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Introduction

Peptide mapping via reversed-phase liquid chromatography mass
spectrometry (LC-MS) is primarily used to analyze and confirm a protein’s
amino acid sequence, including the identification and localization of post-
translational or synthetic modifications. This level of characterization is part
of thecritical quality attributes (CQA) assessment required for
biopharmaceutical products since unexpected modifications can impact the
stability and function of a biotherapeutic drug. Protein characterization via
peptide mapping is challenging because some peptides can have very similar
physiochemical properties. For this reason, selecting a fit-for-purpose
chromatographic column(s) mustbe carefully considered. In this technical
note, the performance of 13 reversed-phased columns belonging to three
distinct column chemistry families were evaluated. Both a mixture of seven
peptides, commonly used as standards in proteomics LC-MS analyses, and a
digested sample of the NIST monoclonal antibody reference material (NIST
mAb) were analyzed.

Columns

*  Kinetex™ family - core-shell particle technology designed for improved
efficiency and resolution.

e Luna™ Omega family - fully porous, silica particle technology designed
for enhanced inertness and reproducibility.

*  Biozen™ family - BioTi™ bio-inert hardware to maximize selectivity and
sensitivity for biomolecules

Samples

1. Peptide Mixture: Seven peptides with a broad range of polaritiesand
isoelectric points (pl) (Table 1).

2. NIST mAb: Reduced and alkylated National Institute of Standards and

Technology monoclonal antibody reference material, RM 8671 (Table
2).

Table 1. Peptide mixture with corresponding sequence, molecular weight,
isoelectric point (pl) and grand average of hydropathicity (GRAVY) score.

. A Molecular
Peptide Name Peptide Sequence Weight (g/mol) n GRAVY Score

RASG-1 RGDSPASSKP 1000.49 8.75 -1.61
Angiotensin frag.1-7 DRVYIHP 898.46 6.74 -0.77
Bradykinin RP PGFSPFR 1059.56 12.00 -1.04
Angiotensin || DRVYIHPF 1045.53 6.74 -0.33
Angiotensin | DRVYIHPFHL 1295.67 6.92 -0.20
Renin substrate DRVYIHPFHLLVYS 1757.92 6.92 0.28
Enolase T35 WLTGP QLADLYHSLMK 1871.96 6.74 -0.06

LC Conditions

Mobile Phase: A: 0.2% Formic Acid in Water
B: 0.2% Formic Acid in (80:20) Acetonitrile:Water
Sample: Peptide Mixture Digested NIST mAb
Gradient Used: Time (min) %B  Time(min) %B
0 2 0 0.5
2 2 2 0.5
15 65 62 50
151 85 65 50
171 85 66 95
17.2 2 68 0.5
28 2 80 0.5
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LC Conditions

Sample: Peptide Mixture Digested NIST mAb
Flow Rate: 0.200 uL/min 0.300 uL/min
Injection Volume: 10 pL 5uL
Concentration: 1.5 ng/ uL 500ng/ uL
Temperature: 65 °C
LC System: Agilent® 1260
Detection: ESI Positive
Detector: SCIEX™ ZenoTOF 7600

Mass Spectrometry Conditions

TOF MS Parameters
lon sourcegas1 (PSI): 50
lon source gas 2 (PSI): 50
Curtain gas: (PSI) 35
CAD gas (PSl): 7
Source temperature (C): 350
Spray Voltage (V): 3500
TOF start mass (mz): 200
TOF stop mass (mz): 2000
Accumulation time 0.1
(ms):
Declustering potential 20
(V)
Collision energy (V): 10
Time bins tosum: 8

Analysis Software

EAD Parameters

IDAcriteria:

Peptide

Maximum ions: 6

Intensity threshold:
Chargesstate:
Isotope to select:
Exclude time:

Dynamic ETC :

TOF start mass:

TOF stop mass:
Accumulation time:
Q1 resolution:

Zeno trap:

Electron beam current:

Electron KE

100

2-10

Most Intense
6s after 2
occurrences
True

100

3000

0.09

Unit

True

5500

: 7eV

Sciex Biologics Explorer was used for peptide identification. Skyline (MacCoss
Lab Software) was used for data visualization.

List of Columns Evaluated and Part Numbers

Column Dimensions m

Kinetex 2.6 um C18

Kinetex 2.6 um XB-C18
Kinetex 2.6 pm Polar C18
Kinetex 2.6 pumPS C18
Kinetex 2.6 um Biphenyl
Kinetex 2.6 um Phenyl-Hexyl
Kinetex 2.6 um F5

Luna Omega 3 um C18

Luna Omega 3 um Polar C18
Luna Omega 3 um PS C18
Biozen 2.6 um Peptide XB-C18
Biozen 1.6 um Peptide Polar C18*
Biozen 3 um Peptide PS C18

150x 2.1 mm
150x2.1 mm
150x 2.1 mm
150x 2.1 mm
150x 2.1 mm
150x 2.1 mm
150x2.1 mm
150x2.1 mm
150x2.1 mm
150x2.1 mm
150x 2.1 mm
150x 2.1 mm
150x 2.1 mm

00F-4462-AN
F-4496-AN
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Peak Capacity on Peptide Mix

Peak capacity (PC) is a measure of how many peaks can be separated within a given
analysis time and serves as an indicator of the column’s separation power. Higher
peak capacity values indicate better separation of analytes which will consequently
result in better data quality. We first used the Peptide Mixture to investigate the
peak capacity of the Kinetex™, Luna™» Omega, and Biozen™ column families. The
average peak capacity was calculated for each column and plotted in Figure 1.
Looking at the resultsin the context of particle morphology, columns with core-shell
particles provided the best peak capacities. The highest performing column
chemistry within each family was the Polar C18 (Figure 1 and 3). The high peak
capacities seen for core-shell particles are not unexpected, as these were designed
to provide faster mass transfers of analytes in and out of the stationary phase when
compared to particles of the similar size but made of fully-porous silica.

Figure 1. Average peak capacity of all screened columns.
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Figure 2. Box plots showing the distribution of peak width at 50 % base width
observed for each column evaluated.
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An additional factor that contributes to the higher efficiencies observed for
core-shell particles relates to their very narrow particle size distribution, thus
reducing band broadening. Regarding the increased capacity seen for columns
of polar nature, this could be explained by the fact that most of the peptides
in our mixture are hydrophilic. Taking a closer look at the distribution of peak
width by column type in Figure 2, we can observe that the PS chemistry
columns across the three families had RASG-1

as an outlier with half-height peak widths > 0.1. RASG-1 peptide hasa GRAVY
score of -1.61 and 2 basic residues which carry positive charges (Table 1),
making itthe most hydrophilic peptide in this peptide mixture. The
hydrophilic and charged nature of this peptide results in increased repulsion
with the positively charged PS surface causing RASG-1 to elute much earlier
and with poor peak shape. An example of RASG-1 poor peak shape and lower
retention can be observed when comparing Figure 3and 4. Considering all
seven peptides, the columns with PS C18 chemistry seem to have lower peak
capacities than expected. However, this observation is biased due to the
outlier caused by the low retention and broader peak shape seen for basic
peptide RASG-1 . If this peptide were to be removed, we would see peak
capacities of 442, 402 and 373, forKinetex PS-C18, Luna Omega PS-C18 and
Biozen Peptide PS-C18, respectively.

Looking at the phenyl chemistry columns tested, Kinetex Phenyl-Hexyl and
Biphenyl chemistries showed the lowest peak capacity, opposite to what was
observed for Kinetex F5. This trend could be explained by the fact thateven
though all 3 columns offer -t aromatic and polar interactions for selectivity,
only F5 has strong H-bonding capabilities. In this evaluation, acetonitrile was
selected as the organic solvent for testing to significantly hinderm-n
interactions, thus reducing the additional selectivity these columns could
offer.

Figure 3. TIC of the seven-peptide mixture on a Kinetex 2.6 um Polar C18
column.
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Figure 4. TIC of the seven-peptide mixture on a Biozen um 3 um Peptide
PS C18. Retention time in minutes.
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Peptides From NIST mAb Digestion

Furthering on the insights gained on peak capacities estimated with a
peptide mixture, a deeper analysis was done by evaluating the
chromatographic performance for each of the 13 columns using a more
complex tryptic digest mixture of the NIST mAb. The tryptic digestion
process of the NIST mAb generated over 50 peptide fragments, 3 to 58
amino acidsin length. Figure 5 shows the NIST mAb heavy and light
sequences, including cleavage sites. Several of these are considered critical
quality attributes (CQAs) of the protein’s structure and mustbe fully
characterized, which is a challenge because these are often present in low
abundances and may differentiate by only small modifications or isomerism.
To explore how differences in physicochemical properties affect column
performance, a selection of 52 peptides (Table 3) were categorized based
on: (i) their content of polar uncharged, basic and acidic charged, and
hydrophobic residue side chains, (ii) their length (with long peptides being
defined as greater than 20 amino acids), (iii) the presence of deamidated N
and Qresidues, (iv) the presence of glycosylation. Example TIC for each
column are shown in Figure 6.

Figure 5. Amino acid sequences of the Heawy and Light Chains of NIST
mAb with Lys and Arg Trypsin cleavage sites highlighted in red.

Heavy Chain (HC) Sequence
PQVTLRESGPALVKPTQTLTLTCTFSGFSLSTAGMSVGWIRQP PGKALEWLADIWWDDKKHYNPSLKDRLTISKDT
SKNQVVLKVTN MDP ADTATYYCARDMIFNFYFDVW GQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWN SGALTSGVHTFPAVLOSSGLYSLSSW TV PSSSLGTQTYICNVNH KPSNTKV DKRVEPKSCDKTH
TCPP CPAPELLGGP SVFLFP PKPKDTLMISRTPEVTCVV VDV SHEDPEVKFNWYVDGV EVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV YTLPPSREEMTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENN YKTTPPVLDSDGSF FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

Light Chain (LC) Sequence
DIQMTQSPSTLSASVGDRVTITCSASSRVGYMHWYQQKPGKAPKLLIYDTSKLASGVPSRFSGSGSGTEFTLTISSLQ

PDDFATYYCFQGSGYPFTFGGGTKVEIKRTVAAPSVFIFP PSDEQLKSGTASW CLLNNFYPREAKVQWKVDNALQS

GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Table 2. NIST mAb peptides used for chromatographic calculations.

Component
Name Sequence
EYK

I P P P
0 0

HC321-323 :)

LC29-38 VGYMHWYQQK C 8.48 -1.19
LC207-210 SFNR 4 9.47 -1.50
LC145158 4 872 -1.03

HC46-58 ALEWLADIWWDDK 13 6.10 -0.05

GOF (HexNAQ4 (Hex)3
HC 296-304 GOF EEQYN (GOF)STYR 14 -2.51
G2F (HexNAc)4 (Hex)5
HC 296-304 G2F EEQYN (F2F)STYR 14 Fuc
FSGSGSGTEFTLTISSLQP DDFATYYCFQG SG

LC61-102 YPFTFGGGTK 42 Carbamidomethyl C 4.05 -0.18

HC278-291 FNWY VD GVEVHNAK 14 4.17 -0.12

HC 46-58 Miss ALEWLADIWWDDKK 14 4.05 -0.38

LC183-187 ADYEK 5 4.37 -2.08

HC100-124 DMIFNFYFDVWGQGTTVTVSSASTK 25 4.14 -0.10

HC374-395 GFYPSDIAVE WESNG QPENN YK 22 4.05 -1.26

HC39-412 TTPPVLDSDG SFFLY SK 17 4.21 0.13
VTNMDPADTATYYCARDMIFNFYFDVWGQ

HC84-124 GTTVTVSSASTK a1 Carbamidomethyl C 875 0.22

HC 60-66 HYNPSLK 7 9.70 -1.80
DTSKNQVWLKVTNMDPADT AT YYCARDMI

HC74124 FNFY FDVWGQGT TVTVSSASTK 51 Carbamidomethyl C 875 0.58

HC420-442 WQQGN VFSCSVMH EALHNHYT QK 23 Carbamidomethyl C 7.01 -0.79

HC59-66 KHYNPSLK 8 1020 -1.80
LC126141 SGTASVVCLLNNFYPR 16 Carbamidomethyl C 7.94 0.38

LC45-52 LLIYDTSK 8 5.83 0.24
LC 108125 TVAAPSVFIFPPSDEQLK 18 4.37 0.24

DYFPEPVTVSWNSGALTSGVHTFPAVLQSS
HC151-213 GLYSLSSVVTVPSSSLGTQTYICN VNHK 58 Carbamidomethyl C 7.94 0.70
HC348-358 EPQVYTLPPSR 1 6.90 -1.01
HC 125-136 GPSVFPLAPSSK 12 4.21 0.12
LC 169182 DSTYSISSTLT LSK 14 5.83 -0.24
HC305-320 VVSVLTVLHQDWLNGK 16 4.53 -2.51
LC 190206 VYACEVTHQG LSSPVTK 17 Carbamidomethyl C 6.71 0.02
HC292-295 TKPR 4 5.32 -0.46
HC342-347 AKGQPR 6 1142 -2.02
HC217-221 RVEPK 5 5.9 0.14
HC218-221 RVEPK 5 875 -1.86
LC103-107 VEIKR 5 872 -0.64

HC6-13 ESGPALVK 8 9.75 -0.14
HC330-337 ALPAPIEK 8 6.90 0.16

LC53-60 LASGVPSR 8 9.75 0.21

HC67-73 DRLTISK 7 8.60 -1.50
HC 137-150 STSGG TAALGCLVK 14 Carbamidomethyl C 875 0.09
LC103-106 VEIK 4 5.97 0.33
HC326-329 VSNK 4 101 -1.00
HC 338-341 TISK 4 6.05 0.16
HC252-291 TPEVTCWVDVSHE DPEVK 19 Carbamidomethyl C 5.84 0.10
HC359-363 EEMTK 5 4.53 -1.94
HC413-417 LTVDK 5 5.84 -0.02

HC69-73 LTISK 5] 101 0.58

LC1-18 DIQMTQSPSTLSASVGDR 18 4.21 -0.49

Pyroglutamic Acid Q
HC1-5 (pQ) PQVTLR 6 N-TERM 9.75 -0.14

HC 7883 NQVVIK 6 4.69 -0.23
HC252-258 DTLMISR 7 5.97 -1.20
LC 149168 VDNALQSGNSQESVTEQDSK 20 4.05 S1%9)

LC19-28 VTITCSASSR 10 Carbamidomethyl C 822 0.47
HC364-373 NQVSLTALVK 10 Carbamidomethyl C 822 0.61

Q
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Figure 6. TIC of peptides from Trypsin digested NISTmAb standard, separated using a
wide variety of Phenomenex columns. Retention Times are in minutes.
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Polar Peptides

To assess the effect of peptide polarity and peak capacity, a group of NIST mAb
peptides categorized as “polar” were considered. This category requires the
peptides to have at least 35 % of their amino acid residues being of polar
uncharged nature and includes two peptides that contain either GFOor GF2,
both highly polar glycosylation modifications (Table 3). Within the

Kinetex™ family, Polar C18 provided the highest peak capacity (Figure 7) and
was able to completely resolve glycosylated peptides (Figures 8). Kinetex F5,
Phenyl-Hexyl, and PS C18 chemistries still proved beneficial for peptides that
contained a higher aromatic and basic content. Interestingly, the Luna™ Omega
family provided the lowest chromatographic resolution for these polar peptides
with Luna Omega 3 um Polar C18 having the highest peak capacity within the its
family.

Figure 7. Average peak capacity for polar peptides of all screened columns.
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Table 3. Neutral polar peptides used to calculate peak capacities in Figure 7.

LC19-28 VTITCSASSR 10 60%
LC169-182 DSTYSLSSTLTLSK 14 57%
LC149-168 VDNALQSGNSQESVTEQDSK 20 50%
Lc118 DIQMTQSPSTLSASVGDR 18 50%
HC 100-124 DMIFNFYFDVWGQGTTVTVSSASTK 2 40%
HC 151213 DYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT VP SSSLGTQTYIONVN HK 58 40%
HC74124 DTSKNQVVLKVTNMDPADT AT YYCARDMIFN FYFDVWGQGTTVTVSSASTK 51 39%
HC84-124 VTNMDPADTATYYCARDMIFNFYFDVWGQGTTVTVSSASTK a1 39%
LC61-102 FSGSGSG TEFTLTISSLQP DDFATYYCFQG SGYPFT FGGGTK 2 36%
HC 396412 TTPPVLDSDG SFFLYSK 17 29%
HC 125-136 GPSVFPLAPSSK 12 25%
HC 296304 EEQYN (GOF)STYR

HC 296304 EEQYN (F2F)STYR

Figure 8. EIC of EEQYNSTYR peptide with GOF and G2F Glycans at N5 and
nearby peptides on a Kinetex 3 um Polar C18 (Right) and on a Kinetex 2.6 um

Biphenyl (Left). :5
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Figure 9. Example of the high retentivity of the Luna Omega column on
hydrophilic peptides.
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Despite the lower peak capacities that resulted from the Luna Omega columns,
Luna Omega Polar C18 excelled atdelivering better peak shape for early eluting
polar peptides when compared to Kinetex. These highly hydrophilic peptides are
difficult to retain using typical C18 phases, but with Luna Omega Polar C18,
increased retention is observed due to its thermally modified particle that
eliminates micropores optimizing the available surface area for interaction with
the polar end-capped surface. This is demonstrated inFigure 9, where Luna
Omega 3 um Polar C18 clearly provides higher retention for hydrophilic peptides.
As expected, this trend is also observed for our Biozen™ Peptide Polar C18
column, which provided good peak capacity with enhanced retention (see Figure
10) and improved peak shape of early eluting peaks. Interestingly, in this case,
the Peptide XB-C18 chemistry was the best performing, which suggests that the
bioinert hardware contributes to the peak capacity increase. The Biozen 1.6 um
Peptide Polar C18 column shows improved peak retention of glycosylated
peptides which, combined with its polar selectivity and the higher efficiency of a
1.6 um particle, successfully achieved baseline resolution between the G2F and
GFOglycosylated forms of EEQYN*STYR. Thus, making this column a powerful
tool for the separation of highly polar and glycosylated peptides. Extracted ion
chromatograms (EIC) comparing these glycosylated peptides within the Biozen
column family are shown in Figure 10.

Figure 10. EICs of polar peptides EEQYNSTYR with GOF and G2F Glycan
modifications at N5and VTITCSASSR on a Biozen Peptide Polar C18 (Top), XB-C18
(Middle) and PS (Bottom) columns and respective Resolution (Rs) values.
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Acidic Peptides

For this analysis, NIST mAb acidic peptides that have greater than or equal to 29%
of their sequence containing acidic residues (D, E) (Table 4) were used to evaluate
peak capacities (Figure 11) across the column families. In the case of acidic
peptides, the top performers were Kinetex™ 2.6 um PS C18 closely followed by
Biozen™ 2.6 um XB-C18. Overall, the core-shell capabilities of these columns offer
advantages in terms of efficiency and speed when compared to fully porous
particles. This translates to shorter run times and improved peak shape. Within the
Kinetex family, the PS C18 (2.6 um) column had greater resolution between two
acidic peptides while XB-C18 (2.6 um) maintained baseline resolution with
increased retention. Notably, the peak capacity XB-C18 increased by
approximately 7% when coupled with bioinert hardware. Therefore, the PS-C18
chemistry provides good retention of acidic peptides while the bioinert hardware
improves its reproducibility.

Figure 11. Peak capacity for acidic peptides on the Kinetex family of columns.
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Table 4. Acidic peptides used to calculate peak capacities in Figure 11.

[ componertame | sequence | __tenzn | %nacidc |
5

B Kinetex 2.6 um Phenyl-Hexyl
BEKinetex 2.6 um F5
@Lluna Omega3 pm C18

@ELuna Omega3 pum Polar C18

PC, ACIDIC PEPTIDES

@Luna Omega3 pm PS C18
EBiozen 2.6 ym PeptideXB-C18
@Biozen 1.6 ym PeptidePolar C18

[@Biozen 3 um PeptidePSC18

HC359-363 EEMTK 40%
LC 183187 ADYEK 5 40%
HC321-323 EYK 3 3%

HC46-58 ALEWLADIWWDDK 13 31%

HC4659 ALEWLADIWWDDKK 14 29%
HC252-291 TPEVTCWVDVSHE DPEVK 19 26%
LC103-106 VEIK 4 25%

Figure 12. Example of acidic peptide resolution on a Kinetex 2.6 pm PS column
(Left) and a Kinetex 2.6 um C18 column (Right).
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Basic Peptides

The Kinetex™ PS C18 column’s positively charged surface modification enhances
selectivity and improves peak shape not only for acidic peptides, but also for
basic peptides under reversed phase conditions. Additional columns that
demonstrated efficient basic peptide separation are Kinetex 2.6 um XB-C18,
Biozen Peptide 2.6 um XB-C18 and Kinetex 2.6 um F5 columns. (Figures 13). An
example of the resolving power of the Biozen 3um Peptide PS and on the
Kinetex 2.6 um PS columnsis shown in Figure 14. While both Biozen Peptide
and Kinetex versions of the PS chemistry provided excellent resolution for basic
peptides, the Kinetex provided the highest due to the higher efficiency core-shell
particle morphology. Basic peptides used to calculate peak capacities and peak
asymmetries are shown in Table 5.

Figure 13. Peak capacity for basic peptides on the Kinetex family of columns.
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@ Luna Omega3 um C18
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@ Biozen 2.6 um PeptideXB-C18

@ Biozen 1.6 um PeptidePolar C18

@ Biozen 3 pm PeptidePSC18

Table 5. Example of basic peptides used to calculate peak capacities in Figure 13.

HC342-347 AKGQPR 6 67%
HC59-66 KHYNPSLK 8 50%
HC326-329 VSNK 4 25%
HC69-73 LTISK 5 20%
HC 1-5 (pQ) pQVTLR 6 7%
LC53-60 LASGVPSR 8 38%
HC6-13 ESGPALVK 8 38%
HC 60-66 HYNPSLK 7 3%
LC207-210 SFNR 4 25%

Figure 14. Example of basic peptide resolution on a Biozen 3 um Peptide PS
column (Left) and a Kinetex 2.6 um PS (Right).

300

Intensity (10%3)
g

300

Las,

250

HYNPSLK
Intensity (1043)
3

0058z :a | ddy

DRLTISK

F KHY.

1 12

Biozen Peptide 2.6 pm PSC18

[
Seguence PW| RT Resolution
12385

— Wi
DRLTISK

10582 :a| ddy

13 14 15 16
Retention Time

3
®
@

1“5
Retention Time

>

Kinetex 2.6 pm PS C18

Peptide Sequence PW) RT Resolution

KHYNPSLK 0.24 KHYNPSLK 0.21 1176

HYNPSLK 023 1550 127 HYNPSLK 0.21 1442 1257
DRLTISK 0.22 1716 7.45 DRLTISK 0.23 1602 7.16
LASGVPSR 0.22 1764 221 LASGVPSR 0.21 1692 4.08
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A frequent issue when working with basic peptides is peak tailing due to unwanted
secondary interactions with the stationary phase. Peak Asymmetry (PA)isa
measurement of peak shape, where values lower than 1 indicate peak fronting and
values higher than 1lindicate peak tailing. Here, PA values were calculated for all
columns and are shown in Figures 14 and Table 6. Looking both at the median PA
values per column and the PA distribution obtained for the basic peptides under
study, the PS C18 chemistry offers a clear advantage in peak shape by reducing
peak tailing. Figure 15 shows a comparison of peak shape for the basic peptide
KHYNPSLK when using PS C18 and XB-C18 chemistries for both Kinetex™ and
Biozen™ Peptide columns, and when using PS 18 and C18 for Luna™ Omega
columns.

Figure 14. Peak asymmetry distribution for basic peptides on the three families of
columns.

3.00
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0.00

Column

Table 6. Average peak asymmetry for basic peptides in all column families.

TF (Ave), AcidicPeptides

Kinetex 2.6 umC18 1.18
Kinetex 2.6 um XB-C18 1.24
Kinetex 2.6 um Polar C18 1.05
Kinetex 2.6 umPS C18 1.05
Kinetex 2.6 um Biphenyl 1.10
Kinetex 2.6 um Phenyl-Hexyl 1.13
Kinetex 2.6 um F5 1.14
Luna Omega 3 um C18 1.26
Luna Omega 3 um Polar C18 1.17
Luna Omega 3um PSC18 1.05
Biozen 2.6 um Peptide XB-C18 1.49
Biozen 1.6 um Peptide Polar C18 1.22
Biozen 3 um Peptide PS C18 1.15
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Figure 15. Comparison of EICs of basic peptide HYNPSLK on: (A) a Kinetex
PS C18and XB-C18 columns, (B) Biozen Peptide PS C18 and XB-C18
columns and (C) Luna Omega PS C18and C18 columns.
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Long Peptides
The effect of peptide length in peak capacity was assessed by looking at
peptides longer than 20 residues or greater than 2000 Da. Table 7 shows the
list of large/long peptides used to calculate peak capacities. As shown in
Figure 16, Biozen™ 2.6 um Peptide XB-C18 had the highest peak capacity for
long peptides while the lowest performing column was the fully porous
Luna™ Omega 3 um C18. The observed difference in performance between
these two C18 phases can be explained by two main characteristics of the
Biozen Peptide XB-C18 chemistry: (i) the presence of the di-isobutyl side
chains that provide steric hindrance reduction allowing for more effective
interactions of longer peptides with the stationary phase, and (ii) the core-
shell particle morphology that minimizes analyte diffusion resulting in
narrower peaks. Overall, core-shell media outperformed fully-porous (Figure
16), except for the Biozen 1.6 um Peptide Polar C18 column due to its smaller
particle size that provides higher resolution and separation efficiency.
Additionally, when comparing Biozen Peptide XB-C18 and Kinetex XB-C18, an
increase in peak capacity was clearly observed suggesting that the BioTi™
hardware plays a role on recovery and reproducibility of longer

peptides. Figure 17 shows an example of the resolving power for the largest
two NIST peptides of the Biozen Peptide 2.6 um XB-C18 column in comparison
to the Luna Omega 3 um C18 column. While Luna Omega provides higher
retention, the Biozen Peptide XB-C18 achieves greater separation.
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Figure 16. Peak capacity for long peptides across Kinetex, Luna Omega, and
Biozen column families.
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Table 7. Example of long peptides used to calculate peak capacities in Figure 16

DYFPEPVTVSWNSGALTSGVHTFP AVLQSSGLYSLSSVVT VP SSSLGTQTYICNVN HK
DTSKNQVVLKVTNMDPADT AT YYCARDMIFN FYFDVWGQGTTVTVSSASTK 51 8%

6128.004
5685.663 14%

FSGSGSG TEFTLTISSLQP DDFATYYCFQG SGYPFT FGGGTK 2 2%  4424.9%3 21%
VTNMDPADTATYYCARDMIFNFYFDVWGQGTTVTVSSASTK 41 5% 4573.044 17%
DMIFNFYFDVWGQGTTVTVSSASTK 25 4%  2800.294 20%
WQQGN VFSCSVMH EALHNHYT QK 3 17% 2743.227 1%
GFYPSDIAVE WESNG QPENN YK 22 5% 2543113 18%
VDNALQSGNSQESVTEQDSK 20 5% 2134950 0%

10%
7%
10%
8%
4%
18%
20%

Figure 17. Kinetex family of column chemistries effect on peak capacity when

using long peptides (>40 AAs). Retention times in minutes.
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DTSKNQVVLKVTNMDPADT AT YYCARDMIFN FYFDVWGQGTTVTVSSASTK
DYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT VWP SSSLGTQTYICNVN HK

5249 0.25
5324 0.26

108.29

DTSKNQVMVLKVTNMDPADT AT YYCARDMIFN FYFDVWGQGTTVTVSSASTK
DYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT VPSSSLGTQTYIGNVN HK

5540 0.84
5613 0.55

Deamidation

Choosing a column for comprehensive characterization of complex deamidation
profiles, often encountered during stability studies, is critical. The co-existence of
multiple aspartic (Asp) and isoaspartic acid (IsoAsp) isomers poses an analytical

challenge to chromatographicseparations.

In this study, Figure 18 shows the ability of Luna Omega 3 um PS C18 column to
fully resolve the isobaric deamidated forms of the VVSVLTVLHQDWLNGK peptide.
The improvement in resolution between the non-deamidated and deamidated
peptide forms suggests that the ion exchange interactions offered by the positively
charged surface is sufficientto distinguish the small differences in peptide acidity

introduced due to deamidation.

Have questions or want more details on implementing this method? We would love to help!
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However, notall PS C18 columns behaved equally: (i) Luna Omega PS-C18
providing 3 major peaks assigned to deamidated forms (Asp and IsoAsp) of the
VVSVLTVLHQDWLNGK peptide, (ii) Biozen Peptide PS C18 providing moderate
resolution of 4 peaks, which include the deamidated forms (Asp and IsoAsp)
of the VVSVLTVLHOQDWLNGK and a di-deamidated form of
VVSVLTVLHQDWLNGK peptide not detected earlier, and (iii) Kinetex PS C18
not being able to separate any of these. Hence, better separation of
deamidated forms is achieved when using a positively charged surface
chemistry combined with fully porous particles. Additionally, it is possible that
the BioTi inert hardware contributed to higher recoveries of these acidic
peptides, detecting an additional deamidated form when the Biozen Peptide
PS C18was used. This supports the importance of selecting both: (i) the
appropriate column chemistry, as reflected by the lack of separation seen
when using Polar C18 chemistry, and (ii) the most suitable particle
morphology (core-shell vs. fully porous) for enhanced interactions.

Electron activation dissociation (EAD) fragmentation has the unique ability to
generate signature fragments for Asp and IsoAsp, with IsoAsp having a mass
shift of -57 Da. Figures 19 through 22 show EAD results that confirmthe

identity of IsoAsp.

Figure 18. EIC (Left) and Zoomed EIC (Right) of native, deamidated (IsoAsp) and
deamidated variants of peptide VVSVLTVLHQDWLNGK. (A) Chromatograms on

a Luna Omega 3 pm PS C18,

(B) Biozen 3 um Peptide PS C18, (C) Kinetex 2.6

um PS C18 and (D) Luna Omega 3 um Polar C18 columns. Retention time in

minutes.

200 1+
150 +

100 4

Intensity (1073)

50 +

11582 :al ddy
Intensity

39.5 40.0 405 41.0
Retention Time

160 +
140 + (B)° i\
120 1
100 - 'l
80 & jl
60 + |
40 *
20 \

0 3

Intensity (1043)

—

Biozen 3um Peptide PS C18

Intensity

€158 :al ddy

41.0 415 420 425 43.0
Retention Time

300 +

200 +

100 + \

Intensity (103)

43.0
Retention Time

>

(D) ’

200 +
150 1

100 1

Intensity (1073)

o
|
+
‘

50 -

49.5

Kinetex 2.6 um PS C18

§158Z :d1 ddy
Intensity

43.5

Luna Omega 3 pm Polar C18

1587 :@l ddy
Intensity

50.0

Retention Time

Company Proprietary

Luna Omega 3 um PS C18

2500 +

2000 +

1500 +

1000 +

500 +

71587 :ql ddy

0

1200 +
1000 +
800 +
600 +
400 +
200 +
0

Retention Time

A

$158¢ :ql ddy

41

2500 +

2000 +

1500 +

1000 +

500 +

t u

42 43
Retention Time

91587 :ql ddy

0 t

1400 +
1200 +
1000 +
800 1
600 1
400 +

200 1
o 4

43.

0 435
Retention Time

|

49 50 51

Retention Time

\‘A
e

44.0

81587 :ql ddy

52

Page 7 of 9



Intensity

%lntensity

TN-1382

Figure 19. (A) EIC of native, deamidated (IsoAsp) and deamidated (Asp) variants of
VVSVLTVLHQDWLNGK and (B) Zoomed in version on a Luna™ Omega 3 um PS C18
using EAD MS/MS approach. Retention time (RT) in minutes
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Figure 20. Peptide fragmentspectra showing full sequence coverage for the
deamidated (IsoAsp) version of VVSVLTVLHQDWLNGK on a Luna Omega 3 um PS
C18 using EAD MS/MS approach.
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Figure 21. Zoom of peptide fragment spectra showing the Z3+1-57 signature
EAD fragment belonging to amidated (IsoAsp) of VVSVLTVLHQDWLNGK on
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Conclusions

The assessment of quality critical attributes of biotherapeutic proteins

by peptide mapping must provide adequate resolution and recovery of a broad
setof peptides. Selecting a column for peptide mapping is a challenge, not only
due to the multitude of column manufacturers, but most importantly, dueto the
variety in degree of selectivity within the reversed phase chemistries. The
diverse physicochemical properties of peptides, such as size, polarity and
charge, make elution prediction difficult, frequently requiring multiple column
screening processes to better determine the column that can provide the
needed separation.

We have explored the effect of column attributes, such as peak capacity,
retention, and selectivity, by systematically evaluating the peptide mapping
performance of 13 reversed-phased columns belonging to three distinct column
chemistry families. A major finding is the positive effect introduced using
bioinert hardware (BioTi™), as these columns often provided the highest peak
capacity and reproducibility when assessing a mAb digest. The three main
chemistries to evaluate when working with peptide mixtures are clearly XB-C18,
Polar C18 and PS C18. The XB-C18 chemistry showed a balanced performance
for most peptide properties, whereas Polar C18 proved particularly useful when
working with early eluting polar peptides, showing better retention and peak
shape. The PS C18 chemistry provided outstanding results for acidic and basic
peptides, with the additional feature of achieving good separation of
deamidated peptide forms. These differences in selectivity can prove
particularly useful when problematic peptides, such as peptides with low
retention or poor peak shape, are needed for sequence coverage and CQA
analyses.
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Need a different column size or sample preparation format?
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anfrage@phenomenex.com

Belgium
t +32 (0)2 503 4015 (French)
t: +32 (0)2 511 8666 (Dutch)
beinfo@phenomenex.com

Canada
t: +1 (800) 543-3681
info@phenomenex.com

China
t: +86 400-606-8099
cninfo@phenomenex.com

Czech Republic
t +420 272 017 077

cz-info@phenomenex.com

Denmark
t: +45 4824 8048
nordicinfo@phenomenex.com

Finland
t: +358 (0)9 4789 0063
nordicinfo@phenomenex.com

France
t: +33 (0)1 30 09 21 10
franceinfo@phenomenex.com

Germany
t +49 (0)6021-58830-0
anfrage@phenomenex.com

Hong Kong
t +852 6012 8162
hkinfo@phenomenex.com
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India
+91 (0)40-3012 2400
indiainfo@phenomenex.com

Indonesia
+62 21 3952 5747
indoinfo@phenomenex.com

Ireland
+353 (0)1 247 5405
eireinfo@phenomenex.com

Italy
+39 051 6327511
italiainfo@phenomenex.com

Japan
+81 (0) 120-149-262
jpinfo@phenomenex.com

Luxembourg
+31 (0)30-2418700
nlinfo@phenomenex.com

Mexico
01-800-844-5226
tecnicomx@phenomenex.com

The Netherlands
+31 (0)30-2418700
nlinfo@phenomenex.com

New Zealand
+64 (0)9-4780951
nzinfo@phenomenex.com

Norway
+47 810 02 005
nordicinfo@phenomenex.com

Poland
+48 22 51 02 180
pl-info@phenomenex.com
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Portugal

: +351 221 450 488

ptinfo@phenomenex.com
Singapore
800-852-3944
sginfo@phenomenex.com

Slovakia

: +420 272 017 077

sk-info@phenomenex.com
Spain

+34 91-413-8613
espinfo@phenomenex.com

Sweden

: +46 (0)8 611 6950

nordicinfo@phenomenex.com

Switzerland

: +41 (0)61 692 20 20

swissinfo@phenomenex.com
Taiwan

+886 (0) 0801-49-1246
twinfo@phenomenex.com

Thailand

: +66 (0) 2 566 0287

thaiinfo@phenomenex.com

United Kingdom
+44 (0)1625-501367
ukinfo@phenomenex.com

USA

: +1 (310) 212-0555

info@phenomenex.com

All other countries/regions
Corporate Office USA

: +1 (310) 212-0555

www.phenomenex.com/chat

www.phenomenex.com
Phenomenex products are available worldwide. For the distributor in your country/region, contact Phenomenex USA, International Department at international@phenomenex.com

Your happiness is our mission. Take
45 days to try our products. If you
are not happy, we’ll make it right.
www.phenomenex.com/behappy

BE-HAPPY"

GUARANTEE

Subject to Phenomenex Standard Terms and Conditions, which may be viewed atwww.phen omenex.com/phx-terms-and-condition s-of-sale. Kinetex is a registered trademark and Luna, Biozen, and BioTi, and
BE-HAPPY are trademarks of Phenomenex. Agilentis a registered trademark of Agilent Technologies, Inc. SCIEX is a registered trademark and Triple Quad is a trademark of AB SCIEX Pte. Ltd. Comparative
separations may not be representative of all applications. Phenomenex s in no way affiliated with Agilent Technologies, Inc.

FOR RESEARCH USE ONLY. Not for use in clinical diagnostic procedures.

© 2025 P henomenex, Inc. Allrights reserved.
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Have questions or want more details on implementing this method? We would love to help!
Visit www.phenomenex.com/Chat to get in touch with one of our Technical Specialists

danaher.
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