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Solution Structures: Are They Attainable?

• Lots of evidence from several labs 

that solution backbone structures 

can be retained during IMS.

• How the ions are treated all steps 

is critical.

▪ Ubiquitin as an example
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Ion trap 20 ms

Ion trap 100 ms

Drift time 50 ms
(drift voltage 3.5 kV)

Drift time 120 ms
(drift voltage 1.5 kV)

Drift time 4 ms

No trapping

No trapping

Myung, Badman, Lee, Clemmer 
J. Phys. Chem. A 2002, 106, 9976

z=7

Wyttenbach, Bowers
J. Phys. Chem. B 2011, 115, 12266
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Towards gas-phase 
equilibrium structures



The Effect of Energy on Conformation



ESI Ion

Source

Ion

Mobility

Mass

Spec
Detector

A New, Higher Resolution, Ion Mobility Mass Spectrometer

P. R. Kemper, N. F. Dupuis, M. T. Bowers Int. J. Mass Spectrom. 2009, 287, 46-57
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Control
Injection
Energy:

Annealing
Experiment

High vacuum

Air (300 K)

Gold-coated glass tip

Spray voltage: 1000 V

Ion funnel

avoid large voltage drops

Ion funnel

avoid large voltage drops

Steel capillary (300 K) 0.25 mm i.d.

Nano-spray

Design of a New Electrospray Ion Mobility Mass Spectrometer

T. Wyttenbach, P. R. Kemper, M. T. Bowers Int. J. Mass Spectrom. 2001, 212, 13-23



750 1000 1250 1500 1750
cross section (Å2)

ESI

HiRes

Native
state

A-state

Ubiquitin ATDs 
(HiRes vs. ESI)

z = 6



800

1000

1200

1400

1600

1800

2000

2200

5 7 9 11 13 15

charge state

c
ro

s
s
 s

e
c
ti

o
n

 (
A

2
)

HiRes N

HiRes broad

HiRes A

HiRes A

ESI N

ESI

ESI A

ESI A

ESI
HiRes

Ubiquitin cross sections 
(HiRes vs. ESI)

z = 6 to 13



600 700 800 900 1000

Arrival time (us)

20V injection

30V injection

40V injection

60V injection

Native
state

A-state

Injection:

20 V

60 V

40 V

30 V

Ubiquitin z = 6 ATD:
ESI injection energy



Clemmer, D. E., J. Phys. Chem. A 2002, 106, 9976-82

Ubiquitin collisional activation

no activation
in our HiRes

gentle
activation

in Clemmer’s
ion trap



Conclusions

Low energy ESI-MS–based methods have the potential to 

reveal molecular SOLUTION STRUCTURE information.

Tremendous potential for biochemical and other applications
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