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assessment of CQAs
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Introduction A ] D Limit of Quantification and Linearity

The linaar relationship between Concentration (VP/mL) of AV and the ares of the WP3 peak

N ol A e The linearity of the method shows that it can be used on the
AAV consists of a ssDNA . I&lgfgﬂiﬂfg;‘:gﬁMs 2 ) - o quantification of viral proteins of AAV shown through the R
encapsulated by a protein . o i /./// 510" Vp/mL squared value of 0.999 and equation Y=(-2.007x108) +
: .. and stoichiometry 161 _ 0.007049
capsid which Is made of throughout manufacturin 14l ~ Bl oo ' > 12 10
three viral proteins different roiess el e e . 3| » Despite good linearity from 1x10™* to 5x10"" Vp/mL the LOQ
(VP1, VP2 & VP3) normally AV Caneid -~ P o] e e y R Bl crovom was established based on signal to noise ratio of the VP1 (the
1:1:10 ratio with different (External vibw) il transduction of the = smallest peak) being 10 times the noise of the chromatogram
properties. [ 4 05!  This meant the limit of quantification was established at
transgene. gi: 1% 011Vp/mL
2 — @ A%H —_— - * This method has also been shown to be relatively consistent
T 115 12 125 13 135 14 é%gntsV;fﬁmquiwg't_%nﬁ%'g (mmwlﬁ'ﬁ 17 175 18 185 18 195 20 as an AAVS8 Standard obtained mean VP3 peak area of
Figure 2: Stacked Total ion chromatogram of the same AAV8 STD at different concentration (1x10™, 5x10"",1x10"", 5x10°) along L '93)(1 09 Wlth a CV% Of 11 '37% (n=1 3)'
with a graph of the concentration (Vp/mL) against VP3 peak area showing the linearity of the method

Capsid Protein Composition (Molecular Weight)

dSEC-MS results across multiple serotypes

‘ ‘ g‘“‘ g‘% Current method for intact
. VPl VP2 VP3 1:1:10 5 ONE l. . (RP_ LCMS)
Tiambeng et al, 2025 shows ‘ maSS.’ 2lEbysls . Serotype | Chromatograms and Protein deconvolution Notes
that denaturing size ctructure 5D siricture Ot ARV Gapaid Stctre provides poor resolution
exclusion chromatography between VP1 and VP2 and AAV2 i T e Inboth the FLD and ESI there is good separation of VP1 and VP2.
can successfully shows a lack of sensitivity. w1 Mg However, there is poorer separation of VP2 and VP3; this is expected
characterise AAV viral .ThIS prevents analySIS.Of 0 [ ————————— due to the smaller 6.5 kDa difference in size.
proteins. iImportant features of viral s 1 [ . . _ -
oroteins T e |nthe protein deconvolution, post-translational modifications can be

seen in VP3 and VP2. For VP1 this is less clear due to the lack of

02 FLO1 A Encs A2 S | o prominent peaks. All three can be used to confirm the mass of viral
N | proteins and establish capsid serotypes.

| e This method requires TCEP to reduce artefacts.

Run Parameters |
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Method Of Uses organic solvents/acid to degrade substances online. The Size o T ] || ||
Separation exclusion chromatography column contains different sized pores ?% IlL Hi JL = | I'T l'a
causing substances to elute in descending magnitude separating =8 B i i 0] now  JVI NI R oA
based on hydrodynamic volume (size). e e T % v " " v 7 = 7 % %
@2@% % E%Og g%% = Response vs. Acguisition Time (min)
Mobile Phase  25% ACN, 1% Formic acid, 5mM Ammonium Formate e ol gfgag o0 "
Machine Agilent 1290 HPLC system and Q-TOF 6545XT = F ql AAVS X102 4551 TIC SoanFrog=190 0V AYS 10nM TCEP - | e AAV5requires a slower flow rate of 0.25 mL/min compared with AAV2
. Croles ! [ R A : - - -
Column XBridge Protein BEH SEC Column, 4504, 3.5 pm, 7.8 mm X 300mm = M I | - I and AAV8, which both use 0.45 mL/min. This allows proteins to
Figure 3: The separation  Figure 4: Agilent LC-MS o diffuse into the bead pores more effectively, increasing separation,
Elution method Isocratic elution of substances by SEC and'Q-TOF (6] 05- . i )
L) but also results in a longer run time of 55 minutes.
Table 1: The run parameters used for Denaturing Size exclusion chromatography-MS E;:
I e Onereasonthisisrequired is that AAV5 has an average melting

x102 FLD1 - A:Ex=230, Em=360 AAVE 10mM TCEP.d temperature 17OC higher than AAVS.
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Current Method dSEC H e The ESI suggests that VP2 abundance is close to VP3 levels, but this is

o £ o corrected in the FLD. Separation of viral proteins is visible but does
= vra = VP2 0.4+
| o : |'| i 0] not achieve the desired resolution value of 1.
=] VP3 : 0.1 734 oo
i — N l - ] 31992 35,654 . .
| x | T 1] e Despite using TCEP, artefacts are also produced
; ‘ VP1 : VP1 | 5 10 1'5H 2'n[q’j\ % B 13_'!31 [ _]3'5 40 45 . . .
A | ‘B - | e e The protein deconvolution for all AAV serotypes consists of broad
L D T peaks arising from the low flow rate, but it can still establish capsid
L A i, :f 1., .1‘5-6 R e N R T R i d en ti ty.
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| | [RLRE| el . . : e AAV8did not require TCEP in sample preparation, as no artefacts were
i:?; %0 ‘ I‘.I j; “ i 3 VP2 | 0% 550 6 575 i 6 ) e SN AU St D . . .
|'| vP3 produced and the viral proteins separated stably in dSEC.
A _[ \ \ = e The VP3 deconvolution program clearly marks the molecularion peak
S Y N N e N 2e1- — S eoo 1300y — . o .
& s R L B S R > in the mass spectrum, while the VP2 deconvolution marks the base
Figure 5: FLD and ESI of an AAV8 sample obtained using ZORBAX RRHD 3004 StableBond Figure 6: FLD and ESI-TIC of AAV8 Sample obtained using dSEC. - - - p es k
C18,2.1x 100 mm, 1.8 um with a mobile phase of [A] 0.1% FA, [B]: 95% IPA, 4.8%ACN, 6 o6 ’
O 190DFA, 0.1 FA ] |'|| e VP1 deconvolution across all serotypes appears consistently
* The dSEC method shows greater sensitivity for AAV viral proteins and produces ~450 05 ||'| incoherent, but in AAV8 the most abundant mass can still be

times greater signal than the current method. ] f"| l"., observed in the deconvolution.
* Results show dSEC produces greater resolution between VP1 and VP2 and less o{— now  APA

production of artefacts compared to RP-LCMS method. L s 8 s 8o 2 0 f 2
* Neither produced baseline resolved results but purity can be established using the dSEC

F L D Table 2: Denaturing Size exclusion chromatography-MS results with protein deconvolution across multiple serotypes with FLD and ES/

* The protein deconvolution showed mixed results with dSEC identifying more peaks in VP1
yet less resolution of peaks, whilst VP2 produces greater resolution and identifies more

peaks when usmg dSEC. . . oo Freo=190.0V AN A 11[3; +E5) Scan (rt 12.855-13.851 min, 61 scans) Frag=190.0V AV2 d Subtract Deconvoluted (lsotop.
* VP3 deconvolution has a greater resolution in the current method shown through the a 1-1-*2- o
|dent|flcat|0n Of the base peak %3] II| 125: ¢ An artefaCt VlSlble IN the AAV2 and AAV5 ESI'TIC and
. 0.8 ' .
071 i & FLD chromatograms were prominent peaks.
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Characterisation of CE-SDS Peak N o * Eluting prior to VP1 suggests that this peak consists
1L N of a molecular weight greater than 81KDa.
 CE-SDS data shows that a pre-peak arises prior to D5y N Em w0 Em 0 TEm i Zm . .
— o a PR " 5 S 25505 i 1 o P 2 St © 1€ POtEIN deconvolution mass spectrometry
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M H g . . . b 1 13419 19021622342 2343 1265 7. * For AAV2 there appears to be another peak In the
) I — f—’twt' B By preparing the same product with a reducing agent ’ 25| 2008458 273 1336 05 deconvolution of 60020.21 Da, which is +45 Da
: : — . : and running through dSEC we can establish the 3 15031 24289239567 2991 1616 0% . ' ’
molecular weight of the substance and hence the o Il Bt b A R e T T e o k) adduct species of VP3.
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=N _ s 1652 5703713774 707 382 e e e This suggests the PTM induces the dimerisation of
| ame || | : ; i Zef[:]u;n Che (()jft\k/]PS C;?aveld |;\bAAV2 k h Z?g:;h7;)ggl:reatedAAv2 dSEC results with the protein deconvolution of the Dimer pre-peak accompanied by a table showing the area VP3 th rough the Stre ngthening Of dlsulflde bOﬂdS
A - ¢ Establishe e molecular/base peak has an average : :
/| ‘| i / | Molecular weicht of 45825.05 D ; 2 * This was then confirmed through sample
[ A , ecutarweig e S , , ) 45 Sean ( T8E2137%5 min. 5 scan) Frag S0 0VIRREOnH TCEP . St preparation with TCEP (cleaves disulfide bonds
‘ A * This suggests the N-terminus of the Viral protein L e I IERG oract Lecon s
/ \J/ w’ L ' undergoes cleavage leaving 409 amino acids in the oofilforiics 4 3 through nucleophilic attack) and led to the
.\ <107 1904 50mM TCEP.d © " . . . .
I | ' o 3 2 ignificant r in the dimer k ar f AAV2.
N sequence N i ; co 850 . Zgos;able I?"?I(\:/I ie: fﬁis re (ieocrl1 is?hg i(?rnfaiiirc: of
Figure 9: Capillary Electrophoresis-SDS results of an AAV2 sample ° The brea kage Of the Asn1 24_Asp1 25 iS theo rised to 084 4 g g,; FE A g p ) ) g ) )
e g 8|3 formic acid deprotonated molecular ions creating
be from spontaneous deamidation influenced by the 4 i : :
H and the steric hind £ the VP3 chai ) | London dispersion forces and hydrogen bonds
& prHan € steric hinaerance orthe chain 04 " S000 75000 100000 125000 10000 175000 200000 2%000 which can create a highly oxidative environment
035 |“| 03 102 +ES| Sean (it 12.362-13.725 min, 53 scans) Frag=190.0VIEEE0mM TCEPd Subiract Deconv.. . ] . .
B \" AAV2VP3- (VP3 Fragment highlighted in Green) i - supporting the formation of disulfide bonds
i | ey o TR 2 sy FagmIB OV AAE (T et Beeomeehaes e :;?rgzg:sPLIADNNEGADGVGNSSGNWHCDSTWMGD D; : % E = e Unfortu nately, the exact residue interactin g with the
12 5 3 RVITTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYST — ==l —t— 2 = o . . . .
i B PG FDFNRIHCHESPROWORLNNNWGPRPKRLYE o . T 7 2z 05 formic acid deprotonated molecularion is unable to
0% - ‘ “ A Peak w & RT w4  Area WA Area Sum % T 3 :g i c o c o 0o
o] ||||| B |, SAHQOCLPPEPADVFMVPQYGYLTLNNGSQAVGRSSFY . : T = ) S be established. Yet, it is likely to be a positively
- | MNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQ 2 14257 2192972462.3 164 » charged amino acid such as His, Arg and Lys.
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DDE__B_B_:)_Hg el 1’\“1“ S e e o M‘:ii[}gm‘f‘éz” 45;40 o g\s;:ll\.ll-ng\.lrg'?b\l’g\\lnvﬂsi":::%ﬁiﬂi?:mﬂpggmslsu?K gure 15- AV VPGl region ,‘;géjf:i) z:a ?AV2 dSEC results treated with 50mM of TCEP, and the protein deconvolution of the Dimer pre-peak accompanied by a table showing the area of
FlgL;e;WOdSnEﬁg-;VIS results of the AAV2 sample and the protein deconvolution of Figure 11: AAV2 VP3 protein sequence with the VP3-  protein structure interpreted by
the VP3 clip clip region highlighted in green AlphaFold
Conclusion
Findings Future work o o
« Developed method to assess purity, post-translational modifications and quantify AAV Samples and * Improve separation to baseline by purchasing a column with smaller pores (200A> x <450A)
compared to previously established methods and improved resolution of VP1 and VP2. * Further optimisation of mass spectrometry parameters to improve resolution of protein deconvolution profile
. . . pe . . 11 A : : : . :
e Limit of quantification established to be 1x10" VP/mL to 1x10"" VP/mL a much larger range than RPLC-MS Using UV detection to allow method to be able to establish empty: full ratio of AAV samples
« Characterised artefacts from CE-SDS assay arising from N-terminal cleavage * Explore possibility in implementing for other top-down analyses
 Gained knowledge in AAV Viral proteins disulfide bond formation * Trialon chimeras on AAV to ensure serotype agnosticism
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