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ADA Adenosine Deaminase,  

X-SCID X-linked severe combined immunodeficiency, X  

            

rAAV recombinant adeno-associated virus,  

wtAAV wild-type adeno-associated virus,  

ITR Inverted Terminal Repeat 

ssAAV single stranded AAV 

scAAV self-complementary AAV 

dsAAV double-stranded AAV 

trs terminal resolution site 

HEK293 Human Embryonic Kidney cells 293, 

±  

HEK293EB HEK293 cells expressing the E1 gene region [E1A,  

E1B19K, and E2A] and the Bcl-xL gene 

FBS Fetal Bovine Serum 

DMEM Dulbecco’s modified Eagle’s medium 

CBA chicken beta actin  

CMV cytomegalovirus  

EGFP Enhanced Green Fluorescent Protein 

RFLuc Red Firefly Luciferase 

TFF Tangential Flow Filtration,  



AS Ammonium Sulfate,  

MHN 3.3 mM morpholinoethanesulfonic acid, 3.3 mM 4-(2- 

hydroxyethyl)-1-piperazineethanesulfonic acid, and 3.3  

mM sodium acetate  

PCR Polymerase Chain Reaction 

SDS-PAGE Sodium Dodecyl Sulfate-Poly Acrylamide Gel 

Electrophoresis 

CBB Coomassie Brilliant Blue 

TBST  Tris-buffered saline containing 0.05% Tween® 20  

HRP Horse Radish Peroxidase 

v.g. vector genome 

AUC Analytical Ultracentrifugation 

CsCl Cesium chloride 

GMP Good Manufacturing Practice 

GAPDH Glyceraldehyde 3-phosphate dehydrogenase 

ATCC American Type Culture Collection 

UV Ultraviolet ray 

NaOH Sodium hydroxide 

NaClO Sodium hypochlorite 

EtOH Ethanol 

TCID50 Median Tissue Culture Infectious Dose 
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2 1990

(ADA) 1 1995

ADA 2 9

1999

3 2002 X 

(X-SCID) 

4 0 2

2012 (alipogene tiparvovec, Glybera®) 

5 2017 (voretigene neparvovec, 

LuxturnaTM) 69 2

0  

9 , 2015

± 9

0

in vivo 



�(

rAAV 2

ex vivo 

7 (Table 1)  

AAV AAV (wtAAV) 

20-26 nm

DNA 

8-10 wtAAV 

Inverted Terminal Repeats (ITRs) 

rep cap ITR 

rAAV rep cap 

ITR ( ) (

)  (Figure 1a) rAAV 

11 pH 

1

0  

rAAV 

AAV 1

9 rAAV 

3 



�)

HEK293 12, 13 3 

ITR 

(cis ) rep 1 cap 

(trans ) 1

rAAV  

rAAV DNA  (single 

stranded AAV : ssAAV) 1 ITR terminal resolution site (trs) 

DNA 

 (self-complementary AAV, double-stranded AAV : scAAV, dsAAV) 2

ssAAV ITR 2 HEK293 

DNA ITR 

Rep trs Rep 

ITR 

DNA 

ITR 9 (Figure 1b)

Figure 1b ssAAV 

1 dsAAV ITR 2 (wtITR) 1 trs 

ITR 1 (mITR) 3 ITR 

ssAAV wtITR 2 ssAAV 

dsAAV ssAAV 

Rep  



�

rAAV AAV 

100 2 AAV (rAAV2) 

HEK293 1 6 8 9  AAV 

(rAAV1 rAAV6 rAAV8 rAAV9) 

rAAV rAAV 

rAAV 

2 rAAV 

9

9 9

±

rAAV 

9

9

9

9

9 9

1 14-16 2 9 GMP 

9 9 1

1

 



�

9 rAAV 

17-23

24-26 27 28

rAAV 

pH 9 rAAV rAAV 

rAAV 

rAAV pH 9 rAAV 

rAAV pH 

9 1

rAAV  

rAAV ± rAAV 

rAAV 

29 pH 

9 phospholipase A2 

domain 9

30 (5 )

rAAV ssAAV 

2 2 2



�,

31 dsAAV 32, 33  “ ” 

AAV 

ssAAV 4.7 kb dsAAV 3.2 

kb 34 rAAV 

 

35, 36

rAAV 9

37 Glybera® 1  (rAAV1) 

38 LuxturnaTM

rAAV2 rAAV 

39-42 43 44

 

rAAV 45-48 9

± 1 ( ) 

9

rAAV 

1 rAAV 

2 rAAV 

9
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rAAV 

9 rAAV 

rAAV 

9 9 rAAV 

2

1 9

rAAV 2 rAAV 

2 1

rAAV 

9 9

 

  



�.

 

 

rAAV rAAV9 

(

1 ) 2

9 1 rAAV 9

rAAV1 

9 rAAV9 

1

9 rAAV 4

rAAV 

9  
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 1  

 

− rAAV9  

 

− −  

± (HEK293 ) 1 E1 Bcl-xL

HEK293 (HEK293EB ) 8% (FBS, 

Biowest, Nuaillé, France) 1  (Sigma-

Aldrich, St. Louis, MO) Dulbecco’s modified Eagle’s medium 

(DMEM, Sigma-Aldrich) 37 5% CO2 HEK293 

rAAV9 HEK293EB 

16 Square dish (245 × 245 × 18 mm, 500 cm2; 8,000 cm2, 

Corning, New York, NY) ~3.2 ×109 rAAV9

( 1120 mL)  

 

−  

rAAV9 3 cis pdsAAV-CBA-EGFP 

(AAV9-dsEGFP ) pdsAAV-CBA-RFLuc (AAV9-dsLuc RFLuc: Red 

Firefly Luciferase) 1 pssAAV-CMV-RFLuc (AAV9-ssLuc ) 

pdsAAV-CBA-EGFP AAV2 ITR Chicken 

beta actin (CBA) EGFP 

dsAAV Dr. Arun Srivastava 2



�'

pdsAAV-CBA-RFLuc (dsAAV ) 

 5’-

AACGAATTCGGATCCGCCACCATGGAAACAGAAAGAGAAGAAAACG -3’ 

1 5’- CTGGAATTCAAGCTTCTACCCACCTGCTTGAGGTTTCTTG-3’ 

pCMV-RFLuc (Targeting Systems, El Cajon, CA) RFLuc

PCR PCR NcoI 1 HindIII 

pdsAAV-CBA-EGFP EGFP 0 pssAAV-

CMV-RFLuc (ssAAV ) RFLuc PCR 

pAAV-MCS (Agilent Technologies, Santa Clara, CA) EcoRI-

HindIII trans pAAV2/9 

(AAV2 rep 1 9 cap ) James M. Wilson 

( ) 2

pHelper Stratagene (La Jolla, CA) 2  

 

− − rAAV9 1 rAAV9  

HEK293 HEK293EB 90% 

9 rAAV9 

cis pAAV2/9 pHelper 3 Square dish 1 cis 

: pAAV2/9: pHelper = 44.8 µg : 44.8 µg : 90.1 µg12, 13

(Polyethylenimine Max, Polysciences Inc., Warrington, 

PA) DMEM 5

9 L- L-



�''

GlutaMAX™-І (1×, Gibco®, Life Technologies) 

DNA 1:249 

rAAV9 50, 51 5

0.45 µm  (Thermo Fisher Scientific, 

Waltham, MA) 750 kDa 

 (UFP-750-E-3MA, GE Healthcare, Westborough, MA) KrosFlo 

Research IIi TFF system (Spectrum Laboratories, Rancho Dominguez, CA) 

 (Tangential Flow Filtration, TFF) TFF 

0.2 µL/mL benzonase (25 U/mL, Novagen, San Diego, CA) 

37  30 DNA 

10 µL/mL  0.5 M EDTA 0 benzonase 

Benzonase 50  20 

13,100 × g 10 

3 9 (AS) 

0 33% (w/v) AS 18,800 × 

g , 4  30 9 1/3 AS rAAV9 

9 AS 

0 9 1/2 AS 18,800 × g , 4  30

9 1/2 AS (1/3 1/2 AS) rAAV9 

20 mL 3.3 mM morpholinoethanesulfonic acid (Dojindo, Kumamoto, 

Japan), 3.3 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

(Dojindo), and 3.3 mM sodium acetate (Sigma Aldrich) (MHN , 



�'(

pH8.0) MHN 50 mM NaCl 0.01% (w/v) 

Pluronic F-68 ( Sigma-Aldrich)  

 

− − rAAV9 1

 

1/3 1/2 AS 7.3 mS/cm MHN 

1

(LAQUAtwin, HORIBA, Tokyo) 

MHN 20mL HiPrep Q XL (GE 

Healthcare) (4 ) P1 

 (P1 GE Healthcare) 3 mL/min 

1M NaCl 0.01% (w/v) 

Pluronic F-68 MHN (pH8.0) 

rAAV9 Ultracel 30K 

(Merck Millipore, Billerica, MA) HiLoad 16/60 Superdex 

200 preparation grade (GE Healthcare) 1 10 mL 

0 ÄKTAExplorer 100 HPLC (GE Healthcare) 

300 mM NaCl 1 0.01% (w/v) Pluronic F-68 

MHN (pH6.5) 

0.2 (CV) 5 mL 2

0.6 CV 1mL 3 0.3 CV 5mL



�')

 (1 CV = 120 mL) Fr 15 – Fr 27

SDS-PAGE

qPCR (AUC)  

 

− −  

rAAV9 DNA 

rAAV9 benzonase (125 U/µL, Merck Millipore) 1

2 mM MgCl2 37  30 DNA 

DNeasy Blood & Tissue Kit (QIAGEN, Hilden, Germany) 

Benzonase 7500 Fast Real-Time 

PCR System (Applied Biosystems, Foster City, CA) PCR 

(qPCR) SYBR® green dye (SYBR® Premix Ex Taq, 

TaKaRa, Japan) TB Green Premix EX Taq II [Tli RNase H Plus] 

(TaKaRa) ITR  (forward primer: 5′-

GGAACCCCTAGTGATGGAGTT-3′, reverse primer: 5′-

CGGCCTCAGTGAGCGA-3′) EGFP (forward primer: 5′-

AGCAGCACGACTTCTTCAAGTCC-3′, reverse primer: 5′-

TGTAGTTGTACTCCAGCTTGTGCC-3′) RFLuc 

(forward primer: 5′-TCGACATCAGCTACCAGCAG-3′, reverse primer: 5′-

ATCCCCAGACTGTGGTTCAG-3′) qPCR 95 5 

60 34 40 SacI 

pdsAAV-CB-EGFP DNA (AAV9-dsEGFP ) XmnI 



�'

pdsAAV-CBA-RFLuc (AAV9-dsLuc ) 1

BamHI pssAAV-CMV-RFLuc (AAV9-ssLuc ) 

QIAquick Gel Extraction Kit (QIAGEN) 

1 mL benzonase vector genome (v.g.) (v.g./mL) 

 

 

− − SDS-PAGE  

rAAV9 5-20% 

 (SuperSep™ Ace, 5–20%, 13 well, Wako, Osaka, Japan) SDS-

PAGE AS Quick Coomassie brilliant 

blue (Q-CBB, Wako) Oriole Fluorescent Gel Stain (BIO- 

RAD, Hercules, CA) Oriole 90 9

 

SDS-PAGE polyvinylidene fluoride  

(Merck Millipore) 3% /Tris-

buffered saline containing 0.05% Tween® 20 (TBST) 

1 monoclonal antibody B1 (PROGEN, Heidelberg, 

German) 1 TBST HRP 2

horseradish peroxidase-labeled anti-mouse secondary antibody (GE 

Healthcare) 1 ECL Plus™ Western 

Blotting Detection System (GE Healthcare)  

 



�'

− − ± DNA  

AAV9-dsEGFP (3 ) ± DNA 

2 2 qPCR SYBR® Premix Ex 

Taq ± GAPDH  (forward primer: 5′-

CTGGGCTACACTGAGCACC-3′, reverse primer: 5′-

AAGTGGTCGTTGAGGGCAATG-3′, NCBI : Pr032064752) ±

DNA (Roche, Mannheim, Germany) DNA 

rAAV9 ± DNA 

benzonase (125 U/µL, Merck Millipore) 1 2 mM MgCl2 

37 30 DNA DNeasy Blood & 

Tissue Kit (QIAGEN) DNA 

rAAV9 ± DNA 

benzonase DNA qPCR 

95 5 60 34 40  

 

− −  

 (Nisshin EM Corporation, Tokyo, Japan) 40 

µL 1 1% 1

H-7650 (Hitachi, 

Tokyo, Japan) 80 kV 

 

 



�',

− − (AUC) 

 (Analytical Ultracentrifugation, AUC) Proteome Lab 

XL-1  (Beckman Coulter, Indianapolis, IN) 

400 µL AAV9-dsEGFP 400 µL 

4

4 20  

12,000 rpm, 20  (260nm) 

 

 

− − AUC  

rAAV9

rAAV9 ( ) 1

Sedfit continuous-size C(S) 

9 C(S) 

100S S 20 S 120 1.32859 F

0.68 1.0148 0.0106 9

(

(RSMD))  
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− rAAV  

 

− −  

HEK293EB 8% FBS (Biowest) 1

 (Sigma-Aldrich) DMEM (Sigma-Aldrich) 37 5% 

CO2 HEK293EB 3 Square dish ( 1,500 

cm2, Corning) ~6.0 × 108  ( 210 mL)  

 

−  

rAAV cis pAAV-ZsGreen1 (TaKaRa 

Bio) pAAV-ZsGreen1 AAV2 ITR 

Cytomegalovirus (CMV) ZsGreen1 

ssAAV 2.6 

kb 3 trans pAAV2/1 (AAV2 rep 

1 1 cap ) pAAV2/8 (AAV2 rep 1 8

cap ) 1 pAAV2/9 (AAV2 rep 1 9 cap 

) James M. Wilson ( ) 2

trans pAAV-RC (AAV2 rep 1

2 cap ) Agilent Technologies 2  

 

− − rAAV 1  



�'.

1 rAAV1 rAAV8 1

rAAV9 5 0.45 

µm (Thermo Fisher Scientific) AAVpro® 

Concentrator (TaKaRa Bio) rAAV2 

5 AAVpro Purification Kit (All Serotypes, TaKaRa 

Bio) 2  

 

− − AAV2 (wtAAV2) 

wtAAV2 American Type Culture Collection (VR-680 , ATCC, 

Manassas, VA) 2  

 

− − AAV 

 

1.12 × 109 v.g. rAAV 1 wtAAV2 

WUV-M20 device (Atto, 

Tokyo, Japan) 40 ( 126mW / cm2

3.0mJ/cm2) 0.1M NaOH (Wako) 15 0.06% NaClO (OYALOX, 

Tokyo, Japan) 15 0.22 µm  (  71.0 90.5 mg/L

 0.4 mg/L) 10 1 70%  (EtOH, Muto Pure 

Chemicals, Tokyo, Japan) 10  

 

− − 1 TCID50  



�'/

ATCC (CRL-2972) 2 HeLaRC32 (rep 1 cap 

) 8% FBS (Biowest) 1

(Sigma-Aldrich) DMEM (Sigma-

Aldrich) 37 5% CO2  

AAV HeLaRC32 96 (BD 

Falcon, Franklin Lakes, NJ) 4.0 × 104 cells/well  

ATCC (VR-1516) 2 ± 5 (Ad5) AAV 

DMEM 3.2 × 108 particles/mL 

9  AAV 1

AAV 10 µL 990 µL 10-2 10-2

990 µL 10-4

10-6 10-8 10-10 50 µL 

96 well HeLaRC32 8 well 

 

3 IX71 (

470 nm 490 nm 515 nm 550 nm

NIBA 100 Olympus Corporation, Tokyo, Japan) 

Image J (National Institutes of 

Health, Bethesda, MD)  

1 2

DNA DNA 0.25% 

 (Wako) 0.045% Tween20 (Sigma-Aldrich) 1 × K



�(

0.3 mg/mL K (QIAGEN) 85 µl DNA 

DNA PCR 37  1

55  2 95  30 DNA 

103 7500 Fast Real-Time PCR System (Applied Biosystems) 

PCR  (qPCR) TCID50 9

https://www.atcc.org/~/media/AAV8_Information/AAV2_Information/AAV2_R

SS_Infectious_titer_assays_V2.ashx rAAV1

rAAV8 rAAV9 TB Green Premix EX Taq II [Tli RNase H 

Plus] (TaKaRa) ZsGreen1  (forward 

primer: 5′- ACCGTGTACAAGGCCAAGTC-3′, reverse primer: 5′-

GTCAGCTTGTGCTGGATGAA-3′) rAAV2 1 wtAAV2 

ITR  (forward primer: 5′-

GGAACCCCTAGTGATGGAGTT-3′, reverse primer: 5′-

CGGCCTCAGTGAGCGA-3′) qPCR 95 5 

60 34 40 XmnI 

pAAV-ZsGreen1 QIAquick Gel 

Extraction Kit (QIAGEN)  
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− rAAV9  

 

− rAAV9  

rAAV9 (AAV9-dsEGFP) 3 HEK293 

5 TFF

( 1 ) (AS) 9

9 AS 

rAAV1 9 rAAV9 

2 rAAV 1

( AS 0 1/2 AS , 1/2AS) 2

(1/3 1 1/2 AS  ( 1 ), 1/3 1/2AS) 

SDS-PAGE AAV9-dsEGFP SDS-PAGE 

AAV9-dsEGFP 3

(VP1 (82 kDa) VP2 (67 kDa) VP3 (60 kDa)) Figure 2

1/3 1/2AS ( 5) 1/2AS ( 3) 

9 2

9  

 

−  AAV9-dsEGFP 4 1
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 AAV9-dsEGFP TFF 1

1/3 1/2AS SDS-

PAGE Figure 3a Figure 3a 

2 (Lane 6) AAV9-dsEGFP 3

(VP1, VP2, VP3) 

(Lane 8) (VP1, VP2, VP3 ) 

9 2 rAAV1 200kDa 

1 AAV9-dsEGFP 

9 2 (Figure 3a ) AAV9-

dsEGFP 

 

 

Figure 3b 1

AAV9-dsEGFP 1 Figure 3c SDS-PAGE 

Lane 2-14 3 AAV9-dsEGFP 

1 AAV9-

dsEGFP SDS-PAGE 

2 Fr 15- Fr 27 

ITR qPCR 9

2.9 × 1015 v.g. EGFP 

9 3.7 × 1014 v.g. 



�()

SDS-PAGE 1 9

AAV9-dsEGFP 

9 (Figure 3d, 3e)

rAAV 

(Figure 3f )

(Figure 3f ) 9

9 3.8% (195 / 5168 ) 

AAV9-dsEGFP 9

(Figure 3f) (AUC) (Figure 

3g) AUC 

2

26% 9 (Figure 3g (i) 25.7% (

) (ii) 32.4% ( ) (iii) 38.8% ( ))  

 

−  1  

AAV9-dsEGFP 3 (Figure 

4a-f) SDS-PAGE 

Image J 9

94.9% 1.1% (n=3) 9 2 9

AAV9-dsEGFP 9

(Figure 4a-b, 4d-e)

96.1% 1.1% (n=3) AAV9-dsEGFP 



�(

9 2 (Figure 4c, 4f) ITR 

qPCR 9 2.5 0.4 × 1015 v.g.

EGFP 9 3.7 0.7 × 1014 v.g. 

(Table 2)  

HEK293EB DNA 2

± GAPDH qPCR 

1 ± GAPDH 

TFF 2.6 copies/1.0 × 109 v.g. ±

GAPDH (Table 3)

± DNA  

 

−   

1 2

rAAV9-CBA-dsRFLuc (AAV9-dsLuc) 1 rAAV9-CMV-ssRFLuc 

(AAV9-ssLuc) AAV9-dsEGFP (Figure 

4g-l) SDS-PAGE 1

( ) 9

AAV9-dsLuc 84% AAV9-ssLuc 86% (Figure 4g-h, 4j-

k) AAV9-dsLuc 92.7% (4341 /4684 

) AAV9-ssLuc 96.2% (5350 /5561 ) 

(Figure 4i, 4l) 9 AAV9-dsLuc 1

ITR 3.9 × 1015 v.g. Luc 



�(

4.0 × 1014 v.g. AAV9-ssLuc 1 ITR 

1.8 × 1014 v.g. Luc 8.7 × 

1013 v.g. (Table 2) ssAAV dsAAV 

9  

rAAV9 Figure 5  

  



�(,

− rAAV  

 

 rAAV1 rAAV8 rAAV9  

 rAAV 

1.12 × 109 v.g.  

(Figure 6) Figure 7a-c UV NaOH

NaClO rAAV 1 rAAV HeLaRC32 

9 9 2 NaClO 

9 2 NaOH 1 NaClO 

HeLaRC32 NaOH 1 NaClO 

PBS 2

NaOH 1 NaClO HeLaRC32 

9 Figure 7d-e 1 70% 

EtOH rAAV 1 rAAV HeLaRC32 

1 2

(rAAV2 ) Table 4 Figure 7

Table 5

9 TCID50 rAAV 

rAAV UV NaOH NaClO 

EtOH (rAAV2 )



�(-

9 Figure 7 

 

 

 rAAV2 wtAAV2  

UV NaOH NaClO rAAV2 

HeLaRC32 

NaOH 1 NaClO rAAV2 

(Figure 7a-c) rAAV1 rAAV8 rAAV9 rAAV2 

1 70% EtOH  (ITR

qPCR) TCID50 

1 rAAV2 

9 2 (Table 5) wtAAV2 

rAAV2 wtAAV2 0 9

9 2 (Table 5)  

 

  



�(.

 

 

9 rAAV1 

28

rAAV9 

(AS) 1 rAAV1 1/3 1/2AS 

rAAV1 200 kDa 

rAAV9 1 AS

9 200 kDa 

1 rAAV9 9

Zhou 52 rAAV9 

9 1 rAAV9 

rAAV1 9

0 rAAV 2

Venkatakrishnan 30 AAV1 AAV9 2

9 0 0

rAAV 2

9

AAV2 5 AAV1 

AAV2.5 AAV2 9

53 9 AAV1 AAV9 84.6% 

2
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0 AAV1 AAV9 

9 2  

rAAV9 9 2 Lock 49

2 rAAV9 iodixanol 

2 rAAV9 

4.7 1

0 Zhou 52

rAAV9 ceramic hydroxyapatite 

(POROS 50HS) 

30% CsCl 

2 Potter 54 rAAV9 

pH (pH 3.9) 

2 AAV9 

1 Nass 26 AAV9 pH 

pH 3.0 rAAV 

9 rAAV9 

(25 mL 2735 )

9 9

 

9 1



�)

rAAV9 9

0 rAAV9 

9 (AAVV9-dsEGFP) ITR 

qPCR 2.5 0.4 × 1015 v.g. EGFP 

3.7 0.7 × 1014 v.g. 

2

( ) ( 2 GC

) 9  

rAAV9 (AAV9-dsEGFP) 

9 96.1% 1.1% 

(Table 2) 2 AUC 9 38.8% 

(Figure 3g) AUC 9

AUC 9

9

1 (

) 

AUC 9 9

AUC 9



�)'

rAAV9 AUC

26 9 88%

AUC 2

0 2

2

0

0

1

0

0 2 0

0

0 9

2  

55

9

CsCl 

0 1

 



�)(

rAAV 

9

( ) rAAV 

2 rAAV 

9 9 rAAV 

9 rAAV 

9

0  

rAAV rAAV2 

49, 51 rAAV9 

9 2 9

9 2

2 9 2

2 rAAV1 rAAV2 rAAV8 rAAV9 

Figure 7a-c Table 4 1 Table 5 

UV NaOH NaClO rAAV 

9 2

0.1M NaOH 15 rAAV2 

rAAV1 rAAV8 rAAV9 70% EtOH 

10 2 rAAV2 

(Figure 7d, e, Table 4, Table 5) 9 rAAV2 

Bennett 



�))

AAV2 AAV1 AAV9 1 AAVrh10 

1 56

70% EtOH 1 UV rAAV2 

0  

rAAV1 rAAV8 rAAV9 70% EtOH 

2 (Figure 7e) 9 AAV 

2

AAV EtOH 

Howard Harvey rAAV1 70% 

2 57 9

rAAV1 10% NaClO 5

(0.06% 

NaClO, 15 ) 9  

rAAV2 wtAAV2 rAAV2 wtAAV2 

9 2 (Table 5) 9 1 rAAV2 

wtAAV2 1 rAAV 2

9

 

rAAV 

9 2

rAAV 9 43, 

58, 59 ± ± 1 2 × 1012 v.g./kg 



�)

rAAV8 9 1

15 rAAV 20

9 rAAV 

9 9

9

1 rAAV 

0  

  



�)

 

 

rAAV9 

9 2

AUC 

1

rAAV 

9 Rep 

0

9

(ITR 2 ITR ) 

9 0  

rAAV 

± rAAV 9

 

rAAV 1 9

0 GMP rAAV9 
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Infectivity assessment of recombinant adeno-associated virus (rAAV) and 

wild-type AAV (wtAAV) exposed to various diluents and environmental 

conditions. 

Taro Tomono, Yukihiko Hirai, Hideto Chono, Junichi Mineno, Akiko Ishii, 

Masafumi Onodera, Akira Tamaoka, Takashi Okada. Human Gene Therapy 

Methods, 30(4): 137-143, 2019, doi: 10.1089/hgtb.2019.082. 

 

Highly efficient ultracentrifugation-free chromatographic purification of 

recombinant AAV serotype 9. 

Taro Tomono, Yukihiko Hirai, Hironori Okada, Yoshitaka Miyagawa, Kumi 

Adachi, Shuhei Sakamoto, Yasuhiro Kawano, Hideto Chono, Junichi 

Mineno, Akiko Ishii, Takashi Shimada, Masafumi Onodera, Akira Tamaoka, 

Takashi Okada. Molecular Therapy – Methods & Clinical Development, 11: 

180-190, 2018, doi: 10.1016/j.omtm.2018.10.015 
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' 1XNO YX G6 2VKO O B KXN 3 V O  '// DRO 141 R WKX QOXO
RO KZc MVSXSMKV Z Y YMYV0 YSX Y 3YX SNO O ZYX O aS R MVSXSMKV
Z Y YMYV 8 W 7OXO DRO '0 ))' ),(

( XYNO K 1 SQK D KaKW K YLKcK RS 9 R IKWKNK
O KV  '//. C MMO P V ZO SZRO KV D VcWZRYMc O NS OM ON QOXO

KX PO PY K ZK SOX aS R O O O MYWLSXON SWW XO NOPSMSOXMc MK ON Lc
KNOXY SXO NOKWSXK O NOPSMSOXMc 2VYYN /'0 ) ),

) BKZO C5 3RS W VO OO 6C GS OV 1 2KQQ 1 7KY 7 O KV
 ( ) 6K KV c OWSM SXPVKWWK Y c O ZYX O cXN YWO SX K Y XS RSXO
KX MK LKWcVK O NOPSMSOX ZK SOX PYVVYaSXQ KNOXY S KV QOXO KX PO
YV 7OXO O KL . 0 ' . ' .

8KMOSX 2Oc 1LSXK C FYX KVVO 3 CMRWSN M3Y WKMU
G VPP KK OLY VMR O KV  ( ) ( K YMSK ON MVYXKV D MOVV
Z YVSPO K SYX SX aY ZK SOX KP O QOXO RO KZc PY C394 H' CMSOXMO ) (0
' '/

IVK 8O KVK C  ( '( 5XNQKWO0 QVcLO K PSXKVVc OMYWWOXNON PY
KZZ Y KV K RO PS QOXO RO KZc N Q SX RO 5 YZOKX XSYX YV DRO
( 0 '.)' '.)(

, 4SK 6 :YY OWZ :1 6SKVRY C NK CSV K 3 XRK 1 : GYY C: O
KV  ( '. YVOM VK QOXO SM KXN OWO QSXQ RO KZSO PY O SXS S
ZSQWOX Y K0 2K SM O OK MR KXN MVSXSMKV ZO ZOM S O YQ BO SX 5cO BO
,)0 ' - ')'

-  ( ', u x ontqsprfkw
81B CD175 ' 0 ), .

. 8YQQKX 4  '/- 1NOXY S K YMSK ON S O YQ ON FS YV '(0
('' ()/

/ 2O X 9 KXN 2YROXdUc B1  '/.- 1NOXY K YMSK ON S O 0 KX
ZNK O 1N FS BO )(0 ( ) ) ,

' 2O X 9 KXN SXNOX B  '// DRO M cZ SM VSPO cVO YP KNOXY
K YMSK ON S 2SYO Kc '-0 ()- (



�)/

'' UKNK D CRSWKdKUS YWY Y D K RS K D Sd UKWS 8 E KLO
O KV  ( ( 1NOXY K YMSK ON S KV OM Y WONSK ON QOXO RO KZc YP

S MROWSK SXN MON XO YXKV NOK R O RYN 5XdcWYV ) ,0 )-. )/)
'( 7 SWW 4 O X 1 BS XO KXN VOSX MRWSN :1  '//. Y OV YYV

PY Z YN M SYX KXN Z SPSMK SYX YP OMYWLSXKX KNOXYK YMSK ON S
OM Y 8 W 7OXO DRO /0 (- (-,

') CKV O S 1 O O C 3RKNO P 7 6K O 4 3RO OV I 3RKWZSYX 1 XK N
O KV  '//. 6KM Y SXPV OXMSXQ OMYWLSXKX KNOXY K YMSK ON S

Z YN M SYX 8 W 7OXO DRO /0 ,/ - ,
' 8O WOX GD O 2 KUO 4STUR SdOX 1 CYXXOWKX 1 7 SWW

4 VOSX MRWSN :1 O KV  '/// SPSMK SYX YP OMYWLSXKX KNOXY
K YMSK ON S Lc SYNSbKXYV Q KNSOX V KMOX SP QK SYX KVVYa KZSN KXN
OZ YN MSLVO Z OZK K SYX YP OM Y YMU PY QOXO KX PO SX RO XO Y
c OW 8 W 7OXO DRO ' 0 '.. './'

' JYVY URSX C 2c XO 2: K YX 5 JYVY URSX 9 Y O 3RO X
O KV  '/// BOMYWLSXKX KNOXY K YMSK ON S Z SPSMK SYX SXQ
XY OV WO RYN SWZ Y O SXPOM SY S O KXN cSOVN 7OXO DRO ,0 /-) /.

', 1c Y 5 SXQYddS 6 YX KXO : OYX H 1XQ OVK H 8K SQY F O
KV  ( ' 8SQR 11F OM Y Z S c O V SX O Y cZO KXN S O
SXNOZOXNOX OXRKXMOWOX YP KX N M SYX OPPSMSOXMc 7OXO DRO '-0 )
'

'- 2 WOX Y OXaOS O B 2VY SX F DY LVKXM 5 BKSWLK N 9
3RO OV I O KV  ( ( 1 O K SVO KXN MKVKLVO aY OZ SYX ObMRKXQO
MR YWK YQ KZRc Z YMO PY RO Z SPSMK SYX YP OMYWLSXKX KNOXY
K YMSK ON S O Y cZO ( KXN YV DRO ,0 ,-. ,.,

'. KV NY 8KXNOVWKX 2 KXN 3RSY SXS :1  ( ( CMKVKLVO Z SPSMK SYX
YP KNOXY K YMSK ON S cZO ( Y SXQ SYX ObMRKXQO
MR YWK YQ KZRc 8 W 7OXO DRO ')0 '() '( )

'/ 4K SNYPP 1 Q 3I CVOOZ C 7 Kc : 1dKW C JRKY I O KV  (
SPSMK SYX YP OMYWLSXKX KNOXY K YMSK ON S cZO . OM Y Lc SYX

ObMRKXQO MR YWK YQ KZRc QOXO K O MVSXSMKV Q KNO OM Y YMU : FS YV
O RYN '('0 ( / ('
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( E KLO HSX A LK K I KUKU K D Sd UKWS 8 WO 1 O KV
 ( , BOWY KV YP OWZ c MKZ SN P YW cZO ' KNOXY K YMSK ON S
OM Y YMU Lc KXSYX ObMRKXQO MR YWK YQ KZRc ZY OX SK O KX QOXO

ObZ O SYX YV DRO ')0 .() .(.
(' A 7 2KR 4K SN YX : KNY : DKS 1 3K KXSKQ 6 M4YXXOVV : O

KV  ( - COZK K SYX YP KNOXY K YMSK ON S cZO ( OWZ c ZK SMVO
P YW QOXYWO MYX KSXSXQ OM Y Lc KXSYX ObMRKXQO MYV WX
MR YWK YQ KZRc : FS YV O RYN ' 0 '.) '/(

(( UKNK D YXKUK CK UKaK EMRSLY S B SXY RS K 8KcK RS K
SXYR 8 S KRK K K KRK K I O KV  ( / CMKVKLVO Z SPSMK SYX YP

KNOXY K YMSK ON S O Y cZO '  11F' KXN 11F. OM Y SXQ N KV
SYX ObMRKXQO KN Y Z S O WOWL KXO 8 W 7OXO DRO ( 0 ' ') ' ('

() YMU 1V S K B KXN GSV YX :  ( '( 1XKVc S YP ZK SMVO MYX OX
YP OMYWLSXKX KNOXY K YMSK ON S O Y cZO . OM Y Lc SYX
ObMRKXQO MR YWK YQ KZRc 8 W 7OXO DRO O RYN ()0 , ,

( GKXQ A YMU YXQKc 1: 1V S K B O UY 2 KXN GSV YX :
 ( ' 9NOX SPSMK SYX YP KX KNOXY K YMSK ON S LSXNSXQ OZS YZO PY
1F2 OZRK Y O KPPSXS c O SX YV DRO O RYN 3VSX 4O (0 '

( DO Y K K K C 3VK OX B KXN 8O WKX 9XXY K S O 4YaX OKW
SPSMK SYX CYV SYX PY FS KV FOM Y 0 5XKLVSXQ VK PY W 1ZZ YKMRO Y

1N KXMO 7OXO DRO KZSO
(, K C1 K SXQVc 1 GYYNMYMU 41 2 XRKW 2 1 NSXQO :1

WYXN C5 O KV  ( '. EXS O KV O RYN PY RO SPSMK SYX YP
BOMYWLSXKX 11F FOM Y YP 4SPPO SXQ CO Y cZO YV DRO O RYN
3VSX 4O /0 )) ,

(- 3RKRKV C 1 MYSX 7 KXN KWOX 1  ( - SWK c OMY O c KXN
MR YWK YQ KZRSM Z SPSMK SYX YP KNOXY K YMSK ON S cZO ( Z YN MON
Lc LKM VY S SX OM MOVV c OW : FS YV O RYN ')/0 ,' -

(. DYWYXY D 8S KS I UKNK 8 1NKMRS 9 RSS 1 CRSWKNK D O KV
 ( ', EV KMOX SP QK SYX P OO MR YWK YQ KZRc WONSK ON VK QO MKVO
Z SPSMK SYX YP OMYWLSXKX KNOXY K YMSK ON S O Y cZO '  11F'

YV DRO O RYN 3VSX 4O )
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(/ 2K VO :C GSVMRO B KXN CKW V US B:  ( 9XPOM SY OX c
ZK RaKc YP KNOXY K YMSK ON S KXN KNOXY K YMSK ON S OM Y :
FS YV - 0 (--- (-.

) FOXUK KU S RXKX 2 IK L Y QR : 4YW SM : 2OXXO 1 2Y RXO 2
Ydc O K 7 O KV  ( ') C M O KXN NcXKWSM YP KNOXY K YMSK ON
S O Y cZO ' F ' XS O O WSXKV NYWKSX KXN S YVO SX MKZ SN
KPPSMUSXQ : FS YV .-0 /- /.

)' 6O K S 6 CKW V US D CROXU D KXN CKW V US B:  '//, COMYXN
KXN cX RO S S K K O VSWS SXQ OZ PY OPPSMSOX KX N M SYX Lc

OMYWLSXKX KNOXY K YMSK ON S OM Y : FS YV - 0 )((- )()
)( M3K c 4 6 8 YXKRKX 5 DY V YX 35 KSU KXN CKW V US

B:  ( ) 1NOXY K YMSK ON S O WSXKV OZOK  DB W KX QOXO K O
OVP MYWZVOWOX K c OM Y Y Y O MYWO RO K O VSWS SXQ OZ Y
KX N M SYX SX S Y 7OXO DRO ' 0 (''( (''.

)) GKXQ J K 89 S : C X JRKXQ : KXN HSKY H  ( ) BKZSN KXN
RSQRVc OPPSMSOX KX N M SYX Lc NY LVO KXNON KNOXY K YMSK ON S
OM Y SX S Y KXN SX S Y 7OXO DRO ' 0 (' ('''

) G : JRKY G JRYXQ 8KX J S 2 K G O KV  ( - COVP
MYWZVOWOX K c OMYWLSXKX KNOXY K YMSK ON S KV OM Y 0 ZKMUKQSXQ
MKZKMS c KXN RO YVO YP OZ Z Y OSX SX OM Y Z S c 8 W 7OXO DRO '.0
'-' '.(

) SO d MR 2 YOMUO 6 BOSXRK N 1 COOLO QO 8 KXN 8OSVL YXX B
 ( ' 4SPPO OX SKV KNOXY K YMSK ON S O Y cZO ZOMSPSM SX O KM SYX
ZK O X aS R cX RO SM ROZK SX KXN Y RO QVcMKX : FS YV ..0 (//' ) )

), KXN lg  ( ' u x ontqsprfk jw
RK WK ONSMK ))0 ' ((

)- z v  ( - 11F m hiu xy ontq -0 -
). 2 XO :B KXN 8YYZO 1:  ( / 1VSZYQOXO SZK Y OM KX KNOXY

K YMSK ON S OXMYNSXQ RO CO  - H K SKX YP RO R WKX VSZYZ Y OSX
VSZK O QOXO PY RO OK WOX YP ZK SOX aS R VSZYZ Y OSX VSZK O
NOPSMSOXMc 3 ZSX YV DRO ''0 ,.' ,/'
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)/ KWK C 6 TSWY Y K Y C Sd UKWS 8 1 K S C 9UOQ MRS
O KV  ( ' 1 ZRK O 9 Nc YP K YWK SM KWSXY KMSN NOMK LYbcVK O
QOXO RO KZc PY K USX YX NS OK O YV DRO '.0 '-)' '-)
KZVS 7 6OSQSX 1 DKXQ 3 6S d SWYX 8 K S KaVY 1 O

KV  ( - CKPO c KXN YVO KLSVS c YP QOXO RO KZc aS R KX KNOXY
K YMSK ON S  11F LY XO 714 QOXO PY K USX YX NS OK O0 KX YZOX
VKLOV ZRK O 9 SKV KXMO ),/0 ( /- ('

' 5LO VSXQ : :KQ G: 3R S SXO 3G C K K YX 2KXUSOaSMd
C O KV  ( . BO V P YW K ZRK O 9 KPO c SKV YP R1143 QOXO
RO KZc PY K USX YX NS OK O O YVYQc - 0 '/. '/.)

( 3R S SXO 3G C K 1 K YX C 5LO VSXQ : :KQ G: 8KaUSX
B1 O KV  ( / CKPO c KXN YVO KLSVS c YP Z KWSXKV 1143 QOXO
RO KZc PY K USX YX NS OK O O YVYQc -)0 ',,( ',,/

) K RaKXS 13 D NNOXRKW 57 BKXQK KTKX C BY KVO 3 M9X Y R :
SXMR 43 O KV  ( '' 1NOXY S K YMSK ON S OM Y WONSK ON

QOXO KX PO SX ROWYZRSVSK 2 5XQV : ON ), 0 () - (),
BKWY : 8YVVSXQO 2OXQ YX 5 1VVOX : 8K MRUK C4 KXN
3RKWLO VKSX :C  ( '/ 4O OVYZWOX YP Y OV SM Y Nc YZRSX aS R
5XRKXMON 6 XM SYXKVS c YV DRO (-0 ,() ,)
8KcK RS K SXYR 8 I QO K UKNK 8 S KRK K K KRK K I 3RScY
D UKNK D O KV  ( ' 9X K KWXSY SM 11F WONSK ON
WSM YNc YZRSX QOXO KX PO SWZ Y O MKXSXO H VSXUON W M VK
Nc YZRc KXN WKc SXN MO SWW XO YVO KXMO YV DRO ()0 ,(- ,)-

, 8S K B RU LY 6 K KWSd I RU K KUKS : UKNK D O KV
 ( ' BOaK N SWSXQ NOZOXNOX LSNS OM SYXKV WYN VK SYX YP MY SMKV
WSM YMS M S N SXQ YZ SMKV SXQVO XO YX YZO KX MYXNS SYXSXQ K
3YWW X 0 '

- 1 SW K C UKNK D DOd UK D 3RScY D K KRK K I IY RSW K D O
KV  ( ' O YW M VK NS OK O 4 - QOXO RO KZc LOXOPS WY O
WYNOV YP NS OK O MRK KM O SdON Lc NOPOM SX RO XO YW M VK
T XM SYX CMSOXMO ) 0 ' ' .
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. K KWSd I DKXKUK IB DKXKUK I8 8S K B RU LY 6 S KW K
O KV  ( ' DaY NS SXM VKcO ZOMSPSM NcXKWSM YP MY SMKV OX OWLVO
N SXQ VOK XSXQ YP K WY Y K U K O Y MS '-0 /.- //

/ YMU 1V S K FKXNOXLO QRO 8 CKWKX K 1 DYOVOX : 4OLc O
J O KV  ( ' BKZSN SWZVO KXN O K SVO WKX PKM SXQ YP
OMYWLSXKX KNOXY K YMSK ON S KV OM Y K MKVO 8 W 7OXO DRO ('0
'( / '(-'
HSKY H  ( ' 1NOXY K YMSK ON S KV OM Y PY XN P OO SX WONSK 8 W
7OXO DRO ('0 '((' '(((

' FKXNOXLO QRO 8 HSKY B YMU SX : Y X KXN GSV YX :
 ( ' 5PPSMSOX O Y cZO NOZOXNOX OVOK O YP P XM SYXKV OM Y SX Y RO
M V O WONS W N SXQ KNOXY K YMSK ON S WKX PKM SXQ 8 W 7OXO
DRO ('0 '( ' '( -

( JRY : IKXQ H G SQR :6 8SQR 1 3Y Y KXN A 7  ( ''
57 WYN VK ON MYV WX MR YWK YQ KZRc PY Z SPSMK SYX YP OMYWLSXKX

KNOXY K YMSK ON S O Y cZO / : FS YV O RYN '-)0 // ' -
) 2YaVO 45 M ROO CG S 3 7 Kc C: CKW V US :: 3KWZ 1C O KV

 ( '( RK O ' QOXO RO KZc PY 4 MROXXO W M VK Nc YZRc SXQ K
KX VK SYXKV YZ SWSdON 11F OM Y YV DRO ( 0 )
Y O SX 2 SO d MR 8OSVL YXX B FKX FVSO 3RSZWKX

O KV  ( ' 1 SWZVSPSON Z SPSMK SYX Z Y YMYV PY OMYWLSXKX KNOXY
K YMSK ON S OM Y YV DRO O RYN 3VSX 4O '0 ' )
7 SOQO :3 CYV c C KXN CKW V US B:  ( ', YN M SYX YP
BOMYWLSXKX 1NOXY K YMSK ON FS FOM Y E SXQ C ZOX SYX 85 (/)
3OVV KXN 3YX SX Y 8K O YP FOM Y 6 YW RO 3 V O ONSK PY
7 69H KXN 6 D' 3VSXSMKV FOM Y YV DRO ( 0 (.- (/-

, 2OXXO 1 K OV C SO d MR :Y O 1 SX 1 SX 2 I :3 O KV
 ( '- DRO WKV C KLSVS c K K 4O O WSXKX YP 11F CO Y cZO 9NOX S c

YV DRO O RYN 3VSX 4O ,0 '-' '.(
- 8YaK N 42 KXN 8K Oc 2  ( '- 1 KcSXQ RO C KLSVS c KXN

9XKM S K SYX YP 11F CO Y cZO ' FOM Y 8 W 7OXO DRO O RYN (.0
)/ .
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. K RaKXS 13 BY KVO 3 M9X Y R : BK OQK VK S 7 K RaKXS 4
BKT 4 O KV  ( '' YXQ O W KPO c KXN OPPSMKMc PYVVYaSXQ c OWSM
KNWSXS K SYX YP K OVP MYWZVOWOX K c 11F OM Y OXMYNSXQ R WKX 69H
Z O NY cZON aS R O Y cZO KXN . MKZ SN Z Y OSX YV DRO '/0 .-,
..

/ K RaKXS 13 BOS E D NNOXRKW 57 BY KVO 3 3RYaNK c
M9X Y R : O KV  ( ' YXQ O W KPO c KXN OPPSMKMc YP PKM Y 9H QOXO

RO KZc SX ROWYZRSVSK 2 5XQV : ON )-'0 '// (
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Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. AAV  

(a) AAV (wtAAV) 0 AAV (rAAV) 
wtAAV 

 Inverted Terminal Repeats (ITRs) rep 
cap ITR 

0 rAAV rep cap ITR 
 ( ) (b) ssAAV scAAV 

(dsAAV) ssAAV wtITR 
2 wtITR trs 

a 

b          ssAAV                    scAAV, dsAAV 



� ,

Rep Rep 
ITR DNA 

ITR 
dsAAV wtITR 2

wtITR trs trs 
dsAAV wtITR 

dsAAV 9 wtITR, 
wild-type ITR; mITR, mutated ITR; A D(+) D(-), ; , 
trs  
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Figure 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. (AS) rAAV9  
         (AS ) 
 

TFF AS 0 33% (w/v) AS
18,800 × g , 4  30 9 1/3 AS

rAAV9 AS
0 9 1/2AS 18,800 × g , 4  30
9 1/2 AS (1/3 1/2AS 5) 9

1/2 AS ( 3) SDS-PAGE 
(CBB ) VP1 (82 kDa) VP2 (67 kDa) VP3 (60 kDa) AAV9 

( ) 1/3 1/2AS
1/2 AS 2 1, TFF 2, TFF 
3, 1/2 AS 4, 1/3 AS 5, 1/3 1/2AS  
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Figure 3 
 

 

 

 
 
 
 
 
 
 
 
 

 

 
 
Figure 3. 4 1

AAV9-dsEGFP   
 

 AAV9-dsEGFP TFF 1
1/3 1/2AS (a) 4 (HiPrep Q 

XL 16/10) AAV9-dsEGFP SDS-PAGE 
(Oriole ) 200 kDa 1, 
HiPrep Q XL 16/10 2, 3, 

(b) HiPrep Q XL 16/10 
y , 280 nm x , 

AAV9-dsEGFP (c) 
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SDS-PAGE 1-18, Fr 
14-31; 19, Fr 33; 20, Fr 35; 21, Fr 37; 22, Fr 
39; 23, Fr 41 (Fr 15-27) 

AAV9-dsEGFP (d) SDS-PAGE (Oriole )  (e) 
 (B1 ) (f) (g) 

(AUC) (d) (e) 1& 2, AAV9-
dsEGFP 3 AAV9 
VP1 (82 kDa) VP2 (67 kDa) VP3 (60 kDa) (f) , 

; , 
(g) (i) (25.7%, 68.6S); (ii) (32.4%, 

88.8S); (iii) (38.8%, 102.6S) S,  
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Figure 4 
 

 
 

 
 
 
Figure 4. AAV9-dsEGFP 1 AAV9-dsLuc AAV9-ssLuc 

 
 

(a-f) AAV9-dsEGFP (g-i) AAV9-dsLuc 1 (j-l) AAV9-
ssLuc 2 (a, d, g, j) SDS-PAGE 
(Oriole ) (b, e, h, k) (B1 

) (c, f, i, l) 1& 2, rAAV9 
3 AAV9 VP1 (82 

kDa) VP2 (67 kDa) VP3 (60 kDa)  
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Figure 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. rAAV9  
 

HEK293EB rAAV9 3 (cis 
trans ) PEI 

(DMEM ) 5
TFF 1/3 1/2AS 1/3 1/2AS 

4
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Figure 6 
 

 
 
Figure 6. AAV  

rAAV (rAAV1, rAAV2, rAAV8, rAAV9) 1 wtAAV2
UV 40 

0.1M NaOH 15 0.06% NaClO 15 0.22 µm 
10 1 70% EtOH 10 96 well

HeLaRC32 8 well AAV 
rAAV rAAV 
HeLaRC32 9  

3 
Image J  

1 2

DNA TCID50 qPCR  
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Figure 7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7. rAAV1 rAAV2 rAAV8 rAAV9  

(a) 40 UV e(b) 15 0.1M NaOH (c) 15 
0.06% NaClO (d) 10 0.22um 
(e) 10 70% EtOH rAAV 
HeLaRC32 rAAV 

Table 4  
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Table 1  

��#� 3�������
�� ��"��!��� ��"	����� ��� 1 p.7 �� 
 

 rAAV ssAAV 4.7kb dsAAV 
3.2kb  rAAV ( ) 

 rAAV 
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Table 2  
 

 rAAV  dsAAV-CBA-EGFP 
dsAAV-CBA-

RFLuc 
ssAAV-CMV-

RFLuca 

 AAV     

 GC  59% 55% 52% 

  1 2 3 4 5 

 

TFF b, c 1.3 × 1016 v.g. 9.9 × 1015 v.g. 1.0 × 1016 v.g. 8.5 × 1015 v.g. 3.6 × 1014 v.g. 

TFF c 5.3 × 1015 v.g. 5.2 × 1015 v.g. 4.1 × 1015 v.g. 7.0 × 1015 v.g. 2.9 × 1014 v.g. 

c 3.2 × 1015 v.g. 3.3 × 1015 v.g. 2.1 × 1015 v.g. 4.9 × 1015 v.g. 2.0 × 1014 v.g. 

c, d 2.9 × 1015 v.g. 2.7 × 1015 v.g. 2.0 × 1015 v.g. 3.9 × 1015 v.g. 1.8 × 1014 v.g. 

e 3.7 × 1014 v.g. 4.3 × 1014 v.g. 3.0 × 1014 v.g. 4.0 × 1014 v.g. 8.7 × 1013 v.g. 

f 60% 63% 51% 70% 69% 
g 22% 27% 20% 46% 50 % 

 
(  / ) 

3.8% 
(195/5168) 

5.2% 
(230/4404) 

2.6% 
(79/3013) 

7.3% 
(343/4684) 

3.8% 
(211/5561) 
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qPCR    

a ssAAV dsAAV ( )  
b 1120 mL  
c ITR qPCR  
d 13 mL  
e ITR qPCR  
f ( ) / (TFF )   
g ( ITR ) / (TFF )   
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Table 3 DNA  
 
 
 
 
 
 
 
 

HEK293EB DNA 
GAPDH qPCR 

  
a 3 AAV9-dsEGFP   
b Benzonase (+) rAAV9 DNA 

  
c 1   
d Benzonase (-) rAAV9 rAAV9 
DNA   

 
 
  

rAAV9 (1.0 × 109 v.g.) DNA 

Benzonase  a TFF  

+c < 1 b < 1 b 

-d < 1 b 2.6  
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Table 4  
 

 UV NaOH NaClO  EtOH 

rAAV1 0.03 0.01 N.D. 0.9 0.7 

rAAV2 0.003 N.D. N.D. 0.09 0.2 

rAAV8 0.02 0.04 N.D. >1 0.5 

rAAV9 0.01 0.08 N.D. 0.7 >1 

 
ZsGreen1 Image J 

rAAV 100% (=1) rAAV 
N.D.  

EtOH, ; NaClO, ; NaOH, ; N.D., not ditected; UV,  
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Table 5 AAV  
 

 UV 0.1M NaOH 0.06% NaClO �
� 70% EtOH 
 ��	 ��� ��� ��	 ��� ��� ��	 ��� ��� ��	 ��� ��� ��	 ��� ��� 

rAAV1 2.00 x 1010 1.12 x 107 ↓ 3.56 x 108 2.00 x 107 ↓ 3.56 x 108 2.00 x 102 ↓↓ 6.32 x 108 6.32 x 108 - 3.56 x 108 3.56 x 108 - 
wtAAV2 3.56 x 107 2.00 x 106 ↓ 2.00 x 108 3.56 x 103 ↓↓ 2.00 x 108 2.00 x 102 ↓↓ 6.32 x 107 6.32 x 107 - 2.00 x 108 3.56 x 106 ↓ 
rAAV2 2.00 x 108 2.00 x 106 ↓ 2.00 x 108 2.00 x 102 ↓↓ 6.32 x 108 2.00 x 102 ↓↓ 3.56 x 108 2.00 x 108 ↓ 6.32 x 108 3.56 x 107 ↓ 
rAAV8 2.00 x 108 2.00 x 106 ↓ 2.00 x 109 1.12 x 107 ↓ 6.32 x 108 2.00 x 102 ↓↓ 1.12 x 109 2.00 x 109 - 2.00 x 109 3.56 x 109 - 
rAAV9 6.32 x 109 6.32 x 107 ↓ 2.00 x 109 3.56 x 107 ↓ 2.00 x 109 3.56 x 102 ↓↓ 1.12 x 109 2.00 x 109 - 6.32 x 108 6.32 x 108 - 

 
TCID50 / mL 

 
   rAAV DNA 

qPCR TCID50 rAAV1, rAAV8, rAAV9 ZsGreen1 
rAAV2, wtAAV2 ITR qPCR 

-, ; , ; , 5-log 
 


