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ABSTRACT: Trapped ion mobility spectrometry (TIMS) when coupled with mass spectrometry (MS) offers great advantages 
for the separation of isobaric, isomeric and/or conformeric species. In the present work, we report the advantages of coupling 
TIMS with a low-cost UVPD enable linear ion trap operated at few 1-2 mbar prior to ToF MS analysis for the effective 
characterization of isobaric, isomeric and/or conformeric species based on mobility-selected fragmentation patterns.  These 
three traditional challenges to MS-based separations are illustrated for the case of biologically relevant model systems: H3.1 
histone tail PTM isobars (K4Me3/K18Ac), lanthipeptide regioisomers (overlapping/non-overlapping ring patterns), and a 
model peptide conformer (angiotensin I). The sequential nature of the TIMS operation allows for effective synchronization 
with the ToF MS scans, in addition to parallel operation between the TIMS and the UVPD trap. Inspection of the mobility 
selected UVPD MS spectra showed that for all three cases considered, unique fragmentation patterns (fingerprints) were 
observed per mobility band. Different from other IMS -UVPD implementations, the higher resolution of the TIMS device 
allowed for high mobility resolving power (R > 100) and effective mobility separation. The mobility selected UVPD MS 
provided high sequence coverage (>85%) with a fragmentation efficiency up to ~40%.  

INTRODUCTION  

 The study of peptides and proteins in biological 
systems using mass spectrometry (MS)-based techniques 
has fundamentally advanced the understanding of the 
peptidomic/proteomic area over the years.3-5 Significant 
advances in tandem mass spectrometry (MS/MS) have 
emerged based on complementary ion-activation methods 
for a more comprehensive structural characterization.6-9 
MS/MS-based techniques generate fragmentation 
patterns that lead to diagnostic fragment fingerprints, 
allowing for peptide/protein identification among other 
biomolecules. The most widely spread ion activation 
technique is low energy collision induced dissociation 
(CID), for which the ion internal energy is built-up by 
energetic collisions with neutral collision gas particles 
(e.g., N2, Ar).10, 11 This approach typically results in the 
cleavages of the peptide bond (N-C) for peptides/proteins, 
forming bi/yj series ions.10, 12 However, low energy 
dissociation processes also lead to limited sequence 
coverage together with the absence of disulfide/thioether 

bond cleavages and the loss of labile post-translational 
modifications (PTMs).13, 14 

 To overcome the limited structural information from 
collision-based fragmentation techniques, alternative ion 
activation mechanisms, including electron-based 
(electron capture/transfer dissociation, ExD)15 and 
photon-based (infrared multiphoton dissociation 
(IRMPD),16 ultraviolet photodissociation (UVPD)17) 
fragmentation methods, have been developed to access 
new and complementary fragmentation pathways. ExD 
reactions primarily cleave the strongest N–Cα peptide 
backbone, while conserving the weakest C-N peptide 
bonds, generating ci/zj series ions from the dissociation of 
the charge-reduced [M + zH](z-1)• species.15 These 
fragmentation techniques have significantly improved the 
characterization of peptides and proteins by providing 
complementary structural information to CID and 
increasing the sequence coverage.8, 10, 14, 18, 19 In addition, 
ExD techniques afford several advantages over traditional 
collision-based methods in preserving the labile PTMs,20, 

21 conserving non-covalent interactions for the 
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identification of protein-ligand binding sites,22, 23 and 
cleaving disulfide/thioether bonds.2, 24 However, 
limitations to ExD are related to the dependence of the 
selected charge state precursor, low fragmentation 
efficiency and absence of fragmentation at proline 
residues.15 

 UVPD methods have gained significant attention in 
characterizing peptides and proteins.7, 17, 25 UVPD relies on 
the absorption of UV photons that results in the electronic 
excitation of ions, for which direct dissociation from the 
exited states can be obtained through high energy 
dissociation pathways (ai/xj series ions unique to UVPD) 
and/or undergo relaxation processes involving lower 
energy fragmentation pathways (bi, ci /yj, zi series ions).10, 

17, 26-28 The ability of UVPD to produce a great diversity of 
product ions with higher fragmentation efficiency as 
compared to ECD, extensively increase the sequence 
coverage, improving the level of confidence for peptide 
and protein characterization. In addition, UVPD can 
preserve and localize PTMs29, 30 and ligands binding sites31, 

32 as well as cleave disulfide/thioether bonds.33, 34 All these 
features make the UVPD activation technique an 
interesting choice for proteomic applications.35-37 

 Several fragmentation methods have been previously 
developed with ion mobility spectrometry – mass 
spectrometry (IMS-MS) workflows (e.g., CID,38-40 surface-
induced dissociation (SID),41, 42 ExD43-45 and UVPD46-49). 
The integration of MS/MS events after the ion mobility 
separation allowed for the effective characterization of 
isomeric biomolecules based on their ion mobility-
selected MS/MS spectra.1, 47, 50-52 With the introduction of 
the electromagnetostatic (EMS) cell,53 several groups have 
reported the benefit of ion mobility-selected ECD into 
commercially available IMS-q-ToF MS platforms (e.g., 
Agilent DTIMS-q-ToF MS,54 Waters TWIMS-q-ToF MS43 
and Bruker TIMS-q-ToF MS1, 55). Custom built tandem drift 
tube IMS-MS (DTIMS-UVPD-DTIMS-q-ToF MS) have 
shown the potential of mobility-selected UVPD together 
with the ion mobility of the product ions for the 
characterization of biomolecules.56 In addition, UVPD has 
also been integrated into IMS-MS commercial platforms 
prior to the IMS separation (e.g., a Waters Synapt G2 as q-
UVPD-TWIMS-ToF MS46 and a Bruker timsToF as TIMS-
UVPD-TIMS-q-ToF MS57), for which product ions 
generated from UVPD events are separated in the ion 
mobility domain. Nevertheless, there is a need for the 
incorporation of low-cost high-resolution mobility 
analyzer (R > 100) prior to UVPD for the effective 
characterization of biomolecules of interest.  

 Here, we report, for the first time on the integration of 
TIMS and UVPD capabilities combined with ToF MS for the 
characterization of three common analytical challenges 
that require separation complementary to MS: i) 
lanthipeptide regioisomers (overlapping/non-
overlapping ring patters), for which the formation of a 
specific ring pattern is typically critical to ensure the 

lanthipeptide bioactivity,58-60 ii) H3.1 histone tail PTM 
isobars (K4Me3/K18Ac), for which combinatorial PTMs 
result in a histone code that are of particular interest due 
to their essential role in gene expression61-63 and iii) gas-
phase conformational isomers (angiotensin I) as a way to 
better understand the intramolecular interactions that 
stabilize gas-phase ions. The present TIMS combined with 
UVPD capabilities provides superior ion mobility 
separation when compared to previous IMS-UVPD 
implementations.47, 56, 64 In the following discussion, a 
special emphasis is placed on the potential to acquire 
mobility related structural information using a low-cost 
UVPD enable linear ion trap, operated at high pressures 
(1-2 mbar) in tandem with the TIMS analyzer. 

 

EXPERIMENTAL SECTION 

 Materials and Reagents. Lanthipeptide 
prochlorosins 3.3 (ProcA3.3 WT and ProcA3.3 C971H, 
GDTGIQAVLHTAGCYGGTKMCRA, 2255 Da) were 
expressed and purified as described elsewhere.50 Histone 
H3.1 K4Me3, K9Me3, K23Me3, K27Me3, K18Ac, K27Ac 
and K36Ac tail peptides 
(ARTKQTARKSTGGKAPRKQLATK-
AARKSAPATGGVKKPHRYRPGTVALRE, 5380 Da) were 
obtained from GenScript (Piscataway, NJ). Angiotensin I 
(DRVYIHPFHL, 1296 Da) was purchased from Sigma-
Aldrich (Saint. Louis, MO). All peptide solutions were 
analyzed at a concentration of 10 μM prepared in 50:50 
water/methanol (H2O/MeOH) with 0.1% formic acid. A 
low concentration Tuning Mix standard (G1969-85000) 
was obtained from Agilent Technologies (Santa Clara, CA) 
and used for external ion mobility and mass calibration 
purposes. 

 TIMS-UVPD-ToF MS Instrumentation. The TIMS and 
UVPD capabilities were integrated on a Bruker Maxis 
Impact II ToF MS platform (Bruker Daltonics Inc., Billerica, 
MA), equipped with a nESI source operated in the positive 
ion mode. Figure 1a shows a simplified schematics of the 
nESI-TIMS-Trap UVPD section. A top view schematic is 
shown in the supplemental information (SchemeS1). A 
213 nm laser beam, generated from the 5th harmonic of a 
Nd:YAG laser (NL204, EKSPLA, Vilnius, Lithuania), was 
operated at a repetition rate of 1 kHz with an energy of 
~0.2 mJ per pulse with a 8 ns pulse width. The optical path 
consisted of UV mirrors used to guide the beam, UV CaF2 
flange-mounted windows (vacuum - atmosphere 
interface) and an optical shutter (SH-20, Electro-Optical 
Products Corp., Ridgewood, NY). The TIMS unit and the 
UVPD trap were controlled by a modular intelligent power 
source (MIPS, GAA Custom Electronics, WA), consisting of 
16 channels with a 250 V output range and two rf drivers, 
and synchronized with the ToF-MS platform controls. The 
203 mm long UVPD trap has a quadrupolar design (d0= 4.5 
mm constructed of 4.0 mm round rods) and utilizes an 
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entrance (gate 1) and end (gate 2) lens system (~3 mm i.d. 
apertures). 

 The general fundamentals of TIMS and calibration 
procedures have been previously reported in the 
literature.65-67 Briefly, the trapping of the ions in a TIMS 
device relies on the ability to generate a radially confining 
pseudopotential, through the action of an radiofrequency 
(rf) electrical potential applied to the electrodes of the 
TIMS analyzer, together with the generation of an axial 
electric field across the electrodes to counteract the drag 
force exerted by the gas flow. The nESI emitters were 
pulled in-house from quartz capillaries (O.D. = 1.0 mm and 
I.D. = 0.70  

 

Figure 1. (a) Schematic of the nESI-TIMS-UVPD segment of 
the nESI-TIMS-UVPD-ToF MS instrument, (b) Timing 
sequences occurring during TIMS-UVPD experiments. Note 
that the ΔV refers to the difference between the open and 
close voltages for each of the TIMS-UVPD component, while 
the ΔToF pulses refer to the time the window of voltages 
stays open during TIMS-UVPD acquisition. 

mm) using a Sutter Instrument Co. P2000 laser puller. 
Peptide sample solutions were loaded in a pulled-tip 
capillary, housed in a mounted custom built XYZ stage in 
front of the MS inlet, and sprayed at ~900-1100 V via a 
tungsten wire inserted inside the nESI emitters. TIMS 
experiments were performed using nitrogen (N2) at 
ambient temperature (T) with a gas velocity (vg) defined 
by the funnel entrance (P1 = 4.5 mbar) and exit (P2 = 1.8 
mbar) pressure differences (Figure 1a). TIMS was 
operated using an rf voltage of 320 Vpp at 720 kHz and the 
UVPD trap using an rf voltage of 170 Vpp at 675 kHz. A 
deflector voltage of 300 V, a TIMS exit lens (gate 1) of 169 
V, a multipole exit lens (gate 2) of 135 V as well as a ramp 
voltage of -70 to 0 V (lanthipeptides), -40 to 5 V (histone 
tails) and -50 to -20 V (angiotensin I) were used for the ion 
mobility separations. The scan rate (Sr = ΔVramp/tramp) was 
optimized for high mobility separation. All resolving 
power (R) and resolution (r) values reported herein were 
determined as R = Ω/w and r = 1.18*(Ω2-Ω1)/(w1+w2), 
where Ω and w are collision cross sections (CCS) and the 
full peak width at half maximum (FWHM) of the IMS 
profile. 

 During parallel TIMS and UVPD operation, ion mobility 
selected ions are UV irradiated with ~ 225 laser pulses 
(225 ms trap time) in the UVPD trap while the ion mobility 
TIMS experiment occurs. The ion mobility experiment 
(225 ms) consists of 1000 ToF MS events. The timing 
sequence and ToF pulse profiles for the TIMS operation 
are described in Figure 1b. Briefly, ions are orthogonally 
deflected into the TIMS device (open for 100 ToF MS 
pulses using a 150 V at the deflector), trapped and eluted 
using a non-linear ramp scan such that high ion mobility 
resolution (R > 100) is achieved over the ion mobility 
range of interest.68 In the described experiments, the 
analytical section of the nonlinear ramp  consisted of a 
Vramp of 70 V (lanthipeptides), 45 V (histone tails), and 30 
V (angiotensin I). The ion mobility range of interest (250-
800 ToF pulse range) that is transfer into the UVPD trap is 
defined by the gate 1 (pulse delay, width, step and 
operating voltages); typical gate 1 pulse width, step and 
operating voltages are 25 pulse pulses, 25 pulse pulses 
and VGate 1 of 94 V.   The UVPD events are synchronized 
with the TIMS experiments using the gate 1 and gate 2, and 
a shutter that opens for 700 ToF pulses using a V of 5 V). 
After fragmentation, the ions are eluted from the UVPD 
trap using the multipole exit lens system (gate 2 opens for 
100 ToF pulses using a V of 30 V), and deflected 
orthogonally towards the electrodynamic entrance funnel 
of the ToF MS.  

Each experiment typically lasted 3-5 min, depending on 
the number of mobility windows of interest. A smaller 
inner diameter lens located between the TIMS and the trap 
region allows for maximum UVPD fragmentation in the 
trap region and minimal UV light transmission to the TIMS 
region.  Potential UVPD product ions from the TIMS 
analyzer (<50% efficiency) are excluded by their ion 
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mobility to enter the trap region. Data was processed 
using Data Analysis 5.1 (Bruker Daltonics). The UVPD 
fragmentation efficiency was defined by the ratio of the 
precursor ions between the similar time length shutter 
open and close events. The MS fragment ion annotations 
were performed using a custom excel table with all 
theoretical combinations of fragments based on the 
peptide sequence. The fragment ions were assigned with 
a mass error of ~15 ppm average with S/N of ~6-7 in the 
UVPD spectra. 

RESULTS AND DISCUSSION 

TIMS-UVPD-ToF MS experiments were conducted on 
three systems of interest: [M + 3H]3+ ions of isomeric 
lanthipeptides, [M + 10H]10+ ions of histone tails with 
varying PTM position, and [M + 2H]2+ ions of conformeric 
species in angiotensin I. Note that the precursor ions were 
selected in the mobility domain without m/z selection in 
the UVPD spectra. A comparison between IMS/MS spectra 
per ion mobility band when the 213 nm UV laser shutter is 
close (top) and open (bottom) can be found in Figure S1 
for all investigated binary mixtures.  

 TIMS-UVPD-ToF MS of Isomeric ProcA3.3 
Lanthipeptides. The performance evaluation of the TIMS-
UVPD-ToF MS workflow was first investigated using 
lanthipeptides, which are a structurally unique class of 
ribosomally synthesized and post-translationally 
modified peptides (RiPPs).69 They are characterized by 
intramolecular β-thioether cross-links formed between a 
dehydrated serine/threonine (dSer/dThr) and a cysteine 
residue (Figure 2) through the action of lanthipeptide 
synthetases. These lanthipeptides are also known to exert 
various biological activities.69 In vitro/vivo studies 
showed that the lanthipeptide synthetase ProcM could 
alter and produce highly diverse lanthipeptide ring 
patterns (overlapping and non-overlapping rings).70, 71 
The formation of a specific ring pattern is typically critical 
to ensure the lanthipeptide bioactivity.58, 60  

 Two isomeric prochlorosins, ProcA3.3 WT 
(overlapping ring) and ProcA3.3 C971H (non-overlapping 
ring), with previously reported lanthipeptide ring 
patterns,72 were investigated in a binary mixture. Typical 
ion mobility, precursor ion mass with UV laser shutter 
open/close and ion mobility selected UVPD spectra of the 
ProcA3.3 WT (blue) and ProcA3.3 C971H (red) [M + 3H]3+ 
molecular species are illustrated in Figure 2. The two 
isomeric species were baseline separated in TIMS, with an 
apparent ion mobility R ~ 110 and r ~ 3.6 using a Sr = 0.31 
V/ms, where the overlapping ring pattern from ProcA3.3 
WT exhibited more compact structures (~585 Å2) as 
compared to the non-overlapping ring pattern from 
ProcA3.3 C971H (640 Å2) consistent with previous TIMS-
MS reports (Figure 2a).50 Differences in the isotopic 
pattern distribution  

 

Figure 2. TIMS-UVPD-ToF MS analysis of the selected [M + 
3H]3+ species of ProcA3.3 WT (blue) and ProcA3.3 C971H 
(red) isomeric lanthipeptides (m/z 752.7). (a) TIMS profile in 
a binary mixture, (b) isotopic pattern distribution of the 
precursor ion produced with UV laser shutter close (top) and 
shutter on (bottom). (c) Ion mobility UVPD-IMS/MS spectra. 
Typical non-overlapping ring pattern specific product ions 
are highlighted in red. The residues involved in the thioether 
cross-link are colored in orange (former Cys) and green 
(former Thr), respectively. 

were observed for the precursor ions (m/z 539) upon 
UVPD, where a loss of 1 or 2 hydrogen atoms were 
obtained (Figure 2b). Consequently, these ions appear to 
be signature ions of the UVPD events and corroborate that 
hydrogen-transfer processes are involved during the 
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absorption/dissociation events in agreement with prior 
UVPD studies.73, 74 

 Common ai, bi/xj, yj product ions were observed 
outside of the thioether ring region (dThr11-Cys21 
residues) for the two isomeric species (Figure 2c). 
However, specific fragments were observed in the Tyr15-
Gly17 residue region for the IMS band 2, confirming the 
presence of a non-overlapping lanthipeptide ring 
pattern,2, 50, 70 while the UVPD data were consistent with an 
overlapping lanthipeptide ring pattern (no fragmentation 
in the Tyr15-Gly17 region) for the IMS band 1 (Figure 2c). 
In addition, UVPD fragmentation may involve radical-
driven processes that can induce dissociation in the 
disulfide/thioether bonds as previously described.33, 34 
Differences in the UVPD fragmentation pattern were 
observed near the thioether rings. Here cleavages at each 
extremity of the residues involved in the two thioether 
rings (dThr11/Cys14 and dThr18/Cys21 residues) were 
observed for the non-overlapping ring pattern, while only 
cleavages at each extremity of the residues involved in the 
largest thioether ring (dThr11/Cys21 residues) were 
obtained for the overlapping ring pattern (Figure 2c). This 
suggests that the UVPD radical-driven processes cannot 
cleave multiple thioether bonds at the same time. Indeed, 
cleavages may occur in the smallest thioether bond 
(Cys14/dThr18 residues) of the overlapping ring, but 
fragments will remain attached to the backbone by the 
second thioether bond (dThr11/Cys21 residues). 
Consequently, UVPD can also assign the residues involved 
in the thioether cross-links.  

 The ion mobility selected UVPD spectra permitted a 
clear ion mobility separation together with lanthipeptide 
ring pattern assignment with a sequence coverage of 
~65% (overlapping) and 87% (non-overlapping) with 
UVPD fragmentation efficiency of ~10% (Figure S2) for 
the two ProcA3.3 WT and ProcA3.3 C971H lanthipeptide 
isomers. The present TIMS-UVPD-ToF MS workflow 
proved to be a more efficient approach than traditional 
TIMS-q-CID-ToF MS/MS and TIMS-q-ECD-ToF MS/MS 
techniques2, 50 for the characterization of lanthipeptide 
ring patterns by providing higher fragmentation efficiency 
between the two non-overlapping rings as well as unique 
cleavages at residues involved in the thioether rings, 
making less ambiguous the assignment of the 
lanthipeptide ring connectivity. All these features make 
UVPD a very well-suited alternative to CID and ECD for the 
discrimination of lanthipeptide ring patterns. 

 TIMS-UVPD-ToF MS of Isobaric histone H3.1 PTM 
Tails. The potential of the TIMS-UVPD-ToF MS platform 
was also evaluated using a binary mixture of isobaric 
K4Me3 and K18Ac histone tail proteoforms.  

Histones consist of ~100-150 residues, for which most of 
the PTMs (at diverse and/or multiple sites) are located in 
the N-terminal part of the proteins, so-called histone tails, 
that protrude from the nucleosome.62, 75, 76 Combinatorial 
PTMs result in a histone code that are of particular interest 

due to their essential role in gene expression.62, 63 
However, the enzymatic machinery that establishes the 
histone code can be deregulated in cancer leading to 
alterations in the PTM patterns having crucial functions in 
diverse cancer development and progression.77, 78  

 Typical ion mobility, precursor ion mass with UV laser 
shutter open/close and ion mobility selected UVPD 
spectra of the K4Me3 (green) and K18Ac (blue) [M + 
10H]10+ molecular species are illustrated in Figure 3. The 
charge state 10+ was selected based on previous TIMS-MS 
studies, for which the two isobaric species exhibited 
differences in CCS (~ 40 Å2) as well as relatively simple ion 
mobility distributions (mainly one IMS band).1, 79 The 
TIMS analysis resulted in the separation of the two 
isobaric species, with an apparent ion mobility R ~ 140 
and r ~ 1.3 using a Sr = 0.20 V/ms, where K18Ac exhibited 
more compact structures (~1805 Å2) as compared to 
K4Me3 (1845 Å2) consistent with previous TIMS-MS 
reports (Figure 3a).1, 79 The presence of a loss of 1 or 2 
hydrogen atoms in the isotopic pattern distribution of the 
precursor ions (m/z 539) was observed when the shutter 
of the UV laser was open as signature ions of UVPD events.  

 Common ai, bi, ci/xj, yj, zj product ions were observed 
for the two isobaric species in the Lys18-Arg49 residue 
region, corresponding to either fragments comprising the 
PTM (toward the N-terminal) or fragments not containing 
the PTM (toward the C-terminal, Figure 3c). However, a 
shift of 42 Da was only observed in the Lys4-Arg17 residue 
region for the IMS band 2, confirming the PTM localization 
at position 4 while the UVPD data were consistent with 
PTM localization at position 18 for the IMS band 1 (Figure 
3c). The ion mobility selected UVPD spectra permitted a 
clear ion mobility separation together with PTM 
localization with a sequence coverage of ~82% and UVPD 
fragmentation efficiency of ~40% (Figure S2) for the two 
K4Me3 and K18Ac histone tail proteoforms. The present 
TIMS-UVPD spectra displayed similar sequence coverage 
as compared to recently reported traditional TIMS-ECD 
data (~86%) but presented much higher fragmentation 
efficiency as compared to ECD (~10%).1 Other histone 
tails with varying PTM position also showed similar 
sequence coverage and fragmentation efficiency (Figures 
S3-S7). These features make UVPD a very well-suited 
alternative to ECD for the discrimination of histone tail 
proteoforms. Potential challenges associated with the IMS 
isolation of the precursor ions of interest are interferences 
from endogenous molecules and other charge states with 
similar ion mobilities, as reflected in Figure S8 for the case 
of histone tails. To account for that, future implementation 
can consider the use of complementary chromatographic 
and/or MS separations prior to the IMS domain. This is 
beyond the focus of the present study, where we are more 
focusing on the UVPD implementation at higher pressures 
in low-cost, linear ion trap set-up operating at 1-2 mbar. 
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Figure 3. TIMS-UVPD-ToF MS analysis of the selected [M + 
10]10+ species of K18Ac (blue) and K4Me3 (green) isobaric 
histone tails (m/z 539.0). (a) TIMS profile in a binary mixture, 
(b) isotopic pattern distribution of the precursor ion 
produced with UV laser shutter close (top) and with shutter 
open (bottom). (c) Ion mobility UVPD-IMS/MS spectra. The 
fragments comprising the PTM are highlighted in blue and 
green for K18Ac and K4Me3, respectively. 

 TIMS-UVPD-ToF MS of Conformational Isomeric 
Angiotensin I. The novel implementation of the TIMS-
UVPD-ToF MS platform was also evaluated using the 
model peptide angiotensin I for direct comparison with 
recently reported TIMS-q-ECD MS/MS data, where ion 
mobility-selected ECD spectra provided fingerprints 
associated with the gas-phase conformational isomers.55 
The TIMS-q-ECD MS/MS results suggested that the two 
most compact structures (IMS 1/2 bands) involve an His6-
Pro7 peptide bond in a trans-configuration, while the most 

extended structure (IMS 3 band) have the Pro7 in a cis-
configuration.  

Typical ion mobility, precursor ion mass with UV laser 
shutter open/close and relative intensity of observed 
UVPD fragments per IMS band of the angiotensin I [M + 
2H]2+ molecular species are shown in Figure 4.  

 

Figure 4. TIMS-UVPD-ToF MS analysis of the selected [M + 
2H]2+ species of angiotensin I (m/z 648.9). (a) TIMS profile, 
(b) isotopic pattern distribution of the precursor ion 
produced with UV laser shutter close (top) and with shutter 
open (bottom) and (c) ratio of the relative intensities per IMS 
band 1-3 (data shown for variations larger than ±0.20, see 
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supporting information Figure S9 and Table S1 for more 
details) 

The TIMS analysis from the TIMS-UVPD-ToF MS platform 
was consistent with the one obtained using the TIMS-q-
ECD-ToF MS/MS platform,55 for which three IMS bands 
were obtained (396 Å2, 401 Å2 and 411 Å2), with an 
apparent ion mobility R ~ 110 using a Sr = 0.13 V/ms 
(Figure 4a). The altered isotopic pattern distribution of 
the precursor ions (m/z 648), when laser was activated, 
attested for UVPD events (Figure 4b). No major changes in 
the mobility-selected fragmentation spectra was observed 
across replicas.  

Inspection of the ion mobility selected UVPD spectra 
exhibited similar fragmentation patterns across the IMS 
bands, for which common ai, bi, ci/xj, yj, zj product ions 
were observed through the angiotensin I sequence (Figure 
4c and S9). Moreover, based on the changes of the ratio of 
the relative intensities of the fragments a memory effect of 
the gas-phase conformation was observed (Figure 4c). 

Overall, the relative abundance of fragments located in the 
Asp1-Tyr4 residue region was low and similar across the 
IMS bands, consistent with the notion that the bulky side 
chain of Tyr4 together with the basic Arg2 residue that 
lock this part of the structure in a way that limit high 
abundance residue cleavages. However, differences in the 
relative abundance were observed in the Ile5-Leu10 
region across the ion mobility selected UVPD spectra. One 
of the major differences was located at the His6-Pro7 
peptide bond, where the b6 product ions exhibited lower 
abundances for the IMS 3 band as compared to IMS 1/2 
bands. This is consistent with the idea that the Pro7 
residue adopts a cis-configuration for the IMS 3 band, 
while probably having a trans-configuration for the IMS 
1/2 bands, in good agreement with recently reported ion 
mobility selected ECD results.55 Another significant 
difference was found at the c9 product ions (Figure 4c), 
where a lower relative abundance was observed for IMS 3 
band, while increasing toward the IMS band 1. This is 
consistent with the idea that the His9-Leu10 peptide bond 
becomes more accessible for cleavage once the Pro7 
adopts a trans-configuration, while the cis-configuration 
makes the cleavage between His9 and Leu10 residues less 
accessible. This feature can be explained by the close 
proximity of the bulky side chain of Phe8, while being 
further away when Pro7 is in a cis-configuration and then 
could be in closer proximity to the Asp1-Tyr4 region in 
agreement with more compact structures. 

 The ion mobility selected UVPD spectra permitted 
angiotensin I ion mobility separated conformer 
assignment, in agreement with previous ion mobility 
selected ECD spectra,55 with a complete sequence 
coverage and UVPD fragmentation efficiency of ~12% 
(Figure S2). In addition, the present TIMS-UVPD-ToF MS 
workflow exhibited higher fragmentation efficiency as 
compared to the TIMS-q-ECD-ToF MS/MS platform 

(5%),55 making less ambiguous the tentative assignment 
of angiotensin I conformers. The presented results 
showcased the potential of UVPD as a very well-suited 
alternative to traditional CID and ExD workflow for the 
discrimination of conformers. 

CONCLUSION 

 The advantages of coupling TIMS with a UVPD enable 
linear ion trap operated at few 1-2 mbar prior to ToF MS 
analysis for the effective characterization of isobaric, 
isomeric and/or conformeric species based on mobility-
selected fragmentation patterns is described. The TIMS 
operation using a linear scan function and mobility gating 
allows for selected ion mobility packages to be transferred 
into the UVPD trap for photodissociation followed by ToF 
MS detection. The sequential nature of the TIMS operation 
allows for effective synchronization with the ToF MS 
scans, in addition to parallel operation between the TIMS 
and the UVPD trap. As a result, ion mobility selected UVPD-
ToF MS spectra were collected by stepping the ion 
mobility window across the ion mobility range of interest. 
Different from other IMS implementations, the higher 
resolution of the TIMS device allows for high mobility 
resolving power (R > 100) now in tandem with UVPD 
fragmentation. 

 The application of the present workflow is successfully 
illustrated for the characterization of model peptide 
conformers (angiotensin I), lanthipeptide regioisomers 
(overlapping/non-overlapping ring patters) and H3.1 
histone tail PTM isobars (K4Me3/K18Ac). The UVPD 
fragmentation spectra showed characteristic (ai/xj series 
ions unique to UVPD) as well as lower energy 
fragmentation pathways (bi, ci /yj, zi series ions). In 
addition, conformer and sequence specific fragmentation 
patterns were observed with high coverage (>85%). When 
compared to other ‘non-ergodic’ fragmentation strategies 
(e.g., recently implemented TIMS-ECD-q-ToF MS),1, 55 a 
significantly higher fragmentation efficiency (up to 
~40%) was obtained for UVPD, facilitating the structural 
characterization of the ion mobility selected gas-phase 
molecular ions. This platform shows promise for the 
analysis of intact histones with varying PTMs, as well as 
further interpretation of the structural motifs that drive 
the gas-phase conformational states of biomolecular ions. 
Results showed that effective UVPD fragmentation can be 
achieved at 1-2 mbar; that is the fragmentation 
mechanism dominates over potential collisional 
dampening. 
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Impact II ToF MS platform. IMS/MS spectra of UV laser 
shutter close/open for all investigated binary mixtures and 
UVPD fragmentation efficiencies. TIMS-UVPD-ToF MS 
analysis of the [M + 10H]10+ species of K9Me3, K23Me3, 
K27Me3, K27Ac and K36Ac. 2D-TIMS-MS contour map and 
extracted IMS spectra for the 8+-10+ species of K23Me3. Bar 
plots and Table containing the fragments per IMS band of the 
TIMS-UVPD-ToF MS analysis of the angiotensin I 2+ (m/z 
648.9). 
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