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identical to an amino acid sequence provided in Tables 2-3 or FIG. 33 inserted at an amino acid 

position 588_589 within SEQ ID NO: 1, wherein the AAV capsid protein is characterized by at 

least one of an increased specificity and an increased transduction efficiency when measured in a 

central nervous system (CNS) in a subject when delivered to the subject systemically, relative to 

a native AAV capsid protein provided in SEQ ID NO: 1. In one aspect, the present disclosure 

provides an AAV capsid comprising: an AAV capsid protein comprising: i. a first amino acid 

sequence that is at least 98% identical to amino acid 217 to amino acid 736 of SEQ ID NO: 1; 

and ii. a second amino acid sequence selected from the group consisting of an amino acid 

sequence provided in Tables 2-3 inserted at an amino acid position 588_589 within SEQ ID NO: 

1, wherein the AAV capsid protein is characterized by at least one of an increased specificity and 

an increased transduction efficiency when measured in a central nervous system (CNS) in a 

subject when delivered to the subject systemically, relative to a native AAV capsid protein 

provided in SEQ ID NO: 1, wherein the second amino acid sequence at the amino acid position 

588_589 within SEQ ID NO: 1 is not TLAVPFK, KFPVALT, SVSKPFL, FTLTTPK, 

MNATKNV, NGGTSSS, TRTNPEA, or YTLSQGW. In some examples, the second amino acid 

sequence is at least 71.4% identical to the amino acid sequence provided in Tables 2-3 or FIG. 

33. In some examples, the second amino acid sequence is at least 86.7% identical to the amino 

acid sequence provided in Tables 2-3 or FIG. 33. In some examples, the second amino acid 

sequence is selected from the group consisting of TALKPFL, TTLKPFL, TLQIPFK, TMQKPFI, 

SIERPFK, RYQGDSV, and TTLKPFS. In some examples, the AAV capsid protein is present in 

VP1, VP2, and VP3 of the AAV capsid. In some examples, the AAV capsid is chimeric. In some 

examples, 60 copies of the AAV capsid protein are assembled into the AAV capsid. In some 

examples, the CNS comprises a cell-type selected from the group consisting of a neuron, an 

oligodendrocyte, an astrocyte, and a brain vascular cell. In some examples, the CNS comprises a 

tissue that is selected from the group consisting of a brain, a thalamus, a cortex, a striatum, a 

ventral midbrain, and a spinal cord. In some examples, the AAV capsid protein further comprises 

an amino acid substitution A587D. In some examples, the AAV capsid protein further comprises 

an amino acid substitution Q588G. In some examples, the AAV capsid protein further comprises 

an amino acid substitution comprising A589N. In some examples, the AAV capsid protein 

further comprises an amino acid substitution comprising Q590P.  In some examples, the second 
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amino acid sequence at the amino acid position 588_589 within SEQ ID NO: 1 is not 

TLAVPFK, KFPVALT, SVSKPFL, FTLTTPK, MNATKNV, NGGTSSS, TRTNPEA, or 

YTLSQGW. In some examples, the AAV capsid is isolated and purified. In some examples, the 

AAV capsid is formulated as a pharmaceutical formulation for intravenous administration to 

treat a disease or a condition of the liver, the pharmaceutical formulation further comprising a 

pharmaceutically acceptable carrier. In some examples, the pharmaceutical formulation further 

comprises a therapeutic agent. In another aspect, the present disclosure provides a use of the 

AAV capsid as described herein in the manufacture of a pharmaceutical formulation for treating 

a disease or a condition of the CNS, the pharmaceutical formulation 
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further comprising a pharmaceutically acceptable carrier, wherein the pharmaceutical 

formulation is to be intravenously administered. 

[0009] In another aspect, the present disclosure provides an AAV capsid comprising an AAV 

capsid protein comprising a seven-amino-acid insertion (X1-X2-X3-X4-X5-X6-X7) between 

amino acid 588 and amino acid 589 in an amino acid sequence of the AAV capsid protein 

provided in SEQ ID NO: 1, wherein: X1 is an amino acid selected from the group consisting of 

E, D, G, R, S and T; X2 is an amino acid selected from the group consisting of A, G, I, L, M, N, 

Q, T, and Y; X3 is an amino acid selected from the group consisting of E, K, L, T, and Q; 

wherein said seven-amino-acid insertion is not TLAVPFK, KFPVALT, SVSKPFL, FTLTTPK, 

MNATKNV, NGGTSSS, TRTNPEA, or YTLSQGW; and the AAV capsid protein is 

characterized by at least one of an increased specificity and an increased transduction efficiency 

when measured in a central nervous system (CNS) in a subject when delivered to the subject 

systemically, relative to a native AAV capsid protein provided in SEQ ID NO: 1. X4 is an amino 

acid selected from the group consisting of G, I, K, L, R, T, and V; . Examples disclosed herein 

provide AAV capsids comprising an AAV capsid protein comprising a seven amino acid 

insertion (X1-X2-X3-X4-X5-X6-X7) between amino acid 588 and amino acid 589 in an amino 

acid sequence of the AAV capsid protein provided in SEQ ID NO: 1, wherein X1 is an amino 

acid selected from the group consisting of E, D, G, R, S and T. In some examples, X2 is an 

amino acid selected from the group consisting of A, G, I, L, M, N, Q, T, and Y. In some 

examples, X3 is an amino acid selected from the group consisting of E, K, L, T, and Q. In some 

examples, X4 is an amino acid selected from the group consisting of G, I, K, L, R, T, and V. In 

some examples, X5 is an amino acid selected from the group consisting of A, D, G, P, L, Q, and 

V. In some examples, X6 is an amino acid selected from the group consisting of F, K, N, P, Q, S, 

and V. In some examples, X7 is an amino acid selected from the group consisting of I, K, L, P, 

and V. In some examples, the seven amino acid insertion is selected from the group consisting of 

TALKPFL, TTLKPFL, TLQIPFK, TMQKPFI, SIERPFK, RYQGDSV, and TTLKPFS. In some 

examples, the AAV capsid protein is present in VP1, VP2, and VP3 of the AAV capsid. In some 

examples, the AAV capsid is chimeric. In some examples, 60 copies of the AAV capsid protein 

are assembled into the AAV capsid. In some examples, the AAV capsid protein is characterized 

by at least one of an increased specificity and an increased transduction efficiency when 
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measured in a central nervous system (CNS) in a subject when delivered to the subject 

systemically, relative to a native AAV capsid protein provided in SEQ ID NO: 1. In some 

examples, the CNS comprises a cell-type selected from the group consisting of a neuron, a glial 

cell, a oligodendrocyte, an ependymal cell, an astrocyte, a Schwann cell, a satellite cell, and an 

enteric glial cell. In some examples, the CNS comprises a tissue that is selected from the group 
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consisting of a brain, a thalamus, a cortex, a striatum, a ventral midbrain,  and a spinal cord. In 

some examples, the AAV capsid protein further comprises an amino acid substitution comprising 

A587D. In some examples, the AAV capsid protein further comprises an amino acid substitution 

comprising Q588G. In some examples, the AAV capsid protein further comprises an amino acid 

substitution comprising A589N. In some examples, the AAV capsid protein further comprises an 

amino acid substitution comprising Q590P.  In some examples, the seven amino acid insertion is 

not TLAVPFK, KFPVALT, SVSKPFL, FTLTTPK, MNATKNV, NGGTSSS, TRTNPEA, or 

YTLSQGW. In some examples, the AAV capsid is isolated and purified. In some examples, the 

AAV capsid is formulated as a pharmaceutical formulation for intravenous administration to 

treat a disease or a condition of the liver, the pharmaceutical formulation further comprising a 

pharmaceutically acceptable carrier. In some examples, the pharmaceutical formulation further 

comprises a therapeutic agent.  

[0010] Examples provided herein provide AAV capsids comprising: (a) an AAV capsid protein 

comprising: (i) a first amino acid sequence that is at least 98% identical to amino acid 217 to amino 

acid 736 of SEQ ID NO: 1; and (ii) a second amino acid sequence at least 57.1% identical to an 

amino acid sequence provided in Table 4 or FIG. 35 at an amino acid position 588_589 within SEQ 

ID NO: 1, wherein the AAV capsid protein is characterized by at least one of an increased specificity 

and an increased transduction efficiency when measured in  a liver in a subject when delivered to the 

subject systemically, relative to a native AAV capsid protein provided in SEQ ID NO: 1. In some 

examples, the second amino acid sequence is at least 71.4% identical to the amino acid sequence 

provided in Table 4 or FIG. 35. In some examples, the second amino acid sequence is at least 86.7% 

identical to the amino acid sequence provided in Table 4 or FIG. 35. In some examples, the second 

amino acid sequence is selected from the group consisting of KAYSVQV, PSGSARS, and 

RTANALG. In some examples, the AAV capsid protein is present in VP1, VP2, and VP3 of the 

AAV capsid. In some examples, the AAV capsid is chimeric. In some examples, 60 copies of the 

AAV capsid protein are assembled into the AAV capsid.  In some examples, the AAV capsid is 

isolated and purified. In some examples, the AAV capsid is formulated as a pharmaceutical 

formulation for intravenous administration to treat a disease or a condition of the liver, the 

pharmaceutical formulation further comprising a pharmaceutically acceptable carrier. In some 

examples, the pharmaceutical formulation further  
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comprises a therapeutic agent.  

[0011] Examples disclosed herein provide AAV capsid proteins comprising: (i) a first amino 

acid sequence that is at least 98% identical to amino acid 217 to amino acid 736 of SEQ ID NO: 1; 

and (ii) a second amino acid sequence at least 57.1% identical to an amino acid sequence provided in 

Tables 2-3 or FIG. 33 inserted at an amino acid position 588_589 within SEQ ID NO: 1, wherein the 

AAV capsid protein is characterized by at least one of an increased specificity and an increased 

transduction efficiency when measured in a central nervous system (CNS) in a subject when 

delivered to the subject systemically, relative to a native AAV capsid protein provided in SEQ ID 

NO: 1. In some examples, the second amino acid sequence is at least 71.4% identical to the amino 

acid sequence provided in Tables 2-3 or FIG. 33. In some examples, the second amino acid 

sequence is at least 86.7% identical to the amino acid sequence provided in Tables 2-3 or FIG. 33. In 

some examples, the second amino acid sequence is selected from the group consisting of TALKPFL, 

TTLKPFL, TLQIPFK, TMQKPFI, SIERPFK, RYQGDSV, and TTLKPFS. In some examples, the 

AAV capsid protein is present in VP1, VP2, and VP3 of an AAV capsid. In some examples, the 

AAV capsid is chimeric. In some examples, 60 copies of the AAV capsid protein are assembled into 

the AAV capsid. In some examples, the CNS comprises a cell-type selected from the group 

consisting of a neuron, an oligodendrocyte, an astrocyte, and a brain vascular cell. In some examples, 

the CNS comprises a tissue that is selected from the group consisting of a brain, a thalamus, a cortex, 

a striatum, a ventral midbrain,  and a spinal cord. In some examples, the AAV capsid protein further 

comprises an amino acid substitution A587D. In some examples, the AAV capsid protein further 

comprises an amino acid substitution Q588G. In some examples, the AAV capsid protein further 

comprises an amino acid substitution comprising A589N. In some examples, the AAV capsid protein 

further comprises an amino acid substitution comprising Q590P.  In some examples, the second 

amino acid sequence at the amino acid position 588_589 within SEQ ID NO: 1 is not TLAVPFK, 

KFPVALT, SVSKPFL, FTLTTPK, MNATKNV, NGGTSSS, TRTNPEA, or YTLSQGW. In 

some  
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examples, the AAV capsid protein is isolated and purified. In some examples, the AAV capsid 

protein is formulated as a pharmaceutical formulation for intravenous administration to treat a 

disease or a condition of the liver, the pharmaceutical formulation further comprising a 

pharmaceutically acceptable carrier. In some examples, the pharmaceutical formulation further 

comprises a therapeutic agent. 

[0012] Examples disclosed herein provide AAV capsids proteins comprising a seven amino 

acid insertion (X1-X2-X3-X4-X5-X6-X7) between amino acid 588 and amino acid 589 in an 

amino acid sequence of the AAV capsid protein provided in SEQ ID NO: 1, wherein X1 is an 

amino acid selected from the group consisting of E, D, G, R, S and T. In some examples, X2 is 

an amino acid selected from the group consisting of A, G, I, L, M, N, Q, T, and Y. In some 

examples, X3 is an amino acid selected from the group consisting of E, K, L, T, and Q. In some 

examples, X4 is an amino acid selected from the group consisting of G, I, K, L, R, T, and V. In 

some examples, X5 is an amino acid selected from the group consisting of A, D, G, P, L, Q, and 

V. In some examples, X6 is an amino acid selected from the group consisting of F, K, N, P, Q, S, 

and V. In some examples, X7 is an amino acid selected from the group consisting of I, K, L, P, 

and V. In some examples, the seven amino acid insertion is selected from the group consisting of 

TALKPFL, TTLKPFL, TLQIPFK, TMQKPFI, SIERPFK, RYQGDSV, and TTLKPFS. In some 

examples, the AAV capsid protein is present in VP1, VP2, and VP3 of a AAV capsid. In some 

examples, the AAV capsid is chimeric. In some examples, 60 copies of the AAV capsid protein 

are assembled into the AAV capsid. In some examples, the AAV capsid protein is characterized 

by at least one of an increased specificity and an increased transduction efficiency when 

measured in a central nervous system (CNS) in a subject when delivered to the subject 

systemically, relative to a native AAV capsid protein provided in SEQ ID NO: 1. In some 

examples, the CNS comprises a cell-type selected from the group consisting of a neuron, a glial 

cell, a oligodendrocyte, an ependymal cell, an astrocyte, a Schwann cell, a satellite cell, and an 

enteric glial cell. In some examples, the CNS comprises a tissue that is selected from the group 

consisting of a brain, a thalamus, a cortex, a striatum, a ventral midbrain, and a spinal cord. In 

some examples, the AAV capsid protein further comprises an amino acid substitution comprising 

A587D. In some examples, the AAV capsid protein further comprises an amino acid  
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substitution comprising Q588G. In some examples, the AAV capsid protein further comprises an 

amino acid substitution comprising A589N. In some examples, the AAV capsid protein further 

comprises an amino acid substitution comprising Q590P. In some examples, the seven amino 

acid insertion is not TLAVPFK, KFPVALT, SVSKPFL, FTLTTPK, MNATKNV, NGGTSSS, 

TRTNPEA, or YTLSQGW. In some examples, the AAV capsid protein is isolated and purified. 

In some examples, the AAV capsid protein is formulated as a pharmaceutical formulation for 

intravenous administration to treat a disease or a condition of the liver, the pharmaceutical 

formulation further comprising a pharmaceutically acceptable carrier. In some examples, the 

pharmaceutical formulation further comprises a therapeutic agent. 

[0013] Examples provided herein provide AAV capsids proteins comprising: (i) a first 

amino acid sequence that is at least 98% identical to amino acid 217 to amino acid 736 of SEQ 

ID NO: 1; and (ii) a second amino acid sequence at least 57.1% identical to an amino acid 

sequence provided in Table 4 or FIG. 35 at an amino acid position 588_589 within SEQ ID NO: 

1, wherein the AAV capsid protein is characterized by at least one of an increased specificity and 

an increased transduction efficiency when measured in  a liver in a subject when delivered to the 

subject systemically, relative to a native AAV capsid protein provided in SEQ ID NO: 1. In some 

examples, the second amino acid sequence is at least 71.4% identical to the amino acid sequence 

provided in Table 4 or FIG. 35. In some examples, the second amino acid sequence is at least 

86.7% identical to the amino acid sequence provided in Table 4 or FIG. 35. In some examples, 

the second amino acid sequence is selected from the group consisting of KAYSVQV, 

PSGSARS, and RTANALG. In some examples, the AAV capsid protein is present in VP1, VP2, 

and VP3 of an AAV capsid. In some examples, the AAV capsid is chimeric. In some examples, 

60 copies of the AAV capsid protein are assembled into the AAV capsid. In some examples, the 

AAV capsid protein is isolated and purified. In some examples, the AAV capsid protein is 

formulated as a pharmaceutical formulation for intravenous administration to treat a disease or a 

condition of the liver, the pharmaceutical formulation further comprising a pharmaceutically 

acceptable carrier. In some examples, the pharmaceutical formulation further comprises a 

therapeutic agent. 
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[0014] Examples disclosed herein comprise plasmid vectors comprising a nucleic acid 

sequence encoding the AAV capsids and AAV capsid proteins described herein. In some 

instances, the plasmid vector is bacterial. In some instances, the plasmid vector is derived from 
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the AAV capsid proteins disclosed herein; and (d) packaging the first nucleic acid sequence in 

the AAV particle. In some instances, the cell is mammalian. In some instances, the cell is 

immortalized. In some instances, the immortalized cell is an embryonic stem cell. In some 

instances, the embryonic stem cell is a human embryonic stem cell. In some instances, the human 

embryonic stem cell is a human embryonic kidney 293 (HEK-293) cell. In some instances, the 

Cap gene is derived from the deoxyribose nucleic acid (DNA) provided in any one of SEQ ID 

NOs: 6-10. In some instances, the nucleic acid sequence comprising the Cap gene is at least 

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of the 

DNA sequences provided in U.S. App. Ser. No. 16/582,635, incorporated herein by reference. In 

acid sequence and the second nucleic acid sequence are in trans. In some instances, the first 

nucleic acid sequence and the second nucleic acid sequence are in cis. In some instances, the first 

nucleic acid sequence, the second nucleic acid sequence and the third nucleic acid sequence, are 

in trans.  

[0018] Examples disclosed herein provide methods of manufacturing a recombinant AAV 

particle, the method comprising: (a) providing a recombinant AAV genome comprising: (i) an AAV 

capsid gene, and (ii) a recognition sequence for a Cre recombinase, wherein the recognition sequence 

facilitates a recombinase-dependent change that is detectable, and wherein the recombinase 

recognition sequence comprises two Cre-recognition sites; (iii) transfecting a population of cells 

expressing the Cre recombinase with the  recombinant AAV genome, whereby the Cre recombinase 

induces a recombination event to generate the recombinase-dependent change in the recombinant 

AAV genome, and wherein the recombinase-dependent change comprises an inversion of the 

sequence that is flanked by the Cre-recognition sites; (iv) detecting an increased rate of the 

recombinase-dependent change a target cell in the population of cells; (v) detecting a decreased rate 

of  the recombinase-dependent change in an off-target cell in the population of cells; and (vi) 

identifying a recombinant AAV genome generated by the recombinase-dependent change, wherein 

said identified rAAV genome comprises the inversion, and wherein said identified recombinant AAV 

genome encodes an AAV capsid particle  



 

- 16 - 
 

characterized  having an increased specificity for the target cell and a decreased specificity for 

the off-target cell. In some examples, the off-target cell is a hepatocyte. In some examples, the 

target cell is a cell selected from the group consisting of a neuron, a glial cell, a oligodendrocyte, 

an ependymal cell, an astrocyte, a Schwann cell, a satellite cell, and an enteric glial cell. 

[0019] In a further aspect, the present disclosure provides a recombinant vector comprising a 

nucleic acid encoding the AAV capsid protein of any one as described herein. Aspects disclosed 

herein provide kits comprising: (a) a first vector comprising the recombinant vector of the 

present disclosure; (b) a second vector encoding a helper virus protein; and (c) a third vector 

comprising a therapeutic nucleic acid encoding a therapeutic gene expression product.  

[0019a] In a further aspect, the present disclosure provides the AAV capsid protein as 

described herein for for use in therapy. In a further aspect, the present disclosure provides a use 

of the AAV capsid protein as described herein in the manufacture of a medicament for treating a 

disease or a condition of a central nervous system of the subject. 

[0020] Examples disclosed herein provide kits comprising: (a) a first vector comprising a 

inverted terminal repeat (ITR) sequence; (ii) a Replication (Rep) gene; (iii) a Capsid (Cap) gene 

second vector comprising a second nucleic acid sequence encoding a helper virus protein 

comprising at least one of E4orf6, E2a, VA RNA, E1a and E1b55k. In some instances, the kit 

further comprises a cell. In some instances, the cell is mammalian. In some instances, the cell is 

immortalized. In some instances, the immortalized cell is an embryonic stem cell. In some 

instances, the embryonic stem cell is a human embryonic stem cell. In some instances, the human 

embryonic stem cell is a human embryonic kidney 293 (HEK-293) cell. In some instances, the 

kit further comprises an AAV vector comprising a heterologous nucleic acid encoding a 

therapeutic gene expression product. In some instances, the AAV vector is an episome.  
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INCORPORATION BY REFERENCE 

[0021] All publications, patents, and patent applications mentioned in this specification are 

herein incorporated by reference to the same extent as if each individual publication, patent, or 

patent application was specifically and individually indicated to be incorporated by reference. 

 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The novel features of the invention are set forth with particularity in the appended 

claims.  A better understanding of the features and advantages of the present invention will be 

obtained by reference to the following detailed description that sets forth illustrative 

embodiments, in which the principles of the invention are utilized, and the accompanying 

drawings of which: 

[0023] FIG. 1 shows a multiplexed selection approach to identify capsids with specific and 

broad tropisms. Steps 1-6 describe the workflow in Round-1 (R1) selection, steps 7-9 describe 

Round-2 (R2) selection using synthetic pool method, steps 1a, 2a, and 6a-b show the 

incorporation of deep sequencing to recover capsids after R1 and R2 selection, and steps 10-11 

describe positive and/or negative selection criteria followed by variant characterization. 
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CLAIMS 

1. An AAV capsid comprising: 

an AAV capsid protein comprising: 

i. a first amino acid sequence that is at least 98% identical to amino acid 217 

to amino acid 736 of SEQ ID NO: 1; and 

ii. a second amino acid sequence selected from the group consisting of an 

amino acid sequence provided in Tables 2-3 inserted at an amino acid 

position 588_589 within SEQ ID NO: 1, wherein the AAV capsid protein 

is characterized by at least one of an increased specificity and an increased 

transduction efficiency when measured in a central nervous system (CNS) 

in a subject when delivered to the subject systemically, relative to a native 

AAV capsid protein provided in SEQ ID NO: 1, wherein the second 

amino acid sequence at the amino acid position 588_589 within SEQ ID 

NO: 1 is not TLAVPFK, KFPVALT, SVSKPFL, FTLTTPK, 

MNATKNV, NGGTSSS, TRTNPEA, or YTLSQGW.  

2. The AAV capsid of claim 1, wherein the second amino acid sequence is selected from the 

group consisting of TALKPFL, TTLKPFL, TLQIPFK, TMQKPFI, SIERPFK, RYQGDSV, 

and TTLKPFS. 

3. The AAV capsid of claim 1, wherein the AAV capsid protein is present in VP1, VP2, and 

VP3 of the AAV capsid. 

4. The AAV capsid of claim 1, wherein the AAV capsid is chimeric. 

5. The AAV capsid of claim 1, wherein 60 copies of the AAV capsid protein are assembled into 

the AAV capsid. 

6. The AAV capsid protein of claim 1, wherein the CNS comprises a cell-type selected from the 

group consisting of a neuron, an oligodendrocyte, an astrocyte, and a brain vascular cell. 

7. The AAV capsid of claim 1, wherein the CNS comprises a tissue that is selected from the 

group consisting of a brain, a thalamus, a cortex, a striatum, a ventral midbrain, and a spinal 

cord. 
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8. The AAV capsid of claim 1, wherein the AAV capsid protein further comprises an amino 

acid substitution A587D or Q588G. 

9. The AAV capsid protein of claim 1, wherein the AAV capsid protein further comprises an 

amino acid substitution A589N or Q590P. 

10. The AAV capsid of claim 1 that is isolated and purified. 

11. Use of the AAV capsid of claim 1 in the manufacture of a pharmaceutical formulation for 

treating a disease or a condition of the CNS, the pharmaceutical formulation further 

comprising a pharmaceutically acceptable carrier, wherein the pharmaceutical formulation is 

to be intravenously administered. 

12. The use of claim 11, wherein the pharmaceutical formulation further comprises a therapeutic 

agent.  

13. An AAV capsid comprising an AAV capsid protein comprising a seven-amino-acid insertion 

(X1-X2-X3-X4-X5-X6-X7) between amino acid 588 and amino acid 589 in an amino acid 

sequence of the AAV capsid protein provided in SEQ ID NO: 1, wherein: 

X1 is an amino acid selected from the group consisting of E, D, G, R, S and T;  

X2 is an amino acid selected from the group consisting of A, G, I, L, M, N, Q, T, and 

Y;   

X3 is an amino acid selected from the group consisting of E, K, L, T, and Q;  

X4 is an amino acid selected from the group consisting of G, I, K, L, R, T, and V; 

wherein said seven-amino-acid insertion is not TLAVPFK, KFPVALT, SVSKPFL, 

FTLTTPK, MNATKNV, NGGTSSS, TRTNPEA, or YTLSQGW; and  

the AAV capsid protein is characterized by at least one of an increased specificity and 

an increased transduction efficiency when measured in a central nervous system 

(CNS) in a subject when delivered to the subject systemically, relative to a native 

AAV capsid protein provided in SEQ ID NO: 1. 

14. The AAV capsid protein of claim 13, wherein X5 is an amino acid selected from the group 

consisting of A, D, G, P, L, Q, and V. 
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15. The AAV capsid protein of claim 14, wherein X6 is an amino acid selected from the group 

consisting of F, K, N, P, Q, S, and V. 

16. The AAV capsid protein of claim 15, wherein X7 is an amino acid selected from the group 

consisting of I, K, L, P, and V. 

17. The AAV capsid of claim 13, wherein the seven-amino-acid insertion is selected from the 

group consisting of TALKPFL, TTLKPFL, TLQIPFK, TMQKPFI, SIERPFK, RYQGDSV, 

and TTLKPFS. 

18. The AAV capsid of claim 13, wherein the AAV capsid protein is present in VP1, VP2, and 

VP3 of the AAV capsid. 

19. The AAV capsid of claim 13, wherein the AAV capsid is chimeric. 

20. The AAV capsid of claim 13, wherein 60 copies of the AAV capsid protein are assembled 

into the AAV capsid. 

21. The AAV capsid protein of claim 13, wherein the CNS comprises a cell-type selected from 

the group consisting of a neuron, a glial cell, an oligodendrocyte, an ependymal cell, an 

astrocyte, a Schwann cell, a satellite cell, and an enteric glial cell. 

22. The AAV capsid of claim 13, wherein the CNS comprises a tissue that is selected from the 

group consisting of a brain, a thalamus, a cortex, a striatum, a ventral midbrain,  and a spinal 

cord. 

23. The AAV capsid of claim 13, wherein the AAV capsid protein further comprises an amino 

acid substitution comprising A587D or Q588G. 

24. The AAV capsid protein of claim 13, wherein the AAV capsid protein further comprises an 

amino acid substitution comprising A589N or Q590P. 

25. The AAV capsid of claim 13 that is isolated and purified. 

26. Use of the AAV capsid of claim 13 in the manufacture of a pharmaceutical formulation for 

treating a disease or a condition of the CNS, the pharmaceutical formulation further 

comprising a pharmaceutically acceptable carrier, wherein the pharmaceutical formulation is 

to be intravenously administered. 

27. The use of claim 26, wherein the pharmaceutical formulation further comprises a therapeutic 

agent.  
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28. A recombinant vector comprising a nucleic acid encoding the AAV capsid protein of any one 

of claims 1-27. 

29. A kit comprising: 

a)  a first vector comprising the recombinant vector of claim 28; 

b) a second vector encoding a helper virus protein; and 

c) a third vector comprising a therapeutic nucleic acid encoding a therapeutic gene 

expression product.  

30. The AAV capsid protein of any one of claims 1-27 for use in therapy.  

31. Use of the AAV capsid protein of any one of claims 1-27 in the manufacture of a 

medicament for treating a disease or a condition of a central nervous system of the subject. 

32. A method of manufacturing a recombinant AAV particle from the AAV capsid of any one of 

claims 1-27, the method comprising: 

a) introducing into a cell a nucleic acid comprising: 

i. a first nucleic acid sequence encoding a therapeutic gene expression 

product;  

ii. a second nucleic acid sequence encoding a recombinant viral genome 

comprising a capsid (Cap) gene modified to express the AAV capsid of 

any one of claims 1-27; and 

iii. a third nucleic acid sequence encoding an AAV helper virus genome; and 

b) assembling the recombinant AAV particle, the recombinant AAV particle 

comprising the AAV capsid encapsidating the first nucleic acid.   

 

  

 




