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This technical note highlights the power of electron activated
dissociation (EAD) for clear differentiation of 3- and 4-
hydroxyproline (Hyp) isomers to meet the analytical need for
biotherapeutic characterization in a case study. The elucidation of
Hyp isomers poses an analytical challenge to traditional
chromatographic and tandem mass spectrometry (MS/MS)
approaches. By contrast, EAD generates signature z—27 and
z-43 fragments for 3- and 4-Hyp isomers, respectively, for the
unambiguous differentiation of these 2 Hyp isomers.

Natural linker peptides containing proline are commonly used in
biotherapeutics.! These peptides can undergo structural changes,
such as Hyp formation and isomerization, during the
manufacturing process.?? Therefore, there is a need to identify
and differentiate Hyp isomers in the development of
biotherapeutics to ensure their quality. However, the differentiation
of Hyp isomers is challenging using traditional collision-based
MS/MS approaches.?® Although conventional electron-based
MS/MS techniques can generate signature fragments for the
differentiation of Hyp isomers,® these methods are not suitable for
routine biotherapeutic characterization due to slow scan rate and
low sensitivity. EAD has proven to be an indispensable tool for
rapid differentiation of amino acid isomers, primarily when
baseline chromatographic separation cannot be achieved.*®

In this technical note, optimized EAD workflows were employed to
differentiate 3- and 4-Hyp isomers of proline-containing peptides
using the ZenoTOF 7600 system equipped with the EAD
capability. The detection of diagnostic fragments z-27 for 3-Hyp
and z-43 for 4-Hyp enabled confident elucidation of synthetic
Hyp-containing peptides and a Hyp isomer identified in real-world
samples from the biotherapeutic industry.

Key features of EAD for isomer differentiation

and biotherapeutic characterization

Unambiguous differentiation of isomers: EAD generates
signature fragments to distinguish amino acid isomers
confidently.

High-quality MS/MS data: Gain a 5- to 10-fold increase in
MS/MS sensitivity or confident isomer differentiation.

Accurate localization: EAD preserves labile post-translational
modifications (PTMs) for their accurate localization.

Fast and flexible: EAD operates in fast and flexible modes of
data-dependent acquisition (DDA) or MRM"R with a rapid
scanning rate (~20 Hz in DDA mode) and the ability to tune the
electron kinetic energy (KE).

Single-injection method: The streamlined EAD DDA workflow
provides comprehensive characterization of biotherapeutics in a
single injection.

0 0 i o
3-H i 4-H Coh
@[3-Hyp/4-Hyp]GFspFR N I LN -C,H,0 o
‘ 'n?‘l___ECH 23 ” n.’/‘su ZH\CH
wés 03" EAD e Nt EAD I
rat \E/ oH | 7.-43 Ho' H CH;
- s OH 7"
e ’) c, 764.37
N
e 4000
o, EAD
e i L ":> & 2000 2 3000 .
o LA T8 L] z : !
B :N:Oo . o 2,27 2 2000
Lo o £ 1000 780.37 g
: LD = z, E
e SCIEX 0S ! 1000 Z7
£ a7 807.39
() software o | L s | 807.39
K 760 770 780 790 800 760 780 800
m/z m/z

Figure 1. Site-specific differentiation of Hyp isomers using EAD with the ZenoTOF 7600 system. EAD offered by the ZenoTOF 7600 system
provides unambiguous differentiation of Hyp isomers by generating signature fragments z—27 (loss of C,Hs) and z—43 (loss of C,H;0) for 3- and 4-

Hyp isomers, respectively.



. ExionLC AD system (SCIEX). The mobile phases A and B
Introduction : ) .. : o EA
consisted of 0.1% formic acid (FA) in water and 0.1% FA in
acetonitrile, respectively.
The isomerization of amino acid residues, such as aspartic acid
(Asp) vs. isoaspartic acid (isoAsp), leucine (Leu) vs. isoleucine
(lle) and 3-Hyp vs. 4-Hyp, can significantly impact the structure
and function of biotherapeutics.”® Therefore, the differentiation of
amino acid isomers plays a role in achieving full characterization

of a therapeutic molecule at various stages of its development. It

Mass spectrometry: EAD MRM"R data of synthetic Hyp peptides
were acquired in SCIEX OS software using the ZenoTOF 7600
system. An EAD data-dependent acquisition (DDA) method was
employed to analyze the tryptic digest of the reagent protein. The
key TOF MS and MS/MS settings are listed in Tables 2 and 3,

is challenging to differentiate amino acid isomers using
conventional collision-based MS/MS. In this study, streamlined
EAD workflows were employed to differentiate synthetic 3- and 4-
Hyp isomers and determine a Hyp isomer identified in tryptic

Parameter Value
digests of a reagent protein.
Spray voltage 5500 V
TOF Start mass 300 m/z
Methods
TOF Stop mass 1500 m/z
Samples preparation: Two synthetic bradykinin peptides Accumulation time 0.2s
RPXGFSPFR (X = 3-Hyp or 4-Hyp) were obtained from AnaSpec Source temperature 400°C
Inc. The G4P linker peptides containing 3- or 4-Hyp were _ _
synthesized and purified at an Amgen facility. Synthetic peptide Declustering potential 8oV
samples were reconstituted to a final concentration of 10 pM. The Collision energy Vv
digest of a reagent protein was prepared using trypsin. 1-5 pl of Time bins to sum 8
each sample was injected for LC-MS analysis.
Chromatography: Synthetic bradykinin and G4P linker peptides
were separated using the LC gradients 1A and 1B, respectively
(Table 1), while the reagent protein digest was analyzed with the Table 3. EAD MS/MS parameters.
LC gradient 2 (Table 1). Peptide separation was performed using .
a Waters ACQUITY CSH C18 column (2.1 mm x 50 mm, 1.7 um, Parameter MRM DDA
130 A, Waters). The flow rate was set to 0.25 mL/min for synthetic Q1 resolution Unit
Hyp-containing peptides and 0.45 mL/min for the reagent protein Electron beam current 5000 nA
digest. The column was kept at 60°C in the column oven of an
Zeno trap ON
Table 1. LC gradients for the separation of Hyp peptides. Zeno threshold 100,000 cps
Start mass 100 m/z
Gradient 1A (1B) Gradient 2
Stop mass 3000 m/z 2000 m/z
Time Mobile Mobile Time Mobile Mobile o
.~ phaseA phaseB . phase A phase B Accumulation time ls 90 ms
min) ™ 96) w ™ )
Electron KE 7eV
Initial 92 8(2) Initial 99 1 ETC 100% Dynamic
! %2 8 5 % ! EAD RF 100 Da 120 Da
8 & 25 (35) 45 70 30 EAD reaction time 10 ms 20 ms
° 10 % 50 %5 45 Time bins to sum 10 8
11 10 90 53 30 70
12 98 2 53.1 30 70
Data processing: The EAD MRMHR and DDA data were
15 98 2 58 30 70 . . _
analyzed using the Explorer function within SCIEX OS software.
65 99 1

70 99 1

respectively.

Table 2. TOF MS parameters.




Differentiation of Hyp isomers by EAD

Hydroxylation of a proline residue in CHO-expressed proteins can
lead to the formation of 3- and 4-Hyp isomers. The differentiation
of these 2 Hyp isomers provides insight into the effect of this
modification on the therapeutic molecule. Traditional collision-
based MS/MS approaches do not generate diagnostic fragments
to differentiate 3- and 4-Hyp isomers.3 By contrast, EAD provides
a clear differentiation of Hyp isomers by producing signature z—27
and z-43 fragments for 3- and 4-Hyp, respectively.

In this work, EAD was first employed to characterize 2 synthetic
Hyp-containing peptides RPXGPSPFR (X = 3- or 4-Hyp). These 2
peptides were eluting at similar retention times (RTs) using the
gradient 1A shown in Table 1 (Figure 2A and 2D). EAD led to rich
MS/MS spectra containing Hyp-signature fragments for confident
sequence confirmation and unambiguous differentiation of Hyp
isomers (Figure 2B and 2E). The zoomed-in views of EAD spectra
showed the diagnostic ions of z7—27 for 3-Hyp (Figure 2C) and
z7-43 for 4-Hyp (Figure 2F). The neutral losses of 27 Da and 43
Da correspond to the cleavage of C2Hz and C2HzO from the
pyrrolidine rings of 3- and 4-Hyp, respectively (Figure 1). The
detection of these diagnostic fragments enabled confident
differentiation of 2 Hyp isomers.

Differentiation of Hyp isomers of the G4P linker
peptides by EAD

The proline residue in the linker peptide—GGGGP—might be
hydroxylated and converted into 3- or 4-Hyp during the
manufacturing process. To further highlight the power of EAD for
Hyp isomer differentiation, 2 G4P linker peptides
(SLSLSPGGGGGXAR where X = 3- or 4-Hyp) were synthesized
and characterized by EAD. Similar to the example described
above (Figure 2), the 2 Hyp-containing G4P linker peptides were
eluting at close RTs (Figure 3A and 3D). Excellent EAD
fragmentation of 2 isomers led to the detection of a nearly
complete series of ¢/z fragments (Figure 3B and 3E). The
expanded views of EAD spectra showed the detection of a zz—-27
fragment at m/z 316.16 for 3-Hyp (Figure 3C) and a zz—43 ion at
m/z 300.17 for 4-Hyp (Figure 3F). These results further
demonstrate the power of EAD for precise and rapid
differentiation of 3- and 4-Hyp isomers of the proline-containing
linker peptides.

A B [M+2H]?* C
25000 ~20x
- 3-H
20000 o1 2000 c7 yp
8e7
I3 17
© 6e7 515000 §_1500
2 = )
g 4e7 ‘210000 %1000 -27
= Q
£ 2e7 E G = £ 780.37
50001 o, Z2, o | Z4.44 [M+H]* — 500 z,
0e0l h Pz San l 75y y; 88 \ 807.39
45 50%55 60 L TR s lCB] oy | PR
Time (min) 200 400 600 /7 800 1000 760 780 800
m/z
D E [M+2H]2* E
25000 20
3 o 4-Hyp
e7 12 -
1) 20000 91 764.37
e %)
2 267 c
2 EAD 2‘15000 g 3000
= B o
2 c >
£ 1te7 £ 10000 ca . £ 2000 c7
- o | M+H]* 5
¢ c
e0 5000 Z4 y8 1000 z
az ag g4 44 a 7
45 50755 6.0 L M °ly3 PR r 807.39
Time (min) R R 0 0t O 3 OO . | .
200 300 400 500 600 m/;UU 800 900 1000 1100 760 780 miz 200

Figure 2. Differentiation of bradykinin peptides RPXGPSPFR (X = 3-Hyp or 4-Hyp) by EAD. The 2 Hyp isomers were eluting at similar RTs of
5.38 min (A) and 5.12 min (D) under the chromatographic condition employed in this work. EAD led to similar high-quality MS/MS spectra of the 3-
Hyp (B) and 4-Hyp isomers (E). The zoomed-in views of m/z ~750-810 Da showed the diagnostic ions of z,—27 (m/z 780.37) and z;—43 (m/z
764.37) generated from the 3-Hyp (C) and 4-Hyp (F) peptides, respectively. The peaks labeled with -44 and -91 in B and E are the neutral-loss
products from the side chain cleavages of the Arg and Phe residues, respectively. In B and E, not all fragments were labeled for spectral clarity.
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Figure 3. Differentiation of Hyp-modified G4P linker peptides SLSLSPGGGGGXAR (X = 3- or 4-Hyp) using EAD. 2 Hyp-containing linker
peptides were eluting at similar RTs of 6.39 min (A) and 6.31 min (D). EAD spectra of 2 doubly charged precursors were featured with rich sequence

ions for confident sequence confirmation (B and E). The fragments z,,—43 and z,5—43 were the signature fragments of 2 Leu residues near the N-
terminus (B and E). The detection of diagnostic ions z;—27 at m/z 316.16 (C) and z;—43 at m/z 300.17 (F) enabled the confident differentiation of the
3- and 4-Hyp isomers of this linker peptide. Not all fragments were labeled in B and E for spectral clarity.
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Figure 4. Identification and elucidation of a Hyp-containing peptide GXXXXXXXXXXHypXXXXTK from a reagent protein using an EAD DDA
method. EAD produced rich sequence fragments of the Hyp-containing peptide from the reagent protein for its confident identification. The
detection of signature z;—43 confirmed the presence of 4-Hyp in this peptide (inset). The amino acid residues marked “X” were covered for
proprietary reasons. The loss of 107 from the precursor corresponds to the side chain cleavage of a Trp residue.



Case Study: Elucidation of a Hyp isomer

identified in a real-world reagent protein sample

E. coli expressed reagent proteins have been approved as an
oncology therapeutic. However, this version of reagent protein
has a short in vivo half-life and toxic side effects when
administered at high doses. Hence, there is considerable interest
in developing CHO-expressed reagent protein. Recent LC-MS
analyses of real-world tryptic digests from several CHO-
expressed proteins led to the unexpected identification of a Hyp-
containing peptide (data not shown). EAD was leveraged to
determine whether hydroxylation of the proline residue occurred in
the 3 or 4" position of the pyrrolidine ring.

Figure 4 shows the EAD spectrum of the doubly charged peptide
GXXXXXXXXXXHYypXXXXTK from the reagent protein (amino
acid residues marked “X” were covered for proprietary reasons).
EAD generated rich sequence fragments for confident
identification of this Hyp-containing peptide in the reagent protein
digest. The detection of a diagnostic ion z7—43 (loss of C2H30) at
m/z 634.3 confirmed the presence of 4-Hyp instead of 3-Hyp in
this reagent protein peptide (inset in Figure 4).

In summary, the data presented in this technical note
demonstrates the power of EAD for confident and rapid
elucidation of Hyp-containing peptides that are challenging to
characterize using traditional chromatographic or fragmentation
techniques. The ability of EAD for confident isomer differentiation
was successfully leveraged to determine a Hyp isomer identified
in real-world samples from the biotherapeutic industry.

Conclusions
8.

e EAD provided confident identification and clear differentiation of
3- and 4-Hyp isomers that are challenging to elucidate using
traditional fragmentation techniques.

e EAD produced the signature z-27 and z—43 fragments for 3-
and 4-Hyp isomers, respectively, enabling unambiguous
differentiation of these 2 isomers.

e Streamlined EAD methods were employed to differentiate
synthetic peptides containing 3- and 4-Hyp residues confidently.

¢ An unexpected Hyp-containing peptide identified in the tryptic
digests of a reagent protein was the 4-Hyp isomer based on the
detection of a signature z—43 fragment using EAD.

o EAD workflows described in this technical note can be
leveraged to identify and differentiate Hyp-containing peptides
from protein therapeutics rapidly.
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