
having reduced nuclease activity, and/or lacking nuclease activity) can function in a CRISPR/Cas system
to regulate the level and/or activity of a target gene or protein (e.g.. decrease, increase, or elimination).
The Cas protein can bind to a target polynucleotide and prevent transcription by physical obstruction or
edit a nucleic acid sequence to yield non-functional gene products. In some cases, the Cas protein cleaves
both strands of DNA. In some cases, the Cas protein cleaves one strand of DNA.

[0143] In some embodiments, the nuclease 1s a Cas protein that forms a complex with a guide nucleic
acid, such as a guide RNA (gRNA). In some embodiments, the donor sequence disclosed herein encodes
a Cas protein that forms a complex with a single guide nucleic acid, such as a single guide RNA
(sgRNA). In some embodiments, the donor sequence disclosed herein encodes a Cas protein that forms a
complex with two separate RNA molecules of a dual guide nucleic acid (dgRNA). In some embodiments,
the donor sequence in the lipid delivery particles disclosed herein comprises or encodes an RN A-binding
protein (RBP) optionally complexed with a guide nucleic acid, such as a guide RNA (e.g., sgRNA,
dgRNA), which is able to form a complex with a Cas protein. In some embodiments, the gRNA
comprises a scaffolding sequences that tethers the gRNA to the Cas protein. In some embodiments, the
gRNA comprises a scaffolding sequence and a spacer sequence that directs the Cas protein to a specific
locus. In some embodiments, the scaffolding sequence is configured to bind to the positively charged
groves in the Cas9 protein. In some embodiments, the scaffolding sequence is configured to bind to the
Cas protein in the payload. In some cases, Cas undergoes a conformational change when the gRNA binds
to the target locus. In some cases, the conformational change in Cas shifts the molecule from an inactive,
non-DNA binding conformation into an active DNA-binding conformation. In some cases, the Cas
protein undergoes a confirmational change if the spacer sequence has sufficient homology to the sequence
at the target locus. In some embodiments, gRNAs can be modified. Exemplary modifications to the
gRNA are provided in United States Patent Number 11,479,767 B2, United States Patent Application
Publication Number US2020/0339980 A1, and United States Patent Application Publication Number
US2021/0079389 Al, each of which is incorporated herein by reference in its entirety.

[0144] One or more components of any suitable CRISPR/Cas system can be delivered by the lipid
delivery particle described in the present disclosure. A CRISPR/Cas system can be referred to using a
variety of naming systems. Exemplary naming systems are provided in Makarova, K.S. er af, “An
updated evolutionary classification of CRISPR-Cas systems,” Nat Rev Microbiol (2015) 13:722-736 and
Shmakov, S. er al, “Discovery and Functional Characterization of Diverse Class 2 CRISPR-Cas
Systems,” Mol Cell (2015) 60:1-13. A CRISPR/Cas system can be a type I, a type I, a type IIL, a type IV,
atype V, atype VI system, or any other suitable CRISPR/Cas system. A CRISPR/Cas system as used
heremn can be a Class 1, Class 2, or any other suitably classified CRISPR/Cas system. Class 1 or Class 2

determination can be based upon the genes encoding the effector module. Class 1 systems generally have
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a multi-subunit crRNA-effector complex, whereas Class 2 systems generally have a single protein, such
as Cas9, Cpfl, C2cl, C2c2, C2c¢3, or a crRNA-effector complex. A Class 1 CRISPR/Cas system can use a
complex of multiple Cas proteins to effect regulation. A Class 1 CRISPR/Cas system can comprise, for
example, type I (e.g., I, IA, IB, IC, ID, IE, IF, IU), type III (e.g., III, IITA, ITIB, IIIC, IIID), and type IV
(e.g., IV, IVA, IVB) CRISPR/Cas type. A Class 2 CRISPR/Cas system can use a single large Cas protein
to effect regulation. A Class 2 CRISPR/Cas systems can comprise, for example, type Il (e.g., 11, IIA, 1IB)
and type V CRISPR/Cas type. CRISPR systems can be complementary to each other, and/or can lend
functional units in trans to facilitate CRISPR locus targeting. Examples of Cas proteins that can be used
as part of the CRISPR systems described herein include c2¢1, Cas13a (formerly C2¢2), Cas13b, Casl3c,
Cas13d, c2¢3, Casl, CaslB, Cas2, Cas3, Cas4, Cas5, Cas5¢ (CasD), Cas6, Casée, Cas6f, Cas7, Cas8a,
Cas8al, Cas8a2, Cas8b, Cas8c, Cas9 (Csnl or CsxI2), Casl0, Cas10d, Casl4, Cas10, Casl0d, CasF,
CasG, CasH, Casl2a (formerly Cpfl), Csyl, Csy2, Csy3, Csel (CasA), Cse2 (CasB), Cse3 (CasE), Cse4
(CasC), Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6,
Csbl, Csb2, Csb3, Csx17, Csx14, Csx10, Csx16, CasX, Csx3, Csxl, Csx15, Csfl, Csf2, Csf3, Csf4, and
Cul966, and homologs or modified versions thereof. Examples of mutant Cas9 proteins or Cas9 variants
include SpG, SpCas9-NG. Cas9-NRNH, SpG, SpRY, Cas9-VQR, Cas9-EQR, SaCas9-KKH, Nme2Cas9,
eNme2-C, eNme2-C NR, eNme2-T.1, eNme2-T.2, SpRY, eSpCas9(1.1), SpCas9-HF 1, nSpCas9,
eSpCas9, Sniper-Cas9, HypaCas9, evoCas9, Cas9TX, HscCas9-v1.2, superFi-Cas9, efSaCas9, SaCas9-
HF, Cas9-HF, Cas mini, SaCas9, SpCas9(H840A), dSpCas9, SpCas9(N863A), SpCas9(D839A),
SpCas9(H983A), as well as others described in Chuang CK ez al., Int J Mol Sci. 2021 Sep
13;22(18):9872, and Li, T. et al., Sig Transduct Farget Ther 8, 36 (2023), each of which is incorporated
herein by reference in its entirety.

[0145] A CRISPR system can comprise single subunit or multi-subunit effectors. In some cases, a
CRISPR system is a Class 1 CRISPR system. A Class 1 CRISPR system can be a type I, type III, or a
type IV system. A Class 1 type I CRISPR system can comprise a multi-subunit effector. In some cases, a
Class 1 type I CRISPR system comprises a protein or domain in the Cascade-Cas3 protein complex. A
Class 1 type I CRISPR system can comprise a Cas6, Cas7, Cas5, Casl1, Cas8, or Cas3 domain. A Class 1
type III CRISPR system can comprise a multi-subunit effector. In some cases, a Class 1 type III CRISPR
system comprises a Csm complex or a Cmr complex. In some cases, a Class 1 type III CRISPR system
comprises a Cas6, a Cas7 (Csm3 or Cmr4), a Cas7-related (Csm3, Cmrl, or Cmr6), a Cas5 (e.g., Csm4 or
Cmr5), a Casll (e.g., Csm2 or Cmr3), or a CaslO (e.g., Csm1 or Cmr2) domain. A Class 1 type IV
CRISPR system can comprise a Cas6, a Cas7, a Cas3, a Casl1, a Cas8 (e.g., Csfl), or a DinG or CysH
domain. In some cases, a CRISPR system comprises Cmrl, Cmr3, Cmr4, Cmr5, or Cmr6. In some cases,
a CRISPR system comprises Csbl, Csb2, or Csb3. A CRISPR system can comprise Csfl, Csf2, Csf3, or
Csf4. A CRISPR system can comprise Csn2, Csm2, Csm3, Csm4, Csm3, or Csm6. A CRISPR system can
comprise Cscl or Csc2. A CRISPR system can comprise Casl, CaslB, Cas2, or Cas4. A CRISPR system
can comprise Csyl, Csy2, or Csy3. A CRISPR system can comprise Csel or Cse2. A CRISPR system can
comprise Csn2. A CRISPR system can comprise CsaX, Csx1, Csx3, Csx10, Csx14, Csx15, Csx16, or
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Csx17. In some cases, a CRISPR system comprises a modified version of any one of the foregoing Cas
proteins. In some cases, a modified version of the foregoing Cas protein comprises a nickase mutation. In
some cases, the nickase mutation corresponds to the D10A mutation of the wild type Cas9 protein. In
some cases, the nickase mutation corresponds to the H840A mutation of the wild type Cas9 protein. In
some cases, the nickase mutation occurs in the RuvC domain of the wild type Cas9 protein. In some
cases, the nickase mutation occurs in the HNH domain of the wild type Cas9 protein. In some cases the
RuvC domain can be mutated to prevent cleavage of the non-target DNA strand. In some cases the HNH
domain can be mutated to prevent cleavage of the target DNA strand. In some cases, a modified version
of the foregoing Cas protein comprises one or more mutations that disrupt cleavage activity. In some
cases, a Cas protein with disrupted cleavage activity is catalytically inactive or catalytically dead. In some
cases, the catalytically dead mutations occur in the RuvC domain and the HNH domain of the wild type
Cas9 protein. In some cases, the catalytically inactive mutations correspond to the D10A mutation and the
H840A mutation of the wild type Cas9 protein.

[0146] In some cases, a CRISPR system is a Class 2 CRISPR system. A Class 2 CRISPR system can be
a Class 2 type II CRISPR system, a Class 2 type V CRISPR system, or a Class 2 type VI CRISPR system.
A Class 2 type I CRISPR system can comprise a Cas9 domain (also known as Csnl and Csx12). A Cas9
domain can be a SpyCas9, a GeoCas9, a SauCas9, a KhuCas9, a AinCas9, an FmaCas9, a SgaCas9. a
ScCas9, a SauriCas9 domain. A Cas9 domain can be a hyperactive Cas9 domain. A Class 2 type V
CRISPR system can comprise a Casl2 domain. A Casl2 domain can be a Cas12a, a Casl2b, a Casl2bl, a
Casl2c,a Casl2d, a Casl2e, a Casl2f, a Casl2g, a Cas12h, a Cas12i, a Cas12j, a Casl2k, a Casl2l, ora
Cas12m domain. A Class 2 type VI CRISPR system can comprise a Cas13 domain.

[0147] In some cases, a CRISPR system comprises a circularly permuted Cas9.

[0148] In some cases, a CRISPR system comprises CjCas9, Cas13a, Cas13b, Casl3c, or Casl3d. In
some cases, a CRISPR system comprises Cas14, xCas9, or SpCas9-NG.

[0149] In some cases, a CRISPR-Cas domain comprises one or more subdomains. For example, a Cas9
domain can comprise a Recl, a Rec2, a Rec3, a RuvC, an HNH, or a Wedge/PAM-interacting domain. A
Cas12 domain can comprise a Recl, Rec2, a crRNA oligonucleotide binding domain (OBD), a Nuc
domain, a PAM-interacting (PI) domain, or a RuvC domain. In some cases, the RuvC domain comprises
nuclease activity. In some cases, the HNH domain comprises nuclease activity. The PAM-interacting
domain can bind to a protospacer adjacent motif (PAM) sequence that is next to a target sequence in a
target nucleic acid molecule. PAM recognition can help activate a nuclease domain to make a cut at the
target sequence. In some cases, a CRISPR protein or domain is an engineered or mutated variant of a
protein involved in a CRISPR system. An engineered or mutated CRISPR domain can comprise a
truncation, a deletion of a part of one or more domains or subdomains, or a mutation of an active site
(e.g., a RuvC active site or HNH active site). In some cases, a CRISPR domain with a mutation of one or
more active sites 1s catalytically inactive (e.g., dCas9). In some cases, a CRISPR domain with one or
more mutated active sites comprises less than 90%, less than 80%, less than 70%, less than 60%, less than

50%, less than 40%, less than 30%, less than 20%, less than 10%, less than 5%, or less than 1% of the
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nuclease activity of its wildtype counterpart. For example, a dCas9 can result from the point mutations
D10A in the RuvC domain and the point mutation H840A in the HNH domain. In other cases, a mutation
can result in a CRISPR nickase. A nickase can generate nick or a single-stranded cut. A nickase can
generate a nick in the strand complementary to the RNA guide (¢.g., the targeting strand) or in the strand
on the non-targeting strand. For example, a RuvC mutation D10A in a Cas9 domain can produce a Cas9
nickase domain that nicks the targeting strand. An HNH mutation H840A in a Cas9 domain can produce a
Cas9 nickase domain that nicks the non-targeting strand.

[0150] A Cas protein can comprise one or more domains. Examples of domains include, guide nucleic
acid recognition and/or binding domain, nuclease domains (e.g., DNase or RNase domains, RuvC, HNH),
DNA binding domain, RNA binding domain, helicase domains, protein-protein interaction domains, and
dimerization domains. A guide nucleic acid recognition and/or binding domain can interact with a guide
nucleic acid. A nuclease domain can comprise catalytic activity for nucleic acid cleavage. A nuclease
domain can lack catalytic activity to prevent nucleic acid cleavage. A Cas protein can be a chimeric Cas
protein that is fused to other proteins or polypeptides. A Cas protein can be a chimera of various Cas
proteins, for example, comprising domains from different Cas proteins.

[0151] In some cases, a CRISPR system comprises an Argonaute (Ago) domain.

[0152] Another example of a Cas protein that can be used as part of the prime editor includes Casl4. A
Casl14 protein or polypeptide (also termed as “CasZ” protein or polypeptide) can bind and/or modify
(e.g., cleave, nick, methylate, demethylate, etc.) a target nucleic acid and/or a polypeptide associated with
target nucleic acid (e.g., methylation or acetylation of a histone tail) (e.g., in some cases the CasZ protein
includes a chimeric partner with an activity, and in some cases the CasZ protein provides nuclease
activity). In some cases, the Cas14 protein or polypeptide is a naturally occurring protein (e.g., naturally
occurs in prokaryotic cells) (e.g., a CasZ protein). In other cases, the Cas14 protein or polypeptide not a
naturally occurring polypeptide (e.g., the Casl4 protein is a variant Cas14 protein, a chimeric protein, and
the like). A Casl4 protein includes 3 partial RuvC domains (RuvC-I, RuvC-II, and RuvC-II1, also referred
to herein as subdomains) that are not contiguous with respect to the primary amino acid sequence of the
Cas14 protein but form a RuvC domain once the protein is produced and folds. A naturally occurring
Cas14 protein functions as an endonuclease that catalyzes cleavage at a specific sequence in a targeted
nucleic acid (e.g., a double stranded DNA (dsDNA)). The sequence specificity is provided by the
associated guide RNA, which hybridizes to a target sequence within the target DNA. The naturally
occurring Casl4 guide RNA is a crRNA, where the ctRNA includes (1) a guide sequence that hybridizes
to atarget sequence in the target DNA and (ii) a protein binding segment that binds to the Cas14 protein.
Examples of Cas14 proteins include those described U.S. Patent Publication Nos. US20200172886 and
US20210214697, Harrington LB et al., Science. 2018 Nov 16;362(6416):839-842; Aquino-Jarquin G.
Nanomedicine. 2019 Jun;18:428-431; each of which is incorporated herein by reference in its entirety. In
some cases, the donor sequence disclosed herein encodes Casl4 polypeptide or a nucleic acid molecule

encoding Cas14 polypeptide. In some cases, the donor sequence disclosed herein encodes Casl4a
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polypeptide. In some cases, the donor sequence disclosed herein encodes Cas14b polypeptide. In some
cases, the donor sequence disclosed herein encodes Casl4c polypeptide.

[0153] A Cas protein can be from any suitable organism. Examples include Streptococcus pyogenes,
Streptococcus thermophilus, Streptococcus sp., Staphylococcus aureus, Nocardiopsis dassonvillei,
Streptomyces pristinae spiralis, Streptomyces viridochromo genes, Streptomyces viridochromogenes,
Streptosporangium roseum, Streptosporangium roseum, AlicyclobacHlus acidocaldarius, Bacillus
pseudomycoides, Bacillus selenitireducens, Exiguobacterium sibiricum, Lactobacillus delbrueckii,
Lactobacillus salivarius, Microscilla marina, Burkholderiales bacterium, Polaromonas
naphthalenivorans, Polaromonas sp., Crocosphaera watsonii, Cyanothece sp., Microcystis aeruginosa,
Pseudomonas aeruginosa, Synechococcus sp., Acetohalobium arabaticum, Ammonifex degensii,
Caldicelulosiruptor becscii, Candidatus Desulforudis, Clostridium botulinum, Clostridium difficile,
Finegoldia magna, Natranaerobius thermophilus, Pelotomaculum thermopropionicum, Acidithiobacillus
caldus, Acidithiobacillus ferrooxidans, Allochromatium vinosum, Marinobacter sp., Nitrosococcus
halophilus, Nitrosococcus watsoni, Pseudoalteromonas haloplanktis, Ktedonobacter racemifer,
Methanohalobium evestigatum, Anabaena variabilis, Nodularia spumigena, Nostoc sp., Arthrospira
maxima, Arthrospira platensis, Arthrospira sp., Lyngbya sp., Microcoleus chthonoplastes, Oscillatoria
sp., Petrotoga mobilis, Thermosipho africanus, Acaryochloris marina, Leptotrichia shahii, Leptotrichia
wadeii, Leptotrichia wadeii F0279, Rhodobacter capsulatus SB1003, Rhodobacter capsulatus R121,
Rhodobacter capsulatus DEAA2, Lachnospiraceae bacterium NK4A179, Lachnospiraceae bacterium
MAZ2020, Clostridium aminophilum DSM 10710, Paludibacter propionicigenes WB4, Carnobacterium
gallinarum DMS4847, Carnobacterium gallinarum DSMA847, and Francisella novicida. In some
aspects, the organism is Streptococcus pyogenes (S. pyogenes). In some aspects, the organism is
Staphylococcus aureus (S. aureus). In some aspects, the organism is Streptococcus thermophilus (S.
thermophilus).

[0154] A Cas protein can be derived from a variety of bacterial species including Veillonella atypical,
Fusobacterium nucleatum, Filifactor alocis, Solobacterium moorei, Coprococcus catus, Treponema
denticola, Peptoniphilus duerdenii, Catenibacterium mitsuokai, Streptococcus mutans, Listeria innocua,
Listeria seeligeri, Listeria weihenstephanensis FSL R90317, Listeria weihenstephanensis FSL M60635,
Staphylococcus pseudintermedius, Acidaminococcus intestine, Olsenella uli, Oenococcus kitaharae,
Bifidobacterium bifidum, Lactobacillus rhamnosus, Lactobacillus gasseri, Finegoldia magna,
Mycoplasma mobile, Mycoplasma gallisepticum, Mycoplasma ovipneumoniae, Mycoplasma canis,
Mycoplasma synoviae, Eubacterium rectale, Streptococcus thermophilus, Eubacterium dolichum,
Lactobacillus coryniformis subsp. Torquens, Ilyobacter polytropus, Ruminococcus albus, Akkermansia
muciniphila, Acidothermus cellulolticus, Bifidobacterium longum, Bifidobacterium dentium,
Corynebacterium diphtheria, Elusimicrobium minutum, Nitratifractor salsuginis, Sphaerochaeta globus,
Fibrobacter succinogenes subsp. Succinogenes, Bacteroides fragilis, Capnocytophaga ochracea,
Rhodopseudomonas palustris, Prevotella micans, Prevotella ruminicola, Flavobacterium columnare,

Aminomonas paucivorans, Rhodospirillum rubrum, Candidatus Puniceispirillum marinum,
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Verminephrobacter eiseniae, Ralstonia syzygii, Dinoroseobacter shibae, Azospirillum, Nitrobacter
hamburgensis, Bradyrhizobium, Wolinella succinogenes, Campylobacter jejuni subsp. Jejuni,
Helicobacter mustelae, Bacillus cereus, Acidovorax ebreus, Clostridium perfringens, Parvibaculum
lavamentivorans, Roseburia intestinalis, Neisseria meningitidis, Pasteurella multocida subsp. Multocida,
Sutterella wadsworthensis, proteobacterium, Legionella pneumophila, Parasutterella excrementihominis,
Wolinella succinogenes, and Francisella novicida.

[0155] A Cas protein as disclosed herein can be a wildtype or a modified form of a Cas protein. A Cas
protein can be an active variant, inactive variant, or fragment of a wild type or modified Cas protein. A
Cas protein can comprise an amino acid change such as a deletion, insertion, substitution, variant,
mutation, fusion, chimera, or any combination thereof relative to a wild-type version of the Cas protein. A
Cas protein can be a polypeptide with at least about 5%, 10%, 20%., 30%, 40%, 50%, 60%, 70%., 80%,
90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%., 98%., 99%, or 100% sequence identity or sequence
similarity to a wild type exemplary Cas protein. A Cas protein can be a polypeptide with at most about
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% sequence identity and/or sequence
similarity to a wild type exemplary Cas protein. Variants or fragments can comprise at least about 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity or sequence similarity to a wild type or modified Cas protein or a portion
thercof. Variants or fragments can be targeted to a nucleic acid locus in complex with a guide nucleic acid
while lacking nucleic acid cleavage activity.

[0156] A Cas protein can comprise one or more nuclease domains, such as DNase domains. For
example, a Cas9 protein can comprise a RuvC-like nuclease domain and/or an HNH-like nuclease
domain. The RuvC and HNH domains can each cut a different strand of double-stranded DNA to make a
double-stranded break in the DNA. A Cas protein can comprise only one nuclease domain (e.g., Cpfl
comprises RuvC domain but lacks HNH domain).

[0157] A Cas protein can comprise an amino acid sequence having at least about 5%, 10%, 20%, 30%,
40%, 50%., 60%, 70%, 80%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity or sequence similarity to a nuclease domain (e.g., RuvC domain, HNH domain) of a wild-type
Cas protein.

[0158] A Cas protein can be modified to optimize regulation of gene expression. A Cas protein can be
modified to increase or decrease nucleic acid binding affinity, nucleic acid binding specificity, and/or
enzymatic activity. Cas proteins can also be modified to change any other activity or property of the
protein, such as stability. For example, one or more nuclease domains of the Cas protein can be modified,
deleted, or inactivated, or a Cas protein can be truncated to remove domains that are not essential for the
function of the protein or to optimize (e.g., enhance or reduce) the activity of the Cas protein for
regulating gene expression.

[0159] In some embodiments, the prime editor delivered by the lipid delivery particles of the present
disclosure contain a nuclease-null DNA binding protein derived from a DNA nuclease that can induce

transcriptional activation or repression of a target DNA sequence. In some embodiments, the donor
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sequence encodes a nuclease-null RNA binding protein derived from an RNA nuclease that can induce
transcriptional activation or repression of a target RNA sequence. For example, a doner sequence can
encode a Cas protein which lacks cleavage activity.

[0160] A Cas protein can be a chimeric protein. For example, a Cas protein can be fused to a
heterologous functional domain. A heterologous functional domain can comprise a cleavage domain, an
epigenetic modification domain, a transcriptional activation domain, or a transcriptional repressor
domain. A Cas protein can also be fused to a heterologous polypeptide providing increased or decreased
stability. The fused domain or heterologous polypeptide can be located at the N-terminus, the C-terminus,
or internally within the Cas protein.

[0161] The regulation of genes can be of any gene of interest. It is contemplated that genetic homologues
of a gene described herein are covered. For example, a gene can exhibit a certain identity and/or
homology to genes disclosed herein. Therefore, it is contemplated that a gene that exhibits or exhibits
about 50%, 55%, 60%, 65%.,70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%., 88%, 8§9%. 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%, or 100% homology (at the nucleic acid or protein
level) can be modified. It is also contemplated that a gene that exhibits or exhibits about 50%, 55%, 60%,
65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 8§7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identity (at the nucleic acid or protein level) can be modified.
[0162] A Cas protein can be provided in any form. For example, a Cas protein can be provided in the
form of a protein, such as a Cas protein alone or complexed with a guide nucleic acid. A Cas protein can
be provided in the form of a nucleic acid encoding the Cas protein, such as an RNA (e.g., messenger
RNA (mRNA)) or DNA.

[0163] The nucleic acid encoding the Cas protein that is part of the prime editor can be codon optimized
for efficient translation into protein in a particular cell or organism.

[0164] In some embodiments, a Cas protein is a dead Cas protein. A dead Cas protein can be a protein
that lacks nucleic acid cleavage activity.

[0165] A Cas protein can comprise a modified form of a wild type Cas protein. The modified form of the
wild type Cas protein can comprise an amino acid change (e.g., deletion, insertion, or substitution) that
reduces the nucleic acid-cleaving activity of the Cas protein. For example, the modified form of the Cas
protein can have less than 90%, less than 80%, less than 70%, less than 60%, less than 50%, less than
40%, less than 30%, less than 20%, less than 10%, less than 5%, or less than 1% of the nucleic acid-
cleaving activity of the wild-type Cas protein (e.g., Cas9 from S. pyogenes). The modified form of Cas
protein can have no substantial nucleic acid-cleaving activity. When a Cas protein is a modified form that
has no substantial nucleic acid-cleaving activity, it can be referred to as enzymatically inactive and/or
“dead” (abbreviated by “d”). A dead Cas protein (e.g., dCas, dCas9) can bind to a target polynucleotide
but may not cleave the target polynucleotide. In some aspects, a dead Cas protein is a dead Cas9 protein.
[0166] A dCas9 polypeptide can associate with a guide nucleic acid molecule (e.g., PEgRNA) to activate
or repress transcription of target DNA. Guide nucleic acid molecules can be introduced into cells

expressing the engineered chimeric receptor polypeptide. In some cases, such cells contain one or more
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different guide nucleic acid molecules that target the same nucleic acid. In other cases, the guide nucleic
acid molecules target different nucleic acids in the cell. The nucleic acids targeted by the guide nucleic
acid molecule can be any that are expressed in a cell such as an immune cell. The nucleic acids targeted
can be a gene involved in immune cell regulation. In some embodiments, the nucleic acid is associated
with cancer. The nucleic acid associated with cancer can be a cell cycle gene, cell response gene,
apoptosis gene, or phagocytosis gene. The recombinant guide nucleic acid molecule can be recognized by
a CRISPR protein, a nuclease-null CRISPR protein, variants thercof, derivatives thereof, or fragments
thercof.

[0167] Enzymatically inactive can refer to a polypeptide that can bind to a nucleic acid sequence in a
polynucleotide in a sequence-specific manner, but may not cleave a target polynucleotide. An
enzymatically inactive site-directed polypeptide can comprise an enzymatically inactive domain (e. g.,
nuclease domain). Enzymatically inactive can refer to no activity. Enzymatically inactive can refer to
substantially no activity. Enzymatically inactive can refer to essentially no activity. Enzymatically
mactive can refer to an activity less than 1%, less than 2%, less than 3%, less than 4%, less than 5%, less
than 6%, less than 7%, less than 8%, less than 9%, or less than 10% activity compared to a wild-type
exemplary activity (e.g., nucleic acid cleaving activity, wild-type Cas9 activity).

[0168] One or a plurality of the nuclease domains (e.g., RuvC, HNH) of a Cas protein can be deleted or
mutated so that they are no longer functional or comprise reduced nuclease activity (e.g., deactivated or
dead Cas, 1.e., “dCas”). For example, in a Cas protein comprising at least two nuclease domains (e.g.,
Cas9), if one of the nuclease domains is deleted or mutated, the resulting Cas protein, known as a nickase,
can generate a single-strand break at a CRISPR RNA (crRNA) recognition sequence within a double-
stranded DNA but not a double-strand break. Such a nickase can cleave the complementary strand or the
non-complementary strand, but may not cleave both. If all of the nuclease domains of a Cas protein (e.g.,
both RuvC and HNH nuclease domains in a Cas9 protein; RuvC nuclease domain in a Cpfl protein) are
deleted or mutated, the resulting Cas protein can have a reduced or no ability to cleave both strands of a
double-stranded DNA. An example of a mutation that can convert a Cas9 protein into a nickase is a D10A
(aspartate to alanine at position 10 of Cas9) mutation in the RuvC domain of Cas9 from S. pyogenes.
H939A (histidine to alanine at amino acid position 839) or H840A (histidine to alanine at amino acid
position 840) in the HNH domain of Cas9 from S. pyogenes can convert the Cas9 into a nickase. An
example of a mutation that can convert a Cas9 protein into a dead Cas9 is a D10A (aspartate to alanine at
position 10 of Cas9) mutation in the RuvC domain and H939A (histidine to alanine at amino acid position
839) or H840A (histidine to alanine at amino acid position 840) in the HNH domain of Cas9 from S.
pyogenes.

[0169] A dead Cas protein can comprise one or more mutations relative to a wild-type version of the
protein. The mutation can result in less than 90%, less than 80%, less than 70%, less than 60%, less than
50%, less than 40%, less than 30%, less than 20%, less than 10%, less than 5%, or less than 1% of the
nucleic acid-cleaving activity in one or more of the plurality of nucleic acid-cleaving domains of the wild-

type Cas protein. The mutation can result in one or more of the plurality of nucleic acid-cleaving domains
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retaining the ability to cleave the complementary strand of the target nucleic acid but reducing its ability
to cleave the non-complementary strand of the target nucleic acid. The mutation can result in one or more
of the plurality of nucleic acid-cleaving domains retaining the ability to cleave the non-complementary
strand of the target nucleic acid but reducing its ability to cleave the complementary strand of the target
nucleic acid. The mutation can result in one or more of the plurality of nucleic acid-cleaving domains
lacking the ability to cleave the complementary strand and the non-complementary strand of the target
nucleic acid. The residues to be mutated in a nuclease domain can correspond to one or more catalytic
residues of the nuclease. For example, residues in the wild type exemplary S pyogenes Cas9 polypeptide
such as Asp10, His840, Asn854 and Asn856 can be mutated to inactivate one or more of the plurality of
nucleic acid-cleaving domains (e.g.. nuclease domains). The residues to be mutated in a nuclease domain
of a Cas protein can correspond to residues Aspl0, His840, Asn854 and Asn856 in the wild type S.
pyvogenes Cas9 polypeptide, for example, as determined by sequence and/or structural alignment.

[0170] Asexamples, residues D10, G12, G17, E762, H840, N854, N863, H982, H983, A984, D986,
and/or A987 (or the corresponding mutations of any of the Cas proteins) can be mutated. For example,
e.g., D10A, G12A, G17A, E762A, H840A, N854A, N863A, H982A, H983A, A984A, and/or D986A.
Mutations other than alanine substitutions can be suitable.

[0171] A DIOA mutation can be combined with one or more of H840A, N854A, or N856A mutations to
produce a Cas9 protein substantially lacking DNA cleavage activity (e.g., a dead Cas9 protein). A H840A
mutation can be combined with one or more of D10A, N854A, or N856A mutations to produce a site-
directed polypeptide substantially lacking DNA cleavage activity. A N854A mutation can be combined
with one or more of H840A, D10A, or N856A mutations to produce a site-directed polypeptide
substantially lacking DNA cleavage activity. A N856A mutation can be combined with one or more of
H840A, N854A, or DI0A mutations to produce a site-directed polypeptide substantially lacking DNA
cleavage activity.

[0172] In some cases, a dCas9 can be fused to other proteins. In some cases, dCas9 can be fused to
SunTag, KRAB, VPS4, P3000, VPR, VP64, V64-p65-Rta, VP160, VP192, HDAC1, DNMT3A, TET],
SPH, KRAB-MeCP2, epigenetic regulators, or other proteins. In some cases, a dCas9 fusion comprises a
ZIM3 KRAB-Cas9 fusion. In some cases, a Cas9 fusion can be a paired dCas9 system. In some cases, the
dCas9 can be part of a SAM system or REDMAP system. Examples of Cas9 variants and fusion proteins
can be found in La, T. et al., Sig Fransduct Targer Ther 8, 36 (2023), which is mcorporated in its entirety.
[0173] In some embodiments, a Cas protein is a Class 2 Cas protein. In some embodiments, a Cas
protein is a type II Cas protein. In some embodiments, the Cas protein is a Cas9 protein, a modified
version of a Cas9 protein, or derived from a Cas9 protein. For example, a Cas9 protein lacking cleavage
activity. In some embodiments, the Cas9 protein is a Cas9 protein from S. pyogenes (e.g., SwissProt
accession number Q99ZW?2). In some embodiments, the Cas9 protein is a Cas9 from S.aureus (e.g.,
SwissProt accession number J7RUAS). In some embodiments, the Cas9 protein is a modified version of a

Cas9 protein from S. pyogenes or S. Aureus. In some embodiments, the Cas9 protein is derived from a
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Cas9 protein from S. pyogenes or S. Aureus. For example, a S. pyogenes or S. Aureus Cas9 protein

lacking cleavage activity.

[0174] Cas9 can generally refer to a polypeptide with at least about 5%, 10%, 20%, 30%, 40%, 50%,

60%, 70%, 80%, 90%, 100% sequence identity and/or sequence similarity to a wild type exemplary Cas9

polypeptide (e.g., Cas9 from 5. pyogenes). Cas9 can refer to a polypeptide with at most about 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% sequence identity and/or sequence similarity to a

wild type exemplary Cas9 polypeptide (e.g., from S. pyogenes). Cas9 can refer to the wildtype or a

modified form of the Cas9 protein that can comprise an amino acid change such as a deletion, insertion,

substitution, variant, mutation, fusion, chimera, or any combination thereof.

[0175] In some embodiments, a guidable polypeptide domain is a Cas9 or variant thereof. In some

embodiments, the Cas9 or variant thereof is a nuclease active Cas9 domain, a nuclease mactive Cas9

domain, or a Cas9 nickase domain or a variant thercof. In some embodiments, a guidable polypeptide

domain is Cas9, Casl2e¢, Cas12d, Casl2a, Casl2bl, Cas13a, Casl2c, or Argonaute (Ago domain), any of

which optionally has a nickase activity. In some embodiments, a guidable polypeptide domain comprises

an amino acid sequence at least 80%, 85%, 90%, 95%, or 99% identical to any one of sequences listed in

Table 8 below. In some embodiments, a guidable polypeptide domain comprises an amino acid sequence

at least 80%, 85%, 90%, 95%, or 99% identical to any one of sequences set forth in SEQ ID NOs: 1000-

1020. In some cases, a guidable polypeptide domain is a Cas9 H840A nickase. In some cases, a guidable

polypeptide domain is Cas9 D10A nickase. Cas9-H840A. In some cases, a guidable polypeptide domain
1s a Cas12a/b nickase.

Table 8. Exemplary guidable polypeptide domain sequences

Description

SEQID
NO:

Sequence

AsCasl2 a
(Previously
known as

Cpfl)

\Acidaminococcus
sp.
(strain BV3L6)

UniProtKB
U2UMQ6

1000

MTQFEGEFTNLYQVSKTLRFELIPOGKTLKHIQEQGFIEEDKARNDHYKELKP
ITDRIYKTYADQCLOLVQLDWENLSAATDSYRKEKTEETRNALIEEQATYRN
ATHDYFIGRTDNLTDAINKRHAE IYKGLEKAELENGKVLKQLGTVITTEHEN
ALLRSEFDKFTTYEFSGEYENRKNVESAEDISTATIPHRIVODNEFPKEKENCHIF
TRLITAVPSLREHFENVKKAIGIEVSTSIEEVESEFPEYNQLLTQTQIDLYNQ
LLGGISREAGTEKIKGLNEVLNLAIQKNDETAHITASLPHREFIPLEFKQOILSD
RNTLSEILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHI
FISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHE
DINLQETI ISAAGKELSEAFKQKTSEILSHAHAATLDQPLPTTLKKQEEKEILK
SOLDSLLGLYHLLDWEFAVDESNEVDPEFSARLTGIKLEMEPSLSEYNKARNY
ATKKPYSVERKFKLNFOMPTLASGWDVNKEKNNGAILEVKNGLYYLGIMPKQOK
GRYKALSFEPTEKTSEGEDKMYYDY EPDAAKMI PKCSTQLKAVTAHEFQTHTT
PILLSNNFIEPLEITKEIYDLNNPEKEPKKFOTAYAKKTGDOKGYREALCKW
IDFTRDEFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAELNPLLYHISFQRIAE
KEIMDAVETGKLYLEFQIYNKDFAKGHHGKPNLHTLYWIGLESPENLAKTSIK
LNGQAELEFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNH
RLSHDLSDEARALLPNVITKEVSHEITKDRRETSDKEFFHVPITLNYQAANS
PSKENQRVNAYLKEHPETPTIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQ
QFDYQKKLDNREKERVAARQAWSVVGT IKDLKQGYLSQVIHETIVDLMIHYQA
VVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVL
NPYQLTDQFTSFAKMGTOSGELEYVPAPYTSKIDPLTGEVDPEVWKT IKNHE
SREKHFLEGEDEFLHYDVKTGDE ILHEKMNRNLSFOQRGLPGEMPAWDIVEEKNE
TQFDAKGTPEFIAGKRIVPVIENHRETGRYRDLY PANELIATLLEEKGIVERDG
SNILPKLLENDDSHATDTMVALIRSVLOMRNSNAATGEDY INSPVRDLNGVC
FDSREQNPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGISNQDWLA

YIQELRN
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IAsCas12a
nickase (e.g..
R1226A)

1001

MTQFEGEFTNLYQVSKTLRFELIPOQGKTLKHIQEQGFIEEDKARNDHYKELKP
ITIDRIYKTYADQCLOLVOQLDWENLSAATIDSYRKEKTEETRNALIEEQATYRN
ATHDYFIGRTDNLTDAINKRHAE IYKGLEFKAELEFNGKVLKQLGTVITTEHEN
ALLRSEDKEFTTYESGEYENRKNVESAEDISTATPHRIVODNEPKEKENCHIF
TRLITAVPSLREHFENVKKAIGIEVSTSIEEVESEFPEYNQLLTQTQIDLYNQ
LLGGISREAGTEKIKGLNEVLNLAIQKNDETAHITASLPHRFIPLEFKQILSD
RNTLSEILEEFKSDEEVIQSEFCKYKTLLRNENVLETAEALFNELNSIDLTHT
FISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHE
DINLOET ISAAGKELSEAFKOKTSEILSHAHAATDQPLPTTLKKOEEKEILK
SQLDSLLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNY
ATKKPYSVEKFKLNFOMPTLASGWDVNKEKNNGAILEVKNGLYYLGIMPKOK
GRYKALSFEPTEKTSEGEFDKMYYDY FPDAAKMIPKCSTQLKAVTAHFQTHTT
PILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYAKKTGDQKGYREALCKW
IDFTRDEFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAELNPLLYHISFQRIAE
KEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLESPENLAKTSIK
LNGQAELEFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNH
RLSHDLSDEARALLPNVITKEVSHEITKDRRETSDKEFFHVPITLNYQAANS
PSKENQRVNAYLKEHPETPITIGIDRGERNLIYITVIDSTGKILEQRSLNTIO
QFDYQKKLDNREKERVAARQAWSVVGT IKDLKQGYLSQVIHETIVDLMIHYQA
VVVLENLNEFGFKSKRTGIAEKAVYQQEFEKMLIDKLNCLVLKDYPAEKVGGVL
NPYQLTDOFTSFAKMGTOSGELEYVPAPYTSKIDPLTGEVDPEVWKT IKNHE
SRKHEFLEGEDEFLHYDVKTGDEILHEFKMNRNLSFQRGLPGEMPAWDIVEEKNE
TQFDAKGTPFIAGKRIVPVIENHREFTGRYRDLY PANELTATLEEKGIVERDG
SNILPKLLENDDSHATDTMVALIRSVLOMANSNAATGEDY INSPVRDLNGVC
FDSREQNPEWPMDADANGAYHIALKGOQLLLNHLKESKDLKLONGISNQDWLA
YIQELRN

BhCas12b

B. hisashii

1108 AA
130.4 kDa

1002

MATRSEFILKIEPNEEVKKGLWKTHEVLNHGIAYYMNILKLIRQEAIYEHHEQ
DPRNPKKVSKAETQAELWDEFVLKMOKCNSFTHEVDKDEVENILRELYERETLVP
SSVEKKGEANQLSNKEFLYPLVDPNSQOSGKGTASSGRKPRWYNLKIAGDPSWE
EERKKKWEEDKKKDPLAKILGKLAEYGLIPLEFIPYTDSNEPIVKE IKWMEKSR
NOSVRRLDKDMFIQALERFLSWESWNLKVKEEYEKVEKEYKTLEERIKEDIQ
ALKALEQYERKERQEQLLRDTLNTNEYRLSKRGLRGWREIIQKWLKMDENEPS
EKYLEVFKDYQRKHPREAGDY SVYEFLSKKENHFIWRNHPEYPYLYATFCET
DKKKKDAKQOATFTLADPINHPLWVREFEERSGSNLNKYRILTEQLHTEKLKK
KLTVOLDRLIYPTESGGWEEKGKVDIVLLPSRQEFYNQIFLDIEEKGKHAFTY
KDESIKFPLKGTLGGARVQFDRDHLRRYPHKVESGNVGRIYFNMTVNIEPTE
SPVSKSLKIHRDDEFPRVVNEKPKELTEWIKDSKGKKLKSGIESLEIGLRVMS
IDLGOROQAAAASTIFEVVDQKPDIEGKLFEFPIKGTELYAVHRASEFNIKLPGET
LVKSREVLRKAREDNLKLMNOKLNEFLRNVLHEFQOQFEDITEREKRVIKWISRO
ENSDVPLVYQDELIQIRELMYKPYKDWVAFLKQLHKRLEVEIGKEVKHWRKS
LSDGRKGLYGISLKNIDEIDRTRKEFLLRWSLRPTEPGEVRRLEPGQREATDOQ
LNHLNALKEDRLKKMANT I IMHALGYCYDVRKKKWQAKNPACQITLFEDLSN
YNPYEERSRFENSKLMKWSRREIPROQVALOQGEIYGLQVGEVGAQESSREHAK
TGSPGIRCSVVTKEKLODNREFFKNLOQREGRLTLDKIAVLKEGDLY PDKGGEK
FISLSKDRKCVTTHADINAAQNLOKREWTRTHGEYKVYCKAYQVDGQTVYIP
ESKDOKQKIIEEFGEGY FILKDGVY EWVNAGKLKIKKGSSKQSSSELVDSDI
LKDSEFDLASELKGEKLMLYRDPSGNVEPSDKWMAAGVEFGKLERILISKLTN
RYSISTIEDDSSKQSM

LbaCasl2a

I.. bacterium

1228 AA
143 .9 kDa

1003

MSKLEKFTNCY SLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVEKK
LLDRYYLSEFINDVLHSTIKLKNLNNY ISLERKKTRTEKENKELENLE INLRKE
IAKAFKGNEGYKSLEFKKDIIETILPEFLDDKDETATLVNSENGETTAFTGEED
NRENMESEEAKSTSIAFRCINENLTRY ISNMDIFEKVDAIFDKHEVQETIKEK
ILNSDYDVEDFFEGEFENEFVLTOEGIDVYNATIIGGEVTESGEKIKGLNEY IN
LYNQKTKOKLPKEFKPLYKQVLSDRESLSEYGEGYTSDEEVLEVEFRNTLNKNS
EIFSSIKKLEKLEFKNEDEY SSAGIFVKNGPATISTISKDIFGEWNVIRDKWNA
EYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKE
ITIQKVDEIYKVYGSSEKLEDADEVLEKSLKKNDAVVAIMKDLLDSVKSEEN
YTKAFFGEGKETNRDESEFYGDEFVLAYDILTLKVDHIYDATRNYVTQKPY SKDK
FRKLYEFONPQFMGGWDKDKETDYRATILRYGSKYYLATIMDKKYAKCLQKIDKD
DVNGNYEKINYKLLPGPNKMLPRVEFSKKWMAYYNPSEDIQKIYKNGT FKKG
DMENLNDCHKLIDFEFKDSISRYPKWSNAYDENESETEKYKDIAGEYREVEEQ

GYKVSFESASKKEVDKLVEEGKLYMEFQIYNKDESDKSHGTPNLHTMY FKLLE
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DENNHGQ IRLSGGAELFMRRASLKKEELVVHPANSPIANKNPDNPKKTTTLS
YDVYKDKRESEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGID
RGERNLLYIVVVDGKGNIVEQY SLNEIINNEFNGIRIKTDYHSLLDKKEKERE
EARONWTSTENIKELKAGY ISQVVHKICELVEKYDAVIALEDLNSGEFKNSRV
KVERKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALKGYQITNKEFES FKSMST
ONGFIFYIPAWLTSKIDPSTGEVNLLKTKYTSIADSKKFISSEFDRIMYVPEE
DLEEFALDYKNEFSRTDADY IKKWKLYSYGNRIRIFRNPKKNNVEDWEEVCLT
SAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMATMSTMLOMRNSTITGR
TDVDELISPVKNSDGIFYDSRNYEAQENATLPKNADANGAYNIARKVLWAIG
QFKKAEDEKLDKVKIATISNKEWLEYAQTSVKH

Cas9 nickase
(Met minus)
Streptococcus
pyogenes
Q997ZW2 Cas9
with R863A

1004

DKKYSIGLDIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIGALLE
DSGETAEATRLKRTARRRYTRRRKNRICYLOQETFSNEMAKVDDSFEFHRLEESE
LVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLA
LAHMIKFRGHELIEGDLNPDNSDVDKLEIQLVQTYNQLFEENPINASGVDAK
AILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNEDLAED
AKLOLSKDTYDDDLDNLLAQIGDOQYADLEFLAAKNLSDAILLSDILRVNTEIT
KAPLSASMIKRYDEHHODLTLLKALVRQQOLPEKYKEIFFDQSKNGYAGY IDG
GASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEFDNGSIPHQIHLG
ELHATLRROEDFYPFLKDNREKIEKILTEFRIPYYVGPLARGNSREFAWMTRKS
EETITPWNFEEVVDKGASAQSEFIERMINEDKNLPNEKVLPKHSLLYEYEFTVY
NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIVKOLKEDY FKKIE
CFDSVEISGVEDRENASLGTYHDLLKIIKDKDEFLDNEENEDILEDIVLTLTL
FEDREMIEERLKTYAHLEFDDKVMKOQLKRRRYTGWGRLSRKLINGIRDKQSGK
TILDFLKSDGEFANRNEMOQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG
SPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGQKNSRERM
KRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMY VDQELDINRL
SDYDVDHIVPOSEFLKDDSIDNKVLTRSDKNAGKSDNVPSEEVVKKMKNYWRO
LINAKLITQRKEDNLTKAERGGLSELDKAGEFTIKRQLVETRQITKHVAQILDS
RMNTKYDENDKLIREVKVITLKSKLVSDERKDEFQEFYKVREINNYHHAHDAYT
NAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYEFEFY SN
IMNFEKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKVLSMPQVN
IVKKTEVOTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAY SVLV
VAKVERKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLITK
LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNEFLYLASHYEKLKGSP
EDNEQRQLEFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKP
IREQAENITHLFTLTNLGAPAAFKY FDTTIDRKRYTSTKEVLDATLIHQSIT
GLYETRIDLSQLGGD

dead Cas9 or
dCas9

Streptococcus

pyogenes
Q997W2 Cas9

with D10X and
H8 10X

'Where "X" is
any amino acid

1005

MDKKYSIGLXIGTNSVGWAVITDEYKVPSKKEKVLGNTDRHSIKKNLIGALL
FDSGETAEATRLKRTARRRYTRRKNRICYLOEIFSNEMAKVDDSEFFHRLEES
FLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYL
ALAHMIKEFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEEENPINASGVDA
KATLSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNEDLAE
DAKLOLSKDTYDDDLDNLLAQIGDQYADLEFLAAKNLSDAILLSDITLRVNTET
TKAPLSASMIKRYDEHHODLTLLKALVRQOQLPEKYKEIFFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEFDNGSIPHQTIHL
GELHATILRROEDEFYPEFLKDNREKIEKILTFRIPYYVGPLARGNSREAWMTRK
SEETITPWNFEEVVDKGASAQSE IERMTNEFDKNLPNEKVLPKHSLLYEY FTV
YNELTKVKYVIEGMRKPAFLSGEQKKATIVDLLEKTNRKVTVKQLKEDY FKKIT
ECEFDSVEISGVEDRENASLGTYHDLLKITIKDKDEFLDNEENEDILEDIVLTLT
LEEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNEMQLIEDDSLT FRKEDIQKAQVSGOGDSLHEHIANLA
GSPATIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTOLONEKLYLYYTLONGRDMYVDOQELDINR
LSDYDVDXIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWR
QLLNAKLITORKEDNLTKAERGGLSELDKAGEFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEFQFYKVREINNYHHAHDAY
LNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYFEYS
NIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEFATVRKVLSMPQV
NIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVL
VVARVERKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLITI
KLPKYSLEFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGS

PEDNEQKQLEFVEQHKHYILDETIIEQISEFSKRVILADANLDKVLSAYNKHRDK
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PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQST
TGLYETRIDLSQLGGD

LfCas9
Lactobacillus
fermentum
wild type
GenBank:
SNX31424.11

1006

MKEYHIGLDIGTSSIGWAVIDSQFKLMRIKGKTAIGVRLFEEGKTAAERRTFE
RTTRRRLKRRKWRLHYLDETFAPHLQEVDENFLRRLKQSNIHPEDPTKNOQAEF
IGKLLFPDLLKKNERGY PTLTKMRDELPVEQRAHYPVMNIYKLREAMINEDR
QFDLREVYLAVHHIVKYRGHELNNASVDKEKVGRIDEDKSFNVLNEAYEELQ
NGEGSEFTIEPSKVEKIGQLLLDTKMRKLDROKAVAKLLEVKVADKEETKRNK
QIATAMSKLVLGYKADFATVAMANGNEWKIDLSSETSEDETIEKFREELSDAQ
NDILTEITSLESQIMINEIVPNGMSISESMMDRYWTHERQLAEVKEYLATQP
ASARKEFDQVYNKY IGQAPKERGFDLEKGLKKILSKKENWKEIDELLKAGDFE
LPKOQRTSANGVIPHOMHOQELDRITEKQAKYYPWLATENPATGERDRHOQAKY
ELDQLVSFRIPYYVGPLVITPEVORATSGAKFAWARKRKEDGEITPWNLWDKID
RAESAEAFTKRMTVKDTYLLNEDVLPANSLLYQKYNVLNELNNVRVNGRRLS
VGIKODIYTELFKKKKTVKASDVASLVMAKTRGVNKPSVEGLSDPKKENSNL
ATYLDLKSIVGDKVDDNRYQTDLENIIEWRSVFEDGEIFADKLTEVEWLTDE
QRSALVKKRYKGWGRLSKKLLTGIVDENGQRITIDLMWNTDONEFKEIVDQPVE
KEQIDQLNQKAITNDGMTLRERVESVLDDAY TSPONKKATWQVVRVVEDIVK
AVGNAPKSISIEFARNEGNKGEITRSRRTQLOKLFEDQAHELVKDTSLTEEL
EKAPDLSDRYYFYFTQGGKDMYTGDPINEFDEISTKYDIDHILPQSEVKDNSL
DNRVLTSRKENNKKSDQVPAKLYAAKMKPYWNQLLKOQGLITQRKEENLTKDV
DONIKYRSLGEVKROLVETROQVIKLTANILGSMYQEAGTEITETRAGLTKQL
REEFDLPKVREVNDYHHAVDAYLTTEFAGQYLNRRYPKLRSFFVYGEYMKEKH
GSDLKLRNENEFFHELMEGDKSQGKVVDQOTGELITTRDEVAKSFDRLLNMKY
MLVSKEVHDRSDOLYGATIVTIAKESGKLTSPIEIKKNRLVDLYGAYTNGTSA
FMTIIKFTGNKPKYKVIGIPTTSAASLKRAGKPGSESYNQELHRIIKSNPKY
KKGFEIVVPHVSYGQLIVDGDCKETLASPTVQHPATQLVLSKKSLETISSGY
KILKDKPATIANERLIRVEDEVVGOMNRY ETTEDORSNROQKVADARDKELSLP
TESKYEGAKKVQVGKTEVITNLLMGLHANATQGDLKVLGLATFGEFQSTTGL
SLSEDTMIVYQSPTGLFERRICLKDI

SaCas9
Staphylococcus
aureus

wild type
GenBank:
IAYD60528.1

1007

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKEKVLGNTDRHSIKKNLIGALL
FDSGETAEATRLKRTARRRYTRRKNRICYLOQEIEFSNEMAKVDDSEFHRLEES
FLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYL
ALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEFEENPINASGVDA
KATLSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNEDLAE
DARLOLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTET
TKAPLSASMIKRYDEHHODLTLLKALVROOQLPEKYKEIFEFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHATLRRQEDEYPEFLKDNREKIEKILTFRIPYYVGPLARGNSREAWMTRK
SEETITPWNFEEVVDRKGASAQSEFIERMTNEFDKNLPNERKVLPKHSLLYEY FTV
YNELTKVKYVIEGMRKPAFLSGEQKKATIVDLLEFKTNRKVTVKQLKEDY FKKI
ECEDSVEISGVEDRENASLGTYHDLLKITIKDKDEFLDNEENEDILEDIVLTLT
LEFEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDELKSDGEFANRNEMOLIHEDDSLT FKEDIQKAQVSGOGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYTL.ONGRDMYVDOQELDINR
LSDYDVDHIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWR
QLLNAKLITQRKEDNLTKAERGGLSELDKAGEFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDEFRKDEFQFYKVREINNYHHAHDAY
LNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYS
NIMNEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEATVRKVLSMPQV
NIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVL
VVARVEKGKSKKLKSVKELLGITIMERSSFEKNPIDEFLEAKGYKEVKKDLIT
KLPKYSLEFELENGRKRMLASAGELOQKGNELALPSKYVNFLYLASHYEKLKGS
PEDNEQKQLFVEQHKHYILDETIEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLEFTLINLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQOST
TGLYETRIDLSQLGGD

LcCas9

Lactobacillus

crispatus
NCBI
Reference
Sequence:

1008

MKIKNYNLALTPSTSAVGHVEVDDDLNILEPVHHOKAIGVAKEFGEGETAEAR
RLARSARRTTKRRANRINHY FNEIMKPETIDKVDPLMEDRIKQAGLSPLDERK
EFRTVIFDRPNIASYYHNQFPTIWHLOKYIMITDEKADIRLIYWALHSLLKH
RGHEENTTPMSQFKPGKLNLKDDMLALDDYNDLEGLSFAVANSPETIEKVIKD
RSMHKKEKIAELKKLIVNDVPDKDLAKRNNKITITQIVNATMGNSEHLNEIEFD
MDLDKLT SKAWSEFKLDDPELDTKEDAISGSMIDNQIGIFETLQKIYSATISLL
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WP 1334780
441
Wild type

DILNGSSNVVDAKNALY DKHKRDLNLY FKELNTLPDETIAKTLKAGYTLY IGN
RKKDLLAARKLLKVNVARKNESQDDEFYKLINKELKSIDKQGLOQTRESEKVGEL
VAONNEFLPVORSSDNVEIPYQLNATITENKILENQGKYYDEFLVKPNPAKKDRK
NAPYELSQLMQFTIPYYVGPLVTPEEQVKSGIPKTSREAWMVRKDNGAITPEW
NEYDKVDIEATADKFIKRSIAKDSYLLSELVLPKHSLLYEKYEVENELSNVS
LDGKKLSGGVKQILEFNEVEKKTNKVNT SRILKALAKHNIPGSKITGLSNPEE
FTSSLOTYNAWKKYFPNQIDNFAYQODLEKMIEWSTVEFEDHKILAKKLDEIE
WLDDDOQKKEFVANTRLRGWGRLSKRLLTGLKDNYGKS IMORLETTKANFQQOTIV
YKPEFREQIDKISQAAAKNQSLEDILANSYTSPSNRKATRKTMSVVDEY IKL
NHGKEPDKIFLMFQRSEQEKGKQTEARSKQLNRILSQLKADKSANKLESKQL
ADEFSNAIKKSKYKLNDKQYEYFOQOLGRDALTGEVIDYDELYKYTVLHIIPR
SKLTDDSONNKVLTKYKIVDGSVALKEFGNSY SDALGMPIKAFWTELNRLKLI
PKGKLLNLTTDESTLNKYQRDGY IARQLVETQQIVKLLATIMQSREKHTKII
EVRNSQVANIRYQFDYFRIKNLNEYYRGEDAYTLAAVVGTYLYKVYPKARRLE
VYGQYLKPKKTNQENQDMHLDSEKKSQGENFLWNLLYGKQDOQTIFVNGTDVIA
FNRKDLITKMNTVYNYKSQKISTLAIDYHNGAMFKATLEPRNDRDTAKTRKLI
PKKKDYDTDIYGGYTSNVDGYMLLAET IKRDGNKQYGEFYGVPSRLVSELDTL
KKIRYTEYEEKLKEI IKPELGVDLKKIKKIKILKNKVPEFNQVITIDKGSKEEFT
TSTSYRWNYRQLILSAESQQTLMDLVVDPDEFSNHKARKDARKNADERLIKVY
EEILYQVKNYMPMEVELHRCYEKLVDAQKTFKSLKISDKAMVLNQILILLHS
NATSPVLEKLGYHTRETLGKKHNLI SENAVLVTQSITGLKENHVSIKOML

StCas9
Streptococcus
thermophilus
UniProtKB/S

wiss-Prot:
G3ECR1.2 Wild

type

1009

MLENKCIIISINLDESNKEKCMTKPYSIGLDIGTNSVGWAVITDNYKVPSKK
MKVLGNT SKKY IKKNLLGVLLEDSGITAEGRRLKRTARRRYTRRRNRILYLQ
EIFSTEMATLDDAFFQRLDDSFLVPDDKRDSKYPIFGNLVEEKVYHDEFPTI
YHLRKYLADSTKKADLRLVYLALAHMIKYRGHEFLIEGEFNSKNNDIQOKNEQD
FLDTYNATFESDLSLENSKQLEEIVKDKISKLERKDRILKLFPGEKNSGIES
EFLKLIVGNOQADFRKCENLDEKASLHEFSKESYDEDLETLLGY IGDDYSDVEL
KARKKLYDATLLSGFLTVIDNETEAPLSSAMIKRYNEHKEDLALLKEYIRNIS
LKTYNEVEKDDTKNGYAGY IDGKTNQEDEYVYLKNLLAEFEGADYFLEKIDR
EDFLRKQRTEFDNGSIPYQIHLOQEMRATIDRKQAKEYPFLARKNKERIEKILTER
IPYYVGPLARGNSDFAWSIRKRNEKITPWNEFEDVIDKESSAEAFINRMTSED
LYLPEEKVLPKHSLLYETENVYNELTKVREIAESMRDYQEFLDSKOKKDIVRL
YEFKDKRKVIDKDIIEYLHAIYGYDGIELKGIEKQFNSSLSTYHDLLNI INDK
EFLDDSSNEATIEEITHTLTIFEDREMIKQRLSKFENI FDKSVLKKLSRRHY
TGWGKLSAKLINGIRDEKSGNTILDYLIDDGISNRNEFMQLIHDDALSEFKKKI
QKAQITIGDEDKGNIKEVVKSLPGSPAIKKGILOSIKIVDELVKVMGGRKPES
IVVEMARENQYTNQGKSNSQORLKRLEKSLKELGSKILKENIPAKLSKIDNN
ALONDRLYLYYTLONGKDMY TGDDLDIDRLSNYDIDHITIPQAFLKDNSIDNKV
LVSSASNRGKSDDEPSLEVVKEKRKTEWYQLLKSKLISQRKEDNLTKAERGGL
LPEDKAGFIQROQLVETROQITKHVARLLDEKENNKKDENNRAVRTVKIITLKS
TLVSQFRKDFELYKVREINDFHHAHDAYLNAVIASALLKKYPKLEPEEVYGD
YPKYNSFRERKSATEKVYFYSNIMNIFKKSISLADGRVIERPLIEVNEETGE
SVWNKESDLATVRRVLSYPOQVNVVKKVEEQNHGLDRGKPKGLEFNANLSSKPK
PNSNENLVGAKEYLDPKKYGGYAGISNSFAVLVKGT IEKGAKKKITNVLEEFQ
GISILDRINYRKDKLNFLLEKGYKDIELITELPKYSLFELSDGSRRMLASTIL
STNNKRGEIHKGNQIFLSQKEVKLLYHAKRISNTINENHRKY VENHKKEFER
LEYYILEENENYVGAKKNGKLLNSAFQSWONHSIDELCSSFIGPTGSERKGL
FELTSRGSAADFEFLGVKIPRYRDYTPSSLLKDATLIHQSVTGLYETRIDLA
KLGEG

PdCas9
Pedicoccus
damnosus NCBI|
Reference
Sequence:
WP_0629132
73.1

Wild type

1010

MTNEKYSIGLDIGTSSIGEFAVVNDNNRVIRVKGKNAIGVRLEDEGKAAADRR
SFRTTRRSEFRTTRRRLSRRRWRLKLLRETIFDAYITPVDEAFFIRLKESNLSP
KDSKKQYSGDILENDRSDKDEYEKY PTIYHLRNALMTEHRKFDVREIYLATH
HIMKERGHEFLNATPANNEFKVGRLNLEEKEFEELNDIYQRVEPDESIEFRTDNL
EQIKEVLLDNKRSRADRQRTLVSDIYQSSEDKDIEKRNKAVATE ILKASLGN
KAKLNVITNVEVDKEAAKEWSITEDSESIDDDLAKIEGOMTDDGHEITEVLR
SLYSGITLSAIVPENHTLSQSMVAKYDLHKDHLKLEKKLINGMT DT KKAKNL
RAAYDGY IDGVKGKVLPQEDEYKQVQVNLDDSAEANEIQTYIDQDI FMPKQR
TKANGSTIPHQLQQOQELDOQIIENQKAYY P PWLAELNPNPDKKROQLAKYKLDEL
VTERVPYYVGPMITAKDOQRNQSGAEFAWMIRKEPGNITPWNEDQKVDRMATA
NQFIKRMITTDTYLLGEDVLPAQSLLYQKFEVLNELNKIRIDHKPISIEQKQ
QIFNDLFKQFKNVTIKHLODYLVSQGQYSKRPLIEGLADEKRENSSLSTYSD

LCGIFGARLVEENDRQEDLEKIIEWSTIFEDKKIYRAKLNDLTWLTDDOKEK
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LATKRYQGWGRLSRKLLVGLKNSEHRNIMDILWITNENFMQIQAEPDEFAKLY
TDANKGMLEKTDSQDVINDLYTSPONKKATIRQILLVVHDIQNAMHGQAPAKT
HVEFARGEERNPRRSVOROROVEAAYEKVSNELVSAKVROEFKEATINNKRDE
KDRLELY EMOGGIDIYTGKQLNIDQLSSYQIDHILPQAFVKDDSLTNRVLTN
ENQVKADSVPIDIFGKKMLSVWGRMKDOGLI SKGKY RNLTMNPENI SAHTEN
GEFINRQLVETRQVIKLAVNILADEYGDSTQITISVKADLSHQMREDEFELLKNR
DVNDYHHAFDAYLAAFIGNYLLKRY PKLESYEVYGDEKKETQKETKMRRENE
IYDLKHCDQVVNKETGEILWTKDEDIKY IRHLFAYKKILVSHEVREKRGALY
NOTIYKAKDDKGSGQESKKLIRIKDDKETKIYGGY SGKSLAYMTIVQITKKN
KVSYRVIGIPTLALARLNKLENDSTENNGELYKITKPQFTHYKVDKKNGEIT
ETTDDEKIVVSKVREQQLIDDAGQFEFMLASDTY KNNAQOLVISNNALKATINN
TNITDCPRDDLERLDNLRLDSAFDEIVKKMDKY FSAYDANNFREKIRNSNLIT
FYQLPVEDQWENNKITELGKRTVLTRILOGLHANATTTDMSIFKIKTPFGQL
RORSGISLSENAQLIYQSPTGLEFERRVOLNKIK

EcCas9
FEnterococcus
cecorum
NCBI
Reference
Sequence:
WP 0473385
01.1

Wild type

1011

RRKOQRIQILOELLGEEVLKTDPGEFFHRMKESRY VVEDKRTLDGKQVELPYATL
FVDKDYTDKEYYKQFPTINHLIVYLMTTSDTPDIRLVYLALHYYMKNRGNEL
HSGDINNVKDINDILEQLDNVLETFLDGWNLKLKSYVEDIKNIYNRDLGRGE
RKKAFVNTLGAKTKAEKAFCSLISGGSTNLAELEFDDSSLKETETPKIEFASS
SLEDKIDGIQEALEDRFAVIEAAKRLYDWKTLTDILGDSSSLAEARVNSY QM
HHEQLLELKSLVKEYLDRKVFQEVEFVSLNVANNYPAY IGHTKINGKKKELEV
KRTKRNDEY SYVKKOVIEPIKKKVSDEAVLTKLSEIESLIEVDKYLPLQOVNS
DNGVIPYQVKLNELTRIFDNLENRIPVLRENRDKITIKTFKEFRIPYYVGSLNG
VVENGKCTNWMVRKEEGKIYPWNEEDKVDLEASAEQEFTIRRMTNKCTYLVNED
VLPKYSLLYSKYLVLSELNNLRIDGRPLDVKIKQDIYENVEFKKNRKVTLKKI
KKYLLKEGIITDDDELSGLADDVKSSLTAYRDEFKEKLGHLDLSEAQMENT IT
NITLFGDDKKLLKKRLAALYPFIDDKSLNRIATLNY RDWGRLSERFLSGITS
VDOQETGELRTIIQCMYETQANLMOLLAEPYHFVEATEKENPKVDLESISYRI
VNDLYVSPAVKRQIWQTLLVIKDIKQVMKHDPERIFIEMAREKQESKKTKSR
KOVLSEVYKKAKEYEHLFEKLNSLTEEQLRSKKIYLYFTQLGKCMY SGEPID
FENLVSANSNYDIDHIYPQSKTIDDSENNIVLVKKSLNAYKSNHYPIDKNIR
DNEKVKTLWNTLVSKGLITKEKYERLIRSTPESDEELAGETIARQLVETRQST
KAVAEILSNWEPESEIVYSKAKNVSNFRODFEILKVRELNDCHHAHDAYTNT
VVGNAYHTKFTNSPYRFIKNKANQEYNLRKLLORKVNKIESNGVVAWVGQSEN
NPGTIATVKKVIRRNTVLISRMVKEVDGOLEDLTLMKKGKGOVPIKSSDERL
TDISKYGGYNKATGAY FTEFVKSKKRGKVVRSFEYVPLHLSKQFENNNELLKE
YTIEKDRGLTDVEILIPKVLINSLEFRYNGSLVRITGRGDTRLLLVHEQPLYVS
NSEVOQLKSVSSYKLKKSENDNAKLTKTATEKLSNIDELYDGLLRKLDLPTIY
SYWESSIKEYLVESRTKYIKLSIEEKALVIFEILHLEFQSDAQVPNLKILGLS
TKEPSRIRIQKNLKDTDKMSITHOQSPSGIFEHEIELTSL

AhCas9
Anaerostipes
hadrus
NCBI
Reference
Sequence:
WP 0449242
78.1

Wild type

1012

MONGELGITVSSEQVGWAVINPKYELERASRKDLWGVRLEDKAETAEDRRME
RTNRRLNQRKKNRIHYLRDIFHEEVNQKDPNEFOQQLDESNEFCEDDRTVEENE
DTNLYKNQFPTVYHLRKYLMETKDKPDIRLVYLAFSKFMKNRGHEFLYKGNLG
EVMDEENSMKGEFCESLEKENIDFPTLSDEQVKEVRDILCDHKIAKTVKKKNI
ITITKVKSKTAKAWIGLEFCGCSVPVKVLEQDIDEEIVTDPEKISFEDASYDD
YIANTEKGVGIYYEATVSAKMLEDWSILNEILGDHQLLSDAMIAEYNKHHDD
LKRLOKIIKGTGSRELYQDIFINDVSGNYVCYVGHAKTMSSADQRQEFYTEFLK
NRLKNVNGISSEDAEWIDTEIKNGTLLPKQTKRDNSVIPHQLQLREFELILD
NMOEMYPEFLKENREKLLKIEFNEVIPYYVGPLKGVVRKGESTNWMVPKKDGVI
HPWNEDEMVDKEASAECFISRMTGNCSYLENEKVLPKNSLLYETFEVLNELN
PLKINGEPISVELKQRIYEQLEFLTGKKVITKKSLTKYLIKNGYDKDIELSGID
NEFHSNLKSHIDFEDYDNLSDEEVEQIILRITVFEDKQLLKDYLNREEFVKLS
EDERKQICSLSYKGWGNLSEMLLNGITVIDSNGVEVSVMDMLWNTNLNLMQT
LSKKYGYRAETEHYNKEHEKTIYNREDLMDYILNIPPAQRRKVNQLITIVKSL
KKIYGVPNKIFFKISREHQDDPKRT SSRKEQLKYLYKSLKSEDEKHLMKELD
EILNDHELSNDKVYLY FLOKGRCIYSGKKLNLSRLRKSNYONDIDYIYPLSAV
NDRSMNNKVLTGIQENRADKYTY FPVDSEIQKKMKGEWMELVLOGEFMTKEKY
FRLSRENDEFSKSELVSEFIEREISDNQQSGRMIASVLOYYFPESKIVEVKEKL
ISSFKRDFHLISSYGHNHLQAAKDAYITIVVGNVYHTKEFTMDPATY FKNHKR
KDYDLNRLEFLENISRDGQIAWESGPYGSIQTVRKEYAQNHIAVTKRVVEVKG
GLEFKOMPLKKGHGEY PLKTNDPREGNIAQYGGY TNVIGSY FVLVESMEKGKK
RISLEYVPVYLHERLEDDPGHKLLKEYLVDHRKLNHPKILLAKVRKNSLLKI

DGEYYRLNGRSGNALILTNAVELIMDDWQTKTANKISGYMKRRAIDKKARVY
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ONEFHIQELEQLYDFYLDKLKNGVY KNRKNNQAELIHNEKEQFMELKTEDQC
VLLTEIKKLEVCSPMQADLTLIGGSKHTGMIAMSSNVTKADFAVIAEDPLGL
RNKVIYSHKGEK

KvCas9
Kandleria
vitulina NCBI
Reference
Sequence:
WP_0315899
69.1

Wild type

1013

MSONNNKIYNIGLDIGDASVGWAVVDEHYNLLKRHGKHMWGSRLETQANTAV
ERRSSRSTRRRYNKRRERIRLLREIMEDMVLDVDPTEEFIRLANVSEFLDQEDK
KDY LKENYHSNYNLEIDKDENDKTYYDKYPTIYHLRKHLCESKEKEDPRLIY
LALHHIVKYRGNELYEGOKESMDVSNIEDKMIDVLROEFNEINLEEY VEDREKK
IDEVLNVLKEPLSKKHKAEKAFALFDTTKDNKAAYKELCAATLAGNKENVTEKM
LKEAETHDEDEKDISFEFKESDATEFDDAFVERKQPLLGDCVEEFIDLLHDIYSWVE
LONILGSAHTSEPSISAAMIQRYEDHKNDLKLLKDVIRKYLPRKKYFEVEFRDE
KSKKNNYCNYINHPSKTPVDEFYKY IKKLIEKIDDPDVKTILNKIELESEFML
KONSRTNGAVPYQMOLDELNKILENQSVYYSDLKDNEDKIRSILTFRIPYYF
GPLNITKDRQFDWITIKKEGKENERILPWNANEIVDVDKTADEFIKRMRNECT
YFPDEPVMAKNSLTVSKYEVLNEINKLRINDHLTKRDMKDKMLHTLEFMDHKS
ISANAMKKWLVKNQY ESNTDDIKIEGEFQKENACSTSLTPWIDEFTKIFGKINE
SNYDFIEKITIYDVIVEFEDKKILRRRLKKEYDLDEEKIKKILKLKYSGWSRLS
KKLLSGIKTKYKDSTRTPETVLEVMERTNMNLMQVINDEKLGEFKKT IDDANS
TSVSGKEFSAEVOELAGSPAIKRGIWQALLIVDEIKKIMKHEPAHVY IEFARN
EDEKERKDSEFVNQMLKLYKDYDFEDETEKEANKHLKGEDAKSKIRSERLKLY
YTOMGKCMYTGKSLDIDRLDTYQVDHIVPQSLLKDDSIDNKVLVLSSENQRK
LDDLVIPSSIRNKMYGEWEKLEFNNKIISPKKEY SLIKTEFNERKDOEREINRQ
IVETRQITKHVAQITIDNHYENTKVVTVRADLSHQFRERYHIYKNRDINDEHH
AHDAYTATILGTYIGHREFESLDAKY IYGEYKRIFRNOKNKGKEMKKNNDGE' I
LNSMRNIYADKDTGEIVWDPNYIDRIKKCEYYKDCEVTKKLEENNGTEFNVT
VLPNDTNSDKDNTLATVPVNKYRSNVNKYGGESGVNSEFIVAIKGKKKKGKKY
IEVNKLTGIPLMYKNADEEIKINYLKQAEDLEEVQIGKEILKNQLIEKDGGL
YYIVAPTEIINAKQLILNESQTKLVCEIYKAMKYKNYDNLDSEKIIDLYRLL
INKMELYYPEYRKOQLVKKFEDRYEQLKVISIEEKCNIIKQILATLHCNSSIG
KIMYSDFKISTTIGRLNGRTISLDDISFIAESPTGMYSKKYKL

EfCas9
Enterococcus
Jfaecalis NCBI
Reference
Sequence:
WP 01
66310 44.1
Wild type

1014

MRLFEEGHTAEDRRLKRTARRRI SRRRNRLRYLQAFFEEAMTDLDENEFARL
QESFLVPEDKKWHRHPIFAKLEDEVAYHETYPTIYHLRKKLADSSEQADLRL
IYLALAHIVKYRGHFLIEGKLSTENTSVKDOQFQQFMVIYNQTEFVNGESRLVS
APLPESVLIEEELTEKASRTKKSEKVLOOQFPOQEKANGLEFGQFLKLMYVGNKAD
FRKVFGLEEEAKITYASESYEEDLEGILAKVGDEY SDVFLAARKNVYDAVELS
TILADSDKKSHAKLSSSMIVRFTEHQEDLKKEFKREIRENCPDEY DNLEKNEQ
KDGYAGY IAHAGKVSQLKEFYQYVRKKITIQDIAGAEYFLEKTAQENFLRKQRTE
DNGVIPHOQIHLAELQAITHRQAAYYPFLKENQEKIEQLVTFRIPYYVGPLSK
GDASTFAWLKROSEEPIRPWNLOETVDLDQSATAFIERMTNEFDTYLPSEKVL
PKHSLLYEKFMVENELTKISYTDDRGIKANFSGKEKEKIEDY LEKTRRKVKK
KDIIQEFYRNEYNTEIVTLSGLEEDQEFNASESTYQDLLKCGLTRAELDHPDNA
EKLEDITKILTIFEDRQRIRTQLSTFKGQEFSAEVLKKLERKHYTGWGRLSKK
LINGIYDKESGKTILDYLVKDDGVSKHYNRNEMOLINDSQLSEFKNATIQKAQS
SEHEETLSETVNELAGSPATRKKGIYQSLKIVDELVAIMGYAPKRIVVEMARE
NOTTSTGKRRSIQRLKIVEKAMAETGSNLLKEQPTTNEQLRDTRLELYYMON
GKDMYTGDELSLHRLSHYDIDHIIPQSFMKDDSLDNLVLVGSTENRGKSDDV
PSKEVVKDMKAYWEKLYAAGLISQRKEFQRLTKGEQGGLTLEDKAHEFTIQRQLV
ETROQITKNVAGILDOQRYNAKSKEKKVQITTLKASLTSQFRSIFGLYKVREVN
DYHHGODAYLNCVVATTLLKVYPNLAPEEVYGEYPKEQTEFKENKATAKATIY
TNLLREFFTEDEPRETKDGEILWSNSYLKTIKKELNY HOMNIVKKVEVQKGGE
SKESIKPKGPSNKLIPVRKNGLDPOKYGGEDSPVVAYTVLEFTHEKGKKPLIKQ
EILGITIMEKTRFEQNPILFLEEKGEFLRPRVILMKLPKYTLYEFPEGRRRLLA
SAKEAQKGNOMVLPEHLLTLLYHAKQCLLPNQSESLAYVEQHQPEFQETILER
VVDFAEVHTLAKSKVQQIVKLFEANQTADVKEIAASEFIQLMOEFNAMGAPSTE
KITQKDIERARYTSIKETEFDATITYQSPTGLYETRRKVVD

Staphylococcu
s aureus Cas9

1015

KRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRRSKRGA
RRLKRRRRHRIQRVKKLLEDYNLLTDHSELSGINPY EARVKGLSQKLSEEEE
SAALLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLER
LKKDGEVRGSINREKTSDYVKEAKQLLKVQKAYHQLDQSEIDTY IDLLETRR
TYYEGPGEGSPFGWKDIKEWYEMLMGHCTY FPEELRSVKYAYNADLYNATND
LNNLVITRDENEKLEYYEKFQITENVEFKOKKKPTLKQIAKEILVNEEDIKGY

RVISTGKPEFTNLKVYHDIKDITARKEITENAELLDQIAKILTIYQSSEDIQ
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EELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLITDELWHTNDNQIAT
FNRLKLVPKKVDLSQQKETIPTTLVDDEILSPVVKRSEFIQSIKVINATIIKKYG
LPNDITIELARERKNSKDAQKMINEMOKRNROQINERIEETIRTTGKENAKYLT
EKIKLHDMOEGKCLY SLEATPLEDLINNPENYEVDHITIPRSVSEFDNSENNKV
LVKQEENSKKGNRTPEFQYLSSSDSKISYETFKKHILNLAKGKGRISKTKKEY
LLEERDINREFSVQKDEINRNLVDTRYATRGLMNLLRSY FRVNNLDVKVKSIN
GGEFTSEFLRRKWKEKKERNKGY KHHAEDALITANADEF IFKEWKKLDKAKKVME
NOMFEEKQAESMPETIETEQEYKEIFITPHQIKHIKDFKDYKY SHRVDKKPNR
ELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHD
POTYQKLKLIMEQYGDERNPLYKYYEETGNY LTKYSKKDNGPVIKKIKYYGN
KLNAHLDITDDYPNSRNKVVKLSLKPYREDVYLDNGVY KEVIVKNLDVIKKE
NYYEVNSKCYEEARKKLKKISNQAEFIASEFYNNDLIKINGELYRVIGVNNDLL
NRIEVNMIDITYREYLENMNDKRPPRIIKTIASKTQSIKKYSTDILGNLYEV
KSKKHPQITKKG

Geobacillus

thermodenitri
ficans Cas9

1016

MKYKIGLDIGITSIGWAVINLDIPRIEDLGVRIFDRAENPKTGESLALPRRL
ARSARRRLRRRKHRLERIRRLEVREGILTKEELNKLEEKKHEIDVWQLRVEA
LDRKLNNDELARTLLHLAKRRGFRSNRKSERTNKENSTMLKHIEENQSTLSS
YRTVAEMVVKDPKESLHKRNKEDNY TNTVARDDLEREIKLIFAKQREYGNIV
CTEAFEHEY ISIWASQRPFASKDDIEKKVGFCTFEPKEKRAPKATYTEFQSET
VWEHINKLRLVSPGGIRALTDDERRLIYKQAFHKNKITEFHDVRTLLNLPDDT
REKGLLYDRNTTLKENEKVRFLELGAYHKIRKAIDSVYGKGAAKSEFRPIDED
TEFGYALTMFKDDTDIRSYLRNEYEQNGKRMENLADKVYDEELTIEELLNLSES
KIGHLSLKALRNILPYMEQGEVY STACERAGYTEFTGPKKKOKTVLLPNIPPT
ANPVVMRALTQARKVVNATI IKKYGSPVSIHIELARELSQSFDERRKMOKEQE
GNRKKNETATRQLVEYGLTLNPTGLDIVKEKLWSEQNGKCAY SLOPIEIERL
LEPGYTEVDHVIPYSRSLDDSYTNKVLVLTKENREKGNRTPAEYLGLGSERW
QQOFETEFVLTNKQEFSKKKRDRLLRLHYDENEENE FKNRNLNDTRY ISRELANE
IREHLKFADSDDKQRKVYTVNGRITAHLRSRWNENKNREESNLHHAVDAATVA
CTTPSDIARVIAFYQRREQNKELSKKTDPQFPQPWPHEFADELQARLSKNPKE
S IKALNLGNYDNEKLESTLQPVEVSRMPKRSITGAAHQETLRRY IGIDERSGK
IQTVVKKKLSEIQLDKTGHEFPMYGKESDPRTYEATRQRLLEHNNDPKKAFQE
PLYKPKKNGELGPIIRTIKIIDTTNOQVIPLNDGKTVAYNSNIVRVDVEEKDG
KYYCVPIYTIDMMKGILPNKATEPNKPY SEWKEMTEDYTEFRESLYPNDLIRT
EFPREKT IKTAVGEEIKIKDLEFAYYQTIDSSNGGLSLVSHDNNESLRSIGSR
TLKRFEKYQVDVLGNIYKVRGEKRVGVASSSHSKAGETIRPL

FnCas9
Fusobaterium
nucleatum
NCBI
Reference
Sequence:
WP 0607989
84.1

1017

MKKOQKESDYYLGEDIGTNSVGWCVTDLDYNVLRENKKDMWGSRLEEEAKTAA
ERRVORNSRRRLKRRKWRLNLLEEIFSNEILKIDSNEFFRRLKESSLWLEDKS
SKEKFTLENDDNYKDYDEFYKQYPTIFHLRNELTKNPEKKDIRLVYLATHSTE
KSRGHELEFEGONLKEIKNFETLYNNLIAFLEDNGINKIIDKNNIEKLEKIVC
DSKKGLKDKEKEFKEIEFNSDKQLVAIFKLSVGSSVSLNDLEDTDEYKKGEVE
KEKISEFREQIYEDDKPIYYSILGEKIELLDIAKTEYDFMVILNNILADSQYIS
EAKVKLYEEHKKDLKNLKY I TRKYNKGNYDKLEFKDKNENNY SAY IGLNKEKS
KKEVIEKSRLKIDDLIKNIKGYLPKVEETEEKDKATENKILNKIELKTILPK
QRISDNGTLPYQIHEAELEKILENQSKYYDFLNYEENGIITKDKLLMT FKFER
IPYYVGPLNSYHKDKGGNSWIVRKEEGKILPWNEFEQKVDIEKSAEE FIKRMT
NKCTYLNGEDVIPKDTEFLY SEYVILNELNKVQVNDEFLNEENKRKITIDELEFK
ENKKVSEKKFKEYLLVKQIVDGTIELKGVKDSENSNYISY IRFKDIFGEKLN
LDIYKEISEKSILWKCLYGDDKKIFEKKIKNEYGDILTKDEIKKINTEKENN
WGRLSEKLLTGIEFINLETGECY SSVMDALRRTNYNLMELLSSKETLOESIN
NENKEMNEASYRDLIEESYVSPSLKRAIFQTLKIYEEIRKITGRVPKKVEIE
MARGGDE SMKNKKIPARQEQLKKLYDSCGNDIANFSIDIKEMKNSLISYDNN
SLROKKLYLYYLOFGKCMYTGREIDLDRLLONNDTYDIDHIYPRSKVIKDDS
FDNLVLVLKNENAEKSNEY PVKKETIQEKMKSEFWREFLKERKNEFISDEKYKRLTG
KDDEFELRGEFMARQLVNVROTTKEVGKILQQIEPETIKIVYSKAETASSEREME
DIFIKVRELNDTHHAKDAYLNIVAGNVYNTKEFTEKPYRYLOQETKENYDVKKIY
NYDIKNAWDKENSLE IVKKNMEKNTVNITREIKEKKGQLEDLNPIKKGET SN
EITISTIKPKVYNGKDDKLNEKYGYYKSLNPAY FLYVEHKEKNKRIKS FERVNL
WVDVNNIKDEKSLVKYLIENKKLVEPRVIKKVYKRQVILINDYPYSIVTLDSN
KLMDEENLKPLELENKYEKILKNVIKELEDNQGKSEENYKETYTLKKKDRYEK
NETLESVKDRYNLEFNEMY DKFLEKLDSKDY KNYMNNKKYQELLDVKEKFIK
LNLEFDKAFTLKSEFLDLENRKTMADESKVGLTKY LGKIQKISSNVLSKNELYL

LEESVTGLEVKKIKL
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SpCas9
Streptococcus
pyogenes wild
type

Encoded
product of
SWBC2D7W0
14

1018

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKEKVLGNTDRHSIKKNLIGALL
FDSGETAEATRLKRTARRRYTRRKNRICYLOEIFSNEMAKVDDSEFHRLEES
FLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYL
ALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEEENPINASGVDA
KATILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNEDLALE
DAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTET
TKAPLSASMIKRYDEHHODLTLLKALVROQOLPEKYKEIFEFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSTIPHQTHL
GELHATLRROEDEYPEFLKDNREKIEKILTFRIPYYVGPLARGNSREAWMTRK
SEETITPWNFEEVVDRKGASAQSF IERMTNFDKNLPNEKVLPKHSLLYEYFTV
YNELTKVKYVITEGMRKPAFLSGEQKKATIVDLLEFKTNRKVTVKQLKEDY FKKI
ECEFDSVEISGVEDRENASLGTYHDLLKITIKDKDEFLDNEENEDILEDIVLTLT
LEEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDELKSDGEFANRNEMOLIHEDDSLT FKEDIQKAQVSGQOGDSLHEHIANLA
GSPATKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYTL.ONGRDMYVDQELDINR
LSDYDVDHIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKEMKNYWR
QLLNAKLITORKEDNLTKAERGGLSELDKAGEFIKROQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAY
LNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY FEYS
NIMNEEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEATVRKVLSMPQV
NIVKKTEVOTGGESKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVL
VVARKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDEFLEAKGYKEVKKDLIT
KLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGS
PEDNEQKQLFVEQHKHYIDETIEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLEFTLTNLGAPAAFKYFDTTIDRKRYTSTRKEVLDATLIHOST
TGLYETRIDLSQLGGDGSPKKKRKVSSDYKDHDGDY KDHDIDYKDDDDKAAG

SpCas9
Streptococcus
pyogenes

M1

SwissProt
Accession
No.Q99ZW?2
Wildtype

1019

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKEKVLGNTDRHSIKKNLIGALL
FDSGETAEATRLKRTARRRYTRRKNRICYLOEIFSNEMAKVDDSEFHRLEES
FLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYL
ALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEFEENPINASGVDA
KATLSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNEDLAE
DARLOLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTET
TKAPLSASMIKRYDEHHODLTLLKALVROQOLPEKYKEIFEFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHATLRROQEDEYPEFLKDNREKIEKILTFRIPYYVGPLARGNSREAWMTRK
SEETITPWNFEEVVDRKGASAQSEF IERMTNEFDKNLPNERKVLPKHSLLYEY FTV
YNELTKVKYVIEGMRKPAFLSGEQKKATIVDLLEFKTNRKVTVKQLKEDY FKKI
ECEDSVEISGVEDRENASLGTYHDLLKITIKDKDEFLDNEENEDILEDIVLTLT
LEEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDELKSDGFANRNEMOLIHEDDSLT FKEDIQKAQVSGOGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYTL.ONGRDMYVDOQELDINR
LSDYDVDHIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWR
QLLNAKLITOQRKEDNLTKAERGGLSELDKAGEFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDEFRKDEFQFYKVREINNYHHAHDAY
LNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYS
NIMNEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEATVRKVLSMPQV
NIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVL
VVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDEFLEAKGYKEVKKDLIT
KLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGS
PEDNEQKQLEFVEQHKHYILDETIEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLEFTLINLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQOST
TGLYETRIDLSQLGGD

SpCas9
Streptococcus
pyogenes
MGASI1882
wildtype

NC 0170531

1020

MDKKYSIGLDIGTNSVGWAVITDDY KVPSKKEKVLGNTDRHSIKKNLIGALL
FGSGETAEATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSEFHRLEES
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GELHATILRROEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSREFAWMTRK
SEETITPWNFEEVVDKGASAQSEFIERMTNEFDKNLPNEKVLPKHSLLYEYFTV
YNELTKVKYVIEGMRKPAFLSGEQKKAIVDLLEKTNRKVTVKQLKEDY FKKT
ECEDSVEISGVEDRENASLGAYHDLLKITIKDKDEFLDNEENEDILEDIVLTLT
LEEDRGMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDEFLKSDGFANRNEMQLIHDDSLTFKEDIQKAQVSGQGHSLHEQIANLA
GSPAIKKGILQTVKIVDELVKVMGHKPENIVIEMARENQTTOKGOKNSRERM
KRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMY VDQELDINRL
SDYDVDHIVPQOSEFIKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRO
LINAKLITQRKEDNLTKAERGGLSELDKAGEFTIKRQLVETRQITKHVAQILDS
RMNTKYDENDKLIREVKVITLKSKLVSDERKDEFQEFYKVREINNYHHAHDAYT
NAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYEFEFY SN
IMNFEKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKVLSMPQVN
IVKKTEVOTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAY SVLV
VAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLITK
LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNEFLYLASHYEKLKGSP
EDNEQKRQLFVEQHKHYLDEITIEQISEFSKRVILADANLDKVLSAYNKHRDKP
IREQAENITHLFTLTNLGAPAAFKY FDTTIDRKRYTSTKEVLDATLIHQSIT
GLYETRIDLSQLGGD

Polymerase
[0176] In some cases, the payload in the present disclosure comprises a polymerase (e.g., reverse
transcriptase). A polymerase can comprise a natural or an engineered domain. A polymerase can be
capable of synthesizing nucleic acids. A polymerase can be a DNA polymerase or an RNA polymerase.
In some cases, a polymerase is a reverse transcriptase. A reverse transcriptase can synthesize DNA from
deoxyribonucleotides. In some cases, a reverse transcriptase adds deoxyribonucleotides to the 3° end of a
nucleic acid primer to synthesize DNA. In some cases, a reverse transcriptase uses an RNA template and
uses base-pairing interactions to synthesize a DNA strand that is complementary to the RNA template.
The reverse transcriptase domain can be a reverse transcriptase from any organism, phage, virus, or an
engineered or mutated variant. The reverse transcriptase domain can be a reverse transcriptase derived
from or sharing structural or sequencing similarity to a reverse transcriptase in a CRISPR system. The
reverse transcriptase can be an M-MLV or HIV reverse transcriptase. The reverse transcriptase can be a
human LINE-1 reverse transcriptase or a group Il intron reverse transcriptase. The reverse transcriptase
can be a human endogenous retrovirus reverse transcriptase.

Transposase domain
[0177] In some cases, a nucleic-acid modifying effector or a nucleic acid-binding moiety comprises a
transposase domain. A transposase domain can be a natural or an engineered domain. A transposase
domain can be capable of aiding the translocation of a transposable element, a nucleic acid sequence that
can change its position within a genome. In some cases, a transposase domain comprises a TnsA, a TnsB,
a TnsC, or a TnsD domain. In some cases, a transposase domain comprises a TniQ domain. In some
cases, a transposase domain is derived from or shares sequence or structural similarity with a transposase
i a CRISPR system (e.g., a CRISPR-associated transposase). In some cases, a transposase domain is
derived from or share sequence or structural similarity with a transposase domain from a type I CRISPR-
associated transposon (CAST) system. In some cases, transposase domain is derived from or share
sequence or structural similarity with a transposase domain from a type V CRISPR-associated transposon

(CAST) system. A transposase domain can be capable of binding to a guidable polypeptide domain. In
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some cases, a transposase domain is coupled to a guidable polypeptide domain. In some cases, a
transposase domain is capable of binding to a type I CRISPR-Cas domain (e.g., a Cascade domain, a Cas§
domain, or a Cas5 domain). In some cases, a transposase domain is capable of binding to a type V
CRISPR-Cas domain (¢.g., a Cas12 domain). In some cases, a transposase domain is capable of mediating
targeted insertion of a nucleic acid into a target nucleic acid. In some cases, a transposase domain is
capable of mediating targeted insertion of a nucleic acid that is at least 5 kb, at least 6 kb, at least 7 kb, at
least 8kb, at least 9kb, at least 10kb, at least 11kb, at least 12kb, at least 13kb, at least 14kb, or at least 15
kb into a target nucleic acid.

Transcriptional regulatory domain
[0178] In some cases, the payload comprises a transcriptional regulatory domain. A transcriptional
regulatory domain can be a natural or an engineered domain. A transcriptional regulatory domain can be
capable of regulating, activating, or inhibiting gene expression. For example, a transcriptional repressor
can silence gene expression by binding to the promoter of a gene. A transcriptional activator can bind to
enhancers or regulatory elements to activate expression of a gene. A transcriptional regulatory domain
can comprise a transcription factor. A transcriptional regulatory domain can comprise a transcriptional
activation domain or a transcriptional repression domain. For example, a transcriptional activation
domain can be or comprise a CAP domain, a VP64 domain, a p65 domain, an Rta domain, a synergistic
activation mediator (SAM) domain, a SunTag domain, a VPR domain, a DNA demethylase domain, a
histone methyltransferase domain, a histone acetyltransferase domain, or a histone demethylase domain.
A transcriptional repression domain can be or comprise a dCas9 domain, a KRAB domain, a Sin3
mteracting domain (SID), or a MePC2 domain, a DNA methyltransferase domain, a histone deacetylase
domain, a histone methyltransferase domain, or a histone demethylase domain. In some cases, a
transcriptional regulatory domain comprises an epigenetic modifying effector domain. For example, an
epigenetic modifying effector can be a DNA methyltransferase, a DNA demethylase, a histone
methyltransferase, a histone demethylase, a histone acetyltransferase, or a histone deacetylase domain. A
DNA methyltransferase domain can be capable of methylating a nucleic acid. A DNA demethylase
domain can be capable of demethylating a nucleic acid. A histone methyltransferase domain can be
capable of methylating a histone. A histone demethylase domain can be capable of demethylating a
histone. A histone acetyltransferase domain can be capable of adding an acetyl group to a histone. A
histone deacetylase domain can be capable of removing an acetyl group from a histone.

Zinc finger domain
[0179] In some embodiments, the payload comprises a zinc finger domain. A zinc finger domain can be
a natural or an engineered domain. A zinc finger domain can bind to a specific DNA sequence in a target
nucleic acid. A zinc finger domain can comprise from 1 to 10, from 2 to 10, from 3 to 10, from 4 to 10,
from 5 to 10, from 6 to 10, from 7 to 10, from 8 to 10, from 9 to 10 zinc fingers, from 1 to 8, from 2 to 8,
from 3 to 8, from 4 to 8, from 5 to 8, from 6 to 8, from 7 to 8, from 8 to 8, from 9 to 8§ zinc fingers. In
some cases, a zinc finger domain comprises a two-handed zinc finger domain. A two handed zinc finger

domain can comprise two clusters of zinc finger domains that are separated by intervening amino acids. A
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two handed zinc finger domain can bind to two noncontiguous target DNA sequences. In some cases, the
spacing between the two noncontiguous target sequences comprises from 1 to 15, from 1to 12, from 1 to
10, from 1 to 8, or from 1 to 5 nucleotides. For example, a two handed type of zinc finger binding protein
can be SIP1. A cluster of zinc finger domains in a two handed zinc finger domain can be capable of
binding to a unique target nucleic acid sequence.

TALE domain
[0180] In some embodiments, the payload comprises a TALE domain. A TALE domain can be a natural
or an engineered domain. A TALE domain can bind to a specific DNA sequence. A TALE domain can
comprise one or more effector domains. A TALE effector domain can comprise a central repeat domain
comprising tandem repeats. A tandem repeat can comprise repeat variable residues (RVD). One or more
RVDs can detect a specific DNA base. Different TALE effector domains may have a different number of
repeats and a different order of their repeats. The C-terminal repeat is usually shorter in length (e.g., about
20 amino acids). Sequential repeats and their RVDs can recognize sequential DNA bases.
[0181] A TALE domain described herein can be derived from a TALE effector from a bacterial species.
The TALE domain can be engineered to target a given nucleic acid sequence based on their DNA base
specificities. The TALE domain can be engineered to remove or add a TALE effector domain. In some
cases, the TALE domain corresponds to a perfect match to a nucleic acid target sequence. In some cases,
the TALE domain of an epigenctic effector corresponds to one or more mismatches to a target base in the
target nucleic acid.

Fusion protein
[0182] In some cases, the payload in the present disclosure comprises a fusion protein. A fusion protein
can comprise two or more polypeptide domains of any of the polypeptide domains described elsewhere
herein. A fusion protein can be a natural or an engineered fusion protein. In some cases, the two or more
polypeptide domains are coupled together. The two or more polypeptide domains can be coupled together
directly or coupled together indirectly. For example, a first polypeptide domain can be coupled directly to
a second polypeptide domain. Altematively, the first polypeptide domain can be coupled indirectly to the
second polypeptide domain by coupling with a third polypeptide domain that is coupled directly to the
second polypeptide domain. In some cases, a first polypeptide domain is coupled to the N-terminus of a
second polypeptide domain. In some cases, a first polypeptide domain is coupled to the C-terminus of a
second polypeptide domain. In some cases, a first polypeptide domain is coupled to an internal
component of a second polypeptide domain. In some cases, the two or more polypeptide domains are
covalently linked. In some cases, the two or more polypeptide domains are noncovalently linked. In some
cases, the two or more polypeptide domains are coupled together by a linker. For example, a linker may
be a peptide linker. A linker can be a rigid linker, which helps maintain a fixed distance between the
polypeptide domains that it links. A linker can be a flexible linker, which can allow some flexibility in
movement of one polypeptide domain relative to the other polypeptide domain that it 1s linked to. In some

cases, a linker is a cleavable linker. For example, a cleavable linker can comprise a disulfide bond.
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Altematively, a cleavable linker can be an enzymatic cleavable linker, e.g., a linker comprising a protease
cleavage site.

[0183] The present disclosure provides fusion proteins comprising a guidable polypeptide domain (e.g., a
CRISPR domain). A fusion protein comprising a guidable polypeptide domain (e.g., a CRISPR domain)
can comprise one or more of a Fokl domain, a deaminase domain, a reverse transcriptase domain, an
RNA binding domain, a transcriptional regulatory domain, a plasma membrane recruitment domain, a
transmembrane domain, a signaling domain, a receptor domain, a packaging domain, or a targeting
domain.

[0184] In some cases, the present disclosure provides a fusion protein comprising a guidable polypeptide
domain (e.g.. a CRISPR domain) coupled to a deaminase domain. A guidable polypeptide domain (e.g., a
CRISPR domain) coupled to a deaminase domain can be used for base editing. A base editor can be
capable of editing a nucleic acid sequence in a target nucleic acid molecule. A base editor can be capable
of enabling the generation of base conversions or point mutations in a target nucleic acid. For example, a
cytosine base editor can comprise a guidable polypeptide domain (e.g., a CRISPR domain) and a cytidine
deaminase domain. An adenine base editor can comprise CRISPR domain and an adenosine deaminase
domain. In some cases, a base editor enables the conversion of Cto G, Ato I, or Cto U. A cytosine base
editor can be capable of enabling the conversion of a C-G base pair to a T-A base pair. A glycosylase
base editor can be capable of enabling the conversion of a G-C base pair to a C-G base pair or a G-T base
pair. An adenine base editor can be capable of enabling the conversion of an A-T base pair to a G-C base
pair. In some cases, a base editor comprises a catalytically inactive guidable polypeptide domain (e.g., a
CRISPR domain) (e.g., dCas9, dCasl2a, or dCas13b). In other cases, the base editor comprises a guidable
polypeptide nickase domain (e.g., nCas9). In some cases, the base editor enables a base pair conversion
without introducing a double-stranded break. In some cases, the base editor enables base pair conversions
in a target window. In some cases, the base editor comprises a targeting window of from 1 to 20 bases,
from 1to 19 bases, from 1 to 18 bases, from 1 to 17 bases, from 1 to 16 bases, from 1 to 15 bascs, from 1
to 14 bases, from 1 to 13 bases, from 1 to 12 bases, from 1 to 11 bases, from 1 to 10 bases, from 1to 9
bases, from 1 to 8 bases, from 1 to 7 bases, from 1 to 6 bases, from 1 to 5 bases, from 1 to 4 bases, from 1
to 3 bases, or from 1 to 2 bases. In some cases, a base editor has a targeting window of from 3 to 10
bases, from 3 to 9 bases, from 3 to 8 bases, from 3 to 7 bases, from 3 to 6 bases, from 3 to 5 bases, or
from 3 to 4 bases. In some cases, the guidable polypeptide domain (e.g., a CRISPR domain) is coupled to
the N-terminus of a deaminase domain. In some cases, the guidable polypeptide domain (e.g., a CRISPR
domain) is coupled to the C-terminus of a deaminase domain. In some cases, the guidable polypeptide
domain (e.g., a CRISPR domain) is coupled to an interal component of a deaminase domain.

[0185] In some cases, the fusion protein comprises a guidable polypeptide domain (e.g., a CRISPR
domain) coupled to a reverse transcriptase domain. A guidable polypeptide domain (e.g., a CRISPR
domain) coupled to a reverse transcriptase can be capable of enabling prime editing. A prime editor can
be capable of editing a nucleic acid sequence in a target nucleic acid molecule. A prime editor can be

capable of mediating insertion or deletion of a nucleic acid sequence in a target nucleic acid molecule. In
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some cases, the prime editor enables a sequence insertion or sequence deletion without introducing a
double-stranded break. In some cases, the prime editor introduces a nick at the target site. The prime
editor can enable insertion of a template sequence in a target nucleic acid molecule. The template
sequence can comprise the desired edit. In some cases, a prime editor reverse transcribes a template
sequence to synthesize a complementary strand. In some cases, the synthesized complementary strand is
mserted m the target nucleic acid molecule. In some cases, the prime editor uses a primer to carry out
reverse transcription. The prime editor can install nucleotides to the 3” end of a primer strand. In some
cases, a primer strand is generated by nicking the target nucleic acid molecule. In some cases, nicking a
strand of the target nucleic acid molecule produces a flap with a 3° OH group. In some cases, the prime
editor uses the flap with the 3° OH group as the primer to carry out reverse transcription. In some cases, a
guidable polypeptide domain (e.g., a CRISPR domain) is coupled to the N-terminus of a reverse
transcriptase domain. In some cases, a guidable polypeptide domain (¢.g., a CRISPR domain) is coupled
to the Cterminus of a reverse transcriptase domain. In some cases, a guidable polypeptide domain (e.g., a
CRISPR domain) is coupled to an internal component of a reverse transcriptase domain.
[0186] In some cases, the fusion protein comprises a guidable polypeptide domain (e.g., a CRISPR
domain) coupled to a transcriptional regulatory domain. In some cases, a guidable polypeptide domain
(e.g., a CRISPR domain) is coupled to a transcriptional regulatory domain. In some cases, a guidable
polypeptide domain (¢.g., a CRISPR domain) is coupled to a transcriptional activation domain. In some
cases, a guidable polypeptide domain (e.g., a CRISPR domain) is coupled to a transcriptional repression
domain. In some cases, guidable polypeptide domain (e.g., a CRISPR domain) is coupled to a
transcriptional regulatory domain. A guidable polypeptide domain (e.g., a CRISPR domain) coupled to a
transcriptional regulatory domain can be capable of enabling CRISPR interference (CRISPRi) or CRISPR
activation (CRISPRa). In some cases, a guidable polypeptide domain (e.g., a CRISPR domain) can be
coupled to a transcriptional regulatory domain such as P3000 or DNMTS3. In some cases, a guidable
polypeptide domain (e.g., a CRISPR domain) is coupled to the C-terminus of a transcriptional regulatory
domain. In some cases, a guidable polypeptide domain (e.g., a CRISPR domain) is coupled to an internal
component of a transcriptional regulatory domain. Any of the payloads described herein can further
comprise a plasma membrane recruitment domain, transmembrane domain, a signaling domain, a receptor
domain, a packaging domain, or a targeting domain. Any of payloads described herein can comprise or be
engineered to comprise a protein tag, a peptide tag, or small molecule tag. For example, a payload can
comprise a small nuclear localization signal (NLS), a nuclear export signal (NES), a cell penetrating
peptide (CPP), a mitochondria penetrating peptide (MPP), a solubility tag, or a fluorescent tag.

Base editor
[0187] In some cases, the payload to be delivered by the lipid containing particles of the present
disclosure comprises a nucleobase editor (also termed as “base editor”) or one or more components of a
nucleobase editing (also termed as “base editing”) complex.
[0188] The term “base editor (BE), ” or “nucleobase editor (NBE),” as used herein, can refer to an agent

comprising a polypeptide that is capable of making a modification to a base (e.g., A, T, C, G, or U) within
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a nucleic acid sequence (e.g., DNA or RNA). In some embodiments, the base editor is capable of
deaminating a base within a nucleic acid. In some embodiments, the base editor is capable of deaminating
a base within a DNA molecule. In some embodiments, the base editor is capable of deaminating an
adenosine (A) in DNA. In some embodiments, the base editor is capable of deaminating a cytosine (C) in
DNA. In some embodiments, the base editor is capable of converting a guanine (G) in DNA through a
glycoylase.

[0189] In some cases, the payload in the present disclosure comprises a deaminase domain. The
deaminase domain can be a natural or an engineered domain. A deaminase domain can be capable of
carrying out deamination reactions in DNA. A deaminase domain can be capable of e¢nabling the
generation of base conversions or point mutations in a target nucleic acid. For example, a deaminase
domain can be a cytidine deaminase domain or an adenosine deaminase domain. A cytidine deaminase
domain can be capable of converting cytosine to uracil. A cytidine deaminase domain can be capable of
enabling the conversion of a C-G base pair to a T-A base pair. For example, a cytidine deaminase can be
or comprise a APOBECI cytidine deaminase. An adenosine deaminase domain can be capable of
converting an adenosine to hypoxanthine. An adenosine deaminase domain can be capable of converting
an adenosine to an inosine. An adenosine deaminase can comprise TadA or a TadA mutant. In some
embodiments, TadA comprises a monomer. In some embodiments, TadA comprises a heterodimer
comprising a wildtype TadA and a mutated Tad A. In some embodiments, TadA comprises a homodimer
comprising two wildtype TadA domains or two mutated TadA domains. An adenosine deaminase domain
can be capable of enabling the conversion of an A-T base pair to a G-C base pair. A deaminase domain
can be a mutated variant. In some cases, a deaminase domain enables the conversion of Cto G, A to I, or
Cto U.

[0190] In some cases, the payload in the present disclosure comprises a glycosylase domain. The
glycosylase domain can be a natural or an engineered domain. A glveosyiase-based guanine base editor
can be designed to remove G, and the AP site generated is repaired by translesion svathesis and/or DNA
replication, leading to G-to-C or G-to-T conversion. A glycosylase domain can be capable of enabling
the generation of base conversions or point mutations in a target nucleic acid. For example, a glycosylase
domain can be a guanine glycosylase domain. Examples of glycosylase base edits can be found in Sun N,
etal, Mol Ther 2022 Jul 6;30(7):2452-2463 and Huawet Tong, et al,, Narional Science Review, Volume
19, Issue 8, August 2023, each of which is incorporated in its entirety herein.

[0191] In some cases, the base editor disclosed herein comprises a deaminase or a functional domain
thereof (“deaminase domain”™) that catalyzes deamination reaction.

[0192] The term "deaminase” or "deaminase domain," as used herein, refers to a protein or enzyme that
catalyzes a deamination reaction. In some embodiments, the deaminase or deaminase domain is an
adenosine deaminase, catalyzing the deamination of adenosine, converting it to the nucleoside
hypoxanthine. In some embodiments, the deaminase or deaminase domain is a cytidine deaminase,
catalyzing the hydrolytic deamination of cytidine or deoxycytidine to uridine or deoxyuridine,

respectively. In some embodiments, the deaminase or deaminase domain is a cytidine deaminase domain,
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catalyzing the hydrolytic deamination of cytosine to uracil. In some embodiments, the deaminase or
deaminase domain is a naturally-occurring deaminase from an organism, such as a human, chimpanzee,
gorilla, monkey, cow, dog, rat, or mouse. In some embodiments, the deaminase or deaminase domain is a
variant of a naturally-occurring deaminase from an organism, that does not occur in nature. For example,
in some embodiments, the deaminase or deaminase domain is at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75% at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at lcast 99%, or at least 99.5% identical to a naturally-occurring deaminase
from an organism.

[0193] As used herein, an “adenosine deaminase™ is an enzyme that catalyzes the deamination of
adenosine, converting it to the nucleoside hypoxanthine. Under standard Watson-Crick hydrogen bond
pairing, an adenosine base hydrogen bonds to a thymine base (or a uracil in case of RNA).

When adenine is converted to hypoxanthine, the hypoxanthine undergoes hydrogen bond pairing with
cytosine. Thus, a conversion of “A” to hypoxanthine by adenosine deaminase will cause the insertion of
“C” instead of a ““T” during cellular repair and/or replication processes. Since the cytosine “C” pairs with
guanine “G”, the adenosine deaminase in coordination with DNA replication causes the conversion of an
AT pairing to a C+G pairing in the double-stranded DNA molecule.

[0194] In some embodiments, the base editor is a chimeric protein comprising a nucleic acid
programmable R/DNA binding protein (napR/DNAbp) fused to a deaminase (e.g., cytidine deaminase or
adenosine deaminase) domain. The term “nucleic acid programmable D/RNA binding protein
(napR/DNADbp)” refers to any protein that can associate (e.g., form a complex) with one or more nucleic
acid molecules (i.e., which can broadly be referred to as a “napR/DNAbp-programming nucleic acid
molecule” and includes, for example, guide RNA in the case of Cas systems) which direct or otherwise
program the protein to localize to a specific target nucleotide sequence (e.g., a gene locus of a genome, or
an RNA molecule) that is complementary to the one or more nucleic acid molecules (or a portion or
region thereof) associated with the protein, thereby causing the protein to bind to the nucleotide sequence
at the specific target site. This term napR/DNAbp embraces CRISPR Cas9 proteins, as well as Cas9
equivalents, homologs, orthologs, or paralogs, whether naturally occurring or non-naturally occurring
(e.g., engineered or recombinant), and can include a Cas9 equivalent from any type of CRISPR system
(e.g., type IL, V, VI), including Cpfl (a type-V CRISPR-Cas systems), C2¢l (a type V CRISPR-Cas
system), C2¢2 (a type VI CRISPR-Cas system) and C2¢3 (atype V CRISPR-Cas system). Further Cas-
equivalents are described in Makarova et al., “C2c2 is a single-component programmable RNA-guided
RNA-targeting CRISPR effector,” Science 2016; 353(6299), the contents of which are incorporated
herein by reference. However, the nucleic acid programmable R/DNA binding protein (napR/DNAbp)
that can be used in connection with this disclosure are not limited to CRISPR-Cas systems. The present
disclosure embraces any such programmable protein, such as the Argonaute protein

from Natronobacterium gregoryi (NgAgo) which can also be used for DNA-guided genome editing.
NgAgo-guide DNA system does not require a PAM sequence or guide RNA molecules, which means

genome editing can be performed simply by the expression of generic NgAgo protein and mtroduction of
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synthetic oligonucleotides on any genomic sequence. See Gao F, Shen X Z, Jiang F, Wu Y, Han C. DNA-
guided genome editing using the Natronobacterium gregoryi Argonaute. Nat Biotechnol 2016; 34(7):768-
73, which is incorporated herein by reference.

[0195] In some cases, the napR/DNAbp is derived from a nuclease disclosed herein, such as, Cas9 (e.g.,
dCas9 and nCas9), CasX, CasY, Casl4, Cpfl, C2cl, C2¢2, C2¢3, Argonaute protein, or a variant thereof.
In some embodiments, the base editor comprises a Cas9 (e.g., dCas9 and nCas9), CasX, CasY, Cpfl,
C2cl, C2c2, C2c3, or Argonaute protein fused to a deaminase (e.g., cytidine deaminase or adenosine
deaminase). In some embodiments, the base editor comprises a Cas9 nickase (nCas9) fused to an
deaminase (e.g., cytidine deaminase or adenosine deaminase). In some embodiments, the base editor
comprises a CasX protein fused to a deaminase (e.g., cytidine deaminase or adenosine deaminase). In
some embodiments, the base editor comprises a nuclease-inactive Cas9 (dCas9) fused to a deaminase
(e.g., cytidine deaminase or adenosine deaminasce). In some embodiments, the base editor comprises a
CasY protein fused to a deaminase (e.g., cytidine deaminase or adenosine deaminase). In some
embodiments, the base editor comprises a Cas14 protein fused to a deaminase (e.g., cytidine deaminase or
adenosine deaminase). In some embodiments, the base editor comprises a Cpfl protein fused to a
deaminase (e.g., cytidine deaminase or adenosine deaminase). In some embodiments, the base editor
comprises a C2¢l protein fused to a deaminase (e.g., cytidine deaminase or adenosine deaminase). In
some embodiments, the base editor comprises a C2¢2 protein fused to a deaminase (e.g., cytidine
deaminase or adenosine deaminase). In some embodiments, the base editor comprises a C2¢3 protein
fused to a deaminase (e.g., cytidine deaminase or adenosine deaminase). In some embodiments,

the base editor comprises an Argonaute protein fused to a deaminase (e.g., cytidine deaminase or
adenosine deaminase).

[0196] In some embodiments, the adenosine deaminases provided herein are capable of deaminating
adenosine. In some embodiments, the adenosine deaminases provided herein are capable of deaminating
adenosine in a deoxyadenosine residue of DNA. The adenosine deaminase can be derived from any
suitable organism (e.g., E. coli). In some embodiments, the adenosine deaminase is a naturally-occurring
adenosine deaminase that includes one or more mutations corresponding to any of the mutations provided
herein (e.g., mutations in ecTadA). One of skill in the art will be able to identify the corresponding
residue in any homologous protein and in the respective encoding nucleic acid by methods well known in
the art, e.g., by sequence alignment and determination of homologous residues. Accordingly, one of skill
in the art would be able to generate mutations in any naturally-occurring adenosine deaminase (e.g.,
having homology to ecTadA) that corresponds to any of the mutations described herein, e.g., any of the
mutations identified in ecTadA. In some embodiments, the adenosine deaminase is from a prokaryote. In
some embodiments, the adenosine deaminase 1s from a bacterium. In some embodiments, the adenosine
deaminase is from Escherichia coli, Staphylococcus aureus, Salmonella typhi, Shewanella putrefaciens,
Haemophilus influenzae, Caulobacter crescentus, or Bacillus subtilis. In some embodiments, the

adenosine deaminase 1s from E. coli.
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[0197] In some cases, the deaminase domain of the base editor disclosed herein is derived from a
cytidine deaminase. In some cases, the cytidine deaminase domain is derived from the apolipoprotein B
mRNA-editing complex (APOBEC) family deaminase, such as APOBEC1 deaminase, APOBEC2
deaminase, APOBEC3A deaminase, APOBEC3B deaminase, APOBEC3C deaminase, APOBEC3D
deaminase, APOBEC3F deaminase, APOBEC3G deaminase, or APOBEC3H deaminase. In some cases,
the cytidine deaminase 1s a modification of an APOBEC family deaminase. In some cases, the cytidine
deaminase is an evolved denivative of an APOBEC family deaminase.

[0198] In some embodiments, the base editor comprises BE1, BE2, BE3, BE4, BE4max, or another base
editor variant. In some embodiments, the base editor comprises BE4max (R33A) AUGI-hUNG complex
(CGBE1).

[0199] In some embodiments, the base editor is fused to, or further comprises as part of a chimeric
protein, an inhibitor of base excision repair, for example, a uracil clycosylase inhibitor (UGI) domain. In
some embodiments, the base editor is fused to one, two, or three UGI domains. In some embodiments, the
base editor is fused to one or more UGI domains. In some embodiments, a UGI domain reduces off target
effects, specifically the conversion of Cto G or C to A.

[0200] In some cases, the base editor disclosed herein is a chimeric protein that comprises a structure
such as, NH;-[deaminase domain]-[napR/DNAbp]-[UGI domain]-COOH; NH;-[deaminase domain]-
[napR/DNADbp]-[UGI]-[UGI]-COOH; NH:-[deaminase domain]-[napR/DNAbp]-[UGI]-COOH; NH,-
[UGI]-[ deaminase domain]-[napR/DNAbp|-COOH; NH;-[deaminase domain]-[UGI]-[napR/DNAbp]-
COOH; NH;-|[napR/DNAbp]-[UGI]-[deaminase domain]-COOH; or NH;-[napR/DNAbp]-[deaminase
domain]-[UGI]-COOH; wherein each instance of ‘=" comprises an optional linker.

[0201] In some cases, the base editor is fused to, or further comprises as part of a chimeric protein, a
uracil binding protein (UBP). The term “uracil binding protein” or “UBP,” as used herein, refers to a
protein that is capable of binding to uracil. In some embodiments, the uracil binding protein is a uracil
modifying enzyme. In some embodiments, the uracil binding protein is a uracil base excision enzyme. In
some embodiments, the uracil binding protein is a uracil DNA glycosylase (UDG). In some
embodiments, a uracil binding protein binds uracil with an affinity that is at least 1%, 2%, 3%, 5%, 10%,
15%, 20%., 30%, 40%, 50%., 60%, 70%, 80%, 90%, or at least 95% of the affinity that a wild type UDG
(e.g., ahuman UDG) binds to uracil. The term “base excision enzyme” or “BEE,” as used herein, refers
to a protein that is capable of removing a base (e.g., A, T, C, G, or U) from a nucleic acid molecule (e.g.,
DNA or RNA). In some embodiments, a BEE is capable of removing a cytosine from DNA. In some
embodiments, a BEE is capable of removing a thymine from DNA. Exemplary BEEs include, without
limitation UDG Tyr147Ala, and UDG Asn204Asp as described in Sang et al., “A Unique Uracil-DNA
binding protein of the uracil DNA glycosylase superfamily,” Nucleic Acids Research, Vol. 43, No. 17
20135; the entire contents of which are hereby incorporated by reference.

[0202] In some embodiments, the UBP is a uracil modifying enzyme. In some embodiments, the UBP is
a uracil base excision enzyme. In some embodiments, the UBP is a uracil DNA glycosylase. In some

embodiments, the UBP is any of the uracil binding proteins provided herein. For example, the UBP can
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be a UDG, a UdgX, a UdgX*, a UdgX On, or a SMUGI. In some embodiments, the UBP comprises an
amino acid sequence that is at least 75%, 80%, 85%., 90%, 95%, 96%, 97%, 98%., 99%, or 99.5%
identical to a uracil binding protein, a uracil base excision enzyme or a uracil DNA glycosylase (UDG)
enzyme.

[0203] In some cases, the base editor is fused to, or comprises as a part of the chimeric protein, a nucleic
acid polymerase domain (NAP). For instance, the nucleic acid polymerase domain is a cukaryotic nucleic
acid polymerase domain. In some cases, the nucleic acid polymerase domain 1s a DNA polymerase
domain. In some cases, the nucleic acid polymerase domain has translesion polymerase activity. In some
cases, the nucleic acid polymerase domain is a translesion DNA polymerase. In some cases, the nucleic
acid polymerase domain 1s from Rev7, Revl complex, polymerase iota, polymerase kappa, and
polymerase cta. In some cases, the nucleic acid polymerase domain is selected from the group of
eukaryotic polymerases consisting of alpha, beta, gamma, delta, epsilon, gamma, eta, iota, kappa, lambda,
mu, and nu.

[0204] In some cases, the base editor disclosed herein is a chimeric protein that comprises a structure
such as, NH,-[deaminase domain]-[napR/DNAbp domain]-[UBP]-[NAP]-COOH; NH;-[ deaminase
domain]-[napR/DNAbp]-[NAP]-[UBP]-COOH; NH;-[deaminase domain]-[NAP]-[napR/DNAbp]-
[UBP]-COOH; or NH>-[NAP]-[ deaminase domain]-[napR/DNAbp]-[UBP]-COOH; wherein cach
instance of *-” comprises an optional linker.

[0205] In some cases, the base editor disclosed herein is complexed with a napR/DNAbp-programming
nucleic acid molecule. In some cases, the base editing system disclose herein comprises a base editor and
a napR/DNAbp-programming nucleic acid molecule, e.g., the base editor complexed with the
napR/DNAbp-programming nucleic acid molecule. In some cases, the lipid containing particles of the
present disclosure deliver a base editing system that comprises both a base editor and a napR/DNAbp-
programming nucleic acid molecule, e.g., the base editor complexed with the napR/DNAbp-programming
nucleic acid molecule. In some cases, a base editor is delivered separately from the napR/DNAbp-
programming nucleic acid molecule through lipid containing particles disclosed herein, or together with
other delivery methods, into a cell.

[0206] The term “napR/DNAbp-programming nucleic acid molecule™ or equivalently “guide sequence”
refers the one or more nucleic acid molecules which associate with and direct or otherwise program a
napR/DNADbp protein to localize to a specific target nucleotide sequence (e.g., a gene locus of a genome)
that is complementary to the one or more nucleic acid molecules (or a portion or region thereof)
associated with the protein, thereby causing the napR/DNAbp protein to bind to the nucleotide sequence
at the specific target site. An example is a guide RNA of a Cas protein of a CRISPR-Cas

genome editing system.

[0207] Exemplary configurations, sequences, and mutations thereof for deaminase domains,
napR/DNAbp domains, UGI domains, and whole base editor proteins, and exemplary configurations of a
base editing system (e.g., comprising both a base editor and a napR/DNAbp-programming nucleic acid

molecule) that can be delivered by a lipid containing particle disclosed herein include those described in
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U.S. Patent Publication Nos. US20170121693, US20180073012, US20180312828, US20180170984,
US2020010835, US2020172931, US20210230577, US20210198330, US20210277379, US2020399626,
US2021371858, US2021380955, US2021277379, US2021301274, US20220127622, US20220313799,
US20230055682, US20230159913, US20230086199, US20220127622, US20220313799,
US20230279373, and US20230055682, each of which 1s incorporated herein by reference in its entirety.
Exemplary configurations, sequences, and mutations thereof for deaminase domains, napR/DNAbp
domains, UGI domains, and whole base editor proteins, that can be delivered by a lipid containing
particle disclosed herein also include those described in Komor AC et al. Nature. 2016 May
19:533(7603):420-4; Kim YB ¢t al. Nat Biotechnol. 2017 Apr;35(4):371-376; Rees HA et al. Nat
Commun. 2017 Jun 6;8:15790; Newby GA et al. Mol Ther. 2021 Nov 3;29(11):3107-3124; Huang TP et
al. Nat Protoc. 2021 Feb;16(2):1089-1128; Lapinaite A et al. Science. 2020 Jul 31;369(6503):566-571;
Anzalone AV et al. Nat Biotechnol. 2020 Jul;38(7):824-844; Rees HA et al. Nat Rev Genet. 2018
Dec:19(12):770-788; Koblan LW ¢t al. Nat Biotechnol. 2018 Oct;36(9):843-846; and Gaudelli NM et al.
Nature. 2017 Nov 23;551(7681):464-471; ecach of which is incorporated herein by reference in its
entirety.

Prime editor
[0208] In some cases, the lipid delivery particles disclosed herein is capable of delivering a payload,
such as a prime editing system, or one or more components thereof, such as a ribonucleoprotein (RNP)
complex, into a cell in vitro, ex vivo, or in vivo. In some embodiments, the prime editing system, or one
or more components thereof, is within the inside cavity of the protein core of the lipid delivery particles
disclosed herein.
[0209] Prime editing system is a ‘search-and-replace’ genome editing technology by which the genome
of living organisms can be modified. The term "prime editing system" or "prime editor (PE)" refers the
compositions involved in genome editing using target-primed reverse transcription (TPRT) describe
herein, can comprise a nucleic acid-guided polypeptide, e.g., nucleic acid-guided polypeptide, a nucleic
acid polymerase, chimeric proteins (e.g., comprising guidable polypeptide domain and reverse
transcriptase), guide nucleic acid molecule (e.g., guide RNAs), and complexes comprising fusion proteins
and guide RNAs, as well as accessory elements, such as second strand nicking components and 5'
endogenous DNA flap removal endonucleases (e.g., FEN1) for helping to drive the prime editing process
towards the edited product formation.
[0210] In some embodiments, the prime editing system disclosed herein comprises a ribonucleoprotein
(RNP) complex. In some cases, the RNP complex comprises a prime editor and a guide nucleic acid
molecule. In some cases, the prime editor is formed between one or more proteins and one or more
polynucleotides. The prime editor can comprise a nucleic acid-guided polypeptide. The guidable
polypeptide domain can comprise a nucleic acid-guided polypeptide, for example a nuclease (e.g., a Cas
protein). For instance, the prime editor can comprise a fusion protein, comprising a nucleic acid
programmable R/DNA binding protein (e.g., a nuclease, such as a Cas protein) and a nucleic acid

polymerase (e.g., a reverse transcriptase or any suitable DNA polymerase). In some cases, the nucleic
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acid polymerase is coupled to the nucleic acid-guided polypeptide. In some cases, the guide nucleic acid
molecule can comprise a guide nucleic acid molecule, e.g., a guide RNA. In some cases, the prime editor
1s operably linked to the guide nucleic acid molecule via a linker, forming the RNP complex. In some
cases, the prime editor is directly linked to the guide nucleic acid molecule, forming the RNP complex.
[0211] In a specific instance, prime editing system comprises a fusion protein that comprises an
engineered Cas9 nickase and a reverse transcriptase, and the fusion protein is paired with an engineered
prime editing guide RNA (PEgRNA). In some cases, the PEgRNA can direct Cas9 to a target site within a
host cell where the lipid delivery particles are delivered. In some cases, the peg RNA can encode the
information for installing the desired edit. In some cases, the prime editing system can function through a
multi-step process: 1) the Cas9 domain can bind and nick the target genomic DNA site, which 1s specified
by a spacer sequence in the PEgRNA; 2) the reverse transcriptase can use the nicked genomic DNA as a
primer to initiate synthesis of an edited DNA strand using an engincered extension on the PEgRNA as a
template for reverse transcription, which can generate a single-stranded 3' flap containing the edited DNA
sequence; 3) cellular DNA repair mechanism can resolve the 3' flap intermediate by the displacement of a
5' flap species that occurs via invasion by the edited 3' flap, excision of the 5' flap containing the original
DNA sequence, and ligation of the new 3' flap to incorporate the edited DNA strand, forming a
heteroduplex of one edited and one unedited strand; and 4) cellular DNA repair mechanism can replace
the unedited strand within the heteroduplex using the edited strand as a template for repair, which
completes this editing process. In some embodiments, the prime editing machinery edits a target DNA
molecule. In some embodiments, the prime editing machinery edits a target RNA molecule. Examples of
targeting RNA molecules using prime editing are described in international patent application
W02021072328 and U.S. Patent Application number US20230357766, each of which is incorporated in
its entirety. In other instances, a prime editing system is a multi-flap prime editing system that can
simultaneously edit both DNA strands. For example, a dual-flap prime editing system comprises two
PEgRNAs, which can be used to target opposite strands of a genomic site and direct the synthesis of two
complementary 3’ flaps containing edited DNA sequence. The pair of edited DNA strands (3" flaps) does
not need to directly compete with 5 flaps in endogenous genomic DNA| as the complementary edited
strand is available for hybridization instead. In this instance, both strands of the duplex are synthesized as
edited DNA, the dual-flap prime editing system obviates the need for the replacement of the non-edited
complementary DNA strand. Instead, cellular DNA repair machinery can only excise the paired 3° flaps
(original genomic DNA) and ligate the paired 3 flaps into the locus.

[0212] In some embodiments, a prime editing system can be paired with a separate Cas9 nickase and a
separate gRNA that nicks the DNA at a locus that is different than the locus targeted by the PEgRNA . In
some embodiments, one or more prime editing systems can be paired, each targeting a different locus. In
some cases, pairing of two prime editing systems, each of which targets a different locus on the same
chromosome, can install large insertions, deletions, or modifications. In some cases, pairing of two prime
editing systems, each of which targets a different locus, can install large structural modifications. In some

embodiments, a prime editor can installupto 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
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or 20 modifications. In some embodiments, a prime editor can install 1,2,3,4,5,6,7,8,9,10,11, 12,
13, 14, 15, 16, 17, 18, 19, 20, or more modifications. In some embodiments, a prime editor can install up
to about 25, about 30, about 35, about 40, about 45, about 50, about 55, about 60, about 65, about 70,
about 75, about 80, about 85, about 90, about 95, or about 100 modifications. In some embodiments, a
prime editor can install more than about 25, about 30, about 35, about 40, about 45, about 50, about 55,
about 60, about 65, about 70, about 75, about 80, about 85, about 90, about 95, or about 100
modifications. In some cases, a prime editor can install more than 100 modifications. In some
embodiments, more than one prime editor can be used to install mutations more than 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more modifications. In some embodiments, more than one
prime editor can be used to install mutations more than about 25, about 30, about 35, about 40, about 45,
about 50, about 55, about 60, about 65, about 70, about 75, about 80, about 85, about 90, about 95, or
about 100 modifications. In some embodiments, more than one prime editor can be used to install
mutations more than about 1kb, 5kb, 10kb, 20kb, 30kb, 40kb, 50kb, 60kb. 70kb, 80kb, 90kb, or more.
[0213] Different variants of prime editors have been developed, such as prime editors (PE) PE1, PE2,
PE3, PE4, or PES, some of which are described in Liu, D. et al., Nature 2019, 576, 149-157 and Huang Z,
Liu G. Front Bioeng Biotechnol 2023;11:1039315, U.S. Patent Application numbers US20210292769,
US20230090221, US2022078655, US20230220374, each of which is hereby incorporated by reference
herein in its entirety. In some cases, the prime editor comprises a reverse transcriptase (RT) fused with
Cas9 H 840A nickase (Cas9n (H840A)) and a prime-editing guide RNA (pegRNA). In some cases, the
RT comprises an RNA-dependent DNA polymerase. In some cases, the RT comprises a protein derived
from a retrovirus. In some embodiments, the RT comprises Moloney Murine Leukemia Virus (M-
MMLYV) RT. In some embodiments, the RT comprises a RT from HFV, LtrA, HERV-Kcon, Tel4c,
Marathon, Gst-1IC, MA-INTS5, or another RT ortholog. In some cases, the RT is modified, mutated,
truncated, or evolved. In some cases, the RT comprises a full length RT protein. In some cases, the RT
comprises a truncated RT. In some cases, the RT is fused to the Cas protein. In some cases, the RT is
fused to the Cas protein at the N terminus to the Cas protein. In some cases, the RT is fused to the Cas
protein at the C terminus of the Cas protein. In some cases, the RT is fused to the Cas protein as an inlaid
fusion. In some cases, the RT is untethered to the Cas protein. Examples of prime editing architecture are
described in Gritnewald, I, ef gl , Nar Biotechnol 41, 337--343 (2023) and Gao 7, et al., Mol Ther 2022,
30(9):2942-2951, cach of which is incorporated herein in its entivety.

[0214] In some cases, the prime editor comprises (a) a fusion protein having the following N-terminus to
C-terminus structure: [NLS]-[Cas9(H840A)]- [linker]-{MMLV_RT(wt)] and (b) a PEgRNA. In some
cases, the prime editor comprises (a) a fusion protein having the following N-terminus to C-terminus
structure: [NLS]-[Cas9(H840A)]-[linker|-[MMLV_RT(D200N)(T330P)(L603W)(T306K) (W313F)] and
(b) a PEgRNA. In some cases, the prime editor comprises (a) a fusion protein having the following N-
terminus to C-terminus structure: [NLS]-[Cas9(H840A)]-[linker]-
[MMLV_RT(D200N)(T330P)(L603W)(T306K) (W313F)]; (b) a PEgRNA; and (¢) a nicking guide RNA
that introduces a nick in the non-edited DNA strand. In some cases, the addition of nicking guide RNA
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increases the chances of the unedited strand to be repaired rather than the edited strand. In some cases, the
prime editor comprises (a) a fusion protein having the following N-terminus to C-terminus structure:
[NLS]-[Cas9(H840A)]-[linker|-[MMLV_RT(D200N)(T330P)(L603W)(T306K) (W313F)]; (b) a
PEgRNA; and (c) a nicking guide RNA that is designed with a spacer that matches only the edited strand
but not the original allele before editing, so that the nicking guide RNA is not introduced until after the
desired edit 1s installed. In some cases, the prime editor comprises (a) a fusion protein having the
following N-terminus to C-terminus structure: [NLS]-[Cas9(H840A)]-[linker]-
[MMLV_RT(D200N)(T330P)(L603W)(T306K) (W313F)]; (b) a PEgRNA; and (c) evading specific
DNA mismatch repair (MMR) protein, such as co-expression of a dominant negative MMR protein, such
as MLH1dn (e.g.., MLHI1 A754-756). In some cases, the prime editor comprises (a) a fusion protein
having the following N-terminus to C-terminus structure: [NLS]-[Cas9(H840A)]-[linker]-
[MMLV_RT(D200N)(T330P)(L603W)(T306K) (W313F)]; (b) a PEgRNA; (¢) a nicking guide RNA that
mtroduces a nick in the non-edited DNA strand; and (d) evading specific DNA mismatch repair (MMR)
protein, such as co-expression of a dominant negative MMR protein, such as MLH1dn (e.g., MLH1
A754-756). Evading MMR protein, such as by co-expression of MMR protein MLH1dn can increase
efficiency of prime editing, as described in International Publication No., W02023102538 and Chen et
al., Cell Volume 184, Issue 22, 28 October 2021, Pages 5635-5652 €29, each of which is hereby
incorporated by reference herein in its entirety. An exemplary sequence for MLH1dn (MLH1 A754-756)
1s:
MSFVAGVIRRLDETVVNRIAAGEVIQRPANAIKEMIENCLDAKSTSIQVIVKEGGLKLIQIQDNGT
GIRKEDLDIVCERFTTSKLQSFEDLASISTY GFRGEALASISHVAHVTITTKTADGKCAYRASYSD
GKLKAPPKPCAGNQGTQITVEDLFYNIATRRKALKNPSEEYGKILEVVGRYSVHNAGISFSVKKQ
GETVADVRTLPNASTVDNIRSIFGNAVSRELIEIGCEDKTLAFKMNGYISNANY SVKKCIFLLFINH
RLVESTSLRKAIETVYAAYLPKNTHPFLYLSLEISPOQNVDVNVHPTKHEVHFLHEESILERVQQHI
ESKLLGSNSSRMYFTQTLLPGLAGPSGEMVKSTTSLTSSSTSGSSDKVYAHQMVRTDSREQKLD
AFLQPLSKPLSSQPQAIVTEDKTDISSGRARQQDEEMLELPAPAEVAAKNQSLEGDTTKGTSEMS
EKRGPTSSNPRKRHREDSDVEMVEDDSRKEMTAACTPRRRIINLTSVLSLQEEINEQGHEVLREM
LHNHSFVGCVNPQWALAQHQTKLYLLNTTKLSEELFYQILTYDFANFGVLRLSEPAPLFDLAMLA
LDSPESGWTEEDGPKEGLAEYIVEFLKKKAEMLADYFSLEIDEEGNLIGLPLLIDNY VPPLEGLPIF
ILRLATEVNWDEEKECFESLSKECAMFY SIRKQYISEESTLSGQQSEVPGSIPNSWKWTVEHIVYK
ALRSHILPPKHFTEDGNILQLANLPDLYKVF. In some cases, other strategies for evading MMR
protein can be adopted, such as installing silent mutations next to the desired edit or co-expressing an
antibody targeting the MMR protein. In some cases, the foregoing prime editor comprises (a) a fusion
protein having the following N-terminus to C-terminus structure: [bipartite NLSI-
[Cas9(R221K)(N394K)(H840A)]-[linker]-| MMLV_RT(D200N)(T330P)(L603W)]-| bipartite NLS]|-
[NLS] instead. In some cases, the components in the foregoing prime editors are packaged in a single
lipid delivery particle. In some cases, the components in the foregoing prime editors are packaged in two

or more lipid deliver particles that are delivered to the recipient cell simultancously. In some cases, the
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components in the foregoing prime editors are packaged in two or more lipid deliver particles that are
delivered to the recipient cell sequentially.
[0215] In some cases, the prime editing system can comprise a flap endonuclease (e.g., FENI or variant
thereof) that is delivered as a part of the lipid delivery particle (e.g., fused to a plasma membrane
recruitment element as a chimeric protein). The flap endonuclease can comprise naturally occurring
enzymes that process the removal of 5' flaps formed during cellular processes, including DNA replication.
The flap endonuclease includes those described in Patel er al., Nucleic Acids Research, 2012, 40(10):
4507-4519 and Tsutakawa et al., Cell, 2011, 145(2): 198-211, each of which is incorporated herein by
reference in its entirety.
[0216] Additional elements that can be delivered as a part of the prime editing system via the lipid
delivery particles (e.g., fused to the nucleic acid-guided polypeptide, or fused to plasma membrane
recruitment element) described herein include inhibitor of base repair (e. g., proteins that inhibit a nucleic
acid repair enzyme, for example, a base excision repair enzyme), uracil glycosylase inhibitor domains
(e.g., protein that inhibits a uracil-DNA glycosylase base-excision repair enzyme), epitope tags, and
reporter gene sequences, including those described in International Publication No. W02023205744,
which is incorporated herein by reference in its entirety.

Epigenetic editor
[0217] In some cases, the payload to be delivered by the lipid containing particles of the present
disclosure comprises an epigenctic editor or one or more components of an epigenctic editing complex
(e.g., comprising an epigenctic editor and a nucleic acid molecule that guides the epigenctic editor to bind
and/or modify one or more specific target sequences).
[0218] In some cases, the epigenctic editor or epigenetic editing complex disclosed herein has epigenetic
activities, such as, methyltransferase activity, demethylase activity, dismutase activity, alkylation activity,
depurination activity, oxidation activity, pyrimidine dimer forming activity, integrase activity, transposase
activity, recombinase activity, polymerase activity, ligase activity, helicase activity, photolyase activity or
glycosylase activity, acetyltransferase activity, deacetylase activity, kinase activity, phosphatase activity,
ubiquitin ligase activity, deubiquitinating activity, adenylation activity, deadenylation activity,
SUMOylating activity, deSUMOylating activity, ribosylation activity, deribosylation activity,
myristoylation activity, remodelling activity, protease activity, oxidoreductase activity, transferase
activity, hydrolase activity, lyase activity, isomerase activity, synthase activity, synthetase activity, or
demyristoylation activity. In some cases, the epigenetic editor or epigenetic editing complex disclosed
herein has a chromosome modification enzyme, or a functional domain that has the functional activity
equivalent to a chromosome modification enzyme, such as a methylase, demethylase, acetylase,
deacetylase, deaminase, phosphorylase, dephosphorylase, histone modifying enzyme, or nucleotide
modifying enzyme. In some cases, the epigenetic editor or epigenetic editing complex disclosed herein
has a histone modifying enzyme, or a functional domain that has the functional activity equivalent to a

histone modifying enzyme. In some cases, the epigenetic editor or epigenctic editing complex disclosed
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herein has a nucleotide modifying enzyme, or a functional domain that has the functional activity
equivalent to a nucleotide modifying enzyme.

[0219] In some embodiments, the epigenetic editor or epigenetic editing system comprises a protein
domain that represses expression of the target gene. For example, the epigenetic editor or epigenetic
editing system can comprise a functional domain derived from a zinc finger repressor protein. Sequences
of exemplary functional domains of an epigenetic editor or epigenetic editing system that can reduce or
silence target gene expression are provided can be found in PCT/US2021/030643 and Tycko et al. (Tycko
J, DelRosso N, Hess GT, Aradhana, Banerjee A, Mukund A, Van MV, Ego BK, Yao D, Spees K, Suzuki
P. Marinov GK, Kundaje A, Bassik MC, Bintu L. High-Throughput Discovery and Characterization of
Human Transcriptional Effectors. Cell. 2020 Dec 23;183(7):2020-2035 ¢16. dot:
10.1016/j.¢e11.2020.11.024. Epub 2020 Dec 15. PMID: 33326746, PMCID: PMC8178797 ), each of
which is incorporated here by reference 1n its entirety.

[0220] In some embodiments, the epigenetic editor or epigenetic editing system makes an epigenetic
modification at a target gene that activates expression of the target gene. In some embodiments, the
epigenetic editor or epigenetic editing system modifies the chemical modification of DNA or histone
residues associated with the DNA at a target gene harboring the target sequence, thereby activating or
increasing expression of the target gene. In some embodiments, the epigenctic editor or epigenetic editing
system comprises a DNA demethylase, a DNA dioxygenase, a DNA hydroxylase, or a histone

demethylase domain.

Nucleic acids and polynucleotides

[0221] In some cases, the lipid delivery particle of the present disclosure comprises a payload
comprising a nucleic acid. The nucleic acid as a payload can comprise or be composed of one or more
nucleotides. Nucleotides are referred to by their commonly accepted single-letter codes: A represents
adenine, C represents cytosine, G represents guanine, T represents thymine, U represents uracil, 1
represents inosine. Unless otherwise indicated, nucleotide sequences are written from left to right in a 5'
to 3' orientation. In some cases, the nucleic acid as a payload comprises a polynucleotide. The nucleic
acid as a payload can comprise DNA or RNA. In some cases, the nucleic acid as a payload comprises or
encodes a gene. The nucleic acid as a payload can comprise or encode any of the polynucleotides
described elsewhere herein. The nucleic acid as a payload can be a vector encoding any of the
polypeptide domains described elsewhere herein. In some cases, the nucleic acid as a payload is an
engineered polynucleotide.

[0222] In some cases, the payload does not comprise a repair template. In some cases, the double
stranded break is repaired through non-homologous end joining. In some cases, the payload comprises a
repair template. The repair template can be double-stranded or single-stranded. The repair template can
comprise a template sequence comprising a desired edit to be introduced in a target nucleic acid molecule.
In some cases, the repair template is a homology-directed repair template. A homology-directed repair

template can comprise a homology arm that is homologous to a sequence in the target nucleic acid. In
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some cases, the payload comprises a DNA-synthesis template comprising a DNA-synthesis template
sequence. The DNA-synthesis template can comprise a desired edit to be introduced in a target nucleic
acid molecule. The DNA-synthesis template can be a template for a DNA polymerase or a reverse
transcriptase to carry out DNA synthesis. For example, in prime editing, a prime editor can use the DNA
synthesis template sequence to synthesize a DNA strand that is complementary to the DNA synthesis
template sequence. In some cases, the DNA strand is inserted into the target nucleic acid. In some cases,
the nucleic acid comprising the DNA synthesis template sequence also comprises a primer-binding
sequence. A primer-binding sequence can be complementary to a sequence in a primer strand to which a
DNA polymerase or reverse transcriptase can add nucleotides. In some cases, the primer strand is part of
a target nucleic acid molecule. A primer-binding sequence can be complementary to a sequence in the
target nucleic acid.

[0223] In some cases, the payload comprises a double-stranded DNA containing a desired gene sequence
to be inserted in the target nucleic acid molecule. In some cases, the double-stranded DNA 1s configured
to couple to a transposase domain. In some cases, the payload is delivered in the same particle as the
transposase domain. In some cases, the payload is delivered 1n a separate particle as the transposase
domain.

[0224] In some cases, the payload comprises a polynucleotide that is configured to bind to a guidable
polypeptide domain. In some cases, the polynucleotide directs a guidable polypeptide domain to a
sequence in a target nucleic acid molecule. In some cases, the polynucleotide comprises a scaffold
segment configured to bind to a guidable polypeptide domain (e.g., Cas9 or Cas12). In some cases,
polynucleotide comprises a spacer sequence that is complementary to a target sequence in the target
nucleic acid molecule and is capable of hybridizing to the target sequence. The polynucleotide can be a
natural molecule or an engineered or synthetic molecule. The polynucleotide can be derived or share
sequence or structural similarities to CRISPR RNA (crRNA), a tractRNA, or a scoutRNA encoded in a
CRISPR system. In some cases, the polynucleotide is engineered to be a single RNA guide (sgRNA)
comprising elements of the crRNA and the tracrRNA. In some cases, the polynucleotide comprises a
scaffold segment and a spacer sequence. The scaffold segment can be configured to bind to a guidable
polypeptide domain. The scaffold segment can be specific to a specific type of guidable polypeptide (e.g.,
Cas9 or Casl2). In some cases, the spacer sequence is programmed to be any sequence. In some cases,
the spacer sequence is programmed to a sequence complementary to a target nucleic acid sequence.
[0225] In some cases, the payload comprises a polynucleotide that is a guide nucleic acid molecule for a
prime editing system, e.g., a prime editing guide RNA (PEgRNA). In some cases, the PEgRNA is capable
of (i) identifying a target nucleotide sequence to be edited, and (i) encoding new genetic information that
replaces the targeted sequence. In some cases, a guide nucleic acid molecule for a prime editing system
comprises two or more guide RNAs. In some cases, a guide nucleic acid molecule for a prime editing
system comprises a nicking guide RNA. In some cases, a guide RNA comprises (A) a primer binding site,
(B) a clamp segment, (C) a sequence encoding new genetic information that replaces the targeted

sequence, (D) an aptamer, (E) spacer, or (F) scaffold, or any combinations thereof. In some cases, a guide
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RNA comprises a sequence encoding new genetic information that replaces the targeted sequence, a
spacer, and scaffold. In some cases, a guide RNA comprises a spacer and scaffold. In some cases, the
guide nucleic acid molecule is heterologous to the cell or host receiving the lipid delivery particle.

[0226] In some cases, the PEgRNA comprises an extended single guide RNA (sgRNA) containing a
primer binding site (PBS) and a template sequence for nucleic acid polymerase (e.g., reverse transcriptase
or DNA polymerase). For example, a PEgRNA can comprise an architecture corresponding to 5'-[spacer]-
[guide RNA core]-[extension arm]-3". The spacer sequence can comprise about 20 nucleotides in length.
The spacer sequence can bind to a protospacer in a target nucleic acid molecule. The spacer sequence can
guide the nucleic acid-guided polypeptide (e.g., Cas9) to the target nucleic acid molecule. The guide RNA
core can be responsible for binding of the nucleic acid-guided polypeptide (e.g., Cas9). The extension arm
can comprise a primer binding site, an edit template, and a homology arm, in a 3’ to 5’ direction. The
PEgRNA can further comprise, optionally, a 3 end modifier region, 5° end modifier region, a
transcriptional signal at the 3” end. The PEgRNA can optionally comprise a secondary structure, such as,
hairpins, stem/loops, toe loops, RNA-binding protein recruitment domains (e.g., the MS2 aptamer which
recruits and binds to the MS2¢p protein). In some cases, the PEgRNA comprises an aptamer and the
prime editor further comprises an aptamer binding protein (e.g., fused to Cas protein or reverse
transcriptase). Guide RNAs including an aptamer include those described in International Publication No.
W02023205708, which is hereby incorporated herein by reference in its entirety. Homology arm can
encode a portion of a resulting reverse transcriptase-encoded single strand DNA flap to be integrated into
the target DNA site by replacing the endogenous strand. The portion of the single strand DNA flap
encoded by the homology arm is complementary to the non-edited strand of the target DNA sequence,
which facilitates the displacement of the endogenous strand and annealing of the single strand DNA flap
in its place, thereby installing the edit. The edit template can comprise a sequence corresponding to new
genetic information that replaces the targeted sequence, i.¢., a single strand RNA of the PEgRNA that
codes for a complementary single strand DNA that is either the sense or the antisense strand of the new
genetic information that replaces the targeted sequence and which is incorporated into the genomic DNA
target locus through the prime editing process.

[0227] In some cases, during genome editing, the primer binding site allows the 3 end of the nicked
DNA strand to hybridize to the PEgRNA, while the reverse transcriptase template serves as a template for
the synthesis of edited genetic information. A prime editing system can allow DNA synthesis based on
the reverse transcriptase template at a nick site a single 3' flap, which becomes integrated into a target
nucleic acid on the same strand. In other embodiments, a prime editing system can be a multi-flap prime
editing system that generate pairs or multiple pairs of 3' flaps on different strands, which form duplexes
comprising desired edits and which become incorporated into target nucleic acid molecules, e.g., at
specific loci or edit sites in a genome. In some embodiments, the pairs or multiple pairs of 3' flaps form
duplexes because they comprise reverse complementary sequences which anneal to one another once
generated by the prime editors described herein. The duplexes can be incorporated into the target site by

cell-driven mechanisms that naturally replace the endogenous duplex sequences located between adjacent
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nick sites. In certain embodiments, the new duplex sequences can be introduced at one or more locations
(e.g., at adjacent genomic loci or on two different chromosomal locations), and can comprise one or more
sequences of interest, e. g., protein-encoding sequence, peptide-encoding sequence, or RNA-encoding
sequence.

[0228] In some cases, the payload comprises a polynucleotide comprising a scaffold segment, a spacer
sequence, a DNA synthesis template, and a primer-binding sequence. In some cases, the scaffold segment
and a spacer sequence are on a first nucleic acid molecule and the DNA synthesis template and the
primer-binding sequence are on a second nucleic acid molecule.

[0229] In some cases, the guide RNA further comprises a clamp segment. In some cases, the guide RNA
comprising, from 3° to 5°, a primer binding site, a sequence encoding at least a portion of the first
recombinase recognition sequence, a clamp segment, scaffold, and spacer. The clamp segment comprises
a sequence that, after being reverse transcribed 1s at least partially complementary to a genomic site close
to the primer binding site and where the spacer binds. Without wishing to be bound by a certain theory,
the clamp segment can enhance integration efficiency of the new genetic material that replaces the target
sequence at the double-stranded target DNA sequence relative to a guide RNA without the clamp
segment. The clamp segment can allow for a reduced number of nucleotides in the primer binding site
need to bind its genomic site and facilitate reverse transcription, which in turn enables design of a guide
RNA that is shorter than conventional guide RNAs used for other gene editing methods. The clamp
segment is described in International Publication No. W02023215831, which is hereby incorporated
herein by reference in its entirety.

[0230] In some cases, a guide RNA can complete the insertion of new genetic material that replaces the
target sequence without another guide RNA when delivered to a cell together with a prime editor
described herein. The guide RNA can complete the insertion of the new genetic material that replaces the
target sequence with a second guide RNA that is a nicking guide RNA when delivered together with a
prime editor described herein.

[0231] In some cases, a guide RNA comprises two or more guide RNAs. In some cases, the two or more
guide RNAs comprise a first guide RNA encoding at least a first portion of new genetic material that
replaces the target sequence. In some cases, the two or more guide RNAs comprise a second guide RNA
encoding at least a second portion of the new genetic material that replaces the target sequence. In some
cases, the first gnide RNA and the second guide RNA work in a pair and collectively encode the new
genetic material that replaces the target sequence, thereby inserting the new genetic material that replaces
the target sequence into the genome of a cell receiving the lipid delivery particles in a site-specific
manner. In some cases, the first and the second portion of the new genetic material that replaces the target
sequence have at least 6bp overlap. In some cases, the first portion of the new genetic material that
replaces the target sequence is 46 bp. In some cases, the first portion of the new genetic material that
replaces the target sequence is 42 bp. In some cases, the first portion or the second portion of the new
genetic material that replaces the target sequence 1s 36 bp, 38 bp, 40 bp, 42 bp, 44 bp, or 46 bp. The first

guide RNA comprises a first spacer. The second guide RNA comprises a second spacer. The first spacer
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and the second spacer bind to two genomic target sites that are within 5-100 bp from each other. When
the two or more guide RNAs are delivered to a cell together with a prime editor, the double strand DNA
between the two genomic target sites are deleted and the full sequence of the new genetic material that
replaces the target sequence is inserted instead. The deletion can be mediated by the following steps: (a)
reverse transcription of the sequence encoding the first portion of the new genetic material that replaces
the target sequence in the first guide RNA and the sequence encoding the second portion of the new
genetic material that replaces the target sequence in the second guide RNA, wherein the first and the
second portion of the new genetic material that replaces the target sequence having at least 6bp overlap,
(b) anncaling of the two overlapped portion of the new genetic material that replaces the target sequence,
(c) synthesis of the second strand comprising the full sequence of the new genetic material that replaces
the target sequence, (d) excision of the original DNA sequence, and (¢) ligation of the pair nicks. The
mechanism, process, and components of this process include those described in International Publication
Nos. W02023122764, W02023205710, and W02023225670, each of which is hereby incorporated
herein by reference in its entirety.

[0232] In some cases, the payload comprises a polypeptide domain described herein coupled to a
polynucleotide domain described herein. In some cases, the payload comprises a polypeptide domain
described herein complexed to a polynucleotide domain described herein. In some cases, the payload
comprises a ribonucleoprotein. For example, the payload may comprise a guidable polypeptide domain
complexed to a polynucleotide configured to bind to the guidable polypeptide domain (e.g., Cas9
complexed with an RNA guide).

[0233] Any of the payloads described herein can further comprise a plasma membrane recruitment
element, a transmembrane domain, a signaling domain, a receptor domain, a packaging domain, or a
targeting domain. Any of payloads described herein can comprise or be engineered to comprise a protein
tag, a peptide tag, or small molecule tag. For example, a payload can comprise a nuclear localization
signal (NLS), a nuclear export signal (NES), a cell penetrating peptide (CPP), a mitochondria penetrating
peptide (MPP), a solubility tag, a fluorescent tag, or any combinations thereof.

Other Payloads

[0234] In some cases, the payload in the lipid delivery particle of the present disclosure comprises a
recombinant protein. The payload can be a diagnostic imaging agent, such as a contrast agent. In some
cases, the payload comprises a therapeutic agent, including, but not limited to, a nuclease, a recombinase,
a growth factor, an antibody, a chimeric antigen receptor, a T cell receptor, a cytokine, a cytokine
inhibitor or agonist, a transcription factor, an organelle, a nucleic acid molecule, a therapeutic DNA, a
therapeutic RNA, a retrotransposon, a reverse transcriptase, an oligonucleotide, an aptazyme, an aptamer,
or a ribozyme, a generic or specific kinase inhibitor, a small molecule drug, an immunomodulator, a
tumor suppressor, a developmental regulator, a cancer vaccine, an anesthetic, an enzyme, a hormone, a
ligand, a receptor, a T cell receptor, a transposon, a retrotransposon, a DNA polymerase, a RNA
dependent DNA polymerase, a homing endonuclease, interferons, chemokines, insulin, growth factors, an

antisense oligonucleotide, an RNA1, a shRNA, and any combination thereof. The payload can be a
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prophylactic agent. In some cases, the payload comprises a biomarker. The payload can also comprise an
exogenous antigen or an enzyme. In some cases, the payload comprises a metabolite molecule. In some
cases, the payload comprises a lipid molecule. In some cases, the payload comprises a structural protein.
In some cases, the payload comprises a hormone or a hormonal protein.

PRODUCTION OF LIPID DELIVERY PARTICLES

[0235] In some aspects, provided herein are composition, methods of production, methods of purification
related to the lipid delivery particles provided herein. In some cases, the lipid delivery particles can be
produced from producer cell lines that are either transiently transfected with at least one plasmid or stably
expressing constructs that have been integrated into the producer cell line genomic DNA.

[0236] Producer cell lines can be generated by stably integrating genetic material with a gene of interest
mnto a host cell line. In some cases, the genetic material is transiently expressed in a producer cell line. In
some cases, the genetic material is expressed via viral methods. In some cases, the genetic material is
expressed via non-viral methods. In some cases, a producer cell line grows in a serum-free medium or in
suspension. A producer cell line can be grown in serum-free medium and suspension simultaneously. In
some cases, producer cell lines can be generated with adherent cells (e.g., cells cultured in media and
attached to a substrate).

[0237] Producer cells can be used to produce the lipid delivery particles described herein. In some cases,
generating a producer cell line comprises transfecting cells (e. g., cells of a mammalian cell type) with
genetic material of the present disclosure, culturing the cells to produce the lipid delivery particles,
obtaining a media from the mammalian cell producing the lipid delivery particles, collecting and filtering
the harvested media, and, optionally, purifying the lipid delivery particles to retain structural integrity. In
some cases, the method of producing the lipid delivery particle further comprises providing new media to
promote transient production of the lipid delivery particles. In some cases, the mammalian cell type
includes a HT1080 cell, a COS cell, a HeLa cell, a Chinese Hamster Ovary (CHO) cell, or a HEK 293
cell. HEK293 cells are cells derived from human embryonic kidney cells grown in tissue culture. In some
cases, the HEK293 cell is a HEK293, 293E, 293T, 293F, 293FT, or 293T Gesicle cell. The producer cell
line can be transformed with a viral vector or non-viral method in any number of means including
calcium phosphate and the like.

[0238] Following transfection, the cells can be cultured under conditions for production of lipid delivery
particles. Exemplary culturing conditions can include refeeding cells in appropriate media, addition of
C02, and humidity. In some cases, culturing conditions includes addition of antibiotics, anti-fungals,
and/or growth factors. The medium can be harvested after 24, 48, 72, or 96 hours, or at any appropriate
time point to allow sufficient production of the lipid delivery particles.

[0239] Optionally, the lipid delivery particles in the media can be isolated and collected using any
number of techniques known in the art. In some cases, the lipid delivery particles are purified, wherein
the lipid delivery particles are washed or resuspended in an appropriate buffer or media or at particular

concentration.
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[0240] In an aspect, disclosed herein are methods of manufacturing producer cell lines that comprise the
lipid delivery particles of the present disclosure. Adherent cells can be first transfected to produce lipid
delivery particles. In some cases, transfection occurs by the addition or expression of exogenous nucleic
acid sequences via non-viral methods (e.g., by electroporation, microinjection, or a chemical system such
as DEAE-dextran or cationic polymers). In some cases, transfection occurs by the addition or expression
of exogenous nucleic acid sequences via viral methods (e.g., by infecting the cells with a viral vector,
such as an adenoviral vector, adeno-associate viral vector, a lentiviral vector, a herpes viral vector, or a
HSV vector). In some cases, the cells are from a HEK293 cell line (e.g., HEK293, 293E, or 293T). In
some cases, to transfect DNA into the host cells, the cells are cultured in a medium. In some cases, cells
can be cultured in the medium for 5, 10, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 hours. In some cases,
cells can be cultured in the medium for between 10-20 hours. In some cases, cells can be cultured in the
medium for 18 hours.

[0241] Following incorporation into the transfection medium, cells are transferred to a new solution. In
some cases, the new solution is new media. In some cases, the new media promotes the production of the
lipid delivery particles. In some cases, the cells incorporate into the new media for between 10-30 hours.
In some cases, the cells incorporate into the new media for 10, 20, 30, 35, 40, 45, or 50 hours. In some
cases, the cells incorporate into the new media for 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39
or 40 hours. The media can then be harvested. The harvested media can be filtered, and the lipid delivery
particles can be collected. Filtration can comprise microfiltration and/or depth filtration. In some cases,
the lipid delivery particles can undergo further purification and/or concentration methods that maintain
the structural integrity of the particles.

[0242] In some aspects, provided herein is a method of loading a lipid delivery particle with components
such as a payload. RNA and protein from a producer cell can get packaged and/or incorporated into lipid
delivery vehicles of the present disclosure. In some cases, the components of the lipid delivery particles,
such as a payload, is loaded via the packaging and assembly process of the lipid delivery particle. For
instance, the payload can be a polypeptide or protein that is packaged into the lipid delivery particle as a
part of a chimeric protein as disclosed herein.

[0243] In some cases, the payload is assembled into the lipid delivery particle as an independent entity,
e.g., not as a part of a chimeric protein. In other embodiments, the lipid delivery particle provided herein
is loaded with a payload by utilizing any suitable method for delivering a biological or chemical payload
through a lipid membrane, such as nucleofection, electroporation, lipid-based, polymer-based, or CaCl,
transfection, sonication, freeze thaw, incubation at various temperatures, or heat shock of lipid delivery
particles mixed with payload. In some cases, the nucleic acid molecules, such as a template RNA
described herein, are loaded into the lipid delivery particle by direct loading, such as electroporation of
the lipid delivery particle in vitro. In some cases, the nucleic acid molecules are loaded into the lipid
delivery particle by binding to a nucleic acid binding protein (e.g., Cas protein) that is part of the lipid
delivery particle or is already loaded into the lipid delivery particle.
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[0244] There can be more than one type of loading techniques utilized for loading payloads (e.g., for
loading more than one type of payloads) into the lipid delivery particle. For instance, in some cases, a first
payload is a polypeptide that is assembled into the lipid delivery particle as a part of a chimeric protein,
and a second payload is a separate protein or nucleic acid (RNA or DNA) that interacts with (e.g., binds)
the first payload, and thus is loaded into the lipid delivery particle via the interaction between the first
payload and the second payload. Altematively, the second payload can be loaded into the lipid delivery
particle via a transfection-like technique or any other suitable method.

[0245] In aspects, also provided herein are methods of using a lipid delivery particle or pharmaceutical
composition according to some embodiments of the present disclosure, comprising contacting a cell with
the lipid delivery particle described herein. In some cases, the cell is a mammalian cell, such as a human
cell. In some cases, the cell is within a subject in need of treatment for a disease or a condition. In some
cases, contact comprising administering the lipid delivery particle described herein to the subject, such as
via injections.

[0246] In aspects, also provided herein are methods of administering a lipid delivery particle, systems, or
pharmaceutical compositions according to some embodiments of the present disclosure. In some cases,
the method comprises administering the lipid delivery particle, system, or pharmaceutical composition
described herein to a subject in need thereof, such as via injections.

[0247] In aspects, also provided herein are methods of producing a lipid delivery particle or
pharmaceutical composition according to some embodiments of the present disclosure. In some cases, the
method comprises contacting a producer cell with compositions described herein.

Methods of purification

[0248] In an aspect, described herein are methods of purifying lipid delivery particles. In some cases, the
lipid delivery particles are produced from producer cell lines that are either transiently transfected with at
least one plasmid or stably expressing constructs that have been integrated into the producer cell line
genomic DNA. In some cases, the producer cell culture medium is harvested 24-, 48-, 72-, or 96-hours
post-transfection. In some cases, the producer cell culture medium is harvested between 40- and 48-hours
post-transfection. The harvested medium can undergo centrifugation steps to remove producer cell debris
while maintaining the structural integrity of the lipid delivery particle. In some cases, during harvesting,
the producer cell medium is centrifuged, e.g., at 500g for 5 minutes. The clarified lipid delivery particle
containing supernatant can then be collected and filtered. In some cases, the lipid delivery particles are
further concentrated. In some cases, the lipid delivery particles are further concentrated by
ultracentrifugation. In some cases, the lipid delivery particles are concentrated 50-fold, 100-fold, 200-
fold, 500-fold, 1000-fold, 2000-fold, 3000-fold, or 5000-fold. In some cases, the concentrated lipid
delivery particles are resuspended, e.g., in cold PBS. In some cases, the concentrated lipid delivery
particles are frozen, e.g., frozen at a rate of -1°C/min and stored at -80°C.

[0249] In some cases, the purification methods can comprise chromatographic methods (e.g., anion
exchange chromatography), ultrafiltration methods (e.g., tangential flow filtration), clarifying normal

flow filtration, and/or sterilizing membrane filtration. Anion exchange chromatography can separate
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substances based on net-surface charge, using an ion-exchange resin. Tangential flow filtration can
separate molecules using ultrafiltration membranes. In some cases, the membrane pore size used for
tangential flow filtration can retain a biological product of a size less than 1000 kDa, less than 750 kDa,
less than 500 kDa, less than 250 kDa, less than 200 kDa, less than 150 kDa, less than 100 kDa, or less
than 50 kDa. Normal flow filtration assists in the clarification of biofluid by convecting the substance
directly toward a membrane under an applied pressure. In some cases, normal flow filtration can comprise
a membrane pore size of greater than 0.1 um, greater than 0.2 um, greater than 0.3 pm, greater than 0.4
um, greater than 0.5 um, greater than 0.6 um, greater than 0.7 um, greater than 0.8 pm, greater than 0.9
um, greater than 1.0 um, greater than 1.5 um, or greater than 2.0 pm. In some cases, normal flow
filtration can comprise a membrane pore size of 0.2 um, 0.45 um, 0.8 pm, 1.2 um, or 2.0 um. Sterilizing
membrane filtration can be used to sterilize heat-sensitive liquid without exposure to denaturing hear. In
some cases, sterilizing membrane filtration can comprise a membrane pore size of about 0.1 pum, about
0.2 um, about 0.3 um, about 0.4 pm, or about 0.5 um. In some cases, sterilizing membrane filtration can
comprise a membrane pore size of about 0.2 um or 0.22 pm,

COMPOSITIONS AND SYSTEMS

[0250] In aspects, also provided herein are nucleic acid molecules that encode one or more of the
components of the lipid delivery particles of the present disclosure. For instance, a nucleic acid molecule
encoding the chimeric protein is provided. A nucleic acid molecule encoding the envelope protein is also
provided.

[0251] In aspects, provided herein are compositions or systems that include nucleic acid molecules that
encode one or more of the components of the lipid delivery particles of the present disclosure. A
composition can comprise a first nucleic acid sequence encoding a chimeric protein comprising a
Pleckstrin Homology domain comprising at least 60% at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at lcast 99%, at least 99.1%, at least 99.2%, at least 99.3%, at least
99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence identity
to the sequence of SEQ ID NO: 569; and at least two selected from the group of amino acid substitutions
consisting of E17K, R25C, T81Y, T101C, and a combination of K142A, H143A, R144A (142-144A)
relative to the sequence of SEQ ID NO: 569; and a protein payload.

[0252] A composition can comprise a first nucleic acid sequence encoding a chimeric protein comprising
a Pleckstrin Homology domain comprising at least 60% at least 65%, at least 70%, at lcast 75%, at lcast
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%. at least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at least
99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence identity
to SEQ ID NO: 613; and at least one amino acid substitution selected from the group consisting of E17K,
E58K, E52K, E53K, E55K, and E63K relative to SEQ ID NO: 613; and a protein payload.

[0253] The compositions or systems can be used for producing a lipid delivery particle of the present

disclosure, for instance, by transfecting or otherwise delivering the nucleic acid molecules in the
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compositions or systems into a producer cell. The nucleic acid molecules can be expressed in the
producer cell, the result of which assemble, package, and subsequently cause the producer cell to release
the lipid delivery particle.

[0254] In some cases, a lipid delivery particle of the present disclosure facilitates gene editing efficiency
greater than 40%, greater than 50%, greater than 60%, or more. In some cases, a lipid delivery particle of
the present disclosure facilitates gene editing efficiency greater than 70%. In some cases, a lipid delivery
particle of the present disclosure facilitates gene editing efficiency comprising 8-fold increase of base
editing efficiency when compared to a conventional VLP (e.g., the VLPs described in Mangeot, P. E. er
al. Genome editing in primary cells and in vivo using viral-derived Nanoblades loaded with Cas9-sgRNA
ribonucleoproteins. Nat. Commun. 10, 45 (2019).). In some cases, a lipid delivery particle of the present
disclosure facilitates gene editing cfficiency comprising 8-fold increase of prime editing efficiency when
compared to a conventional VLP. In some cases, a lipid delivery particle of the present disclosure exhibits
reduced immunogenicity in transduced target cells. In some cases, a lipid delivery particle of the present
disclosure produces reduced off-target genome editing in target cells when delivering genome editing
system 1into the target cells when compared to a conventional VLP. In some cases, a lipid delivery particle
of the present disclosure leads to more than 100-fold reduction in Cas-independent off-target editing
when compared to a conventional VLP. In some cases, a lipid delivery particle of the present disclosure
leads to at least 10-fold, such as 12- to 900-fold, lower Cas-dependent off-target editing when compared
to a conventional VLP.

PHARMACEUTICAL COMPOSITION

[0255] In an aspect, disclosed herein is a pharmaceutical formulation comprising the lipid delivery
particle disclosed herein and optionally further comprising a pharmaceutically acceptable carrier,

excipient, or additive. The term “pharmaceutical formulation”, as used herein, refers to a composition

% < 39 ¢

formulated for pharmaceutical use. The terms such as “excipient,” “carrier,” “pharmaceutically acceptable
carrier” or the like are used interchangeably herein. Pharmaceutical formulations comprise an
immunologically effective amount of one or more cells, vectors, lipid delivery particles, or compositions
disclosed herein, and optionally one or more other components which are pharmaceutically acceptable. In
some cases, the pharmaceutical formulation comprises additional agents, e. g., for specific delivery,
increasing half-life, or other therapeutic benefit. In some cases, the pharmaceutical formulation may
comprise one or more of dimethylsulfoxide (DMSO), dextrose, water, succinate, poly I: poly C, poly-L-
lysine, carboxymethylcellulose, and/or chloride.

[0256] As used herein, a “pharmaceutically acceptable carrier” is an agent that is compatible with the
other ingredients of the formulation and not injurious to the tissue of the subject (e.g., physiologically
compatible, sterile, physiologic pH, etc.) In some cases, a pharmaceutically acceptable carrier comprises
any vehicle, such as aliquid or solid filler, diluent, excipient, manufacturing aid (e.g., lubricant, talc
magnesium, calcium or zinc stearate, or steric acid), or solvent encapsulating material, involved in

carrying or transporting the compound from one site (e.g., the delivery site) of the body, to another site

(e.g., organ, tissue or portion of the body).
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[0257] Some exemplary materials which can serve as pharmaceutically-acceptable carriers include: (1)
sugars, such as lactose, glucose and sucrose; (2) starches, such as com starch and potato starch; (3)
cellulose, and its derivatives, such as sodium carboxymethyl cellulose, methylcellulose, ethyl cellulose,
microcrystalline cellulose and cellulose acetate; (4) powdered tragacanthin; (5) malt; (6) gelatin; (7)
lubricating agents, such as magnesium stearate, sodium lauryl sulfate and talc; (8) excipients, such as
cocoa butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,
olive oil, com oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol (PEG); (12) esters, such as ethyl oleate and ethyl laurate; (13)
agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid;
(16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH buffered
solutions; (21) polyesters, polycarbonates and/or polyanhydrides; (22) bulking agents, such as
polypeptides and amino acids; (23) serum alcohols, such as ethanol; and (24) other non-toxic compatible
substances employed in pharmaceutical formulations. Wetting agents, coloring agents, release agents,
coating agents, sweetening agents, flavoring agents, perfuming agents, preservative and antioxidants can
also be present in the formulation.

[0258] Pharmaceutical formulation disclosed herein can comprise one or more pH buffering compounds
to maintain the pH of the formulation at a predetermined level that reflects physiological pH, such as in
the range of about 5.0 to about 8.0. The pH of the pharmaceutical formulation can be about 4, about 3,
about 6, about 7, about 8 or about 9. The pH buffering compound used in the aqueous liquid formulation
can be an amino acid or mixture of amino acids, such as histidine or a mixture of amino acids such as
histidine and glycine. The pH buffering compound can be an agent which does not chelate calcium ions.
Exemplary pH buffering compounds include imidazole and acetate ions. The pH buffering compound can
be present in any amount suitable to maintain the pH of the formulation at a predetermined level.

[0259] The pharmaceutical formulations described herein can be prepared by any method known or
hereafter developed in the art of pharmacology. In general, such preparatory methods include the step of
bringing the active ingredient(s) into association with an excipient and/or one or more other accessory
ingredients, and then, optionally, shaping and/or packaging the product into a desired single- or multi-
dose unit. Pharmaceutical formulations can additionally comprise a pharmaceutically acceptable
excipient, which, as used herein, includes any and all solvents, dispersion media, diluents, or other liquid
vehicles, dispersion or suspension aids, surface active agents, isotonic agents, thickening or emulsifying
agents, preservatives, solid binders, lubricants, and the like, as suited to the particular dosage form
desired.

METHOD OF TREATMENT, PREVENTION, OR DIAGNOSIS

[0260] A lipid delivery particle provided herein can find use in a varety of fields and methods. In some
cases, the lipid delivery particle of the present disclosure can be used to deliver one or more payloads,
such as a ribonucleoprotein complex to a cell. In some cases, the target cells to which the lipid delivery

particles arc delivered are in vitro cells, ex vivo cells, or in vivo cells. The lipid delivery particles of the
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present disclosure can be applicable for delivery of freights into a variety of cell types, such as, animal
cells, plant cells, bacteria cells, algal cells, or fungal cells.

[0261] In aspects, also provided herein are methods of treating a subject by administering a lipid delivery
particle described herein, a system described herein, a composition described herein, or pharmaceutical
composition according to some embodiments of the present disclosure.

[0262] In some cases, the present disclosure provides methods of treating, preventing, or diagnosing a
condition, disease, or disorder. In some cases, a composition, kit, or method described herein can be used
to treat, prevent, or diagnose a condition, disease, or disorder. The condition, disease, or disorder can
comprise a cancer, an immune disorder, an autoimmune disorder, a metabolic disorder, a hormonal
disorder, an inflammatory disorder, a developmental disorder, a reproductive disorder, an imprinting
disorder, a genetic disorder, a neurological disorder, or a neurodegenerative disorder. In some cases, the
condition, disease, or disorder comprises a liver disorder, an eye disorder, a heart disorder, a kidney
disorder, a skin disorder, a blood disorder, a fibrotic disorder, a skeletal disorder, or a muscle order. In
some cases, the condition, disease, or disorder is caused by a genetic mutation (e.g., an insertion, deletion,
or point mutation). In some cases, the condition, discase, or disorder is hereditary. In some cases, the
condition, disease, or disorder is caused by a virus or bacteria or fungus. In some cases, the condition,
disease, or disorder is caused by aberrant gene expression. In some cases, the condition, disease, or
disorder is a result of age. In some embodiments, the condition, disease, or disorder is chronic.

[0263] The subject in the method of present disclosure can be an animal. In some embodiments, the
subject is an animal cell. In some embodiments, the subject is a mammal. In some embodiments, the
subject is a human. In some embodiments, the subject is an aquaculture animal (fish, crabs, shrimp,
oysters etc.), a mammal. In some embodiments, the animals cell is from, for example, a pet or zoo animal
(cats, dogs, lizards, birds (e.g., parrots), lions, tigers and bears etc.), from a farm or working animal
(horses, cows (e.g., dairy and beef cattle) pigs, chickens, turkeys, hens or roosters, goats, sheep, etc.), or a
human. In some embodiments, the target cell as disclosed herein is in a subject to whom the method of
the present disclosure is applicable.

[0264] The methods described herein can be therapeutic or veterinary methods for treating a subject. In
some embodiments, the methods described herein are used to treat a disease resulting from a non-
functional, poorly functional, or poorly expressed protein or gene product, for instance, resulting from a
genetic mutation in one or more cells of the subject. In some embodiments, the methods described herein
are used to treat a genetic disease (e.g., a mutation, a substitution, a deletion, an expansion, or a
recombination), a monogenic disease, an inherited metabolic disease, a cancer, a neurodegenerative
disease, a cardiovascular disease, a pulmonary disease, a renal disease, a liver disease, a genetic disease, a
vascular disease, ophthalmic disease, musculoskeletal disease, lymphatic disease, auditory and inner ear
disease, a metabolic disease, an inflammatory disease, an autoimmune disease, or an infectious disease. In
some cases, provided herein are pharmaceutical compositions and methods for treating a retinal disease,
e.g., Leber congenital amaurosis, by administering a pharmaceutical composition formulated for

subretinal injection.
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KIT

[0265] In aspects, also provided herein are kits comprising the unit doses containing the lipid delivery
particles, systems, compositions or pharmaceutical compositions of the present disclosure. In some
embodiments, the kit comprises the lipid delivery particles, compositions, or pharmaceutical formulations
of the present disclosure; and an informational medium containing instructions for administering the lipid
delivery particle, composition, or pharmaceutical formulation to a subject. The kit can include a label
indicating the intended use of lipid delivery particle, composition, or pharmaceutical formulation in the
kit. Label can include any writing, or recorded matenial supplied on or with the kit, or which otherwise
accompanies the kit.

[0266] A kit of the present disclosure can include, altematively or additionally, diagnostic agents and/or
other therapeutic agents. In some cases, the kit includes cells or pharmaceutical formulations of the
present disclosure and a diagnostic agent that can be used in a diagnostic method for diagnosing a
condition, disease, or disorder in a subject.

METHODS OF ADMINISTERING

[0267] In some cases, the composition or pharmaceutical formulation described herein 1s prepared for
administration to a subject. In some cases, the pharmaceutical formulation 1s prepared to induce a
therapeutic or prophylactic effect in a subject. Suitable routes of administrating the pharmaceutical
formulation described herein include transdermal, intravesical, intravenous, intravascular, intraosseus,
topical, subcutaneous, intradermal, intralesional, intraarticular, intraperitoneal, transmucosal, gingival,
intradental, intracochlear, transtympanic, intraorgan, epidural, intrathecal, intramuscular, periocular,
intratumoral, intracercbral, intravitreal, and intracerebroventricular administration. In some cases, the
pharmaceutical formulation described herein is administered locally to a diseased site (e.g., site of
infection or tumor site). In some cases, the pharmaceutical composition described herein is delivered in a
controlled release system. In some cases, a pump is used. In some cases, polymeric materials is used for
controlled release. In some cases, the pharmaceutical composition described herein is administered to a
subject by injection, by means of a catheter, by means of a suppository, or by means of an implant, the
implant being of a porous, non-porous, or gelatinous material, including a membrane, such as a sialastic
membrane, or a fiber. In some cases, the pharmaceutical formulation is formulated in accordance with
routine procedures as a formulation adapted for intravenous or subcutaneous administration to a subject.
In some cases, pharmaceutical formulations for administration by injection are solutions in sterile isotonic
use as solubilizing agent and a local anesthetic such as lignocaine to ease pain at the site of the injection.
Generally, the ingredients can be supplied either separately or mixed together in unit dosage form, for
example, as a dry lyophilized powder or water free concentrate in a hermetically sealed container such as
an ampoule or sachets indicating the quantity of active agent. In some cases, if the pharmaceutical is to be
administered by infusion, it is dispensed with an infusion bottle containing sterile pharmaceutical grade
water or saline. In some cascs, if the pharmaceutical formulation is administered by injection, an ampoule
of sterile water for injection or saline is provided so that the ingredients can be mixed prior to

administration.
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[0268] A pharmaceutical formulation as described herein can be administered or packaged as a unit dose,
for example, in reference to a pharmaceutical formulation to physically discrete units suitable as unitary
dosage for the subject, each unit containing a predetermined quantity of active material calculated to

produce the desired therapeutic effect in association with the required diluent, carrier, or vehicle.

EXAMPLES
[0269] The following examples are provided to further illustrate some embodiments of the present
disclosure but are not intended to limit the scope of the disclosure; it will be understood by their
exemplary nature that other procedures, methodologies, or techniques known to those skilled in the art

can alternatively be used.

Example 1: Screens to identify Pleckstin Homology domains with specific properties
[0270] A screen of Pleckstin Homology domains will be performed to identify mutations that confer a
PH domain with enhanced or altered properties. To generate the PH domain variants, mutations will be
introduced through mutagenesis and/or gene editing-based methods. Unedited PH domains from
alternative sources will also be screened. Non-limiting examples of enhanced or altered properties that
will be measured include recruitment of a payload into the lipid delivery particle, the amount of a payload
that can be encapsulated in the lipid delivery particle, release of a payload from the lipid delivery particle
into a target cell, trafficking of the lipid delivery particle or payload protein to a subcellular locale in a
target cell, or suitability of the PH domain for combination with other proteins, protein domains, or
protein components.
[0271] To identify mutations that enhance or alter recruitment of a payload into the lipid delivery
particle, the lipid delivery particle pseudo typed with VSVg or other envelope proteins can be formed
with different PH domains. A single PH domain will be fused to a reporter protein, such as green
fluorescent protein (GFP), or another enzyme with measurable functional activity such as Cas9 or
ABES8¢. The PH domain-GFP and/or PH domain-Cas9 chimeric proteins will be packaged into lipid
delivery particles. A range of cell lines, including HEK293T, HeLa, HepG2, ARPE-19, BEAS-2B,
induced pluripotent stem cells (1IPSC), or SH-SYSY cells, will be treated with the packaged lipid delivery
particles that were previously purified. The purification and concentration of the lipid delivery particle
will be performed by filtration methods, such as PVDF filtration, and ultracentrifugation. Recruitment of
a payload into the lipid delivery particle using different PH domains will be measured by flow cytometry,
MICroscopy, or sequencing.
[0272] To identify mutations that enhance or alter the amount of a payload that can be encapsulated into
the lipid delivery particle using different PH domains, a single PH domain will be fused to a reporter
protein, such as GFP, or another enzyme with measurable functional activity such as Cas9 or ABE&¢. The
PH domain-GFP and/or PH domain-Cas9 chimeric proteins will be packaged into lipid delivery particles.
A range of cell lines, including HEK293T, HeLa, HepG2, ARPE-19, BEAS-2B, or SH-SYSY cells, will
be treated with the packaged lipid delivery particles that were previously purified. The purification and
concentration of the lipid delivery particle will be performed by filtration methods, such as PVDF
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filtration, and ultracentrifugation. The amount of a payload that can be encapsulated into the lipid delivery
particle using different PH domains will be measured and/or quantified by flow cytometry, microscopy,
or sequencing.

[0273] To identify mutations that enhance or alter release of a payload into a target cell using different
PH domains, a single PH domain will be fused to a reporter protein, such as GFP, or another enzyme with
measurable functional activity such as Cas9 or ABE8e. The PH domain-GFP and/or PH domain-Cas9
chimeric proteins will be packaged into lipid delivery particles. A range of cell lines, including
HEK293T, HeLa, HepG2, ARPE-19, BEAS-2B, or SH-SYSY cells, will be treated with the packaged
lipid delivery particles that were previously purified. The purification and concentration of the lipid
delivery particle will be performed by filtration methods, such as PVDF filtration, and ultracentrifugation.
The amount of a payload that can be released into the cell via the lipid delivery particle using different PH
domains will be measured and/or quantified by flow cytometry, microscopy, or sequencing.

[0274] To identify mutations that enhance or alter trafficking of a payload protein to a subcellular locale
1n a target cell using different PH domains, a single PH domain will be fused to a reporter protein, such as
GFP, or another enzyme with measurable functional activity such as Cas9 or ABE8¢. The PH domain-
GFP and/or PH domain-Cas9 chimeric proteins will be packaged into lipid delivery particles. A range of
cell lines, including HEK293T, HeLLa, HepG2, ARPE-19, BEAS-2B, or SH-SYSY cells, will be treated
with the packaged lipid delivery particles that were previously purified. The purification and
concentration of the lipid delivery particle will be performed by filtration methods, such as PVDF
filtration, and ultracentrifugation. The amount of a payload protein that can be trafficked into a
subcellular locale using different PH domains will be measured and/or quantified by flow cytometry,
microscopy, or sequencing.

[0275] To identify mutations that enhance or alter suitability of an PH domain for combination with
other protein domains using different PH domains, a single PH domain will be fused to a reporter protein,
such as GFP, another enzyme with measurable functional activity such as Cas9 or ABES8e, or a range of
other protein domains. The PH domain-GFP and/or PH domain-Cas9 chimeric proteins will be packaged
into lipid delivery particles. A range of cell lines, including HEK293T, HeLa, HepG2, ARPE-19, BEAS-
2B, or SH-SYSY cells, will be treated with the packaged lipid delivery particles that were previously
purified. The purification and concentration of the lipid delivery particle will be performed by filtration
methods, such as PVDF filtration, and ultracentrifugation. The suitability of an PH domain for
combination with other protein domains using different PH domains will be measured and/or quantified
by flow cytometry, microscopy, sequencing, a combination thereof, or using another method.

Example 2: Gene editing efficiency using different PH domains

[0276] Fifty PH domains were tested for gene editing capacity as determined by the percentage of
sequencing reads expressing edits (any derivation from the wildtype sequence at a specific locus was
counted as an editing event). Lipid delivery particles were generated and delivered to two cell lines,
HEK293 (FIGs. 2A and 2B) and K562 (FIGs. 2C and 2D) at a high and low dose. Different PH domain-

Cas9 chimeric proteins were generated and encapsulated as payloads in the lipid delivery particle for
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delivery into HEK293 and K562 cells. Particles were concentrated 100x by PEG precipitation prior to
transduction of recipient cells. The lipid delivery vehicles were introduced to the cells at a high dose and a
low dose.
[0277] A Cas9 chimeric protein lacking a PH domain (No PH) and an untreated sample (NT) was
included as a negative control. The lipid delivery particles were transduced. The cells were lysed,
genomic DNA was extracted, amplicons inducing the target site were generated, and the efficiency of the
Cas9 fused to different PH domains was assessed through quantification of edits installed at the target
editing site. The results are summarized in FIGs. 2A-2D.
[0278] The treated and control samples were harvested for genomic DNA using Qiagen Blood &
Cell Culture DNA kit. The DNA was used as a template for PCR, wherein HEXA target specific
primers flank the insertion locus. PCR was performed using a high fidelity, proof-reading Taq
polymerase (Prime Star, Takara) to isolate the target region of interest. The PCR inserts was
purified and prepared for a next generation sequencing run using a library preparation kit
(Nextera XT, lllumina). The library was run on the lllumina MiSeq and editing efticiency of
each guide RNA and the PH domains was determined (FIGs. 2A-2D).
Example 3: Generation of a lipid delivery particle comprising a Pleckstin Homology domain, an
envelope, and gene editing machinery
[0279] A nucleic acid molecule will be generated that encodes a chimeric protein that comprises one of
the PH domains disclosed herein and a payload protein. In this example, the nucleic acid construct will
encode the PH domain AKT1 E17K/R25C (SEQ ID NO. 575). Another nucleic acid molecule that will be
generated encodes an envelope and target specific guide RNA. In this example, the payload protein
comprises a Cas domain. The nucleic acid molecules encoding the chimeric protein, the envelope, and the
target specific guide RNA are mtroduced into HEK293T producer cells to generate the lipid delivery
particles comprising protein payload.
Example 4. Delivery of a lipid delivery particle comprising a Pleckstin Homology domain, an
envelope, and gene editing machinery to a target cell
[0280] The lipid delivery particle comprising the protein payload generated in Example 2 will be
mtroduced into a target cell. In this example, the target cell will be an induced pluripotent stem cell
dertved neurons model (1IPSC-N). The protein payload will comprise a guide RNA that targets alpha
subunit of the enzyme B-hexosaminidase (HEXA) located on human chromosome 15. Multiple guide
RNAs will be designed to target HEXA in exon 11, the locus that encodes a pathogenic 4 base pair
msertion. The guide RNAs will be analyzed for specificity, efficiency, secondary structure, and potential
to induce off-target mutations. The PH domains SEQ ID NO: 569-596 will be modified for delivery to
neurons and efficiency of the gene editing protein payload.
[0281] To determine the efficiency of the lipid delivery particle on correcting the pathogenic mutation in
cardiomyocytes, nucleic acid molecules encoding the chimeric protein, the envelope, and the target
specific guide RNA will be introduced into HEK293T producer cells. The lipid delivery particles will be
isolated and purified using filtration methods and centrifugation. The iPSC-Ns expressing the 4 base pair
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insertion mutation will be treated with the lipid delivery particle and cultured for 48-72 hours. A control
1PSC-Ns expressing the 4 bae pair insertion will be treated with the lipid delivery particle comprising a
scramble guide RNA particle and cultured for 48-72 hours. The treated and control iPSC-Ns are harvested
for genomic DNA using Qiagen Blood & Cell Culture DNA kit. The DNA will be used as a template for
PCR, wherein HEXA target specific primers flank the msertion site. PCR will be performed using a high
fidelity, proof-reading Taq polymerase (Prime Star, Takara) to isolate the target region of interest. The
PCR inserts will be purified and prepared for a next generation sequencing run using a library preparation
kit (Nextera XT, Illumina). The library will then be run on the Illumina MiSeq and editing efficiency of
each guide RNA and the PH domains will be determined.

Example 5. Delivery of a lipid delivery particle to a subject with genetic disease

[0282] The guide RNA and PH domain will then be provided to a subject with familial hypertrophic
cardiomyopathy caused by a pathogenic insertion in HEXA. The lipid delivery particle will be provided
to the subject intravenously or through cerebral spinal fluid. The gene editing payload protein will be
delivered to the target neurons, where the guide RNA delivers the gene editing machinery to exon 11 of
HEXA, and removes the pathogenic insertion. A sample from the subject will be taken after treatment to
assess if the genome alteration is sufficient to restore normal function of the gene or to block pathogenic
function of the pathogenic gene. A control sample from the subject will be taken from the subject prior to
treatment.

[0283] The treated and control samples will be harvested for genomic DNA using Qiagen Blood & Cell
Culture DNA kit. The DNA will be used as a template for PCR, wherein HEXA target specific primers
flank the insertion locus. PCR will be performed using a high fidelity, proof-reading Taq polymerase
(Prime Star, Takara) to isolate the target region of interest. The PCR inserts will be purified and prepared
for a next generation sequencing run using a library preparation kit (Nextera XT, [llumina). The library
will then be run on the Illumina MiSeq and editing efficiency of each guide RNA and the PH domains
will be determined.

Example 6. Plextrin Homology Domain Screen Improves Delivery of Gene Editing Machinery
[0284] While preferred embodiments of the present disclosure have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled in the art without
departing from the disclosure. It should be understood that various altematives to the embodiments of the
present disclosure may be employed in practicing the present disclosure. It is intended that the following
claims define the scope of the present disclosure and that methods and structures within the scope of these
claims and their equivalents be covered thereby.

[0285] While preferred embodiments of the present disclosure have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled in the art without
departing from the disclosure. It should be understood that various alternatives to the embodiments of the

present disclosure may be employed in practicing the present disclosure. It is intended that the following
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claims define the scope of the present disclosure and that methods and structures within the scope of these

claims and their equivalents be covered thereby.
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CLAIMS

What is claimed is:

1. A chimeric protein comprising:

(a) a Pleckstrin Homology domain comprising:

(1) at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at least 99.4%, at least 99.5%, at least 99.6%, at
least 99.7%, at least 99.8%, or at least 99.9% sequence identity to the sequence of SEQ ID NO: 569; and
(i1) at least two selected from the group of amino acid substitutions consisting of E17K, R25C, T81Y,
T101C, and a combination of K142A, H143A, R144A (142-144A) relative to the sequence of SEQ ID
NO: 569; and

(b) a protein payload.

2. The chimeric protein of claim 1, wherein the chimeric protein comprises at least one mutation group
selected from the group consisting of. E17K and R25C; E17K and T81Y; E17K and T101C; E17K and
142-144A; R25C and T81Y; R25C and T101C; R25C and 142-144A; T81Y and T101C; T81Y and 142-
144A; and T101C and 142-144A.

3. The chimeric protein of claim 2, wherein the chimeric protein comprises the sequence set forth in any
one of SEQ ID NQs: 572,573,574, 575, 576, 577, 578, 579, or 580.

4. The chimeric protein of claim 1, wherein the chimeric protein comprises at least three mutations
selected from the group consisting of E17K, R25C, T81Y, T101C, and 142-144A, relative to the
sequence of SEQ ID NO: 569.

5. The chimeric protein of claim 4, wherein the chimeric protein comprises at least one mutation group
selected from the group consisting of: E17K, R25C, and T81Y; E17K, R25C, and T101C; E17K, R25C,
and 142-144A; E17K, T81Y, and T101C; E17K, T81Y, and 142-144A; E17K, T101C, and 142-144A;
R25C, T81Y, and T101C; R25C, T81Y, and 142-144A; R25C, T101C, and 142-144A; and T81Y,
T101C, and 142-144A, relative to the sequence of SEQ ID NO: 569.

6. The chimeric protein of claim 5, wherein the chimeric protein comprises the sequence set forth in any
one of SEQ ID NOs: 581, 582, 583, 584, 585,586, 587, 588, 589, or 590.

7. The chimeric protein of claim 1, wherein the chimeric protein comprises at least four selected from the
group consisting of E17K, R25C, T81Y, T101C, and 142-144A, relative to the sequence of SEQ ID NO:
569.

8. The chimeric protein of claim 7, wherein the chimeric protein comprises at least one mutation group
selected from the group consisting of: E17K, R25C, T81Y, and T101C; E17K, R25C, T81Y, and 142-
144A; R25C, T81Y, T101C, and 142-144A; R25C, T81Y, T101C, and 142-144A; and E17K, T81Y,
T101C, and 142-144A, relative to the sequence of SEQ ID NO: 569.

9. The chimeric protein of claim 8, wherein the chimeric protein comprises the sequence set forth in any

one of SEQ ID NOs: 591, 592, 593, 594, or 595.
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10. The chimeric protein of claim 1, wherein the chimeric protein comprises at least the mutations E17K,
R25C, T81Y, T101C, and 142-144A, relative to the sequence of SEQ ID NO: 569.

11. The chimeric protein of claim 10, wherein the chimeric protein comprises the sequence of SEQ ID
NO: 596.

12. The chimeric protein of any one of claims 1-11, further comprising one or more nuclear export
sequences.

13. The chimeric protein of claim 12, wherein the one or more nuclear export sequences comprises about
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of
the sequences set forth in Table 5.

14. The chimeric protein of any one of claims 1-13, further comprising one or more nuclear localization
sequences.

15. The chimeric protein of claim 14, wherein the one or more nuclear localization sequences comprises
about 80%, 85%, 90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any
one of the sequences set forth in Table 6.

16. The chimeric protein of any one of claims 1-15, wherein the Pleckstrin Homology domain is coupled
to the protein payload.

17. The chimeric protein of claim 16, wherein the Pleckstrin Homology domain is reversibly coupled to
the protein payload.

18. The chimeric protein of claim 17, wherein the protein payload is reversibly coupled to the Pleckstrin
Homology domain by a cleavable linker.

19. The chimeric protein of claim 18, wherein the cleavable linker is cleavable by a protease.

20. The chimeric protein of any one of claims 16-19, wherein the protein payload is coupled to a C-
terminal of the Pleckstrin Homology domain.

21. The chimeric protein of any one of claims 16-19, wherein the protein payload is coupled to an N-
terminal of the Pleckstrin Homology domain.

22. The chimeric protein of any one of claims 1-21, wherein the protein payload comprises one or more
viral proteins.

23. The chimeric protein of claim 22, wherein the one or more viral proteins comprise one or more
retroviral proteins.

24. The chimeric protein of claim 23, wherein the one or more retroviral proteins comprises a retroviral
Gag protein.

25. The chimeric protein of any one of claims 1-21, wherein the protein payload comprises one or more
non-viral proteins.

26. The chimeric protein of claim 25, wherein the one or more non-viral proteins comprises one or more
mammalian proteins.

27. The chimeric protein of claim 26, wherein the one or more mammalian proteins comprises an Arc

protein.
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28. The chimeric protein of any one of claims 1-27, wherein the protein payload comprises a gene editing
protein.

29. The chimeric protein of claim 28, wherein the gene editing protein comprises a prime editing protein.
30. The chimeric protein of claim 29, wherein the prime editing protein is coupled to a target-specific
prime editing guide RNA.

31. The chimeric protein of any one of claims 28-30, wherein the gene editing protein comprises a
CRISPR system.

32. The chimeric protein of claim 31, wherein the CRISPR system comprises a Cas domain.

33. The chimeric protein of any one of claims 28-32, wherein the gene editing protein is coupled to a
target-specific guide RNA.

34. The chimeric protein of any one of claims 1-27, wherein the protein payload comprises an epigenetic
editing protein.

35. The chimeric protein of claim 34, wherein the epigenetic editing protein 1s coupled to a target-specific
guide RNA.

36. The chimeric protein of any one of claims 1-27, wherein the protein payload comprises a recombinase
protein.

37. The chimeric protein of any one of claims 1-27, wherein the protein payload comprises an integrase
protein.

38. A nucleic acid molecule encoding the chimeric protein of any one of claims 1-37.

39. A lipid delivery particle comprising the chimeric protein of any one of claims 1-37.

40. The lipid delivery particle of claim 39, further comprising an envelope, wherein the envelope
comprises a lipid bilayer encasing a lumen, wherein the chimeric protein is located in the lumen.

41. The lipid delivery particle of claim 39 or claim 40, further comprising a target ligand.

42. The lipid delivery particle of claim 41, wherein the target ligand reversibly couples to a target
receptor.

43. The lipid delivery particle of claim 42, wherein the target receptor comprises a cell surface protein on
a target cell.

44. The lipid delivery particle of claim 43, wherein the envelope couples to the target cell at least partially
through coupling of the target ligand and the target receptor on the target cell.

45. The lipid delivery particle of claim 44, wherein coupling of the target ligand and the target receptor on
the target cell induces release of the protein payload in the target cell.

46. The lipid delivery particle of claim 45, wherein release of the protein payload in the target cell follows
fusion of the envelope with cell membrane of the target cell.

47. A method of delivering a payload to a target cell, the method comprising:

contacting the target cell with the lipid delivery particle of any one of claims 39-46.

48. A chimeric protein comprising:

(a) a Pleckstrin Homology domain comprising at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
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at least 96%, at least 97%, at least 98%, at least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at
least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence
identity to any one of the sequences set forth in Table 4B; and

(b) a protein payload.

49. The chimeric protein of claim 48, wherein the chimeric protein comprises the sequence set forth in
any one of SEQ ID NQOs: 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611, 612,
613,614, 615,616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633,
634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649, 650, 651, 652, 653, 654,
655, 656, 657, 658, 659, 660, 661, 662, 663, 664, 665, 666, 667, 668, 669, 670, 671, 672, 673, 674, 675,
676, 677, 678, 679, 680, 681, 682, 683, 684, 685, 686, 687, 688, 689, 690, 691, 692, 693, 694, 695, 696,
697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707,708 ,709, 710, 711, 712, 713, 714, 715, 716, 717,
718, 719, 720, 721, or 722.

50. The chimeric protein of claim 48 or claim 49, further comprising one or more nuclear export
sequences.

51. The chimeric protein of claim 50, wherein the one or more nuclear export sequences comprises about
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of
the sequences set forth in Table 5.

52. The chimeric protein of any one of claims 48-51, further comprising one or more nuclear localization
sequences.

53. The chimeric protein of claim 52, wherein the one or more nuclear localization sequences comprises
about 80%, 85%, 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, or 99% sequence identity to any
one of the sequences set forth in Table 6.

54. The chimeric protein of any one of claims 48-33, wherein the Pleckstrin Homology domain is coupled
to the protein payload.

55. The chimeric protein of claim 54, wherein the Pleckstrin Homology domain is reversibly coupled to
the protein payload.

56. The chimeric protein of claim 55, wherein the protein payload is reversibly coupled to the Pleckstrin
Homology domain by a cleavable linker.

57. The chimeric protein of claim 56, wherein the cleavable linker is cleavable by a protease.

58. The chimeric protein of any one of claims 54-57, wherein the protein payload is coupled to C-terminal
of the Pleckstrin Homology domain.

59. The chimeric protein of any one of claims 54-57, wherein the protein payload is coupled to N-
terminal of the Pleckstrin Homology domain.

60. The chimeric protein of any one of claims 48-59, wherein the protein payload comprises one or more
viral proteins.

61. The chimeric protein of claim 60, wherein the one or more viral proteins comprise one or more

retroviral proteins.
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62. The chimeric protein of claim 61, wherein the one or more retroviral proteins comprises a retroviral
Gag protein.

63. The chimeric protein of any one of claims 48-62, wherein the protein payload comprises one or more
non-viral proteins.

64. The chimeric protein of claim 63, wherein the one or more non-viral proteins comprises one or more
mammalian proteins.

65. The chimeric protein of claim 64, wherein the one or more mammalian proteins comprises an Arc
protein.

66. The chimeric protein of any one of claims 48-65, wherein the protein payload comprises a gene
editing protein.

67. The chimeric protein of claim 66, wherein the gene editing protein comprises a prime editing protein.
68. The chimeric protein of claim 67, wherein the prime editing protein is coupled to a target-specific
prime editing guide RNA.

69. The chimeric protein of any one of claims 66-68, wherein the gene editing protein comprises a
CRISPR system.

70. The chimeric protein of claim 69, wherein the CRISPR system comprises a Cas domain.

71. The chimeric protein of any one of claims 66-70, wherein the gene editing protein is coupled to a
target-specific guide RNA.

72. The chimeric protein of any one of claims 48-65, wherein the protein payload comprises an epigenetic
editing protein.

73. The chimeric protein of claim 72, wherein the epigenetic editing protein is coupled to a target-specific
guide RNA.

74. The chimeric protein of any one of claims 48-65, wherein the protein payload comprises a
recombinase protein.

75. The chimeric protein of any one of claims 48-65, wherein the protein payload comprises an integrase
protein.

76. A nucleic acid molecule encoding the chimeric protein of any one of claims 48-75.

77. A lipid delivery particle comprising the chimeric protein of any one of claims 48-75.

78. The lipid delivery particle of claim 77, further comprising an envelope, wherein the envelope
comprises a lipid bilayer encasing a lumen, wherein the chimeric protein is located in the lumen.

79. The lipid delivery particle of claim 77 or claim 78, further comprising a target ligand.

80. The lipid delivery particle of claim 79, wherein the target ligand reversibly couples to a target
receptor.

81. The lipid delivery particle of claim 80, wherein the target receptor comprises a cell surface protein on
a target cell.

82. The lipid delivery particle of claim 81, wherein the envelope couples to the target cell through
coupling of the target ligand and the target receptor on the target cell.
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83. The lipid delivery particle of claim 82, wherein coupling of the target ligand and the target receptor on
the target cell induces release of the protein payload in the target cell.

84. The lipid delivery particle of claim 83, wherein release of the protein payload in the target cell follows
endocytosis of the lipid delivery particle.

85. A method to deliver a payload to a target cell, the method comprising:

delivering the lipid delivery particle of any one of claims 77-84 to a target cell.

86. A chimeric protein comprising:

(a) a Pleckstrin Homology domain comprising:

(1) at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, at least 99.1%, at least 99.2%, at lcast 99.3%, at least 99.4%, at least 99.5%, at least 99.6%, at
least 99.7%, at least 99.8%., or at least 99.9% sequence identity to the sequence of SEQ ID NO: 613; and
(11) at least one amino acid substitution selected from the group consisting of E17K, ES8K, ES2K, E53K,
E55K, and E65K relative to the sequence of SEQ ID NO: 613; and

(b) a protein payload.

87. The chimeric protein of claim 86, wherein the chimeric protein comprises the sequence set forth in
any one of SEQ ID NOs: 603, 604, 605, 606, or 607.

88. The chimeric protein of claim 86, wherein the chimeric protein comprises at least two mutations
selected from the group consisting of E17K, E58K, E52K, E53K, E55K, and E65K, relative to the
sequence of SEQ ID NO: 613.

89. The chimeric protein of claim 88, wherein the chimeric protein comprises at least one mutation group
selected from the group consisting of. E17K and E58K; E17K and E52K; E17K and E53K; E17K and
E55K; E17K and E65K; ES8K and E52K; E58K and E53K; ES8K and E55K; ES8K and E65K; ES2K
and E53K; E52K and E55K; E52K and E65K;, E53K and E55K; and E53K and E65K, relative to the
sequence of SEQ ID NO: 613.

90. The chimeric protein of claim 89, wherein the chimeric protein comprises the sequence of SEQ ID
NO: 608.

91. The chimeric protein of claim 86, wherein the chimeric protein comprises at least three mutations
selected from the group consisting of E17K, E58K, E52K, E53K, E55K, and E65K, relative to the
sequence of SEQ ID NO: 613.

92. The chimeric protein of claim 91, wherein the chimeric protein comprises at least one mutation group
selected from the group consisting of E17K, E38K, and E52K; E17K, E58K, and E53K; E17K, E58K,
and E55K; E17K, E58K, and E65K; E17K, E52K, and E53K; E17K, E52K, and E55K; E17K, E52K . and
E65K; E17K, E53K, and E5S5K; E17K, E53K, and E65K; ES8K, E52K, and E53K; ES8K, E52K, and
E55K; ES8K, E52K, and E65K; ES8K, ES3K, and E5S5K; ES8K, ES3K, and E65K; E52K, E53K, and
E65K; and E52K, E53K, and E55K, relative to the sequence of SEQ ID NO: 613.

93. The chimeric protein of claim 92, wherein the chimeric protein comprises the sequence of SEQ ID

NO: 609.
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94. The chimeric protein of claim 86, wherein the chimeric protein comprises at least four mutations
selected from the group consisting of E17K, E58K, ES2K, E53K, E55K, and E65K, relative to the
sequence of SEQ ID NO: 613.

95. The chimeric protein of claim 94, wherein the chimeric protein comprises at least one mutation group
selected from the group consisting of E17K, ES8K, E52K, and E53K; E17K, E58K, E52K, and E55K;
E17K, E38K, E52K, and E65K; ES8K, E52K, E53K, and E55K; E5S8K, E52K, E53K, and E65K; ES8K,
E52K, E53K, and E65K, relative to the sequence of SEQ ID NO: 613,

96. The chimeric protein of claim 95, wherein the chimeric protein comprises the sequence of SEQ ID
NO: 610.

97. The chimeric protein of claim 86, wherein the chimeric protein comprises at least five selected from
the group consisting of: E17K, ES8K, E52K, E53K, and E55K; E17K, E38K, E52K, E53K, and E65K,;
E17K, E38K, E52K, E55K, and E65K; E17K, E38K, E53K, E55K, and E65K; E17K, E52K, E53K,
E55K, and E65K; and E58K, E52K, E53K, E55K, and E65K, relative to the sequence of SEQ ID NO:
613.

98. The chimeric protein of claim 97, wherein the chimeric protein comprises the sequence of SEQ ID
NO: 611.

99. The chimeric protein of claim 86, wherein the chimeric protein comprises the mutations E17K, E58K,
E52K, E33K, E55K, and E635K | relative to the sequence of SEQ ID NO: 613.

100. The chimeric protein of claim 99, wherein the chimeric protein comprises the sequence of SEQ 1D
NO: 612,

101. The chimeric protein of any one of claims 86-100, further comprising one or more nuclear export
sequences.

102. The chimeric protein of claim 101, wherein the one or more nuclear export sequences comprises
about 80%, 85%, 90%, 91%, 92%., 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any
one of the sequences set forth in Table 5.

103. The chimeric protein of any one of claims 86-102, further comprising one or more nuclear
localization sequences.

104. The chimeric protein of claim 103, wherein the one or more nuclear localization sequences
comprises about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence
identity to any one of the sequences set forth in Table 6.

105. The chimeric protein of any one of claims 86-104, wherein the Pleckstrin Homology domain is
coupled to the protein payload.

106. The chimeric protein of claim 105, wherein the Pleckstrin Homology domain is reversibly coupled to
the protein payload.

107. The chimeric protein of claim 106, wherein the protein payload is reversibly coupled to the
Pleckstrin Homology domain by a cleavable linker.

108. The chimeric protein of claim 107, wherein the cleavable linker is cleavable by a protease.
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109. The chimeric protein of any one of claims 105-108, wherein the protein payload is coupled to C-
terminal of the Pleckstrin Homology domain.

110. The chimeric protein of any one of claims 105-108, wherein the protein payload is coupled to N-
terminal of the Pleckstrin Homology domain.

111. The chimeric protein of any one of claims 86-110, wherein the protein payload comprises one or
more viral proteins.

112. The chimeric protein of claim 111, wherein the one or more viral proteins comprise one or more
retroviral proteins.

113. The chimeric protein of claim 112, wherein the one or more retroviral proteins comprises a retroviral
Gag protein.

114. The chimeric protein of any one of claims 86-113, wherein the protein payload comprises one or
more non-viral proteins.

115. The chimeric protein of claim 114, wherein the one or more non-viral proteins comprises one or
more mammalian proteins.

116. The chimeric protein of claim 115, wherein the one or more mammalian proteins comprises an Arc
protein.

117. The chimeric protein of any one of claims 86-116, wherein the protein payload comprises a gene
editing protein.

118. The chimeric protein of claim 117, wherein the gene editing protein comprises a prime editing
protein.

119. The chimeric protein of claim 118, wherein the prime editing protein is coupled to a target-specific
prime editing guide RNA.

120. The chimeric protein of any one of claims 117-119, wherein the gene editing protein comprises a
CRISPR system.

121. The chimeric protein of claim 120, wherein the CRISPR system comprises a Cas domain.

122. The chimeric protein of any one of claims 117-121, wherein the gene editing protein is coupled to a
target-specific guide RNA.

123. The chimeric protein of any one of claims 86-116, wherein the protein payload comprises an
epigenctic editing protein.

124. The chimeric protein of claim 123, wherein the epigenetic editing protein is coupled to a target-
specific guide RNA.

125. The chimeric protein of any one of claims 86-116, wherein the protein payload comprises a
recombinase protein.

126. The chimeric protein of any one of claims 86-116, wherein the protein payload comprises an
integrase protein.

127. A nucleic acid molecule encoding the chimeric protein of any one of claims 86-126.

128. A lipid delivery particle comprising the chimeric protein of any one of claims 8§6-126.
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129. The lipid delivery particle of claim 128, further comprising an envelope, wherein the envelope
comprises a lipid bilayer encasing a lumen, wherein the chimeric protein is located in the lumen.

130. The lipid delivery particle of claim 128 or claim 129, further comprising a target ligand.

131. The lipid delivery particle of claim 130, wherein the target ligand reversibly couples to a target
receptor.

132. The lipid delivery particle of claim 131, wherein the target receptor comprises a cell surface protein
on a target cell.

133. The lipid delivery particle of claim 132, wherein the envelope couples to the target cell through
coupling of the target ligand and the target receptor on the target cell.

134. The lipid delivery particle of claim 133, wherein coupling of the target ligand and the target receptor
on the target cell induces release of the protein payload in the target cell.

135. The lipid delivery particle of claim 134, wherein release of the protein payload in the target cell
follows endocytosis of the lipid delivery particle.

136. A method to deliver a payload to a target cell, the method comprising:

delivering the lipid delivery particle of any one of claims 128-135 to a target cell.
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Group II+: claims 48-51 are drawn to chimeric proteins comprising a sequence at least 60% identical to a
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(see claims 1-3 and 13). It is believed that claims 1-4,7, 12, and 13 read on this first named invention and thus
these claims will be searched without fee to the extent that they read on SEQ ID NOs: 572 and 352.

An exemplary election of Group II+ is a chimeric protein sequence selected to be SEQ ID NO: 597, a nuclear
export sequence selected to be SEQ ID NO: 352, and chimeric proteins comprising the same.

An exemplary election of Group III+ is a chimeric protein sequence selected to be SEQ ID NO: 603, a nuclear
export sequence selected to be SEQ ID NO: 352, and chimeric proteins comprising the same.
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each set of election. An exemplary election would a chimeric protein sequence selected to be SEQ ID NO:
573, a nuclear export sequence selected to be SEQ ID NO: 353, and chimeric proteins comprising the same.
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on any additional elected inventions. Applicants must further indicate, if applicable, the claims which read on
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

the first named invention if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the “+” group(s) will result in only the first claimed
invention to be searched/examined.

The inventions listed in Groups I+, II+, and III+ do not relate to a single general inventive concept under PCT
Rule 13.1, because under PCT Rule 13.2 they lack the same or corresponding special technical features for the
following reasons:

The Groups I+, II+, and ITI+ formulas do not share a significant structural element responsible for chimeric
proteins with Pleckstrin Homology domains requiring the selection of alternative chimeric protein sequences
and nuclear export sequences where “a Pleckstrin Homology domain comprising: (i) at least 60% at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at lcast 93%, at
least 94%, at least 95%, at least 96%, at least 97 %, at least 98 %, at least 99%, at least 99.1%, at least 99.2%,
at least 99.3 %, at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9%
sequence identity to the sequence of SEQ ID NO: 569; and (ii) at least two selected from the group of amino
acid substitutions consisting of E17K, R25C, T81Y, T101C, and a combination of K142A, H143A, R144A
(142-144A) relative to the sequence of SEQ ID NO: 569 and “wherein the chimeric protein comprises at least
one mutation group selected from the group consisting of: E17K and R25C; E17K and T81Y; E17K and T101C;
E17K and 142-144A; R25C and T81Y; R25C and T101C; R25C and 142-144A; T81Y and T101C; T81Y and
142- 144A; and T101C and 142-144A” and “wherein the chimeric protein comprises the sequence set forth in
any one of SEQ ID NOs: 572, 573, 574, 575, 576, 577, 578, 579, or 580” and “wherein the one or more nuclear
export sequences comprises about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, or 9%
sequence identity to any one of the sequences set forth in Table 5.”

The special technical features of Group I+, chimeric proteins comprising a sequence at least 60% identical to
SEQ ID NO: 569 with at least two amino acid substitutions, are not present in Groups II+ and III+; the special
technical features of Group II+, chimeric proteins comprising a sequence at least 60% identical to SEQ ID

NO: 569 with at least two amino acid substitutions, are not present in Groups I+ and I11+; the special technical
features of Group III+, chimeric proteins comprising a sequence at least 60% identical to SEQ ID NO: 613 with
at least one amino acid substitution, are not present in Groups I+ and II+.

Additionally, even if Groups I+, IT+, and I+ were considered to share the technical features of a chimeric
protein comprising: (a) a Pleckstrin Homology domain comprising: (i) at least 60% at least 65%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at lecast 94%, at
least 95%, at least 96%, at least 97 %, at least 98 %, at least 99%, at least 99.1%, at least 99.2%, at least 99.3 %,
at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence identity
to the sequence of SEQ ID NO: 569; and (ii) at least two selected from the group of amino acid substitutions
relative to the sequence of SEQ ID NO: 569; and (b) a protein payload; a chimeric protein comprising: (a) a
Pleckstrin Homology domain comprising at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at least 99.4%, at least 99.5%,

at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence identity to any one of the sequences;
and (b) a protein payload; and a chimeric protein comprising: (a) a Pleckstrin Homology domain comprising:

(1) at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91 %,

at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98 %, at least 99%, at
least 99.1%, at least 99.2%, at least 99.3%, at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least
99.8%, or at least 99.9% sequence identity to the sequence of SEQ ID NO: 613; and (ii) at least one amino acid
substitution; and (b) a protein payload. However, these shared technical features do not represent a contribution
over the prior art.

WO 2022/020800 A2 to The General Hospital Corporation et al. (hereinafter, “Hospital”) teaches a chimeric
protein (an enhanced virus-like particle comprising...a cargo; Claim 1; wherein the cargo comprises a fusion to
a plasma membrane recruitment domain; Claim 7) comprising: (a) a Pleckstrin Homology domain comprising:
(1) at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91 %,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97 %, at least 98 %, at least 99%,

at least 99.1%, at least 99.2%, at least 99.3 %, at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%,

at least 99.8%, or at least 99.9% sequence identity to the sequence of SEQ ID NO: 569 (a plasma membrane
recruitment domain; Claim 7; as shown in Table 6, mutant Pleckstrin homology domain of human Aktl with
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an E17K substitution; wherein the Pleckstrin homology domain of Homo sapiens Aktl is SEQ ID NO: 43; Pg.
43, Lns. 19-24; wherein SEQ ID NO: 43 with an E17K substitution is 99.6% identical to Applicant’s SEQ ID
NO: 569); and (ii) at least one selected from the group of amino acid substitutions relative to the sequence of
SEQ ID NO: 569 (a plasma membrane recruitment domain; Claim 7; as shown in Table 6, mutant Pleckstrin
homology domain of human Aktl with an E17K substitution; wherein the Pleckstrin homology domain of
Homo sapiens Aktl is SEQ ID NO: 43; Pg. 43, Lns. 19-24; wherein SEQ ID NO: 43 with an E17K substitution
15 99.6% identical to Applicant’s SEQ ID NO: 569); and (b) a protein payload (an enhanced virus-like particle
comprising...a cargo; Claim 1; “Cargo” refers to any payload that can be delivered, including...proteins; Pg.
15, Lns. 9-14); a chimeric protein (an enhanced virus-like particle comprising...a cargo; Claim 1; wherein the
cargo comprises a fusion to a plasma membrane recruitment domain; Claim 7) comprising: (a) a Pleckstrin
Homology domain comprising at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 91%, ar least 92%, at least 93%, at least 94 %, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at least 99.4%, at least 99.5%,
at least 99.6%; at least 99.7%, at least 99.8%, or at least 99.9% sequence identity to any one of the sequences
(a plasma membrane recrnitment domain; Claim 7; as shown in Table 6, mutant Pleckstrin homology domain
of human Aktl with an E17K substitution; wherein the Pleckstrin homology domain of Homo sapiens Aktl is
SEQ ID NO: 43; Pg. 43, Lns. 19-24; wherein SEQ ID NO: 43 with an E17K substitution is 99.6% identical to
Applicant’s SEQ ID NO: 569); and (b) a protein payload (an enhanced virus-like particle comprising...a cargo;
Claim 1; “Cargo” refers to any payload that can be delivered, including. ..proteins; Pg. 15, Lns. 9-14); and a
chimeric protein (an enhanced virus-like particle comprising...a cargo; Claim 1; wherein the cargo comprises

a fusion to a plasma membrane recruitment domain; Claim 7) comprising: (a) a Pleckstrin Homology domain
comprising: (i) at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,

at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,

at least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at least 99.4%, at least 99.5%, at least 99.6%, at
least 99.7%, at least 99.8%, or at least 99.9% sequence identity to a sequence (a plasma membrane recruitment
domain; Claim 7; as shown in Table 6, mutant Pleckstrin homology domain of human Aktl with an E17K
substitution; wherein the Pleckstrin homology domain of Homo sapiens Aktl is SEQ ID NO: 43; Pg. 43, Lns.
19-24; wherein SEQ ID NO: 43 with an E17K substitution is 99.6% identical to Applicant’s SEQ ID NO: 569);
and (ii) at least one amino acid substitution (a plasma membrane recruitment domain; Claim 7; as shown in
Table 6, mutant Pleckstrin homology domain of human Aktl with an E17K substitution; wherein the Pleckstrin
homology domain of Homo sapiens Aktl is SEQ ID NO: 43; Pg. 43, Lns. 19-24; wherein SEQ ID NO: 43
with an E17K substitution is 99.6% identical to Applicant’s SEQ ID NO: 569); and (b) a protein payload (an
enhanced virus-like particle comprising...a cargo; Claim 1; “Cargo” refers to any payload that can be delivered,
including...proteins; Pg. 15, Lns. 9-14).

WO 2015/171543 Al 1o California Institute of Technology (hereinafter, “California’) teaches at least

two selected from the group of amino acid substitutions (the Aktl PH domain protein comprises an E17K
mutation...only a portion of the PH domain containing the E17K mutation was synthesizes...chemical
synthesis of the epitope allowed for the substitution of the isoleucine at residue 19, with a alkyne-containing
propargylglycine amino acid; Para. [0045]).

The publication entitled “Connector enhancer of kinase suppressor of ras 2, partial [Galemys pyrenaicus]” to
Genpept (hereinafter, “Genpept”) teaches at least 60% at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at least 99.4%, at least 99.5%, at
least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% sequence identity to the sequence of SEQ ID NO:
613 (residues 17-116 of the Genpept sequence are 100% identical to Applicant’s SEQ ID NO: 613; Pgs. 1-2).

The inventions listed in Groups I+, II+, and III+ therefore lack unity under Rule 13 because they do not share a
same or corresponding special technical features.
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L. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: 1-4, 7,12, 13

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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