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ȟĆ 

ADA��Adenosine Deaminase, Lio\�iL�l�a 

X-SCID��X-linked severe combined immunodeficiency, X ː˫ˤȦʙĈÍ 

           ȣ�ÐȦ 

rAAV��recombinant adeno-associated virus, Lio˹¯ON�^yVd� 

wtAAV��wild-type adeno-associated virus, ˥ȖĢLio˹¯ON�^ 

ITR��Inverted Terminal Repeat 

ssAAV ��single stranded AAV 

scAAV ��self-complementary AAV 

dsAAV ��double-stranded AAV 

trs ��terminal resolution site 

HEK293 ɥɻ��Human Embryonic Kidney cells 293, 

±jɺÎʀȚǅ�ǟðɥɻǌ 

HEK293EB ɥɻ��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 w���d���chicken beta actin w���d� 

CMV w���d���cytomegalovirus w���d� 

EGFP��Enhanced Green Fluorescent Protein 

RFLuc��Red Firefly Luciferase 

TFF��Tangential Flow Filtration, ƙɯǲ˳ĭȃ˔ 



�

AS��Ammonium Sulfate, ȸˢL��mO� 

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

� � � � � � � � � � hydroxyethyl)-1-piperazineethanesulfonic acid, and 3.3  

� � � � � � � � � � mM sodium acetate qguK� 

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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ɏ̙Ɍ� ŝʰ 

 

� ˛®ĵǫȧ2Ǟą3̈̎ǽŒ-302)&
1990 Ř1L��S-�ȝÝ2

˛®ĵǫȧ�Lio\�iL�l�a(ADA) ǙƟȦ1ł�,ʑHF 1�1995

Ř13ƲǂÝ2˛®ĵǫȧ� ADA ǙƟȦ1ł�,ʑHF& 2
92Ƶª3˛

®ĵǫȧ2æƁƿ-ȫJ1˛®ĵǫȧȵɇ�ˑJ-�&��1999 Ř1Lio

ON�^yVd�į˦Ɗ�1BEǟ¢�Ƨ�L��S- 3�2002 Ř13 X ː

˫ˤȦʙĈÍȣ�ÐȦ(X-SCID) 1ł!E˛®ĵǫȧ2ä´Ș1BEȩʐȥ�

u��^- 4ʺ�,�;��˛®ĵǫȧ2ÃȁƿIˆ0,�;)&
�2��

2012 Ř1���gr-Ý>,˛®ĵǫȧʎ(alipogene tiparvovec, Glybera®) 

�Ɔʪ�F 5�2017 Ř13L��S-?˛®ĵǫȧʎ(voretigene neparvovec, 

LuxturnaTM) �Ɔʪ�F& 69.I�)2�.�,�Õ6˛®ĵǫȧ�ɾÌI

ǵ6ÕʇƿIˆ0�ȓğ3ĻȘð2ǲF�Ùǅĳ>,�E
 

� ˛®ĵǫȧ3�Ȥȥ2ǫȧ@�˱IȬȪ.�,˛®ĵý3˛®ĵIņÏ�&

ɥɻI¥2³Ô1Ɗ�!E9.̖˛®ĵǫȧɑʃŜȵɇ1˰!Eƒ˧, 2015 Ř

ƥǜ̗.ĺɶ�F,�E
$2&>�ǜŕ0˛®ĵ@ǫȧ˛®ĵ��C13ȓ

ğǯȬI˽>,�EYo�ɰ˽˰ː˛®ĵI±j2³Ô1˓Ơ�ņÏ!E9.

�˛®ĵǫȧIƁè�#E˪.0),�E
$2˛®ĵ˓Ơ2ŧåIƏ�?2

2�*�ON�^yVd�-�E
ON�^yVd�.3�˥ȖĢON�^Y

o�2ʙʘ�ǔƁĚĵIǫȧ˛®ĵ0/2ņÏ˛®ĵ1ɨƝ0&ON�^-�

D�ON�^�ɥɻ1ŽǊ!EɼçIǱȘ�,˛®ĵIɥɻ7ņÏ!E
˛®

ĵǫȧȘON�^yVd�.�,�źɸ1ȭƙƊ�!E in vivo ǭ-3Lio



�(�

˹¯ON�^yVd�̖rAAV̗@LioON�^yVd���źɸ2CƘĂ

�&Śɥɻ1³ĭ-ON�^yVd�IŽǊ�ĩǡ�#,ÕŞźɸ2³Ô1Ɗ

�!E ex vivo ǭ-3�j�ON�^yVd�@��fON�^yVd���

1Ș�CFE 7 (Table 1)
 

� Ƃ��ȵɇ�,�E AAV 2Źʶ-�E��˥ȖĢ AAV (wtAAV) 3Q�y

��wd�rVʶIƑ&0�ȭũ 20-26 nm 2ǜ�ô̅³2̄ȥúŹ�ǂ˫

DNA ON�^-�r�|ON�^ȿiz�kON�^Ō1Ō!EON�^-

�E 8-10
wtAAV ON�^Yo�2�ɍ13�rgX�]�W˟ÜIčƽ�x

Lt�ǔˏI.E Inverted Terminal Repeats (ITRs) �Ķğ��ʙʘ@rgX

�]�W1˰HE rep ˛®ĵ.U�w\kŤƁ1˰HE cap ˛®ĵ� ITR ˯

1Z�k�F,�E
˛®ĵǫȧȘ rAAV Yo�3�rep . cap ˛®ĵI˵

û��ITR ˯1ȬȪ˛®ĵ(ǫȧ˛®ĵ0/) 2ȨȓS`gj(w���d�I

č=) IƕÏ�,�E (Figure 1a)
rAAV 3̄ȥúŹON�^Țǅ2&>ĸ

ÐŹ�̓�ȅ�ɒɥɻ@Ⱦɩɥɻ0/2ɧǁÚð�&̄Úʖɥɻ1íȑʈ�˛

®ĵņÏ-�˛®ĵȨȓ�˭ƿ˯Ƒɬ!Eȅ 11��C1Ȉ@ pH 1ł!EȌȔ

ðķȪĸĺŹIƑ),�Eȅ11�,�˛®ĵǫȧȘyVd�.�,̄ŕ1ƽ

Ș-�E.ɷ0CF,�E
 

� rAAV I´ʘ!E˻�ȓğ3ON�^u��-´ʘ!Eưǭ��ǲ-�E


AAV ʄʽ3ĩǡɼI¼Ƒ�,1C"�Ċâ�ʔ�,�EˍDLioON�^

�Ķğ!E9.-ĩǡɼçIȐŮ!E
$2&>�«â3 rAAV ´ʘ2˻1L

ioON�^IÑŽǊ�#,´ʘ�,�&��ȓğ3LioON�^2ĚĵI

ơ˂�&w�^�kIȘ��ON�^u��-´ʘ�,�E
Ò³Ȫ13 3 Ʉ



�)�

2w�^�kI HEK293 ɥɻ1j��^uPV\���,´ʘ!E 12, 13
3 

Ʉ2w�^�k.3�ITR ˯1Ɣ;F&ǫȧ˛®ĵIơ˂�&yVd�w�^

�k(cis w�^�k)�rep 1B6 cap ˛®ĵIơ˂�&U�w\kw�^�

k(trans w�^�k)�1B6LioON�^x�r�w�^�k-�E


rAAV ´ʘƵ2ON�^Yo�ʙʘǘǔ1*�,«�1ˉ8E
 

� rAAV Yo�2Ĥǂ̒Ǐ.�,�˥ȖĢ-�E�ǂ˫ DNA dNw (single 

stranded AAV : ssAAV)�1B6 ITR Ô2 terminal resolution site (trs) .Ē

4FE˝±1Ĭȡ��DÚĵÔ-ȮʗȪ1Lm���W!E�ǂ˫ DNA dN

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

�Ƹþ�,�E
ssAAV 2ʙʘǘǔ3�ȉư2 ITR 2C HEK293 ɥɻ2

DNA }����aIàȘ�,`S�k˫2ĈƁ�ĳ;D�?��ư2 ITR ;

-ĈƁ˫�°6&C Rep d�rVʶ1B), trs ˝±�ÛƮ�F�Rep d�

rVʶ2x�S�aǱŹ1B), ITR ˝Ú2xLt�ǔˏ�ʠF�ǂ˫.0

D�$2˝Ú? DNA }����a1B),ĈƁ�F�ƼɧȪ1ĈƁ�F&

ITR ˝Ú�Õ6xLt�ǔˏI.E9.-ʙʘ�Ĺ�!E(Figure 1b)


Figure 1b 1ȼ�F,�EˍD�ssAAV 3ʙʘ!E.w�^˫.~Nl^˫

� 1 *"*-�E
dsAAV 3Ĭȡ�0� ITR � 2 *(wtITR)�1B6 trs 1

Ĭȡ��E ITR � 1 *(mITR) 2ʢ 3 *2 ITR �Ķğ!E
ʙʘǘǔ3

ssAAV .ĉǕ1ȉư2 wtITR 2CĈƁ�ĳ;D�ssAAV .ĉǕ2ʙʘǘǔ

I&/E
$�,�dsAAV -? ssAAV -?ʙʘ�F&ON�^Yo�3�

Rep d�rVʶI§�,U�w\k1rgX�]�W�FE
 



�
�

� «�2B�1�,´ʘ�& rAAV 3�ƼɧȪ1ɜʘ�,ǫȧ1Ș�E
AAV 

13ȓğ 100 Ʉ«�2ʐǺĢ�ĥď�F,�E
2 Ģ AAV (rAAV2) 3�´ʘ

2˻�į˝Ú� HEK293 ɥɻÔ1./;E��1�6�8�9 Ģ AAV 

(rAAV1�rAAV6�rAAV8�rAAV9) 0/�Į�2ʐǺĢ3ģ̐�Ǻ1Į�ÚǬ

�FE
ĉ ɜʘǭ-?�ɥɻȚǅ2 rAAV .ģ̐�ǺȚǅ2 rAAV -3Ƽ

ɧɜʘȌ2ɡŞ�ȡ0D�ģ̐�ǺȚǅ2 rAAV 2ư�Ĳ˾d�rVʶ�ň0

�ɡŞ�̓�
$2&>�Ąɼ0˳Dģ̐�Ǻ2Cęā�& rAAV Iɜʘ!E

9.�ƾ;��
�1ɜʘ˔Ƀ-˵û!8�?23��Ɉəĵ��˯³�Ĳ˾

d�rVʶ-�E
�Ɉəĵ.3�ON�^Yo��rgX�]�W�F,�

0�U�w\kd�rVʶ2<2əĵ29.-�9F�ƼɧɜʘȌ1Į�Ķğ

!E.±j1Ɗ��&˻�ȬȪʂė72j��^eV\��Ƶ1ON�^Yo

��rgX�]�W�F&ĹÐəĵ2 rAAV .ɎĈ�,�;��˛®ĵņÏí

ȑ�ǏǢ1��),�;�&>�-�E'�˵û!E9.�Ǩ>CFE
;&

�˯³.3�ON�^Yo�2�˝�U�w\kd�rVʶ1rgX�]�W

�F&əĵ-�D�9F?�Ɉəĵ.ĉ ȔȚ-˛®ĵņÏíȑI��EʚĚ

.0),�;�&>˵û!E9.�ųʚ-�E
Ĳ˾d�rVʶ3�L]�q

�j.�,Æ�ĄɼŹ��E&>�0E8�ɡŞI̓�ɜʘ!E9.�ƾ;�

�
9FC2ȌʶI˵û!Eưǭ.�,�9F;-ŀŞî˟ʻ˘ŲÚ˿ǭ�ʑ

HF,�,1D�ȓğ-?�ǲ.0),�E 14-16
�2�92ưǭ3�GMP 

ʘˏIʑ�9.@�į˦ȖȗI˖Ɓ!E9.11�,p�k��̓�&>�ª

ƻ2Ƅǭ2ˮȨ�ƾ;F,1D�$2ɐ̉.�,V�~jW�uM�ɜʘǭ�

Ɠ�CFE
 



���

� 9F;-ĥď�F,�E rAAV 2V�~jW�uM�ɜʘǭ13�NR�£

ƝS��V�~jW�uM�17-23�LuMmhM�S��V�~jW�uM�

24-26�ȢǧŹS��V�~jW�uM�27�Y�ȃ˔V�~jW�uM�280/

2ưǭ��E
NR�£ƝS��V�~jW�uM�3�rAAV [�w�2

pH @ħȂŞIʮƪ!E9.- rAAV 2ʊ́Iʮɖ��rAAV IS��Ə³1

ĎȰ�#�ħȂŞI��,ȀÙ!Eưǭ-�E
LuMmhM�S��V�~

jW�uM�3�rAAV 2U�w\k1ł!EƋ³IS��Ə³1ĂD©��

rAAV IƋ³-j�gw��pH IˢŹÄ1!E9.- rAAV IȀÙ!Eưǭ

-�E
ȢǧŹS��V�~jW�uM�3�rAAV [�w�2 pH @ħȂŞ

Iʮƪ!E9.-�U�w\k11�EȢǧŹ2Ţ�L�oˢǠĤĨÙ�

#�S��Ə³.ȢǧɪĈ�#�ħȂŞI��,ȀÙ!Eưǭ-�E
Y�ȃ

˔V�~jW�uM�3�Úĵ2į��1B),d�rVʶIÚ˿!Eưǭ

-�Úĵ˦2į�� rAAV .¨2Ĳ˾d�rVʶIÚ˿!E21˙�,�E
 

� «�2B�0ưǭ-ɜʘ�& rAAV I±j1Ɗ��&˻�rAAV 3³Ô-«

�2B�0ǘǔ-Ȩȓ!E
rAAV 3ǖȪɥɻʁ1Ķğ!Eăľ³.ɪĈ��

Q�k[Nj�\^1BDĂD˅;F�Q�kb��1ï;F,Ǎ;-˓4F

E 29
Q�kb��Ô2² pH ȕĨ1ƹ̃�FE.Swb�L1ǔˏĬð�ʺ

9D�ON�^əĵÔ˝BD��ɽʶÚʠˡɣǱŹ˝±̖phospholipase A2 

domain̗�̃Ù!E9.-Q�kb��2ɽʶ�ˤʁIȷ),ɥɻʶÔ1ɿ

Ù!E 30 (5 Ģ0/2�˝2ʐǺĢ3˵�)
ǍÔ72ɂʑ.Ñ1ɿǣ��ǍÔ

- rAAV Yo��̃Ù!E
ssAAV 2˛®ĵȨȓ13ǍÔ-w�^˫.~N

l^˫�Ȯ�1Lm���W!E2�`S�k˫�ĈƁ�FE22�"F2�



�,�

ųʚ.0E��/(C2ĦĈ?�ǂ˫.0EʑɃ�˛®ĵȨȓ2ūˎǢ˸.0

E 31
�ư�dsAAV 32, 333 “ÚĵÔ” -íȑʈ�Lm���W�,�ǂ˫10

E&>˛®ĵȨȓ;-2ƿ˯�ȳ�
&'��AAV 3?.?.Ň�0ON�

^-�E&>�ȨȓS`gj2[N_3 ssAAV -ɠ 4.7 kb�dsAAV -ɠ 3.2 

kb ;-�ơ˂-�E�˳-�D 34�ǫȧ˛®ĵ�į��ĦĈ0/3 rAAV 2

ʥʢ1ǯżIʚ!E
�ǂ˫.0)&yVd�Yo��Ǌʉ³1ƕÏ�FEȺ

ȑ3ǒ>,²��į˝Ú3Qtc�~�0Ȏž-Ȩȓ��ǍÔ-Z�Sd~�

IŤƁ!E&>˭ƿȨȓ1ʅE
 

� ʐǺĢ�.1ăľ³@ɨɳƒċŹ�ȡ0E 35, 36&>�ǫȧȬȪ@˛®ĵņÏ

!Eɨɳ1ŵ , rAAV 2ʐǺĢI¶�Ú�E9.-�Ǖ�0ǫȧ�Ąɼ.0

E 37
Ë1ɦ§�& Glybera® 3 1 ĢLio˹¯ON�^yVd� (rAAV1) 

IȘ�&�}d�rV�r�aǙƟȦ1ł!Eǫȧʎ- 38�LuxturnaTM 3

rAAV2 IȘ�&��q�ËİŹ̕Ô˼1ł!Eǫȧʎ-�E
rAAV IȘ�&

˛®ĵǫȧ3r�U�b�ȥ 39-42�ʐÿȥ 43�ɒ]^j�uM�440/1ł�

,?íǉ�ʧƳ�F,�E
 

� rAAV IȘ�&˛®ĵǫȧ 45-483¦Ŭ�C1Ƹþ!E9.�ƿŪ�F,�E

��±j72Ɗ�1ÊÚ0ʶ.˦Iʘˏ1B6ɜʘ!Eɞ(į˦ʘˏ�ɜʘɞ) 

�ǀ'Ⱥɋ�F,�0�9.�ȓğ2ʭ̋.0),�E
$F.ĉƵ1�Ʋǂ

-3S�dxlɏ�Ʉ¶ȘʜɃ� rAAV IȘ�&˛®ĵǫȧ2ʃŜʩ̑2p�

k�I��,�E
S�dxlɏ�Ʉ¶ȘʜɃ11�E rAAV 2Ƽį2ƀŶ

3�Ɗ�Ŭ1źɸ2CƗÙ�F& rAAV �ȕĨÔ2ɏ�ɸ@ȖȌ1ŽǊ��Ȗ

ȌĮǕŹ1Ŧ̆Iþ:!9.-�E
L��S-3ʃŜʩ̑Ƶ1ŮCF&i�



�-�

dIĤ1ƆʪțʯƵ1 rAAV 2ȕĨŦ̆ʨ¸IƜÙ!E��Ʋǂ-3ʃŜʩ̑

ˮĳâ1S�dxlɏ�Ʉ¶ȘʜɃ2țʯƺ.µ#,ȖȌĮǕŹŦ̆ʨ¸ƺI

ƜÙ!E9.10),�E
*;DƲǂ-3�rAAV 2ȕĨ72Ŧ̆IƚǼ�

0�F40C0�
ʨ¸ƺ13 rAAV 2ŽǊŹ@�ǱðǄ­I3 >.!EȖ

Ȕ�ȖžķȪȍŹIʤÏ!E9..0),�E��9F;- rAAV 2ŽǊŹ@

ĸĺŹ1*�,2ĥď3H"2-�D�ȖȌĮǕŹŦ̆ʨ¸ƺ1ʤ˂-�E'

�2i�d�ʍɅ�F,1C"�$29.?�),Ʋǂ-2ʃŜʩ̑�Ãȁ�

,�E
;& rAAV 2ŹʶIƈƞ�,�0�.�źɸ2CƗÙ�F& rAAV 

2Ăƅ�1?ěɊ��źɸ2¾ļɕȔ�*;DźɸI/F�C�2ƿ˯˺˿!

F4��2ɑ�Þß-�"�źɸ1.),ŽŻȪ1B6ʽ³ȪʴƏ10E2<

0C"óȧŭ�ɸ1.),?ʴƏ.0),�;�
$2&>�rAAV 2ĤȻȪ

0ȍŹIʮ8E9.3¦Ŭ2˛®ĵǫȧIƸþ�#E21ųʚ�ĄǙ09.-

�E
 

  



�.�

ɏ̚Ɍ� Ļ̑ȬȪ 

 

� rAAV IȘ�&˛®ĵǫȧ2ʃŜŵȘ1ċ��rAAV9 IŀŞî˟ʻ˘ŲÚ

˿ǭI¶Ș#"1�V�~jW�uM�ɜʘ2<(NR�£ƝS��V�~jW

�uM�1B6Y�ȃ˔V�~jW�uM�) -į˦2*̓ɡŞ1ɜʘ!Eư

ǭIȺɋ!E9.�1B6 rAAV 2ĸĺŹ2ĤȻi�dIĂŮ!E9.IȬȪ

.�&
Ƃ�3«â�rAAV1 2V�~jW�uM�ɜʘǭ1*�,ĥď�,

�E��¦ę 9 Ģ2ʐǺĢ1ȰȬ�&ȔȚ3�rAAV9 3ɒ]^j�uM�0

/2ȾɩɒȤź1ł!E˛®ĵǫȧ-Į�2ĻɲIɅJ-1D̄ŕ1ƽȘ-�

E9.�ȼĕ�F,�E&>-�E
rAAV 2ĸĺŹ1˰�,3�4 Ʉ2ʐǺ

Ģ2 rAAV IǕ�0ðĈȌ�ǸĈȌ�ȕĨ1ƹ̃�&˻2ŽǊç2ĬðIʮ8

E9.-ʨ¸�&
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ɏ̛Ɍ ǃƭ1B6ưǭ 

 

̛−̙� rAAV9 ɜʘǭǑʣ 

 

̛−̙−̙� ɥɻģ̐ 

� ±jɺÎʀȚǅ�ǟðɥɻǌ(HEK293 ɥɻ) 1B6 E1 ˛®ĵ. Bcl-xL ˛

®ĵIņÏ�& HEK293 ɥɻ(HEK293EB ɥɻ)I�8%2ȋɺÎʐǺ(FBS, 

Biowest, Nuaillé, France) 1B6zm\��.^j�wj~N\� (Sigma-

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

(DMEM, Sigma-Aldrich) - 37��5% CO22ȕĨ�-ģ̐�&
HEK293 ɥ

ɻ3 rAAV9 2ȸˢL��mO�ǪǤ2Ǆ­Ǒʣ2˻1¶Ș�&
HEK293EB 

ɥɻ3�16 ǈ2 Square dish (245 × 245 × 18 mm, 500 cm2; ʢ 8,000 cm2, 

Corning, New York, NY) 1~3.2 ×109 ¾ƣɄ��rAAV9 2V�~jW�uM

�ɜʘǭ2Ǒʣ2˻1Ș�&(ɭģ̐Ƕ˦3 1120 mL)
 

 

̛
̙−̚� w�^�k 

� rAAV9 ɜʘȵɇ-3�3 *2 cis w�^�k-�E pdsAAV-CBA-EGFP 

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

Firefly Luciferase)�1B6 pssAAV-CMV-RFLuc (AAV9-ssLuc Ș) IȘ�

&
pdsAAV-CBA-EGFP 3��ɍ� AAV2 Ģ ITR -�$2˯1 Chicken 

beta actin (CBA) w���d�2áů�-Ȩȓ!E EGFP ˛®ĵIZ�k�

& dsAAV Ș2w�^�k-�u��eįķ2 Dr. Arun Srivastava 2CĿʸ



�'	�

�,�&'�&
pdsAAV-CBA-RFLuc (dsAAV Șw�^�k) 3«�2ˍD

1V��m�W�&
;"�w�N~� 5’-�

AACGAATTCGGATCCGCCACCATGGAAACAGAAAGAGAAGAAAACG�-3’ 

1B6 5’-�CTGGAATTCAAGCTTCTACCCACCTGCTTGAGGTTTCTTG-3’ 

IȘ�,�pCMV-RFLuc (Targeting Systems, El Cajon, CA) 2 RFLuc ˝±

I PCR -ĩŖ��ŮCF& PCR ȗȌI NcoI 1B6 HindIII 1BDá˳ˡ

ɣØȔ��ƼɧȪ1 pdsAAV-CBA-EGFP 2 EGFP ˝Ú.ɨƝ0&
pssAAV-

CMV-RFLuc (ssAAV Șw�^�k) 3�RFLuc ƮȉI�ʤ2B�1 PCR -

ĩŖ��pAAV-MCS (Agilent Technologies, Santa Clara, CA) 2 EcoRI-

HindIII ˝±1V��m�W�,´ʘ�&
trans w�^�k-�E pAAV2/9 

(AAV2 Ģ rep ˛®ĵ1B6 9 Ģ cap ˛®ĵI¶Ș) 3�James M. Wilson 

(z�\�qmLįķ) 2CĿʸ�,�&'�&
LioON�^x�r�w�

^�k-�E pHelper 3�Stratagene (La Jolla, CA) 2CʷÏ�&
 

 

̛−̙−̛� rAAV9 ´ʘ1B6 rAAV9 ɚɜʘ 

HEK293 ɥɻ;&3 HEK293EB ɥɻIģ̐��ɥɻŀŞ� 90% «�2Ȏ

ž-�E9.IȺʪ�&
$�,�rAAV9 ´ʘ1ųʚ0w�^�k�!0H

( cis w�^�k�pAAV2/9�pHelper 2 3 ɄI Square dish 1 ǈţ&D cis 

w�^�k: pAAV2/9: pHelper = 44.8 µg : 44.8 µg : 90.1 µg12, 13.0EB�1

}�Qf��N��(Polyethylenimine Max, Polysciences Inc., Warrington, 

PA) IȘ�,ȆʐǺ2 DMEM ģĠ�-ɥɻ1j��^uPV\����5 Ʋ

˯ģ̐�&
92˻�L-L�m� L-W�d��]zwfkIčƽ��ɥɻ2Ȗ
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ĶȑIċ��#E GlutaMAX™-І (1×, Gibco®, Life Technologies) Iǹé�

&
w�^�k DNA .}�Qf��N��3 1:249 2åĈ-ǸĈ�,}�w

�gV^IŤƁ�#&
rAAV9 3ģ̐�Ǻ1Į�ÚǬ!E&> 50, 51�5 ƲŬ

1ģ̐�ǺIęā��0.45 µm 2uM�d� (Thermo Fisher Scientific, 

Waltham, MA) -ȃ˔Ŭ�Úĵ˦2SgjRu� 750 kDa 2{��uKNq

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

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

1,ƙɯǲ˳ĭȃ˔ (Tangential Flow Filtration, TFF) Iʑ)&
TFF Ŭ[

�w�1�0.2 µL/mL 2 benzonase (25 U/mL, Novagen, San Diego, CA) I

ǹé��37� - 30 Ú˯Āŵ�#�Ƒ(˅;F&w�^�k0/2 DNA I

Úʠ�&
$�,�10 µL/mL 2 0.5 M EDTA Ié0, benzonase 2ĀŵI

ÃǛ�&
Benzonase ØȔ[�w�I 50� - 20 Ú˯éȈ�,�²Úĵ˦Ĳ

˾d�rVʶIĬŹ�#&
ĬŹd�rVʶ3�13,100 × g - 10 Ú˯2˘Ų

Ú˿I 3 [NV�ʑ�9.1BD˵û�&
ǚ1�̏ēȸˢL��mO�(AS) 

IéȈØȔŬ[�w�2õ˦é0, 33% (w/v) AS 2ȀǶI´Ɓ��18,800 × 

g , 4� - 30 Ú˯˘ŲÚ˿!E9.1BD 1/3 AS ǪǤIʑ)&
rAAV9 3

92ØȔ-�Ǻ1Ķğ!E2-��ǺIęā��̏ē AS IÉ2[�w�˦2

õÚIé0E9.-�1/2 AS ȀǶI´Ɓ��18,800 × g , 4� - 30 Ú˯˘Ų

Ú˿!E9.1BD 1/2 AS ǪǤIʑ)&(1/3	1/2 AS)
ǪǤ�& rAAV9 I

20 mL 2�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 qguK�, 
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pH8.0) 1Ȁʠ�&
MHN qguK
13�50 mM NaCl . 0.01% (w/v) 

Pluronic F-68 (̄NR�Źȝ̅ǱŹã�Sigma-Aldrich) Iǹé�&
 

 

̛−̙−̜� rAAV9 2NR�£ƝS��1B6Y�ȃ˔S��V�~jW�u

M�ɜʘ 

� 1/3	1/2 AS ØȔ[�w�I�ȀǶ2ņ́ȑ� 7.3 mS/cm 10E;- MHN 

qguK�-œˣ�&
ņ́ȑ3ħȂŞIĀƴ�,1D�ņ́ȑ`�[�

(LAQUAtwin, HORIBA, Tokyo) I¶Ș�,Ǽĺ�&
œˣ[�w�I�

MHN qguK�-ŗʓð�&S��ľɅ 20mL 2 HiPrep Q XL (GE 

Healthcare) S��(4 ɢL��mO�˶NR�£ƝS��) 1�P1 z�^d

�hMgV}�w (P1 }�w�GE Healthcare) I¶Ș�, 3 mL/min 2ˎ

Ş-Lw�N�&
S��1ĎȰ�&[�w�3�1M NaCl . 0.01% (w/v) 

Pluronic F-68 čƽ MHN qguK�(pH8.0) 1BDȀÙ�&
S��1ĎȰ

#"1�ˍ˔�&ȜÚ1Ķğ!E rAAV9 [�w�3�Ultracel 30K uM�d

�(Merck Millipore, Billerica, MA) -˳ĭȃ˔Ŭ�HiLoad 16/60 Superdex 

200 preparation grade S��(GE Healthcare) 1B6 10 mL 2[�w��

�wIÅ0©�& ÄKTAExplorer 100 HPLC \^h�(GE Healthcare) I¶

Ș�,Y�ȃ˔V�~jW�uM�ɜʘI�&
Y�ȃ˔V�~jW�uM�

-¶Ș�&qguK�3�300 mM NaCl 1B6 0.01% (w/v) Pluronic F-68 

čƽ MHN qguK�(pH6.5) -�E
u�V\��3ǚ2B�1ęā�&


ƼÝ2òȜ̢ʢ 0.2 S��ľɅ(CV)�5 mL 2u�V\��
2 ȠȬ2òȜ̢

ʢ 0.6 CV�1mL 2u�V\��
3 ȠȬ2òȜ̢ʢ 0.3 CV�5mL 2u�V



�')�

\�� (1 CV = 120 mL)
t�Vu�V\��-�E Fr 15 – Fr 27 Ięā

��ƼɧɜʘȌ.�&
ƼɧɜʘȌ2Ĕʶʨ¸3�SDS-PAGE�OQ^d�v

�ghM�W�qPCR�ÚǇȘʻ˘Ų(AUC) 1,ʑ)&
 

 

̛−̙−̝� ON�^ç¸Ǽĺ 

� ç¸IǼĺ!E&>1�rAAV9 2ON�^Yo� DNA IƎÙ�ɜʘ�

&
;"�rAAV9 [�w�1 benzonase (125 U/µL, Merck Millipore) 1B6

2 mM MgCl2 Iǹé��37� - 30 Ú˯Āŵ�#&
ON�^Yo� DNA 

3�DNeasy Blood & Tissue Kit (QIAGEN, Hilden, Germany) I¶Ș�,Ǝ

Ù�&
$�,�Benzonase ɹŹəĵ2Yo�ç¸I 7500 Fast Real-Time 

PCR System (Applied Biosystems, Foster City, CA) IȘ�,ĺ˦ PCR ǭ

(qPCR) 1BDǼĺ�&
ˡɣ3 SYBR® green dye (SYBR® Premix Ex Taq, 

TaKaRa, Japan) ;&3 TB Green Premix EX Taq II [Tli RNase H Plus] 

(TaKaRa)I�w�N~�3 ITR IǖȪ.�&˟Ü (forward primer: 5′-

GGAACCCCTAGTGATGGAGTT-3′, reverse primer: 5′-

CGGCCTCAGTGAGCGA-3′)�EGFP IǖȪ.�&˟Ü(forward primer: 5′-

AGCAGCACGACTTCTTCAAGTCC-3′, reverse primer: 5′-

TGTAGTTGTACTCCAGCTTGTGCC-3′)�;&3 RFLuc IǖȪ.�&˟Ü

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

ATCCCCAGACTGTGGTTCAG-3′) IȘ�&
qPCR 2Ǆ­3�95��5 

ɀ�60��34 ɀI 40 [NV�ʑ)&
^d�e�k.�,�SacI -á˳ˡ

ɣØȔ�ȭɯð�& pdsAAV-CB-EGFP DNA (AAV9-dsEGFP Ș)�XmnI -
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á˳ˡɣØȔ�ȭɯð�& pdsAAV-CBA-RFLuc (AAV9-dsLuc Ș)�1B6

BamHI -á˳ˡɣØȔ�ȭɯð�& pssAAV-CMV-RFLuc (AAV9-ssLuc Ș) 

IȘ�&
^d�e�k3�QIAquick Gel Extraction Kit (QIAGEN) -ɜʘ

�&
1 mL �&D2 benzonase ɹŹəĵ2 vector genome (v.g.) Ʃ(v.g./mL) 

Iç¸.�&
 

 

̛−̙−̞� SDS-PAGE .OQ^d�v�hM�W 

� ɜʘ˔Ƀ@ƼɧɜʘȌ2 rAAV9 I�5-20% }�LV��L�kȂŞî˟2

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

PAGE 1BDʠǇ�&
AS ØȔǄ­Ǒʣ-3 Quick Coomassie brilliant 

blue (Q-CBB, Wako) I�ǠD2Ļ̑-3 Oriole Fluorescent Gel Stain (BIO- 

RAD, Hercules, CA) IȘ�,Y�Ǌʉ�&
Oriole - 90 Ú˯Ǌʉ!E9.

3˨Ǌʉ1ñƫ!E
 

� SDS-PAGE Iʑ)&}�LV��L�kY�I polyvinylidene fluoride ʁ 

(Merck Millipore) 1�ƷʾÖ�&
ʾÖŬ�ʁI 3% ȋʐǺL�v��/Tris-

buffered saline containing 0.05% Tween® 20 (TBST) -v�gU�W�&


$2Ŭ�1 ǚƋ³-�E monoclonal antibody B1 (PROGEN, Heidelberg, 

German) I 1 Ƶ˯Āŵ�#&
TBST -ǰǳŬ�HRP ǖʳ�& 2 ǚƋ³-

�E horseradish peroxidase-labeled anti-mouse secondary antibody (GE 

Healthcare) I 1 Ƶ˯Āŵ�#&
d�rVʶI ECL Plus™ Western 

Blotting Detection System (GE Healthcare) IȘ�,ǑÙ�&
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̛−̙−̟� ±jYo� DNA ǸÏ2Ǽĺ 

� ƼɧɜʘȌ-�E AAV9-dsEGFP (3 ę2Ļ̑) 1±jYo� DNA �ǸÏ�

,�E2Č22ÞßI qPCR IȘ�,ʑ)&
ˡɣ3 SYBR® Premix Ex 

Taq�w�N~�3±j GAPDH IǖȪ.�&˟Ü (forward primer: 5′-�

CTGGGCTACACTGAGCACC-3′, reverse primer: 5′-�

AAGTGGTCGTTGAGGGCAATG-3′, NCBI : Pr032064752) IȘ�&
±j

Yo� DNA (Roche, Mannheim, Germany) I^d�e�k DNA .�,¶Ș

�&
rAAV9 1rgX�]�W�F,�E±jYo� DNA IǑÙ!E&>

1�benzonase (125 U/µL, Merck Millipore) 1B6 2 mM MgCl2 Iǹé�

,�37 �- 30 Ú˯Āŵ�#ȀĴ2 DNA I˵û�&Ŭ�DNeasy Blood & 

Tissue Kit (QIAGEN) I¶Ș�,ON�^Yo� DNA 2<IƎÙ�&


rAAV9 1rgX�]�W�F,�0��ĭ2ȀĴ1Ķğ!E±jYo� DNA 

3�benzonase ØȔI#"1 DNA ƎÙIʑ�Ǽĺ�&
qPCR 2Ǆ­3�

95 ��5 ɀ�60 ��34 ɀI 40 [NV�ʑ)&
 

 

̛−̙−̠� ́ĵ̌ŰˬʞŁ 

� Ȅɣ�ʌȰ�&˩W�gk (Nisshin EM Corporation, Tokyo, Japan) 1 40 

µL 2[�w�I2#�1 Ú˯Ʀɵ�&
$2Ŭ�1% 2O�m�ˠˢ- 1 Ú

˯nThMvǊʉIʑ)&
ƼɧȪ1�ˌ˔Ģ́ĵ̌Űˬ H-7650 (Hitachi, 

Tokyo, Japan) IȘ�, 80 kV 2éˎ́Ğ-ʞŁ�&
�Ɉəĵ.yVd�

Yo�Ičƽ!EĹÐəĵ.2Ǧȑ3́ĵ̌ŰˬÖȯIȘ�,ɔÙ�&
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̛−̙−̡� ÚǇȘʻ˘Ų(AUC) 

� ÚǇȘʻ˘Ų (Analytical Ultracentrifugation, AUC) 3�Proteome Lab 

XL-1 ʻ˘ŲÚ˿ǘ (Beckman Coulter, Indianapolis, IN) IȘ�,ʑ)&


400 µL 2 AAV9-dsEGFP I`�d�t�^2[�w�òȜ1�400 µL 2

ȀĴI`�d�t�^2�uK��^òȜ1��k��4 Ɇ��d�1`gj

�&
4 Ɇ��d�Iʻ˘Ųǘ1`gj�,�20� -ŗʓð�&Ŭ�Ǫ˲ˎ

Ş˘ŲÚ˿3 12,000 rpm, 20� -ʑ��ÚǇ13ĎÌŞ(260nm) I¶Ș�

&
 

 

̛−̙−̙̘� AUC i�dʠǇ 

� ĹÐ˭2ON�^Yo��rgX�]�W�F& rAAV9�ON�^Yo�2

Ʈȉ�rgX�]�W�F& rAAV9 (�˯³)�1B6ON�^Yo��rg

X�]�W�F,�0��Ɉəĵ2åĈ3�Sedfit continuous-size C(S) Ú

ő�i�IÚǇ!E9.1BDǩĺ�&
ǚ2 C(S) r���dIÚǇ1¶Ș

�&
ʠÇŞ̢100S�S ƼŇ̢20�S Ƽį̢120�ƢƤǦ̢1.32859�F ɫ

ʢ̢0.68�qguK�ŀŞ̢1.0148�qguK�ɛŞ̢0.0106
92�i�

3�i�dI��ưɃş-ʠ�&
ÚǇ2½̊Ź3�˙ĈŞ(��ŗġŗưǎ

2ǖǾÂŏ(RSMD)) 1B),Ⱥʪ�&
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̛−̚� rAAV 2ĸĺŹʨ¸ 

 

̛−̚−̙� ɥɻģ̐ 

� HEK293EB ɥɻI�8% 2 FBS (Biowest) 1B6zm\��.^j�wj

~N\� (Sigma-Aldrich) Ičƽ�& DMEM (Sigma-Aldrich) - 37��5% 

CO22ȕĨ�-ģ̐�&
HEK293EB ɥɻ3�3 ǈ2 Square dish (ʢ 1,500 

cm2, Corning) 1~6.0 × 108 ¾ƣɄ�& (ɭģ̐Ƕ˦3 210 mL)
 

 

̛
̚−̚� w�^�k 

� rAAV ĸĺŹʨ¸2ȵɇ-2 cis w�^�k3�pAAV-ZsGreen1 (TaKaRa 

Bio) IȘ�&
pAAV-ZsGreen1 3��ɍ� AAV2 Ģ ITR -�$2˯1

Cytomegalovirus (CMV) w���d�2áů�-Ȩȓ!E ZsGreen1 ˛®ĵ

IZ�k�& ssAAV Ș2w�^�k-�E
yVd�Yo�2˭�3ɠ 2.6 

kb -�)&
3 *2 trans w�^�k�*;D pAAV2/1 (AAV2 Ģ rep ˛®

ĵ1B6 1 Ģ cap ˛®ĵơ˂)�pAAV2/8 (AAV2 Ģ rep ˛®ĵ1B6 8 Ģ

cap ˛®ĵơ˂)�1B6 pAAV2/9 (AAV2 Ģ rep ˛®ĵ1B6 9 Ģ cap ˛®

ĵơ˂) 3�James M. Wilson (z�\�qmLįķ) 2CĿʸ�,�&'�

&
?��*2 trans w�^�k-�E pAAV-RC (AAV2 Ģ rep ˛®ĵ1B

6 2 Ģ cap ˛®ĵơ˂) 3�Agilent Technologies 2CʷÏ�&
 

 

̛−̚−̛� rAAV ´ʘǭ1B6ɜʘǭ 
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� ´ʘǭ3̛
̙
̛-ʤ˂�&.1D-�E
rAAV1�rAAV8�1B6

rAAV9 1*�,3�j��^uPV\�� 5 ƲŬ1ģ̐�ǺIęā��0.45 

µm (Thermo Fisher Scientific) 2uM�d�-ȃ˔Ŭ�AAVpro® 

Concentrator (TaKaRa Bio) -ɜʘ�&
rAAV2 3�j��^uPV\��

5 ƲŬ1�ɥɻIęā�,�AAVpro Purification Kit (All Serotypes, TaKaRa 

Bio) IȘ�,ɥɻȷȶǶ2Cɜʘ�&
 

 

̛−̚−̜� ˥ȖĢ AAV2 (wtAAV2) 

� wtAAV2 3 American Type Culture Collection (VR-680�, ATCC, 

Manassas, VA) 2CʷÏ�&
 

 

̛−̚−̝� ŽǊŹʨ¸Iʑ�&>2 AAV 2Ǖ�0ðĈȌ�ǸĈȌ�ȕĨ72

ƹ̃ 

� 1.12 × 109 v.g. 2ćʐǺĢ rAAV 1B6 wtAAV2 I«�2B�0ðĈȌ�

ǸĈȌ�ȕĨ1ƹ̃��ŽǊç2ĬðIʮ8&
WUV-M20 device (Atto, 

Tokyo, Japan) IȘ�,ɤĭɯ1 40 Ú˯(ȇŞ 126mW / cm2�ɭƦńȇŞ

3.0mJ/cm2)�0.1M NaOH (Wako) 1 15 Ú˯�0.06% NaClO (OYALOX, 

Tokyo, Japan) 1 15 Ú˯�0.22 µm ȃ˔ǧ˕ǧ (ȹŞ 71.0�90.5 mg/L�Ǡ

Ȟħɣ 0.4 mg/L) 1 10 Ʋ˯�1B6 70% Qdo�� (EtOH, Muto Pure 

Chemicals, Tokyo, Japan) 1 10 Ʋ˯ƹ̃�&
 

 

̛−̚−̞� ŽǊçĬðIʮ8E&>2ʏÌ̌ŰˬʞŁ1B6 TCID50 Lg`N 
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� ATCC (CRL-2972) 2CʷÏ�& HeLaRC32 ɥɻ(rep 1B6 cap ˛®ĵ

IĸĺȪ1Ȩȓ!ErgX�]�Wɥɻǌ) I�8% 2 FBS (Biowest) 1B6

zm\��.^j�wj~N\�(Sigma-Aldrich) Ičƽ�& DMEM (Sigma-

Aldrich) - 37��5% CO22ȕĨ�-ģ̐�&
 

� AAV IŽǊ�#EâƲ1�HeLaRC32 ɥɻI 96 OP�w��j(BD 

Falcon, Franklin Lakes, NJ) 1 4.0 × 104 cells/well .0EB�1ƣɄ�&
 

� ATCC (VR-1516) 2CʷÏ�&±jLioON�^ 5 (Ad5) I AAV ŽǊţ

Ʋ1ʠ×��ȆʐǺ DMEM -ƼɧȂŞ 3.2 × 108 particles/mL .0EB�1

ʮʘ��9FIœˣȀǶ.�&
̛
̚
̝ 2ØȔI�& AAV 1B6ǀØȔ2

AAV 10 µL 1œˣȀǶ 990 µL Iǹé��10-2œˣ[�w�I´ʘ�&
10-2

œˣ[�w�1œˣȀǶ 990 µL Iǹé��10-4œˣ[�w�I´ʘ�&
ĉ

Ǖ1�,�10-6�10-8�10-10 œˣ[�w�I´ʘ�&
ćœˣ[�w� 50 µL 

I�96 well w��j1ƣɄ�& HeLaRC32 ɥɻ1 8 well "*j��^eV

\���&
 

� j��^eV\�� 3 ƲŬ1�ɮʉʏÌI IX71 ÀɋʏÌ̌Űˬ(ëʺǮ˭

ɗĜ̢470 nm�490 nm�ȨÌǮ˭ɗĜ̢515 nm�550 nm�uM�d�̢

NIBA�¿ȑ̢100 ¿�Olympus Corporation, Tokyo, Japan) -ʞŁ�&
Ž

ǊçĬð�*;DʏÌ2Ĭð1*�,3�Image J (National Institutes of 

Health, Bethesda, MD) I¶Ș�,ÚǇ�&
 

� ʏÌ̌ŰˬʞŁŬ�j��^eV\���&ɥɻ1B6�,0�ɥɻ2C

DNA ƎÙIʑ)&
DNA ƎÙǶ2ɨƁ3�0.25% iRU\Z��ˢlj�

O� (Wako)�0.045% Tween20 (Sigma-Aldrich)�1 × w�hl�a K qgu



�(	�

K��0.3 mg/mL w�hl�a K (QIAGEN) -�85 µl 2 DNA ƎÙǶIć

OP�1ǹé��ɥɻčƽ DNA ƎÙǶI PCR f��v1ɂ�&Ŭ�37� 1

Ƶ˯�55� 2 Ƶ˯�95� 30 Ú˯2ʑɃIɩ&
ƎÙ�& DNA IʌȞǧ-

103¿1œˣŬ�7500 Fast Real-Time PCR System (Applied Biosystems) I

Ș�&ĺ˦ PCR ǭ (qPCR) 1BD TCID50 IǼĺ�&
92Ǽĺǭ3�

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

SS_Infectious_titer_assays_V2.ashx 1ʤ˂2ǖǾȪ0ưǭ-�E
rAAV1�

rAAV8�rAAV9 2ĦĈ3�ˡɣ3 TB Green Premix EX Taq II [Tli RNase H 

Plus] (TaKaRa) I�w�N~�3 ZsGreen1 IǖȪ.�&˟Ü (forward 

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

GTCAGCTTGTGCTGGATGAA-3′) IȘ�&
rAAV2 1B6 wtAAV2 2Ħ

Ĉ3�ITR IǖȪ.�&˟Ü (forward primer: 5′-

GGAACCCCTAGTGATGGAGTT-3′, reverse primer: 5′-

CGGCCTCAGTGAGCGA-3′) IȘ�&
qPCR 2Ǆ­3�95��5 ɀ�

60��34 ɀI 40 [NV�ʑ)&
^d�e�k.�,�XmnI -á˳ˡɣ

ØȔ�ȭɯð�& pAAV-ZsGreen1 IȘ�&
^d�e�k3�QIAquick Gel 

Extraction Kit (QIAGEN) -ɜʘ�&
 

   



�('�

ɏ̜Ɍ ɪǉ 

 

̜−̙� rAAV9 ɜʘǭ 

 

̜−̙
̙� ȸˢL��mO�1BE rAAV9 2ɚɜʘ 

� rAAV9 (AAV9-dsEGFP) ´ʘ1ųʚ0 3 Ʉ2w�^�kI HEK293 ɥɻ1

j��^uPV\����5 ƲŬ1ȆʐǺģ̐�ǺIęā�, TFF -Ȃɱ�&

Ŭ(ǃƭ1B6ưǭIüȇ)�ȸˢL��mO�(AS) ǪǤØȔIʑ�9.1BD

Ĳ˾d�rVʶ2˵û.��C0EȂɱIʑ�9.1�&
«â�Ƃ�3 AS 

I¶Ș�, rAAV1 IǪǤ�Ȃɱ!E9.1Ɓè�,�&&>�$F� rAAV9 

1?˙Ș-�E2ʮ8&
Ò³Ȫ13�rAAV ɚɜʘǭ-B�Ș�CFE 1 Ǣ

˸ǪǤǭ([�w�.ɑ˦2 AS Ié0E 1/2 ̏ē AS ØȔ, 1/2AS) .�2 Ǣ˸

ǪǤǭ(1/3 1B6 1/2 ̏ē AS ØȔ (ǃƭ1B6ưǭIüȇ), 1/3	1/2AS) 1*

�, SDS-PAGE IȘ�,ɡŞIǦˁ�&
AAV9-dsEGFP I SDS-PAGE -

ŋˮ�&ĦĈ�AAV9-dsEGFP IǔƁ!E 3 *2U�w\kd�rVʶ2q�

k(VP1 (82 kDa)�VP2 (67 kDa)�VP3 (60 kDa)) 2<�ȓFE
Figure 2 B

D�1/3	1/2AS (��� 5) 2ư� 1/2AS (��� 3) BD?U�w\kd�r

Vʶ«ĭ2q�k�*;DĲ˾d�rVʶ2q�k�ň0�9.�H2D�ɡ

Ş�̓�9.Iȼ�&
 

 

̜−̙
̚ AAV9-dsEGFP 2 4 ɢL��mO�˶NR�£ƝS��1B6Y�

ȃ˔V�~jW�uM�ɜʘ 



�((�

� ̛
̙
̛�̛
̙
̜ -ʤ˂�&ưǭ-�AAV9-dsEGFP I´ʘ��TFF 1

B6 1/3	1/2AS ØȔ��˶NR�£ƝS��-ɜʘ�&[�w�I�SDS-

PAGE -ÚǇ�&ɪǉ� Figure 3a -�E
Figure 3a 1BE.�S��1Ď

Ȱ�02)&ˍ˔ȜÚ(Lane 6) 1 AAV9-dsEGFP IǔƁ!E 3 *2U�w\

kd�rVʶ(VP1, VP2, VP3) 2q�k�ʛCF�S��1ĎȰ�&ȜÚ

(Lane 8) 13Į�2Ĳ˾d�rVʶ(VP1, VP2, VP3 «ĭ2q�k) �ɪĈ�

,�E9.�H2)&
rAAV1 ɜʘ-˵û!E21ìçIʚ�& 200kDa ©

ˇ2Ĳ˾d�rVʶ?�˶NR�£ƝS��1 1 ęˍ!'�- AAV9-dsEGFP 

.Ú˿�˵û-�E9.�H2)&(Figure 3a 2ȩ�ʟ)
*;D�AAV9-

dsEGFP 3˶NR�£ƝS��1ĎȰ#"1ˍ˔ȜÚ1Ķğ��Ĳ˾d�rV

ʶ3˶NR�£ƝS��1ĎȰ�&
 

� ˶NR�£ƝS��2ˍ˔ȜÚIƼɧȪ1̛
̙
̜ -ʤ˂�&ưǭ-�Y

�ȃ˔V�~jW�uM�ɜʘIʑ)&
Figure 3b 2V�~jW��11�

E̕��ʟ3 AAV9-dsEGFP Iʔ�,1D�Figure 3c 2 SDS-PAGE �2

Lane 2-14 2 3 ǂ2d�rVʶ2q�k3�Ð, AAV9-dsEGFP 2U�w\

kd�rVʶIʔ�,�E
˶NR�£ƝS��-9:Ð,2Ĳ˾d�rVʶ

�˵û�F,�E&>�Y�ȃ˔V�~jW�uM�11�,�AAV9-

dsEGFP «ĭ2d�rVʶ2V�~jW��2t�V@ SDS-PAGE -2q�

k39.J/Ⱥʪ�F02)&
t�Vu�V\��-�E Fr 15- Fr 27 Ię

ā�,ƼɧɜʘȌ.��ITR IǖȪ.!Ew�N~�- qPCR Iʑ)&.9

G�2.9 × 1015 v.g. 2ç¸�ŮCF&
ĉ ƼɧɜʘȌI EGFP IǖȪ.!E

w�N~�-ç¸IǼĺ�&.9G�3.7 × 1014 v.g. -�)&
;&�Ƽɧɜ



�()�

ʘȌI SDS-PAGE 1B6OQ^d�v�ghM�W-Ⱥʪ�&.9G�U�

w\kd�rVʶȚǅ2q�k�į˝ÚIø>�̓ɡŞ2 AAV9-dsEGFP �

ɜʘ-�,�E9.�ȼ�F&(Figure 3d, 3e)
�C1�nThMvǊʉ1B

Éĵ̌ŰˬʞŁIʑ)&
ON�^Yo�Ičƽ!E rAAV 3nThMvǊ

ʉI!E.əĵ�ȩ�ƴD(Figure 3f 2ɤʉȱù)�ON�^Yo�Ič;0�

�Ɉəĵ3əĵ��˝̕ƌ��&Ȏž-ƴE(Figure 3f 2̔ʉȱù)
92ÞƮ

ĤǾI?.1�Ɉəĵ2åĈIʮ8&.9G�3.8% (195 əĵ/ 5168 əĵ) .

ǒ>,ň0��̓Ĕʶ2 AAV9-dsEGFP I´ʘ�ɜʘ!E9.�-�&

(Figure 3f)
ǚ1�ƼɧɜʘȌIÚǇȘʻ˘Ų(AUC) -ʨ¸�&(Figure 

3g)
AUC -3�əĵ2ˤ�1B),�ĹÐəĵ��˯³��ɈəĵIĺ˦Ȫ

1˚ß-�E
$2ɪǉ�́ĵ̌ŰˬÖȯ2CŮCF&ɪǉ.3ȡ0D�ɠ

26% 2�Ɉəĵ�č;F,�E9.�ȼĕ�F&(Figure 3g (i) 25.7% (�Ɉə

ĵ)�(ii) 32.4% (�˯³)�(iii) 38.8% (ĹÐəĵ))
 

 

̜−̙
̛ ÕȓŹ2Ⱥʪ1B6Ĕʶʨ¸ 

� ÕȓŹIȺʪ!E&>1�AAV9-dsEGFP 2ɜʘI 3 ęɴDˈ�&(Figure 

4a-f)
ƼɧɜʘȌI SDS-PAGE -ŋˮ��ɭd�rVʶ1ł!EU�w\k

d�rVʶ2q�k2åĈI Image J -ʠǇ�&.9G�tV`�ŢŞ�

94.9%�1.1% (n=3) -�D�Ĳ˾d�rVʶ�̄ŕ1ň0�9.�H2D�9

2q�k3OQ^d�v�ghM�W- AAV9-dsEGFP Țǅ2?2-�E9

.?Ⱥʪ�&(Figure 4a-b, 4d-e)
;&�nThMvǊʉ1BÉĵ̌Űˬʞ

Ł2ɪǉ�96.1%�1.1% (n=3) 2ON�^Yo�čƽ AAV9-dsEGFP Iɜʘ



�(
�

-�,�E9.�H2)&(Figure 4c, 4f)
�C1�ƼɧɜʘȌ2ç¸I ITR 

IǖȪ.!Ew�N~�- qPCR -Ǽĺ�&.9G�2.5�0.4 × 1015 v.g.�

EGFP IǖȪ.!Ew�N~�-Ǽĺ�&.9G�3.7�0.7 × 1014 v.g. -�

)&(Table 2)
 

� ;&�HEK293EB ɥɻȚǅ2 DNA �ƼɧɜʘȌ1ǸÏ�,�0�2Ǽĺ

!E&>1�±j GAPDH IǖȪ.!Ew�N~�IȘ�, qPCR 1BDÚ

Ǉ�&
ƼɧɜʘȌ1B6ƼɧɜʘȌ2ȀĴ1č;FE±j GAPDH 3ǑÙ

˳ȝ«�')&
&'�TFF Ŭ2ȀĴ13 2.6 copies/1.0 × 109 v.g. 2±j

GAPDH �ǑÙ�F&(Table 3)
*;D�ǂV�~jW�uM�ɜʘǭ1BD

±jYo� DNA 2ǸÏȌI˵û-�&
 

 

̜−̙
̜ ˙Ș 

� �ʤ2ɜʘw�jZ��ß2yVd�Yo�11�,?˙Ș-�E2ʮ8E

&>�rAAV9-CBA-dsRFLuc (AAV9-dsLuc)�1B6 rAAV9-CMV-ssRFLuc 

(AAV9-ssLuc) 2ɜʘI AAV9-dsEGFP .ĉ ɜʘƄ̈-ĻƱ�&(Figure 

4g-l)
ćƼɧɜʘȌI SDS-PAGE 1B6OQ^d�v�ghM�W1BDɡ

Ş(ɭd�rVʶ1ł!EU�w\kd�rVʶ2åĈ) Iʮ8&.9G�

AAV9-dsLuc -3 84%�AAV9-ssLuc -3 86% -�)&(Figure 4g-h, 4j-

k)
;&�́ĵ̌Űˬ2ɪǉ�AAV9-dsLuc 2 92.7% (4341 əĵ/4684 ə

ĵ)�AAV9-ssLuc 2 96.2% (5350 əĵ/5561 əĵ) 1ON�^Yo��čƽ

�F,�&(Figure 4i, 4l)
;&�ç¸IǼĺ�&.9G�AAV9-dsLuc 11

�,3�ITR IǖȪ.�&w�N~�-3 3.9 × 1015 v.g.�Luc IǖȪ.�&



�(��

w�N~�-3 4.0 × 1014 v.g. -�D�AAV9-ssLuc 11�,3�ITR IǖȪ

.�&w�N~�-3 1.8 × 1014 v.g.�Luc IǖȪ.�&w�N~�-3 8.7 × 

1013 v.g. -�)&(Table 2)
ŭ),�ǂɜʘǭ3 ssAAV @ dsAAV 1˰HC

"�Ǖ�0yVd�Yo�1˙ȘĄɼ-�E9.�ȼ�F&
 

� rAAV9 ɜʘw�jZ�2ǓʚI Figure 5 1ȼ!
 

  



�(,�

̜−̚� rAAV 2ĸĺŹʨ¸ 

 

̜
̚
̙ rAAV1�rAAV8�rAAV9 2ŽǊç2Ĭð 

� ̛
̚
̛ 1ʤ˂2ˍD rAAV I´ʘ�ɜʘ��ĸĺŹʨ¸2Ļ̑13ćʐ

ǺĢ 1.12 × 109 v.g. I¶Ș�&
̛
̚
̝ 1ʤ˂2ˍD�ćʐǺĢIǕ�0

ðĈȌ�ǸĈȌ�ȕĨ1ƹ̃�&(Figure 6)
Figure 7a-c 3�UV�NaOH�

NaClO 1ƹ̃�&ć rAAV 1B6ǀØȔ2ć rAAV I HeLaRC32 ɥɻ1j

��^eV\���&˻2ɮʉʏÌIȼ�,�E
ʏÌ�*;DŽǊç3ØȔ

!E9.1B),ǻˋ!E9.�H2)&
ȍ1�/2ʐǺĢ? NaClO ƹ̃

1B),ĹÐ1�Ǳð�FE9.�H2)&
NaOH 1B6 NaClO ƹ̃-

3�HeLaRC32 ɥɻ72j��^eV\��Ƶ1 NaOH 1B6 NaClO 2Ŧ

̆I˵û!E&>1�ȀĴI PBS 1ɵƝ�,2Cj��^eV\��Iʑ)

&&>�ɮʉʏÌ2ǻˋ3 NaOH 1B6 NaClO 1B), HeLaRC32 ɥɻ

�ǟJ'9.1BE?2-30�
Figure 7d-e 3�ǧ˕ǧ�1B6 70% 

EtOH 1ƹ̃�&ć rAAV 1B6ǀØȔ2ć rAAV I HeLaRC32 ɥɻ1j

��^eV\���&Ƶ2ɮʉʏÌIȼ�,1D�ʏÌ3$F9/ǻň�02

)&(rAAV2 3˵�)
Table 4 3�Figure 7 2ɮʉʏÌIĺ˦ð�&?2-�

D�ɮʉʏÌ2ǻňȑIȼ�,�E
Table 5 3�j��^eV\���F&

ON�^Yo�IǼĺ!E9.1B), TCID50 IʢǼ��rAAV 2ŽǊçI

ȼ�,�E
ć rAAV 3 UV�NaOH�NaClO ƹ̃1B),ŽǊç�ǻʕ!

E��ǧ˕ǧ. EtOH ØȔ1B),3ǻʕ�0�(rAAV2 3˵�)�.��ɪ



�(-�

ǉ�Ù&
9FC2ɪǉ3 Figure 7 1ȼ!ʏÌ̌ŰˬÖȯ2ɪǉ.�ʆ�,

�&
 

 

̜
̚
̚ rAAV2�wtAAV2 2ŽǊç2Ĭð 

� UV�NaOH�NaClO ƹ̃�& rAAV2 Ij��^eV\���&

HeLaRC32 ɥɻ-3�ǀØȔ2?2.Ǧ8,ɮʉʏÌ2̌ʋ0ǻň�<CF

&
ȍ1�NaOH 1B6 NaClO 1ƹ̃�& rAAV2 3ĹÐ1�Ǳð�&

(Figure 7a-c)
;&�rAAV1�rAAV8�rAAV9 .3ȡ0D�rAAV2 3ǧ˕ǧ

1B6 70% EtOH ƹ̃-?ŽǊç�²��&
̛
̚
̞ 1ʤ˂�&ưǭ(ITR

ǖȪw�N~�IȘ�& qPCR) -Ǽĺ�& TCID50 2i�d1BE.�ʏÌ

̌ŰˬÖȯ2ɪǉ.�ʆ�,1D�rAAV2 2ŽǊç�Ð,2ØȔ1B),š

>CF&9.�H2)&(Table 5)
�ư�wtAAV2 2ŽǊç3ǧ˕ǧƹ̃I˵

�Ð,2ØȔ-²���rAAV2 2ŽǊç3 wtAAV2 2ŽǊçIʻ0E9.3

0�9.?H2)&(Table 5)
 

 

  



�(.�

ɏ̝Ɍ� ɷŁ 

 

� Ƃ�39F;-1�rAAV1 I˶NR�£ƝS��1ĎȰ�#�ħȂŞI�

�,ȀÙ!EV�~jW�uM�ɜʘǭIĥď�& 28��ǂȵɇ-3Ư&1

rAAV9 2V�~jW�uM�ɜʘǭ2ȺɋIʩ<&
ɚɜʘ2ɏ�Ǣ˸-�

ȄēȸˢL��mO�ǪǤ(AS) 11�,3�rAAV1 .ĉǕ1 1/3	1/2AS 

ØȔ1B),ɚɜʘ-�&
rAAV1 -˵û!E21ìçIʚ�& 200 kDa 2

Ĳ˾d�rVʶ3�rAAV9 ɜʘ11�,3 AS ØȔ[�w�I˶NR�£ƝS

��1ˍ!'�-ɘö1Ú˿!E9.�-�&
;&�200 kDa «ĭ2Ĳ˾d

�rVʶ?˶NR�£ƝS��1 1 ęˍ!'�- rAAV9 .Ú˿!E9.�Ą

ɼ-�)&
Zhou C 523�Ƃ�.ĉǕ1�rAAV9 3NR�£ƝS��1Ď

Ȱ�1��9.Iĥď�,1D�rAAV9 2˶NR�£ƝS��72ɪĈ�

rAAV1 .3Ð�ȡ0E9.Iȼ�,�E
˶NR�£ƝS��72ĎȰ1Ŧ

̆I�0EʚĚ.�,�;" rAAV 2ɑ́ȅ�Ɠ�CFE
�2�

Venkatakrishnan C 303�AAV1 . AAV9 2ɑ́ȅ1ƽż0ŏ�ʛCF02

)&9.Iĥď�,�E&>�ǩĺȪ0ʚĚ-30�.ɷ0CFE
ǚ1ɷ0

CFEʚĚ.�,�rAAV 2U�w\kʔ̅1̃Ù�&L�oˢ2H"20˗

��˶NR�£ƝS��72ĎȰ1ĬðI?&C�,�E�.��9.-�

E
«â1�AAV2 2U�w\k2L�oˢ 5 ǠĤI AAV1 2L�oˢ1ɵ

Ɲ�& AAV2.5 � AAV2 .Ð�ȡ0EU�w\k2ȍŹIȼ�&9.�ĥď

�F,�E 53
$29.Iɷſ!E.�AAV1 . AAV9 3 84.6% 2U�w\

kL�oˢ˟Ü2ȮĉŹ��E��$2H"20L�oˢ˟Ü2˗��ʔ̅ʊ



�(/�

́1Ŧ̆I�0,�EĄɼŹ��D�$F� AAV1 . AAV9 2NR�£ƝS

��ɜʘǭ2˗�IŠ�ʺ9�,�E2?�F0�
 

� rAAV9 2ɜʘǭ39F;-1��*2ĥď��E
Lock C 493�ģ̐�

Ǻ2Cęā�& rAAV9 I iodixanol ŀŞî˟ʻ˘ŲÚ˿ǭ-ɜʘ��̄ŕ1

ɡŞ�̓�Ƃ�.ĉɑ2ç¸2ƼɧɜʘȌIŮ,�E
�2� rAAV9 2Ȗȗ

1Ƃ�2 4.7 ¿˦2ɥɻIȘ�,1D�BDň0�ɥɻ-ĉɑ2ȖȗŹIŮC

F,�Eǂɜʘǭ2ư�ÈF,�E.ʡ0E
Zhou C 523�ɥɻIȷȶ�,

rAAV9 Ięā��ceramic hydroxyapatite V�~jW�uM�.˷NR�£

ƝS��V�~jW�uM�(POROS 50HS) IȘ�,ɜʘ�&���Ɉəĵ

� 30%č;F,�&&>�ƼɧȪ1 CsCl ŀŞî˟ʻ˘ŲÚ˿ǭ-�ɈəĵI

˵û�0�F40C02)&
Potter C 543�ɥɻIȷȶ�, rAAV9 Ięā

�² pH (pH 3.9) -˷NR�£ƝS��W�uM�IȘ�,ɜʘ�&��́ĵ

̌ŰˬÖȯ1BE.ƼɧɜʘȌ13�Ɉəĵ�20Dčƽ�F,�&
AAV9 

U�w\k1ł!EƋ³IȘ�&LuMmhM�V�~jW�uM�?ʑHF

,1D�Nass C 263�AAV9 ILuMmhM�S��1�Ź pH Ǆ­�-ɪ

Ĉ�#�pH 3.0 2ˢŹǄ­-ȀÙ�#&
ˢŹȀǶ3 rAAV 2ŽǊçI²�

�#EĄɼŹ��D�;&�92S��3 rAAV9 IȘ�&˛®ĵǫȧIBD

ś�ƚˑ!E13.,?̓¸-�E(25 mL - 2735 k�)
�C1�Ƌ³IȘ

�,�E2-�ĹÐəĵ��Ɉəĵ��˯³IÚ�E9.�-�0�9.?V

�~jW�uM�ɜʘ2ɏ�˚ƍ.!E13̀��ȅ-�E
 

� «�2B�0˔û2ĥď.Ǧ8,�ǂɜʘǭ2àȅ.�,Ɠ�CFE23�

ɏ�1ɜʘ^hgw�ɘº09.-�E
˶NR�£ƝS��1 1 ęˍ!'�



�)	�

-�9:Ð,2ɥɻȚǅ2Ĳ˾d�rVʶI rAAV9 .Ú˿!E9.�-�

E
ɏ�2àȅ3�$2ɘº�A01̓āȑ�̓ç¸2 rAAV9 IƼɧȪ1ɜ

ʘ-�E9.-�E
ƼɧɜʘȌ(AAVV9-dsEGFP) 2ç¸3 ITR IǖȪ.�

&w�N~�IȘ�& qPCR 1BE. 2.5�0.4 × 1015 v.g.�EGFP IǖȪ.

�&w�N~�'. 3.7�0.7 × 1014 v.g. -�D�¨2ĥď�F,�Eɜʘǭ.

Ǧ8�ĉɑ2$F«�2ç¸�ŮCF&
ɏ�2àȅ3�ǂɜʘǭ3yVd�

Yo�(ON�^Yo�) 2dNw(�ǂ˫2�ǂ˫�Yo�[N_�GC čƽ

ȑ) 1˰»0�˙Ș-�E9.-�E
 

� rAAV9 (AAV9-dsEGFP) 2ƼɧɜʘȌInThMvǊʉ1BÉĵ̌Űˬ-

ʠǇ�&.9G�96.1% �1.1% �ON�^Yo�IŃÏ�&ĹÐəĵ-�)

&(Table 2)
�2��AUC -ʨ¸�&.9G 38.8% �ĹÐəĵ-�)&

(Figure 3g)
AUC 2úȔ3�ʻ˘ŲI!E9.-ˤ˦1B),əĵIÚ˿

��ćəĵ2Ǫ˲ˎŞI�md�!E?2-�E
�Ɉəĵ3ON�^Yo�

Ičƽ�,�0�ˀ�əĵ02-A)�D.Ǫ˲��ĹÐəĵ3ON�^Yo

�Ičƽ�,�Eˤ�əĵ02-ˎ�Ǫ˲���˯³3�Ɉəĵ.ĹÐəĵ2

�˯2ˎ�-Ǫ˲!E
�ʤ2ɪǉBD�́ĵ̌Űˬ-ĹÐəĵ.ÞƮ�,

?�AUC -Ǽĺ�&ĦĈ�ȯ2ĹÐəĵ-30�9.Iżđ�,�E
́ĵ

̌ŰˬÖȯ39F;-ĹÐəĵ.�Ɉəĵ.Iʳß!EÞƮǃƭ.�,˭Ř¶

Ș�F,�&��¦Ŭ3ON�^ĹÐəĵ.�Ɉəĵ�1B6�˯³(ON�^

Yo��Ʈȉð�,ŃÏ�F&ON�^əĵ) Iòß!E&>1�́ĵ̌Űˬ

. AUC 2�ưI¶Ș�,Ĕʶʨ¸I!Eųʚ��E
929.IĻȓ!E&

>13�́ĵ̌ŰˬÖȯ. AUC IǦˁ�&Į�2i�dIʍɅ!E9.�ų
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«â�rAAV9 ȗȖƵ2ĹÐəĵ��Ɉəĵ��˯³2åĈI AUC

-ʮ8&ĥď��)& 26
92ĥď1BE.��Ɉəĵ3Ð³2 88%Iø>,

�&
*;D�¦ę2 AUC 2ɪǉ2C�ǂɜʘǭ1BDĹÐ-30����

EɃŞ�Ɉəĵ�˵û-�,�E.?ʡ0E
�2���ɈəĵI�C1˵û

!E&>1ß2V�~jW�uM�2^hgw�ųʚ.0E2?�F0�
$

2Áʗ.�,ȢǧŹV�~jW�uM��ɷ0CFE
́ĵ̌ŰˬÖȯ-ĹÐ

əĵ.�Ɉəĵ�ʛÚ�CFEȔȚ.�,�ǔˏ2˗��ɷ0CFE
O�m

�ˠˢ1BEnThMvǊʉ11�,�ĹÐəĵ2ĦĈ3əĵ2ĐD12<O

�m�ˠˢ�¹Ï��əĵʄ³13¹Ï�0�2-���ȩ�ĐD�̕�˃˞

�3)�D.�&əĵ.�,ʛ0E���Ɉəĵ2ĦĈ3�əĵ2ĐD2<0

C"�U�w\k�ǝJ-�,�$2ǝJ-ɉJ'˝Ú1?O�m�ˠˢ�ǿ

;E&>�̕ƌ�2əĵ.�,ʛ0E2-30�2.ɷ0CFE
B),�Ĺ

Ðəĵ.�Ɉəĵ-ǔˏ�˗�.ɷ0CF�5�,3�U�w\kʔ̅�2Ȣ

ǧĤ.ʝǧĤ2̃ÙÒĈ1?˗��Ȗ E.ɷ0CFE
$2&>�92ǔˏ

2˗�IàȘ�,�ɸIÚ�CFE2-30�2.ŷǐ�,�E
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.ɨ<ĈH#E9.-^X��Lgw?Ąɼ-�E
;&�ǂɜʘǭ3ʻ˘Ų

2ŀŞî˟´Ɓ1Ș�CFE CsCl Ič;0�2-�ŸŹǥŹ2�^V�ƼŇ

˳1Ɖ0CFE
«�2į˦ɜʘ1B6ǥŹ1*�,3�ʻ˘ŲÚ˿ǭ-3˳

ȝ��)&��ǂɜʘǭ3$FC2ʭ̋IV�L�,�Ņǅ2ʃŜȵɇ1ŵȘ

�FEĄɼŹIɁ>,�E
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� Ʋǂ-3 rAAV IȘ�&˛®ĵǫȧ2ʃŜȵɇ2˻�S�dxlɏ�Ʉ¶Ș

2țʯƺ..?1ȖȌĮǕŹʨ¸ƺIƜÙ�0�F40C0�
92ʨ¸ƺ1

3ŽǊŹ@�ǱðǄ­(ĸĺŹ) ?č>& rAAV 2ȍűIʤ˂�0�F40C

0�
�2��Ǖ�0ʐǺĢ1ł!E rAAV 2ĸĺŹIʮ8&ȵɇ3̄ŕ1�

���929.3Ʋǂ- rAAV IȘ�&ʃŜȵɇ��;DǱȨ-0�ʚĚ2�

*.0),�E
$9-ǂȵɇ-3ĸĺŹ2ƒǖ.�,�rAAV IǕ�0ðĈ

Ȍ@ǸĈȌ�ȕĨ1ƹ̃�&Ƶ2ŽǊç2ĬðIʮǋ!E9.-�ʃŜȵɇ1

ʵˤ0i�dIʍɅ�B�.ɷ0&
 

� rAAV IȗȖ!E˻�rAAV2 3ɥɻÔ1./;E��¨2ʐǺĢ3ģ̐�

Ǻ1ÚǬ�FE 49, 51
;&�rAAV9 3¨2ʐǺĢ.˗),NR�£ƝS��

19.J/ĎȰ�F0�ŹʶIƑ),�E9.�ǂȵɇ-ƳC210)&
9

29.2C�U�w\kǔˏ2˗�3ćʐǺĢ2ȍű2˗�IȖ<Ù!2-�

ĸĺŹ1?˗�IȖ E2-30�2.¬ʬIɋ,&
92¬ʬ�ǜ��2/

�2ʮ8E&>�rAAV1�rAAV2�rAAV8�rAAV9 IǕ�0ðĈȌ�ǸĈ

Ȍ�ȕĨǄ­1ƹ̃�&
Figure 7a-c . Table 4 1B6 Table 5 2ɪǉ3�

UV�NaOH�NaClO ƹ̃1B),ÐʐǺĢ2 rAAV 2ŽǊç�²��FE

9.Iȼĕ�,�E
�2��ʐǺĢ˯-ŽǊç2²�2ŞĈ�1ŏ��)

&
0.1M NaOH 72 15 Ú˯2ƹ̃Ŭ�rAAV2 3¨2ʐǺĢBD?ŽǊç

�²��&
�C1�rAAV1�rAAV8�rAAV9 3ǧ˕ǧ@ 70% EtOH 72

10 Ʋ˯2ƹ̃-3�;DŽǊç�²��02)&��rAAV2 3ŽǊç�ƽż

1²��&(Figure 7d, e, Table 4, Table 5)
92 rAAV2 .¨2ʐǺĢ.2Ž

Ǌç2Ĭð2˗�3�U�w\k2ĸĺŹ1ʺĚ!EĄɼŹ��E
Bennett 
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C3�AAV2 3 AAV1�AAV9 1B6 AAVrh10 2�-Ƽ?ȈĸĺŹ�²�.

ĥď�,1D�$F3U�w\k2ĸĺŹ�²�&>.ɪʰ+�,�E 56
$

2&>�ǧ˕ǧ@ 70% EtOH�1B6 UV 1ƹ̃�&ĦĈ�rAAV2 3¨2ʐ

ǺĢBD?ĪF@!��ŽǊç�BD²��@!�ĄɼŹ�ɷ0CFE
 

� âˉ2B�1�rAAV1�rAAV8�rAAV9 3 70% EtOH ƹ̃1B),$F9

/ŽǊç�²��02)&(Figure 7e)
9F3�AAV �Q�y��wIƑ&

0�ON�^'2C-�E
Q�y��w3L�Z��1B),ɘö1ȷĪ�

FE��AAV 3Q�y��wIƑ&0�ON�^-�E&>�EtOH 1B)

,�Ǳð�F1��
Howard . Harvey 3�rAAV1 � 70% Nbw�ro

��-�ǱŹ�F02)&.ĥď�,�E 57��9F3�¦ę2Ƃ�2ɪǉ.

�ʆ�&
;&�ŨC3 rAAV1 I 10% NaClO 1 5 Ú˯ƹ̃!E.�Ǳð-

�E.ĥď�,�E��¦ę2Ƃ�2Ļ̑-3�BD²ȂŞ-�Ǳð(0.06% 

NaClO, 15 Ú˯) !E9.1Ɓè�&
 

� ;&�rAAV2 . wtAAV2 2ŽǊçIǦˁ��rAAV2 3 wtAAV2 BD?ĸ

ĺŹ�²�9.�H2)&(Table 5)
92ɪǉ3�ĭȝ11�E rAAV2 2Ž

Ǌç� wtAAV2 BD?²�0EĄɼŹIȼĕ�,1D�¬1 rAAV �źɸ2

CǲÙ�&ĦĈ-?�!�1ŽǊ�Ɛ�EĄɼŹ�²��.��9.Iżđ�

,�E
 

� ǂȵɇ2 rAAV 2ĸĺŹ2Ȳʛ3�ȕĨŦ̆ʨ¸1˰!Eˤʚ0i�d.0

E
;&�ʃŜʩ̑-ʺ9D�Eźɸ2C2ON�^ƗÙ2˻1?ˤʚ0i�

d.0E
rAAV 2ƗÙ1*�,ʮǋ�&�·�9F;-1ĥď�F,�E 43, 

58, 59
±j�̄±ĵ˭̍�~O^11�,�$F%F 2 × 1012 v.g./kg 2
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rAAV8 IƊ���ɝ�Ŋ�ĖǶ0/Iʮ8&.9G��"F2ȖȌɄ11�

,?�Ɗ�Ŭ 15 ƲȬ©ˇ;-3 rAAV 2ƗÙ�ʞŁ�FE��20 ƲȬâŬ-

9.J/ʞŁ�F0�0E
9FCƗÙ�F& rAAV Iǂȵɇ-ŮCF&Ȳʛ

I?.1!F4�˙Û1�Ǳð!E9.�Ąɼ-�D�ȕĨ1Ŧ̆Iþ:!9

.?0�
92B�1�ƗÙ�F&ON�^2ĂDƅ�13�ON�^2ĸĺ

Ź@$2¨2ȍŹI�â1Ȳ),1�ųʚ��D�ǂȵɇ-ŮCF& rAAV 2

ȍű3�Ņǅ2ʃŜȵɇ1į�1ŧɋ*.ɷ0CFE
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� rAAV9 Iʻ˘ŲÚ˿ǭI¶Ș#"1V�~jW�uM�Ƈʒ2<-̓ɡŞ

2yVd�Iɜʘ!E9.�Ąɼ-�)&
�2���Ɉəĵ2åĈ�ʨ¸ǭ

1B),ȡ0E�.��ʭ̋1ȭ̅�&
¦Ŭ3́ĵ̌Űˬ. AUC -Ȗ;F

Eŏȡ1*�,úĚIɇƳ���ư2Ĕʶʨ¸ǭ-ƪĈŹ2.F&ɪǉ�ÙE

B�1ˊɇ�,��&�
�C1��Ɉəĵ1B6�˯³I�$?$?Ȗȗ�

0�Ư&0 rAAV ȗȖǭ2Ⱥɋ?Ȭƒ�&�
�ɈəĵIǻC!Ƅɋ,.�

,�ON�^Yo�2ʙʘíȑI��E9.�*;D Rep d�rVʶ2Ţð

Iɷ0,�E
;&��˯³3�yVd�Yo�w�^�k2qgV|��?

Į�rgX�]�W�F,�E9.�ĥď�F,�E&>��˯³IǻC!&

>1�w�^�k-30��yVd�Yo�˝Ú(ITR 2C ITR 2˝Ú) 2<

Ij��^uPV\��!E9.Iɷ0,�E
 

� ;&�ǂȵɇ-3 rAAV 2ĸĺŹ1˰!Eˤʚ0i�dIĂŮ-�&
¦Ŭ

3~O^@±j2ʐǶ�-2 rAAV 2ĸĺŹIʮ8E9.-�BDʃŜʩ̑1

ˇ�Ť-2i�dIʍɅ�&�
 

� ǂȵɇ-3�rAAV ɜʘǭ1B6ĸĺŹʨ¸1*�,ȵɇIʑ)&��9F

C2ɩ̑Iʼ;0,�ŅǅȪ13 GMP ʘˏ�& rAAV9 IȘ�,�Ⱦɩ�ɒ

Ȥź1ł!E˛®ĵɥɻǫȧ2ʃŜŵȘ1*0�&�
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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, 
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Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. AAV 2ȍŹ 

� (a) ˥ȖĢ AAV (wtAAV) Yo�.ɨƝ0 AAV (rAAV) Yo�IǦˁ�&ĝ

-�E
wtAAV ON�^Yo�2�ɍ13ɴDˈ�˟Ü-xLt�ǔˏI.

E Inverted Terminal Repeats (ITRs) �Ķğ��ʙʘ1˰HE rep ˛®ĵ.

U�w\kŤƁ1˰HE cap ˛®ĵ� ITR ˯1Z�k�F,�E
˛®ĵǫ

ȧȘ1ɨ<Ɲ0& rAAV Yo�3 rep . cap ˛®ĵI˵û��ITR ˯1ȬȪ

˛®ĵ (ǫȧ˛®ĵ0/) IƕÏ�&?2-�E
(b) ssAAV . scAAV 
(dsAAV) 2ʙʘǕşIȼ�&ĝ-�E
ssAAV 2ʙʘǘǔ3��ư2 wtITR 
2C`S�k˫2ĈƁ�ĳ;D�?��ư2 wtITR ;-ĈƁ�FE.�trs 

a 

b          ssAAV                    scAAV, dsAAV 
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.Ē4FE˝±� Rep d�rVʶ1BDÛƮ�F��C1 Rep d�rVʶ2

x�S�aǱŹ1B), ITR 2xLt�ǔˏ�ʠ��$2˝Ú? DNA �Ĉ

Ɓ�FE
ĈƁ�Ĺ�!E.�ITR ˝Ú3Õ6xLt�ǔˏIĂD�ʙʘ�Ĺ

�!E
dsAAV 2ʙʘǘǔ3��ư2 wtITR 2C`S�k˫2ĈƁ�ĳ;

D�?��ư2 wtITR ;-ĈƁ�Ĺ�!E.�trs -ÛƮ�FE
trs -ÛƮ

�FE.�ÛƮ�F&�ư3 dsAAV I$2;;ŤƁ��¨ư3 wtITR ˝Ú

I�C1ĈƁ�, dsAAV IŤƁ!E9.1B),ʙʘ�Ĺ�!E
wtITR, 
wild-type ITR; mITR, mutated ITR; A�D(+)�D(-), rgX�]�W˟Ü; �, 
trs
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Figure 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. ȸˢL��mO�(AS) ǪǤ1BE rAAV9 ɚɜʘ 
         (AS ǪǤ2Ǆ­Ǒʣ) 
 
� TFF Ŭ[�w�1 AS I[�w�2õÚ˦é0, 33% (w/v) AS 2ȀǶI´

Ɓ��18,800 × g , 4� - 30 Ú˯˘ŲÚ˿!E9.1BD 1/3 AS ǪǤIʑ)

&
rAAV9 3�Ǻ1Ķğ!E2-�ǺIęā��̏ē AS IÉ2[�w�˦2

õÚIé0E9.1BD�1/2AS ȀǶI´Ɓ��18,800 × g , 4� - 30 Ú˯˘

ŲÚ˿!E9.1BD 1/2 AS ǪǤIʑ)&(1/3	1/2AS���� 5)
9F;-

ʑ),�& 1/2 AS ǪǤ(��� 3) ɜʘ. SDS-PAGE IȘ�,ɡŞIǦˁ�

&(CBB Ǌʉ)
VP1 (82 kDa)�VP2 (67 kDa)�VP3 (60 kDa) 3�AAV9 2
U�w\kd�rVʶIʔ�,�E��U�w\kd�rVʶ«ĭ2d�rV

ʶ2q�k(ȍ1ʹĘʟ˝Ú)�*;DĲ˾d�rVʶ3�1/3	1/2AS 2ư�

1/2 AS ǪǤBD?ň02)&
��� 1, TFF ậ��� 2, TFF Ụ̆���

3, 1/2 AṢ��� 4, 1/3 AS ǪǤỌ̏��� 5, 1/3	1/2AS
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Figure 3 
 

 

 

 
 
 
 
 
 
 
 
 

 

 
 
Figure 3. 4 ɢL��mO�˶NR�£ƝS��V�~jW�uM�1B6Y�

ȃ˔V�~jW�uM�1BE AAV9-dsEGFP ɜʘ  
 
� ̛
̙
̛�̛
̙
̜ -ʤ˂�&ưǭ-�AAV9-dsEGFP I´ʘ��TFF 1
B6 1/3	1/2AS ØȔ��(a) 4 ɢL��mO�˶NR�£ƝS��(HiPrep Q 
XL 16/10) ɜʘŬ2 AAV9-dsEGFP 2ɡŞI SDS-PAGE IȘ�,ʠǇ�&

(Oriole Ǌʉ)
ȩ�ʟ3 200 kDa 2Ĳ˾d�rVʶIʔ�,�E
��� 1, 
HiPrep Q XL 16/10 ˍ˔ȜỤ́��� 2, S��ǰǳu�V\��̣��� 3, 
S��ĎȰu�V\��
(b) HiPrep Q XL 16/10 ˍ˔ȜÚIY�ȃ˔V�~

jW�uM�ɜʘ�&V�~jW��
y ʿ, 280 nm ĎÌŞ̣x ʿ, u�V\

��ȠĆ
̕�ʟ3 AAV9-dsEGFP 2t�Vu�V\��Iʔ�,�E
(c) 
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Y�ȃ˔ɜʘ[�w�I SDS-PAGE 1ŋˮ�,ʠǇ�&
��� 1-18, Fr 
14-31; ��� 19, Fr 33; ��� 20, Fr 35; ��� 21, Fr 37; ��� 22, Fr 
39; ��� 23, Fr 41
t�Vu�V\��(Fr 15-27) Ięā��ƼɧɜʘȌ

.�&
AAV9-dsEGFP ƼɧɜʘȌI(d) SDS-PAGE (Oriole Ǌʉ)� (e) O
Q^d�v�ghM�W (B1 ƋU�w\kƋ³)�(f) ́ĵ̌ŰˬÖȯ�(g) Ú
ǇȘʻ˘Ų(AUC) -Ĕʶʨ¸Iʑ)&
(d) (e) ��� 1&��� 2, AAV9-
dsEGFP ƼɧɜʘȌ
3 ǂ2q�k3 AAV9 2U�w\kd�rVʶ-�E

VP1 (82 kDa)�VP2 (67 kDa)�VP3 (60 kDa) Iʔ�,�E
(f) ɤʉȱù, Ð
˭2ON�^Yo�Ičƽ!EĹÐəĵ; ̔ʉȱù, ON�^Yo�Ičƽ�

0��ɈəĵIʔ�,�E
(g) (i) �Ɉəĵ(25.7%, 68.6S); (ii) �˯³(32.4%, 
88.8S); (iii) ĹÐəĵ(38.8%, 102.6S) 2t�VIʔ�,�E
S, Ǫ˲»Ʃ
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Figure 4 
 

 
 

 
 
 
Figure 4. AAV9-dsEGFP 2ÕȓŹ2Ⱥʪ1B6 AAV9-dsLuc�AAV9-ssLuc 
ɜʘ72˙Ș 
 
� (a-f) AAV9-dsEGFP 2ÕȓŹ2Ⱥʪ.�(g-i) AAV9-dsLuc 1B6(j-l) AAV9-
ssLuc 1ɜʘǭ�˙Ș-�E2Ǒʣ�&
Ĕʶʨ¸I�(a, d, g, j) SDS-PAGE 
(Oriole Ǌʉ)�(b, e, h, k) OQ^d�v�ghM�W(B1 ƋU�w\kƋ

³)�(c, f, i, l) ́ĵ̌ŰˬÖȯIȘ�,ʑ)&
ć��� 1&��� 2, rAAV9 
ƼɧɜʘȌ

3 ǂ2q�k3 AAV9 2U�w\kd�rVʶ-�E VP1 (82 
kDa)�VP2 (67 kDa)�VP3 (60 kDa) Iʔ�,�E
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Figure 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. rAAV9 ɜʘw�jZ� 
 
� HEK293EB ɥɻ1 rAAV9 ´ʘ1ųʚ0 3 Ʉ2w�^�k(cis w�^�

k�trans w�^�k�Liox�r�w�^�k) I PEI IȘ�,ȆʐǺ2

Ȏž-j��^uPV\��!E(DMEM ģĠ)
5 ƲŬ1ȆʐǺģ̐�ǺIę

ā��TFF -˳ĭȃ˔�&Ŭ�1/3	1/2AS -ɚɜʘIʑ�
1/3	1/2AS Ø
Ȕ[�w�I 4 ɢL��mO�˶NR�£ƝS��1��k��ˍ˔ȜÚIƼ

ɧȪ1Y�ȃ˔V�~jW�uM�-ɜʘ!E
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Figure 6 
 

 
 
Figure 6. AAV ŽǊçʨ¸2w�jZ� 

� ćʐǺĢ rAAV (rAAV1, rAAV2, rAAV8, rAAV9) 1B6 wtAAV2 I«�2B

�0ðĈȌ�ǸĈȌ�ȕĨ1ƹ̃��ŽǊç2ĬðIʮ8&
UV 1 40 Ú
˯�0.1M NaOH 1 15 Ú˯�0.06% NaClO 1 15 Ú˯�0.22 µm ȃ˔ǧ˕ǧ

1 10 Ʋ˯�1B6 70% EtOH 1 10 Ʋ˯ƹ̃�&
96 well w��j1ƣɄ

�& HeLaRC32 ɥɻ1 8 well "*ć AAV Ij��^eV\���&


rAAV ��Ǳð�F,�0�ĦĈ�LioON�^Ķğ�- rAAV 3
HeLaRC32 ɥɻÔ-ĩǡ!E9.�Ąɼ-�E
 
� j��^eV\�� 3 ƲŬ1�ɮʉʏÌIʏÌ̌Űˬ-ʞŁ�&
ŽǊç2

Ĭð�*;DʏÌ2Ĭð1*�,3�Image J I¶Ș�,ÚǇ�&
 
� ʏÌ̌ŰˬʞŁŬ�j��^eV\���&ɥɻ1B6�,0�ɥɻ2C

DNA ƎÙIʑ��TCID50I qPCR 1BDǼĺ�&
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Figure 7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7. rAAV1�rAAV2�rAAV8�rAAV9 2ŽǊçĬð 

� (a) 40 Ú˯2 UV ȇńe(b)�15 Ú˯2 0.1M NaOH ƹ̃�(c) 15 Ú˯2

0.06% NaClO ƹ̃�(d) 10 Ʋ˯2 0.22um uM�d�ȃ˔�&ǧ˕ǧƹ̃�

(e) 10 Ʋ˯2 70% EtOH ƹ̃�&âŬ2 rAAV Ij��^eV\���&

HeLaRC32 ɥɻ2ʏÌ̌ŰˬÖȯIȼ�&
ʏÌŢŞ3ć rAAV 2ŽǊçI

ȼ�,�E
ʏÌŢŞ2ȮłȪʨ¸�*;DŽǊç2ĬðIĺ˦ð�&?2I

Table 4 1ƛ˂�&
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Table 1 �=Xu�~#"3(.&)6�t�� 

� ��#� 3�������
�� ��"��!��� ��"	����� ���
 1 p.7 �� 
 
� 8���=Xu��:�~�� �#"3(.&)6��� rAAV� ssAAV �VO� 4.7kb ���dsAAV �VO�
3.2kb ��u��=X�g�M���� rAAV �¥�Jb���5�����mCI��(¥C���) ���=X]@
�Hp���� ���rAAV �r���xT�YS��� � ���ePb!l
����\��c�a���xT
!q��\a�	�
��W	�Dz���  
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Table 2 N������G?yZ 
 

 rAAV ',1 dsAAV-CBA-EGFP 
dsAAV-CBA-

RFLuc 
ssAAV-CMV-

RFLuca 

 AAV ',1�^d ;n¡ ;n¡ 7n¡ 

 GC Ql} 59% 55% 52% 

 [¨Rh 1 2 3 4 5 

�G? 

TFF E 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. 

£"$4<f%21�� 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. 

k���| 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. 

k���| 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. 

RL} f 60% 63% 51% 70% 69% 

�RL} g 22% 27% 20% 46% 50 % 

9��X�FO 
(9��Xh / ��Xh) 

3.8% 
(195/5168) 

5.2% 
(230/4404) 

2.6% 
(79/3013) 

7.3% 
(343/4684) 

3.8% 
(211/5561) 



� ��

�  
� N�����G?! qPCR �yZ�� ���9��X�w@}�¤X¦`¢A�!����B��  
a ssAAV �()4*6+-2(0+� dsAAV �()4*6+-2(0+�����(oi���jv!K{)  
b U§8x� 1120 mL  
c ITR !s����-2"/6�� qPCR  
d k���|� 13 mL  
e ITR ���� >!s����-2"/6�� qPCR  
f RL}��(£"$4<f%21��_�G?) / (TFF _�G?) ��B  
g RL}��(k���|! ITR -2"/6�yZ��G?) / (TFF E�G?) ��B  
�
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Table 3 :NLQE�%"�#) DNA A/F�B7 
 
 
 
 
 
 
 
 
� HEK293EB MOI<� DNA �:NLQE�A/	�����B7
��
���%" GAPDH �?K�
�'*�(,�H�� qPCR ���2=	
�  
a 36� AAV9-dsEGFP �LQ8U�:NLQE�S��  
b Benzonase 0G(+) 
��rAAV9 �%"�#) DNA �$!�, +��
�����5��34	���  
c 1 �&,;C���>1TJ.-�P
  
d Benzonase 0G(-) 
��rAAV9 ��� rAAV9 DRD@�%"�#)
DNA �A/	����5��34	���  

 
 
  

rAAV9 (1.0 × 109 v.g.) %"�#) DNA 

Benzonase 0G :NLQE a TFF 9 

+c < 1 �&,b < 1 �&,b 

-d < 1 �&,b 2.6 �&, 
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Table 4 (/2%'#$.2
��km�n>QP�fOet< 
 

 UV NaOH NaClO `v` 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 

 
� n>yTx?g	��ZsGreen1 �(/2%'#$.2
��km�n>QP��Image J �;d��bM���HX

=��\@c rAAV �(/2%'#$.2��km�n>QP� 100% (=1) ���Z��@c rAAV �(/2%'#$

.2��km�n>QP�CI�h��������N.D. �n>km�rN���	��������p����� 
EtOH, "&*31; NaClO, _7Jiw)(0!-; NaOH, `wE)(0!-; N.D., not ditected; UV, jLl� 
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Table 5 AAV �V]D�KE���� 
 

 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 - 

 
F9}TCID50 / mL 
 
� { z | �Ya�S���H rAAV �(/2%'#$.2BR��km	� DNA �WA��H+/ ,3�;d��

qPCR �o���� TCID50 �bM�����Z�rAAV1, rAAV8, rAAV9 ��ZsGreen1 �^e���+/ ,3�d

��rAAV2, wtAAV2 � ITR �^e���+/ ,3�d�������qPCR �=	��V]D�KE�bM���p

6�sG�85�u�����-, V]D�:5
q����; �, [U�V]D�:5
q���; ��, 5-log 84�V]

D�:5
q���� 


