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Abstract

The results presented here demonstrate the dedicated DDA peptide mapping workflow within the
Biopharmaceutical Platform Solution with UNIFI. The workflow allows seamless integration of data
acquisition, processing, and reporting. Combining the FastDDA acquisition method and the high MS and
MS/MS sensitivity provided by the Xevo G2-XS QTof, the UPLC/DDA workflow successfully yields high
sequence coverage of the mAbs, and confirms the low level spiked-in peptide at 0.1% level and identifies low

level modifications like deamidation and oxidation.

Benefits

The Biopharmaceutical Platform Solution with UNIFI provides a DDA workflow for peptide mapping analysis,
including FastDDA acquisition, data processing, and automatic report generating. This workflow enables the
capability of targeted fragmentation, detailed PTM characterization, and confident sequence confirmation,

even for peptides present at low concentrations.

Introduction

LC-MS/MS using data dependent acquisition (DDA) has been widely used to qualitatively characterize
therapeutic protein digests. It is used to confirm the primary sequence of proteins and characterize their
post-translational modifications (PTMs), such as oxidation, deamidation, and glycation. However, it's also
well recognized that this approach has a number of limitations, including under-sampling, a lack of
reproducibility, and a lack of in-sample dynamic range. To address this, Waters offers a DDA algorithm called
FastDDA. FastDDA is proven to deliver more consistent results between injections and provides greater

sequence coverage of proteins.!

The Biopharmaceutical Platform Solution with UNIFI provides a dedicated DDA peptide mapping workflow,
which streamlines data acquisition, processing, and report generation. This streamlined workflow enables an

efficient way to analyze a large batch of samples and compile complex results into a comprehensive report.

Here, we illustrate this workflow using a trastuzumab tryptic digest mixture, which has been spiked with a
standard peptide leucine enkephalin at 0.1% level. The platform used for this study is comprised of an

ACQUITY UPLC H-Class Bio System and an ACQUITY UPLC Tunable UV (TUV) Detector in-line with a Xevo



G2-XS QTof Mass Spectrometer. The Xevo G2-XS QTof combines StepWave ion optics with an XS collision

cell, and significantly increases MS and MS/MS sensitivity without reduction in selectivity.>3

In this study, we evaluate the MS and MS/MS data quality, especially for low abundant peptides, and the
reproducibility of the FastDDA method. In addition, we demonstrate the informatics tools within the UNIFI

Scientific Information System that enable efficient reviewing and reporting of the DDA peptide mapping data.

Experimental

LC conditions

LC system: ACQUITY UPLC H-Class Bio
Detector: ACQUITY UPLC TUV
Column: ACQUITY UPLC BEH Cqg, 300A, 1.7 um, 2.1 x 100

mm (p/n 186003686)

Column temp.: 65 °C

Mobile phase A: 0.1% formic acid in water
Mobile phase B: 0.1% formic acid in acetonitrile
Optical detection: UV 214 nm

Injection volume: 5puL

LC gradient table:

Time(min)  Flow(mL/mirfpA %B %C %D Curve

Initial 0.20 95 5 0 0 6



Time(min)  Flow(mL/mirfpA

2 0.20 95
40 0.20 57
42 0.20 20
45 0.20 20
46 0.20 95
60 0.20 95

MS conditions

MS system:

Capillary voltage:

Sampling cone:

Source temp.:

Desolvation temp.:

Cone gas flow:

Desolvation gas flow:

Acquisition mode:

Mass range (MS and MS/MS):

MS scan time:

%B

43

80

80

%C %D Curve

0 6
0 6
0 6
0 6
0 6
0 6

Xevo G2-XS QTof

3.0 kV

30V

120 °C

250 °C

0L/h

600 L/h

FastDDA

100-2000 m/z

0.2 sec



MS/MS scan time: 0.1 sec

Peak detection: +1, +2, +3, +4, +5, +6

Max. # MS/MS scans/survey: 5

Dynamic peak exclusion: Acquire and then exclude for 8 sec (£ 1.1 Da)

Collision energy: m/z dependent ramp applied for low and high
mass

Stop MS/MS criteria: TIC 5€® or 0.4 sec

Lockmass used: 100 fmol/uL of glu-fibrinopeptide B in ([M+2H]%>*
, 785.8426)

Data management

UNIFI Scientific Information System v1.8

Analysis type: Peptide map (DDA)

Search settings: 1 allowed missed cleavage; carbamidomethyl
cysteine (C) is selected as a fix modification;
asparagine (N) deamidation and methionine (M)

oxidation are set as variable modifications.

Sample preparation

Trastuzumab (1 mg/mL) was denatured in 6.5 M guanidine chloride, 0.25 M tris, pH 7.5. The denatured
antibody solution was mixed with 500 mM DTT to a final concentration of 3 MM and incubated at room
temperature for 45 minutes, and then alkylated by adding 500 mM iodoacetamide stock solution to a final
concentration of 7 mM incubated at room temperature in the dark for 40 minutes. Buffer exchange (0.1 M tris,
pH 7.5) was performed with a NAP-5 column (GE Healthcare). Sequencing grade modified trypsin was added

to each sample (enzyme to protein ratio 1:25, w/w) and incubated at 37 °C for 5 hours. The digested peptide



mixture was diluted to 0.45 pmol/uL. Leucine enkephalin (LeuEnk) was added to the mixture at final
concentration of 5 fmol/yL. The injection volume for each LC-MS run was 5.0 pL (2.25 pmol on column per

injection).

Results and Discussion

Trastuzumab tryptic digest mixture spiked with LeuEnk was analyzed in triplicate runs by the automated
UPLC/DDA peptide mapping workflow within the Biopharmaceutical Platform Solution with UNIFI. To
evaluate the system’s ability to obtain high quality MS/MS data from the low abundant peptides in the
peptide mixtures using the FastDDA methods, LeuEnk was added at 0.1% level. The maximum number of
MS/MS scans was set as five, which proved to be sufficient for confirming the sequence of the target protein.
The exclusion window was set to allow an average of two scans across one chromatographic peak. The
charge state reorganization algorithm was used to select 1+ to 6+ ions for fragmentation. In a single run, we

observed 95% sequence coverage for light chain and 94% for heavy chain.

Reproducible results were observed in triplicate runs as shown in Figure 1A. The protein sequence coverage
map can be displayed for the protein of choice. Criteria for the peptide confirmation can be manually defined
by the user based on the purpose of the analysis. The criteria for assigning the identified peptides for current
analysis are (1) %matched primary ions is larger than 30%, and (2) mass error on peptide mass is less than
10 ppm. In Figure 1B, confirmed sequences are shown in blue shades. In addition, N-terminal and C-terminal
fragments (b/y ions) observed can be displayed on the coverage map as blue (on the top) and red (at the

bottom) lines on the sequence map respectively.



A)

Sequence coverage Run 1 Run 2 Run 3
Light chain 95% 95% 95%
Heavy chain 94% 94% 94%
B)

Trastuzumab

11to50

1:51to 100
1:101 to 150
1: 151 to 200
1201 to 214

21t 50
2:51to 100
2: 101 to 150
2:151 to 200
2: 201 to 250
2: 251 to 300
2: 301 to 350
2: 351 to 400
2: 401 to 449

Figure 1. A) Sequence coverage comparison in three consecutive runs. B) Sequence coverage
map by FastDDA for trastuzumab, provided in UNIFI Scientific Information System, b/y ions
observed are also labeled on the map. Blue underline indicates b ions and red underline
indicates y ions. The criteria for assigning the identified peptides are (1) %matched primary ions
is larger than 30%, and (2) mass error is less than 10 ppm. %matched primary ions = matched

primary ions/total number of possible primary ions.

LeuEnk peptide, spiked in the sample at 0.1% level, was identified in all three replicate runs with high quality
MS/MS data. The annotated DDA spectrum of LeuEnk and extracted ion chromatogram (XIC) of each run is
shown in Figure 2A. In addition, peptide modifications present in low abundance were identified with high

confidence in this experiment.

One example of a low abundant 2:T10 peptide (heavy chain, the 10th tryptic peptides from N-terminus) with

methionine oxidation was identified at 0.09% level (Figure 2B). Percentage modification can be calculated



from peak areas of XICs of non-modified 2:T10 and oxidized 2:T10. Improved instrument speed and sensitivity
allows high quality MS/MS spectra, as well as sufficient data points across chromatographic elution peaks.
XIC of each component can be displayed in the Review panel (Figure 2B). Fragmentation spectra with the

matched b/y ions are shown on the right in the Fragmentation Viewer.
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Figure 2. Peptides present at low abundance were identified with high confidence using the FastDDA
method. A) LeuEnk was identified in all three injections at 0.1% level (25 fmol load on column). XIC of each
run is shown on the left and the annotated MS/MS spectrum is shown on the right. B) XICs of non-modified
2:T10 and oxidized 2:T10, with peak areas shown in the table below. The annotated MS/MS spectrum of

oxidized 2:T10 is displayed in the Fragmentation Viewer.

UNIFI Scientific Information System provides a sensible DDA peptide mapping workflow for automatic DDA,
data processing, and report generating. In this workflow, peptides are assigned by accurate mass from the
precursors, confirmed with MS/MS fragmentation. The assignment was given to the best matched peptides,

or modified peptides generated by in silico digests of proteins defined within the method.



Figure 3 shows the analysis center for the processed results of the DDA peptide mapping data. The
Component Summary table at the top of the screen capture shows key attributes from chromatography and
mass spectrometry on the identified peptides. On the bottom left, chromatograms of MS and five MS/MS
channels are shown. The entire identified components label can be added on all the chromatograms. On the
bottom right, the centroid spectra of the MS precursor and MS/MS products are shown to provide a

convenient way for on-the-fly spectra review of every identified component.

Rewien | Lnvastigats | Report
1 4= [ Review Results O Uit touits. [ Process e = ¥ Tecks ~ O (Frie =
Tray: 14,2 . §7 TebdgeAOL (| g LTACabamidome. | PO
L
Camomnent name Proteirame | Label 1~ Pestie Vecttars Sequmcectart | Semuenceend | Obeenecmss (D8 | Messeor gl Otserved BT (mind | Response | Obwsrvsd s Crarpe  ekhed rimaryors. | % Michec P ]
TG Trastazumad  ET6 PGSR & 6 3532715 25 155 4ER4053 5532715 1 L in
e Tetaman 8 K P w e 59 9 esn s 1
17510+ Tarboumsh 27910 RTVAAPSVREPFSDEQLE 08 16 2102130 Y Me  souss ToL3807 1 &
= E— | Tl
Ttem Trmab digest 01 ® digest 11 Hern name: Tmab digest 01 Channel naene: M5 precursor : Time 278246 minutes
Channed narme: 1 Fast DDA B9 (100-2000) Este Chanel name: 2 TOF MSMS 1005 100-2000) 6:106 ESte (850 | Hem description: 8 exchusion
o — = Lipes
i/ = : LTIS+H 273841 1397.32050
£l - 28 7 -
E ZTLI+H z 2T38H°
P Tiwe  Acwisten | | 3 el Er2: 21 344! Arioen
1 @ v ] IE hT104H" l bmzse  m [1:T184H* :-re*j?m i T mm T 1
— — i 4 SH e LTE+H|
2 [Iwsbdgetty W G| 1€ sl / &
-1397.986%8
3 tmsdgema B comoin I} x a0 0 £ 3 o |[§
& tbdosth: J§  Compier B Reknnmum:[rnn] Retertion fme [min} |2 s
|| liem name: Tmab cigest 01 {tem narve: Trasb digest 01
| Chaonat a3 TOF MM 1005 100-2600 6104V E5+ 89 Channelnarma: & TOF MSMS 1005 (109-200) 5-106¥ Sl (85) I
| 1T78Carbamidomethyl € [22]+ HY Lmuay
o 000 - ; |
g 2TLeH e 00 50 80 w0 12 90 0 0 20
s | Y | = . * LTI H LT10+H* = Channel name: MSMS product : Time 278216 munutes
3l | - LTI T L e H
— L T6+H" 253¢5
2 (e T, & o 129731360 i
PR [E 0 0 n a0 141963213
e — Feetention time {min] | 7
UE L eiAstatancamethyit ‘e name: Tmab digest 01 e name: Trab digest 01 - 93248401
@ 2w e a5 TOF WSS 1005000001616 ES 590 Chanvet e TOF MM 500 G00-2000) 5 0¥ £l 6D I
U @ amaew “;i 1627 73782
[T gt rs— 111 z § 100000
i §. 0o 5 ] oz DLBASSEY
119 2TeLaCatamaametny| 3 8 500 \ A 173480365
k- - = T194H 2TE4H" | - 4
120 (D cuiscedonery & LT18H 27300 H* Lm'l:n';m' 5 T r‘“ W | frissme pTasens LI v;ajsm_ | panen R ‘J Lroogss
[T eere—ennm o Jﬂ I!..L ol T 1 e RV LTI ST e o \‘. L | .
@ susscabamdonetylil 1b E) o ) 2 E o | 200 00 600 0 w0 2w e 0 2000
rg—“—\, — d Retention time [min] Betention e minl | Observad mass izl

Figure 3. Review panel of the processed peptide mapping DDA data.

It is important to note that the software is able to automatically assign the specific location of the modifier on
the peptide sequence, based on fragmentation pattern. For example, in Figure 4, 1:T3 peptide (the 3 tryptic
peptide from N-terminus) from light chain and its deaminated forms (isoaspartic acid and aspartic acid) were
identified with high quality MS/MS spectra; 1:T3&Deamidation N [6] at the top of the fragment display

indicates the modification occurs at the sixth amino acid position.*



iemuﬂmm WQEWr u, XC-, % | A LXC-B EIDDJVMWWL 1 Secrch fiders. 2| [

Révidw | Investigate | Report
@ @ | Revew Results

O Uit touits. B Process @ o ~ @ Tools ~ O | Drie ~

n Tmsbdigestol [ || g LTSS Demidation...

T Fiters =
A Compoment name Protein pame  Label ¢ - Pectide Modifers ! Sequence stat  Sequerceend  Observed mass Dal | Mass evor [Dom)  Observed BT mini  Resoorse  Observea miz  Charge  Makhed Primary lons. \Hﬂmﬂl_
3 ot Totmmat ST ASQOVNTAVAWNGQPSX  Desmadstion 6] 2 [ P a0 153 umTE e N .
10 g | Tostaura  1T& X ) “ e T B P
n ] |jj"'
e name: Trmab digest 01 #i% | | Componentname: LT3+H" #x
Channel pamse: 1; +936.0074 {618 PPM) : Fast DDA [100-2000) £S1« : Integeated : Smoothed Labek: LT3
o
" o
7 wenf Unmodified ] T T
H 'z 1 4 ! Iy |
i E 1500 i i : : i : : s 18319118
s |8 i ' { : o i vaselrser | ko
ff 1000 5 {00 i W : e - | 157249 pias
wigpes) 242 s ) e 1o 1 15767 i :
i + i : 7873670 1584164 [ e ! s
|5 R W L e i | bt 22 —].— e
o 20 460 00 %0 1000 120 160 1800 1600 200
0 1 2 5 1 15 16 7 = 13 | Maas [0a]
T x| | Campanert came: 1130 Deamcation N 61-H° #ix
| | Channel e 1; + 6646649 (61,8 PRM) : Fast DOA {100-2000) £51s : Integeated  Smoothed | Lavak LT38
—+—q
- . Isoaspartic form P :
i Aspartic form 17.1% P
1e6 " § ik
g‘ 3.5% LT36:Deamidation N [6] +1° ] m@“"m”! 1
m
< A:T38&:Deamidation N [6}+H" 1300798 m;w .,J REA douy
g ! i
Ll 1 1
o o n 2 5 T 75 o ] p3 % ] 20 460 00 00 Mﬁ.} 120 1400 1600 1600 2000
A Satus | hare |
tem name: Trvab digest 01 | T = T
B @ e Channel name: 1; +6545536 (51.8 PPM) : Fast DDA [100-20000 ESl+ : ntegrated: Smaothed [ e N L
@ e |
) 28 :  —
] |5 Isoaspartic form -
] Aspartic form ¥ ! i ' : : ; sz
ey [ p 17.1% i A 1 T s
AmEDamen N i 3.5% 1738 Deamidation N [6)+H' S 230 A : - = . B =
MR meetis i = L:T38cDeamidation N [61+H" i m.:mm';mss?}w - i e m,_5,,,._,‘1|
o . i Toma & _aa i ] ]
El i 12 3 u 5 15 7 18 18 | ] 00 400 400 200 1000 1200 10 1600 1800 2000
Retention time fmin]

Figure 4. XIC of 1:T3 and deamidation (N) peaks of 1:T3 both the isoaspartic acid and aspartic acid forms are
shown on the left, while the corresponding MS/MS spectra of the identified components are displayed on the

right.

Reporting templates are available for the UPLC/DDA peptide mapping workflow. Figure 5 provides a
snapshot of a typical DDA peptide mapping report; information such as acquisition and sample information,
sequence coverage map, identified component plots, and fragmentation viewer, can be organized within a
single report format. The object properties, as well as the whole report template, are configurable by the user.
Multiple report templates can be executed for an analysis to answer multiple scientific questions in an

efficient format.
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Figure 5. Example of a DDA peptide mapping report.




Conclusion

The results presented here demonstrate the dedicated DDA peptide mapping workflow within the
Biopharmaceutical Platform Solution with UNIFI. The workflow allows seamless integration of data
acquisition, processing, and reporting. Combining the FastDDA acquisition method and the high MS and
MS/MS sensitivity provided by the Xevo G2-XS QTof, the UPLC/DDA workflow successfully yields high
sequence coverage of the mAbs, and confirms the low level spiked-in peptide at 0.1% level and identifies low

level modifications like deamidation and oxidation.

The ability to integrate and automate the DDA peptide mapping workflow greatly reduces the time between
data collection and drug development decision-making, subsequently improving the efficiency of laboratories

that are challenged with interpreting complex peptide mapping results.
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