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User Benefits

@ Shimadzu LCMS-9050 Quadrupole Time-of-Flight Liquid Chromatograph Mass Spectrometer (LC-QTOF-MS) delivers high-
quality MS and MS/MS spectra with high mass accuracy, enabling clear confirmation of peptide identification and precise

determination of modifications.

@ High sequence coverage was achieved for AAVS8 capsid proteins on the LCMS-9050 through trypsin and chymotrypsin

digestion.

@ LC-MS analysis can effectively monitor quality attributes in AAV-based gene therapy products.

B Background

Gene therapy encompasses pioneering techniques that
utilize viral and non-viral vectors as delivery systems. These
vectors are employed to introduce therapeutic genes into
a patient's cells. The vector method is especially effective
in treating genetic disorders. Since its initial discovery in
the 1960s, adeno-associated virus (AAV) has become a
prominent choice for gene therapy in addressing
numerous monogenic diseases. This is due to its ability to
deliver a single gene payload in a single dose, achieve high
transduction rates, exhibit wide tissue specificity, provoke
minimal immune responses, and sustain therapeutic
effects over an extended period.'3 With the FDA having
approved six AAV therapeutics to date,* and an additional
120 clinical trials ongoing worldwide, it underscores the
vast potential of AAV vectors.>

The icosahedral capsid of adeno-associated virus (AAV) is
composed of 60 copies of three capsid proteins: VP1, VP2,
and VP3, present in a ratio of approximately 1:1:10,
respectively.6’ While previous research has revealed
serotype-specific differences in sequence composition, 2
there remains a need for more detailed information,
particularly regarding post-translational modifications
(PTMs). Understanding these modifications could enhance
our knowledge of the biological variations between
serotypes in terms of infectivity, cell targeting, tissue
specificity, and molecular stability, which varies across
different serotypes.®

Efficient characterization of VP proteins is essential for
making informed improvements to AAV products,
including the development of mixed serotype capsids that
may offer advantages over treatments using single
serotype AAVs.! Liquid chromatography-mass
spectrometry (LC/MS) based peptide mapping is widely
used in the biopharmaceutical industry to verify the
primary structure of therapeutic proteins and monitor
multiple quality attributes that impact the safety and
efficacy of the final product. Recent advances in mass
spectrometric instrumentation and software platforms
have led to increased accuracy, reproducibility, and
robustness, making peptide mapping workflows more
efficient.

In this application, we demonstrate an approach for the
characterization of AAV capsid proteins and associated
PTMs using a bottom-up method. Digested samples were
analyzed using a Shimadzu LC-40 liquid chromatography
system coupled with a LCMS-9050 Q-TOF mass
spectrometer, providing the necessary sensitivity and mass
accuracy to obtain the high sequence coverage. Data
acquisition was managed by Shimadzu LabSolutions
Software, and data processing was performed on Protein
Metrics Software.

B Method

Chemicals and reagents: AAV8 empty capsid reference
material was purchased from Virovek (Houston, TX, USA)
and used without further purification. Sequencing grade
modified trypsin and chymotrypsin were obtained from
Promega (Madison, WI, USA). LC-MS grade solvents
(formic acid, acetonitrile, and water) were sourced from
Honeywell. All other reagents were purchased from
Sigma-Aldrich.

Sample preparation for peptide mapping: The AAVS8
reference material contained 20 pL of total volume at a
concentration of 2x10™ vg/mL. This resulted in an
estimated total protein concentration of 0.12 ug/uL and a
total protein of 2.4 ug for digestion. The AAV sample was
denatured in 6 M urea and 1 mM DTT at 80 °C for 30
minutes, followed by alkylation with 15 mM
iodoacetamide for 30 minutes at room temperature in the
dark. The reduced and alkylated samples were cooled to
room temperature and diluted with three equivalent
volumes of buffer (50 mM Tris-HCl and 1 mM CaCl, [pH
7.5]), reducing the urea concentration to <2 M. The
samples were then digested overnight at 37 °C with 0.4
ug trypsin or chymotrypsin. The digestion was terminated
by the addition of formic acid to 10% of final
concentration and the sample was directly injected to the
LCMS-9050 for analysis.



Instrumentation parameters: Chromatographic
separation of the digested capsid proteins was performed
using a Shimadzu LC-40 system. The separation was
achieved on a Shim-pack Velox C18 column (150 mm x
2.1 mm, 2.7 um). The flow rate of the mobile phase was
0.2 ml/min, with an injection volume of 40 L, and the
column oven temperature was maintained at 40 °C.
Details of the gradient conditions are shown in Table 1.

All data were acquired on a Shimadzu Q-TOF mass
spectrometer, LCMS-9050, under data dependent
acquisition (DDA) mode with five events monitored.
Details on the parameters used can be found in Table 2.

Table 1: Gradient time program of mobile phases

Time (min) %A %B
0 95 5
1.00 95 5
30.00 70 30
36.00 50 50
40.00 5 95
48.00 5 95
49.00 95 5
60.00 95 5

Mobile phase A: 0.1% formic acid in water
Mobile phase B: 0.1% formic acid in acetonitrile

M Results and Discussion

Digestion of AAV capsid proteins and sequence
coverage: Trypsin and chymotrypsin were employed to
digest AAV capsid proteins. Trypsin cleaves peptides at the
C terminus of lysine (K) and arginine (R), whereas
chymotrypsin cleaves at C terminus of the aromatic amino
acids tyrosine (Y), phenylalanine (F), and tryptophan (W).
AAV8's sequence contains multiple regions rich in lysine
and arginine residues, making it challenging to obtain the
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Data analysis: Data was acquired using LabSolutions
software and analyzed through Protein Metrics software.
The PTM workflow in Protein Metrics was used to
generate sequence coverage map and identify the post-
translational modifications (PTMs).

Table 2: MS conditions

Mode : DDA (5 events)

TOF Start m/z 1200

TOF End m/z : 2000

DDA Start m/z - 100

DDA End m/z : 2000

CE 35

CE Spread 217

Event Time :0.100 s

Pulser Inj. Times 2194

Interface Voltage :1.50 kv

Nebulizing Gas Flow 3.0 /min

Heating Gas Flow 2 10.0 Umin

Drying Gas Flow :10.0 Umin

Interface Temperature 2300 °C

DL Temperature 1250 °C

Heat Block Temperature : 400 °C
complete sequence using only trypsin. Therefore,

chymotrypsin was utilized to improve sequence coverage.
Both enzymes were able to digest AAV8 efficiently,
resulting in populated chromatograms with a larger
number of peptide peaks.

The extracted ion chromatograms (XIC) of the AAV8
proteolytic peptides from enzyme digestion are shown in
Figure 1.
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Figure 1: Extracted ion chromatogram (XIC) of peptide fragments from enzyme digested AAV8. Top: trypsin. Bottom: chymotrypsin.
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In the PTM workflow of Protein Metrics software, all
matched peptides were set to have a mass error of less
than 6 ppm and at least one confirmatory MS/MS
spectrum. The allowance for missed cleavages was set to

After peptide identification, a combined sequence
coverage map was generated for both trypsin and
chymotrypsin digestions (Figure 2). By nature, the entire
sequence of VP3 is nested within VP2, and VP2 is nested

3. Carbamidomethyl was designated as a fixed within VP1. The largest protein, VP1, exhibited a total

modification, while variable modifications included sequence coverage of 96.1%. VP2 had 97.5% sequence

oxidation, deamidation, pyro-Glu formation, ammonia coverage, while VP3 achieved 100.0% sequence

loss, acetylation and phosphorylation. Most identified coverage.

peptides exhibited excellent mass accuracy, with errors

less than 1 ppm.
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Figure 2: Sequence coverage map of AAV8 capsid proteins (VP1, VP2, and VP3) by LCMS-9050 using different enzymatic digests. Blue:
trypsin. Magenta: chymotrypsin.
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Post translational modifications (PTMs): PTMs are While the influence of PTMs on AAV capsid proteins is still
functional alterations that occur on specific amino acid being investigated, preliminary findings indicate that their
residues following protein translation. PTMs on presence can affect vector function, either beneficial or
therapeutic proteins are recognized to potentially induce detrimental with vector transduction. The formation of
immune responses through mechanisms such as these modifications appears to be influenced by both the
aggregate formation (a noted concern with high- expression system and the purification strategy employed
concentration rAAV), destabilization of protein structure during production.?

or function, and modification of antigen processing and
presentation.®
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Figure 3: Post translational modification (asparagine deamidation) analysis: MS/MS spectra comparison of Asn-deamidated and native
peptides (VP1 247 - 259). Top: oxidation detected at Asn 254. Bottom: native peptide without oxidation. Green boxes highlight confirmed
fragment ions.
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Figure 4: Post translational modification (methionine oxidation) analysis: MS/MS spectra comparison of Met-oxidized and native peptides (VP1
393 - 407). Top: oxidation detected at Met 405. Bottom: native peptide without oxidation. Green boxes highlight confirmed fragment ions.



Common PTMs such as deamidation, oxidation,
acetylation, phosphorylation and pyroglutamate formation
were found by Protein Metrics Software. Two examples of
PTMs are shown in Figures 3 and 4. As depicted in
Figure 3, a comparison is made between the peptide
TWALPTYNNHLYK (VP1 247 - 259) in its modified and
unmodified states. This peptide is found in VP1, VP2, and
VP3, as shown in Figure 2, where both its native and
modified forms are identified, with suspected deamidation
occurring on the asparagine residue. The presence of
deamidation in the peptide can be easily confirmed by
comparing the spectra presented in Figure 3. The
differences in m/z (+0.98 Da in the deamidated form) for
the y6-y9 fragment ions (green boxes) clearly distinguish
the modified forms from the native species.

Similarly, Figure 4 shows the MS/MS spectra of the native
and the oxidized peptides of SSFYCLEYFPSQMLR (VP1 393
— 407), where the y6-y9 fragment ions (green boxes) all
show the signature mass shift of 15.99 Da, indicating the
presence of oxidation.
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from sample preparation to LCMS analysis for determining
the amino acid sequence of AAV capsid proteins. Trypsin
and chymotrypsin enzymes were used to generate nearly
complete sequence coverage.

High-quality MS/MS spectra facilitate unambiguous
confirmation of peptide identification and accurate
localization of modifications. The Shimadzu LCMS-9050
offers a reliable, accurate, and efficient solution for
analyzing AAV capsid proteins.
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Founded in 1875, Shimadzu Corporation, a leader in the
development of advanced technologies, has a distinguished
history of innovation built on the foundation of contributing to
society through science and technology. Established in 1975,
Shimadzu Scientific Instruments (SSl), the American subsidiary of
Shimadzu Corporation, provides a comprehensive range of analytical
solutions to laboratories throughout North, Central, and parts of
South America. SSI maintains a network of ten regional offices
strategically located across the United States, with experienced
technical specialists, service and sales engineers situated throughout
the country, as well as applications laboratories on both coasts.

For information about Shimadzu Scientific Instruments and to
contact your local office, please visit our Web site at
www.ssi.shimadzu.com
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