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Structural transitions of the-6 to +8 charge states of ubiquitin produced by electrospray ionization have
been studied in the gas phase by a new ion trap/ion mobility-mass spectrometry technique. The approach
allows transitions to be examined in detail ovet0 ms to 30 s trapping times. This time regime is intermediate
between the-1 to 5 ms time scales of previous mobility measuremeht&\in. Soc. Mass Spectrod97,

8, 954] and minute to hour time scale measurements associated with trapping experiments done in a Fourier
transform mass spectrometémt] J. Mass Spectroml.999 185/186/187565]. The results show that over the

entire time range, the-6 charge state is dominated by compact structures (with cross sections that are near
the value expected for folded states in solution). F¥estate shows evidence for at least two types of initial
compact structures. One state65% of the population) rapidly unfolds to partially folded and elongated
conformers after~30 to 40 ms. The remaining 35% of ions also unfolds at a much slower rated+8he

charge state appears to be formed initially in a range of partially folded states. These states rapidly unfold
into elongated structures that persist to the longest trapping times that are employed. These results are compared
with the longer time scale measurements, and attempts are made to correlate the features observed in the
different experiments.

Introduction charge states appear to emerge from several pathways, and a
simple mechanism showing how different structures appear to
be related is proposed.

An additional motivation of the current work is to link

Protein structures and folding are influenced by a range of
intramolecular and solvertmolecule interactionsExperiments

that delineate how different types of interactions influence . . - . . .
folding pathways and structures are difficult because of the structural information obtained over short time scales in mobility
experiments with data obtained using other experimental ap-

complexities associated with such large systems. With the advent R . .
of electrospray ionization (ESIjt is possible to extract proteins proaches. The ublqmtln systen:n is a good referencse point for
from solution and examine conformations of isolated protein these_ types of studlgs. Bowers’ grétipnd our group® have
ions. Studies of unsolvated proteins in the gas phase providenOW investigated this system over short time scales (0 5

ing i ili i . 13
direct information about intramolecular interacticnaddition ms) using 1on mobility techniques; Marshéﬂ_lMcLafferty, .
of water to the anhydrous iofisor studies in which the ESI and their co-workers have probed conformations at longer times

drying process is not carried out to completion, can provide (mlnu_tes to hours) using FTMS mgthods_. Pgrves ét h.hv.e
direct information about partially hydrated stafésSome combined gas flows with asymmetric oscillating electric fields

exciting questions regarding the influence of the presence of a;‘qs ameans Oft sele(itlng different C(r)]nf(;rme:jstprlorlztzlaéen_?ﬁ
few water molecules on structure can in principle be examined e mass spectrometer (an approach referred to as )- The

by adding or removing water molecules in a one-at-a-time present report of measurements in th.éo ms to 30 s time
fashion. regime allows an additional comparison between different

In the present paper, we examine the conformations of the approaches to be made. The results indicate that ions initiate
16 10 +8 charge states of ubiguitin ions. Weand otherd 14 from solution as relatively compact (folded) structures and then

have investigated this system previously and find evidence for exhibit several types of structural transitions. Some transitions
multiple conformations of the anhydrous ions in the gas phase. appear o occur abruptly (after trapping time to 50 ms),

Here we follow these conformers as thev evolve from states producing either partially folded or elongated structures. Other
that ére formed initially by ESI into new g);s-phase Structures transitions occur over much longer time periods. The new insight
over a 10 ms to 30 s time scale. This is done by storing the helps to bridge gaps in understanding the shorter and longer

protein ions in an ion trap for variable time periods and then time scale experiments.
examining the shapes of different conformations and charge ) )
states by combined ion mobility and mass spectrometry (MS) Experimental Section
techniques-an approach that we described recently and used

8 lon mobility techniques have been described in detail
to study cytochromec.’> Gas-phase structures for different

previously® Only a brief discussion of these methods is given
here. A schematic diagram of the ion trap/ion-mobility/quad-

T H H “ Sl . . . .
Part of the special issue “Jack Beauchamp Festschrift". rupole mass spectrometer used in these studies is shown in
* Corresponding author.

* Present address: Chemistry Dept., Purdue University, West Lafayette, Figure 1. This experimental configuration is almost identical
IN 47907. to one we described in detail previoudkBriefly, positively
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Figure 1. Schematic diagram of the experimental ion trap-ion mobility-mass spectrometry instrument.
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(bovine, Sigma) in 49:49:2 (% volume) water/methanol/acetic
acid. lons are extracted from a differential pumping region and
focused in a quadrupole ion trap (RM Jordan, model C-1251).

+
T

The pressure inside the trapi$ x 1074 Torr of 300 K helium. o " iyl tyagt 10 MS ok
lons are accumulated in the trap for short times and stored for
~10 ms to 30 s before being ejected from the ion trap into the ::

drift tube. The drift tube is 50.6 cm long with a uniform electric  Figure 2. Experimental timing diagram showing the sequence of pulses

field of 12.8 V cnt! and is operated with-2.0 Torr of helium that is used to accumulate and store ions in the trap and subsequently

buffer gas. record ion mobility distributions. Pulses shown in the upper trace are
lon mobility distributions are obtained by recording the time applied to a set of deflector Iense§ that are situated.between the ion

for a pulse of ions to travel through the drift tube and reach the SOUrce and the trap. The synchronized pulses shown in the lower trace

detector. The mobility of the ion is a measure of how fast the € used to eject ions out of the trap and initiate mobility measurements.

y See text for details.

ion moves through a gas under the influence of a uniform

electric field in a drift tub€.’” An ion with a large average cross-  E (electric field strength)L (drift tube length),P (buffer gas

section undergoes more collisions with the buffer gas, and thus pressure), an@ (buffer gas temperature) are precisely controlled

has longer drift times than an ion with a smaller average cross such that any two measurements of the drift tirg) (sually

section. In favorable cases, comparisons of experimental mobil-agrees to within-1% relative uncertaint}?

ity with calculated values for model structures can provide

information about structure. By trapping protein ions for a Results and Discussion

varying time, information about the kinetics and dynamics of

structural transitions can be obtained. lons that exit the drift

tube enter a quadrupole mass filter (Extrel). The quadrupole discussed previoush, an important consideration in these

can be scanned to obtain a mass spectrum or fixed to pass %xperiments is the temperature of ions stored in the ion trap.

ZInr?cl)zeclrr]r?i::?gcﬁ:;%ellor}:\tgr: 2?5??2&\2\2%2252:32@3 ﬁ\oHElIJC;ZAIthough it is not possible to measure the internal temperature
y pate sy . of the ions directly in these studies, we have attempted to
Pulse Sequence for Storing lons in the Trap and Record-

. oA . . . - minimize internal excitation. The high-pressure ESI source
Ing Mob|I|§y Dlstrlbutlons._ Key to this experiment 'S.th‘? ability operated at 300 K should produce ions that are near room
to store ions for a variable amount of tiffeThis is ac-

complished using the pulse sequence shown in Figure 2. In thistemperature. Upon exiting the.h.igh-press.urt.a source, ?or?s travel
scheme, a deflector lens is used to gate ions into the trép TheN10 cm a5 x ;(rs Torr. Collisional excitation is minimized
gate tim’e is 5% of the trap delay time. After a variable t.rap by using a low bias voltage3 to 5 V) to fOCL.JS lons from the .
delay (~10 ms to 30 s for these studies) .ions were ejected from source into the trap. Th? entrance and exit endcaps gnd 1ng
the trap into the ion mobility instrumer’n The total drift time elect.ro.dg of the.trap are fixed to thg same DC-potential in order
acquisition period is 10 ms : to minimize excitation alo_ng the axis of the beam._Unde_r t_hese
Experimental Collision Cfoss SectionsExperimental col- condltlons, the ions entering the trap un_dergo a mlld collisional
lision cross sections({) are determined using the relatién dampening process anq should rapidly equilibrate to the
temperature of the helium buffer gas (300 R)Several
18712 tE experimental results suggest that the collisional activation of
Q= (187) ze|l + A1]v2E760 T 1 (1) ions upon injection and storage in the trap as well as injection
16 kgTim mg] L P 273.2N into the drift tube is minimal. Most important to the present
work is that compact conformations for tH€7 and+8 charge
wherez, e, m, andmg correspond to the charge state, electron states are observed at short trapping times. Our previous
charge, and masses of the ion and buffer gas, respectively, andgtudied! and the recent work of Bowers’ grotishow that this
N and kg correspond to the neutral number density and would not be the case if ions underwent a substantial collisional
Boltzmann'’s constant, respectively. The experimental variables activation process before the mobility measurement.

Temperature of lons Stored in the lon Trap and Influence
of the Energy Used to Inject lons into the Drift Tube. As
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i I Figure 4. Drift time distribution for the+6 through+8 ions of

? ubiquitin. The+6 ions were recorded using trapping delay times of
c < 20, 100, 500, and 1000 ms; ther ions were recorded using trapping
_____ _ _? Y _NEHSS) delay time of 20, 40, 100, 500, and 1000 ms; and-tt&ions were

Cross Section A?

T recorded using trapping time of 20, 35, 100, 500, and 1000 ms. Dotted
lines show the positions of different conformer types. See discussion
1000 { AO in text and Figure 3.

In our initial report of this systerhwe divided the families
of cross sections into three conformer types: (1) a compact
(folded) state that is observed at low injection energieS00
eV) for the +6 and +7 charge states, with collision cross
500 : : : : : sections that are near ti§2(proj) = 930 A2 and Q(EHSS)=
1162 A values that are calculated from coordinates for the
3 5 7 9 " 13 crystal structure; (2) partially folded states, having cross sections
Ch s between 1120 and 15002Ahat are favored at intermediate
arge State injection energies fot-6 and+7 ions and low injection energies
Figure 3. Collision cross sections for the4 to +13 charge states of ~ for the +8 charge state; and, (3) elongated states, with cross
ubiquitin ions measured under several different experimental conditions, sections in excess of 150% &at are favored at high-injection
reported previously in refs 7 and 8. The open circles correspond to energies ¢ 750 eV) for the+6 to +8 charge states. Overall, as
data recorded using a range of injection energies an injected ion drift |, .« now been discussed many times, the changes in which

tube (analogous to the instrument used in the present study-+#he g
and+5 charge states were formed by proton transfer reactions using structures are observed as charge state is increased, compact

an instrumental design that incorporated a gas cell at the exit of the (14 t0+7) — partially folded (-5 to +9) — elongated £6 to

ESI source. The-6 to +13 charge states were formed directly by ESI.  +13) can be understood by noting that elongated structures can
The original data (and subsequent studies) have been reanalyzed andeduce repulsive columbic interactions.

it is now po'ssible to resolve additional featqres in the_distributions for Subsequent studies and the time-dependent measurements
7 and+8 ions, which were not resolvable in the original report (fefs .o 5ented below indicate that the ubiquitin system is somewhat
7 and 8). The vertical lines through the open circles show a range of L

cross sections that are associated with unresolved features in the iod "°"€ complex than the th.ree-state mo?',e' proposed initially.
mobility distributions. Also shown are cross sections for thé to Under some of the experimental conditions that have been
+11 charge states, recorded at several source temperatures in a highemployed, it is possible to resolve additional features in the
pressure drift tube, upon electrospraying a 49:49:2 water/aceteonitrile/ ion mobility distributions that previously were associated with
acetic acid solution (solid diamonds) and a 89:9:2 solution (open g proad peak characteristic of partially folded structures. We
diamonds). Overall trends in ion mobility peak shapes and cross sections, g\ divide the cross sections into five different conformer

as a function of charge state suggest that five different conformer types o o .
(A though E) are present, indicated by the gray regions in the figure. families. Additionally, the time-dependent data presented below

Finally, dashed lines indicate cross sections that are calculated from@ll0OW some states that have identical cross sections to be
coordinates for the crystal structure by two methods (see text) as well resolved. To indicate this, we label the families of cross sections

as a nearly linear structure. in Figure 3 as A (compact or folded), B, C, and D (partially
folded), and E (elongated), and use primes (e.gamd A") to
Summary of Cross Section Results for Ubiquitin lons. denote those states with indistinguishable cross sections that
Collision cross sections for ubiquitin ions have been measuredcan be delineated because of their time-dependent behavior.
under a variety of conditions; a summary of values for-the lon Mobility Distributions for the+6 to +8 Charge States

to +13 charge states (recorded using injected-ion and high- at Different Trapping Times:igure 4 shows representative ion
pressure drift tube techniques) is shown in Figure 3. Experi- mobility distributions obtained upon storing ions in the trap for
mental cross sections range froml1000 & for the most either 20, 100, 500, or 1000 ms for th& charge state; 20, 40,
compact states (observed for thel to +7 charge states) to 100, 500, or 1000 ms for thé7 charge state; and 20, 35, 100,
~1900 A for the highest charge staté-13). These values for 500, or 1000 ms for the-8 charge state. Experimental cross
compact states are near calculated values for the compact crystasections, obtained by combining the measured drift times with
structure N(Proj) and N(EHSS) in Figure 3. The cross sections the experimental parameters (using eq 1) are in good agreement
for high charge states are consistent with elongated geometrieswith the values determined in our previous injected ion studies,
however, these values are much smaller than values that areallowing features to be assigned to the different conformer types
calculated for near-linear geometries (E(Proj) in Figure 3). described above.
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Figure 5. Relative populations of different conformer types for the  Figyre 6. Relative populations of different conformer types for the

18 charge state as a function of the trapping delay time. States B and 17 charge state as a function of the trapping delay time. The compact
C are shown as solid diamonds. Populations of states D and E are shownate A is shown as open diamonds. Populations of partially folded B,
as open squares and solid triangles, respectively. Populations of differentc and D states are shown as solid squares, and the elongated state E
conformers from FTMS isotopic exchange studies are shown for a single js shown as solid triangles. Populations of different conformers from
time point (3600 s). See ref 12 and discussion in text for details. TS isotopic exchange studies are shown for a single time point (3600

o . s). See ref 12 and discussion in text for details.
The three charge states that are shown exhibit fairly different

behavior. At all trapping times, distributions for tHe5 ion are and 6 show the populations of different conformers as a function
dominated by a large peak at 3.54 ms, corresponding to theof trapping time for thet-7 and+8 charge states, respectively.
compact A state; the smaller, reproducible tail that extends from We do not show a plot of data for the6 charge state because
~3.9 ms to~4.3 ms corresponds to partially folded B ions. At only minor changes in the populations are observed (Figure 4).
different trapping times there is a small reproducible change in However, the relatively long lifetime that must be associated
the relative abundances of the A and B states. At short trappingwith the compact-6 charge state is consistent with the very
times, <20 ms, the B ions comprise only15% of the wide dispersion in isotopic exchange recorded by FTMS, even
distribution; there is a small, reproducible increase in this after 1.0 h exchange timé3Overall, it appears that structural
fraction as the trapping time is increased, up to a maximum of transitions in thet-6 ions are extremely slow, and it is possible
~20% at trapping times of 1 s. We estimate a unimolecular that the compact conformer observed in these studies persists

depletion rate constant for the compact state-6f2 s . even at the extended time scales associated with the FTMS
The +7 and+8 charge states show more dramatic changes measurement.
in populations at shorter times. Below0 ms, the distribution The populations in Figures 5 and 6 (for th& and+7 charge

for the+7 ions is dominated by a single broad peak at 3.12 ms states, respectively) are plotted on a logarithmic time axis,
that is assigned to the compact A state. This peak is too broadallowing us to consider a wide range of trapping times0! to
to correspond to a single conformer. Thus, multiple compact A ~10” ms. Although the longest trapping time used in these
conformers must be stable over ms time scales of the drift time studies is only 30 s, it is worthwhile to extend the plot to
measurement. At longer trapping times30 to 50 ms, the substantially longer times so that comparisons to FTMS results
fraction of compact A ions abruptly decreases from 100% of can be made. Populations were obtained by integrating regions
the population to~30 to 40%. During this time, two new peaks in the ion mobility distributions that correspond to the different
with maxima at 3.76 and 4.50 ms, respectively, are observed; states (Figure 4). A typical plot of the time profile of different
an example is shown for a trapping time of 100 ms. The feature conformations includes data from25 sequentially recorded
at 3.76 ms is broad, and can be assigned to partially folded B, ion mobility distributions. A summary of threshold transition
C, and D ions. The sharper peak at 4.50 ms is assigned totimes and rates of conversions between different structures for
elongated E ions. As the trapping time is extended beyond 100these states is provided in Table 1.
ms, the fraction of compact A continues to decrease (albeit at It is instructive to consider the changes in populations that
a substantially slower rate); atl s, ~20 to 30% of the ion are observed for theé-7 and+8 charge states in detail. Because
distribution remains compact. The observation that some it is relatively simple, we begin this discussion by considering
compact A ions rapidly unfold, while others remain stable for the-+8 charge state. Figure 5 shows that after an initial induction
extended times requires that at least two types of compact stateperiod the peak associated with partially folded B and C ions
are present: state A that is depleted at a rate’'s® s and a rapidly disappears. At the same time, peaks associated with the
compact form, A that persists to longer times. D and E states are observed. For trapping times in excess of
lon mobility distributions for thet+8 charge state show a ~40 ms, the abundance of D and E states is relatively constant,
broad feature centered at3.2 ms (partially folded B and C  with populations 0f~10% and 90%, respectively. The D and
state ions) at short trapping times (e.g., 20 ms). As the trapping E states must interconvert on time scales that are much longer
time is extended, the distribution is dominated by a single sharp than those that we have investigated.
peak at 4.05 ms (elongated E state ions). These data also show Some insight about the time scales required for states D and
a small population of ions at 3.82 ms (partially folded D ions). E to interconvert may come from the FTMS isotopic exchange
Relative Populations as a Function of Trapping Time and studies. Using similar ESI conditions, Freitas et’aheasured
Comparisons with Other Experimental Approacheigures 5 two populations oft-8 ions after exposure to 2 1077 Torr of
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TABLE 1: Measured Transition Times for Ubiquitin lons
Stored in an lon Trap at 300 K

time required  rate of
threshold  to reach depletion
charge time midpoint  of compact
state transition type (ms} (msy ions (s4)°
+6  depletion of A 100 500 0.2
+7  depletion of A 30 37 49
depletion of A 575 400 0.3
depletion of A' 1750 6310 0.005
formation of B/C/D 35 37
formation of B/C/D 1750 6400
formation of E 35 40
formation of E 500 320
+8  depletion of B/C 25 35 240
formation of D 35 375
formation of E 27.5 35

aTime at which compact ion begins to unfold. Calculated by
examining the first derivative of the plot of relative ion intensity versus
time.? Time at which the relative ion intensity reaches 50% of the
difference between the initial and final intensitieRates were obtained
from the slope of the plot of the natural logarithm of the compact ion
relative intensity versus time over the region where the compact ion
unfolds.

D,0O for 1.0 h: a state that comprise92% of the distribution
and incorporates-85 deuteriums and a state that comprises
~8% of the population and incorporates only2 deuteriums.
As shown in Figure 5, these populations are similar to those

that we have recorded at our longest times for states D and E.

Additionally, one might expect a restricted exchange level on
a relatively compact state (D), since some folding may protect

some internal sites. We have previously shown that this is the

case for compact and elongated states of cytochroriuas
when exchange is carried out at 300%KInclusion of the

populations at 3600 s in Figure 5 suggests that the populations

of D and E states of the-8 charge state are formed early in the

electrospray process, but they appear to remain stable ove

remarkably extended periods.
The +7 charge state shows substantially more complicated

Myung et al.

A) does so in a statistical fashion. That is, there are four general
pathways for unfolding that have similar accessibilities after
~35 ms.

At longer trapping times, the changes in population of the
compact state relative to others that are formed suggest that
there are two additional compact states. Fre260 ms to 1.0
s, some of the remaining population of the compact state
(referred to as A appears to unfold directly to the elongated
state. Although it is possible that the elongated state formed
from A’ is the same as that formed from A, this need not be the
case; therefore, we distinguish this transition by denoting the
increase in the population of elongated states betwe250
ms and 1.0 s as a new staté B/hile the fraction of the E
state increases fromy18 to 30% over the~250 ms to 1.0 s
time period, the abundance of compact ions decreases¥&0n
to 25%. Additionally, the increase in the population of elongated
states appears to be associated with the B/C/D conformers. From
~250 ms to 1.0 s, the abundances of peaks associated with the
B/C/D conformers decrease slightly, fronb0% to~45% for
states B/C/D. The combined decrease of peaks associated with
the A" and B/C/D states (from-250 ms to 1.0 s) appears to
explain the corresponding increase in elongatetis.

At even longer timesX1 s) an additional process, which
appears to be associated with an increase in the population of
partially folded ions, depletes much of the remaining fraction
of compact states. This process appears to be substantially
slower than the A— E' transition. Thus, there is evidence for
a third compact state,’A which is very stable and survives to
long times. The A state eventually unfolds to partially folded
states; however, unlike the other compact A 6states, it does
not appear to form elongated E states. The partially folded states
that are formed from unfolding of 'Amay have different
structures than the B/C/D forms that arose directly from A.
Therefore, we define them as new partially folded states B/C/

P’.

Our longest trapping time experiments 30 s give populations
of ~65, 28, and 7% for the partially folded (B/C}Delongated

behavior. Figure 6 shows that Compact states dominate theE’, and I’emaining CompaCt states, respectlvely Itis interesting

distribution at short trapping times<@5 ms); however, after

to compare these results to the populations and peak shapes

this time, the fraction of the compact states rapidly decreasesObserved in FTMS isotopic exchange studies of-tifecharge

(to ~35% of the total ion population) and two new peaks,

state. After a 1.0 h exposure t0x210~7 Torr of D,O the+7

corresponding to partially folded B/C/D states, and the elongated State shows evidence for three different conformations. The most

E conformers are observed. The observation #&6% of the
compact state population unfolds rapidly, whit@5% persists

abundant state~(60%of the population) incorporates 89 deu-
teriums, and the well-resolved peak shape is analogous to the

to longer times, indicates that there are at least two populations 8 charge state feature that we assigned to thetdfe. Based

of compact states.

(Below, we provide evidence for three states. We note that
while the multiplicity of states having identical cross sections
is clear from plots of the time-profiles for those states that decay,

on the similarities associated with deuterium incorporation for
the+8 charge state (and als), we speculate that this feature
corresponds to elongated &ate ions in thet7 charge state.
The remaining population is distributed over a broad feature

when new states, produced at different times, have identical that appears to correspond to two states. One ste368% of
cross sections an ambiguity about whether they are distinctthe population) incorporates70 deuteriums; the remaining
arises. That is, it is possible that identical states are formed ~10% of the population incorporates fewer deuteriumep.

through different unfolding pathways. For this discussion, we
include the possibility that new states having identical cross

Based on similarities with the-8 state, and also the trends
observed at our longest trapping times, we speculate that the

sections may be different structures by also denoting these state§tate which incorporates 60 deuteriums may be due to a small

with primes.)

remaining population of compact conformers'jAadditionally,

The loss of population associated with state A and onsets ofthe state with an incorporation level of 70 deuteriums might

peaks corresponding to B/C/D and E states occurs at 3b
ms, identical within our time resolution. However, the intensity

correspond to a partially folded state. These assignments suggest
that the B/C/D states continue to unfold at times in excess of

of the B/C/D peak increases more rapidly than does the intensity 30 S such that eventually the population of elongated conformers
for the peak for the E state. At 100 ms, the B/C/D states dominates the distribution.

comprise~48% of the population: about three times th&5%

Finally, it is worthwhile to note that we do not fully

population of the E state. We speculate that this may indicate understand the initial induction periods associated with early

that the fraction of the compact state that rapidly unfolds (state

structural transitions in these data. We have previously suggested
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electrosprayed droplet droplet into the gas phase. It appears that-titeto +8 states
initiate as relatively compact conformations. The time required
for structural transitions depends on the charge state, as well as
the initial conformation. The-6 charge state initiates primarily
/ as a compact state, and only small changes in the population of
/ initial gas \ this state are observed, even at our longest trapping times. The
phase "0"’“"""1 +8 state initiates as partially folded states. After an initial

compact

A A’ induction period, these states rapidly unfold to more elongated
structures that do not appear to interconvert. Substantially more
onset at complex behavior is observed for tH& charge state. There is

"

~35ms anfolds over J, unfolds over evidence that protein ions in the7 charge state exist initially
li;:l:: l~250w 1000 ms ~05t0 305 in several different compact states, and a scheme involving
multiple pathways is proposed to explain the experimental
: > results. In the end, there are several pathways associated with
unfolds over the unfolding transitions that are observed. From the present
BCD R or B B-C-D’ results, we still cannot discern whether structures formed from
partially-folded elongated partially-folded different pathways (having the same collision cross sections)
are distinct; however, it is clear that for thRe/ state there are

Figure 7. Schematic illustration of structural transitions that are many more transitions between compact, partially folded and
observed upon electrospray ionization of ubiquitin to producettfie elongated states than were proposed previously from studies as
charge state. a function of injection energy or source temperaftite.

Finally, the ability to record mobility distributions for ions
that have been trapped for variable times, allows comparisons
of mobility results with other measurements to be made. Some
additional progress in correlating cross section data with isotopic
exchange studies by FTMS have been made forttBeo +8
ions of ubiquitin. For example, the relatively long lifetime of
the compactt6 charge state is consistent with the wide isotopic
exchange recorded by FTMS. Fef8 ions, the population
recorded at our longest time for states D and E appears to be
similar to states that incorporate72 and 85 deuteriums,
respectively. The conformers observed for #hécharge states
have been correlated to FTMS exchange level data. Efforts to
make additional comparisons of mobility experiments with other
techniques for other systems are underway in our laboratory.

that solvent evaporation during the ESI process should cool the
internal temperatures of these ions. If this cooling process were
to cool internal modes below the ambient temperature of the
trap, then the induction period might be associated with the time
required for ions to warm. We are currently considering several
other explanations and will discuss this phenomenon further in
the future.

Pathways for Forming Gas-Phase Conformations for-ttve
Charge Statelt is useful to summarize the transitions that were
observed for thet7 charge state with the simple scheme in
Figure 7. Thet7 charge state initiates from the electrosprayed
droplet in three types of distinguishable compact states’A, A
and A'. After a short delay, the A state abruptly unfolds to the
partially folded B/C/D and elongated E states. At longer times,
some of the B/C/D ions appear to continue to unfold, producing
elongated E ions. An additional population of compact conform-
ers A appears to be substantially more stable than the A form.
The A’ state forms a partially unfolded state that persists to
long times. These partially unfolded ions are referred to as B/C/
D'. Unlike the B/C/D state, they do not appear to unfold to the
E state (over the time scale of our experiments).
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