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What Can ESI-MS Tell Us About
Protein Structure In Solution?

Gas phase structure = solution phase structure ? Maybe.

Use structurally sensitive labeling in solution

Soft ionization:
Mass reveals

- binding partners
- stoichiometry

Hydrogen/deuterium
exchange

Covalent labeling
(e.g. OH radicals)
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Folding and Dimerization of S100A11
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ESI Mechanism:
Solvent Evaporation and Droplet Fission
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ESI Mechanism

Rayleigh limit:
2, @ =8p(6R")"?
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ESI Mechanism: A Simple Model
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ESI Mechanism: A Simple Model

=—— x (0.1

0.06 - :

0.03 -

Charge

5 7
Bead Number




... after several generations:

nmm

+
@ —— ¥
+ +

nm

v

Analyte ions are released




2
Q
Q.
=
e
@
-
®
Z
%
LL
IS
0
C
QO
ks
=
=
)
O
=

J. Phys. Chem. B, 113, 7071-7080 (2009)
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ESI Charge State Distributions
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ESI Charge State Distributions
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Why Do Unfolded Proteins Show Higher Intensities?
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Studying Protein Structure by  »®H Labeling
Solvent Accessibility

HONAOH

H
OH
HQ
OH
—> H
HONQH
@ OH

J. Mass Spectrom. 43, 1021-1036 (2008)



X®¥H Labeling

*OH labeling of holo-myoglobin (g-rays)

120 1

60 1

Oxidation causes
conformational changes!

CD Signal (mdeg)

-60 -

200 210 220 230 240 250

Wavelength (nm)

Solution: Label protein witha  single , short “pulse” of «OH
(Hambly and Gross, JASMS 2005)

Anal. Chem. 79, 6376-6382 (2007)
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Laser-Induced >®H Labeling

KrF excimer laser
(18 ns pulses @ 248 nm)

H,O0, 2 +OH

protein -
sample collection

—> (catalase!),

- digestion, LC/MS

flow

H,0,



Holo-Mb Unfolding Kinetics

reaction mechanism ?

acid >
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Holo-Mb Unfolding Kinetics
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Holo-Mb Unfolding Kinetics
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Holo-Mb Unfolding Kinetics
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Holo-Mb Unfolding Kinetics
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Membrane Proteins
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Membrane Proteins

Normalized ESI-MS Intensity
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Studying Protein Structure by HDX
Hydrogen Bonding

HDX

!

Acid Quenching

!

Pepsin Digestion at 0 °C

!

Peptic Fragments

!

Analysis by
LC/ESI-MS



Studying Protein Structure by HDX

MRSA = multidrug-resistant Staphylococcus aureus



Studying Protein Structure by HDX

VraR | |
response regulator receiver domain

linker

In collaboration with D. Golemi-Kotra J. Mol. Biol. 391, 149-163 (2009)



Deuteration Level (%)
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Studying Protein Structure by HDX

Deuteration 0-20% 20-40% 60-80% 80-95% 95-100%

J. Mol. Biol. 391, 149-163 (2009)
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J. Mol. Biol. 391, 149-163 (2009)
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HDX
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Studying Protein Structure by  Top-Down HDX
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Studying Protein Structure by  Top-Down HDX

HDX
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Studying Protein Structure by  Top-Down HDX

—Ys —Y> —Y1
R, O R, O R, O R,
H,N C|3H Clll N C|3H C|3| N C|3H C|3| N C|3H COOH
! ) !
b, — b, — b, —

Collision -induced dissociation (CID) ona Q

nlrimcbaSg !!
(“ Scrambling )

% Deuteration, Dp

-TOF: slow heating

90 1 &

80 -

A
70 A

60 -

50 -

CID: yions

CID: b ions

10

15

20

lon Number

25

30

35

40

Anal. Chem 80, 4078 (2008)



Studying Protein Structure by  Top-Down HDX
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Amide Deuteration Status D

Studying Protein Structure by  Top-Down HDX
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