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viral capsid proteins, except VP2. Although X-ray structures of multiple AA Vs have been 

solved, only the VP3 region sequence was observed in the crystal structures. Fifteen N-terminal 

amino acid residues of VP3 were still missing in the X-ray structure, possibly due to its intrinsic 

disorder [11-13]. It is possible that the lack of information of VPl and VP2 N-terminal regions in 

the atomic structure might be due to low stoichiometry of VPl and VP2 in the capsid. In 

addition, N-termini of VPl and VP2 are buried inside the capsid and are not accessible to 

antibodies in the native state as reported in the some literature [3, 14, 15]. Conventionally, a Gel­

LC/MS method (SDS-PAGE, in-gel tryptic digestion and LC/MS/MS) was used in 

characterization of VPs [16-18]. However, N-termini of VPl, VP2 and VP3 have not been 

confirmed using this approach, since this method failed to obtain 100% sequence coverage of 

VPs due to the limited recovery of peptide from gel. 

[0201] Direct analysis using MALDI-TOF MS was reported for several virus capsid proteins 

including tobacco mosaic virus U2 after dissociation with organic acid [19]. Direct peptide 

mapping after amide hydrogen exchange and mass spectrometry have been used to study the pH­

induced structural changes in the capsid of brome mosaic virus (BMV) [20]. Since AA Vs are 

nonenveloped viruses containing only capsid proteins and genome, AA Vs capsids could be 

directly analyzed by RP-LC/MS of proteins and LC/MS/MS of peptide mapping to achieve 

100% sequence coverage after capsid dissociation without SDS-PAGE separation. The DNA 

fragments could elute in the void volume and thus have no interference on protein/peptide 

detection by LC/MS. In order to investigate these methods, direct LC/MS of different types of 

AA Vs after denaturation was used to monitor the protein sequence and post-translational 

modifications of AAV capsid proteins. As described herein, N-termini of VPl, VP2 and VP3 of 

AA Vs have been confirmed by mass spectrometry. Acetylations of N-termini of VPl and VP3 

were also identified in the different serotype of AA Vs. Direct LC/MS/MS peptide mapping of 

AA Vs has also been developed to provide sequence coverage of VP 1, VP2 and VP3 and confirm 

the N-termini acetylation of VPl and VP3. 

Methods 

Materials and Reagents 
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[0202] Dithiothreitol (DTT), 4-vinylpyridine, ultra-pure formic acid, acetic acid, guanidine­

HCl, Tris-HCl and Tris base were purchased from Sigma Chemicals (St. Louis, MO). Amicon 

ultra-4 filters were purchased from Millipore (Billerica, MA). The porcine sequencing grade 

trypsin was purchased from Promega (Milwaukee, WI). Endoproteinase Lys-C and Asp-N were 

purchased from Roche (Germany). Slide-A-Lyzer cassettes with 10,000 MWCO were purchased 

from Pierce (Rockford, IL). 

Vector production and purification 

[0203] AA V vectors were produced using the transient triple transfection method as previously 

described (Xiao, 1998 #123). Briefly, HEK293 cells were transfected using polyethyleneimine, 

PEI, and a 1: 1: 1 ratio of three plasmids (ITR vector, AA V rep/cap and Ad helper plasmid). The 

vector plasmid contains the vector genome CBA-EGFP and ITR sequences from AAV2. EGFP 

expression is driven by the CMV enhancer chicken beta actin hybrid promoter (CBA) as 

described (Miyazaki, 1989 #124) (Niwa, 1991 #125). The AAV rep/ cap helpers contained rep 

sequences from AA V2 and serotype specific capsid sequences with the nomenclature, rep2 / 

cap2, rep2 I cap5, rep2 /cap7 etc. The pAd helper used was pHelper (Stratagene/Agilent 

Technologies, Santa Clara, CA). Purification of AAV was performed as described by Qu et al. 

(2007, J. Viral. Methods 140:183-192 ). 

LC/MS intact protein analysis 

[0204] The AAV virions were concentrated with an Amicon ultra-4 filter (l0kDa MWCO) and 

denatured with 10% acetic acid followed by direct analysis in an Acquity UPLC -Xevo® QTOF 

MS instrument (Waters, Milford, MA). The separations were performed with a UPLC BEH C4 

or C8 column (1.7 µm, 2.1mm i.d.) at a 0.25 ml/min flow rate. Mobile phase A was 0.1 % formic 

acid in water while mobile phase B was 0.1 % formic acid in acetonitrile. The final gradient was 

as follows: from 10% B to 20% B for 6 minutes, from 20% B to 30% Bin 10 min, then from 

30% to 38% B for 40 minutes. For MS the capillary voltage and sampling cone voltage were set 

at 3.5 kV and 45 V respectively. The mass spectra were acquired in the sensitivity mode with mlz 

range of 500-4000. Assisted calibration with sodium iodide as calibrant was performed for mass 

calibration. MaxEntl in Masslynx software was used for protein deconvolution. 

Enzymatic digestions of AA V2 VPs 
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[0205] The concentrated AAV2 virions were denatured with 6 M Guanidine-HCl, 0.1 M Tris 

at pH 8.5. The proteins were reduced with 30 mM DTT at 55 °C for 1 hour in darkness and 

alkylated with 0.07% 4-vinylpyridine at room temperature for 2 hours. The reactions were 

quenched by the addition of lM DTT. The samples were dialyzed with Slide-A-Lyzer cassettes 

(10,000 MWCO) against 25 mM Tris buffer at pH 8.5 for~ 18 hours. After dialysis, the samples 

were split into three aliquots. Each aliquot was digested with trypsin at 1:25 or Lys-C at 1:50 or 

Asp-Nat 1:100 enzyme: protein ratio (wt/wt) for 18 hours at 37 °C, respectively. 

LC/MS/MS peptide mapping 

[0206] Nano LC/MS/MS was performed in using a NanoAcquity HPLC system (Waters, 

Milford, MA) in conjunction with an Orbitrap Velos mass spectrometer (Thermo-Fisher 

Scientific, Waltham, MA) using home packed nanoLC column(75 µm xlOmm) with Magic C18 

with packing material(5 µm, Bruker, Billerica, MA) at a 300 nl/min flow rate. The mobile 

phases A and B were 0.1 % formic acid in water and acetonitrile, respectively. The gradient was 

from 2% B to 60% B in 121min. 

[0207] The source parameters for velos were as follows: source voltage: 2.5 kv, capillary 

temperature 275 °C; S-lens RF level: 55%. Data were acquired using the top-ten data dependent 

method with accurate ms at 60,000 resolution and 10 MS/MS in ion trap. Mascot was used for 

database searching against AAV2 viral capsid protein sequences. MS tolerance of 10 ppm and 

ms/ms tolerance of 0.8 Da were used for the database search. 

UPLC/MS/MS peptide mapping 

[0208] The protein digests were also analyzed by UPLC/MS/MS in Acquity UPLC-Xevo 

qTOF MS. A BEH300 C18 column (2.1 x150 mm) was used for separation in the mobile phases 

with 0.1 % formic acid in water/acetontitrile gradient at a flow rate 0.25 ml/min. The mass 

spectra were acquired in the positive MSe mode in the mass range of 200-2000. 

Results 

AA V denaturation method 
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[0209] AA Vs can be denatured through a number of methods using detergent, heat, high salt, 

or buffer with low or high pHs. Heat denaturation can lead to protein precipitation and as a 

result reverse phase columns are easily clogged and over pressurized. Denaturation with high salt 

requires an additional desalting step before LC/MS analysis. Denaturing with 10% acetic acid 

was used for the LC/MS intact protein analysis, as it allowed for clean mass spectrum. For 

peptide mapping, either 0.1 % RapiGest or 6 M Guanidine HCl can be used as a denaturing 

reagent. 

Intact protein analysis method development 

[0210] Initial intact protein analysis of AA V2 was performed using an UPLC BEH C4 column 

at fast gradient. Under this condition, only one single peak in the total ion chromatogram was 

observed, with a mass corresponding to VP3 (FIG. lA). Without wishing to be bound by theory, 

it is thought that the absence of VPl and VP2 is possibly due to low stoichiometry of VPl and 

VP2 or suppression of VPl and VP2 signals by VP3 if all VPs co-elute. Increasing injection or 

column length, using a shallower gradient, and using alternative columns have been attempted in 

order to detect VPl and VP2. Higher loading (l.7µg) with a shallower gradient at 0.5% B/min 

resulted in a shoulder peak on the left (FIG. 1B). The increase in column length from 10 cm to 

15 cm did not enhance the separation of the shoulder peak (FIG. lC). However, the shoulder 

peak was further separated from the main peak using a BEH C8 column, with improved signal 

intensities observed (FIG. 1D). 

[0211] As a result, the VPl and VP2 masses were obtained in this shoulder peak at the signal 

intensities shown in FIG. 2A. The masses of VPl and VP3 correspond to a.a. 2-735(acetylation) 

and a.a. 204-735(acetylation), respectively (FIGS. 2A&2B). No acetylation was observed in 

VP2 (a.a.139-735). In addition, a minor peak with a smaller mass than VP3 was observed, with 

a mass corresponding to amino acid sequence 212-735 with one acetylation (FIG. 2B). These 

data are consistent with DNA sequences since VP3 contains two ATG initiation codons in 

AAV2: ATGGCTACAGGCAGTGGCGCACCAATGGCAGAC (SEQ ID NO:1), resulting in two 

possible N termini (underlined): MATGSGAPMAD (SEQ ID NO:2). The N-terminal 

methionine residues were not present in both VPl and VP3 as measured by intact protein 

analysis. The acetylation of VPl and VP3 is not a method-induced artifact (denaturation of AAV 

by 10% acetic acid) since acetylation of VPl and VP3 is also observed in an AA V preparation 
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using an alternative denature method without acetic acid. The intact protein data also confirmed 

that no glycosylation was present in the viral capsid proteins, even though several N-linked 

consensus sequences are present [ 16]. 

LC/MS/MS peptide mapping 

[0212] To further confirm the N-termini and acetylation observed in the intact protein analysis, 

peptide mapping was performed using multiple enzymes and analyzed using multiple 

instruments. Various sample preparation methods, including denaturation methods and desalting 

steps, have been evaluated. The final digestion method, including denaturation with 6M 

guanidine HCl, reduction and alkylation with 4-vinylpyridine, and dialysis using slide-A-lyzer 

followed by enzymatic digestion, created clean peptide mapping with low artificial modifications 

during the digestion process. As low as 5 µg starting material was tested, yielding complete 

sequence coverage using nano LC/MS/MS and UPLC/MS/MS. 

[0213] Mascot search of tryptic digests from nano LC/MS/MS alone yielded 78% sequence 

coverage with an ion score 13 cut off as shown in FIG. 3. The two large missing tryptic 

peptides, T27 and T38 (boxed) from nano LC/MS/MS were found in the LC/MS in Xevo TOP 

MS with BEH C18 column (FIG. 3). In addition, most of the T27 and T38 peptide sequences 

were further confirmed by nano LC/MS/MS of Asp-N digests as shown in Italics in FIG. 3. The 

complete N-terminal and C-terminal peptides were covered by Lys-C digests as underlined in 

FIG. 3. Therefore, 100% sequence coverage of VPl was achieved through multiple enzyme 

digestions and two LC/MS/MS methods. 

[0214] LC/MS/MS confirmed the N- and C-termini of VPl, VP2 and VP3 and N-terminal 

acetylation of VPl and VP3 observed in the intact protein analysis. FIGS. 4A-4C show the 

MS/MS spectra of the VPl N-terminal tryptic peptide A(Ac)ADGYLPDWLEDTLSEGIR (SEQ 

ID NO:4) (FIG. 4A), VP2 N-terminal Asp-N derived peptide (APGKKRPVEHSPVEP) (SEQ ID 

NO:15) (FIG. 4B), and VP3 N-terminal Asp-N peptide A(Ac)TGSGAPM (SEQ ID NO:5) (FIG. 

4C). MS/MS has confirmed the location of acetylation at the N-terminal alanine residues in both 

VPl and VP3 peptides. The presence of unmodified y18 and yl 7 ions, and all detected b ions 

with 42Da mass shift in FIG. 4A indicates the 42 <la-modification is located in N-terminal of 
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VPl. Similarly, the presence of unmodified y3 to y8 ions in FIG. 4C confirmed the location of 

acetylation at the N-terminal alanine residue. 

Comparison of AA V VPN-termini 

[0215] In addition to AAV2, AAVl, AAV5, AAV7, AAV9 and AAV Rhl0 have also been 

analyzed by intact protein analysis. The theoretical and predicted masses of VPs in AA Vs are 

shown in Table 2. 

Table 2: Theoretical Mass vs Experimental Mass for AA V VPs 

Predicted amino Actual amino acid Theoretical 
Serotype Isoform acid sequence sequence Ms.(Da) Experimental Ms.(Da) 

AAVl VPl 1-736 2(ac)-736 81286 81291 

VP2 138-736 139-736 66093 66098 

VP3 203-736 204(ac)-736 59517 59520 

AAV2 VPl 1-735 2(ac)-735 81856 81856 

VP2 138-735 139-735 66488 66488 

VP3 203-735 204(ac)-735 59974 59974 

AAV5 VPl 1-724 2(ac)-724 80336 80336 

VP2 137-724 138-724 65283 65284 

VP3 193-724 194(ac)-724 59463 59463 

AAV7 VPl 1-737 2(ac)-737 81564 81567 

VP2 138-737 139-737 66372 66374 

VP3 204-737 213(ac)-737 59101 59103 

AAV9 VPl 1-736 2(ac)-736 81291 81288 

VP2 138-736 139-736 66210 66209 

VP3 203-736 204(ac)-736 59733 59733 

AAVRhlO VPl 1-738 2(ac)-738 81455 81455 

VP2 138-738 139-738 66253 66252 

VP3 204-738 205(ac)-738 59634 59634 

[0216] N-termini, as well as their posttranslational modifications, are highly conserved among 

the AAV serotypes analyzed, even though AAV5 is reported as the most diverse AAV serotype 

sequence, as shown in the sequence alignments in FIG. 5. In 11 out of 13 AA V serotypes, the 

N-termini of VPl share an identical 13 amino acid residue sequence (MAADGYLPDWLED) 

(SEQ ID NO:6) while all 13 AAV serotypes have identical TAP ... N-terminal sequences in VP2 

(FIG. 5). LC/MS of AAV2 indicated that Tis missing in VP2 at protein level. The N-termini of 

VP3 are the most diverse among the three viral capsid proteins, with 8 out of 13 AA V serotypes 
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sharing a MA ... N-terminal sequence. Similar to AAV2, AAVl and AAV RhlO also have two 

ATG initiation codons with the first one as predominant N-terminal based on LC/MS intact 

protein analysis. Interestingly, though AA V7 has two potential initiation codons 

(GTGGCTGCAGGCGGTGGCGCACCAATGGCAGACAATAAC ... ) (SEQ ID NO:7), the 

second initiation codon (ATG) was favorable based on the intact protein analysis: the VP3' with 

213(ac)-737 was a predominant peak while VP3 with 203(ac)-737 was a minor peak. 

Conclusions 

Applications of LC/MS intact protein analysis and LC/MS/MS peptide mapping of AA V 

VPs in gene therapy research and development 

[0217] These results demonstrate that direct LC/MS of different types of AA Vs after 

denaturation was proved to be a simple and effective way to monitor the protein sequence and 

post-translational modifications with accurate mass measurement in the intact protein level. N­

termini of VP 1, VP2 and VP3 of AA Vs were confirmed by mass spectrometry. Acety lations of 

N-termini of VPl and VP3 were also identified in different serotypes of AA Vs. Direct 

LC/MS/MS peptide mapping of AA Vs was developed, provided 100% sequence coverage of 

VPl, VP2 and VP3, and confirmed the N-termini acetylation of VPs. The theoretical masses of 

predicted sequences of 13 AA V serotypes based on sequence alignment and intact protein 

analysis of several AAV serotypes are shown in Table 3. 

Table 3: Predicted Sequences and Masses 

Predicted VPl Predicted VP2 Predicted VP3 
seQuence Mass(Da) seQuence Mass(Da) seQuence Mass(Da) 

AAVl 2(ac)-736 81286 139-736 66093 204(ac)-736 59517 

AAV2 2(ac)-735 81856 139-735 66488 204(ac)-735 59974 

AAV3 2(ac)-736 81571 139-736 66319 204(ac)-736 59849 

AAV4 2(ac)-734 80550 138-734 65626 198(ac)-734 59529 

AAVS 2(ac)-724 80336 138-724 65283 194( ac )-724 59463 

AAV6 2(ac)-736 81322 139-736 66096 204(ac)-736 59519 

AAV7 2(ac)-737 81564 139-737 66372 213(ac)-737 59101 

AAVS 2(ac)-738 81667 139-738 66519 205(ac)-738 59805 
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Predicted VPl Predicted VP2 Predicted VP3 
seQuence Mass(Da) seQuence Mass(Da) seQuence Mass(Da) 

AAV9 2(ac)-736 81291 139-736 66210 204(ac)-736 59733 

AAVlO 2(ac)-738 81477 139-738 66271 205(ac)-738 59638 

AAVll 2(ac)-733 80987 139-733 65794 198(ac)-733 59696 

AAV12 2(ac)-742 82106 139-742 66905 207(ac)-742 59846 

AAVRhlO 2(ac)-738 81455 139-738 66253 205(ac)-738 59634 

[0218] The accurate masses of VPl, VP2 and VP3 of each serotype are unique and therefore 

intact protein analysis can be used as an identity test to differentiate AA V capsid serotypes. 

Tables 4-6 show the mass differences of VPs among 13 common AA V serotypes. Shown in 

regular font are delta masses larger than 10, with delta masses less than 10 bolded. 

Table 4: Mass Differences of VPl Among 13 AA V Isotypes 

AAVl 
AAV2 570 AAV2 
AAV3 285 285 AAV3 
AAV4 736 1306 1021 AAV4 
AAV5 950 1520 1235 215 AAV5 
AAV6 36 534 249 772 987 AAV6 
AAV7 277 292 8 1013 1228 241 AAV7 
AAV8 381 189 96 1117 1332 345 104 AAV8 
AAV9 5 585 280 741 955 31 272 376 AAV9 
AAVlO 191 379 94 927 1142 155 86 190 186 AAVlO 
AAVll 299 869 584 436 651 335 577 681 304 490 AAVll 
AAV12 820 250 535 1555 1770 784 542 1439 815 629 1119 AAV12 
AAVRhlO 169 1401 116 905 1119 133 109 212 164 22 1468 651 

Table 5: Mass Differences of VP2 among 13 AA V Isotypes 

AAVl 
AAV2 395 AAV2 
AAV3 226 169 AAV3 
AAV4 1467 862 693 AAV4 
AAV5 810 1205 1036 343 AAV5 
AAV6 2 392 224 470 812 AAV6 
AAV7 278 116 52 746 1088 276 AAV7 
AAV8 1425 31 199 893 1235 1423 147 AAV8 
AAV9 117 278 109 584 927 115 161 308 AAV9 
AAVlO 177 217 149 645 987 175 101 248 60 AAVlO 
AAVll 299 694 525 168 511 301 578 725 416 476 AAVll 
AAV12 812 1417 586 1279 1622 810 533 386 695 635 1111 AAV12 
AAVRhlO 160 235 66 627 970 157 119 266 43 18 1459 652 
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Table 6: Mass Differences of VP3 among 13 AA V Isotypes 

AAVl 
AAV2 1457 AAV2 
AAV3 332 125 AAV3 
AAV4 12 1445 320 AAV4 
AAV5 54 511 386 66 AAV5 
AAV6 2 1455 330 10 56 AAV6 
AAV7 1416 673 748 428 362 1418 AAV7 
AAV8 288 169 144 276 342 286 704 AAV8 
AAV9 216 241 116 204 270 214 632 72 AAV9 
AAVlO 121 336 211 109 175 119 537 167 95 AAVlO 
AAVll 179 278 153 167 233 177 595 109 37 58 AAVll 
AAV12 329 128 3 317 383 327 745 141 113 208 150 AAV12 
AAVRhlO 117 340 215 105 171 115 533 171 99 4 62 212 

[0219] No masses within 10 Da of all three VPs between two isotypes are observed. Even 

though both VP2 and VP3 have only a 2 Da difference between AAVl and AAV6, the mass 

difference of VPl between AA Vl and AA V6 is 36, significant enough to be distinguished by an 

accurate mass measurement. Therefore, intact protein measurement of VPl, VP2 and VP3 is 

highly specific as an identity test. 

[0220] These results demonstrate that intact protein analysis and LC/MS/MS can be used to 

profile VPs to monitor VP expressions, posttranslational modifications, and truncations and to 

ensure product consistency during VLP production. These two analyses can also be used to 

confirm site-direct mutagenesis or structural characterization for capsid protein engineering 

applications. 

Example 2: The role of N terminal acetylation of AA V capsid proteins 

[0221] Chemical modifications of cellular proteins are a common means of controlling their 

functions (Arnesen, T. (2006) Virology 353(2): 283-293). N-terminal acetylation (Nt­

acetylation), which involves the transfer of an acetyl group from acetyl coenzyme A to the a­

amino group of the first amino acid residue of a protein (Brown, J.L. and Roberts, W.K. (1976) J 

Biol Chem 251: 1009-1014; Arnesen, T. etal. (2009) Proc NatlAcad Sci USA 106: 8157-

8162), is among the most abundant of protein modifications. Unlike most other protein 
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modifications, Nt-acetylation is irreversible; it occurs mainly during the synthesis of the protein, 

catalyzed by N-terminal acetyltransferases (NA Ts) associated with ribosomes (Gautschi, M. et 

al. (2003) Mal Cell Biol 23: 7403-7414; Pestana, A. and Pitot, H.C. (1975) Biochemistry 14: 

1404-1412; Polevoda, B. et al. (2003) J Biol Chem 278: 30686-97). There are several distinct 

NATs in eukaryotes-NatA-NatF-each composed of one or more subunits and each acetylating 

a specific subgroup of N-termini depending on the amino acid sequence of the first few amino 

acids (Jornvall, H. (1975) JTheor Biol 55: 1-12; Persson, B. etal. (1985) Eur] Biochem 152: 

523-527). 

[0222] Experimental data indicate that proteins with acetylated N-termini are more stable in 

vivo than non-acetylated proteins; i.e., Nt-acetylation protects proteins from degradation 

(Hershko, A. et al. (1984) Proc Natl Acad Sci US A 81: 7021-7025). One explanation for this 

might be the discovery in 2004 that another N-terminal modification, ubiquitination, which 

involves direct attachment of the small protein ubiquitin to the N-terminal amino acid residue, 

promotes the subsequent degradation of the protein (Ben Saadon, R. et al. (2004) J Biol Chem 

279: 41414-41421). Conversely, the Nt-acetylation signals can also be part of a quality control 

mechanism to degrade unfolded or misfolded proteins and to regulate in vivo protein 

stoichiometries (Hwang, C.S. et al. (2010) Science 327: 973-977). 

[0223] A systematic analysis of the predicted N-terminal processing of cytosolic proteins, 

versus those destined to be sorted to the secretory pathway, revealed that the cytosolic proteins 

were profoundly biased in favor of processing, but there is an equal and opposite bias against 

such modification for secretory proteins (Forte, G.M.A. et al. (2011) PLoS Biology, 4 May 2011 

Volume 9). Mutations in secretory signal sequences that lead to their acetylation result in mis­

sorting to the cytosol in a manner that is dependent upon the N-terminal processing machinery. 

Hence N-terminal acetylation represents an early determining step in the cellular sorting of 

nascent polypeptides that represent an extra layer of stringency in order to ensure that proteins 

destined to remain in the cytosol actually reside in the cytosol. The eukaryotic cell comprises 

several distinct compartments, called organelles, required to perform specific functions. The 

proteins in these compartments are synthesized in the cytoplasm and so require complex sorting 

mechanisms to ensure their delivery to the appropriate organelle. Proteins are modified by 

acetylation of their amino terminus at a very early stage in their synthesis. There is a profound 
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difference between the likelihood of such a modification on cytoplasmic proteins and on those 

destined for one of the major organelles, the endoplasmic reticulum (ER): whereas cytoplasmic 

proteins are typically acetylated, those bound for the ER are largely unmodified. Moreover, when 

specific ER proteins are engineered to induce their acetylation their targeting to the ER was 

inhibited (Forte, G.M.A. et al. (2011) PLoS Biology, 4 May 2011 Volume 9). 

[0224] The contractile proteins actin and tropomyosin have been shown to require NatB­

mediated Nt-acetylation for proper function, specifically involving actin-tropomyosin binding 

and actomyosin regulation (Coulton, A.T. et al. (2010) J Cell Sci 123: 3235-3243; Polevoda, B. 

et al. (2003) J Biol Chem 278: 30686-97). Thus Nt acetylation of AAV capsid proteins may have 

importance in the transduction potential of rAA V vectors. If AA V vectors fail to gain entry into 

the nucleus, they consequently fail to transduce cells. The role of actin filaments and FKBP52 

(FK506-binding protein p52) in the translocation of AA V capsids from the endosome to the 

nucleus is ,,vell defined (Zhao, W. et al. (2006) Virology 353(2): 283-293). 1rnportantly, Nt­

acetylation is essential for the functioning of actin filaments by modulating protein-protein 

interactions (Coulton, A.T. et al. (2010) J Cell Sci 123: 3235-3243; Polevoda, B. et al. (2003) J 

Biol Chem 278: 30686-97). 

[0225] Though N-terminal acetylation of proteins is a widely known phenomenon, the 

biological significance of Nt-acetylation on AA V capsid proteins is not well understood. The 

predicted N-termini of VPl and VP3 based on DNA sequencing are both methionine followed by 

alanine. It has been reported that removal of N-terminal methionine by Met-aminopeptidases 

frequently leads to Nt-acetylation of the resulting N-terminal alanine, valine, serine, threonine, 

and cysteine residues and that the acetylation of the N-terminus acts as a potential degradation 

signal [21]. Ubiquitination of viral capsid proteins was suggested as a potential signal for 

processing of the capsid at the time of virion disassembly [22]. The link between N-acetylation 

of VPl and VP3 and viral capsid degradation and uncoating before the nuclear entry is further 

investigated. 

[0226] To understand the functional implications of N-terminal acetylation with regard to 

AA V capsid proteins, site-directed mutagenesis of VP3 N-terminal initiation codons is used to 

generate AA V mutants. 
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Methods 

[0227] AA V capsid proteins are generated with differing amino acids at the 2nd position to the 

initiating methionine (iMet X) to determine if Nt-acetylation is inhibited or reduced, and the 

functional consequences are then measured. The ability of the capsid proteins to be trafficked 

intra-cellularly and/or to acquire post translational modifications such as glycosylation is 

assessed, and whether this ability affects the infectivity of the assembled AA V particle is 

subsequently determined. In addition, the impact of acetylation on ubiquitination/degradation 

and targeting to the lysosome, ER, Golgi, or inner nuclear membrane is determined. 

[0228] For example, to assay trafficking or targeting, AA V particles with capsid proteins 

having a mutated 2nd position (e.g., iMet X) are fluorescently labeled and used to infect cells 

(e.g., HeLa cells). These AA V particles are assayed for one or more of: time of viral particle 

uptake, colocalization of AAV particles with specific compartmental markers (e.g., Golgi, ER, or 

lysosomal proteins or other markers), nuclear accumulation (e.g., as assayed by colocalization 

with a nuclear marker or stain), and/or sensitivity of trafficking to specific inhibitors of early 

endosomal escape (such as bafilomycin A or ammonium chloride), as compared to fluorescently 

labeled wild-type AA V particles used to infect the same cell line (see, e.g., Bartlett, J.S. et al. 

(2000) J. Viral. 74:2777-2785 for a description of such assays). 

[0229] To assay infectivity, AA V particles with capsid proteins having a mutated 2nd position 

(e.g., iMet X) are used to infect cells (e.g., HeLa cells), and their transduction efficiency is 

compared to wild-type AAV particles (e.g., having the same AAV serotype and infecting the 

same type of cells). 

[0230] To assay glycosylation, AA V particles with capsid proteins having a mutated 2nd 

position (e.g., iMet X) are used to infect cells (e.g., HeLa cells). AA V particles from infected 

cells are subjected to one or more assays including without limitation chemical detection of 

glycosylation (e.g., applying a commercially available digoxigenin (DIG) glycan detection 

and/or fluorescent glycoprotein detection kit on denatured and electrophoretically separated 

capsid proteins) and mass spectrometry (e.g., FT-ICR MS), as compared to wild-type AAV 

particles used to infect the same cell line (see, e.g., Murray, S. et al. (2006) J. Viral. 80:6171-

6176 for a description of such assays). 
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[0231] To assay ubiquitination, AA V particles with capsid proteins having a mutated 2nd 

position are used to infect cells (e.g., HeLa cells). AA V particles are immunoprecipitated from 

infected cells with an anti-capsid antibody, then subjected to Western blotting with an anti­

ubiquitin antibody and compared to wild-type AA V particles used to infect cells in the same 

manner. Mutant AA V particles may also be used in in vitro ubiquitination assays, as compared 

to wild-type AAV particles (see, e.g., Yan, Z. et al. (2002) J. Viral. 76:2043-2053). 

Example 3: The role of deamidation of AA V2 capsid proteins 

[0232] Sequence analysis of the AA V2 capsid protein revealed potential deamidation sites, as 

underlined in the following amino acid sequence: 

MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGL VLPGYKYLGPFNGLDKGEPVNEAD 

AAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVEEPVKTA 

PGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPSGLGTNTMATGSGA 

PMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTRTW ALPTYNNHL YKQISSQSGASNDNHYFGYSTP 

WGYFDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTQNDGTTTIANNLTSTVQVFTDSEY 

QLPYVLGSAHQGCLPPFP ADVFMVPQYGYL TLNNGSQA VGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVP 

FHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPGPCYRQQRVSK 

TSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVLIFGKQGSEKTNVDIEKVMIT 

DEEEIRTTNPV ATEQYGSVSTNLQRGNRQAATADVNTQGVLPGMVWQDRDVYLQGPIW AKIPHTDGHFH 

PSPLMGGFGLKHPPPQILIKNTPVP ANPSTTFSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTS 

NYNKSVNVDFTVDTNGVYSEPRPIGTRYLTRNL (SEQ ID N0:3). 

[0233] In particular, a potential deamidation site is found at N57 /G58 in the phospholipase A2 

domain (Ca++ binding site), as bolded and italicized in the above sequence. The following 

experiments were aimed at exploring whether deamidation at N57 can lead to reduced potency 

and/or truncation of AA V2, as well as whether different AA V production methods may have 

different effects on deamidation. For example, the producer cell line method (see Martin et al., 

(2013) Human Gene Therapy Methods 24:253-269; U.S. PG Pub. No. US2004/0224411; and 

Liu, X.L. et al. (1999) Gene Ther. 6:293-299) may induce a higher level of deamidation at N57, 

as compared to the triple transfection method. According to the crystal structure of AAV2, N57 

is not shown; however, N382 and N511 are partially exposed, and N715 is fully exposed. 
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Methods 

Enzymatic digestions of AA Vl and AA V2 VPs 

[0234] 10 µg of each AAVl-EGFP or AAV2-EGFP material (generated from triple 

transfection as well as producer cell line process) were concentrated using Amicon filters (10 

kDa MWCO), denatured with 6 M Guanidine-HCl, 50 mM Tris at pH 8.5. The proteins were 

reduced with 5 mM DTT at 60 °C for 30 minutes in darkness, alkylated with 15 mM 

iodoacetamide at room temperature for 30 minutes, and then buffer exchanged into 25 mM Tris 

pH 7 .1 for digestion using Bio-Spin® 6 Tris micro-columns. After buffer exchange, the samples 

were split into two aliquots. Each aliquot was digested with trypsin at 1:25 or Asp-Nat 1:50 

enzyme: protein ratio (wt/wt) for 2 hours at 37 °C, respectively. 

UPLC/MS/MS peptide mapping 

[0235] The protein digests were also analyzed by UPLC/MS/MS in Acquity UPLC-Xevo 

qTOF MS. BEH300 C18 column (2.1 x 150 mm) was used for separation in the mobile phases 

with 0.1 % formic acid in water/acetontitrile gradient at a flow rate 0.25 ml/min. The mass 

spectra were acquired in the positive MSe resolution mode in the mass range of 50-2000. 

Determination of deamidation levels in AA V VPs 

[0236] The extracted ion chromatograms (XIC) of peptides containing NG sites (T9, T49, and 

T67 in AAl and AAV2 VP) and their corresponding deamidated species were used for 

calculation of deamidation levels. 

[0237] In order to compare AA V vectors produced by the triple transfection (TTx) and 

producer cell line (PCL) methods, AAVl or AAV2 tagged with EGFP was produced using the 

TTx or PCL method. Truncated VPl (tVPl) was found to be present in AAV2-EGFP produced 

by PCL, but not in the AAV2-EGFP produced by TTx. AAVl-EGFP was not found to have 

tVPl, regardless of the production method. The in vitro potency of AAV2 produced by the PCL 

method was also found to be reduced, as compared to AAV2 produced by TTx. Mutant N57K 

and N57Q AAV2 particles were also found to have reduced potency and disrupted Ca++ 

binding. 
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[0238] The following table provides the tryptic peptides that were analyzed to examine each 

potential deamidation site, as well as the corresponding residue. 

Table 7: Tryptic peptides containing NG sites 

Peptide (NG sequence underlined) Residue 

YLGPFNGLDK (SEQ ID NO: 9) N57 

EVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMV N382 

PQYGYLTLNNGSQA VGRSSFYCLEYFPSQMLR (SEQ ID NO: 10) 

YNLNGR (AA Vl) (SEQ ID NO: 11) N511 

YHLNGR (AA V2) (SEQ ID NO: 12) N511 

SANVDFTVDNNGLYTEPR (AAVl) (SEQ ID NO: 13) N715 

SVNVDFTVDTNGVYSEPR (AAV2) (SEQ ID NO: 14) N715 

[0239] As shown in Table 7, the T9 peptide YLGPFNGLDK (SEQ ID NO: 9) was used to 

monitor N57, the T38 peptide 

EVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMVPQYGYLTL 

NNGSQA VGRSSFYCLEYFPSQMLR (SEQ ID NO: 10) was used to monitor N382, the T49 

peptides YNLNGR (SEQ ID NO: 11) and YHLNGR (SEQ ID NO: 12) were used to monitor 

N511 in AAVl or AAV2 (respectively), and the T67 peptides SANVDFTVDNNGLYTEPR 

(SEQ ID NO: 13) and SVNVDFTVDTNGVYSEPR (SEQ ID NO: 14) were used to monitor 

N715 in AAVl or AAV2 (respectively). 

[0240] LC/MS/MS analysis was used to compare the percentage of deamidation in AAVl and 

AA V2 particles produced by the TTx and PCL methods. The results from the T9 peptide are 

shown in FIGS. 6A & 6B. The results from the T49 peptide are shown in FIGS. 7A & 7B. The 

results from the T67 peptide are shown in FIGS. SA & 8B. These results are summarized in 

Table 8. The T38 peptide was not detected due to its size. 

Table 8: Summary of LC/MS/MS results 

% Deamidation 
N57 N511 N715 

AAVl I TTx 7.9 30.9 18.1 
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PCL 11.3 27.4 18.7 

AAV2 
TTx 6.7 39.6 27.4 
PCL 18.4 42.3 28.0 

[0241] In particular, AAV2 produced by PCL showed nearly a 3-fold increase in deamidation 

as compared to AA V2 produced by TTx. These results suggest that deamidation decreases AA V 

potency, as the in vitro potency of AA V2 produced by PCL is reduced. 

Conclusions 

[0242] Taken together, Examples 1-3 demonstrate methods for analyzing intact proteins of 

viral particles (e.g., AAV capsid proteins) using LC/MS. Molecular weights were measured 

accurately, and these techniques may be also used to assess N-termini and/or modifications of 

viral capsid proteins. Moreover, these methods are adaptable as capsid serotype identity assays 

useful in gene therapy, e.g., as an analytical platform. These results further establish a 

correlation between capsid protein structure (e.g., truncations, deamidation, etc.) and potency, 

suggesting that point mutations at key sites may be used to engineer more effective vectors. 

Example 4: Elucidating the role of N terminal acetylation of AA V capsid proteins 

[0243] As discussed above, the N-termini of AA V capsid proteins are highly conserved across 

serotypes (FIG. 5). The techniques described in Example 1 allow for interrogation of VP 

expression and posttranslational modifications. The role and biological significance of N­

terminal acetylation of AAV capsid proteins was next examined. 

Results 

[0244] To elucidate the potential role of deacetylation of AA V capsid proteins, AA V5 

deacetylation variants were tested. An AAV5 particle expressing eGFP under the CBA promoter 

(AA V5-CBA-Egfp) was compared to AAV5 variants with the amino acid adjacent to the 

initiating methionine (iMET) mutated for VPl and VP3 (deAC-AA V5-CBA-eGFPs). Three 

amino acids predicted to have a low likelihood of acetylation by NatA, NatC, or NatD were 

chosen for generating variants: Gly, Leu, and Pro, as illustrated in Table 9 below. 
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Table 9: N-terminal acetylation frequency 

NT-AC 
N-term aa Transf erase FREQUENCY 
MET-ALA 
Normally found in 
VPJ & VP3 NatA High 
MET-SER 
Normally found in 
VPJ & VP3 for AAV5 NatA High 

AA V variants 

MET-GLY NatA Low 

MET-LEU NatC Low 

MET-PRO NatD/other Low 

[0245] The following AAV5 deacetylated (deAC) mutants were generated: 

S2GVP 1 - Ser changed to Gly at position 2 in AAV5VP1 
S2LVP 1 - Ser changed to Leu at position 2 in AA V5VP1 
S2PVP 1 - Ser changed to Pro at position 2 in AA V5VP1 
S2GVP3- Ser changed to Gly at position 2 in AAV5VP3 
S2LVP3 - Ser changed to Leu at position 2 in AAV5VP3 
S2PVP3- Ser changed to Pro at position 2 in AAV5VP3 
S2PVP 1/VP3 - Ser changed to Pro at position 2 in both AA V5 VPl and VP3 
S2GVP 1/VP3 - Ser changed to Gly at position 2 in both AAV5 VPl and VP3 
S2LVP 1/VP3 - Ser changed to Leu at position 2 in both AA V5 VPl and VP3 

[0246] These variants were generated using the TTX method as described above. All AAV5 

variants showed good productivity, with yields greater than 1013 total VG. All AA V5 variants 

also showed the expected VP1:VP2:VP3 protein ratio by SYPRO protein gel analysis (FIG. 9). 

Next, LC/MS was used to confirm that all AAV5 variants had decreased acetylation, as shown in 

Table 10. 
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Table 10: LC/MS analysis of AA VS variant acetylation 

VPl VPl Amass VP2 VP2 Amass VP3 VP3 Amass 
mutants Theo. Exp. (VPl) Theo. Exp. (VP2) Theo. Exp. (VP3) note 
deAC-AAV5 
(S2GVP1)/ VPl not 

1 CBA-eGFP 80234 nd 65283 65293 10 59463 59472 9 detectable 
deAC-AAV5 
(S2LVP1)/ 

2 CBA-eGFP 80346 80501 181 65283 65292 9 59463 59471 8 VP 1 incorrect 
deAC-AAV5 
(S2GVP3)/ 

3 CBA-eGFP 80234 nd 65253 65261 8 59391 59398 7 confirmed 
deAC-AAV5 
(S2LVP3)/ 

4 CBA-eGFP 80336 80363 27 65309 65309 0 59447 59620 173 VP3 incorrect 
deAC-AAV5 
(S2PVPJVP3)/ 

5 CBA-eGFP 80314 80324 10 65293 65300 7 59431 59438 7 confirmed 

deAC-AAV5 
(S2GVPJVP3)/ 

6 CBA-eGFP 80234 80243 9 65253 65261 8 59391 59398 7 confirmed 
deAC-AAV5 
(S2PVP3)/ 

7 CBA-eGFP 80336 80346 10 65293 65292 1 59431 59430 1 confirmed 
deAC-AAV5 
(S2PVP1)/ 

8 CBA-eGFP 80314 80313 1 65283 65291 8 59463 59470 7 confirmed 
deAC-AAV5 
(S2L VPJVP3)1 

9 CBA-eGFP 80346 nd 65309 65318 9 59447 59629 182 VP3 incorrect 
nd=not determined 

[0247] These LC/MS analyses confirmed that AAV5 variants were deacetylated. The variants 

S2L VP 1, S2L VP 3, and S2L VP 1/VP 3 all showed increased mass (increased from 173 to 182) in 

VPl and VP3 proteins, suggesting that changing the second N-terminal amino acid to a leucine 

in VPl or VP3 alters the protein, resulting in an increase in mass. 

[0248] Next, AA V5 variants were assayed in an in vitro transduction assay using eGFP as a 

reporter gene (FIG. 10). The assay was designed to evaluate transduction by AAV5 

deacetylated mutant variants at 106 multiplicity of infection (MOI), comparing each variant to 

the parental, unmodified AAV5 particle. Three cell lines were used: 293, HuH7, and HeLa cells. 
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Following infection, cells were assayed to determine vector genome copy number (vg/µg cellular 

protein) and eGFP expression (by ELISA). Vector genome copy number (vg/µg protein) 

represents the efficiency at which the AA V5 variant enters the cell, and eGFP represents the 

efficiency of capsid intracellular trafficking, since transgene expression requires the 

capsid/vector DNA to efficiently traffic to the nucleus (FIG. 10). Vector genomes were 

quantified by TaqMan analysis. 

[0249] FIG. 11 shows that, based on vector genome analyses, AAV5 deacetylated mutant 

vectors infected all three test cell lines at similar, but reduced, levels as compared to the parental 

unmodified AAV5 particles. FIG. 12 shows that AAV5 deacetylated mutant vectors all resulted 

in reduced eGFP expression in all three cell lines, as compared to transduction with parental 

unmodified AA V 5. 

Conclusions 

[0250] As predicted, no acetylation was observed in N-terminal Ser to Pro/Leu/Gly mutant 

variants when examined by LC/MS. AAV5 deAC variants showed robust vector production, and 

AAV5 deAC variants infected cells at levels comparable to parental AAV5. However, 

functional protein levels in cells infected with deAC variants were greatly reduced when 

compared to the parental AAV5. These data suggest that tropism is minimally affected by a lack 

of N-terminal deacetylation in VP1/VP3, but downstream processing (e.g., trafficking and/or 

degradation) is significantly affected. Since the variants tested demonstrated reduced in vitro 

activity, one of skill in the art may appreciate that variants characterized by reduced or 

eliminated acetylation could be employed, inter alia, when decreased levels of transduction are 

desirable. 

Example 5: Assessment of deamidation of AA V capsid proteins 

[0251] Examples 1 and 3 demonstrate techniques that allow the interrogation of post­

translational modifications of AA V capsid proteins and explore the role of deamidation of the 

AA V2 capsid. The following Example tested whether deamidation reduces potency and/or 

induces truncation of capsid proteins, and whether different manufacturing processes can induce 

different levels of deamidation. 
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Methods 

[0252] AA V particles were generated and deamidation status assayed as described in Example 

3. 

Results 

[0253] As described in Example 3, a potential deamidation site is found at N57 /G58 in the 

phospholipase A2 domain (Ca++ binding site) in VPl of the AA V2 capsid. The N57 /G58 motif 

is conserved across AAV serotypes (FIG. 13). Example 3 showed that AAV2 produced by PCL 

exhibited nearly a 3-fold increase in deamidation as compared to AAV2 produced by TTx (see 

FIGS. 6A & 6B and Table 8). 

[0254] In examining VPl, VP2, and VP3 production by protein gels, a truncated VPl protein 

(tVPl) was detected only in AAV2 capsid proteins produced by the PCL method (FIG. 14). 

[0255] A series of AA V2 deamidation mutants was generated next. These mutants targeted 

the Gly residue in the canonical NG sequence. Mutations targeting the A35 residue (see FIG. 

13), the N-terminal amino acid for tVPl were also generated, as shown in Table 11. The 

pAF277 and pAF279 mutants bearing multiple mutations did not package. 

Table 11: Deamidation mutants 

Name mutation 

pAF274 G58K 

pAF275 G58D 

pAF276 G58Q 

pAF277 G58,383,512,716K 

pAF278 A35N 

pAF279 L435N, G58,383,512,765K 

293 -

PIM45 Control 
K = positive charge (basic) 
D = negative charge (acidic) 
Q = polar 

sf-6193698 

av~ drp/cell 

4.54E+03 

5.00E+03 

5.41E+03 

1.2 

6.89E+03 

2.2 

0.9 

6.28E+03 
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[0256] Deamidation of variants were next analyzed by LC/MS as described in Example 3 

above. The AA V2A35N and AA V2G58D variants had altered deamidation as compared to the 

parental AA V2 (FIG. 15). In particular, the AA V2A35N mutant had increased deamidation 

(17.8%) as compared to parental AAV2 (5.7%). The AAV2G58D variant had reduced 

deamidation (1.1 %) as compared to parental AAV2. SYPRO protein gel analysis demonstrated 

that the AAV2 deamidation mutants exhibited the correct VP1:VP2:VP2 ratio (FIG. 16). 

[0257] Next, AA V2 deamidation variants were assayed in an in vitro transduction assay using 

eGFP as a reporter gene (FIG. 17). The assay was designed to evaluate transduction by AA V2 

deamidation mutant variants at 106 multiplicity of infection (MOI), comparing each variant to the 

parental, unmodified AAV2 particle. Three cell lines were used: 293, HuH7, and HeLa cells. 

Following infection, cells were assayed to determine vector genome copy number (vg/µg cellular 

protein) and eGFP expression (by ELISA). Vector genome copy number (vg/µg protein) 

represents the efficiency at which the AA V2 variant enters the cell, and eGFP represents the 

efficiency of capsid intracellular trafficking, since transgene expression requires the 

capsid/vector DNA to efficiently traffic to the nucleus (FIG. 17). Vector genomes were 

quantified by TaqMan analysis. 

[0258] Vector genome analysis indicated that AA V2 deamidation mutant variants infected all 

cell lines tested at levels comparable to that of parental AA V2 vectors (FIG. 18). Importantly, 

the AA V2A35N variant was found to be more potent than the parental AA V2 vector for 

transduction in all three cell lines (FIG. 19). The AAV2G58D variant was found to be more 

potent than the parental AAV2 vector in HuH7 cells (FIG. 19). 

Conclusions 

[0259] In summary, AA V2 deamidation mutant vectors infect cells at levels comparable to the 

parent AAV2 particles (e.g., comparable vg/µg cellular protein). However, based on analysis of 

eGFP levels in transduced cells, the AA V2A35N variant had higher potency than the parental 

AA V2 in all cell lines tested, and the AA V2G58D variant had higher potency than the parental 

AA V2 in HuH7 cells (a liver-derived cell line). These results suggest that the A35N mutation 

may be effective in increasing vector potency for transducing many cell types, and that the G58D 

mutation may also be effective in increasing potency in certain cell types, e.g., liver cells. 
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SEQUENCES 

All polypeptide sequences are presented N-terminal to C-terminal unless otherwise noted. 

All nucleic sequences are presented 5' to 3' unless otherwise noted. 

Nucleotide sequence of potential AA V2 VP3 initiation codons (A TG codons underlined) 

ATGGCTACAGGCAGTGGCGCACCAATGGCAGAC (SEQ ID N0:1) 

Polypeptide sequence corresponding to potential AA V2 VP3 initiation codons (methionines 
underlined) 

MATGSGAPMAD (SEQ ID N0:2) 

AA V2 VPl polypeptide sequence 

MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLDKGEPVNEADAAALEHDK 
AYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPD 
SSSGTGKAGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCD 
STWMGDRVITTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLINNNWGFRP 
KRLNFKLFNIQVKEVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMVPQYGYLTLNNGSQ 
AVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQF 
SQAGASDIRDQSRNWLPGPCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGV 
LIFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGVLPGMVWQDRDVYLQGP 
IWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTTFSAAKFASFITQYSTGQVSVEIEWELQKENSKR 
WNPEIQYTSNYNKSVNVDFTVDTNGVYSEPRPIGTRYLTRNL (SEQ ID N0:3) 

VPl N-terminal tryptic peptide (N-terminal alanine is acetylated) 

AADGYLPDWLEDTLSEGIR (SEQ ID N0:4) 

VP3 N-terminal Asp-N peptide (N-terminal alanine is acetylated) 

ATGSGAPM (SEQ ID N0:5) 

Common VPl N-terminal sequence 

MAADGYLPDWLED (SEQ ID N0:6) 

Nucleotide sequence of potential AA V7 VP3 initiation codons (start codons underlined) 

GTGGCTGCAGGCGGTGGCGCACCAATGGCAGACAATAAC (SEQ ID N0:7) 

Nucleotide sequence of mutated ITR 

CACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCACGCCCGGGCTTTGCCCGGGC 
G ( SEQ ID NO: 8) 
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CLAIMS 

What is claimed is: 

1. A method to determine the serotype of an adeno-associated virus (AA V) particle 

compnsmg 

a) denaturing the AA V particle, 

b) subjecting the denatured AAV particle to liquid chromatography/mass spectrometry 

(LC/MS), and 

c) determining the masses of VP 1, VP2 and VP3 of the AA V particle; 

wherein the specific combination of masses of VPl, VP2 and VP3 are indicative of the 

AA V serotype. 

2. The method of claim 1, wherein the calculated masses of VPl, VP2 and VP3 are 

compared to the theoretical masses of VPl, VP2 and VP3 of one or more AAV serotypes. 

3. A method of determining the heterogeneity of an AAV particle comprising 

a) denaturing the AA V particle, 

b) subjecting the denatured AAV particle to liquid chromatography/mass 

spectrometry/mass spectrometry (LC/MS/MS), 

c) determining the masses of VP 1, VP2 and VP3 of the AA V particle, and 

d) comparing the masses of step c) with the theoretical masses of VPl, VP2 and VP3 of 

the AA V serotype; 

wherein a deviation of one or more of the masses of VPl, VP2 or VP3 are indicative of 

the AA V capsid heterogeneity. 
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4. The method of claim 3 wherein the heterogeneity comprises one or more of mixed 

serotypes, variant capsids, capsid amino acid substitutions, truncated capsids, or modified 

capsids. 

5. The method of any one of claims 1-4, wherein the AAV particle is denatured with acetic 

acid, guanidine hydrochloride and/or an organic solvent. 

6. The method of any one of claims 1-5, wherein the liquid chromatography is reverse phase 

liquid chromatography, size exclusion chromatography, hydrophilic interaction liquid 

chromatography, or cation exchange chromatography. 

7. The method of any one of claims 1-6, wherein the liquid chromatography is reverse phase 

liquid chromatography. 

8. The method of claim 7, wherein the reverse phase chromatography is a C4 or C8 reverse 

chromatography. 

9. The method of claim 8, wherein the chromatography uses a mobile phase A comprising 

formic acid in water. 

10. The method of claim 9, wherein the mobile phase A comprises about 0.1 % formic acid. 

11. The method of any one of claims 8-10, wherein the chromatography comprises a mobile 

phase B comprising formic acid in acetonitrile. 

12. The method of claim 11, wherein the mobile phase B comprises about 0.1 % formic acid. 
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13. The method of claim 11 or 12, wherein the proportion of mobile phase Bin the 

chromatography increases over time. 

14. The method of claim 13, wherein the proportion of mobile phase Bin the 

chromatography increases in a stepwise manner. 

15. The method of claim 14, wherein mobile phase B increases from about 10% to about 

20%, from about 20% to about 30%, and from about 30% to about 38%. 

16. The method of claim 15, wherein mobile phase B increases from about 10% to about 

20% in about 6 minutes, from about 20% to about 30% in about 10 minutes, and from about 30% 

to about 38% in about 40 minutes. 

17. The method of any one of claims 1-16, wherein the liquid chromatography is ultra-

performance liquid chromatography (UPLC). 

18. The method of any one of claims 1-17, wherein the mass spectrometry comprises a 

capillary voltage of about 3.5 kV. 

19. The method of any one of claims 1-18, wherein the mass spectrometry comprises a 

sampling cone voltage of about 45 V. 

20. The method of any one of claims 1-19 wherein the mass spectrometry comprises assisted 

calibration. 
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21. The method of claim 20, wherein sodium iodide is used as a calibrant. 

22. The method of any one of claims 1-21, wherein the N-terminus of VPl and/or VP3 is 

acety lated. 

23. The method of any one of claims 1-22, wherein the AA V particle is a recombinant AA V 

(rAA V) particle. 

24. The method of any one of claims 1-23, wherein the AA V particle comprises an AA Vl 

capsid, an AAV2 capsid, an AAV3 capsid, an AAV4 capsid, an AAV5 capsid, an AAV6 capsid, 

an AAV7 capsid, an AAV8 capsid, an AAVrh8 capsid, an AAV9 capsid, an AAVlO capsid, an 

AAVrhlO capsid, an AAVl 1 capsid, an AAV12 capsid, an AAV LK03 capsid, an AAV2R471A 

capsid, an AA V2/2-7m8 capsid, an AA V DJ capsid, an AA V DJS capsid, an AA V2 N587 A 

capsid, an AA V2 E548A capsid, an AA V2 N708A capsid, an AA V V708K capsid, a goat AA V 

capsid, an AAV1/AAV2 chimeric capsid, a bovine AAV capsid, a mouse AAV capsid 

rAAV2/HBoV1 (chimeric AAV / human bocavirus virus 1), an AAV2HBKO capsid, an 

AA VPHP.B capsid or an AA VPHP.eB capsid. 

25. The method of claim 23 or 24, wherein the AAV capsid comprises a tyrosine mutation or 

a heparin binding mutation. 

26. The method of any one of claims 1-25, wherein the masses of VPl, VP2, and VP3 are 

compared to the theoretical masses of one or more of AAVl capsid, an AAV2 capsid, an AAV3 

capsid, an AAV4 capsid, an AAV5 capsid, an AAV6 capsid, an AAV7 capsid, an AAV8 capsid, 

an AA Vrh8 capsid, an AA V9 capsid, an AA VlO capsid, an AA VrhlO capsid, an AA Vl 1 capsid, 

an AAV12 capsid, an AAV LK03 capsid, an AAV2R471A capsid, an AAV2/2-7m8 capsid, an 

AA V DJ capsid, an AA V DJS capsid, an AA V2 N587 A capsid, an AA V2 E548A capsid, an 

AAV2 N708A capsid, an AAV V708K capsid, a goat AAV capsid, an AAV1/AAV2 chimeric 
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capsid, a bovine AAV capsid, a mouse AAV capsid rAAV2/HBoV1 (chimeric AAV / human 

bocavirus virus 1), an AAV2HBKO capsid, an AAVPHP.B capsid or an AAVPHP.eB capsid. 

27. The method of any one of claims 1-26, wherein the viral particle comprises an AAVl 

ITR, an AA V2 ITR, an AA V3 ITR, an AA V 4 ITR, an AA V5 ITR, an AA V6 ITR, an AA V7 

ITR, an AA V8 ITR, an AA Vrh8 ITR, an AA V9 ITR, an AA VlO ITR, an AA VrhlO ITR, an 

AA Vl 1 ITR, or an AA V12 ITR. 

28. The method of any one of claims 1-27, wherein the AAV particle comprises an AAV 

vector encoding a heterologous trans gene. 

29. A method to determine the serotype of an adeno-associated virus (AAV) particle 

compnsmg 

a) denaturing the AA V particle, 

b) subjecting the denatured AAV particle to reduction and/or alkylation, 

c) subjecting the denatured AA V particle to digestion to generate fragments of VP 1, VP2 

and/or VP3 of the AAV particle, 

d) subjecting the fragments of VPl, VP2 and/or VP3 to liquid chromatography/mass 

spectrometry-mass spectrometry (LC/MS/MS), and 

e) determining the masses of fragments of VPl, VP2 and VP3 of the AAV particle; 

wherein the specific combination of masses of fragments of VPl, VP2 and VP3 are 

indicative of the AA V serotype. 

30. The method of claim 29, wherein the calculated masses of the fragments of VPl, VP2 

and/or VP3 are compared to the theoretical masses of fragments of VPl, VP2 and/or VP3 of one 

or more AAV serotypes. 
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31. A method of determining the heterogeneity of a serotype of an AA V particle comprising 

a) denaturing the AA V particle, 

b) subjecting the denatured AAV particle to reduction and/or alkylation, 

c) subjecting the denatured AA V particle to digestion to generate fragments of VP 1, VP2 

and/or VP3 of the AAV particle, 

d) subjecting the fragments of VPl, VP2 and/or VP3 to liquid chromatography/mass 

spectrometry-mass spectrometry (LC/MS/MS), 

e) determining the masses of fragments of VPl, VP2 and VP3 of the AAV particle, and 

f) comparing the masses of step e) with the theoretical masses of fragments of VPl, VP2 

and VP3 of the AA V serotype; 

wherein a deviation of one or more of the masses of VPl, VP2 or VP3 are indicative of 

the AA V capsid heterogeneity. 

32. The method of claim 31 wherein the heterogeneity comprises one or more of mixed 

serotypes, variant capsids, capsid amino acid substitutions, truncated capsids, or modified 

capsids. 

33. The method of any one of claims 29-32, wherein the reduction is by subjecting the AAV 

particle to dithiothreitol, beta-mercaptoethanol, or tris(2-carboxyethyl)phosphine (TCEP). 

34. The method of any one of claims 29-33, where in the alkylation is by subjecting the AAV 

particle to iodoacetic acid, iodoacetamide, or 4-vinylpyridine. 

35. The method of any one of claims 29-34, wherein the digestion is an enzymatic digestion 

or a chemical digestion. 
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36. The method of claim 35, wherein the enzymatic digestion is an endopeptidase digestion. 

37. The method of claim 35 or 36, wherein the enzymatic digestion is a trypsin digestion, a 

LysC digestion, an Asp-N digestion or a Glu-C digestion. 

38. The method of claim 35, wherein the chemical digestion is cyanogen bromide digestion 

or an acid digestion. 

39. The method of any one of claims 29-37, wherein the AAV particle is denatured with 

acetic acid, guanidine hydrochloride and/or an organic solvent. 

40. The method of any one of claims 29-39, wherein the liquid chromatography is reverse 

phase liquid chromatography, size exclusion chromatography, hydrophilic interaction liquid 

chromatography, or cation exchange chromatography. 

41. The method of any one of claims 29-40, wherein the liquid chromatography is reverse 

phase liquid chromatography. 

42. The method of claim 41, wherein the reverse phase chromatography is a C18 reverse 

chromatography. 

43. The method of claim 42, wherein the chromatography uses a mobile phase A comprising 

formic acid in water. 

44. The method of claim 43, wherein the mobile phase A comprises about 0.1 % formic acid. 
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45. The method of any one of claims 42-44, wherein the chromatography comprises a mobile 

phase B comprising formic acid in acetonitrile. 

46. The method of claim 45, wherein the mobile phase B comprises about 0.1 % formic acid. 

4 7. The method of claim 45 or 46, wherein the proportion of mobile phase B in the 

chromatography increases over time. 

48. The method of claim 47, wherein mobile phase B increases from about 2% to about 60%. 

49. The method of claim 48, wherein mobile phase B increases from about 2% to about 60% 

in about 121 minutes. 

50. The method of any one of claims 29-49, wherein the liquid chromatography is high-

performance liquid chromatography (HPLC). 

51. The method of any one of claims 29-50, wherein the mass spectrometry comprises a 

source voltage of about 2.5 kV. 

52. The method of any one of claims 29-51, wherein the mass spectrometry comprises a 

capillary temperature of about 275 °C. 

53. The method of any one of claims 29-52 wherein the S-lens RF level of the mass 

spectrometry comprises is about 55%. 
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54. The method of any one of claims 29-53, wherein the N-terminus of VPl and/or VP3 is 

acety lated. 

55. The method of any one of claims 29-54, wherein the AAV particle is a recombinant AAV 

(rAA V) particle. 

56. The method of any one of claims 29-55, wherein the AAV particle comprises an AAVl 

capsid, an AAV2 capsid, an AAV3 capsid, an AAV4 capsid, an AAV5 capsid, an AAV6 capsid, 

an AAV7 capsid, an AAV8 capsid, an AAVrh8 capsid, an AAV9 capsid, an AAVlO capsid, an 

AAVrhlO capsid, an AAVl 1 capsid, an AAV12 capsid, an AAV LK03 capsid, an AAV2R471A 

capsid, an AA V2/2-7m8 capsid, an AA V DJ capsid, an AA V DJS capsid, an AA V2 N587 A 

capsid, an AA V2 E548A capsid, an AA V2 N708A capsid, an AA V V708K capsid, a goat AA V 

capsid, an AAV1/AAV2 chimeric capsid, a bovine AAV capsid, a mouse AAV capsid 

rAAV2/HBoV1 (chimeric AAV / human bocavirus virus 1), an AAV2HBKO capsid, an 

AA VPHP.B capsid or an AA VPHP.eB capsid. 

57. The method of claim 55 or 56, wherein the AA V capsid comprises a tyrosine mutation, a 

heparin binding mutation, or an HBKO mutation. 

58. The method of any one of claims 29-57, wherein the masses of VPl, VP2, and VP3 are 

compared to the theoretical masses of one or more of AAVl capsid, an AAV2 capsid, an AAV3 

capsid, an AAV4 capsid, an AAV5 capsid, an AAV6 capsid, an AAV7 capsid, an AAV8 capsid, 

an AA Vrh8 capsid, an AA V9 capsid, an AA VlO capsid, an AA VrhlO capsid, an AA Vl 1 capsid, 

an AAV12 capsid, an AAV LK03 capsid, an AAV2R471A capsid, an AAV2/2-7m8 capsid, an 

AA V DJ capsid, an AA V DJS capsid, an AA V2 N587 A capsid, an AA V2 E548A capsid, an 

AAV2 N708A capsid, an AAV V708K capsid, a goat AAV capsid, an AAV1/AAV2 chimeric 

capsid, a bovine AAV capsid, a mouse AAV capsid rAAV2/HBoV1 (chimeric AAV / human 

bocavirus virus 1), an AAV2HBKO capsid, an AAVPHP.B capsid or an AAVPHP.eB capsid. 
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59. The method of any one of claims 29-58, wherein the viral particle comprises an AAVl 

ITR, an AA V2 ITR, an AA V3 ITR, an AA V 4 ITR, an AA V5 ITR, an AA V6 ITR, an AA V7 

ITR, an AA V8 ITR, an AA Vrh8 ITR, an AA V9 ITR, an AA VlO ITR, an AA VrhlO ITR, an 

AA Vl 1 ITR, or an AA V12 ITR. 

60. The method of any one of claims 29-59, wherein the AAV particle comprises an AAV 

vector encoding a heterologous trans gene. 

61. A method of determining the serotype of an AA V particle comprising the method of any 

one of claims 1, 2 or 4-28 combined with the method of any one of claims 29, 30 or 32-59. 

62. A method of determining heterogeneity of an AA V particle comprising the method of 

any one of claims 3-28 combined with the method of any one of claims 31-60. 

63. A recombinant AAV (rAAV) particle comprising an amino acid substitution at amino 

acid residue 2 of VPl and/or VP3 or a parent polypeptide; wherein the amino acid substitution at 

amino acid residue 2 of VPl and/or VP3 alters N-terminal acetylation compared to N-terminal 

acetylation at amino acid residue 2 of VPl and/or VP3 of the parent AA V particle. 

64. The rAA V particle of claim 63, wherein the substitution results in a higher frequency of 

N-terminal acetylation or a lower frequency of N-terminal acetylation. 

65. The rAAV particle of claim 63 or 64, wherein the rAAV particle comprises an amino 

acid substitution at amino acid residue 2 of VPl; and wherein the amino acid substitution at 

amino acid residue 2 of VPl alters N-terminal acetylation compared to N-terminal acetylation at 

amino acid residue 2 of VPl of the parent AA V particle. 
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66. The rAAV particle of any one of claims 63-65, wherein the rAAV particle comprises an 

amino acid substitution at amino acid residue 2 of VP3; and wherein the amino acid substitution 

at amino acid residue 2 of VP3 alters N-terminal acetylation compared to N-terminal acetylation 

at amino acid residue 2 of VP3 of the parent AA V particle. 

67. The rAAV particle of any one of claims 63-66, wherein the amino acid residue 2 is 

substituted with Cys, Ser, Thr, Val, Gly, Asn, Asp, Glu, Ile, Leu, Phe, Gln, Lys, Met, Pro or Tyr. 

68. The rAAV particle of claim 67, wherein the amino acid residue 2 is substituted with Ser, 

Asp or Glu. 

69. The rAAV particle of any one of claims 63-68, wherein the AAV particle comprises an 

AAVl, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, AAVrh8, AAVrh8R, AAV9, 

AAVlO, AAVrhlO, AAV11, AAV12, AAV LK03, AAV2R471A, AAV2/2-7m8, AAV DJ, an 

AA V DJS capsid, AA V2 N587 A, AA V2 E548A, AA V2 N708A, AA V V708K, goat AA V, 

AAV1/AAV2 chimeric, bovine AAV, mouse AAV, rAAV2/HBoV1 serotype capsid, AAV2 

HBKO, AAVPHP.B or AAVPHB.eB serotype capsid. 

70. The rAAV particle of any one of claims 63-69, comprising a tyrosine mutation or a 

heparin binding mutation in the particle's capsid. 

71. The rAAV particle of any one of claims 63-70, wherein the rAAV particle comprises a 

rAA V vector. 

72. The rAAV particle of claim 71, wherein the rAAV vector comprises one or more AAV 

ITRs. 
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73. The rAAV particle of claim 71 or 72, wherein the rAAV vector comprises an AAVl ITR, 

an AA V2 ITR, an AA V3 ITR, an AA V 4 ITR, an AA V5 ITR, an AA V6 ITR, an AA V7 ITR, an 

AA V8 ITR, an AA Vrh8 ITR, an AA V9 ITR, an AA VlO ITR, an AA VrhlO ITR, an AA Vl 1 

ITR, or an AA V12 ITR. 

74. The rAAV particle of claim 72 or 73, wherein the AAV capsid and the AAV ITRs are 

derived from the same serotype. 

75. The rAAV particle of claim 72 or 73, wherein the AAV capsid and the AAV ITRs are 

derived from different serotypes. 

76. The rAAV particle of any one of claims 71-75, wherein the AAV particle comprises an 

AA V vector encoding a heterologous transgene flanked by one or more AA V ITRs. 

77. The rAAV particle of any one of claims 71-76, wherein the rAAV vector is a self-

complementary vector. 

78. The rAAV particle of claim 77, wherein the rAAV vector comprises a first nucleic acid 

sequence encoding the transgene and a second nucleic acid sequence encoding a complement of 

the transgene, wherein the first nucleic acid sequence can form intrastrand base pairs with the 

second nucleic acid sequence along most or all of its length. 

79. The rAAV particle of claim 78, wherein the first nucleic acid sequence and the second 

nucleic acid sequence are linked by a mutated AA V ITR, wherein the mutated AA V ITR 

comprises a deletion of the D region and comprises a mutation of the terminal resolution 

sequence. 
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80. The rAA V particle of any one of claims 63-79, wherein the rAA V particle is produced by 

transfecting a host cell with nucleic acid encoding the rAA V vector and nucleic acid encoding 

AAV rep and cap functions, and providing nucleic acid encoding AAV helper functions. 

81. The rAA V particle of claim 80, wherein the AA V helper functions are provided by 

transfecting the host cell with nucleic acid encoding the AA V helper functions. 

82. The rAAV particle of claim 81, wherein the AAV helper functions are provided by 

infecting the host cell with an AA V helper virus that provides the AA V helper functions. 

83. The rAA V particle of claim 82, wherein the AA V helper virus is an adenovirus, a herpes 

simplex virus or a baculovirus. 

84. The rAA V particle of any one of claims 63-79, wherein the rAA V particle is produced by 

an AA V producer cell comprising nucleic acid encoding the rAA V vector and nucleic acid 

encoding AA V rep and cap functions, and providing nucleic acid encoding AA V helper 

functions. 

85. The rAAV particle of claim 84, wherein the AAV producer cell comprises nucleic acid 

encoding AAV helper functions. 

86. The rAA V particle of claim 84, wherein the AA V helper functions are provided by 

infecting the AA V producer cells with an AA V helper virus that provides the AA V helper 

functions. 

87. The rAA V particle of claim 86, wherein the AA V helper virus is an adenovirus, a herpes 

simplex virus, or a baculovirus. 
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88. The rAAV particle of any one of claims 80-87, wherein the AAV cap functions provide 

an amino acid substitution at amino acid residue 2 of VPl and/or VP3, wherein the amino acid 

substitution at amino acid residue 2 of VPl and/or VP3 alters N-terminal acetylation compared 

to N-terminal acetylation at amino acid residue 2 of VPl and/or VP3 of the parent AA V particle. 

89. A pharmaceutical composition comprising the rAAV particle of any one of claims 63-88. 

90. A kit comprising the rAA V particle of any one of claims 63-87 or the pharmaceutical 

composition of claim 89. 

91. An article of manufacture comprising the rAA V particle of any one of claims 63-87 or 

the pharmaceutical composition of claim 89. 

92. An AA V capsid protein comprising an amino acid substitution at amino acid residue 2 of 

a parent AA V capsid protein; wherein the amino acid substitution at amino acid residue 2 alters 

N-terminal acetylation compared to N-terminal acetylation at amino acid residue 2 of the parent 

AA V capsid protein. 

93. The AA V capsid protein of claim 92, wherein the substitution results in a higher 

frequency of N-terminal acetylation or a lower frequency of N-terminal acetylation. 

94. The AAV capsid protein of claim 92 or 93, wherein the AAV capsid protein is VPl or 

VP3. 

95. The AAV capsid protein of any one of claims 92-94, wherein amino acid residue 2 is 

substituted with Cys, Ser, Thr, Val, Gly, Asn, Asp, Glu, Ile, Leu, Phe, Gln, Lys, Met, Pro or Tyr. 
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96. The AAV capsid protein of claim 93, wherein amino acid residue 2 is substituted with 

Ser, Asp or Glu. 

97. The AA V capsid protein of any one of claims 92-96, wherein the amino acid substitution 

results in less deamidation of the AA V capsid. 

98. The AAV capsid protein of any one of claims 92-97, comprising an AAVl, AAV2, 

AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, AAVrh8, AAVrh8R, AAV9, AAVlO, AAVrhlO, 

AAVll, AAV12, AAV LK03, AAV2R471A, AAV2/2-7m8, AAV DJ, an AAV DJS capsid, 

AAV2 N587A, AAV2 E548A, AAV2 N708A, AAV V708K, goat AAV, AAV1/AAV2 

chimeric, bovine AAV, mouse AAV, rAAV2/HBoV1, AAV2HBKO, AAVPHP.B or 

AAVPHP.eB serotype capsid. 

99. The rAAV capsid protein of any one of claims 92-98, wherein the AAV capsid protein 

further comprises a tyrosine mutation or a heparin binding mutation. 

100. A method of improving the stability of a rAA V particle comprising substituting amino 

acid residue 2 of VPl and/or VP3 of a parent VPl and/or VP3; wherein the substituting the 

amino acid at position 2 alters N-terminal acetylation of VPl and/or VP3, as compared to amino 

acid residue 2 of the parent VPl and/or VP3. 

101. A method of improving the assembly of rAA V particles in a cell comprising substituting 

amino acid residue 2 of VPl and/or VP3; wherein the substituted amino acid at position 2 alters 

N-terminal acetylation of VPl and/or VP3, as compared to amino acid residue 2 of the parent 

VPl and/or VP3. 
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102. A method of improving transduction of rAA V particles in a cell comprising substituting 

amino acid residue 2 of VPl and/or VP3 of a parent VPl and/or VP3; wherein substituting the 

amino acid residue 2 alters N-terminal acetylation of VPl and/or VP3, as compared to amino 

acid residue 2 of the parent VPl and/or VP3. 

103. The method of any one of claims 100-102, wherein substituting the amino acid residue 2 

results in a higher frequency of N-terminal acetylation or a lower frequency of N-terminal 

acetylation. 

104. The method of any one of claims 100-103, wherein amino acid residue 2 of VPl is 

substituted. 

105. The method of any one of claims 100-104, wherein amino acid residue 2 of VP3 is 

substituted. 

106. The method of any one of claims 100-105, wherein amino acid residue 2 is substituted 

with Cys, Ser, Thr, Val, Gly, Asn, Asp, Glu, Ile, Leu, Phe, Gln, Lys, Met, Pro or Tyr. 

107. The method of claim 106, wherein amino acid residue 2 is substituted with Ser, Asp or 

Glu. 

108. The method of any one of claims 100-107, wherein the AAV particle comprises an 

AAVl, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, AAVrh8, AAVrh8R, AAV9, 

AAVlO, AAVrhlO, AAV11, AAV12, AAV LK03, AAV2R471A, AAV2/2-7m8, AAV DJ, an 

AA V DJS capsid, AA V2 N587 A, AA V2 E548A, AA V2 N708A, AA V V708K, goat AA V, 

AAV1/AAV2 chimeric, bovine AAV, mouse AAV, rAAV2/HBoV1, AAV2HBKO, 

AA VPHP.B, or AA VPHP.eB serotype capsid 
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109. The method of any one of claims 100-108, wherein the rAAV particle's capsid further 

comprises a tyrosine mutation or a heparin binding mutation. 

110. The method of any one of claims 100-109, wherein the rAA V particle comprises a rAA V 

vector. 

111. The method of claim 110, wherein the rAAV vector comprises one or more AAV ITRs. 

112. The method of claim 110 or 111, wherein the rAA V vector comprises an AA Vl ITR, an 

AA V2 ITR, an AA V3 ITR, an AA V 4 ITR, an AA V5 ITR, an AA V6 ITR, an AA V7 ITR, an 

AA V8 ITR, an AA Vrh8 ITR, an AA V9 ITR, an AA VlO ITR, an AA VrhlO ITR, an AA Vl 1 

ITR, or an AA V12 ITR. 

113. The method of any one of claims 110-112, wherein the AA V capsid and the AA V ITRs 

are derived from the same serotype. 

114. The method of any one of claims 110-112, wherein the AA V capsid and the AA V ITRs 

are derived from different serotypes. 

115. The method of any one of claims 100-114, wherein the AA V particle comprises an AA V 

vector encoding a heterologous transgene flanked by one or more AAV ITRs. 

116. The method of any one of claims 110-115, wherein the rAAV vector is a self­

complementary vector. 
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117. The method of claim 116, wherein the rAA V vector comprises first nucleic acid sequence 

encoding the trans gene and a second nucleic acid sequence encoding a complement of the 

transgene, wherein the first nucleic acid sequence can form intrastrand base pairs with the second 

nucleic acid sequence along most or all of its length. 

118. The method of claim 117, wherein the first nucleic acid sequence and the second nucleic 

acid sequence are linked by a mutated AA V ITR, wherein the mutated AA V ITR comprises a 

deletion of the D region and comprises a mutation of the terminal resolution sequence. 

119. The method of any one of claims 100-118, wherein the rAA V particle is produced by 

transfecting a host cell with nucleic acid encoding the rAA V vector and nucleic acid encoding 

AAV rep and cap functions, and providing nucleic acid encoding AAV helper functions. 

120. The method of claim 119, wherein the AAV helper functions are provided by transfecting 

the host cell with nucleic acid encoding the AA V helper functions. 

121. The method of claim 120, wherein the AAV helper functions are provided by infecting 

the host cell with an AA V helper virus that provides the AA V helper functions. 

122. The method of claim 121, wherein the AAV helper virus is an adenovirus, a herpes 

simplex virus or a baculovirus. 

123. The method of any one of claims 100-118, wherein the rAAV particle is produced by an 

AA V producer cell comprising nucleic acid encoding the rAA V vector and nucleic acid 

encoding AA V rep and cap functions, and providing nucleic acid encoding AA V helper 

functions. 
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124. The method of claim 123, wherein the AAV producer cell comprises nucleic acid 

encoding AAV helper functions. 

125. The method of claim 124, wherein the AAV helper functions are provided by infecting 

the AAV producer cells with an AAV helper virus that provides the AAV helper functions. 

126. The method of claim 125, wherein the AAV helper virus is an adenovirus, a herpes 

simplex virus, or a baculovirus. 

127. The method of any one of claims 119-126, wherein the AA V cap functions provide an 

amino acid substitution at amino acid residue 2 of VPl and/or VP3, wherein the amino acid 

substitution at amino acid residue 2 of VPl and/or VP3 alters N-terminal acetylation compared 

to N-terminal acetylation at amino acid residue 2 of VPl and/or VP3 of the parent AA V particle. 

128. A method to determine the serotype of a viral particle comprising 

a) denaturing the viral particle, 

b) subjecting the denatured viral particle to liquid chromatography/mass spectrometry 

(LC/MS), and 

c) determining the masses of one or more capsid proteins of the viral particle; 

wherein the specific combination of masses of the one or more capsid proteins are indicative of 

the virus serotype. 

129. The method of claim 128, wherein the calculated masses of the one or more capsid 

proteins are compared to the theoretical masses of the one or more capsid proteins of one or 

more virus serotypes. 
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130. A method of determining the heterogeneity of a viral particle comprising 

a) denaturing the viral particle, 

b) subjecting the denatured viral particle to liquid chromatography/mass 

spectrometry/mass spectrometry (LC/MS/MS), 

c) determining the masses of one or more capsid proteins of the viral particle, and 

d) comparing the masses of step c) with the theoretical masses of the one or more capsid 

proteins of the virus serotype; 

wherein a deviation of one or more of the masses of the one or more capsid proteins are 

indicative of the viral capsid heterogeneity. 

131. The method of claim 130, wherein the heterogeneity comprises one or more of mixed 

serotypes, variant capsids, capsid amino acid substitutions, truncated capsids, or modified 

capsids. 

132. The method of any one of claims 128-131, wherein the liquid chromatography is reverse 

phase liquid chromatography, size exclusion chromatography, hydrophilic interaction liquid 

chromatography, or cation exchange chromatography. 

133. The method of any one of claims 128-132, wherein the viral particle comprises a viral 

vector encoding a heterologous trans gene. 

134. A method to determine the serotype of a viral particle comprising 

a) denaturing the viral particle, 

b) subjecting the denatured viral particle to reduction and/or alkylation, 

c) subjecting the denatured viral particle to digestion to generate fragments of one or 

more capsid proteins of the viral particle, 
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d) subjecting the fragments of the one or more capsid proteins to liquid 

chromatography/mass spectrometry-mass spectrometry (LC/MS/MS), and 

e) determining the masses of fragments of the one or more capsid proteins of the viral 

particle; 

wherein the specific combination of masses of fragments of the one or more capsid 

proteins are indicative of the viral serotype. 

135. The method of claim 134, wherein the calculated masses of the fragments of the one or 

more capsid proteins are compared to the theoretical masses of fragments of the one or more 

capsid proteins of one or more viral serotypes. 

136. A method of determining the heterogeneity of a serotype of a viral particle comprising 

a) denaturing the viral particle, 

b) subjecting the denatured viral particle to reduction and/or alkylation, 

c) subjecting the denatured viral particle to digestion to generate fragments of one or 

more capsid proteins of the viral particle, 

d) subjecting the fragments of the one or more capsid proteins to liquid 

chromatography/mass spectrometry-mass spectrometry (LC/MS/MS), 

e) determining the masses of fragments of the one or more capsid proteins of the viral 

particle, and 

f) comparing the masses of step e) with the theoretical masses of fragments of the one or 

more capsid proteins of the viral serotype; 

wherein a deviation of one or more of the masses of the one or more capsid proteins are 

indicative of the viral capsid heterogeneity. 
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137. The method of claim 136, wherein the heterogeneity comprises one or more of mixed 

serotypes, variant capsids, capsid amino acid substitutions, truncated capsids, or modified 

capsids. 

138. The method of any one of claims 134-137, wherein the liquid chromatography is reverse 

phase liquid chromatography, size exclusion chromatography, hydrophilic interaction liquid 

chromatography, or cation exchange chromatography. 

139. The method of any one of claims 134-138, wherein the viral particle comprises a viral 

vector encoding a heterologous trans gene. 

140. The method of any one of claims 128-139, wherein the viral particle belongs to a viral 

family selected from the group consisting of Adenoviridae, Parvoviridae, Retroviridae, 

Baculoviridae, and Herpesviridae. 

141. The method of claim 140, wherein the viral particle belongs to a viral genus selected 

from the group consisting of Atadenovirus, A viadenovirus, lchtadenovirus, Mastadenovirus, 

Siadenovirus, Ambidensovirus, Brevidensovirus, Hepandensovirus, lteradensovirus, 

Penstyldensovirus, Amdoparvovirus, Aveparvovirus, Bocaparvovirus, Copiparvovirus, 

Dependoparvovirus, Erythroparvovirus, Protoparvovirus, Tetraparvovirus, Alpharetrovirus, 

Betaretrovirus, Deltaretrovirus, Epsilonretrovirus, Gammaretrovirus, Lentivirus, Spumavirus, 

Alphabaculovirus, Betabaculovirus, Deltabaculovirus, Gammabaculovirus, Iltovirus, 

Mardivirus, Simplexvirus, Varicellovirus, Cytomegalovirus, Muromegalovirus, Proboscivirus, 

Roseolovirus, Lymphocryptovirus, Macavirus, Percavirus, and Rhadinovirus. 

142. A recombinant AAV (rAAV) particle comprising one or more amino acid substitutions at 

amino acid residue A35, N57, G58, N382, G383, N511, G512, N715, or G716 of VPl or VP3 of 

a parent AAV particle, wherein residue numbering is based on VPl of AAV2 and the one or 
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more amino acid substitutions alters deamidation as compared to deamidation of VPl and/or 

VP3 of the parent AA V particle. 

143. The rAAV particle of claim 142, wherein the one or more amino acid substitutions is at 

amino acid residue A35 of VPl, N57 of VPl, G58 of VPl, N382 of VP3, G383 of VP3, N511 of 

VP3, G512 of VP3, N715 of VP3, or G716 of VP3 and alters deamidation as compared to 

deamidation of VPl and/or VP3 of the parent AA V particle. 

144. The rAAV particle of claim 142, wherein the one or more amino acid substitutions 

comprise a substitution of Asp at N 57 of VP 1, N3 82 of VP3, N 511 of VP3, or N715 of VP3 and 

result in a higher frequency of deamidation as compared to deamidation of VPl and/or VP3 of 

the parent AA V particle. 

145. The rAAV particle of claim 142, wherein the one or more amino acid substitutions 

comprise a N57K or a N57Q substitution and results in a lower frequency of deamidation as 

compared to deamidation of VPl and/or VP3 of the parent AA V particle. 

146. The rAAV particle of claim 142, wherein the one or more amino acid substitutions 

comprise a substitution of Asn at A35 of VP land result in a higher frequency of deamidation as 

compared to deamidation of VPl of the parent AA V particle. 

147. The rAAV particle of claim 142, wherein the one or more amino acid substitutions is at 

G58 of VPl, G383 of VP3, G512 of VP3, or G716 of VP3 and result in a lower frequency of 

deamidation as compared to deamidation of VPl and/or VP3 of the parent AA V particle. 

148. The rAAV particle of claim 147, wherein the G58 of VPl is substituted with Asp. 
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149. The rAAV particle of any one of claims 142-148, wherein the rAAV particle is an AAVl 

particle or an AA V2 particle. 

150. A pharmaceutical composition comprising the rAAV particle of any one of claims 142-

149. 

151. A kit comprising the rAA V particle of any one of claims 142-149 or the pharmaceutical 

composition of claim 150. 

152. An article of manufacture comprising the rAA V particle of any one of claims 142-149 or 

the pharmaceutical composition of claim 150. 

153. An AAV capsid protein comprising an amino acid substitution of a parent AAV capsid 

protein; wherein the amino acid substitution alters deamidation of the capsid compared to the 

parent AA V capsid protein. 

154. A method of improving the stability of a rAA V particle comprising substituting one or 

more amino acid residues of VPl and/or VP3 of a parent VPl and/or VP3, wherein the one or 

more amino acid residues is A35, N57, G58, N382, G383, N511, G512, N715, or G716, residue 

numbering based on VPl of AAV2; wherein the amino acid substitution alters deamidation as 

compared to amino acid residue 2 of the parent VPl and/or VP3. 

155. A method of improving the assembly of rAA V particles in a cell comprising substituting 

one or more amino acid residues of VPl and/or VP3, wherein the one or more amino acid 

residues is A35, N57, G58, N382, G383, N511, G512, N715, or G716, residue numbering based 
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on VPl of AAV2; wherein the amino acid substitution alters deamidation as compared to 

deamidation of VPl and/or VP3 of the parent VPl and/or VP3. 

156. A method of improving the transduction of rAAV particles in a cell comprising 

substituting one or more amino acid residues, wherein the one or more amino acid residues is 

A35, N57, G58, N382, G383, N511, G512, N715, or G716, residue numbering based on VPl of 

AA V2; wherein the amino acid substitution alters deamidation as compared to deamidation of 

VPl and/or VP3 of the parent AA V particle. 

157. The method of any one of claims 154-156, wherein the one or more amino acid 

substitutions is at A35 of VPl, N57 of VPl, G58 of VPl, N382 of VP3, G383 of VP3, N511 of 

VP3, G512 of VP3, N715 of VP3, or G716 of VP3; wherein the amino acid substitution alters 

deamidation as compared to deamidation of VPl and/or VP3 of the parent AA V particle. 

158. The method of any one of claims 154-157, wherein the parental Ala residue at position 35 

of VPl is substituted with Asn. 

159. The method of any one of claims 154-158, wherein the parental Gly residue at position 

58 of VPl is substituted with Asp. 

160. The method of any one of claims 154-159, wherein the AAV particle comprises an 

AAVl, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, AAVrh8, AAVrh8R, AAV9, 

AAVlO, AAVrhlO, AAVll, AAV12, AAV LK03, AAV2R471A, AAV2/2-7m8, AAV DJ, an 

AA V DJS capsid, AA V2 N587 A, AA V2 E548A, AA V2 N708A, AA V V708K, goat AA V, 

AAV1/AAV2 chimeric, bovine AAV, mouse AAV, rAAV2/HBoV1, AAV2HBKO, 

AA VPHP.B, or AA VPHP.eB serotype capsid 
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161. The method of any one of claims 154-160, wherein the rAAV particle's capsid further 

comprises a tyrosine mutation or a heparin binding mutation. 

162. The method of any one of claims 154-160, wherein the rAAV particle is an AAVl 

particle or an AA V2 particle. 

163. The method of any one of claims 154-162, wherein the rAAV particle comprises a rAAV 

vector. 

164. The method of claim 163, wherein the rAAV vector comprises one or more AAV ITRs. 

165. The method of claim 163 or 164, wherein the rAAV vector comprises an AAVl ITR, an 

AA V2 ITR, an AA V3 ITR, an AA V 4 ITR, an AA V5 ITR, an AA V6 ITR, an AA V7 ITR, an 

AA V8 ITR, an AA Vrh8 ITR, an AA V9 ITR, an AA VlO ITR, an AA VrhlO ITR, an AA Vl 1 

ITR, or an AA V12 ITR. 

166. The method of any one of claims 164-165, wherein the AAV capsid and the AAV ITRs 

are derived from the same serotype. 

167. The method of any one of claims 164-166, wherein the AAV capsid and the AAV ITRs 

are derived from different serotypes. 

168. The method of any one of claims 164-167, wherein the AAV particle comprises an AAV 

vector encoding a heterologous transgene flanked by one or more AAV ITRs. 

169. The method of any one of claims 164-168, wherein the rAAV vector is a self­

complementary vector. 
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170. The method of claim 169, wherein the rAAV vector comprises first nucleic acid sequence 

encoding the trans gene and a second nucleic acid sequence encoding a complement of the 

transgene, wherein the first nucleic acid sequence can form intrastrand base pairs with the second 

nucleic acid sequence along most or all of its length. 

171. The method of claim 170, wherein the first nucleic acid sequence and the second nucleic 

acid sequence are linked by a mutated AA V ITR, wherein the mutated AA V ITR comprises a 

deletion of the D region and comprises a mutation of the terminal resolution sequence. 

172. The method of any one of claims 164-171, wherein the rAA V particle is produced by 

transfecting a host cell with nucleic acid encoding the rAA V vector and nucleic acid encoding 

AAV rep and cap functions, and providing nucleic acid encoding AAV helper functions. 

173. The method of claim 172, wherein the AA V helper functions are provided by transfecting 

the host cell with nucleic acid encoding the AA V helper functions. 

174. The method of claim 173, wherein the AAV helper functions are provided by infecting 

the host cell with an AA V helper virus that provides the AA V helper functions. 

175. The method of claim 174, wherein the AA V helper virus is an adenovirus, a herpes 

simplex virus or a baculovirus. 

176. The method of any one of claims 164-175, wherein the rAAV particle is produced by an 

AA V producer cell comprising nucleic acid encoding the rAA V vector and nucleic acid 

encoding AA V rep and cap functions, and providing nucleic acid encoding AA V helper 

functions. 
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177. The method of claim 176, wherein the AAV producer cell comprises nucleic acid 

encoding AAV helper functions. 

178. The method of claim 177, wherein the AAV helper functions are provided by infecting 

the AAV producer cells with an AAV helper virus that provides the AAV helper functions. 

179. The method of claim 178, wherein the AAV helper virus is an adenovirus, a herpes 

simplex virus, or a baculovirus. 

180. The method of any one of claims 172-179, wherein the AA V cap functions provide an 

amino acid substitution of VPl and/or VP3, wherein the amino acid substitution of VPl and/or 

VP3 alters deamidation compared to deamidation of VPl and/or VP3 of the parent AA V particle. 
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ABSTRACT 

Provided herein are methods for determining the serotype of a virus particle and/or or 

determining the heterogeneity of a virus particle (e.g., an AA V particle). In other embodiments, 

the invention provides methods to determine the heterogeneity of AAV particles. In some 

aspects, the invention provides viral particles (e.g., rAA V particles) with improved stability 

and/or improved transduction efficiency by increasing the acetylation and/or deamidation of 

capsid proteins. 
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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

In the claims: 

Claims 1-180 (Cancelled) 

Claim 181 (New): A method of detecting post-translational modifications of one or more viral 

proteins (VPs) in a preparation of adeno-associated virus (AAV) particles, the method 

compnsmg 

a) denaturing the viral particles; 

b) subjecting the denatured viral particles to liquid chromatography/mass 

spectrometry (LC/MS) intact protein analysis; 

c) determining the masses of the one or more VPs; and 

d) determining any deviation of the determined masses of the one or more VPs from 

the theoretical masses of corresponding VPs that have not undergone post-translational 

modifications to detect a deviation in the compared masses, 

wherein the VPs comprise VPl, VP2 and VP3 capsid proteins, and wherein the method is 

performed in the absence of a gel separation step. 

Claim 182 (New): The method of claim 181, wherein the post-translational modifications are 

selected from the group consisting of acetylation, deacetylation, deamidation, glycosylation, 

truncation and ubiquitination. 

Claim 183 (New): The method of claim 182, wherein the post-translational modification is N­

terminal acetylation. 

Claim 184 (New): The method of claim 181, wherein the viral particles are denatured using 

detergent, heat, high salt, or buffer with low or high pHs. 
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Claim 185 (New): The method of claim 181, wherein the liquid chromatography is reverse 

phase chromatography. 

Claim 186 (New): The method of claim 185, wherein the reverse phase chromatography is C8 

reverse phase chromatography. 

Claim 187 (New): The method of claim 181, further comprising determining the sequence of 

one or more VPs that has undergone post-translational modifications. 

Claim 188 (New): The method of claim 187, wherein the post-translational modifications are 

selected from the group consisting of acetylation, deacetylation, deamidation, glycosylation, 

truncation and ubiquitination. 

Claim 189 (New): The method of claim 188, wherein the post-translational modification is N­

terminal acetylation. 

Claim 190 (New): The method of claim 187, wherein the sequences of VP 1, VP2 and VP3 are 

determined. 

Claim 191 (New): A method of determining the heterogeneity of viral particles in a preparation 

of adeno-associated virus (AA V) particles comprising VPl, VP2 and VP3 capsid proteins, the 

method comprising 

a) denaturing the viral particles; 

b) subjecting the denatured viral particles to liquid chromatography/mass 

spectrometry (LC/MS) intact protein analysis, thereby separating the peaks of the VPl, 

VP2 and VP3 capsid proteins; 

c) deconvoluting the peaks of the VPl, VP2 and VP3 capsid proteins; and 

d) determining the masses of one or more of the VPl, VP2 and VP3 capsid proteins 

and additional capsid proteins within one or more of the deconvoluted peaks, 

wherein the method is performed in the absence of a gel separation step. 
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Claim 192 (New): The method of claim 191, wherein the additional capsid proteins within one 

or more of the deconvoluted peaks are variant capsids. 

Claim 193 (New): The method of claim 191, wherein the additional capsid proteins within one 

or more of the deconvoluted peaks are capsid amino acid substitutions. 

Claim 194 (New): The method of claim 191, wherein the additional capsid proteins within one 

or more of the deconvoluted peaks are truncated capsids. 

Claim 195 (New): The method of claim 191, wherein the additional capsid proteins within one 

or more of the deconvoluted peaks are modified capsids. 

Claim 196 (New): The method of claim 195, wherein the modifications of the modified capsids 

are selected from the group consisting of acetylation, deacetylation, deamidation, glycosylation, 

truncation and ubiquitination. 

Claim 197 (New): The method of claim 196, wherein the modification is N-terminal acetylation. 

Claim 198 (New): The method of claim 191, wherein the liquid chromatography is reverse 

phase chromatography. 

Claim 199 (New): The method of claim 198, wherein the reverse phase chromatography is C8 

reverse phase chromatography. 

Claim 200 (New): A method of preparing a pharmaceutical composition of adeno-associated 

virus (AA V) particles, the method comprising: 

monitoring AA V particles for consistency and/or identity; 

wherein the AAV particles comprise viral proteins (VPs) comprising VPl, VP2 and VP3 

capsid proteins of an AA V particle capsid, 
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wherein the AA V particle is monitored for consistency and/or identity by: 

a) extracting an aliquot of an AA V particle preparation; 

b) denaturing the AA V particles; 

c) subjecting the denatured AAV particles to liquid chromatography/mass 

spectrometry (LC/MS) intact protein analysis; 

d) determining the masses of one or more VPs of the AA V particles; and 

e) comparing the determined masses of the one or more VPs to theoretical masses of 

corresponding VPs, wherein the theoretical masses of corresponding VPs are those VPs 

of known AAV serotypes and/or those that have not undergone undesired post­

translational modifications; and 

f) determining if there is any deviation of the determined masses of the one or more 

VPs from the theoretical masses of the corresponding VPs; 

wherein the determination of any deviation of the determined masses of the one or more 

VPs from the theoretical masses of corresponding VPs thereby monitors the AA V particles for 

consistency and/or identity; 

wherein the monitoring for consistency and/or identity is performed in the absence of a 

gel separation step; and 

wherein if less than an undesirable amount of deviation is determined during the 

monitoring for consistency and/or identity, the AA V particles are combined with one or more 

pharmaceutically acceptable excipients to form the pharmaceutical composition. 

Claim 201 (New): The method of claim 200, wherein the monitoring of the AAV particles for 

consistency and/or identity includes determining the serotype of the AAV particles based on the 

comparison of the determined masses of the VPs to the theoretical masses of the corresponding 

VPs. 

Claim 202 (New): The method of claim 200, wherein a determination of any actual deviation in 

masses reflects heterogeneity in the AA V particle preparation. 

5 
sf-6193723 



Application No.: Not Yet Assigned Docket No.: 15979-20141.03 

Claim 203 (New): The method of claim 202, wherein the heterogeneity in the AAV particle 

preparation is due to mixed AA V capsid serotypes, variant AA V capsid proteins, AA V capsid 

protein amino acid substitutions, truncated AA V capsid proteins, or modified AA V capsid 

proteins. 

Claim 204 (New): The method of claim 201, wherein the unwanted post-translational 

modifications are selected from the group consisting of acetylation, deacetylation, deamidation, 

glycosylation, truncation, and ubiquitination. 

Claim 205 (New): The method of claim 201, wherein the AAV particles are denatured using 

detergent, heat, high salt, or buffer with low or high pHs. 

Claim 206 (New): The method of claim 201, wherein the liquid chromatography is reverse 

phase chromatography. 

Claim 207 (New): The method of claim 206, wherein the reverse phase chromatography is C8 

reverse phase chromatography. 
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REMARKS 

By virtue of this amendment, claims 1-180 been cancelled, and new claims 181-207 

have been added. Accordingly, upon entry of this amendment, claims 181-207 will be pending 

and under consideration. 

Support for the new claims may be found throughout the specification. For instance, 

support for the claims can be found in the specification as filed at paragraphs [0008], [0019], 

[0098]-[0103], [0204], [0209]-[021 l], and in original claims 3-15. No new matter is believed to 

have been added. 

Cancellation of certain claims is not to be construed as a dedication to the public of 

any of the subject matter of the claims as previously presented. Applicants expressly reserve the 

right to file one or more continuation and/or divisional applications claiming benefit of the 

present application during the pendency of this application. 
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Application No.: Not Yet Assigned Docket No.: 15979-20141.03 

CONCLUSION 

If it is determined that a telephone conference would expedite the prosecution of this 

application, the Examiner is invited to telephone the undersigned at the number given below. 

In the event the U.S. Patent and Trademark Office determines that an extension 

and/or other relief is required, Applicant petitions for any required relief including extensions of 

time and authorizes the Commissioner to charge the cost of such petitions and/or other fees due 

in connection with the filing of this document to Deposit Account No. 03-1952 referencing 

docket no. 15979-20141.03. However, the Commissioner is not authorized to charge the cost of 

the issue fee to the Deposit Account. 

Dated: January 8, 2025 

sf-6193723 

Respectfully submitted, 

Electronic signature: /Seth Snyder/ 
Seth Snyder 

Registration No.: 60,243 
MORRISON & FOERSTER LLP 
425 Market Street 
San Francisco, CA 94105-2482 
+l (415) 268-7046 
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subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 15979-20141.03 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHODS FOR DETECTING AAV 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the US PTO becomes 
aware of a violation or potential violation of law or regulation. 
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Doc Code: TRACK1 .REQ 
Document Description: Track.One Request 

PTO/AiN424 (04--14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e} (Page ·1 of 1) 

First Named 
Inventor: 

Xiaoying JIN I ~r~~~~risionalApplication Number(if I Not Yet Assigned 
Title of 
Invention: METHODS FOR DETECTING AAV 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

L !-✓-] Original Application {Track One} - Prioritized Examination under§ 1.102{e}{1} 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed witt1 the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with tl1e plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 

IL 

inventor, or the application data sl1eet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

n Request for Continued Examination - Prioritized Examination under§ 1. 102(e)(2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. Tl1e application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This ceiiification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Siqnature /Seth Snyder/ Date January 8, 2025 

Name Seth 
(Print/Tvoed) Snyder Practitioner 60243 

Reqistralion Nurnber 

Note: This form must be signed in accordance wit/J 37CFR 1.33. See 37CFR 1.4(d) for signature requirements and certifications. 
Submit mu!tiole forms if more than one sianature is reauired. * 

□ 'Total of forrns are subrnitted. 



Privacy Act Statement 

The Privacy Act of 1974 {P.L 93-579} requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent Accordingly, pursuant to the requirements of 
the Act, please be advised that (1) the general authority for the collection of H1is information is 35 U.S.C. 2(b)(2): (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S F-)atent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnis~1 the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent 

The information provided by you in this form will be subject to the fo!lo\Mnf! routine uses 

2. 

3 

4 

5. 

" V. 

7 
I" 

8. 

9. 

The information on this form will be treated confidential!y to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of ,Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 
A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a cou1i, magistrate, or administrative tnbunal, including disclosures to opposing counsel in the course of 
settlernent negotiations. 
A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request mvolving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 
A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for H1e inforrnation in order to perform a contract. Recipients of information s~1an be required to comply 
with the requirements of the Privacy Act of i 97 4, as amended, pursuant to 5 U.S. C. 552a( m). 
A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 
A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S. C. 181) and for review pursuant to the Atomic Energy Act (42 U.S. C 
218(c)). 
A record frorn this system of records rnay be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e, (""-;SA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 
A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S C ·122(b) or issuance of a patent pursuant to 35 U.S C ·151. Further, a 
record rnay be disclosed, subject to the lirnitations of 37 CFR 1. 14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public mspection or an issued 
patent. 
A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

Pursuant to 37 C.F.R. § 1.97 and§ 1.98, Applicants submit for consideration in the 

above-identified application the documents listed on the attached Form PTO/SB/08a/b. Copies of 
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Action, directed to the related U.S. Patent Application Number 18/801,293, filed August 12, 2024, 

U.S. Patent Application Number 18/321,542, filed May 22, 2023, now issued as U.S. Patent Number 

12,123,880, and U.S. Patent Application Number 16/325,653, filed February 14, 2019, now issued 

as U.S. Patent Number 11,698,377, and, accordingly, copies are not included herewith. This 

protocol conforms with 37 C.F.R. § l.98(d) and M.P.E.P. 609.02(A)(2). The Examiner is requested 

to make these documents of record in the application. 

Copies of U.S. Patent Applications (documents numbered 62 and 63) are not submitted 

herewith pursuant to the waiver of 37 C.F.R. § l.98(a)(2)(iii) issued by the Office on September 21, 

2004. 
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accordingly, no fee or separate requirements are required. 
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§ 1.97 and § 1.98 is not to be construed as a representation that: (i) a complete search has been 

made; (ii) additional information material to the examination of this application does not exist; 

(iii) the information, protocols, results and the like reported by third parties are accurate or enabling; 
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1. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Allowable Subject Matter 

2. Claim 181-207 are allowed. 

3. The following is an examiner's statement of reasons for allowance: The prior art 

of record does not teach or fairly suggest subjecting the denatured viral particles to 

liquid chromatography/mass spectrometry (LC/MS) intact protein analysis, i.e. without 

using a protease. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

4. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to XIAOYUN R XU, Ph. D. whose telephone number is 

(571 )270-5560. The examiner can normally be reached M-F 8am-5pm. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Lyle Alexander can be reached on 571-272-1254. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of published or unpublished applications may be 

obtained from Patent Center. Unpublished application information in Patent Center is 

available to registered users. To file and manage patent submissions in Patent Center, 

visit: https://patentcenter .uspto.gov. Visit https://www .uspto.gov/patents/apply/patent-
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center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For 

additional questions, contact the Electronic Business Center (EBC) at 866-217-9197 

(toll-free). If you would like assistance from a USPTO Customer Service 

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/XIAOYUN R XU, Ph.D./ 
Primary Examiner, Art Unit 1797 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Xiaoying JIN et al. 

Application No.: 19/013,863 

Filed: January 8, 2025 
Confirmation No.: 9820 

Art Unit: 1797 
For: METHODS FOR DETECTING AA V 

Examiner: X. Xu 

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. 1.312 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

INTRODUCTORY COMMENTS 

A Notice of Allowance was mailed on April 2, 2025 for which the issue fee is due on 

July 2, 2025. This Rule 312 Amendment is being filed to correct typographical errors in the 

claims. No new matter is added. Accordingly, no additional search or examination is required. 

Amendments to the Claims are reflected in the listing of claims which begins on 

page 2 of this paper. 

Remarks/Arguments begin on page 7 of this paper. 
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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

In the claims: 

Claims 1-180 (Cancelled) 

Claim 181 (Currently amended): A method of detecting post-translational modifications of one 

or more viral proteins (VPs) in a preparation of adeno-associated virus (AA V) particles, the 

method comprising 

a) denaturing the viffil-AA V particles; 

b) subjecting the denatured viffil-AAV particles to liquid chromatography/mass 

spectrometry (LC/MS) intact protein analysis; 

c) determining the masses of the one or more VPs; and 

d) determining any deviation of the determined masses of the one or more VPs from 

the theoretical masses of corresponding VPs that have not undergone post-translational 

modifications to detect a deviation in the compared masses, 

wherein the VPs comprise VPl, VP2 and VP3 capsid proteins, and wherein the method is 

performed in the absence of a gel separation step. 

Claim 182 (Previously presented): The method of claim 181, wherein the post-translational 

modifications are selected from the group consisting of acetylation, deacetylation, deamidation, 

glycosylation, truncation and ubiquitination. 

Claim 183 (Previously presented): The method of claim 182, wherein the post-translational 

modification is N-terminal acetylation. 

Claim 184 (Currently amended): The method of claim 181, wherein the viffil-AAV particles 

are denatured using detergent, heat, high salt[[,]] or buffer with low or high pHs. 

2 
sf-6632238 
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Claim 185 (Previously presented): The method of claim 181, wherein the liquid chromatography 

is reverse phase chromatography. 

Claim 186 (Previously presented): The method of claim 185, wherein the reverse phase 

chromatography is C8 reverse phase chromatography. 

Claim 187 (Previously presented): The method of claim 181, further comprising determining the 

sequence of one or more VPs that has undergone post-translational modifications. 

Claim 188 (Previously presented): The method of claim 187, wherein the post-translational 

modifications are selected from the group consisting of acetylation, deacetylation, deamidation, 

glycosylation, truncation and ubiquitination. 

Claim 189 (Previously presented): The method of claim 188, wherein the post-translational 

modification is N-terminal acetylation. 

Claim 190 (Previously presented): The method of claim 187, wherein the sequences of VPl, 

VP2 and VP3 are determined. 

Claim 191 (Currently Amended): A method of determining the heterogeneity of viral particles 

in a preparation of adeno-associated virus (AA V) particles comprising VPl, VP2 and VP3 capsid 

proteins, the method comprising 

a) denaturing the ¥tffit-AA V particles; 

b) subjecting the denatured ¥tffit-AAV particles to liquid chromatography/mass 

spectrometry (LC/MS) intact protein analysis, thereby separating the peaks of the VPl, 

VP2 and VP3 capsid proteins; 

c) deconvoluting the peaks of the VPl, VP2 and VP3 capsid proteins; and 

d) determining the masses of one or more of the VPl, VP2 and VP3 capsid proteins 

and additional capsid proteins within one or more of the deconvoluted peaks, 

wherein the method is performed in the absence of a gel separation step. 
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Claim 192 (Previously presented): The method of claim 191, wherein the additional capsid 

proteins within one or more of the deconvoluted peaks are variant capsids. 

Claim 193 (Previously presented): The method of claim 191, wherein the additional capsid 

proteins within one or more of the deconvoluted peaks are capsid amino acid substitutions. 

Claim 194 (Previously presented): The method of claim 191, wherein the additional capsid 

proteins within one or more of the deconvoluted peaks are truncated capsids. 

Claim 195 (Previously presented): The method of claim 191, wherein the additional capsid 

proteins within one or more of the deconvoluted peaks are modified capsids. 

Claim 196 (Previously presented): The method of claim 195, wherein the modifications of the 

modified capsids are selected from the group consisting of acetylation, deacetylation, 

deamidation, glycosylation, truncation and ubiquitination. 

Claim 197 (Previously presented): The method of claim 196, wherein the modification is N­

terminal acetylation. 

Claim 198 (Previously presented): The method of claim 191, wherein the liquid chromatography 

is reverse phase chromatography. 

Claim 199 (Previously presented): The method of claim 198, wherein the reverse phase 

chromatography is C8 reverse phase chromatography. 

Claim 200 (Previously presented): A method of preparing a pharmaceutical composition of 

adeno-associated virus (AA V) particles, the method comprising: 

monitoring AA V particles for consistency and/or identity; 
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wherein the AAV particles comprise viral proteins (VPs) comprising VPl, VP2 and VP3 

capsid proteins of an AA V particle capsid, 

wherein the AA V particle is monitored for consistency and/or identity by: 

a) extracting an aliquot of an AA V particle preparation; 

b) denaturing the AA V particles; 

c) subjecting the denatured AAV particles to liquid chromatography/mass 

spectrometry (LC/MS) intact protein analysis; 

d) determining the masses of one or more VPs of the AA V particles; and 

e) comparing the determined masses of the one or more VPs to theoretical masses of 

corresponding VPs, wherein the theoretical masses of corresponding VPs are those VPs 

of known AAV serotypes and/or those that have not undergone undesired post­

translational modifications; and 

f) determining if there is any deviation of the determined masses of the one or more 

VPs from the theoretical masses of the corresponding VPs; 

wherein the determination of any deviation of the determined masses of the one or more 

VPs from the theoretical masses of corresponding VPs thereby monitors the AA V particles for 

consistency and/or identity; 

wherein the monitoring for consistency and/or identity is performed in the absence of a 

gel separation step; and 

wherein if less than an undesirable amount of deviation is determined during the 

monitoring for consistency and/or identity, the AA V particles are combined with one or more 

pharmaceutically acceptable excipients to form the pharmaceutical composition. 

Claim 201 (Previously presented): The method of claim 200, wherein the monitoring of the 

AA V particles for consistency and/or identity includes determining the serotype of the AA V 

particles based on the comparison of the determined masses of the VPs to the theoretical masses 

of the corresponding VPs. 

Claim 202 (Previously presented): The method of claim 200, wherein a determination of any 

actual deviation in masses reflects heterogeneity in the AA V particle preparation. 

5 
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Claim 203 (Currently amended): The method of claim 202, wherein the heterogeneity in the 

AA V particle preparation is due to mixed AA V capsid serotypes, variant AA V capsid proteins, 

AA V capsid protein amino acid substitutions, truncated AA V capsid proteins[[,]] or modified 

AAV capsid proteins. 

Claim 204 (Currently amended): The method of claim 201, wherein the umvanted undesired 

post-translational modifications are selected from the group consisting of acetylation, 

deacetylation, deamidation, glycosylation, truncation[[,]] and ubiquitination. 

Claim 205 (Currently amended): The method of claim 201, wherein the AAV particles are 

denatured using detergent, heat, high salt[[,]] or buffer with low or high pHs. 

Claim 206 (Previously presented): The method of claim 201, wherein the liquid chromatography 

is reverse phase chromatography. 

Claim 207 (Previously presented): The method of claim 206, wherein the reverse phase 

chromatography is C8 reverse phase chromatography. 
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REMARKS 

Applicant acknowledges, with appreciation, the allowance of claims 181-207 as 

indicated in the Notice of Allowance mailed April 2, 2025. 

Applicant herein requests entry of amendments to claims 181, 184, 191 and 203-205 

to correct, as a formal matter without changing the scope, inadvertent typographical errors that 

were not previously caught. No claims have been added or canceled, and no new matter has been 

introduced by this amendment. The scope of the claims will not change by way of this 

amendment. 

It is abundantly clear from reading allowed claims 181, 184 and 191, and from the 

context of the remaining claims, that claims 181, 184 and 191 have inadvertent typographical 

errors in that they recite "viral particles" rather than "AA V particles." The present amendments 

to claims 181, 184 and 191 replaces the term "viral particles" with "AAV particles." Since the 

preambles of independent claims 181 and 191 both recite "a preparation of adeno-associated 

virus (AA V) particles," and since claim 184 depends from claim 181, changing the term "viral 

particle" to "AAV particle" does not alter, and certainly does not broaden, the scope of the 

claims. 

Further, it is abundantly clear from reading allowed claim 204 that it has an 

inadvertent typographical error in that it recites "unwanted post-translational modifications" 

rather than "undesired post-translational modifications." Claim 204 depends from independent 

claim 200, which recites "undesired post-translational modifications." The present amendment 

amends claim 204 to replace the word "unwanted" with the word "undesired," in order to be 

consistent with independent claim 200. This amendment does not alter the scope of the claims. 

In addition, it is abundantly clear from reading allowed claims 184 and 203-205, and 

from the context of the remaining claims, that claims 184 and 203-205 contain inadvertent 

typographical errors in that they include Oxford commas, when the rest of the claims do not 

include Oxford commas. The present amendment amends claims 184 and 203-205 to remove 
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Oxford commas, for consistency with the remaining claims. These amendments do not alter the 

scope of the claims. 

In view of the foregoing, no further consideration of claims 181, 184, 191 and 203-

205 as amended is required for allowance. 

In the event the U.S. Patent and Trademark Office determines that an extension 

and/or other relief is required, Applicant petitions for any required relief including extensions of 

time and authorizes the Commissioner to charge the cost of such petitions and/or other fees due 

in connection with the filing of this document to Deposit Account No. 03-1952 referencing 

docket no. 15979-20141.03. However, the Commissioner is not authorized to charge the cost of 

the issue fee to the Deposit Account. 

Dated: April 9, 2025 

sf-6632238 

Respectfully submitted, 

Electronic signature: /Sarah E. Bloch/ 
Sarah Bloch 

Registration No.: 79,763 
MORRISON & FOERSTER LLP 
425 Market Street 
San Francisco, CA 94105-2482 
+ 1 ( 415) 268-6423 
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1. ~The amendment filed on 09 April 2025 under 37 CFR 1.312 has been considered, and has been: 

a) ~ entered. 

b) D entered as directed to matters of form not affecting the scope of the invention. 

c) D disapproved because the amendment was filed after the payment of the issue fee. 
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and the required fee to withdraw the application from issue. 
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OK TO ENTER: /R,X./ 

Docket No.: 15979-20141.03 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Xiaoying JIN et al. 

Application No.: 19/013,863 

Filed: January 8, 2025 
Confirmation No.: 9820 

Art Unit: 1797 
For: METHODS FOR DETECTING AA V 

Examiner: X. Xu 

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. 1.312 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

INTRODUCTORY COMMENTS 

A Notice of Allowance was mailed on April 2, 2025 for which the issue fee is due on 

July 2, 2025. This Rule 312 Amendment is being filed to correct typographical errors in the 

claims. No new matter is added. Accordingly, no additional search or examination is required. 

Amendments to the Claims are reflected in the listing of claims which begins on 

page 2 of this paper. 

Remarks/Arguments begin on page 7 of this paper. 
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