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ABSTRACT OF THE DISCLOSURE 

Provided is a polymer comprising a hydrolysable polymer backbone, the polymer backbone 

comprising (i) monomer units with a side chain comprising a hydrophobic group; (ii) monomer 

units with a side chain comprising an oligoamine or polyamine; and optionally (iii) monomer units 

with a side chain comprising an ionizable group, as well as a method of preparing said polymer, and 

a method of delivering a nucleic acid and/or polypeptide to a cell using the polymer.   
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CATIONIC POLYMER WITH ALKYL SIDE CHAINS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This patent application is a divisional of Australian Patent Application No. 2020263474 

and claims priority to U.S. provisional patent application 62/837,658 filed April 23, 2019, and U.S. 

provisional patent application 62/853,658 filed May 28, 2019, the entire disclosures of which are 

hereby incorporated by reference.  

[0001A] Preceding applications contained a sequence listing which was originally submitted 

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII 

copy is named 513107_ST25 and is 60,566 bytes in size. The instant application contains a 

sequence listing which has been submitted electronically as an XML document in the ST.26 format 

and is hereby incorporated by reference in its entirety. Said XML copy, created on 11 March 2026, 

is named "P0038783AUD1 ST26 Sequence Listing" and is 32,435 bytes in size. 

BACKGROUND OF THE INVENTION 

[0002] Peptide, protein, and nucleic based technologies have countless applications to prevent, 

cure and treat diseases.  However, the safe and effective delivery of large molecules (e.g., 

polypeptides and nucleic acids) to their target tissues remains problematic.  Accordingly, there 

continues to be a need for new compositions and methods useful for delivering therapeutic 

molecules. 

BRIEF SUMMARY OF THE INVENTION 

[0003] Provided herein is a polymer comprising a hydrolysable polymer backbone, the polymer 

backbone comprising (i) monomer units with a side chain comprising a hydrophobic group; (ii) 

monomer units with a side chain comprising an oligoamine or polyamine; and optionally (iii) 

monomer units with a side chain comprising an ionizable group, optionally with a pKa less than 7. 

[0004] Also provided herein is a polymer comprising a structure of Formula 1: 

  

wherein:  

CATIONIC POLYMER WITH ALKYL SIDE CHAINS

CROSS REFERENCE TO RELATED APPLICATIONS

BACKGROUND OF THE INVENTION

molecules.

BRIEF SUMMARY OF THE INVENTION
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1a 
 

each of m1, m2, m3, and m4 is an integer from 0 to 1000, provided that the sum of m1 + m2 + 

m3 + m4 is greater than 5; 

each of n1 and n2 is an integer from 0 to 1000, provided that the sum of n1 + n2 is greater 

than 2;  

the symbol “/” indicates that the units separated thereby are linked randomly or in any order;  

each instance of R3a is independently a methylene or ethylene group; 
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2

each X¹ independently abond;

C1-C alkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group, any of which can

be optionally substituted with one or more substituents;

each instance of X² is independently a C1-C alkyl group, cycloalkyl group, alkenyl

group, cycloalkenyl group, aryl group, heteroalkyl group, heterocyclic group, or combination

thereof optionally comprising one or more primary, secondary, or tertiary amines; any of

which can be substituted with one or more substituents;

A¹ and A² are each independently a group of formula

-(CH2)p-N[-(CH2)q-NR²];

B¹ and B² are each independently

or
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3

wherein p1 to p4, q1 to q6, rl and r2, and sl to s4 are each independently an integer of 1 to 5;

each instance of R² is independently hydrogen or a C1-C12 alkyl group, alkenyl group,

ionizable group.

[0006] The disclosure also provides a composition comprising a polymer comprising the

structure of Formula 1 and a nucleic acid and/or polypeptide. Further provided is a method

of preparing a polymer comprising a structure of Formula 1, as well as methods of using the

to a cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 provides the amino acid sequence of Cas9 from Streptococcus pyogene

(SEQ ID NO:1).

[0008] FIG. 2 provides the amino acid sequence of Cpfl from Francisella tularensis

subsp. Novicida U112 (SEQ ID NO:2).

[0009] FIG. 3 is a graph of the degree of substitution of the hydrophobic moiety of

Polymer A as a result of the number of equivalents of hydrophobic moiety added in the

reaction mixture.

[0010] FIG. 4 is a graph of the degree of substitution of the hydrophobic moiety of

Polymer B as a result of the number of equivalents of hydrophobic moiety added in the

reaction mixture.

[0011] FIG. 5 is a graph illustrating transfection efficiency of Polymer A nanoparticles in

HEK293T cells as a function of RFP fluorescence, as described in Example 3.

[0012] FIG. 6 is a graph illustrating transfection efficiency of Polymer A nanoparticles in

HEK293T cells as a function of RFP fluorescence, as described in Example 4.
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4

[0014] FIG. 8 is a graph illustrating transfection efficiency of Polymer A nanoparticles in

primary myoblasts as a function of RFP fluorescence, as described in Example 4.

[0015] FIG. 9 is a graph illustrating transfection efficiency of Polymer A nanoparticles

and Polymer B nanoparticles in HEK293T cells as a function of RFP fluorescence, as

described in Example 4.

[0016] FIG. 10 is a graph is a graph illustrating transfection efficiency of Polymer A and

Polymer B nanoparticles containing Cas9 in HEK293T cells as a function of GFP knock-out,

as described in Example 5.

[0017] FIG. 11 is a graph is a graph illustrating transfection efficiency of Polymer A and

[0019] FIG. 13 is a graph illustrating cell viability of Hep3B cells after treatment of cells

[0020] FIG. 14 provides the sequence of AsCpfl (SEQ ID NO: 19).

[0021]

[0022] FIG. 16 shows the dynamic light scattering of particles containing mCherry

mRNA and polymer H27N, as described in Example 9.

[0023] FIG. 17 shows the dynamic light scattering of particles containing Cas9 RNP and

polymer H27N, as described in Example 10.

[0024]

12.

[0025]

as described in Example 13.

[0026] FIG. 20 is a graph illustrating transfection efficiency of Polymer H27N

[0027]
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[0028] FIGs. 22A-22C show the bioluminescence imaging of luciferase expressing mice

treated with compositions as described in Example 15.

DETAILED DESCRIPTION OF THE INVENTION

the polymer backbone comprising (i) monomer units with a side chain comprising a

hydrophobic group; (ii) monomer units with a side chain comprising an oligoamine or

polyamine; and optionally (iii) monomer units with a side chain comprising an ionizable

group, optionally with a pKa less than 7.

backbone having bonds that are susceptible to cleavage under physiological conditions (e.g.,

C1-C12 (e.g., C2-C, C2-C10, C2-C, C-C, C-C, C-C, C-C, C-C, C4-C, C4-C10, C4-

a C-C (C-Cl, C-C, C-C, C4-C12, C4-C10, C4-C, C4-C, C-C, C-C, C-C, C-C,)

some embodiments, the hydrophobic group comprises fewer than 8 carbons or fewer than 6

carbons. For example, the hydrophobic group can comprise a C2-C or C2-C (e.g., C-C or

20
26

20
18

55
   

   
11

 M
ar

 2
02

6

5
1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
5
5

D
E
T
A
I
L
E
D
 
D
E
S
C
R
I
P
T
I
O
N
 
O
F
 
T
H
E
 
I
N
V
E
N
T
I
O
N



6

optionally further comprising an alkylene linker (e.g., a methylene or ethylene linker).

[0035] The polymer also comprises monomer units with a side chain comprising an

oligoamine or polyamine. As used herein, the term "oligoamine" refers to any chemical

moiety having two or three amine groups, and the term "polyamine" refers to any chemical

moiety having four or more (e.g., 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, etc.) amine

groups. The amine groups can be primary amine groups, secondary amine groups, tertiary

amine groups, or any combination thereof. In certain embodiments, the oligoamine or

-(CH)p-N[-(CH)-NR²];

or

wherein p1 to p4, q1 to q6, rl and r2, and sl to s4 are each independently an integer of 1 to 5;

each instance of R² is independently hydrogen or a C1-C12 alkyl group, alkenyl group,

cycloalkyl group, or cycloalkenyl group, or R² is combined with a second R² so as to form a
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7

heterocyclic group; each instance of R is independently -C(0)0-, -C(O)NH-, -0-, -C-O-

C(O)-C-O-, or -S(O)(O)-; and each instance of R is independently an alkyl group, cycloalkyl

wherein p1 to p4, q1 to q6, and rl and r2 are each independently an integer of 1 to 5 (e.g., 1,

2, or 3); and each instance of R² is independently hydrogen or a C1-C (e.g., C-C, C1-C,

combined with a second R² so as to form a heterocyclic group. It is understood that the

alkenyl groups must have at least 2 carbons (e.g., C2-C12, C-C,etc.) and the cycloalkyl and

cycloalkenyl groups must have at least 3 carbons (e.g., C-C, C-C,etc.). In some

embodiments, the polyamine is -(CH)p-[NR²-(CH)q1-]NR², optionally wherein R²

is independently hydrogen or a C1-C alkyl (e.g., methyl or ethyl).

[0037] In some embodiments, the polymer further comprises monomer units with a side

chain comprising an ionizable group. As used herein, the phrase "ionizable group" refers to

any chemical moiety with a substituent that can readily be converted into a charged species.

For example, the ionizable group can be a group that is a proton-donor or proton-acceptor.

The group can be protonated or deprotonated under physiological conditions. In certain

embodiments, the ionizable group has a pKa less than 7 (in water at 25° C). For example, the

ionizable group described herein can have a pKa of less than 6, a pKa of less than 5, a pKa of

less than 4, a pKa of less than 3, a pKa of less than 2, or a pKa of less than 1. Alternatively,

or additionally, the ionizable group described herein can have a pKa of greater than -2, a pKa

of greater than -1, a pKa of greater than 0, a pKa of greater than 1, a pKa of greater than 2, a

pKa of greater than 3, a pKa of greater than 4, a pKa of greater than 5, or a pKa of greater

than 6. Accordingly, the ionizable group described herein can have a pKa from -2 to 7, for
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[0038] In some embodiments, the polymer has an overall pKa of less than 7 (in water at

25° C). For example, the polymer described herein can have a pKa of less than 6, a pKa of

less than 5, a pKa of less than 4, a pKa of less than 3, a pKa of less than 2, or a pKa of less

than 1. Alternatively, or additionally, the polymer described herein can have a pKa of greater

than -2, a pKa of greater than -1, a pKa of greater than 0, a pKa of greater than 1, a pKa of

greater than 2, a pKa of greater than 3, a pKa of greater than 4, a pKa of greater than 5, or a

pKa of greater than 6. Accordingly, the polymer described herein can have a pKa from -2 to

7, for example, a pKa from 1 to 7, a pKa from 0 to 7, a pKa from 1 to 7, a pKa from 2 to 7, a

to 5.

O O O

R
3a

R
3a

m m m n
3b

NR
13 1
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NR NR
13

B¹
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wherein:

each of m¹, m², m³, and m is an integer from 0 to 1000, provided that the sum of m¹ +

bond;

each instance of R¹³ is independently hydrogen, an aryl group, a heterocyclic group, a

group, any of which can be optionally substituted with one or more substituents;

each instance of X² is independently a C1-C alkyl or heteroalkyl group, C-C

cycloalkyl group, C2-C12 alkenyl group, C-C cycloalkenyl group, aryl group, heterocyclic

group, or combination thereof optionally comprising one or more primary, secondary, or

tertiary amines; any of which are optionally substituted with one or more substituents;

A¹ and A² are each independently a group of formula

-(CH)-N[-(CH)q-NR²];

B¹ and B² are each independently
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-(CH)p1-[NR²-(CH)q1-]r1NR²-CH(CONH)-(CH)s1-R'; or

wherein p1 to p4, q1 to q6, rl and r2, and sl to s4 are each independently an integer

of 1 to 5; each instance of R² is independently hydrogen or a C1-C12 alkyl group, alkenyl

group, cycloalkyl group, or cycloalkenyl group, or R² is combined with a second R² so as to

cycloalkyl group, alkenyl group, cycloalkenyl group, aryl group, heteroalkyl group,

alkynyl), and can be linear, branched, straight-chained, cyclic (e.g., cycloalkyl or

cycloalkenyl), or a combination thereof. Cyclic groups can be monocyclic, fused to form

bicyclic or tricyclic groups, linked by a bond, or spirocyclic. In some embodiments, the alkyl

substituent can be interrupted by one or more heteroatoms (e.g., oxygen, nitrogen, and

group). In some embodiments, the alkyl is substituted with one or more substituents.

[0042] The term "aryl" refers to an aromatic ring system having any suitable number of

ring atoms and any suitable number of rings. Aryl groups can include, for instance, 6, 7, 8, 9,

10, 11, 12, 13, 14, 15 or 16 ring atoms, as well as from 6 to 10, 6 to 12, or 6 to 14 ring

members. Aryl groups can be monocyclic, fused to form bicyclic or tricyclic groups, or

linked by a bond to form a biaryl group. Representative aryl groups include phenyl, naphthyl

and biphenyl. In some embodiments, the aryl group comprises an alkylene linking group so

as to form an arylalkyl group (e.g., a benzyl group). Some aryl groups have from 6 to 12 ring

members, such as phenyl, naphthyl or biphenyl. Other aryl groups have from 6 to 10 ring
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members, such as phenyl or naphthyl. In some embodiments, the aryl substituent can be

interrupted by one or more heteroatoms (e.g., oxygen, nitrogen, and sulfur), thereby proving a

heterocyclyl (i.e., a heterocyclic or heteroaryl group). In some embodiments, the aryl is

substituted with one or more substituents.

[0043] The term "heterocyclyl," or "heterocyclic group" refers to a cyclic group, e.g.,

heteroatoms (e.g., oxygen, nitrogen, and sulfur). In some embodiments, the heterocyclyl or

the designated atom or group (e.g., substituted alkyl group) are replaced with another group

provided that the designated atom's normal valence is not exceeded. For example, when the

groups can include one or more of a hydroxyl, an amino (e.g., primary, secondary, or

tertiary), an aldehyde, a carboxylic acid, an ester, an amide, a ketone, nitro, an urea, a

guanidine, cyano, fluoroalkyl (e.g., trifluoromethane), halo (e.g., fluoro), aryl (e.g., phenyl),

heterocyclyl or heterocyclic group (i.e., cyclic group, e.g., aromatic (e.g., heteroaryl) or non-

aromatic where the cyclic group has one or more heteroatoms), oxo, or combinations thereof.

Combinations of substituents and/or variables are permissible provided that the substitutions

the sum of m¹ + m² + m³ + m is greater than 10 or greater than 20 (e.g., 10-5000, 10-2000,

20
26

20
18

55
   

   
11

 M
ar

 2
02

6

1
1

2
0
2
6
2
0
1
8
5
5
 
1
1
 
M
a
r
 
2
0
2
6

a
r
o
m
a
t
i
c
 
(
e
.
g
.
,
 
h
e
t
e
r
o
a
r
y
l
)
 
o
r
 
n
o
n
-
a
r
o
m
a
t
i
c
 
w
h
e
r
e
 
t
h
e
 
c
y
c
l
i
c
 
g
r
o
u
p
 
h
a
s
 
o
n
e
 
o
r
 
m
o
r
e



12

monomers (e.g., the ratio of of about 25 or less, and, optionally,

to about 25, from about 1 to about 20, from about 1 to about 10, from about 1 to about 5,

from about 5 to about 25, from about 10 to about 25, or from about 15 to about 25.

[0047] In embodiments where the polymer comprises both A monomers and B

about 20 or less (e.g., about 10 or less, about 5 or less, about 2 or less, or even about 1 or

combination thereof.

[0049] Thus, in the structure of Formula 1, the monomers (which can be referred to by

their respective side chains A¹, A², B¹, B², X¹, and X²) can be arranged randomly or in any

order. The integers m¹, m², m³, m, n¹, and n² merely denote the number of the respective

particular order or blocks of those monomers, although blocks or stretches of a given

monomer might be present in some embodiments. For instance, the structure of Formula 1

can comprise the monomers in the order -A¹-A²-B¹-B²-, -A²-A¹-B²-B¹-, -A¹-B¹-A²-B²-, etc.

Furthermore, the polymer can comprise blocks of A and/or B polymers (e.g., [A

monomers]m1+m2-[B monomers]m3+m4) in any order). The polymer can comprise individual X

monomers interspersed with the A and B monomers (e.g., -A-X-B-, -A-B-X-, -B-X-A, etc.),

or the polymer can be "capped" with one or more X monomers (e.g., a block of X monomers)

at one or both ends of the polymer. Likewise, when the polymer comprises blocks of A

and/or B monomers, the polymer can comprise blocks of X monomers interspersed between
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blocks of A and/or B monomers, or the polymer can be "capped" with one or more X

monomers (e.g., a block of X monomers) at one or both ends of the polymer. In some

embodiments, the polypeptide (e.g., polyaspartamide) backbone will be arranged in an

alpha/beta configuration, such that the "1" and "2" monomers will alternate (e.g., -A¹-A²-B¹-

B²-, -A²-A¹-B²-B¹-, -A¹-B²-B¹-A²-, -A²-B¹-B²-A¹-, -B¹-A²-B¹-A²-, etc.), wherein the polymer

is capped with X monomers or the X monomers are interspersed throughout. However, the

"A" and "B" sidechains (e.g., A¹/A² and B¹/B²) can be dispersed randomly throughout the

group; or R³ is a methylene group and R³ is an ethylene group. In certain embodiments, R³

and R³ are each an ethylene group. In some embodiments, R³ and R³ are each a methylene

[0051] In the polymers described herein, each X¹ group independently is -C(0)0-,

C(O)NR¹³ -C(0)-, -S(0)(0)-, or a bond. Each X¹ group can be the same or

different from one another. In some embodiments, X¹ is -C(O)NR¹³- In some

embodiments, X¹ is -C(0)0-.

[0052] Each instance of R¹³ is independently hydrogen or a C1-C12 (e.g., C1-C, C1-C,

or C1-C) alkyl group, C2-C12 (e.g., C-C, C-C, or C2-C) alkenyl group, C-C (e.g., C-

group; a C1-C alkyl group; a C1-C alkyl group; a C1-C4 alkyl group, a C1-C alkyl group, or
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embodiments, one or more (or all) X² groups can be independently a C-C (e.g., C-C, C-

C8, C-C, C4-C12, C4-C, C-C, or C8-C12) alkyl group or alkenyl group, or C-C (e.g., C-

C8, C-C, C4-C12, C4-C, C-C, or C8-C12) cycloalkenyl group. In other embodiments, one

[0054] Groups A¹ and A² are independently selected and, therefore, can be the same or

p1, p2, p3, and p4), q1 to q6 (i.e., q1, q2, q3, q4, q5, and q6), rl, r2, and/or sl to s4 are each

independently an integer of 1 to 3 (e.g., 1, 2, or 3). In certain embodiments, p1 to p4 (i.e., p1,

p2, p3, and p4), q1 to q6 (i.e., q1, q2, q3, q4, q5, and q6), and/or s1 to s4 (i.e., s1, s2, s3, and

s4) are each 2. In some embodiments, p1 to p4 (i.e., p1, p2, p3, and p4) and/or q1 to q6 (i.e.,

1.

[0056] Each instance of R² can be hydrogen or a C1-C12 (e.g., C1-C, C1-C, or C1-C)

alkyl group, C2-C12 (e.g., C2-C, C-C, or C2-C) alkenyl group, C-C (e.g., C-C, C-C,

or C-C) cycloalkyl group, C3-C12 (e.g., C-C, C-C, or C3-C5) cycloalkenyl group,, or R² is

combined with a second R² so as to form a heterocyclic group. In some embodiments, R² is

hydrogen or a C1-C alkyl (e.g., a C1-C1 alkyl group; a C1-C alkyl group; a C1-C alkyl

group; a C1-C4 alkyl group, a C1-C alkyl group, or a C or C alkyl group) that can be linear

or branched. In certain embodiments, R² is methyl. In other embodiments, R² can be
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hydrogen. Each R² is independently chosen and can be the same or different. In some

embodiments, each R² in a given is the same (e.g., all methyl or all hydrogen).

[0057] Each instance of R is independently -C(0)0-, -C(O)NH-, or -S(0)(0)-

In some embodiments, each instance of R is independently -C(0)0- or -C(O)NH-

In certain embodiments, each instance of R is -C(0)0-. In certain embodiments, each

instance of R is -C(O)NH-.

[0058] Each instance of R is independently an alkyl group, cycloalkyl group, alkenyl

carbon atoms (e.g., from about 2 to about 40 carbon atoms, from about 2 to about 30 carbon

atoms, from about 2 to about 20 carbon atoms, from about 2 to about 16 carbon atoms, from

about 8 carbon atoms). In some embodiments, R is a heteroalkyl group comprising from 2 to

8 (i.e., 2, 3, 4, 5, 6, 7, or 8) tertiary amines. The tertiary amines can be part of the heteroalkyl

backbone (i.e., the longest continuous chain of atoms in the heteroalkyl group, or a pendant

substituent. Thus, for instance, the heteroalkyl group comprising the tertiary amines can

provide an alkylamino group, amino alkyl group, alkylaminoalkyl group, aminoalkylamino

group, or the like comprising 2 to 8 tertiary amines.
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N

Y CHCHO
ZI
H

CH N C CH3
c

1-4 1-4

N
N

R CH 0-4 ; and

R
2

n

wherein

each instance of R² is as described above;

Z is an integer from 1 to 5;

c is an integer from 0 to 50;

Y is optionally present and is a cleavable linker;

n is an integer from 0 to 50; and

group, cycloalkyl group, or cycloalkenyl group.

or more amines. In some embodiments, R is a C4-C,, such as a C-C, alkyl group, alkenyl

backbone) or a pendant substituent.

[0061]

to each other. When Y is present, Y is a cleavable linker. As used herein, the phrase

"cleavable linker" refers to any chemical element that connects two species that can be
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cleaved as to separate the two species. For example, the cleavable linker can be cleaved by a

are not limited to:

R
14

S
S R

14

2

s

R
14 R 14

R 15 R 15
;

O O
R 14

R
16

; and

O

R
14

R
14

2 H
S

OH

O
wherein each occasion of R¹ independently is a C1-C4 alkyl group, each occasion of R¹

aromatic), a C1-C alkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group, and

R¹ is a six-membered aromatic or heteroaromatic group optionally substituted with one or

more -OCH, -NHCH, -N(CH), -SCH, -OH, or a combination thereof.

[0062] In some embodiments, each of A¹ and A² is independently a group of formula -

some embodiments, each of A¹ and A² is independently a group of formula -(CH)-

wherein R² is a
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[NH-(CH)-]rNH-(CH)-R4-R°, such as a group -(CH)-NH-(CH)-NH-(CH)+R4-

R, or a group -(CH)-NH-(CH)-NH-(CH)-C(O)-O-R, wherein R and R are as

[0064] In some embodiments, the polymer of Formula 1 does not have any B monomers

Formula 4:

O O O
H H H H H H H

C C N C R
3a

C N C N C2/ R
3a

C N
m m

1

n
n²

R
3b R

3b
X

1

O NR¹³ X¹
X

NR¹³ X²

A¹

Formula 4

wherein:

0 to 500, 0 to 200, 0 to 100, 0 to 50, or 0-25), provided that the sum of n¹ + n² is greater than

of n¹ + n² is greater than 5 or greater than 10 (e.g., 5-2000, 5-1000, 5-500, 5-200, 5-100, 5-50,

or 5-25; or 10-2000, 10-1000, 10-500, 10-200, 10-100, 10-50, or 10-25).

[0065] In some embodiments of the polymer of Formula 4, A¹ and A² are each

independently a group of formula

or

wherein pl to p4, q1 to q6, and rl and r2 are each independently an integer of 1 to 5 (e.g., an

integer of 1-3); and each instance of R² is independently hydrogen or a C1-C12 (e.g., C1-C,

C1-C, or C1-C) alkyl group, C2-C12 (e.g., C2-C, C-C, or C2-C) alkenyl group, C-C
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(e.g., C-C, C-C, or C-C) cycloalkyl group, C-C (e.g., C-C, C-C, or C3-C5)

secondary, or tertiary amine or, in some embodiments, a secondary or tertiary amine. By way

instance of R² is independently a hydrogen, alkyl group, alkenyl group, cycloalkyl group, or

optionally wherein each amine is a tertiary amine with the exception that the terminal amine

[0066]

[0067] All other aspects of the polymer of Formula 4 are as described with respect to

Formula 1, including all embodiments thereof with respect to substituents of Formula 4.

Thus, for instance, in some embodiments of Formula 4, each instance of R¹³ can be any group

as described with respect to Formula 1, including specific embodiments in which R¹³ is

hydrogen or methyl, and each instance of R³ and R³ can be any group as described with

Similarly, X¹ and X² can be any group as described with respect to Formula 1, including

I H I H I I I H
Q R

3a 3a 3a I
R R

1

n
R³

3b

NR
13

NR
13 X¹

NR
2

NR

A¹ B¹

wherein
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Y is optionally present and is a cleavable linker;

each of m¹, m², m³, and m is an integer from 0 to 1000, provided that the sum of m¹ +

each of n¹ and n² is an integer from 0 to 1000, provided that the sum of n¹ + n² is

the symbol "/" indicates that the units separated thereby are linked randomly or in any

R¹ is hydrogen, an aryl group, a heterocyclic group, a C1-C12 (e.g., C1-C, C1-C, or

(e.g., C-C, C-C, or C-C) cycloalkyl group, or C-C (e.g., C-C, C-C, or C-C)

cycloalkenyl group, optionally substituted with one or more substituents; and

R is hydrogen, an amino group, an aryl group, a heterocyclic group, a C1-C12 (e.g.,

C1-C, C1-C, or C1-C) alkyl or heteroalkyl group, a C2-C12 (e.g., C2-C, C-C, or C2-C)

alkenyl group, a C-C (e.g., C-C, C-C, or C-C) cycloalkyl group, or a C-C (e.g., C3-

O O O
ZIH H H

HC
H H H

R
3a 3a

HC
H

CH Y C C N C R C C N C R N R¹
n²

R³ R
3b

X
NR¹³ O X¹

X²
NR¹³

X²

NR²

NR²

R²N

wherein

c is an integer from 0 to 50;

Y is optionally present and is a cleavable linker;
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each of m¹ and m² is an integer from 0 to 1000, provided that the sum of m¹ + m² is

greater than 2;

order;

C1-C) alkyl or heteroalkyl group, C-C (e.g., C2-C8, C-C, or C2-C) alkenyl group, C-C

cycloalkenyl group optionally substituted with one or more substituents; and

All other aspects of Formula 1B are as described with respect to Formula 1 and

Formula 4, including any and all embodiments thereof.

[0070] In some embodiments, the polymer has structure of Formula 1C:

o O O O
H

IUH IOH IZ
H

IZH
RHN C

HC ZI

C CH C C CH R
1

m¹ n¹
n²

m²

X
OHN X¹

O X²

HN
X²

NH

NH

HN
HN

wherein
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order;

R¹ is hydrogen, an aryl group, a heterocyclic group, a C1-C (e.g., C1-C, C-C, or

(e.g., C-C, C-C, or C-C) cycloalkyl group, or C-C (e.g., C-C, C-C, or C-C)

R is hydrogen, an amino group, an aryl group, a heterocyclic group, a C1-C (e.g.,

alkenyl group, a C-C (e.g., C-C, C-C, or C-C) cycloalkyl group, or a C-C (e.g., C-

tissue-specific or cell-specific targeting moiety. All other aspects of Formula 1C are as

described with respect to Formula 1 and Formula 4 including any and all embodiments

thereof.

[0071] In some embodiments, R¹ and/or R is a C1-C alkyl (e.g., a C1-C alkyl group; a

C1-C alkyl group; a C1-C alkyl group; a C1-C4 alkyl group, a C1-C alkyl group, or a C or

[0072]

the structure of Formula 1 is the only polymeric unit of the polymer, which can comprise any

suitable end groups. In certain embodiments, the polymer further comprises a substituent

In some embodiments, the polymer has structure of Formula 5A:

O O O O
I H I H I I I I

Q N
3a

IZH
R R

3a

R
3a I H

N R¹

m E m
n¹

3b R3b

NR
13
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NR NR¹³

B¹
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wherein

Q is of formula:

to 100, 10 to 50, 25 to 200, 25 to 150, 25 to 100, 25 to 50, 50 to 200, 50 to 150, or 50 to 100);

and all other substituents are as descrbied with respect to Formulas 1, 1A-1C, and 4,

[0074] In some embodiments, the polymer has structure of Formula 5B:

O O

R CH
3a

Y C
3a R¹

1

R³ R
3b

X
NR

13 0 X¹
X²

NR¹³

NR²

R²N
R²N

wherein

c is an integer from 2 to 200 (e.g., 2 to 150, 2 to 100, 2 to 50, 10 to 200, 10 to 150, 10

Y is optionally present and is a cleavable linker;

and all other substituents are as descrbied with respect to Formulas 1, 1A-1C, and 4,

including any and all embodiments thereof.
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polymers does not imply a block co-polymer structure; rather, these numbers indicate the

symbols in the formulas.

[0076]

polymers with ionic or ionizable groups) further include the following:
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[0077] Further examples of polymers provided herein comprising PEG terminal groups

are as follows:
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[0078] The indication of the number of units ("a", "b", "c", and "d") in these exemplary

[0079] In any of the foregoing polymers, (a+b) is from about 5 to about 65(e.g., about 5

(a+b) is about 55 and (c+d) is about 10. In other embodiments, (a+b) is about 45 and (c+d) is

about 20. In certain embodiments, (a+b+c+d) is about 10-500, such as about 10-400, about

10-200, or about 10-100 (e.g., about 25-100 or about 50-75).

[0080]

embodiments, (a+b) ranges from 10-95% (e.g., 10-75%, 10-65%, 10-50%, 20-95%, 20-75%,

be about 1 to about 25, from about 1 to about 20, from about 1 to about 10, from about 1 to

[0081]

is about 10-500, such as about 10-400, about 10-200, or about 10-100 (e.g., about 25-100 or

about 50-75). Again, the indication of the number of units ("a", "b", "c", "d," "e," and "f") in
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indicate the number of units overall, which units can be randomly arranged.

[0082] Some of the above particular examples of polymers provided by the disclosure are

depicted with specific terminal groups (e.g., alkylamino, hydrogen, or PEG); however, any of

the foregoing particular structures can comprise different terminal groups. For example, any

of the foregoing structures comprise a group of R¹, R, or Q as described herein at either or

both termini of the polymer backbone.

[0083] Any of the forgoing polymers can comprise a tissue-specific or cell-specific

targeting moiety at a position indicated in the described formulas, or the polymers can be

example, the moiety can be added to a terminus of the polymer, or a terminal amine of

groups A¹, A², B¹, and/or B² can be modified (e.g., by a Michael addition reaction, an

epoxide opening, a displacement reaction, or any other suitable technique) to attach the

discriminate between the target tissue or cell and other non-target tissues or cells). In some

embodiments, the tissue-specific or cell-specific targeting moiety is a receptor for a ligand.

In some embodiments, the tissue-specific or cell-specific targeting moiety is a ligand for a

receptor.

desired tissue or cell type. In some embodiments, the tissue-specific or cell-specific targeting

system, liver, muscle (e.g., cardiac muscle), lung, bone (e.g., hematopoietic cells), or the eye

of the subject. In certain embodiments, the tissue-specific or cell-specific targeting moiety

localizes the polymer to tumor cells. For example, the tissue-specific or cell-specific

targeting moiety can be a sugar that binds to a receptor on a specific tissue or cell.

[0085] In some embodiments, the tissue-specific or cell-specific targeting moiety is:
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O
O O

....IIIO

Ho

HO
Ho NH

OH
OH

OH
alpha-d-galactose alpha-d-mannose N-acetylgalactosamine ;

12

OH

O OH

O
O

O R O
R¹ B

H

O OH
O

O 2
O

IZ

N
H

N O
HN

IZ
N
H

folic acid
,

wherein each of R, R¹, R¹¹, and R¹² is independently hydrogen, halogen, C1-C4 alkyl, or

C1-C4 alkoxy, optionally substituted with one or more amino groups. The specified tissue-

specific or cell-specific targeting moieties can be chosen to localize the polymer to a tissue

described herein. For example, alpha-d-mannose can be used to localize the polymer to the

peripheral nervous system, the central nervous system, or immune cells, alpha-d-galactose

and N-acetylgalactosamine can be used to localize the polymer to liver hepatocytes, and folic

acid can be used to localize the polymer to tumor cells.

[0086] Typically, the polymer is cationic (i.e., positively charged at pH 7 and 23 °C). As

used herein, "cationic" polymers refer to polymers having an overall net positive charge,

whether the polymer comprises only cationic monomer units or a combination of cationic

monomer units and non-ionic or anionic monomer units.
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[0087] In certain embodiments, the polymer has a weight average molecular weight of

weight of about 2,000 kDa or less, for example, about 1,800 kDa or less, about 1,600 kDa or

about 300 kDa to about 500 kDa, from about 400 kDa to about 500 kDa, from about 400 kDa

kDa, from about 400 kDa to about 900 kDa, from about 400 kDa to about 1,000 kDa, from

2,000 kDa, or from about 800 kDa to about 2,000 kDa.

[0088]
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O O
H H H H H H H H

C C N C R
3a

C N C C N C R
3a

2/ C N
m m

1

n
n²

3b 1

NR¹³ X¹
X
2

NR¹³
A
2 X²

À
1

Formula 4

as described herein from a polymer comprising a structure of Formula 2 or Formula 3:

OW
H H

C N H H H HC 00 C C N C C N

R
3

R³
p¹

R³ p²

p¹

O X
1

O X²

Formula 2 Formula 3
or

wherein,

p¹ is an integer from 1 to 2000 (e.g., from 1 to 1000, from 1 to 500, from 1 to 200,

p² is an integer from 1 to 2000 (e.g., from 1 to 1000, from 1 to 500, from 1 to 200,

from 1 to 100, from 2 to 2000, from 2 to 1000, from 2 to 500, from 2 to 200, or from 2 to

100);

each R³ is independently a methylene or ethylene group;

and X¹ and X² are as previously described with respect to Formulas 1, 1A-1C, and 4.

Thus, for instance, each X¹ independently is -c(0)0-, -C(O)NR¹³ -C(0)-,

S(0)(0)-, or a bond; and each instance of X² is independently a C1-C12 alkyl or heteroalkyl

group, C-C cycloalkyl group, C2-C12 alkenyl group, C-C cycloalkenyl group, aryl group,

heterocyclic group, or combination thereof optionally substituted with one or more

substituents. All other embodiments of X¹ and X² as previously described with respect to

Formulas 1, 1A-1C, and 4 also apply to X¹ and X² of Formulas 2 and 3.
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[0090] The method comprises combining the structure of Formula 2 or Formula 3 with a

[0091] In the compound of HNR¹³A¹ and/or HNR¹³A², each instance of R¹³ is as

or more substituents.

[0092] Similarly, A¹ and A² are as previously described with respect to the polymers of

Formulas 1, 1A-1C, and 4. Thus, for instance, A¹ and A² are each independently a group of

formula

wherein pl to p4, q1 to q6, and rl and r2 are each independently an integer of 1 to 5; and

each instance of R² is independently hydrogen, an aryl group, a heterocyclic group, a C1-C

alkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group, or a C1-C linear or

branched alkyl group optionally substituted with one or more substituents, or R² is combined

with a second R² so as to form a heterocyclic group. In some embodiments, A¹ and A² are

the same.

[0093] Group X² of the compound of formula H2NX² or HOX² is as described with

respect to Formulas 1, 1A-1C, 3, and 4, including any and all embodiments thereof.

[0094] All other substituents and aspects of Formulae 2, 3, and 4, are as described herein

with respect to the polymers of the invention (e.g., Formulae 1, 1A, 1B, 1C, and 4), including

any and all embodiments thereof.
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can be added to the compound of formula 2 or 3 in any suitable manner and amount

depending upon the desired degree of substitution. In some embodiments, about 1-400

equivalents (e.g., about 1-350, 1-300, 1-250, 1-200, 1-150, 1-100, 1-50, 10-400, 10-350, 10-

300, 10-250, 10-200, 10-150, 10-100, 10-50, 20-400, 20-350, 20-300, 20-250, 20-200, 20-

150, 20-100, 20-50, 30-400, 30-350, 30-300, 30-250, 30-200, 30-150, 30-100, 30-50, 40-400,

40-350, 40-300, 40-250, 40-200, 40-150, 40-100, 40-50, 50-400, 50-350, 50-300, 50-250, 50-

200, 50-150, or 50-100 equivalents) of the compound of formula H2NX² or HOX² is added to

350, 1-300, 1-250, 1-200, 1-150, 1-100, 1-50, 10-400, 10-350, 10-300, 10-250, 10-200, 10-

150, 10-100, 10-50, 20-400, 20-350, 20-300, 20-250, 20-200, 20-150, 20-100, 20-50, 30-400,

30-350, 30-300, 30-250, 30-200, 30-150, 30-100, 30-50, 40-400, 40-350, 40-300, 40-250, 40-

200, 40-150, 40-100, 40-50, 50-400, 50-350, 50-300, 50-250, 50-200, 50-150, or 50-100

Formula 2, the compound of formula HNR¹³A¹ and/or HNR¹³A² and the compound of

formula H2NX² or HOX² can be present in the reaction mixture in any suitable ratio. For

example, the compound of formula HNR¹³A¹ and/or HNR¹³A² and the compound of formula

H2NX² or HOX² can be present in a molar ratio of about 150:1 to about 1:150. In some
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H H H R¹

3

O
p¹

Formula 2A
or

H H H H
R

H
1

X²

;

wherein c, Y, R¹, and R are as previously described with respect to the polymers of

are as described above with respect to Formulae 2 and 3. Thus, for instance:

p¹ is an integer from 1 to 2000;

p² is an integer from 1 to 2000;

each R³ is independently a methylene or ethylene group;

each X¹ independently is -C(0)0-, -C(O)NR¹³-, -C(0)-, -S(0)(0)-, or a

bond;

each instance of X² is independently a C1-C12 alkyl or heteroalkyl group, C-C

cycloalkyl group, C2-C12 alkenyl group, C-C cycloalkenyl group, aryl group, heterocyclic

group, or combination thereof optionally substituted with one or more substituents, or any

other embodiments of X¹ and X² as previously described with respect to Formulas 1, 1A-1C,

2, 3, and 4;
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the symbol "/" indicates that the units separated thereby are linked randomly or in any

order;

c is an integer from 0 to 50;

Y is optionally present and is a cleavable linker;

R¹ is hydrogen, an aryl group, a heterocyclic group, a C1-C12 alkyl group, alkenyl

group, cycloalkyl group, or cycloalkenyl group, or a C1-C12 linear or branched alkyl group

optionally substituted with one or more substituents; and

R is hydrogen, an amino group, an aryl group, a heterocyclic group, a C1-C12 alkyl

C1-C linear or branched alkyl group optionally substituted with one or more amines; or a

2, 1A, 1B, 1C, 3, and 4).

[0098]

Formula 3 is a polymer of Formula 2B or Formula 3B, respectively:

O
H H

N C C N H
H

R³

O
p¹

Formula 2B
or
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H H H ZIH
ZIN C C N C C N H
H

R
3

p¹
R
3 p²

X¹

X²

Formula 3B ;

3A. Thus, for instance,

p¹ is an integer from 1 to 2000;

each R³ is independently a methylene or ethylene group;

bond;

other embodiments of X¹ and X² as previously described with respect to Formulas 1,1A-1C,

2, 3, and 4; and

the symbol "/" indicates that the units separated thereby are linked randomly or in any

order. All aspects of Formulae 2B and 3B, are otherwise as described herein with respect to

[0099] In some embodiments, the method also provides a method of preparing a polymer

of Formula 1, which comprises modifying at least a portion of groups A¹ and/or A² of a

polymer comprising a structure of Formula 4:
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H H H H H H H
C C N C R

3a
c N c c c2 R

3a
c

ZI
H
N

m
2

R
3b R

3b
X

1

NR
13 X²

NR¹³ 2 X²

A¹

Formula 4

to produce a polymer comprising a structure of Formula 1:

0
H

ZI

I H H I H I H H H
C C R R

3a H HC N R
3a

N
m m n n²

R³ R
3b

R
3b 1

NR NR
13

13

NR
13 B²

A¹ B¹

All aspects of the polymers of Formula 1 and 4 are as previously disclosed herein. Thus, for

instance:

m² + m³ + m is greater than 5;

each of n¹ and n² is an integer from 0 to 1000, provided that the sum of n¹ + n² is

greater than 2;

the symbol "/" indicates that the units separated thereby are linked randomly or in any

order;

each instance of R¹³ is independently hydrogen, an aryl group, a heterocyclic group, a

be optionally substituted with one or more substituents;

group, cycloalkenyl group, aryl group, heteroalkyl group, heterocyclic group, or combination

thereof optionally substituted with one or more substituents;

A¹ and A² are each independently a group of formula

-(CH)p-N[-(CH)-NR²];
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or

each instance of R² is independently hydrogen or a C1-C12 alkyl group, alkenyl group,

cycloalkyl group, or cycloalkenyl group, or R² is combined with a second R² so as to form a

heterocyclic group; each instance of R is independently -C(O)O-, -0-C(0)0-, or

-S(O)(O)-; and each instance of R is independently an alkyl group, cycloalkyl group, alkenyl

thereof optionally comprising from 2 to 8 tertiary amines or a substituent comprising a tissue-

otherwise as described herein with respect to the polymers of the invention, including any

embodiments thereof as described with respect to the polymer of the invention.
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[00101] The groups designated A¹ and/or A² of the polymer of Formula 4 can be modified

by any suitable means to produce groups designated B¹ and/or B². For example, the groups

designated A¹ and/or A² can be modified by a Michael addition reaction, an epoxide opening,

or a displacement reaction. In preferred embodiments, the groups designated A¹ and/or A²

are modified by a Michael addition reaction.

[00102] In one embodiment, groups A¹ and/or A² of the polymer comprising a structure of

Formula 4 are modified by a Michael addition reaction between the polymer comprising the

structure of Formula 4 and ,ß-unsaturated carbonyl compound. As used herein, the term

"Michael addition" refers to a nucleophilic addition of a nucleophile of the polymer (e.g., a

carbanion, an oxygen anion, a nitrogen anion, an oxygen atom, a nitrogen atom, or a

combination thereof) to an ,-unsaturated carbonyl compound. Accordingly, the Michael

addition reaction is between the polymer comprising the structure of Formula 4 and an ,ß-

unsaturated carbonyl compound. In some embodiments, the nucleophile of the polymer is a

nitrogen anion, a nitrogen atom, or a combination thereof.

[00103] The ,ß-unsaturated carbonyl compound can be any ,-unsaturated carbonyl

compound capable of accepting a Michael addition from a nucleophile. In some

embodiments, the ,-unsaturated carbonyl compound is an acrylate, an acrylamide, a vinyl

sulfone, or a combination thereof. Accordingly, the Michael addition reaction can be

between the polymer comprising the structure of Formula 4 and an acrylate, an acrylamide, a

vinyl sulfone, or a combination thereof. Thus, in some embodiments, the method comprises

Michael addition reaction, they produce groups designated B¹ and/or B² of the formula:

wherein p1 to p4, q1 to q6, rl and r2, and sl to s4 are each independently an integer of 1 to 5;

alkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group, or a C1-C12 linear or
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RR
,

embodiments, the acid is a Lewis acid. For example, the acid can be

bis(trifluoromethanesulfon)imide or p-toluenesulfonic acid.

[00108] In some embodiments, the Michael addition reaction is facilitated by a base. The

base can be a weak base (i.e., a pKa of from about 7 to about 12) or a strong base (i.e., a pKa

be triethylamine, diisopropylethylamine, pyridine, N-methyl morpholine, or N,N-dimethyl-

piperazine, or derivatives thereof.

[00109] In some embodiments, the Michael addition reaction is performed in a solvent.

The solvent can be any suitable solvent, or mixture of solvents, capable of solubilizing the

polymer and the ,ß-unsaturated carbonyl compound to be reacted. For example, the solvent
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of solvents includes water, dichloromethane, diethyl ether, dimethyl sulfoxide, acetonitrile,

methanol, and ethanol.

[00110] In one embodiment, groups A¹ and/or A² of the polymer are modified by an

epoxide opening reaction between the polymer and an epoxide compound. As used herein,

the term "epoxide opening" refers to a nucleophilic addition of a nucleophile of the polymer

(e.g., a carbanion, an oxygen anion, a nitrogen anion, an oxygen atom, a nitrogen atom, or a

combination thereof) to an epoxide compound, thereby opening the epoxide. Accordingly,

the epoxide opening reaction is between the polymer and an epoxide compound. In some

embodiments, the nucleophile of the polymer is a nitrogen anion, a nitrogen atom, or a

combination thereof.

epoxide opening reaction, they produce groups designated B¹ and/or B² of the formula:

wherein pl to p4, q1 to q6, and rl and r2 are each independently an integer of 1 to 5; each

instance of R² is independently hydrogen, an aryl group, a heterocyclic group, a C1-C alkyl

group, alkenyl group, cycloalkyl group, or cycloalkenyl group, or a C1-C linear or branched

alkyl group optionally substituted with one or more substituents, or R² is combined with a

second R² so as to form a heterocyclic group; and each instance of R is independently an

amines or a substituent comprising a tissue-specific or cell-specific targeting moiety.

triethylamine), inorganic acid (e.g., titanium tetrachloride), inorganic base (e.g., potassium

carbonate), or a combination thereof.

20
26

20
18

55
   

   
11

 M
ar

 2
02

6

6
2

2
0
2
6
2
0
1
8
5
5
 
1
1
 
M
a
r
 
2
0
2
6

R



63

piperazine, or derivatives thereof.

The solvent can be any suitable solvent, or mixture of solvents, capable of solubilizing the

polymer and the epoxide compound to be reacted. For example, the solvent can include

water, protic organic solvents, and/or aprotic organic solvents. An exemplary list of solvents

includes water, dichloromethane, diethyl ether, dimethyl sulfoxide, acetonitrile, methanol,

polymer (e.g., a carbanion, an oxygen anion, a nitrogen anion, an oxygen atom, a nitrogen

atom, or a combination thereof) to a compound comprising a leaving group. Accordingly, the

In some embodiments, the nucleophile of the polymer is a nitrogen anion, a nitrogen atom, or

a combination thereof.

[0105] In embodiments where the groups designated A¹ and/or A² are modified by a

displacement reaction, they produce groups designated B¹ and/or B² of the formula:
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wherein pl to p4, q1 to q6, rl and r2, and sl to s4 are each independently an integer of 1 to 5;

each instance of R² is independently hydrogen, an aryl group, a heterocyclic group, a C1-C12

alkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group, or a C1-C linear or

branched alkyl group optionally substituted with one or more substituents, or R² is combined

with a second R² so as to form a heterocyclic group; and each instance of R is independently

an alkyl group, cycloalkyl group, alkenyl group, cycloalkenyl group, aryl group, heteroalkyl

group, heterocyclic group, or combination thereof optionally comprising from 2 to 8 tertiary

amines or a substituent comprising a tissue-specific or cell-specific targeting moiety.

[0106] Examples of compounds containing a leaving group suitable for use include

compound of formula:

R
LG ,

wherein LG is a leaving group (e.g., chloride atom, bromide atom, iodide atom, tosylate,

triflate, mesylate, etc.) and R is as described with respect to any of Formulas 1, 1A, 1B, or

1C.

[0107] In some embodiments, the displacement reaction is facilitated by an acid and/or

base. The acid and/or base can be any suitable acid and/or base with any suitable pKa. The

acid and/or base can be an organic acid (e.g., p-toluenesulfonic acid), organic base (e.g.,

triethylamine), inorganic acid (e.g., titanium tetrachloride), inorganic base (e.g., potassium

carbonate), or a combination thereof.

[0108] In some embodiments, the displacement reaction is facilitated by an acid. The

acid can be a Bronsted acid or a Lewis acid. In embodiments where the acid is a Bronsted

acid, the acid can be a weak acid (i.e., a pKa of from about 4 to about 7) or a strong acid (i.e.,

a pKa of from about -2 to about 4). Typically, the acid is a weak acid. In certain

embodiments, the acid is a Lewis acid. For example, the acid can be

bis(trifluoromethanesulfon)imide or p-toluenesulfonic acid.

[0109] In some embodiments, the displacement reaction is facilitated by a base. The base

from about 12 to about 50). Typically, the base is a weak base. For example, the base can be

triethylamine, diisopropylethylamine, pyridine, N-methyl morpholine, or N,N-dimethyl-

piperazine, or derivatives thereof.

[0110] In some embodiments, the displacement reaction is performed in a solvent. The

solvent can be any suitable solvent, or mixture of solvents, capable of solubilizing the
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Compositions

[0112]

to: morpholinos, 2'-O-methyl polynucleotides, DNA, RNA and the like. The polynucleotide-
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[0114] The composition also can comprise any protein for delivery, in addition to or

instead of a nucleic acid. The polypeptide can be any suitable polypeptide. For example, the

polypeptide can be a zinc finger nuclease, a transcription activator-like effector nuclease

("TALEN"), a recombinase, a deaminase, an endonuclease, or a combination thereof. In

some embodiments, the polypeptide is an RNA-guided endonuclease (e.g., a Cas9

polypeptide, a Cpfl polypeptide, or variants thereof) or a DNA recombinase (e.g., a Cre

polypeptide).

[0115] It is believed the polymers provided herein are particularly useful for delivering

one or more components of a CRISPR system. Thus, in some embodiments, the composition

comprises a guide RNA, an RNA-guided endonuclease or nucleic acid encoding same, and/or

plurality of guide RNAs, RNA-guided endonucleases or nucleic acids encoding same, and/or

donor nucleic acids. For instance, multiple different guide RNAs for different target sites

could be included, optionally with multiple different donor nucleic acids and even multiple

different RNA guided endonucleases or nucleic acids encoding same.

[0116] Furthermore, the components of the CRISPR system can be combined with one

another (when multiple components are present) and the polymer in any particular manner or

order. In some embodiments, the guide RNA is complexed with an RNA endonuclease prior

to combining with the polymer. In addition, or instead, the guide RNA can be linked

(covalently or non-covalently) to a donor nucleic acid prior to combining with the polymer.

[0117] The compositions are not limited with respect to any particular CRISPR system

(i.e., any particular guide RNA, RNA-guided endonuclease, or donor nucleic acid), many of

which are known. Nevertheless, for the sake of further illustration, the components of some

such systems are described below.

Donor Nucleic Acid

[0118] The donor nucleic acid (or "donor sequence" or "donor polynucleotide" or "donor

directed endonuclease (e.g., a Cas9 polypeptide or a Cpfl polypeptide). The donor

polynucleotide will contain sufficient homology to a target genomic sequence at the cleavage

site, e.g. 70%, 80%, 85%, 90%, 95%, or 100% homology with the nucleotide sequences

flanking the cleavage site, e.g. within about 50 bases or less of the cleavage site, e.g. within

about 30 bases, within about 15 bases, within about 10 bases, within about 5 bases, or
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long as sufficient homology is present to support homology-directed repair. In some

embodiments, the donor sequence comprises a non-homologous sequence flanked by two

sequence differences will not change the amino acid sequence, or will make silent amino acid
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[0121] The donor sequence may be provided to the cell as single-stranded DNA, single-

stranded RNA, double-stranded DNA, or double-stranded RNA. It may be introduced into a

cell in linear or circular form. If introduced in linear form, the ends of the donor sequence

may be protected (e.g., from exonucleolytic degradation) by methods known to those of skill

in the art. For example, one or more dideoxynucleotide residues are added to the 3' terminus

of a linear molecule and/or self-complementary oligonucleotides are ligated to one or both

ends. See, for example, Chang et al. (1987) Proc. Natl. Acad Sci USA 84:4959-4963; Nehls

et al. (1996) Science 272:886-889. Amplification procedures such as rolling circle

amplification can also be advantageously employed, as exemplified herein. Additional

methods for protecting exogenous polynucleotides from degradation include, but are not

deoxyribose residues.

[0122] As an alternative to protecting the termini of a linear donor sequence, additional

lengths of sequence may be included outside of the regions of homology that can be degraded

without impacting recombination. A donor sequence can be introduced into a cell as part of a

vector molecule having additional sequences such as, for example, replication origins,

promoters and genes encoding antibiotic resistance. Moreover, donor sequences can be

introduced as naked nucleic acid, as nucleic acid complexed with an agent such as a liposome

or polymer, or can be delivered by viruses (e.g., adenovirus, AAV), as described herein for

nucleic acids encoding a Cas9 guide RNA and/or a Cas9 fusion polypeptide and/or donor

polynucleotide.

Guide Nucleic Acid

[0123] In some embodiments, the composition comprises guide nucleic acid. Guide

nucleic acids suitable for inclusion in a composition of the present disclosure include single-

molecule guide RNAs ("single-guide RNA" / "sgRNA") and dual-molecule guide nucleic

acids ("dual-guide RNA" / "dgRNA").

present disclosure directs the activities of an RNA-guided endonuclease (e.g., a Cas9 or Cpfl

polypeptide) to a specific target sequence within a target nucleic acid. A guide nucleic acid

(e.g., guide RNA) comprises: a first segment (also referred to herein as a "nucleic acid

targeting segment", or simply a "targeting segment"); and a second segment (also referred to

herein as a "protein-binding segment"). The terms "first" and "second" do not imply the
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First segment: targeting segment

[0126] The first segment of a guide nucleic acid (e.g., guide RNA) includes a nucleotide

[0128] The percent complementarity between the targeting sequence (i.e., guide
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most nucleotides of the target site of the target nucleic acid. In some embodiments, the

percent complementarity between the targeting sequence of the targeting segment and the

target site of the target nucleic acid is 60% or more over 20 contiguous nucleotides. In some

embodiments, the percent complementarity between the targeting sequence of the targeting

segment and the target site of the target nucleic acid is 100% over the seventeen, eighteen,

nineteen or twenty contiguous 5'-most nucleotides of the target site of the target nucleic acid

and as low as 0% or more over the remainder. In such a case, the targeting sequence can be

considered to be 17, 18, 19 or 20 nucleotides in length, respectively.

Second segment: protein-binding segment

[0129] The protein-binding segment of a guide nucleic acid (e.g., guide RNA) interacts

target site) via the above mentioned targeting segment/targeting sequence/guide sequence.

The protein-binding segment of a guide nucleic acid (e.g., guide RNA) comprises two

stretches of nucleotides that are complementary to one another. The complementary

nucleotides of the protein-binding segment hybridize to form a double stranded RNA duplex

(dsRNA).

Single and dual guide nucleic acids

[0130] A dual guide nucleic acid (e.g., guide RNA) comprises two separate nucleic acid

molecules. Each of the two molecules of a subject dual guide nucleic acid (e.g., guide RNA)

comprises a stretch of nucleotides that are complementary to one another such that the

complementary nucleotides of the two molecules hybridize to form the double stranded RNA

duplex of the protein-binding segment.

[0131] In some embodiments, the duplex-forming segment of the activator is 60%, 65%,

70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or more identical or 100% identical to one of

the activator (tracrRNA) molecules set forth in International Patent Application Nos.

PCT/US2016/052690 and PCT/US2017/062617, or a complement thereof, over a stretch of 8

contiguous nucleotides, 12 or more contiguous nucleotides, 15 or more contiguous

nucleotides, or 20 or more contiguous nucleotides).

[0132] In some embodiments, the duplex-forming segment of the targeter is 60%, 65%,

70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or more identical or 100% identical to one of

the targeter (crRNA) sequences set forth in International Patent Application Nos.
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(i.e., control) the binding of the activator with the targeter. Accordingly, the activator and/or

the targeter can include an RNA aptamer sequence.

[0135] Examples of aptamers and riboswitches can be found, for example, in: Nakamura
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[0136] Non-limiting examples of nucleotide sequences that can be included in a dual

guide nucleic acid (e.g., guide RNA) included in International Patent Application Nos.

PCT/US2016/052690 and PCT/US2017/062617, or complements thereof that can hybridize

to form a protein binding segment.

[0137] A subject single guide nucleic acid (e.g., guide RNA) comprises two stretches of

nucleotides (much like a "targeter" and an "activator" of a dual guide nucleic acid) that are

complementary to one another, hybridize to form the double stranded RNA duplex (dsRNA

duplex) of the protein-binding segment (thus resulting in a stem-loop structure), and are

covalently linked by intervening nucleotides ("linkers" or "linker nucleotides"). Thus, a

subject single guide nucleic acid (e.g., a single guide RNA) can comprise a targeter and an

and the activator can be covalently linked via the 3' end of the targeter and the 5' end of the

activator. Alternatively, targeter and the activator can be covalently linked via the 5' end of

the targeter and the 3' end of the activator.

[0138] The linker of a single guide nucleic acid can have a length of from 3 nucleotides

to 100 nucleotides. In some embodiments, the linker of a single guide nucleic acid (e.g.,

guide RNA) is 4 nt.

[0139] An exemplary single guide nucleic acid (e.g., guide RNA) comprises two

complementary stretches of nucleotides that hybridize to form a dsRNA duplex. In some

embodiments, one of the two complementary stretches of nucleotides of the single guide

nucleic acid (e.g., guide RNA) (or the DNA encoding the stretch) is 60%, 65%, 70%, 75%,

80%, 85%, 90%, 95%, 98%, 99% or more identical or 100% identical to one of the activator

(tracrRNA) molecules set forth in International Patent Application Nos. PCT/US2016/052690

and PCT/US2017/062617, or a complement thereof, over a stretch of 8 or more contiguous

nucleotides (e.g., 8 or more contiguous nucleotides, 10 or more contiguous nucleotides, 12 or

more contiguous nucleotides, 15 or more contiguous nucleotides, or 20 or more contiguous

[0140] In some embodiments, one of the two complementary stretches of nucleotides of

the single guide nucleic acid (e.g., guide RNA) (or the DNA encoding the stretch) is 60%,

65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or more identical or 100% identical to

one of the targeter (crRNA) sequences set forth in International Patent Application Nos.

PCT/US2016/052690 and PCT/US2017/062617, or a complement thereof, over a stretch of 8
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nucleotides, 15 or more contiguous nucleotides, or 20 or more contiguous nucleotides).

[0142] Appropriate cognate pairs of targeters and activators can be routinely determined

[0145] The protein-binding segment can have a length of from 10 nucleotides to 100
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of the protein-binding segment can be 60% or more. For example, the percent

complementarity between the nucleotide sequences that hybridize to form the dsRNA duplex

of the protein-binding segment can be 65% or more, 70% or more, 75% or more, 80% or

more, 85% or more, 90% or more, 95% or more, 98% or more, or 99% or more (e.g., in some

embodiments, there are some nucleotides that do not hybridize and therefore create a bulge

within the dsRNA duplex. In some embodiments, the percent complementarity between the

nucleotide sequences that hybridize to form the dsRNA duplex of the protein-binding

segment is 100%.

Hybrid guide nucleic acids

[0147] In some embodiments, a guide nucleic acid is two RNA molecules (dual guide

embodiments, the protein-binding segment of the guide nucleic acid is RNA and forms an

RNA duplex. Thus, the duplex-forming segments of the activator and the targeter is RNA.

However, the targeting segment of a guide nucleic acid can be DNA. Thus, if a DNA/RNA

hybrid guide nucleic acid is a dual guide nucleic acid, the "targeter" molecule and be a hybrid

molecule (e.g., the targeting segment can be DNA and the duplex-forming segment can be

RNA). In such embodiments, the duplex-forming segment of the "activator" molecule can be

RNA (e.g., in order to form an RNA-duplex with the duplex-forming segment of the targeter

molecule), while nucleotides of the "activator" molecule that are outside of the duplex-

forming segment can be DNA (in which case the activator molecule is a hybrid DNA/RNA

molecule) or can be RNA (in which case the activator molecule is RNA). If a DNA/RNA

hybrid guide nucleic acid is a single guide nucleic acid, then the targeting segment can be

DNA, the duplex-forming segments (which make up the protein-binding segment of the

single guide nucleic acid) can be RNA, and nucleotides outside of the targeting and duplex-

forming segments can be RNA or DNA.

[0148] A DNA/RNA hybrid guide nucleic can be useful in some embodiments, for

that hybridizes with a target DNA, thus forming a DNA-RNA duplex at the target site.

Therefore, when the target nucleic acid is an RNA, it is sometimes advantageous to

recapitulate a DNA-RNA duplex at the target site by using a targeting segment (of the guide

nucleic acid) that is DNA instead of RNA. However, because the protein-binding segment of

a guide nucleic acid is an RNA-duplex, the targeter molecule is DNA in the targeting
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[0150] In some embodiments, a suitable guide nucleic acid includes two separate RNA

polynucleotide molecules. In some embodiments, the first of the two separate RNA

and PCT/US2017/062617, or a complement thereof.
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contiguous nucleotides, 12 or more contiguous nucleotides, 15 or more contiguous

nucleotides, or 20 or more contiguous nucleotides) to any one of the nucleotide sequences set

forth in International Patent Application Nos. PCT/US2016/052690 and

PCT/US2017/062617, or complements thereof.

[0152] In some embodiments, the guide RNA is a Cpfl and/or Cas9 guide RNA. A Cpfl

and/or Cas9 guide RNA can have a total length of from 30 nucleotides (nt) to 100 nt, e.g.,

from 30 nt to 40 nt, from 40 nt to 45 nt, from 45 nt to 50 nt, from 50 nt to 60 nt, from 60 nt to

70 nt, from 70 nt to 80 nt, from 80 nt to 90 nt, or from 90 nt to 100 nt. In some embodiments,

a Cpfl and/or Cas9 guide RNA has a total length of 35 nt, 36 nt, 37 nt, 38 nt, 39 nt, 40 nt, 41

nt, 42 nt, 43 nt, 44 nt, 45 nt, 46 nt, 47 nt, 48 nt, 49 nt, or 50 nt. A Cpfl and/or Cas9 guide

have a length of from 15 nt to 30 nt, e.g., 15 nt, 16 nt, 17 nt, 18 nt, 19 nt, 20 nt, 21 nt, 22 nt,

23 nt, 24 nt, 25 nt, 26 nt, 27 nt, 28 nt, 29 nt,, or 30 nt. In some embodiments, the target

nucleic acid-binding segment has a length of 23 nt. In some embodiments, the target nucleic

acid-binding segment has a length of 24 nt. In some embodiments, the target nucleic acid-

binding segment has a length of 25 nt.

[0154] The target nucleic acid-binding segment of a Cpfl and/or Cas9 guide RNA can

have 100% complementarity with a corresponding length of target nucleic acid sequence.

The targeting segment can have less than 100% complementarity with a corresponding length

of target nucleic acid sequence. For example, the target nucleic acid binding segment of a

Cpfl and/or Cas9 guide RNA can have 1, 2, 3, 4, or 5 nucleotides that are not complementary

to the target nucleic acid sequence. For example, in some embodiments, where a target

nucleic acid-binding segment has a length of 25 nucleotides, and the target nucleic acid

sequence has a length of 25 nucleotides, in some embodiments, the target nucleic acid-

binding segment has 100% complementarity to the target nucleic acid sequence. As another

example, in some embodiments, where a target nucleic acid-binding segment has a length of

embodiments, the target nucleic acid-binding segment has 1 non-complementary nucleotide

and 24 complementary nucleotides with the target nucleic acid sequence.

[0155] The duplex-forming segment of a Cpfl and/or Cas9 guide RNA can have a length

of from 15 nt to 25 nt, e.g., 15 nt, 16 nt, 17 nt, 18 nt, 19 nt, 20 nt, 21 nt, 22 nt, 23 nt, 24 nt, or

25 nt.

20
26

20
18

55
   

   
11

 M
ar

 2
02

6

7
6

1
1
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
8
5
5



77

for self-cleavage of a guide nucleic acid or component of a guide nucleic acid, e.g., a targeter,

an activator, etc.); a riboswitch sequence (e.g., to allow for regulated stability and/or

[0159] In some embodiments, the polypeptide is a Cas 9 polypeptide. Suitable Cas9
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herein can be any variant derived or isolated from any source. In other embodiments, the

Cas9 peptide of the present disclosure can include one or more of the mutations described in

the literature, including but not limited to the functional mutations described in: Fonfara et al.

Nucleic Acids Res. 2014 Feb;42(4):2577-90; Nishimasu H. et al. Cell. 2014 Feb

27;156(5):935-49; Jinek M. et al. Science. 2012 337:816-21; and Jinek M. et al. Science.

2014 Mar 14;343(6176); see also U.S. Pat. App. No. 13/842,859, filed March 15, 2013,

which is hereby incorporated by reference; further, see U.S. Pat. Nos. 8,697,359; 8,771,945;

8,795,965; 8,865,406; 8,871,445; 8,889,356; 8,895,308; 8,906,616; 8,932,814; 8,945,839;

8,993,233; and 8,999,641, which are all hereby incorporated by reference. Thus, in some

embodiments, the systems and methods disclosed herein can be used with the wild type Cas9

is suitable for inclusion in a composition of the present disclosure can be an enzymatically

active Cas9 polypeptide, e.g., can make single- or double-stranded breaks in a target nucleic

acid, or alternatively can have reduced enzymatic activity compared to a wild-type Cas9

polypeptide.

[0160] Naturally occurring Cas9 polypeptides bind a guide nucleic acid, are thereby

directed to a specific sequence within a target nucleic acid (a target site), and cleave the target

nucleic acid (e.g., cleave dsDNA to generate a double strand break, cleave ssDNA, cleave

ssRNA, etc.). A subject Cas9 polypeptide comprises two portions, an RNA-binding portion

and an activity portion. The RNA-binding portion interacts with a subject guide nucleic acid,

and an activity portion exhibits site-directed enzymatic activity (e.g., nuclease activity,

activity for DNA and/or RNA methylation, activity for DNA and/or RNA cleavage, activity

for histone acetylation, activity for histone methylation, activity for RNA modification,

activity for RNA-binding, activity for RNA splicing etc. In some embodiments the activity

portion exhibits reduced nuclease activity relative to the corresponding portion of a wild type

Cas9 polypeptide. In some embodiments, the activity portion is enzymatically inactive.

with a subject guide nucleic acid can be any convenient binding assay that tests for binding

between a protein and a nucleic acid. Exemplary binding assays include binding assays (e.g.,

gel shift assays) that involve adding a guide nucleic acid and a Cas9 polypeptide to a target

nucleic acid.
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photolyase activity or glycosylase activity).

[0164] In other embodiments, a suitable Cas9 polypeptide for inclusion in a composition

or alternatively to motifs 1-4 of the Cas9 amino acid sequence depicted in Table 1 below; or

acid sequence identity to the amino acid sequence depicted in FIG. 1 and set forth in SEQ ID
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NO:1; and comprises amino acid substitutions of N497, R661, Q695, and Q926 relative to the

amino acid sequence set forth in SEQ ID NO:1; or comprises an amino acid substitution of

K855 relative to the amino acid sequence set forth in SEQ ID NO:1; or comprises amino acid

substitutions of K810, K1003, and R1060 relative to the amino acid sequence set forth in

SEQ ID NO:1; or comprises amino acid substitutions of K848, K1003, and R1060 relative to

the amino acid sequence set forth in SEQ ID NO:1.

[0168] As used herein, the term "Cas9 polypeptide" encompasses the term "variant Cas9

polypeptide"; and the term "variant Cas9 polypeptide" encompasses the term "chimeric Cas9

polypeptide."

Variant Cas9 polypeptides

acid sequence that is different by one amino acid (e.g., has a deletion, insertion, substitution,

fusion) (i.e., different by at least one amino acid) when compared to the amino acid sequence

of a wild type Cas9 polypeptide (e.g., a naturally occurring Cas9 polypeptide, as described

above). In some instances, the variant Cas9 polypeptide has an amino acid change (e.g.,

deletion, insertion, or substitution) that reduces the nuclease activity of the Cas9 polypeptide.

For example, in some instances, the variant Cas9 polypeptide has less than 50%, less than

40%, less than 30%, less than 20%, less than 10%, less than 5%, or less than 1% of the

nuclease activity of the corresponding wild-type Cas9 polypeptide. In some embodiments,

the variant Cas9 polypeptide has no substantial nuclease activity. When a Cas9 polypeptide

is a variant Cas9 polypeptide that has no substantial nuclease activity, it can be referred to as

"dCas9."

[0170] In some embodiments, a variant Cas9 polypeptide has reduced nuclease activity.

For example, a variant Cas9 polypeptide suitable for use in a binding method of the present

disclosure exhibits less than about 20%, less than about 15%, less than about 10%, less than

about 5%, less than about 1%, or less than about 0.1%, of the endonuclease activity of a wild-

sequence as depicted in FIG. 1 (SEQ ID NO:1).

[0171] In some embodiments, a variant Cas9 polypeptide can cleave the complementary

strand of a target nucleic acid but has reduced ability to cleave the non-complementary strand

of a double stranded target nucleic acid. For example, the variant Cas9 polypeptide can have
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cleave the complementary strand of the target nucleic acid. For example, the variant Cas9

polypeptide can have a mutation (amino acid substitution) that reduces the function of the

Such a Cas9 polypeptide has a reduced ability to cleave a target nucleic acid (e.g., a single-

polypeptide harbors W476A and W1126A mutations such that the polypeptide has a reduced
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ability to cleave a target nucleic acid. Such a Cas9 polypeptide has a reduced ability to

cleave a target nucleic acid but retains the ability to bind a target nucleic acid.

[0175] As another non-limiting example, in some embodiments, the variant Cas9

polypeptide harbors P475A, W476A, N477A, D1125A, W1126A, and D1127A mutations

such that the polypeptide has a reduced ability to cleave a target nucleic acid. Such a Cas9

polypeptide has a reduced ability to cleave a target nucleic acid but retains the ability to bind

a target nucleic acid.

[0176] As another non-limiting example, in some embodiments, the variant Cas9

polypeptide harbors H840A, W476A, and W1126A, mutations such that the polypeptide has

a reduced ability to cleave a target nucleic acid. Such a Cas9 polypeptide has a reduced

polypeptide harbors H840A, D10A, W476A, and W1126A, mutations such that the

polypeptide has a reduced ability to cleave a target nucleic acid. Such a Cas9 polypeptide has

a reduced ability to cleave a target nucleic acid but retains the ability to bind a target nucleic

acid.

[0178] As another non-limiting example, in some embodiments, the variant Cas9

polypeptide harbors, H840A, P475A, W476A, N477A, D1125A, W1126A, and D1127A

mutations such that the polypeptide has a reduced ability to cleave a target nucleic acid. Such

a Cas9 polypeptide has a reduced ability to cleave a target nucleic acid but retains the ability

to bind a target nucleic acid.

[0179] As another non-limiting example, in some embodiments, the variant Cas9

polypeptide harbors D10A, H840A, P475A, W476A, N477A, D1125A, W1126A, and

D1127A mutations such that the polypeptide has a reduced ability to cleave a target nucleic

acid. Such a Cas9 polypeptide has a reduced ability to cleave a target nucleic acid but retains

the ability to bind a target nucleic acid.

[0180] Other residues can be mutated to achieve the above effects (i.e. inactivate one or

H840, N854, N863, H982, H983, A984, D986, and/or A987 can be altered (i.e., substituted)

(see Table 1 for more information regarding the conservation of Cas9 amino acid residues).

Also, mutations other than alanine substitutions are suitable.

[0181] In some embodiments, a variant Cas9 polypeptide that has reduced catalytic
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1 RuvC IGLDIGTNSVGWAVI (7-21) D10, G12, G17

(SEQ ID NO:3)

(837-863) (SEQ ID NO:5) N863

4 H982, H983,

alternatively to amino acids 7-166 or 731-1003 of the Cas9 amino acid sequence depicted in
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[0183] In some embodiments, a suitable variant Cas9 polypeptide comprises an amino

acid sequence having 60% or more, 70% or more, 75% or more, 80% or more, 85% or more,

90% or more, 95% or more, 99% or more, or 100% amino acid sequence identity to the Cas9

amino acid sequence depicted in FIG. 1 (SEQ ID NO:1). Any Cas9 protein as defined above

can be used as a variant Cas9 polypeptide or as part of a chimeric variant Cas9 polypeptide in

a composition of the present disclosure, including those specifically referenced in

International Patent Application Nos. PCT/US2016/052690 and PCT/US2017/062617.

Chimeric polypeptides (fusion polypeptides)

[0184] In some embodiments, a variant Cas9 polypeptide is a chimeric Cas9 polypeptide

(also referred to herein as a fusion polypeptide, e.g., a "Cas9 fusion polypeptide"). A Cas9

demethylate, etc.) and/or a polypeptide associated with target nucleic acid (e.g., methylation,

acetylation, etc., of, for example, a histone tail).

[0185] A Cas9 fusion polypeptide is a variant Cas9 polypeptide by virtue of differing in

sequence from a wild type Cas9 polypeptide (e.g., a naturally occurring Cas9 polypeptide).

A Cas9 fusion polypeptide is a Cas9 polypeptide (e.g., a wild type Cas9 polypeptide, a

variant Cas9 polypeptide, a variant Cas9 polypeptide with reduced nuclease activity (as

described above), and the like) fused to a covalently linked heterologous polypeptide (also

referred to as a "fusion partner"). In some embodiments, a Cas9 fusion polypeptide is a

variant Cas9 polypeptide with reduced nuclease activity (e.g., dCas9) fused to a covalently

linked heterologous polypeptide. In some embodiments, the heterologous polypeptide

exhibits (and therefore provides for) an activity (e.g., an enzymatic activity) that will also be

exhibited by the Cas9 fusion polypeptide (e.g., methyltransferase activity, acetyltransferase

activity, kinase activity, ubiquitinating activity, etc.). In some such embodiments, a method

of binding, e.g., where the Cas9 polypeptide is a variant Cas9 polypeptide having a fusion

partner (i.e., having a heterologous polypeptide) with an activity (e.g., an enzymatic activity)

that modifies the target nucleic acid, the method can also be considered to be a method of

nucleic acid (e.g., a single stranded target nucleic acid) can result in modification of the target

nucleic acid. Thus, in some embodiments, a method of binding a target nucleic acid (e.g., a

single stranded target nucleic acid) can be a method of modifying the target nucleic acid.

[0186] In some embodiments, the heterologous sequence provides for subcellular

localization, i.e., the heterologous sequence is a subcellular localization sequence (e.g., a
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like; a histidine tag, e.g., a 6XHis tag; a hemagglutinin (HA) tag; a FLAG tag; a Myc tag; and

sequence encoding a chimeric polypeptide.
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sequence. In some embodiments, such a Cas9 fusion protein might also have a tag for ease of

tracking and/or purification (e.g., green fluorescent protein (GFP), YFP, RFP, CFP, mCherry,

tdTomato, and the like; a histidine tag, e.g., a 6XHis tag; a hemagglutinin (HA) tag; a FLAG

tag; a Myc tag; and the like). As another illustrative example, a Cas9 protein can have one or

more NLSs (e.g., two or more, three or more, four or more, five or more, 1, 2, 3, 4, or 5

NLSs). In some embodiments a fusion partner (or multiple fusion partners) (e.g., an NLS, a

tag, a fusion partner providing an activity, etc.) is located at or near the C-terminus of Cas9.

In some embodiments a fusion partner (or multiple fusion partners) (e.g., an NLS, a tag, a

fusion partner providing an activity, etc.) is located at the N-terminus of Cas9. In some

embodiments a Cas9 has a fusion partner (or multiple fusion partners)(e.g., an NLS, a tag, a

[0188] Suitable fusion partners that provide for increased or decreased stability include,

but are not limited to degron sequences. Degrons are readily understood by one of ordinary

skill in the art to be amino acid sequences that control the stability of the protein of which

they are part. For example, the stability of a protein comprising a degron sequence is

controlled in part by the degron sequence. In some embodiments, a suitable degron is

constitutive such that the degron exerts its influence on protein stability independent of

experimental control (i.e., the degron is not drug inducible, temperature inducible, etc.) In

some embodiments, the degron provides the variant Cas9 polypeptide with controllable

stability such that the variant Cas9 polypeptide can be turned "on" (i.e., stable) or "off" (i.e.,

unstable, degraded) depending on the desired conditions. For example, if the degron is a

temperature sensitive degron, the variant Cas9 polypeptide may be functional (i.e., "on",

stable) below a threshold temperature (e.g., 42°C, 41°C, 40°C, 39°C, 38°C, 37°C, 36°C,

35°C, 34°C, 33°C, 32°C, 31°C, 30°C, etc.) but non-functional (i.e., "off", degraded) above

the threshold temperature. As another example, if the degron is a drug inducible degron, the

presence or absence of drug can switch the protein from an "off" (i.e., unstable) state to an

"on" (i.e., stable) state or vice versa. An exemplary drug inducible degron is derived from

small molecule that binds to the degron.

[0189] Examples of suitable degrons include, but are not limited to those degrons

controlled by Shield-1, DHFR, auxins, and/or temperature. Non-limiting examples of

suitable degrons are known in the art (e.g., Dohmen et al., Science, 1994. 263(5151): p. 1273-

1276: Heat-inducible degron: a method for constructing temperature-sensitive mutants;
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entirety by reference).

for methyltransferase activity, demethylase activity, acetyltransferase activity, deacetylase
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(e.g., a histone, a DNA binding protein, and RNA binding protein, and the like). Further

suitable fusion partners include, but are not limited to boundary elements (e.g., CTCF),

proteins and fragments thereof that provide periphery recruitment (e.g., Lamin A, Lamin B,

etc.), and protein docking elements (e.g., FKBP/FRB, Pill/Aby1 1, etc.).

[0192] Examples of various additional suitable fusion partners (or fragments thereof) for

a subject variant Cas9 polypeptide include, but are not limited to those described in the PCT

patent applications: WO2010/075303, WO2012/068627, and WO2013/155555 which are

hereby incorporated by reference in their entirety.

[0193] Suitable fusion partners include, but are not limited to, a polypeptide that provides

an activity that indirectly increases transcription by acting directly on the target nucleic acid

RNA editing protein, etc.) associated with the target nucleic acid. Suitable fusion partners

include, but are not limited to, a polypeptide that provides for methyltransferase activity,

demethylase activity, acetyltransferase activity, deacetylase activity, kinase activity,

phosphatase activity, ubiquitin ligase activity, deubiquitinating activity, adenylation activity,

deadenylation activity, SUMOylating activity, deSUMOylating activity, ribosylation activity,

deribosylation activity, myristoylation activity, or demyristoylation activity.

[0194] Additional suitable fusion partners include, but are not limited to, a polypeptide

that directly provides for increased transcription and/or translation of a target nucleic acid

(e.g., a transcription activator or a fragment thereof, a protein or fragment thereof that recruits

a transcription activator, a small molecule/drug-responsive transcription and/or translation

regulator, a translation-regulating protein, etc.).

[0195] Non-limiting examples of fusion partners to accomplish increased or decreased

transcription include transcription activator and transcription repressor domains (e.g., the

Krüppel associated box (KRAB or SKD); the Mad mSIN3 interaction domain (SID); the ERF

repressor domain (ERD), etc.). In some such embodiments, a Cas9 fusion protein is targeted

by the guide nucleic acid to a specific location (i.e., sequence) in the target nucleic acid and

(which selectively inhibits transcription activator function), and/or modifying the local

chromatin status (e.g., when a fusion sequence is used that modifies the target nucleic acid or

modifies a polypeptide associated with the target nucleic acid). In some embodiments, the

changes are transient (e.g., transcription repression or activation). In some embodiments, the
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[0197] In some embodiments, the heterologous sequence can be fused to the C-terminus

protein domains responsible for repressing translation (for example Ago2 and Ago4);

PAP1, GLD-2, and Star- PAP) ; proteins and protein domains responsible for
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polyuridinylation of RNA (for example CI D1 and terminal uridylate transferase) ; proteins

and protein domains responsible for RNA localization (for example from IMP1, ZBP1,

She2p, She3p, and Bicaudal-D); proteins and protein domains responsible for nuclear

retention of RNA (for example Rrp6); proteins and protein domains responsible for nuclear

export of RNA (for example TAP, NXF1, THO, TREX, REF, and Aly) ; proteins and protein

domains responsible for repression of RNA splicing (for example PTB, Sam68, and hnRNP

A1 ; proteins and protein domains responsible for stimulation of RNA splicing (for example

Serine/Arginine-rich (SR) domains) ; proteins and protein domains responsible for reducing

the efficiency of transcription (for example FUS (TLS)); and proteins and protein domains

responsible for stimulating transcription (for example CDK7 and HIV Tat). Alternatively,

protein domains capable of stimulating RNA cleavage; Exonucleases; Deadenylases; proteins

and protein domains having nonsense mediated RNA decay activity; proteins and protein

domains capable of stabilizing RNA; proteins and protein domains capable of repressing

translation; proteins and protein domains capable of stimulating translation; proteins and

protein domains capable of modulating translation (e.g., translation factors such as initiation

factors, elongation factors, release factors, etc., e.g., eIF4G); proteins and protein domains

capable of polyadenylation of RNA; proteins and protein domains capable of

polyuridinylation of RNA; proteins and protein domains having RNA localization activity;

proteins and protein domains capable of nuclear retention of RNA; proteins and protein

domains having RNA nuclear export activity; proteins and protein domains capable of

repression of RNA splicing; proteins and protein domains capable of stimulation of RNA

splicing; proteins and protein domains capable of reducing the efficiency of transcription ;

and proteins and protein domains capable of stimulating transcription. Another suitable

fusion partner is a PUF RNA-binding domain, which is described in more detail in

WO2012068627.

[0199] Some RNA splicing factors that can be used (in whole or as fragments thereof) as

specific RNA binding modules and splicing effector domains. For example, members of the

Serine/ Arginine-rich (SR) protein family contain N-terminal RNA recognition motifs

(RRMs) that bind to exonic splicing enhancers (ESEs) in pre-mRNAs and C-terminal RS

domains that promote exon inclusion. As another example, the hnRNP protein hnRNP Al
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isoform and expressed at high levels in cells with a high turnover rate (e.g., developing

two or more NLSs in tandem. In some embodiments, a PTD is covalently linked to the

polynucleotide encoding a guide nucleic acid, a polynucleotide encoding a Cas9 polypeptide,
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etc.). Exemplary PTDs include but are not limited to a minimal undecapeptide protein

transduction domain (corresponding to residues 47-57 of HIV-1 TAT comprising

YGRKKRRQRRR; SEQ ID NO:7); a polyarginine sequence comprising a number of

arginines sufficient to direct entry into a cell (e.g., 3, 4, 5, 6, 7, 8, 9, 10, or 10-50 arginines); a

VP22 domain (Zender et al. (2002) Cancer Gene Ther. 9(6):489-96); an Drosophila

Antennapedia protein transduction domain (Noguchi et al. (2003) Diabetes 52(7): 1732-

1737); a truncated human calcitonin peptide (Trehin et al. (2004) Pharm. Research 21:1248-

1256); polylysine (Wender et al. (2000) Proc. Natl. Acad. Sci. USA 97:13003-13008);

RRQRRTSKLMKR (SEQ ID NO:8); Transportan

GWTLNSAGYLLGKINLKALAALAKKIL (SEQ ID NO:9);

RQIKIWFQNRRMKWKK (SEQ ID NO:11). Exemplary PTDs include but are not limited

to, YGRKKRRQRRR (SEQ ID NO:12), RKKRRQRRR (SEQ ID NO:13); an arginine

homopolymer of from 3 arginine residues to 50 arginine residues; Exemplary PTD domain

amino acid sequences include, but are not limited to, any of the following: YGRKKRRQRRR

(SEQ ID NO:14); RKKRRQRR (SEQ ID NO:15); YARAAARQARA (SEQ ID NO:16);

THRLPRRRRRR (SEQ ID NO:17); and GGRRARRRRRR (SEQ ID NO:18). In some

embodiments, the PTD is an activatable CPP (ACPP) (Aguilera et al. (2009) Integr Biol

(Camb) June; 1(5-6): 371-381). ACPPs comprise a polycationic CPP (e.g., Arg9 or "R9")

connected via a cleavable linker to a matching polyanion (e.g., Glu9 or "E9"), which reduces

the net charge to nearly zero and thereby inhibits adhesion and uptake into cells. Upon

cleavage of the linker, the polyanion is released, locally unmasking the polyarginine and its

inherent adhesiveness, thus "activating" the ACPP to traverse the membrane.

[0202] In some embodiments, the composition can comprise a Cpfl RNA-guided

endonuclease, an example of which is provided in FIGs. 2, 16, or 17. Another name for the

Cpfl RNA-guided endonuclease is Cas12a. The Cpfl CRISPR systems of the present

disclosure comprise i) a single endonuclease protein, and ii) a crRNA, wherein a portion of

this system, the Cpfl nuclease is directly recruited to the target DNA by the crRNA. In some

embodiments, guide sequences for Cpfl must be at least 12nt, 13nt, 14nt, 15nt, or 16nt in

order to achieve detectable DNA cleavage, and a minimum of 14nt, 15nt, 16nt, 17nt, or 18nt

to achieve efficient DNA cleavage.
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of a Class 2 CRISPR-Cas System" Cell 163, 759-771, which is hereby incorporated by

reference in its entirety for all purposes).

[0207] Persons skilled in the art will appreciate that the Cpfl disclosed herein can be any

and synthetic variants thereof.
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[0208] In some embodiments, the composition comprises a Cpfl polypeptide. In some

embodiments, the Cpfl polypeptide is enzymatically active, e.g., the Cpfl polypeptide, when

bound to a guide RNA, cleaves a target nucleic acid. In some embodiments, the Cpfl

polypeptide exhibits reduced enzymatic activity relative to a wild-type Cpfl polypeptide

(e.g., relative to a Cpfl polypeptide comprising the amino acid sequence depicted in FIGs. 2,

16, or 17), and retains DNA binding activity.

[0209] In some embodiments, a Cpfl polypeptide comprises an amino acid sequence

having at least 30%, at least 35%, at least 40%, at least 45%, 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

amino acid sequence having at least 30%, at least 35%, at least 40%, at least 45%, 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 90%, or 100%, amino acid sequence identity to a

contiguous stretch of from 100 amino acids to 200 amino acids (aa), from 200 aa to 400 aa,

from 400 aa to 600 aa, from 600 aa to 800 aa, from 800 aa to 1000 aa, from 1000 aa to 1100

aa, from 1100 aa to 1200 aa, or from 1200 aa to 1300 aa, of the amino acid sequence depicted

in FIGs. 2, 16, or 17.

[0210] In some embodiments, a Cpfl polypeptide comprises an amino acid sequence

having at least 30%, at least 35%, at least 40%, at least 45%, 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 90%, or 100%, amino acid sequence identity to the RuvCI domain of a

Cpfl polypeptide of the amino acid sequence depicted in FIGs. 2, 16, or 17. In some

embodiments, a Cpfl polypeptide comprises an amino acid sequence having at least 30%, at

least 35%, at least 40%, at least 45%, 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 90%, or

100%, amino acid sequence identity to the RuvCII domain of a Cpfl polypeptide of the

polypeptide comprises an amino acid sequence having at least 30%, at least 35%, at least

40%, at least 45%, 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 90%, or 100%, amino acid

sequence identity to the RuvCIII domain of a Cpfl polypeptide of the amino acid sequence
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16, or 17. In some embodiments, a Cpfl polypeptide comprises an amino acid sequence

having at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at

is fused to both the N-terminus and the C-terminus of the Cpfl polypeptide. In some

Linked Guide RNA and Donor Nucleic Acid
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[0214] In one aspect, the invention provides a complex comprising a CRISPR system

comprising an RNA-guided endonuclease (e.g. a Cas9 or Cpfl polypeptide), a guide RNA

and a donor polynucleotide, wherein the guide RNA and the donor polynucleotide are linked.

As exemplified herein, the guide RNA and donor polynucleotide can be either covalently or

non-covalently linked. In one embodiment, the guide RNA and donor polynucleotide are

chemically ligated. In another embodiment, the guide RNA and donor polynucleotide are

enzymatically ligated. In one embodiment, the guide RNA and donor polynucleotide

hybridize to each other. In another embodiment, the guide RNA and donor polynucleotide

both hybridize to a bridge sequence. Any number of such hybridization schemes are

[0215] In some embodiments, the complex or composition further comprises a deaminase

(e.g., an adenine base editor). As used herein, the term "deaminase" or "deaminase domain"

refers to an enzyme that catalyzes the removal of an amine group from a molecule, or

deamination. In some embodiments, the deaminase is a cytidine deaminase, catalyzing the

hydrolytic deamination of cytidine or deoxycytidine to uridine or deoxyuridine, respectively.

In some embodiments, the deaminase is a cytosine deaminase, catalyzing the hydrolytic

deamination of cytosine to uracil (e.g., in RNA) or thymine (e.g., in DNA).

[0216] In some embodiments, the deaminase is an adenosine deaminase, which catalyzes

the hydrolytic deamination of adenine or adenosine. In some embodiments, the deaminase or

deaminase domain is an adenosine deaminase, catalyzing the hydrolytic deamination of

adenosine or deoxyadenosine to inosine or deoxyinosine, respectively. In some

embodiments, the adenosine deaminase catalyzes the hydrolytic deamination of adenine or

adenosine in deoxyribonucleic acid (DNA). The adenosine deaminases (e.g. engineered

adenosine deaminases, evolved adenosine deaminases) provided herein may be from any

organism, such as a bacterium. In some embodiments, the deaminase or deaminase domain is

a variant of a naturally-occurring deaminase from an organism, such as a human,

[0217] In some embodiments, the deaminase or deaminase domain 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 least 99%, or at
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terminal amino acid residues relative to the full length ecTadA. In some embodiments, the

ecTadA deaminase does not comprise an N-terminal methionine. In some embodiments, the

deaminase is APOBEC1 or a variant thereof.

The surfactant can be a non-ionic surfactant and/or a zwitterionic surfactant. In some

thereof. For example, the surfactant can be polyethylene glycol (PEG), polypropylene glycol,

DOWFAX tradename, such as linear EO/PO block copolymers; octoxynols, which can
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vary in the number of repeating ethoxy (oxy-1,2-ethanediy1) groups, with octoxynol-9 (Triton

X-100, or t-octylphenoxypolyethoxyethanol) being of particular interest;

(octylphenoxy)polyethoxyethanol (IGEPAL CA-6301NP-40); phospholipids such as

phosphatidylcholine (lecithin); polyoxyethylene fatty ethers derived from lauryl, cetyl, stearyl

and oleyl alcohols (known as Brij surfactants), such as triethyleneglycol monolauryl ether

(Brij 30); polyoxyethylene-9-lauryl ether, and sorbitan esters (commonly known as the

Spans), such as sorbitan trioleate (Span 85) and sorbitan monolaurate. In some embodiments,

the surfactant is an anticoagulant (e.g., heparin or the like). In some embodiments, the

composition further comprises one or more pharmaceutically acceptable carriers and/or

Cpfl polypeptide); and the like) includes a label moiety. The terms "label", "detectable

label", or "label moiety" as used herein refer to any moiety that provides for signal detection

and may vary widely depending on the particular nature of the assay. Label moieties of

interest include both directly detectable labels (direct labels)(e.g., a fluorescent label) and

indirectly detectable labels (indirect labels)(e.g., a binding pair member). A fluorescent label

can be any fluorescent label (e.g., a fluorescent dye (e.g., fluorescein, Texas red, rhodamine,

ALEXAFLUOR® labels, and the like), a fluorescent protein (e.g., green fluorescent protein

(GFP), enhanced GFP (EGFP), yellow fluorescent protein (YFP), red fluorescent protein

(RFP), cyan fluorescent protein (CFP), cherry, tomato, tangerine, and any fluorescent

derivative thereof), etc.). Suitable detectable (directly or indirectly) label moieties for use in

the methods include any moiety that is detectable by spectroscopic, photochemical,

biochemical, immunochemical, electrical, optical, chemical, or other means. For example,

streptavidin (which can itself be directly or indirectly labeled). Labels can also include: a

radiolabel (a direct label)(e.g., ³H, ¹²I, ³S, ¹C, or ³²P); an enzyme (an indirect label)(e.g.,

fluorescent protein (a direct label)(e.g., green fluorescent protein, red fluorescent protein,

yellow fluorescent protein, and any convenient derivatives thereof); a metal label (a direct

label); a colorimetric label; a binding pair member; and the like. By "partner of a binding

pair" or "binding pair member" is meant one of a first and a second moiety, wherein the first
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Encapsulation and Nanoparticles

[0223] In some embodiments of the composition, the polymer combines with the nucleic

acid and/or polypeptide and partially or completely encapsulates the nucleic acid and/or

atoms), and can be substituted with one or more functional groups including ketone, ether,

thiol-containing molecule. Reaction of a thiol group with the gold results in a covalent
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nanoparticle-nucleic acid conjugate. For instance, the linker nucleic acid can have a

sequence that hybridizes to the guide RNA or donor polynucleotide.

[0228] The nucleic acid conjugated to the nanoparticle (e.g., a colloidal metal (e.g., gold)

nanoparticle; a nanoparticle comprising a biocompatible polymer) can have any suitable

length. When the nucleic acid is a guide RNA or donor polynucleotide, the length will be as

suitable for such molecules, as discussed herein and known in the art. If the nucleic acid is a

linker nucleic acid, it can have any suitable length for a linker, for instance, a length of from

10 nucleotides (nt) to 1000 nt, e.g., from about 1 nt to about 25 nt, from about 25 nt to about

50 nt, from about 50 nt to about 100 nt, from about 100 nt to about 250 nt, from about 250 nt

[0229] When the nucleic acid linked (e.g., covalently linked; non-covalently linked) to a

nanoparticle comprises a nucleotide sequence that hybridizes to at least a portion of the guide

RNA or donor polynucleotide present in a complex of the present disclosure, it has a region

with sequence identity to a region of the complement of the guide RNA or donor

polynucleotide sequence sufficient to facilitate hybridization. In some embodiments, a

nucleic acid linked to a nanoparticle in a complex of the present disclosure has at least 50%,

at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99%,

or 100%, nucleotide sequence identity to a complement of from 10 to 50 nucleotides (e.g.,

from 10 nucleotides (nt) to 15 nt, from 15 nt to 20 nt, from 20 nt to 25 nt, from 25 nt to 30 nt,

from 30 nt to 40 nt, or from 40 nt to 50 nt) of a guide RNA or donor polynucleotide present in

the complex.

[0230] In some embodiments, a nucleic acid linked (e.g., covalently linked; non-

substantially the same nucleotide sequence as a donor polynucleotide. In some embodiments,

a nucleic acid linked (e.g., covalently linked; non-covalently linked) to a nanoparticle

Method of Use

[0231] Also provided herein is a method of delivering a nucleic acid and/or polypeptide

to a cell, wherein the cell can be in vitro or in vivo. The method comprises administering a

composition comprising the polymer and nucleic acid and/or polypeptide, as described

herein, to the cell or to a subject containing the cell. The method can be used with respect to
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given protein or nucleic acid to a cell in serum with an efficiency greater than pAsp[DET]

under the same conditions.

[0233] When used with a composition comprising one or more components of a CRISPR

EXAMPLE 1

The synthesis includes modifying PBLA with an amine and V-(2-aminoethyl)ethane-1,2-
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O ZI

NN H
H

65 1. hexan-1-amine

2. DET

O

O

PBLA

O OZIH
ZI
H
NN

ZI
HN

ZI

NIZ
N H

O NH
NH NH

X NH y

NHNH
Polymer A

[0236] Lyophilized PBLA (50 mg, 0.0037 mMol) was placed into a flask and dissolved

in tetrahydrofuran/N-methyl-2-pyrrolidine (1 mL each). To the clear solution was added n-

hexylamine (58.8 uL, 0.44 mMol, 120 equivalents), and the clear reaction mixture was stirred

for 24 hours at room temperature. After approximately 24 hours, diethylenetriamine (50

equivalents to benzyl group of PBLA segment, 1.0 g) was added to the clear mixture under

mild anhydrous conditions. After approximately 18 hours at room temperature, the reaction

mixture was precipitated into diethyl ether (10 - 12X volume, 35 mL). The white precipitate

was then centrifuged, and washed twice with diethyl ether. The white polymer was dissolved

in 1 M HCI (3 mL) and dialyzed in an excess of deionized water in a 3.5 - 5 KD cut-off

membrane. When the pH of the solution was between 5 - 6, the dialysis was stopped, and the

solution was lyophilized, to give approximately 60 mg of polymer product. A similar

polymers A1-A6. The concentration ratios and polymers derived therefrom are set forth in

confirmed by ¹H NMR spectroscopy. The results are also plotted in FIG. 3

Table 2.

Polymer Equivalents of hexan-1-amine to PBLA X y
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Polymer A1 20 62 3

Polymer A2 58 7

Polymer A3 40 55 10

Polymer A4 80 45 20

Polymer A5 120 39.5 25.5

Polymer A6 160 38 27

[0237] As demonstrated by Table 2 and FIG. 3, the degree of substitution of hydrophobic

mixture.

EXAMPLE 2

[0238] This example provides guidance for the synthesis of a polymer described herein.

H

H 1. (4-butylcyclohexyl)

2. DET

H OH
N N NIZ

ZI
H

ZI

H
NN

H H

NH O
NH NH

X NH y

HN

NHNH
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[0239] Lyophilized PBLA (50 mg, 0.0037 mMol) was placed into a flask and dissolved

in tetrahydrofuran/N-methyl-2-pyrrolidine (1 mL each). To the clear solution was added 1-

(4-butylcyclohexyl)methanamine (75 mg, 0.44 mMol, 120 equivalents), and the clear reaction

temperature, the reaction mixture was precipitated into diethyl ether (10 - 12X volume, 35

white polymer was dissolved in 1 M HCl (3 mL) and dialyzed in an excess of deionized

dialysis was stopped, and the solution was lyophilized, to give polymer product. A similar

are set forth in Table 3, with values x and y reported as an average. The degree of

substitution was confirmed by ¹H NMR spectroscopy. The results are also plotted in FIG. 4

Table 3.

Polymer Equivalents of (4- X Y

butylcyclohexyl)methanamine to PBLA

Polymer B1 80 52 13

Polymer B2 100 49 16

Polymer B3 120 47 18

[0240] As demonstrated by Table 3 and FIG. 4, the degree of substitution of hydrophobic

mixture.

[0241]

substitution to the polymers described herein on delivery of mRNA to cells.
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[0242] Polymers A1, A2, and A3 of Example 1 were formulated with mRNA encoding

polymers that had the higher degree of hexylamine substitution. Much higher transfection

was observed using polymer A3.

EXAMPLE 4

mRNA to various cells.

mCherry and cultured with HEK293T and HepG2 under both serum and non-serum

conditions, and primary myoblasts from Mdx mouse under serum conditions. The results are

substitution.

Polymer A5 of Example 1 (hexylamine substitution) and Polymer B3 of Example

EXAMPLE 5

[0246] The following example illustrates the use of polymers of the invention to deliver

[0247] Polymers A4 and A5 of Example 1 (hexylamine substitution) and Polymer B3 of

Each polymer was mixed with either (a) GFP-targeting sgRNA (600 ng) and Cas9 (3 ug), or

(b) GFP-targeting crRNA (300 ng) and Cpfl (3 ug) to provide loaded polymer nanoparticles.

GFP expressing HEK293T cells (GFP-HEK cells) seeded at 20,000 cell density in serum

were treated with the loaded polymer nanoparticles and doxycycline induction was conducted

two days after the transfection. Flow cytometry was conducted 48 hr after the induction and

the percentage cells that were GFP- was quantified. The results are presented in FIG. 10
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and error bar=SEM). All three polymers showed significant GFP knock-out using either

Cas9 or Cpfl.

EXAMPLE 6

[0248] The following example illustrates the stability of nanoparticles comprising the

polymers of the invention.

[0249]

nanoparticles. One sample of the nanoparticles was incubated from 1 min to 2 hr at room

frozen at -80 degree Celsius for 2 hr. The nanoparticles were used to treat HEK293T cells,

transfection efficiency, demonstrating that the nanoparticles were stable under the tested

conditions.

EXAMPLE 7

[0250] The following example illustrates the use of the polymers provided herein co-

mixed with PEGylated polymers to deliver mRNA to cells.

[0251] Polymer A5 of Example 1 was mixed with increasing amounts of GalNAc-PEG-

PAsp or GalNAc-PEG-PAsp-C6 (i.e., 10 wt.%, 20 wt.%, 40 wt.% and 60 wt.% of the total
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OH OH
o o

N

ZIH H
N N H

o oNHAc NHNH

HNHN

NH NH

o o HN HN

O
N

HN

NH
Ho 22

H 5k H 5

O o o 0 O NH

HNHN

NH
GalNac-PEG5K-pASP(DET)-C6

[0252] Cell viability was measured by Cell counting kit-8 (CCK-8) assay and RFP+

percent was measured with flow cytometry. The results are presented in Figure 13 (n=2, error

bar=SEM). Polymer A5 of Example 1 mixed with either GalNAc-PEG-PAsp or GalNAc-

cellular uptake. CCK-8 assay showed that the tested polymers did not cause cell toxicity with

the dose that was used. At a dose that yielded more than 60% mRNA transfection, there was

no cytotoxicity observed.

[0253] Both transfection efficiency and cell viability results show that the polymer

provided herein can be co-formulated with PEG-Polymers.

EXAMPLE 8

[0254] Polymer H27N was prepared and used in Examples 9, 10, 12-14, 16-21, 23

provided herein:
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o H
ZI

N
EX
B N
N H

x MN 0
0 PIN 0 HN

HN
N

H27N can be prepared by modifying PBLA with N¹-(2-aminoethy1)-N),N,N²-

trimethylethane-1,2-diamine and hexylamine. An exemplary procedure is as follows.

Scheme 3.

zzH 8ZZ

N N
R

N H NX2

M0 o 0
88

ii)

H2N N HN 38 BN HN 20

0 N HN

N-
N

PBLA

[0255] Lyophilized PBLA (50 mg, 0.0037 mmol; degree of polymerization ("DP") 65)

N¹-(2-aminoethyl)-N,N²,N²-trimethylethane-1,2-dianine (50 equivalents to benzyl group of

PBLA segment) was added to the clear mixture under mild anhydrous conditions. After

approximately 18 hours at room temperature, the reaction mixture was precipitated into

diethyl ether (10 - 12X volume, 35 mL). The precipitate was then centrifuged, and washed

twice with diethyl ether. The polymer was dissolved in 1 M HCI (3 mL) and dialyzed in an

[0256] The following example shows the ability of polymer H27N of Example 8 to form
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[0258]

EXAMPLE 10

[0259] The following example shows the ability of polymer H27N of Example 8 to form

a nanoparticle when combined with Cas9 RNP.

[0260] Polymer H27N was combined with Cas9 RNP and the resulting mixture was

analyzed using dynamic light scattering. The results are plotted in FIG. 17.

[0261]

EXAMPLE 11

forth in Example 8. The resulting polymers were used in Examples 12-14 provided herein.

As is be apparent from the production method, the bracketing in the below structures does not

signify block copolymer structure.
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21
N

IN

0 NIZ H N 2
IZ

ZZ M
33 = &

44 0 0
0 HN 0

65
0 HN 0

65

NH NH

NH NH
HN HN

H2N H2N

NH2 NH2

PEG-Polymer 1 PEG-Polymer 2

HO

N N N H
25

0 HN 0
NH

HO
Z

-N

N
N

2N-
N

PEG-Polymer 3

HO OH

HO
IZH xz 0 IZH

Z N N N N
N-I
IZ
I

#

0 NN 0 44 O= HN o 21

NH
HN

H2N
NH,

PEG-Polymer 4

EXAMPLE 12

[0263] The following example illustrates the use of Polymer H27N and PEG-Polymers 2-

4 to deliver mRNA to HEK293T cells.

[0264] RFP mRNA was delivered with H27N and co-mixtures of H27N and PEG-

Polymers 2-4 in a ratio of 20:80 or 40:60 wt.% of PEG-Polymer relative to H27N). Co-

mixtures of H27N and PEG-Polymers 2-4 (ratio of 20:80 or 40:60 wt.% of PEG-Polymer

relative to H27N) were prepared prior to addition of RFP mRNA. The resulting nanoparticle

was treated in HEK293T cells and flow cytometry was used to quantify RFP+ cells 24 hours

after transfection. The results are plotted in FIG. 18.

[0265] As demonstrated by FIG. 18, Polymer H27N was efficient at delivering mRNA in

HEK293T cells alone and in combination with PEG-Polymers 2-4, which combinations

showed comparable or slightly reduced transfection efficiency in HEK293T cells.

20
26

20
18

55
   

   
11

 M
ar

 2
02

6

1
1
0

M
a
r
 
2
0
2
6

N
N

0
N

H
N

M
=

4
4
H

3
3

0
0

0
6
5

0
o

6
5

N
H

N
H

N
H

N
H

H
N

H
N

H
2
N

H
2
N

2
0
2
6
2
0
1
8
5
5
 
1
1

N
H
2

N
H
2

P
E
G
-
P
o
l
y
m
e
r
 
1

H
O

N
N

2
H

2
5

o
H
N

0
N
H

H
O

2
N

N
N

2
N

H
O

O
H O

2
N

2
H
O

$
 
8

0
N
N

0
4
4

o

N
H

H
N

H
2
N

N
H
2

P
E
G
-
P
o
l
y
m
e
r
 
4

E
X
A
M
P
L
E
 
1
2

4
 
t
o
 
d
e
l
i
v
e
r
 
m
R
N
A
 
t
o
 
H
E
K
2
9
3
T
 
c
e
l
l
s
.



111

EXAMPLE 13

[0266]

[0267]

polymer and PEG-Polymers 1-3 were prepared using a 1:1 ratio. Nanoparticles were formed

are plotted in FIG. 19.

As demonstrated by FIG. 19, Polymer H27N alone was efficient at gene editing in

efficiency in Hep3B cells.

[0269]

Polymer H27N to deliver Cas9 RNP to Hep3B cells.

[0270]
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[0271] As demonstrated by FIG. 20, Polymer H27N alone was efficient at gene editing in

Hep3B cells. PEG-Polymers 1-3 showed comparable or slightly reduced gene editing

efficiency in Hep3B cells.

EXAMPLE 15

[0272] The following example illustrates the use of polymers of the invention to deliver

Cre mRNA to mice as exhibited by Loxp-luciferase mice.

[0273] Loxp-luciferase mice having the reporter sequence set forth in FIG. 21 were

treated nanoparticles formulated with H27N and Cre mRNA. The control represents an

untreated mouse. Administration was via intrathecal (IT) injection. Cre mRNA delivery was

assessed via bioluminescence, and the resulting images are set forth in FIGs. 22A-22C.

[0274] The mice treated with nanoparticle composition showed significant delivery of

Cre mRNA mice.

EXAMPLE 16

[0275] Polymer C can be prepared by modifying PBLA with N¹-(2-aminoethyl)-

procedure is as follows.

Scheme 4.

O
IZN H

1. 4-methylpentan-1-amine (160x)

H
O 2.

N=65
O N

HN N

PBLA
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ZI
H

ZI
H N NN N

H
O

38 O 27
O NHNH

HN HN

N
N

N

N

Polymer C

the clear mixture under mild anhydrous conditions. After approximately 18 hours at room

mL). The precipitate was then centrifuged, and washed twice with diethyl ether. The

polymer was dissolved in 1 M HCl (3 mL) and dialyzed in an excess of deionized water in a

3.5 - 5 KD cut-off membrane. When the pH of the solution was between 5 - 6, the dialysis

was stopped, and the solution was lyophilized, to give the polymer product.

EXAMPLE 17

[0277]

[0278]

H27N and PGA-PEG and Cre mRNA with a 4:1 ratio of PGA-PEG:mRNA ("H27N + PGA-

PEG ("4:1 PGA-PEG:mRNA ratio") and (ii) nanoparticles formulated with a mixture of

H27N and PGA-PEG and Cre mRNA with a 6:1 ratio of PGA-PEG:mRNA ("H27N + PGA-

PEG ("6:1 PGA-PEG:mRNA ratio"). The control represents an untreated mouse. The

nanoparticle properties summarized in Table 4.

Table 4. PEG-PGA nanoparticle properties.

Pre-Lyophilization Post-Lyophilization
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Diameter Zeta- Diameter Zeta-
Particle PDI PDI

(nm)

H27N + 4X
79 nm 0.19 92.5 0.18

PGA-PEG
H27N + 6X

80 nm -2 mV 0.29 80 nm -2 mV
PGA-PEG

Range

[0279]

perfused through the left ventricle with 1% heparinized saline followed by PBS to remove

blood. The brain and spinal cord were then harvested. The mouse brains were sectioned at

100 µm thickness in the coronal plane and every other section was collected and imaged.

[0280] In vivo Cre mRNA delivery was assessed for the rostral and caudal sections of the

brain via bioluminescence, and the resulting images are set forth in FIG. 24.

delivery of Cre mRNA to the caudal sections of the brain stem and cerebellum (i.e., the areas

brain.

This example provides guidance for the synthesis of Polymer D described herein.

The synthesis includes modifying PBLA with hexyl amine and amine compound 10. An
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Scheme 5: Synthesis of Amine Compound 10

H
PPh, CBr
DCM 3 S

HCI, 110°C

N N
N Toluene, TEA NN 3 HCI

Br 120°C
1 5

4

N Br

Conc. HCI, 110°C o
N 8NN N

4 HCI
3 HCI Toluene, 0
6 7 TEA, 120°C 4 HCI

9

HN

5 HCI

10

[0283]

1. NMP/THF (1:1)

Hexyl smine (120)

23 hours

21H
IZH

23H

N+H N N N N
(20 X 65 equivalents) N H

H H65 0 0 to o
HN HN HN

o HN
65

N

N-PBLA N-

Polymer D

[0284] PBLA (25 mg, 0.0018 mmol) was dissolved into the mixture of 500 µL NMP and

500 µL of THF. Then to this reaction mixture was added hexyl amine (21.85 mg, 0.216

mmol) and the reaction mixture was stirred for 23 hours at room temperature. Then to this

solution was added amine compound 10 (607 mg, 2.34 mmol) as a free amine form dissolved

into 500 µL NMP, 500 µL THF and 500 µL triethylamine. The resulting reaction mixture

was stirred at room temperature for 24 hours and the crude reaction mixture was precipitated

into diethyl ether (40 mL) to yield crude polymer. Crude polymer was dissolved into 2 mL

1N HCI solution and was dialyzed using 3.5-5 KD cut-off membrane dialysis bag for 48

hours at 4 °C. The purified polymer was lyophilized to yield Polymer D (17 mg) as a white

solid. 1H NMR (D20): 4.53 (65 H), 3.63-2.29 (m), 2.17-2.00 (s), 1.41-0.52 (m).

EXAMPLE 19
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The synthesis includes modifying PBLA with hexyl amine and amine compound 13. An

H
o N N o3
N Br N. N H2N N

N N
O O 3 HCI

11 120°C
12

[0286] Amine compound 13 was synthesized using the protocol set forth in Scheme 7.

Scheme 8: Synthesis of Polymer E

1. NMP/THF (1:1)

Hexyl amine (120)

23 hours

2. HN NH N x
ZI N+H (20 x 65 equivalents)

IN H

65 0 o
HN HN HN 65

o HN

D

PBLA

[0287]

mmol) and the reaction mixture was stirred for 23 hours at room temperature. Then to this

for 48 hours at 4 °C. The purified polymer was lyophilized to yield Polymer E (20 mg) as a

(m).

13. An exemplary procedure is as follows.
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[0289] Amine compound 13 was synthesized using the protocol set forth in Scheme 7 of

Scheme 9: Synthesis of Polymer F

1. NMP/THF (1:1)

Cyclohexyl ethyl amine (120)

23 hours

0
2.

HN H
21H

N N N
ZI

N
H

zi

H
H 65 HN HNHN

65

o

PBLA Polymer F

[0290]

dissolved into 500 µL NMP, 500 µL THF and 500 µL triethylamine. The resulting reaction

mixture was stirred at room temperature for 24 hours and the crude reaction mixture was

precipitated into diethyl ether (40 mL) to yield crude polymer. Crude polymer was dissolved

for 48 hours at 4 °C. The purified polymer was lyophilized to yield Polymer F (20 mg) as a

EXAMPLE 21

[0291] This example provides guidance for the synthesis of Polymer G described herein.

The synthesis includes modifying PBLA with hexyl amine and amine compound 20. An

exemplary procedure is as follows.

Scheme 10: Synthesis of Amine Compound 20

H
O

N 3 o
Conc. HCI, 110°C

Br N NN N HN N
o N NHToluene, TEA 0
8 2 HCI o120°C 4 HCI

19 20

[0292] Amine compound 20 was synthesized using the protocol set forth in Scheme 10.

Scheme 11: Synthesis of Polymer G
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Hexy amine (120)

23 hours
H 8 M

N

o H2N N Nzx

H 2. N N HN
N+-H

NH2
o

HN HN HN
BN

65

o
N-

NH
PBLA

[0293] PBLA (25 mg, 0.0018 mmol) was dissolved into the mixture of 500 µL NMP and

500 µL of THF. Then to this reaction mixture was added hexyl amine (21.85 mg, 0.216

mmol) and the reaction mixture was stirred for 23 hours at room temperature. Then to this

dissolved into 500 µL NMP, 500 µL THF and 500 µL triethylamine. The resulting reaction

mixture was stirred at room temperature for 24 hours and the crude reaction mixture was

precipitated into diethyl ether (40 mL) to yield crude polymer. Crude polymer was dissolved

(m).

EXAMPLE 22

[0294] This example provides guidance for the synthesis of Polymer H described herein.

O N o o
Conc. HCI, 110°C

N
H2N N NH

O Toluene, TEA 0 o
5 HCI

3 HCI
120°C 22

8 21

[0295]
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1, NMP/THF (1:1)

Hexyl amine (120)

0 HN
H H

N

HN

2. H2N N NH2 IIZ

H 0 0
HN HN HN

HN
65

o
N0 N

N
N-

PBLA H2N H2N

Polymer H

mmol) and the reaction mixture was stirred for 23 hours at room temperature. Then to this

precipitated into diethyl ether (40 mL) to yield crude polymer. Crude polymer was dissolved

into 2 mL 1N HCl solution and was dialyzed using 3.5-5 KD cut-off membrane dialysis bag

for 48 hours at 4 °C. The purified polymer was lyophilized to yield Polymer H (20 mg) as a

(m).

[0297] The following example illustrates the ability of nanoparticles comprising the

polymers of the invention to deliver mCherry mRNA to to HEK293T cells and Hep3B cells

[0298] mCherry mRNA was mixed with each of Polymers D-H to provide loaded

nanoparticles. The resulting nanoparticles were used to treat HEK293T cells and Hep3B

[0299] As demonstrated by FIG. 25, treatment of treat HEK293T cells and Hep3B cells

with nanoparticles formed from Polymers E, F, and G resulted in a relatively high

transfection efficiency as compared to nanoparticles formed from Polymers D and H.

EXAMPLE 24
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[0300]

H
o

3 Conc. HCI, 110°C

N Br N N N
H2N NN N NH

O Toluene, TEA
0

120°C 2 HCI 4 HCI

11 15
14

[0301]

Scheme 15: Synthesis of Polymer I

1, NMP/THF (1:1) H
IZ H

N
IZ

N
8IZ

23 hours o o
H 65 HN HN HN

N HN
65

0
2. H2N N NM

0
(20 x 65 equivalents)

N
N

N.

PBLA NH2

Polymer I

[0302] PBLA (25 mg, 0.0018 mmol) was dissolved into the mixture of 500 µL NMP and

500 µL of THF. Then to this reaction mixture was added hexyl amine (21.85 mg, 0.216

solution was added amine compound 15 (473..5 mg, 2.34 mmol) as a free amine form

dissolved into 500 µL NMP, 500 µL THF and 500 µL triethylamine. The resulting reaction

mixture was stirred at room temperature for 24 hours and the crude reaction mixture was

precipitated into diethyl ether (40 mL) to yield crude polymer. Crude polymer was dissolved

into 2 mL 1N HCI solution and was dialyzed using 3.5-5 KD cut-off membrane dialysis bag

for 48 hours at 4 °C. The purified polymer was lyophilized to yield Polymer I.

EXAMPLE 25

Scheme 16: Synthesis of Amine Compound 18
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H H

Conc. HCI, 110°C

N Br 16
N

H2N NH
N

o Toluene, TEA 0 0
120°C 3 HCI

5 HCI
11

18
17

[0304] Amine compound 18 was synthesized using the protocol set forth in Scheme 16.

H
N+H

Hexyl amine (120) x2H
23 hours N N

H H
65

a FO FO2. HN N NH HN0 HN HNHN
65

(20 X 65 equivalents)

N-
N-

PBLA

HN
H2N

Polymer J

[0305]

500 µL of THF. Then to this reaction mixture was added hexyl amine (21.85 mg, 0.216

was stirred at room temperature for 24 hours and the crude reaction mixture was precipitated

into diethyl ether (40 mL) to yield crude polymer. Crude polymer was dissolved into 2 mL

1N HCI solution and was dialyzed using 3.5-5 KD cut-off membrane dialysis bag for 48

hours at 4 °C. The purified polymer was lyophilized to yield Polymer J.

[0306] Preferred embodiments of this invention are described herein, including the best

mode known to the inventors for carrying out the invention. Variations of those preferred

embodiments can become apparent to those of ordinary skill in the art upon reading the

foregoing description. The inventors expect skilled artisans to employ such variations as

specifically described herein. Accordingly, this invention includes all modifications and

equivalents of the subject matter recited in the claims appended hereto as permitted by

applicable law. Moreover, any combination of the above-described elements in all possible

otherwise clearly contradicted by context.
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[0307]

smaller ranges may independently be included in the smaller ranges, and are also

encompassed within the invention, subject to any specifically excluded limit in the stated

[0308] Unless defined otherwise, all technical and scientific terms used herein have the

[0309] It must be noted that as used herein and in the appended claims, the singular forms

"a," "an," and "the" include plural referents unless the context clearly dictates otherwise.

Thus, for example, reference to "a complex" includes a plurality of such complexes and

described in the context of a single embodiment, may also be provided separately or in any

combinations of the various embodiments and elements thereof are also specifically

combination was individually and explicitly disclosed herein.
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The publications discussed herein are provided solely for their disclosure prior to

the filing date of the present application. Nothing herein is to be construed as an admission

that the present invention is not entitled to antedate such publication by virtue of prior

invention. Further, the dates of publication provided may be different from the actual

20
26

20
18

55
   

   
11

 M
ar

 2
02

6

1
2
3

2
0
2
6
2
0
1
8
5
5
 
1
1
 
M
a
r
 
2
0
2
6



124

CLAIM(S):

1. A polymer comprising a hydrolysable polymer backbone, the polymer

backbone comprising:

(i) monomer units with a side chain comprising a hydrophobic group;

(ii) monomer units with a side chain comprising an oligoamine or polyamine; and

optionally

(iii) monomer units with a side chain comprising an ionizable group, optionally

with a pKa less than 7.

2. The polymer of claim 1, wherein the hydrophobic group comprises an alkyl

group, alkenyl group, cycloalkyl group, or cycloalkenyl group.

3. The polymer of claim 1, wherien the hydrophobic group comprises a C-C

linear or branched alkyl group, optionally a C-C linear or branched alkyl group.

4. The polymer of any of claims 1-3, wherein the oligoamine or polyamine is a

group of the formula:

-(CH)pN[-(CH)q-NR²];,

-(CH)p-N[(CH)-NR²-CH-CHOH-R°;
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or

specific or cell-specific targeting moiety.

5. The polymer of any one of claims 1-4, wherein the polyamine comprises

-(CH)p-[NR²-(CH)q1]rNR²;

-(CH)-N[-(CH)-NR²];

and each R² is independently hydrogen or a C1-C alkyl group;

6. The polymer of any one of claims 1-5, wherein the hydrolysable polymer

backbone comprises about 1 to about 80 mol% of the monomer units having a hydrophobic

group, about 1 to about 80 mol% of the monomer units having an oligoamine or polyamine,

and 0 to about 80 mol% of the monomer units having an ionizable group.

7. The polymer of any one of claims 1-6, wherein the hydrolysable polymer

pKa less than 7.

8. The polymer of any one of claims 1-7, wherein the hydrolysable polymer

backbone comprises a polyamide, poly-N-alkylamide, polyester, polycarbonate,

polycarbamate, or a combination thereof.
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9. The polymer of claim 8, wherein the hydrolysable polymer backbone

comprises a polyamide.

10. The polymer of claim 1, comprising a structure of Formula 1:

O O
H H H H IUI H

R
3a

N C C R³
IOH

R
3a

m m =n3b

R R
3b

0NR¹³ NR13 X²

NR¹³ NR¹³ B2

A¹ BI

wherein:

each of m¹, m², m³, and m is an integer from 0 to 1000, provided that the sum of m¹ +

m² + m³ + m is greater than 5;

the symbol "/" indicates that the units separated thereby are linked randomly or in any

order;

each instance of R³ is independently a methylene or ethylene group;

bond;

each instance of R¹³ is independently hydrogen, an aryl group, a heterocyclic group, a

C1-C alkyl group, C2-C12 alkenyl group, C-C cycloalkyl group, or C-C cycloalkenyl

A¹ and A² are each independently a group of formula

-(CH)p-N[-(CH)-NR²];,

B¹ and B² are each independently
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-(CH)p-[NR²-(CH)-]1NR²-CH(CONH)-(CH)s+R°; or

each instance of R² is independently hydrogen or a C1-C alkyl group, C2-C12 alkenyl group,

as to form a heterocyclic group; each instance of R is independently -C(0)0-, -C(O)NH-, -

comprising a tissue-specific or cell-specific targeting moiety.

11. The polymer of claim 10, having the structure of Formula 1A:

H H H I H I
R
3a I

Q
m

R
3b

NR
13

NR
13

X
NR¹³ 2

NR

wherein
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c is an integer from 0 to 50;

Y is optionally present and is a cleavable linker;

R¹ is hydrogen, an aryl group, a heterocyclic group, a C1-C12 alkyl group, alkenyl

group, cycloalkyl group, or cycloalkenyl group, or a C1-C linear or branched alkyl group

optionally substituted with one or more substituents;

R is hydrogen, an amino group, an aryl group, a heterocyclic group, a C1-C12 alkyl

group, a C1-C heteroalkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group, a

C1-C linear or branched alkyl group optionally substituted with one or more amines; or a

tissue-specific or cell-specific targeting moiety;

and m¹, m², m³, m, n¹, n², R³, R³, R¹³, X¹ X², A¹, A², B¹, and B² are as defined in

10.

12. The polymer of claim 10 or 11, wherein each of B¹ and B² is a group of

13. The polymer of any of claims 10-12, wherein each R is independently:

N
Z R

2

R
2

R²

N R²
S

R² R² ;

N
N R²

R²
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R
2

n

wherein

cycloalkyl group, or cycloalkenyl group, or R² is combined with a second R² so as to form a

heterocyclic group;

R is a C1-C alkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group

Z is an integer from 1 to 5;

c is an integer from 0 to 50;

Y is optionally present and is a cleavable linker;

n is an integer from 0 to 50; and

14.

15. The polymer of any of claims 10-14, wherein R is

S

N
Z

R²

R²

or

R²

N
N N

R² R²

16. A polymer of any of claims 10-15, wherein the ratio of
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17. The polymer of any one of claims 10-16, wherein the tissue-specific or cell-

specific targeting moiety is:

OO HO
HO HO

HO
"""""OH

HO" HO NH
OH

OH
OH OH O

alpha-d-galactose ; alpha-d-mannose ; N-acetylgalactosamine ;

R
12

O R¹¹ B5 OH

OR9

2 N BZI

HAsparagusic acid ; Phenylboronic acid ; OH; or

O OH
O

2

H

N O
HN ZIN

H

HN N N
,

18.

20
26

20
18

55
   

   
11

 M
ar

 2
02

6

1
3
1

2
0
2
6
2
0
1
8
5
5
 
1
1
 
M
a
r
 
2
0
2
6

{
O

O
.
.
.
.
.
I
I
O

H
O

H
O

H
O

H
O

H
O

N
H

O
H

O
H

O
H

O
H

R
1
2

O
B

O
H

O

R
2

B

O
O
H

O

2

H

N
O

H
N

H
N

N
N



132

H H H H H H H H
C R

3a
C N C C2. N C R

3a
C N

m m
n¹ n²

R
3b R

3b
X

1

NR
13 X¹ X²

NR¹³ A² X²

A¹

wherein m¹, m², n¹, n², R³, R³, R¹³, X¹, X², A¹, and A² are as defined in claim 10.

19. The polymer of claim 10, having the structure of Formula 1B:

0

R Y

ZI OI IZ IO

N H
C R

3a
IO

H
C C C R

3a

C

OI IZ

CH
R¹

C 0-6
'm'

m
n¹

R³ R X
NR¹³ X¹

O X²
NR¹³

X²

NR²

NR²

R²N
R²N

c is an integer from 0 to 50;

R¹ is hydrogen, an aryl group, a heterocyclic group, a C1-C12 alkyl group, C2-C12

alkenyl group, C-C cycloalkyl group, or C-C cycloalkenyl group, any of which are

optionally substituted with one or more substituents;

group, C-C cycloalkyl group, or C-C cycloalkenyl group; and

R is hydrogen, an amino group, an aryl group, a heterocyclic group, a C1-C12 alkyl

group, a C1-C heteroalkyl group, C2-C12 alkenyl group, C-C cycloalkyl group, or C-C

cycloalkenyl group, optionally substituted with one or more amines; or a tissue-specific or

cell-specific targeting moiety;

and m¹, m², n¹, n², R³, R³, R¹³, X¹, X², A¹, and A² are as defined in claim 10.
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20. The polymer of claim 10, having the structure of Formula 1C:

O 0 O
H

C

IZH
N

IUH
C

IZH IC

C CH NR°HN C
m¹ n¹

n²

X
1

OHN X¹

O X²

X²

NH

NH

HN
HN

wherein

tissue-specific or cell-specific targeting moiety;

21. The polymer of claim 10, having the formula:
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wherein (a+b) is from about 5 to about 65, (c+d) is from about 2 to about 60, and (e+f) is

from about 2 to about 60.
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22. The polymer of claim 10, the polymer having the formula:
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C di

NH
NH NH

NH

HN
HN

NH
NH

Polymer 69

instance of p is independently an integer from 2 to 200.

23.

24.

method comprising:
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to provide the polymer of Formula 1:

0
H H H H H H

C N
3a H

R
30

R R

m n

R
3b

R
3b

NR NR
1

NR
13

NR
13

B¹

wherein m¹, m², m³, m, n¹, n² R³, R³, R¹³, X¹, X², A¹, A², B¹, and B² of Formulas 1

of the polymer of Formula 4 comprises reacting a portion of groups with a compound having

the structure:

Oo o o

R R
IZ
N S

O H , or R;,

to provide the polymer of Formula 1;

wherein A¹ and A² are each independently a group of formula

26. The method of claim 25, wherein wherein A¹ and A² are both:

and B¹ and B² are both:
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O O O
H H H H H H H

C N C
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C C C N2/ C R
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C N
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X
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O
O NR¹³ X

1

X
2

NR¹³ A
2 X²

Formula 4

the method comprising:

VV

H H
or

C C Nvn VV

O

O

Formula 2

with (a) a compound of the formula HNR¹³A¹ and/or HNR¹³A²; and (b) a compound of

formula H2NX² or HOX², simultaneously or in any sequential order;

or

(II) reacting a polymer of Formula 3
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H
ZI
H H

C C N C C

ZI
H
N

R
3

p¹

R
3 p²

X
1

X²

Formula 3

p¹ is an integer from 1 to 2000;

p² is an integer from 1 to 2000;

and m¹, m², n¹, n², R³, , R³, R¹³, X¹, X², A¹, and A² are as defined in claim 10.

28.

Formula 2 or Formula 3 is a polymer of Formula 2A or Formula 3A, respectively:

H H HR (CHCHO) C CH 0-6 Y N C C N R¹

R
3

O
p¹

Formula 2A
or
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O
H H H H

C C N C C N R¹

R³
p¹

R³ p²

X¹

X²

Formula 3A

wherein,

p¹ is an integer from 1 to 2000;

each X¹ independently is C(O)O C(O)NR¹³ , C(O) S(0)(0)- or a

bond;

each instance of X² is independently a C1-C alkyl group, cycloalkyl group, alkenyl

which can be substituted with one or more substituents;

Y is optionally present and is a cleavable linker;

group, cycloalkyl group, or cycloalkenyl group, or a C1-C12 linear or branched alkyl group

optionally substituted with one or more substituents; and

R is hydrogen, an amino group, an aryl group, a heterocyclic group, a C1-C12 alkyl

group, a C1-C heteroalkyl group, alkenyl group, cycloalkyl group, or cycloalkenyl group, a

tissue-specific or cell-specific targeting moiety;

and p¹, p², R³, X¹, and X² are as defined in claim 27.
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29. The method of claim 27, wherein the polymer comprising the structure of

O
H H

N C C N H
H

R³
p¹

Formula 2B
or

H H H H
IZN C C N C C N H
H

R
3 p R

3 p²

O
X¹

Formula 3B

wherein,

30.

optionally about 1:40 to about 1:150, or about 1:80 to about 1:150.

31. A composition comprising a polymer of any one of claims 1-22 and a nucleic

32. The composition of claim 31, wherein the composition comprises a guide

nucleic acid and/or donor nucleic acid.
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endonuclease.

34.

35. The composition of claim 34, wherein the RNA-guided endonuclease is Cas9,

Cpfl, or a combination thereof.

36. The composition of any one of claims 31-35, wherein the composition

comprises a DNA recombinase.

37.

recombinase.

38.

comprises a zinc finger nuclease.

39. The composition of any one of claims 31-38, wherein the composition

comprises a transcription activator-like effector nuclease.

40. The composition of any one of claims 31-39, wherein the composition

comprises a nanoparticle comprising the polymer of any of claims 1-20 and the nucleic acid

or polypeptide.

41. The composition of any one of claims 31-40, wherein the composition

comprises a second polymer that comprises polyethylene oxide.

42. A method of delivering a nucleic acid and/or polypeptide to a cell, the method

comprising administering the composition of any one of claims 31-41 to the cell.

44. The method of claim 42 or 43, wherein the polymer comprises a tissue-

specific targeting moiety that localizes the polymer to tissues of the peripheral nervous

system, the central nervous system, liver, muscle, lung, bone, or the eye of the subject.
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45. The method of claim 44, wherein the polymer comprises a targeting moiety

46. The method of any of claims 42-45, wherein the composition comprises one or

more of an RNA guided endonuclease or nucleic acid encoding same, a guide nucleic acid,

and a donor nucleic acid, and the composition facilitates editing of a target gene in the cell.

human, and the composition is delivered to the cell by administering the composition to the

host.
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Streptococcus pyogenes Cas9

GenBank AKP81606

1 mdkkysigld igtnsvgwav itddykvpsk kfkvlgntdr hsikknliga llfdsgetae

Motif 1

61 atrlkrtarr rytrrknric ylqeifsnem akvddsffhr leesflveed kkherhpifg

Domain 1

121 nivdevayhe kyptiyhlrk klvdstdkad lrliylalah mikfrghfli egdlnpdnsd

181 vdklfiglvq tynglfeenp inasgvdaka ilsarlsksr rlenliaglp gekknslfgn

241 lialslgltp nfksnfdlae daklqlskdt ydddldnlla qigdqyadlf laaknlsdai

301 llsdilrvnt eitkaplsas mikrydehhg dltllkalvr qqlpekykei ffdqskngya

361 gyidggasqe efykfikpil ekmdgteell vklnredllr kqrtfdngsi phqihlgelh 421 ailrrgedfy pflkdnreki ekiltfripy yvgplargns rfawmtrkse etitpwnfee

481 vvdkgasags fiermtnfdk nlpnekvlpk hsllyeyftv yneltkvkyv tegmrkpafl

541 sgeqkkaivd llfktnrkvt vkqlkedyfk kiecfdsvei sgvedrfnas lgtyhdllki

FIG.1

601 ikdkdfldne enedilediv ltltlfedre mieerlktya hlfddkvmkq lkrrrytgwg

661 rlsrklingi rdkqsgktil dflksdgfan rnfmqlihdd sltfkedigk aqvsgqgdsl

1/16

721 hehianlags paikkgilqt vkvvdelvkv mgrhkpeniv iemarengtt qkggknsrer

Motif 2

781 mkrieegike lgsqilkehp ventqlqnek lylyylqngr dmyvdqeldi nrlsdydvdh

Motif 3

841 ivpqsflkdd sidnkvltrs dknrgksdnv pseevvkkmk nywrqllnak litqrkfdnl

Domain 2

901 tkaerggise Idkagfikrq Ivetrgitkh vaqildsrmn tkydendkli revkvitiks

961 klvsdfrkdf qfykvreinn yhhahdaylr avvgtalikk ypklesefvy gdykvydvrk

Motif 4

1021 miakseqeig katakyffys nimnffktei tlangeirkr plietngetg eivwdkgrdf

1081 atvrkvlsmp qvnivkktev qtggfskesi lpkrnsdkli arkkdwdpkk yggfdsptva

1141 ysvlvvakve kgkskklksv kellgitime rssfeknpid fleakgykev kkdliiklpk

1201 yslfelengr krmlasagel qkgnelalps kyvnflylas hyeklkgspe dneqkqlfve 1261 qhkhyldeii eqisefskrv iladanldkv lsaynkhrdk pireqaenii hlftltnlga
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541 sgeqkkaivd llfktnrkvt vkqlkedyfk kiecfdsvei sgvedrfnas lgtyhdllki
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1141 ysvlvvakve kgkskklksv kellgitime rssfeknpid fleakgykev kkdliiklpk
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Francisella tularensis subsp. novicida U112 Cpfl

1 msiyqefvnk yslsktlrfe lipqgktlen ikarglildd ekrakdykka kqiidkyhqf

61 fieeilssvc isedllanys dvyfklkksd ddnlqkdfks akdtikkqis eyikdsekfk

121 nlfnqnlida kkgqesdlil wlkqskdngi elfkansdit didealeiik sfkgwttyfk 181 gfhenrknvy ssndiptsii yrivddnlpk flenkakyes 1kdkapeain yeqikkdlae

241 eltfdidykt sevnqrvfsl devfeianfn nylnqsgitk fntiiggkfv ngentkrkgi

301 neyinlysqq indktlkkyk msvlfkqils dtesksfvid kleddsdvvt tmqsfyeqia

361 afktveeksi ketlsllfdd lkaqkldlsk iyfkndkslt dlsqqvfddy svigtavley

421 itqqiapknl dnpskkeqel iakktekaky Isletiklal eefnkhrdid kqcrfeeila

481 nfaaipmifd eiaqnkdnla qisikyqnqg kkdllqasae ddvkaikdll dqtnnllhkl

541 kifhisqsed kanildkdeh fylvfeecyf elanivplyn kirnyitqkp ysdekfklnf

z CIG

601 enstlangwd knkepdntai lfikddkyyl gymnkknnki fddkaikenk gegykkivyk

661 llpgankmlp kvffsaksik fynpsedilr irnhsthtkn gspqkgyekf efniedcrkf

2/16

721 idfykqsisk hpewkdfgfr fsdtqrynsi defyrevenq gykltfenis esyidsvvnq 781 gklylfqiyn kdfsayskgr pnlhtlywka lfdernlqdv vyklngeael fyrkqsipkk

841 ithpakeaia nknkdnpkke svfeydlikd krftedkfff hcpitinfks sgankfndei

901 nlllkekand vhilsidrge rhlayytlvd gkgniikqdt fniigndrmk tnyhdklaai

961 ekdrdsarkd wkkinnikem kegylsqvvh eiaklvieyn aivvfedInf gfkrgrfkve

1021 kqvyqklekm lieklnylvf kdnefdktgg vlrayqltap fetfkkmgkq tgiiyyvpag

1081 ftskicpvtg fvnqlypkye svsksqeffs kfdkicynld kgyfefsfdy knfgdkaakg

1141 kwtiasfgsr linfrnsdkn hnwdtrevyp tkelekllkd ysieyghgec ikaaicgesd 1201 kkffakltsv Intilqmrns ktgteldyli spvadvngnf fdsrqapknm pqdadangay

1261 higlkglmll griknnqegk klnlviknee yfefvqnrnn
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LbCpfl

INDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGAAGYKSLF
KKDIIETILPEAADDKDEIALVNSFNGFTTAFTGFFDNRENMFSEEAKSTSIAFRCINER

IIGGFVTESGEKIKGLNEYINLYNAKTKQALPRFKPLYKQVLSDRESLSFYGEGYTSDEE
VLEVFRNTINKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNLIB
DKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIII
QKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFPGEGKE

TDYRATILRYGSKYYLAIMDKKYAKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPRVFFS
KKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSE

HTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEBLVVHPANSPIANKNPONPKKTTTL
SYDVYKDKRFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGIDRGERNLL
YIVVVDGKGNIVEQYSLNEIINNFNGIRIKTDYHSLLDKKEKERFEARQNWTSIENTKEL
KAGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVD
KKSNPCATGGALKGYQITNKFESFKSMSTQNGFIFYIPAWLTSKIDPSTGFVNLLKTKYT

KNNVFAWEEVCLTSAYKELPNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRN
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LoxP LoxP

STOP underest Luciferase

FIG. 21

Control

FIG. 22A

H27N and Cre mRNA H27N and Cre mRNA

FIG. 22B FIG. 22C
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STOP RFP RFP

FIG. 23

H27N + PGA-PEG H27N + PGA-PEG
(4:1 PGA-PEG:mRNA ratio) (6:1 PGA-PEG:mRNA ratio) Untreated

FIG. 24
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Sequence Listing
1 Sequence Listing

Information
1-1 File Name P0038783AUD1 ST26 Sequence Listing.xml
1-2 DTD Version V1_3
1-3 Software Name WIPO Sequence
1-4 Software Version 3.0.0
1-5 Production Date 2026-03-11
1-6 Original free text language

code
1-7 Non English free text

language code

2 General Information
2-1 Current application: IP

Office
AU

2-2 Current application:
Application number

2-3 Current application: Filing
date

2-4 Current application:
Applicant file reference

P0038783AUD1

2-5 Earliest priority application:
IP Office

US

2-6 Earliest priority application:
Application number

62/837,658

2-7 Earliest priority application:
Filing date

2019-04-23

2-8en Applicant name GenEdit Inc.
2-8 Applicant name: Name

Latin
2-9en Inventor name MAITY, Santanu
2-9 Inventor name: Name Latin
2-10en Invention title Cationic polymer with alkyl side chains
2-11 Sequence Total Quantity 20

1

Information

1-1 File Name

1-2 DTD Version V1_3

1-3 Software Name

1-4 Software Version 3.0.0

1-5 Production Date 2026-03-11

1-6

code

1-7

2 General Information

2-1 AU

2-2

2-3

date

2-4 P0038783AUD1

2-5 US
IP Office

2-6

2-7 2019-04-23

2-8en GenEdit Inc.

2-8

Latin

2-9en Inventor name

2-9 Inventor name: Name Latin

2-10en Invention title

2-11 20
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3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 1368
3-1-4 Features

Location/Qualifiers
source 1..1368
mol_type=protein
organism=Streptococcus pyogenes
REGION 1..1368
note=MISC_FEATURE - AKP81606.1
REGION 1..20
note=MISC_FEATURE - AKP81606.1

NonEnglishQualifier Value
3-1-5 Residues MDKKYSIGLD IGTNSVGWAV ITDDYKVPSK KFKVLGNTDR HSIKKNLIGA LLFDSGETAE 60

ATRLKRTARR RYTRRKNRIC YLQEIFSNEM AKVDDSFFHR LEESFLVEED KKHERHPIFG 120
NIVDEVAYHE KYPTIYHLRK KLVDSTDKAD LRLIYLALAH MIKFRGHFLI EGDLNPDNSD 180
VDKLFIQLVQ TYNQLFEENP INASGVDAKA ILSARLSKSR RLENLIAQLP GEKKNSLFGN 240
LIALSLGLTP NFKSNFDLAE DAKLQLSKDT YDDDLDNLLA QIGDQYADLF LAAKNLSDAI 300
LLSDILRVNT EITKAPLSAS MIKRYDEHHQ DLTLLKALVR QQLPEKYKEI FFDQSKNGYA 360
GYIDGGASQE EFYKFIKPIL EKMDGTEELL VKLNREDLLR KQRTFDNGSI PHQIHLGELH 420
AILRRQEDFY PFLKDNREKI EKILTFRIPY YVGPLARGNS RFAWMTRKSE ETITPWNFEE 480
VVDKGASAQS FIERMTNFDK NLPNEKVLPK HSLLYEYFTV YNELTKVKYV TEGMRKPAFL 540
SGEQKKAIVD LLFKTNRKVT VKQLKEDYFK KIECFDSVEI SGVEDRFNAS LGTYHDLLKI 600
IKDKDFLDNE ENEDILEDIV LTLTLFEDRE MIEERLKTYA HLFDDKVMKQ LKRRRYTGWG 660
RLSRKLINGI RDKQSGKTIL DFLKSDGFAN RNFMQLIHDD SLTFKEDIQK AQVSGQGDSL 720
HEHIANLAGS PAIKKGILQT VKVVDELVKV MGRHKPENIV IEMARENQTT QKGQKNSRER 780
MKRIEEGIKE LGSQILKEHP VENTQLQNEK LYLYYLQNGR DMYVDQELDI NRLSDYDVDH 840
IVPQSFLKDD SIDNKVLTRS DKNRGKSDNV PSEEVVKKMK NYWRQLLNAK LITQRKFDNL 900
TKAERGGLSE LDKAGFIKRQ LVETRQITKH VAQILDSRMN TKYDENDKLI REVKVITLKS 960
KLVSDFRKDF QFYKVREINN YHHAHDAYLN AVVGTALIKK YPKLESEFVY GDYKVYDVRK 1020
MIAKSEQEIG KATAKYFFYS NIMNFFKTEI TLANGEIRKR PLIETNGETG EIVWDKGRDF 1080
ATVRKVLSMP QVNIVKKTEV QTGGFSKESI LPKRNSDKLI ARKKDWDPKK YGGFDSPTVA 1140
YSVLVVAKVE KGKSKKLKSV KELLGITIME RSSFEKNPID FLEAKGYKEV KKDLIIKLPK 1200
YSLFELENGR KRMLASAGEL QKGNELALPS KYVNFLYLAS HYEKLKGSPE DNEQKQLFVE 1260
QHKHYLDEII EQISEFSKRV ILADANLDKV LSAYNKHRDK PIREQAENII HLFTLTNLGA 1320
PAAFKYFDTT IDRKRYTSTK EVLDATLIHQ SITGLYETRI DLSQLGGD 1368

3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 2560
3-2-4 Features

Location/Qualifiers
source 1..2560
mol_type=protein
organism=Francisella tularensis

NonEnglishQualifier Value
3-2-5 Residues MDKKYSIGLD IGTNSVGWAV ITDDYKVPSK KFKVLGNTDR HSIKKNLIGA LLFDSGETAE 60

ATRLKRTARR RYTRRKNRIC YLQEIFSNEM AKVDDSFFHR LEESFLVEED KKHERHPIFG 120
NIVDEVAYHE KYPTIYHLRK KLVDSTDKAD LRLIYLALAH MIKFRGHFLI EGDLNPDNSD 180
VDKLFIQLVQ TYNQLFEENP INASGVDAKA ILSARLSKSR RLENLIAQLP GEKKNSLFGN 240
LIALSLGLTP NFKSNFDLAE DAKLQLSKDT YDDDLDNLLA QIGDQYADLF LAAKNLSDAI 300
LLSDILRVNT EITKAPLSAS MIKRYDEHHQ DLTLLKALVR QQLPEKYKEI FFDQSKNGYA 360
GYIDGGASQE EFYKFIKPIL EKMDGTEELL VKLNREDLLR KQRTFDNGSI PHQIHLGELH 420
AILRRQEDFY PFLKDNREKI EKILTFRIPY YVGPLARGNS RFAWMTRKSE ETITPWNFEE 480
VVDKGASAQS FIERMTNFDK NLPNEKVLPK HSLLYEYFTV YNELTKVKYV TEGMRKPAFL 540
SGEQKKAIVD LLFKTNRKVT VKQLKEDYFK KIECFDSVEI SGVEDRFNAS LGTYHDLLKI 600
IKDKDFLDNE ENEDILEDIV LTLTLFEDRE MIEERLKTYA HLFDDKVMKQ LKRRRYTGWG 660
RLSRKLINGI RDKQSGKTIL DFLKSDGFAN RNFMQLIHDD SLTFKEDIQK AQVSGQGDSL 720
HEHIANLAGS PAIKKGILQT VKVVDELVKV MGRHKPENIV IEMARENQTT QKGQKNSRER 780
MKRIEEGIKE LGSQILKEHP VENTQLQNEK LYLYYLQNGR DMYVDQELDI NRLSDYDVDH 840
IVPQSFLKDD SIDNKVLTRS DKNRGKSDNV PSEEVVKKMK NYWRQLLNAK LITQRKFDNL 900
TKAERGGLSE LDKAGFIKRQ LVETRQITKH VAQILDSRMN TKYDENDKLI REVKVITLKS 960
KLVSDFRKDF QFYKVREINN YHHAHDAYLN AVVGTALIKK YPKLESEFVY GDYKVYDVRK 1020
MIAKSEQEIG KATAKYFFYS NIMNFFKTEI TLANGEIRKR PLIETNGETG EIVWDKGRDF 1080
ATVRKVLSMP QVNIVKKTEV QTGGFSKESI LPKRNSDKLI ARKKDWDPKK YGGFDSPTVA 1140
YSVLVVAKVE KGKSKKLKSV KELLGITIME RSSFEKNPID FLEAKGYKEV KKDLIIKLPK 1200
YSLFELENGR KRMLASAGEL QKGNELALPS KYVNFLYLAS HYEKLKGSPE DNEQKQLFVE 1260
MSIYQEFVNK YSLSKTLRFE LIPQGKTLEN IKARGLILDD EKRAKDYKKA KQIIDKYHQF 1320
FIEEILSSVC ISEDLLQNYS DVYFKLKKSD DDNLQKDFKS AKDTIKKQIS EYIKDSEKFK 1380
NLFNQNLIDA KKGQESDLIL WLKQSKDNGI ELFKANSDIT DIDEALEIIK SFKGWTTYFK 1440
GFHENRKNVY SSNDIPTSII YRIVDDNLPK FLENKAKYES LKDKAPEAIN YEQIKKDLAE 1500
ELTFDIDYKT SEVNQRVFSL DEVFEIANFN NYLNQSGITK FNTIIGGKFV NGENTKRKGI 1560
NEYINLYSQQ INDKTLKKYK MSVLFKQILS DTESKSFVID KLEDDSDVVT TMQSFYEQIA 1620
AFKTVEEKSI KETLSLLFDD LKAQKLDLSK IYFKNDKSLT DLSQQVFDDY SVIGTAVLEY 1680
ITQQIAPKNL DNPSKKEQEL IAKKTEKAKY LSLETIKLAL EEFNKHRDID KQCRFEEILA 1740
NFAAIPMIFD EIAQNKDNLA QISIKYQNQG KKDLLQASAE DDVKAIKDLL DQTNNLLHKL 1800

3-1

3-1-1 1

AA
3-1-3 1368

3-1-4 Features

Location/Qualifiers

REGION 1..1368

REGION 1..20

3-1-5 Residues MDKKYSIGLD IGTNSVGWAV ITDDYKVPSK KFKVLGNTDR HSIKKNLIGA LLFDSGETAE 60

ATRLKRTARR RYTRRKNRIC YLQEIFSNEM AKVDDSFFHR LEESFLVEED KKHERHPIFG 120

NIVDEVAYHE KYPTIYHLRK KLVDSTDKAD LRLIYLALAH MIKFRGHFLI EGDLNPDNSD 180

LLSDILRVNT EITKAPLSAS DLTLLKALVR 360

GYIDGGASQE EFYKFIKPIL EKMDGTEELL VKLNREDLLR KQRTFDNGSI PHQIHLGELH 420

PFLKDNREKI EKILTFRIPY YVGPLARGNS RFAWMTRKSE ETITPWNFEE 480

FIERMTNFDK NLPNEKVLPK HSLLYEYFTV YNELTKVKYV TEGMRKPAFL 540

LLFKTNRKVT VKQLKEDYFK KIECFDSVEI SGVEDRFNAS LGTYHDLLKI 600

IKDKDFLDNE ENEDILEDIV LTLTLFEDRE MIEERLKTYA HLFDDKVMKQ LKRRRYTGWG 660

VKVVDELVKV MGRHKPENIV 780

MKRIEEGIKE NRLSDYDVDH 840

SIDNKVLTRS DKNRGKSDNV PSEEVVKKMK LITQRKFDNL 900

TKAERGGLSE LDKAGFIKRQ LVETRQITKH VAQILDSRMN TKYDENDKLI REVKVITLKS 960

KATAKYFFYS NIMNFFKTEI TLANGEIRKR PLIETNGETG EIVWDKGRDF 1080

YSVLVVAKVE KGKSKKLKSV KELLGITIME RSSFEKNPID FLEAKGYKEV KKDLIIKLPK 1200

YSLFELENGR KRMLASAGEL QKGNELALPS KYVNFLYLAS HYEKLKGSPE DNEQKQLFVE 1260

1368

3-2-3 2560

3-2-4 Features source 1..2560

Location/Qualifiers

3-2-5 Residues MDKKYSIGLD IGTNSVGWAV ITDDYKVPSK KFKVLGNTDR HSIKKNLIGA LLFDSGETAE 60

ATRLKRTARR RYTRRKNRIC YLQEIFSNEM AKVDDSFFHR LEESFLVEED KKHERHPIFG 120

NIVDEVAYHE KYPTIYHLRK KLVDSTDKAD LRLIYLALAH MIKFRGHFLI EGDLNPDNSD 180

LIALSLGLTP NFKSNFDLAE DAKLQLSKDT YDDDLDNLLA QIGDQYADLF LAAKNLSDAI 300

LLSDILRVNT EITKAPLSAS MIKRYDEHHQ DLTLLKALVR

PFLKDNREKI EKILTFRIPY YVGPLARGNS RFAWMTRKSE ETITPWNFEE

LLFKTNRKVT KIECFDSVEI SGVEDRFNAS LGTYHDLLKI 600

IKDKDFLDNE ENEDILEDIV LTLTLFEDRE MIEERLKTYA LKRRRYTGWG 660

HEHIANLAGS VKVVDELVKV MGRHKPENIV IEMARENQTT 780

MKRIEEGIKE LGSQILKEHP VENTQLONEK LYLYYLONGR DMYVDQELDI NRLSDYDVDH 840

IVPQSFLKDD SIDNKVLTRS DKNRGKSDNV PSEEVVKKMK NYWRQLLNAK LITQRKFDNL 900

NIMNFFKTEI TLANGEIRKR PLIETNGETG 1080

ATVRKVLSMP QVNIVKKTEV QTGGFSKESI LPKRNSDKLI ARKKDWDPKK YGGFDSPTVA 1140

YSVLVVAKVE KGKSKKLKSV KELLGITIME RSSFEKNPID FLEAKGYKEV KKDLIIKLPK 1200

YSLFELENGR KRMLASAGEL KYVNFLYLAS HYEKLKGSPE 1260

FIEEILSSVC ISEDLLQNYS DVYFKLKKSD DDNLQKDFKS AKDTIKKQIS EYIKDSEKFK 1380

ELTFDIDYKT DEVFEIANFN FNTIIGGKFV NGENTKRKGI

INDKTLKKYK DTESKSFVID KLEDDSDVVT
AFKTVEEKSI KETLSLLFDD LKAQKLDLSK IYFKNDKSLT DLSQQVFDDY SVIGTAVLEY 1680

ITQQIAPKNL DNPSKKEQEL IAKKTEKAKY LSLETIKLAL EEFNKHRDID KQCRFEEILA 1740
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KIFHISQSED KANILDKDEH FYLVFEECYF ELANIVPLYN KIRNYITQKP YSDEKFKLNF 1860
ENSTLANGWD KNKEPDNTAI LFIKDDKYYL GVMNKKNNKI FDDKAIKENK GEGYKKIVYK 1920
LLPGANKMLP KVFFSAKSIK FYNPSEDILR IRNHSTHTKN GSPQKGYEKF EFNIEDCRKF 1980
IDFYKQSISK HPEWKDFGFR FSDTQRYNSI DEFYREVENQ GYKLTFENIS ESYIDSVVNQ 2040
GKLYLFQIYN KDFSAYSKGR PNLHTLYWKA LFDERNLQDV VYKLNGEAEL FYRKQSIPKK 2100
ITHPAKEAIA NKNKDNPKKE SVFEYDLIKD KRFTEDKFFF HCPITINFKS SGANKFNDEI 2160
NLLLKEKAND VHILSIDRGE RHLAYYTLVD GKGNIIKQDT FNIIGNDRMK TNYHDKLAAI 2220
EKDRDSARKD WKKINNIKEM KEGYLSQVVH EIAKLVIEYN AIVVFEDLNF GFKRGRFKVE 2280
KQVYQKLEKM LIEKLNYLVF KDNEFDKTGG VLRAYQLTAP FETFKKMGKQ TGIIYYVPAG 2340
FTSKICPVTG FVNQLYPKYE SVSKSQEFFS KFDKICYNLD KGYFEFSFDY KNFGDKAAKG 2400
KWTIASFGSR LINFRNSDKN HNWDTREVYP TKELEKLLKD YSIEYGHGEC IKAAICGESD 2460
KKFFAKLTSV LNTILQMRNS KTGTELDYLI SPVADVNGNF FDSRQAPKNM PQDADANGAY 2520
HIGLKGLMLL GRIKNNQEGK KLNLVIKNEE YFEFVQNRNN 2560

3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type AA
3-3-3 Length 15
3-3-4 Features

Location/Qualifiers
source 1..15
mol_type=protein
organism=synthetic construct
REGION 1..15
note=Synthetic

NonEnglishQualifier Value
3-3-5 Residues IGLDIGTNSV GWAVI 15

3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type AA
3-4-3 Length 8
3-4-4 Features

Location/Qualifiers
REGION 1..8
note=Synthetic Sequence
source 1..8
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-4-5 Residues IVIEMARE 8

3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type AA
3-5-3 Length 27
3-5-4 Features

Location/Qualifiers
REGION 1..27
note=Synthetic Sequence
source 1..27
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-5-5 Residues DVDHIVPQSF LKDDSIDNKV LTRSDKN 27

3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type AA
3-6-3 Length 8
3-6-4 Features

Location/Qualifiers
source 1..8
mol_type=protein
organism=synthetic construct
REGION 1..8
note=Synthetic Sequence

NonEnglishQualifier Value
3-6-5 Residues HHAHDAYL 8

3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type AA
3-7-3 Length 11
3-7-4 Features

Location/Qualifiers
source 1..11
mol_type=protein
organism=synthetic construct
REGION 1..11
note=Synthetic Sequence

NonEnglishQualifier Value
3-7-5 Residues YGRKKRRQRR R 11

3-8 Sequences

KIFHISQSED KANILDKDEH FYLVFEECYF ELANIVPLYN KIRNYITQKP YSDEKFKLNF 1860

ENSTLANGWD KNKEPDNTAI LFIKDDKYYL GVMNKKNNKI FDDKAIKENK GEGYKKIVYK 1920

KVFFSAKSIK FYNPSEDILR IRNHSTHTKN EFNIEDCRKF 1980

SVFEYDLIKD KRFTEDKFFF HCPITINFKS SGANKFNDEI 2160

KWTIASFGSR LINFRNSDKN HNWDTREVYP TKELEKLLKD YSIEYGHGEC IKAAICGESD 2460

2560

3-3

3-3-2

3-3-3

3-3-4 Features

Location/Qualifiers

3-3-5 Residues

3-4

3-4-1

3-4-2

3-4-3

3-4-4 Features

Location/Qualifiers

3-4-5 Residues IVIEMARE 8

3-5

3-5-4

Location/Qualifiers

source 1..27

3-5-5 Residues

3-6

3-6-1

3-6-2

3-6-3 8

3-6-4 Features

Location/Qualifiers

3-6-5 Residues

3-7

3-7-1 7

3-7-2

3-7-3

3-7-4 Features

Location/Qualifiers

3-7-5 Residues 11

3-8
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3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type AA
3-8-3 Length 12
3-8-4 Features

Location/Qualifiers
REGION 1..12
note=Synthetic Sequence
source 1..12
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-8-5 Residues RRQRRTSKLM KR 12

3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type AA
3-9-3 Length 27
3-9-4 Features

Location/Qualifiers
source 1..27
mol_type=protein
organism=synthetic construct
REGION 1..27
note=Synthetic Sequence

NonEnglishQualifier Value
3-9-5 Residues GWTLNSAGYL LGKINLKALA ALAKKIL 27

3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type AA
3-10-3 Length 33
3-10-4 Features

Location/Qualifiers
source 1..33
mol_type=protein
organism=synthetic construct
REGION 1..33
note=Synthetic Sequence

NonEnglishQualifier Value
3-10-5 Residues KALAWEAKLA KALAKALAKH LAKALAKALK CEA 33

3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type AA
3-11-3 Length 16
3-11-4 Features

Location/Qualifiers
source 1..16
mol_type=protein
organism=synthetic construct
REGION 1..16
note=Synthetic Sequence

NonEnglishQualifier Value
3-11-5 Residues RQIKIWFQNR RMKWKK 16

3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type AA
3-12-3 Length 11
3-12-4 Features

Location/Qualifiers
source 1..11
mol_type=protein
organism=synthetic construct
REGION 1..11
note=Synthetic Sequence

NonEnglishQualifier Value
3-12-5 Residues YGRKKRRQRR R 11

3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type AA
3-13-3 Length 9
3-13-4 Features

Location/Qualifiers
source 1..9
mol_type=protein
organism=synthetic construct
REGION 1..9
note=Synthetic Sequence

NonEnglishQualifier Value
3-13-5 Residues RKKRRQRRR 9

3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type AA

3-8-1 8

3-8-2

3-8-3

3-8-4 Features

Location/Qualifiers

3-8-5 Residues RRQRRTSKLM KR 12

3-9

3-9-1

AA

3-9-5 Residues 27

3-10

AA

3-10-5 Residues 33

3-11

AA

3-11-5 Residues 16

3-12

AA

3-12-5 Residues 11

3-13

AA

3-13-5 Residues 9

3-14

AA
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3-14-3 Length 11
3-14-4 Features

Location/Qualifiers
REGION 1..11
note=Synthetic Sequence
source 1..11
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-14-5 Residues YGRKKRRQRR R 11

3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type AA
3-15-3 Length 8
3-15-4 Features

Location/Qualifiers
REGION 1..8
note=Synthetic Sequence
source 1..8
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-15-5 Residues RKKRRQRR 8

3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type AA
3-16-3 Length 11
3-16-4 Features

Location/Qualifiers
REGION 1..11
note=Synthetic Sequence
source 1..11
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-16-5 Residues YARAAARQAR A 11

3-17 Sequences
3-17-1 Sequence Number [ID] 17
3-17-2 Molecule Type AA
3-17-3 Length 11
3-17-4 Features

Location/Qualifiers
source 1..11
mol_type=protein
organism=synthetic construct
REGION 1..11
note=Synthetic Sequence

NonEnglishQualifier Value
3-17-5 Residues THRLPRRRRR R 11

3-18 Sequences
3-18-1 Sequence Number [ID] 18
3-18-2 Molecule Type AA
3-18-3 Length 11
3-18-4 Features

Location/Qualifiers
REGION 1..11
note=Synthetic Sequence
source 1..11
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-18-5 Residues GGRRARRRRR R 11

3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type AA
3-19-3 Length 1307
3-19-4 Features

Location/Qualifiers
source 1..1307
mol_type=protein
organism=synthetic construct
REGION 1..1307
note=Synthetic Sequence

NonEnglishQualifier Value
3-19-5 Residues MTQFEGFTNL YQVSKTLRFE LIPQGKTLKH IQEQGFIEED KARNDHYKEL KPIIDRIYKT 60

YADQCLQLVQ LDWENLSAAI DSYRKEKTEE TRNALIEEQA TYRNAIHDYF IGRTDNLTDA 120
INKRHAEIYK GLFKAELFNG KVLKQLGTVT TTEHENALLR SFDKFTTYFS GFYENRKNVF 180
SAEDISTAIP HRIVQDNFPK FKENCHIFTR LITAVPSLRE HFENVKKAIG IFVSTSIEEV 240
FSFPFYNQLL TQTQIDLYNQ LLGGISREAG TEKIKGLNEV LNLAIQKNDE TAHIIASLPH 300
RFIPLFKQIL SDRNTLSFIL EEFKSDEEVI QSFCKYKTLL RNENVLETAE ALFNELNSID 360
LTHIFISHKK LETISSALCD HWDTLRNALY ERRISELTGK ITKSAKEKVQ RSLKHEDINL 420

3-14-3 11

3-14-4 Features REGION 1..11

Location/Qualifiers

source 1..11

3-14-5 Residues 11

3-15

3-15-2 AA
8

3-15-4 Features REGION 1..8

Location/Qualifiers

source 1..8

3-15-5 Residues 8

3-16

3-16-2 AA
3-16-3 11

3-16-4 Features REGION 1..11

Location/Qualifiers

source 1..11

3-16-5 Residues 11

3-17

3-17-1

3-17-2 AA
3-17-3 11

3-17-4 Features source 1..11

Location/Qualifiers

REGION 1..11

3-17-5 Residues THRLPRRRRR R 11

3-18

3-18-1

3-18-2 AA
3-18-3 11

3-18-4 Features REGION 1..11

Location/Qualifiers

source 1..11

3-18-5 Residues GGRRARRRRR R 11

3-19

3-19-2 AA
3-19-3

3-19-4 Features source 1..1307

Location/Qualifiers

REGION 1..1307

3-19-5 Residues

YADQCLQLVQ LDWENLSAAI DSYRKEKTEE TRNALIEEQA TYRNAIHDYF IGRTDNLTDA 120

INKRHAEIYK GLFKAELFNG KVLKQLGTVT TTEHENALLR SFDKFTTYFS GFYENRKNVF 180
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QEIISAAGKE LSEAFKQKTS EILSHAHAAL DQPLPTTLKK QEEKEILKSQ LDSLLGLYHL 480
LDWFAVDESN EVDPEFSARL TGIKLEMEPS LSFYNKARNY ATKKPYSVEK FKLNFQMPTL 540
ASGWDVNKEK NNGAILFVKN GLYYLGIMPK QKGRYKALSF EPTEKTSEGF DKMYYDYFPD 600
AAKMIPKCST QLKAVTAHFQ THTTPILLSN NFIEPLEITK EIYDLNNPEK EPKKFQTAYA 660
KKTGDQKGYR EALCKWIDFT RDFLSKYTKT TSIDLSSLRP SSQYKDLGEY YAELNPLLYH 720
ISFQRIAEKE IMDAVETGKL YLFQIYNKDF AKGHHGKPNL HTLYWTGLFS PENLAKTSIK 780
LNGQAELFYR PKSRMKRMAH RLGEKMLNKK LKDQKTPIPD TLYQELYDYV NHRLSHDLSD 840
EARALLPNVI TKEVSHEIIK DRRFTSDKFF FHVPITLNYQ AANSPSKFNQ RVNAYLKEHP 900
ETPIIGIDRG ERNLIYITVI DSTGKILEQR SLNTIQQFDY QKKLDNREKE RVAARQAWSV 960
VGTIKDLKQG YLSQVIHEIV DLMIHYQAVV VLENLNFGFK SKRTGIAEKA VYQQFEKMLI 1020
DKLNCLVLKD YPAEKVGGVL NPYQLTDQFT SFAKMGTQSG FLFYVPAPYT SKIDPLTGFV 1080
DPFVWKTIKN HESRKHFLEG FDFLHYDVKT GDFILHFKMN RNLSFQRGLP GFMPAWDIVF 1140
EKNETQFDAK GTPFIAGKRI VPVIENHRFT GRYRDLYPAN ELIALLEEKG IVFRDGSNIL 1200
PKLLENDDSH AIDTMVALIR SVLQMRNSNA ATGEDYINSP VRDLNGVCFD SRFQNPEWPM 1260
DADANGAYHI ALKGQLLLNH LKESKDLKLQ NGISNQDWLA YIQELRN 1307

3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type AA
3-20-3 Length 1228
3-20-4 Features

Location/Qualifiers
source 1..1228
mol_type=protein
organism=synthetic construct
REGION 1..1228
note=Synthetic

NonEnglishQualifier Value
3-20-5 Residues AASKLEKFTN CYSLSKTLRF KAIPVGKTQE NIDNKRLLVE DEKRAEDYKG VKKLLDRYYL 60

SFINDVLHSI KLKNLNNYIS LFRKKTRTEK ENKELENLEI NLRKEIAKAF KGAAGYKSLF 120
KKDIIETILP EAADDKDEIA LVNSFNGFTT AFTGFFDNRE NMFSEEAKST SIAFRCINEN 180
LTRYISNMDI FEKVDAIFDK HEVQEIKEKI LNSDYDVEDF FEGEFFNFVL TQEGIDVYNA 240
IIGGFVTESG EKIKGLNEYI NLYNAKTKQA LPKFKPLYKQ VLSDRESLSF YGEGYTSDEE 300
VLEVFRNTLN KNSEIFSSIK KLEKLFKNFD EYSSAGIFVK NGPAISTISK DIFGEWNLIR 360
DKWNAEYDDI HLKKKAVVTE KYEDDRRKSF KKIGSFSLEQ LQEYADADLS VVEKLKEIII 420
QKVDEIYKVY GSSEKLFDAD FVLEKSLKKN DAVVAIMKDL LDSVKSFENY IKAFFGEGKE 480
TNRDESFYGD FVLAYDILLK VDHIYDAIRN YVTQKPYSKD KFKLYFQNPQ FMGGWDKDKE 540
TDYRATILRY GSKYYLAIMD KKYAKCLQKI DKDDVNGNYE KINYKLLPGP NKMLPKVFFS 600
KKWMAYYNPS EDIQKIYKNG TFKKGDMFNL NDCHKLIDFF KDSISRYPKW SNAYDFNFSE 660
TEKYKDIAGF YREVEEQGYK VSFESASKKE VDKLVEEGKL YMFQIYNKDF SDKSHGTPNL 720
HTMYFKLLFD ENNHGQIRLS GGAELFMRRA SLKKEELVVH PANSPIANKN PDNPKKTTTL 780
SYDVYKDKRF SEDQYELHIP IAINKCPKNI FKINTEVRVL LKHDDNPYVI GIDRGERNLL 840
YIVVVDGKGN IVEQYSLNEI INNFNGIRIK TDYHSLLDKK EKERFEARQN WTSIENIKEL 900
KAGYISQVVH KICELVEKYD AVIALEDLNS GFKNSRVKVE KQVYQKFEKM LIDKLNYMVD 960
KKSNPCATGG ALKGYQITNK FESFKSMSTQ NGFIFYIPAW LTSKIDPSTG FVNLLKTKYT 1020
SIADSKKFIS SFDRIMYVPE EDLFEFALDY KNFSRTDADY IKKWKLYSYG NRIRIFAAAK 1080
KNNVFAWEEV CLTSAYKELF NKYGINYQQG DIRALLCEQS DKAFYSSFMA LMSLMLQMRN 1140
SITGRTDVDF LISPVKNSDG IFYDSRNYEA QENAILPKNA DANGAYNIAR KVLWAIGQFK 1200
KAEDEKLDKV KIAISNKEWL EYAQTSVK 1228

QEIISAAGKE LSEAFKQKTS EILSHAHAAL DQPLPTTLKK QEEKEILKSQ LDSLLGLYHL 480

LDWFAVDESN EVDPEFSARL TGIKLEMEPS LSFYNKARNY ATKKPYSVEK FKLNFQMPTL 540

VGTIKDLKQG YLSQVIHEIV DLMIHYQAVV VLENLNFGFK SKRTGIAEKA VYQQFEKMLI 1020

1307

3-20

3-20-1

3-20-2

3-20-3

3-20-4 source 1..1228

VLEVFRNTLN KNSEIFSSIK KLEKLFKNFD EYSSAGIFVK NGPAISTISK DIFGEWNLIR 360

KICELVEKYD AVIALEDLNS GFKNSRVKVE LIDKLNYMVD 960

1228
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