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Microcin J25

Abstract. Microcin J25 is a ribosomal synthe-
sized and post-translationally modified peptide
(RiPP) characterized by a mechanically
interlocked topology called the lasso fold. This
structure provides microcin J25 a potent antimi-
crobial activity resulting from internalization via
the siderophore receptor FhuA and further inhibi-
tion of the RNA polymerase. In the present work,
nuclear magnetic resonance (NMR) and trapped
ion mobility spectrometry—mass spectrometry

(TIMS-MS) were used to investigate the lasso structure of microcin J25. NMR experiments showed that the
lasso peptide microcin J25 can adopt conformational states where Pro16 can be found in the cis- and trans-
orientations. The high-resolution mobility analysis, aided by site-directed mutagenesis ([P7A], [P16A], and [P7A/
P16A] variants), demonstrated that microcin J25 can adopt cis/cis-, cis/trans-, trans/cis-, and trans/trans-confor-
mations at the Pro7 and Pro16 peptide bonds. It was also shown that interconversion between the conformers
can occur as a function of the starting solvent conditions and ion heating (collision-induced activation, CIA)
despite the lasso topology. Complementary to NMR findings, the cis-conformations at Pro7 were assigned using
TIMS-MS. This study highlights the analytical power of TIMS-MS and site-directed mutagenesis for the study of
biological systems with large micro-heterogeneity as a way to further increase our understanding of the receptor-
binding dynamics and biological activity.
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Introduction

L asso peptides form a structural class of ribosomal synthe-
sized and post-translationally modified peptides (RiPPs)
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exhibiting a variety of biological activities, such as enzyme
inhibition, receptor antagonism, and antimicrobial or antiviral
properties [1, 2]. All lasso peptides are characterized by a
unique mechanically interlocked topology in which the C-
terminal tail is threaded through and trapped within an N-
terminal macrolactam ring (Figure S1) [1-3]. This threaded
fold is stabilized in the C-terminal tail region by steric hin-
drance, mediated by bulky amino acid side chains above and
below the ring forming plugs, and/or by disulfide bonds lead-
ing to a compact [1]rotaxane type structure (Figure S1). The
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lasso peptide family is divided into four classes depending on
the presence of one (class III) or two (class I) interlinked
disulfide bonds, or one (class IV) handcuff disulfide bond,
while the class II lasso peptides have no disulfide bond [4]
(Figure S1). Their compact and interlocked structures provide
lasso peptides with high resistance to chemical, proteolytic, and
thermal degradation [5—8]. Many lasso peptides were discov-
ered through genome-mining approaches and isolation of new
lasso structures is still an active area of research [4, 6, 9—12].

The mechanically interlocked topology of lasso peptides,
together with their panel of biological activities, makes them a
promising scaffold for next-generation drug design [13, 14].
However, one limitation to the activity of lasso peptides is
related to unthreading of the C-terminal part, a trend reported
for certain lasso peptides, yielding the corresponding branched-
cyclic topoisomers [6—8, 15]. Thus, the discovery and design of
new lasso peptides as potential drug candidates requires ana-
Iytical tools capable of characterizing lasso peptides as well as
differentiating them from their unthreaded branched-cyclic
topoisomers.

Microcin J25 is a class II lasso peptide produced by
Escherichia coli AY25 that exerts potent antimicrobial
activity against Escherichia and Salmonella species,
through import in the target bacteria upon interaction
with the iron-siderophore receptor FhuA [16] and inhibi-
tion of the RNA polymerase [17]. Microcin J25 is com-
posed of a macrolactam ring of 8 residues, a loop of 11
residues located above the ring, and a C-terminal tail of
2 residues located below the ring (Scheme 1). Its C-
terminal part is sterically trapped into the macrolactam
ring by the Phel9 and Tyr20 residues located on each
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Scheme 1. Sequence and three-dimensional structure of
microcin J25 (PDB 1Q71) [18]. The macrolactam ring is colored
in green, the loop in blue, the plugs in red and the C-terminal tail
in orange. The Pro7 and Pro16 residues, located in the ring and
loop respectively, are pointed in lighter green and blue colors
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side of the ring (Scheme 1). Cleavage within the loop
region of microcin J25, either in solution by enzymatic
digestion [5, 19] or in the gas phase upon collision-
induced dissociation (CID) [18, 20-22] and electron
capture/transfer dissociation (EC/TD) [21, 22], specifical-
ly generates mechanically interlocked species with asso-
ciated N-terminal and C-terminal fragments through the
steric hindrance provided by the side chains of Phel9
and Tyr20 residues. Nuclear magnetic resonance (NMR)
is often employed to unambiguously characterize the
threading of the C-terminal tail through the macrolactam
ring, which results in specific nuclear Overhauser effects
(NOEs) between residues in the ring and tail [23]. On
the basis of NMR and infrared multiple photon dissoci-
ation (IRMPD) spectroscopy studies, it has been pro-
posed that the lasso structure of microcin J25 is stabi-
lized by hydrogen bonds, via short antiparallel f-sheets
and an ionic hydrogen bond [18, 24]. However, the
NMR approach requires relatively large amounts of sam-
ples and the analysis of mixtures with the branched-
cyclic topoisomer is not straightforward. Ion mobility
spectrometry—mass spectrometry (IMS-MS) serves as an
alternative strategy to NMR for the differentiation be-
tween the lasso and branched-cyclic topologies of
microcin J25 [25, 26]. It has been shown that highly
charged protonated species ([M+4H]*") of the lasso and
branched-cyclic structures, obtained using sulfolane
supercharging reagent [27], can be separated using trav-
eling wave ion mobility spectrometry (TWIMS,
Figure S2), while lower charged protonated species
(IM+2H]*" and [M+3H]*") yielded similar drift times
(tp) distribution for both microcin J25 topoisomers [25,
26].

The push for higher resolution and more sensitivity IMS-
MS has led, among others, to the development of trapped IMS-
MS (TIMS-MS) [28-30]. TIMS-MS has been effective in a
variety of bioanalytical studies, including small molecules [31,
32], peptides [33-35], proteins [36-38], DNA [39, 40], poly-
mers [41], petroleomics [42], lipidomics [43], and proteomics
[44, 45]. Remarkable is the potential of TIMS for the separation
of isomers in mixtures, due to the high-mobility resolving
power [46—48]. In a recent study, the potential of native
nESI-TIMS-MS for high-throughput screening of peptide
topoisomers was illustrated for lasso peptides and their
branched-cyclic analogs [49]. Moreover, the analytical advan-
tages of metalation of lasso topoisomers have been demonstrat-
ed by efficiently turning the metal ion adduction into additional
separation dimensions [50].

In the present work, the proline orientation (e.g., cis/trans at
Pro7 and Prol6) and their possible interconversions in
microcin J25 (Scheme 1) were studied as a function of the
stating solvent condition using NMR, TIMS-MS, and site-
directed mutagenesis ([P7A], [P16A], and [P7A/P16A] vari-
ants). The influence of the time after desolvation and the effect
of ion heating (using collision-induced activation, CIA) on the
mobility profiles are described.
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Experimental
Materials and Reagents

Details on microcin J25 expression have been previously
reported [51]. Briefly, Escherichia coli MC4100 cells
harboring the plasmid pTUC202 [52] were grown in
M63 medium supplemented with 1 mg/mL vitamin BI,
0.02% MgS0Oy, 0.02% glucose, and 1 g/L casamino acids
at 37 °C for 16 h. For production of '*N-labeled
microcin J25, the culture medium contained 0.15% ISN-
labeled ammonium sulfate (Eurisotop). Microcin J25 was
purified from the culture supernatant by solid-phase ex-
traction using SepPak Cg reversed-phase cartridges (Wa-
ters). The elution was performed using water with 0.1%
formic acid and acetonitrile mixtures with increasing
content of acetonitrile, and the fractions of interest were
then evaporated under reduced pressure. A second puri-
fication step was performed by reversed-phase high-per-
formance liquid chromatography (HPLC).

The [P7A], [P16A], and [P7A/P16A] variants of microcin
J25 were produced by site-directed mutagenesis on the plasmid
pTUC202 using the Quick-Change IT XL kit (Agilent) follow-
ing the manufacturer’s instructions. Briefly, the PCRs were
carried out with PfuUltra High Fidelity DNA polymerase in
an Eppendorf MasterCycler by the following program: initial
denaturation at 95 °C for 1 min, followed by 18 cycles 0of 95 °C
for 50 s, 60 °C for 50 s, 68 °C for 10 min, and a final extension
at 68 °C for 7 min. The PCR product was treated with Dpnl for
1 h at 37 °C and used to transform kanamycin-resistant
Escherichia coli XL10-Gold ultra-competent cells. The mutat-
ed sites were confirmed by DNA sequencing (Eurofins MWG
Operon).

The peptides were dissolved in 10 mM NHyAc in 100%
H,O0 to a 5-uM final concentration. Sample solutions were also
prepared with 5:95 (v/v) H,O/MeOH mixtures for comparison
with the NMR data. The instrument was externally calibrated
using the Tuning Mix (Agilent, Santa Clara, CA) [30].

TIMS-MS Experiments

IMS-MS experiments were performed on a custom built
nESI-TIMS unit coupled to an Impact Q-TOF mass
spectrometer (Bruker, Billerica, MA) [28, 29]. The TIMS
unit is controlled using a custom software in LabView
(National Instruments) synchronized with the MS plat-
form controls [29]. Sample aliquots (10 pL) were loaded
in a pulled-tip capillary biased at 700-1300 V. Briefly,
the ion mobility separation in a TIMS device is based on
holding the ions stationary using an electric field (F)
against a moving buffer gas [28, 29] (Figure S3). In
TIMS operation, multiple conformers are trapped simul-
taneously at different E values resulting from a voltage
gradient applied across the IMS tunnel region
(Figure S3). lons are eluted from the TIMS analyzer
region by decreasing the axial electric field (Figure S3).
TIMS separation depends on the gas flow velocity (vy),
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elution voltage (Veiution), ramp time (famp), and base
voltage (Voue) [28, 53]. The mobility, Ky, is defined by:

A
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The constant 4 was determined using known reduced mo-
bilities of Tuning Mix components [30]. The measured mobil-
ities were converted into collision cross-sections (CCS, A?)
using the Mason-Schamp equation:
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where ¢ is the ion charge, kg is the Boltzmann constant, N is the
gas number density, m is the ion mass, and M is the gas
molecule mass [53].

The TIMS-MS experiments were performed using nitrogen
(Ny) as buffer gas at room temperature (7). The v, is defined by
the pressure difference between the funnel entrance (P, =
2.6 mbar) and funnel exit (P, = 1.1 mbar, Figure S3). An rf
voltage of 250 V,,, at 880 kHz was applied to all electrodes.
Separations were performed using a voltage ramp (Vyamp) of —
200 to — 50 V and base voltage (V) of 60 V. TIMS spectra
were collected for f,mp, = 100-500 ms. lon-heating experi-
ments (collision-induced activation, CIA) were performed by
changing the electric potential on the capillary outlet (Veap)
from 40 at 280 V and the deflector plate (Vyp) from 60 to
300 V, while maintaining the funnel In (Vy,,) at 0 V
(Figure S3). The mobility resolving power (R) is defined as R
= CCS/w, where w is the full peak width at half maximum
(FWHM).

Correction of Pro Substituted Collision
Cross-sections

Direct comparison of the mobility profiles between the lasso
peptide microcin J25 and the [P7A], [P16A], and [P7A/P16A]
variants was done by adjusting the CCS profiles based on a
methodology previously described [54-57]. Differences in
CCS between N, and He were adjusted using the CCSy; =
1.0857 (CCSpe) + 81.459 [A?] equation [58, 59]. This resulted
in Pro to Ala substitutions to be corrected by 2.68 A% in N,.

NMR Experiments

An NMR study for microcin J25 in aqueous solution was
recently published [60]. The NMR spectra of >N-labeled
microcin J25 in 100% CD;OH were collected on a Bruker
Avance II 700-MHz spectrometer equipped with a room-
temperature triple resonance probe (TXI). The assignment of
the most intense cross peaks from the '°N band-selective
excitation short transient—heteronuclear single quantum corre-
lation (BEST-HSQC) spectrum was facilitated by the available
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assignment of the peptide in similar conditions [61] and adjust-
ed from newly collected 2D total correlation spectroscopy
(TOCSY) and nuclear Overhauser effect spectroscopy
(NOESY) spectra.

Results and Discussion

The analysis of the lasso peptide microcin J25 under
native conditions resulted in the observation of a single
charge state species ([M+2H]*") (Figure 1, with metrics
for the CCS and R listed in Table S1). The mobility
profile of the [M+2H]*" microcin J25 WT can be de-
scribed as a broad IMS distribution containing a large
number of IMS bands, ranging from 473 to 515 A?, even
for the relatively compact lasso topology [49]. While
previous experiments on microcin J25 using TWIMS
technology showed a single broad IMS distribution (Fig-
ure 1 dashed line, R ~ 20) [25], a higher number of IMS
bands and features can be observed using TIMS analysis
with a scan rate of Sr = 0.3-1.5 V/ms (Figure 1 color
line). Beside the expected increase in mobility resolution
with the trapping time increase (decreasing the Sr), no
changes in the relative abundances of the IMS bands
were observed between 100 and 500 ms (Figure S4).
The TIMS distribution for microcin J25 can be divided
in two regions: (i) two IMS bands centered at 473 and
478 A%, and (ii) multiple IMS bands centered from 486
to 515 A% The observation of multiple IMS bands is a
consequence of multiple tertiary structures of microcin

Microcin J25: [M+2H]*
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Figure 1. 2D-TIMS-MS contour map of the doubly protonated
species of the lasso peptide microcin J25 WT under native
conditions and no ion heating. The black dashed line illustrates
a previously reported TWIMS distribution [25]
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J25 stabilized by distinct combinations of intramolecular
interactions as previously described [49].

Evidence of cis/trans-Isomerization at Prol6
in NMR

In a recent NMR study, microcin J25 was studied in aqueous
solution [60]. It was shown that microcin J25 can adopt two
stable conformations, with a cis/frans-equilibrium of 10/90 of
the Thr15-Pro16 peptide bond in aqueous solution [60]. When
the microcin J25 was studied in methanol (CD;OH) using '°N
BEST-HSQC (highlighted in blue in Figure 2), two sets of
cross peaks were clearly observed: one set of strong cross peaks
corresponding to the trans-conformation at Pro16 (most popu-
lated conformation) and a second set corresponding to the cis-
conformation of Prol6 (weaker in intensity). In addition, the
2D ZZ-exchange spectrum (highlighted in red in Figure 2)
showed that the two states are in exchange at the sub-second
timescale. The residues showing significant chemical shift
variations between the two states were the same as those
observed in water [60]. Assuming similar relaxation properties
for the "H/"*N spins of the same residue in the two states and on
the basis of the relative cross-peak intensity in the HSQC

Microcin J25
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Figure 2. The "N HSQC spectrum of '*N-labeled microcin
J25 in CD30H is shown in blue. The spectrum shown in red is
a ZZ-exchange spectrum with a mixing time of 600 ms. For
clarity, the weak cross peaks corresponding to the minor con-
formation (cis) are not labeled
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spectra, we could estimate the cis/trans-equilibrium to 5/95 in
methanol solution. Although the cis-conformation is slightly
disfavored in methanol solution, as compared to the aqueous
solution, the cis/trans-isomerization is still preserved.

Evidence of cis/trans-Isomerization at Pro7/Prol6
in TIMS

In order to evaluate the influence of the cis- and trans-orienta-
tions at Pro7 and Pro16 residues on the microcin J25 tertiary
structure, we substituted Pro7 and Pro16 by Ala to generate the
[P7A], [P16A], and [P7A/P16A] variants. These single and
double mutants in combination with IMS-MS allow for the
possibility to identify the orientation of the prolines (i.e., cis/
trans-orientation) by direct comparison of the corrected IMS
profiles [54]. Prolines in the trans-orientation are required to
overcome a ~ 13 kcal/mol energy barrier in order to convert to
the cis-orientation position (the frans-state is ~ 0.5 kcal/mol
lower in energy than the cis-form) [62]. However, alanine
residues (not bound to proline) are energetically more favorable
in the trans-orientation (the trans-state is ~ 2.5 kcal/mol lower
in energy with a trans to cis ~ 20 kcal/mol barrier) [62]. The
proline state in the microcin J25 WT is determined by direct
comparison of the mobility profiles of the microcin J25 WT
relative to the [P7A], [P16A], and [P7A/P16A] variants; con-
servation and absence of an IMS band in the variants determine
that the WT proline orientation is trans and cis, respectively
[54]. Thus, comparison of the corrected TIMS profiles for the
microcin J25 WT and the [P7A], [P16A], and [P7A/P16A]
variants permits the assignment of the proline orientations in
the native microcin J25 WT (Figure 3 and Table 1).

Distinct TIMS profile were observed for the microcin J25
WT relative to the [P7A], [P16A], and [P7A/P16A] variants
(Figure 3a). While nine IMS bands were observed for microcin
J25 WT in native conditions, a reduced number of IMS bands
was observed for the variants. These results suggest that most
of the structural heterogeneity of microcin J25 is driven by the
Pro7 and Prol6 cis/trans-isomerization. Closer inspection
shows that IMS bands 1 and 2 of microcin J25 WT were
common with the [P7A] and [P16A] variants, indicating that
these IMS bands have at least one proline (Pro7 or Prol6) in
cis-conformation while the other proline (Pro7 or Prol6) is in
trans-conformation (Figure 3a). This is supported by the ab-
sence of the IMS bands 1 and 2 in the TIMS distribution of the
[P7A/P16A] double variant for which only #rans-conforma-
tions are expected (Figure 3a). In addition, different relative
abundance were observed for the IMS bands 1 and 2 when
compared the [P7A] and [P16A] variants. This could be ex-
plained by the presence of the Pro7 in cis-conformation, locat-
ed in the macrolactam ring, for the [P16A] variant that will
have a significant impact on the loop region by extending this
region thus disfavoring the more compact conformations. By
contrast, the presence of the Pro16 in cis-conformation, located
in the loop, for the [P7A] variant will have less impact on the
loop region because of the flexibility of this part of microcin
J25 by promoting the more compact conformation. Thus, these
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observations suggest that the Pro16 in cis-conformation prob-
ably drive the IMS bands 1 and 2 (Figure 3a).

Changes in the relative abundances of the IMS bands 3 and
4 were found between the microcin J25 WT, [P7A], and
[P16A] variants (Figure 3a). These changes are characterized
by the Pro7 in trans-conformation and the Prol6 cis-confor-
mation in IMS band 3 and Pro7 in cis-conformation and the
Pro16 in frans-conformation in IMS band 4. Furthermore, the
TIMS distribution of the [P7A/P16A] double variant exhibited
a single IMS band (5) corresponding to trans/trans-conforma-
tions arising from the two alanine residues (Figure 3a). The
presence of a single band for the [P7A/P16A] double variant
suggests that in IMS band 5, the two prolines do not carry the
charge. In the events where only one proline is substituted, a
competition in the proton attachment probably occurs among
the most basic residues leading to the formation of protomers.

The IMS band 6 has a similar variation as those of IMS
bands 1 and 2 showing the existence of at least one of the
prolines in a cis-conformation while the other is in a trans-
conformation. The IMS band 7 was found unique for the native
microcin J25 (Figure 3a). This suggests that the IMS band 7 is
specific for Pro7 and Prol6 in cis/cis-conformation. The ob-
servation of an extended cis/cis-conformation is also consistent
with the previous observation for which the cis-conformation
of'the Pro7 showed an elongation of the loop region of the lasso
peptide microcin J25. Finally, the IMS bands 8 and 9 were
found unique for the [P16A] variant (Figure 3a). This strongly
suggests that the IMS bands 8 and 9 are specific for Pro7 in cis-
conformation. The IMS bands 8 and 9 were in lower relative
abundance for the native microcin J25 WT when compared to
the P16 variant, suggesting that the Pro7 in cis-conformation
stabilizes some of the more extended structures.

The TIMS results are in agreement with the NMR experi-
ments, for which two populations corresponding to cis/trans-
conformations at the Prol6 residue were observed in aqueous
solution [55]. Nevertheless, NMR experiments were not able to
assign Pro7 in a cis-conformation probably because the trans-
conformations are largely predominant in aqueous solution
(90%) combining with the ability of the Prol6 in cis-confor-
mation to drive the conformation of the microcin J25 WT.

Changes in Conformational Distribution
as a Function of Starting Solvent Condition and Ion
Heating

In addition to native starting solvent conditions, TIMS-MS
experiments in 5:95 H,O/MeOH starting solvent condition were
considered to identify potential differences in the molecular
environment of microcin J25 and its variants, which could be
associated with rearrangements and changes in the relative
abundance of the cis/trans-conformers (Figure 3b). The TIMS
spectra of the microcin J25 WT and the [P7A] variant at 5:95
H,O/MeOH solvent composition showed a similar TIMS dis-
tribution with differences in the relative abundance of IMS
bands, where the most compact structures (IMS bands 1 and
2) are more favored in 5:95 H;O/MeOH solvent composition
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Figure 3. High-resolution TIMS spectra for the [M+2H]?** ions of microcin J25 (blue trace), the [P16A] variant (magenta trace), the
[P7A] variant (purple trace), and the [P7A/P16A] double variant (gold trace) in (a) native condition (NH4Ac), denaturing condition (5:95
H>O/MeOH) and (c) with an activation energy of AV = 300 V. AV represents the voltage difference between Vg and V4, (Figure S3).

The single- and double-mutant CCS profiles have been corrected for a better IMS band comparison

(Figure 3b). In addition, a relative increase in the most extended
structures (IMS bands 8 and 9) and a slightly relative decrease in
the most compact structures (IMS bands 1 and 2) were observed
for the TIMS [P16A] variant profile in 5:95 H,O/MeOH solvent
composition (Figure 3b). These changes in the relative abun-
dances of the IMS profiles as a function of the starting solvent
conditions evidence that there is a “memory effect” on the
observed IMS profiles despite the lasso topology, and that the
organic content can significantly change the equilibria (and
relative abundances) between the cis- and trans-conformers;
similar trends have been previously reported in other systems
[54, 63]. Interestingly, changes in the TIMS distribution of the
[P7A/P16A] double variant were not observed as a function of
the starting solvent conditions (Figure 3b). While the Pro/Ala
substitution will suggest a larger backbone flexibility, the nature

Table 1. Summary of Proline cis/trans-Configuration at Pro7 and Prol16 Pep-
tide Bonds of the Native Microcin J25 WT per IMS Band (1-9)

IMS bands cis/trans-configurations
Pro7 Prol6
1 cis/trans trans/cis
2 cis/trans trans/cis
3 trans cis
4 cis trans
5 trans trans
6 cis/trans trans/cis
7 cis cis
8 cis trans
9 cis trans

of the lasso peptide and the charge location seems to largely
stabilize the microcin J25 [P7A/P16A] variant. The TIMS ob-
servations are consistent and complementary to the NMR data,
where cis/trans-conformations at the Pro7 and Pro16 residues
are present in microcin J25 in methanol.

The ion-heating influence on the conformational space of
microcin J25 WT and the [P16A], [P7A], and [P7A/P16A] var-
iants was performed using collision-induced activation (CIA)
prior to the TIMS-MS analysis (Figure 3¢). The energy from
collisions can allow to overcome conformational barriers and
sample other local free energy minima not amenable by changes
in the molecular environment by varying the starting solvent
conditions [64-67]. While the same number of IMS bands was
observed at AV = 300 V, changes in the relative abundance of
IMS bands were observed. For example, a larger abundance of
more extended conformations is observed (IMS bands 5, 6, 8, and
9) after CIA. In the case of the IMS bands 5 and 6, the higher
relative abundances in the native microcin J25 comes from isom-
erization of structures with Pro7/Prol6 in cis-orientation towards
trans-orientation during CIA, as evidence from the comparison
with the [P16A]/[P7A] IMS profiles. Increasing the activation
energy also favors the most extended conformations of the peptide
as reflected by the IMS bands 8 and 9, for which higher abun-
dances in the microcin J25 WT are observed involving the Pro7 in
cis-orientation that induces an extending of the loop region. In
addition, the TIMS distribution for the [P7A/P16A] double vari-
ant showed no changes upon CIA. This result also confirms that
the nature of the lasso peptide and the charge location seem to
largely stabilize the microcin j25 [P7A/P16A] variant.
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Conclusion

The use of NMR and high-resolution mobility, in combination
with site-directed mutagenesis, permitted the study of the
cis/trans-isomerization dynamics of microcin J25 as a function
of the starting solvent condition and CIA. An agreement was
observed between the NMR and the TIMS-MS findings, where
Prol6 exists in the cis- and frans-orientations. Nine mobility
bands were observed for the microcin J25 under native condi-
tions, with varying proline cis/trans-orientations. Aided by
comparisons of the IMS profiles between the microcin J25
WT and the [P7A], [P16A], and [P7A/P16A] variants, the
Pro7 and Prol6 cis/trans-orientations were determined. It was
demonstrated that the lasso topology of microcin J25 can adopt
cis/cis-, cis/trans-, trans/cis-, and trans/trans-conformations at
the Pro7 and Prol6 peptide bonds. It was also shown that
interconversion between the conformers can occur as a function
of the starting solvent conditions and CIA, despite the lasso
topology. Complementary to NMR findings, the cis-conforma-
tions at Pro7 were assigned using TIMS-MS. This study high-
lights the analytical power of TIMS-MS and site-directed mu-
tagenesis for the study of biological systems with large micro-
heterogeneity as a way to further increase our understanding of
the receptor-binding dynamics and biological activity.
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