A Novel Approach for Quantitation of Hydrogen Deuterium Exchanged Peptides to

Reveal Full Distribution of the Exchanged Species at Various Time Points

BIOSCIENCE

Overview

»Peptides undergoing HDX at different time points were analyzed
by LC/MS as doubly charged ions. The MS spectra were calibrated
by not only m/z but also peak shape to allow for exact isotope
modeling and quantification of many mutually overlapping peptide
species.

» Full distribution of HDX peptides at any given time point and
individual peptides undergoing HDX during a time course are
presented.

Introduction

The biological activity of proteins is largely determined by
their high order structure — conformation. The conformational
change can be detected by hydrogen deuterium exchange mass
spectrometry (HDX-MS). In HDX-MS study, the deuterium level is
determined by the mass shift using mass spectrometry. Current
methodologies for such determination employ centroid mass
spectral data, which may not lead to a correct conclusion as
demonstrated in a HDX MS investigation on the changes induced
by Ca?*binding to an N-terminus truncated downstream regulatory
element antagonist modulator (1). Typically these methods monitor
only averaged mass shift on peptides during HDX process and do
not produce detail distribution of individual peptides under HDX.
Although a few methods (2, 3) reportedly were capable of
computing the distribution, they used centroid spectra and
iInevitably were lack of desired accuracy (4). Here we report a novel
approach for quantitation of HDX peptides utilizing calibrated
profile/raw data. Based on MS peak shape calibration technology
and exact isotope modeling, this approach provides accurate
measurements of the exchange and a detailed distribution of
various deuterium-exchanged ion species.

Methods

All the data used in this presentation was kindly provided by
Prof. David Weis at the Univ. of Kansas. Details on sample
preparation and LC/MS analysis were described previously in his
published paper (5). On HDX MS experiments, he and his workers
briefly described following. “8—10 nmol of Lck SH3 were mixed with a
10-fold molar excess of Tip LBD1 or angiotensin Il and allowed to
equilibrate for 1-3 h in TSD buffer at ambient temperature. Small
aliquots (1-2 mL) containing 350 pmol of Lck SH3 and 3500 pmol of
peptide were rapidly diluted 20-fold with deuterium-labeling buffer (25
mM Tris, 100 mM NaCl, 3 mM DTT, D,O at pH 7.5, 21°C) to initiate
H/D exchange. Undeuterated samples were prepared by substitution
of TSD buffer for the deuterium-labeling buffer. After time intervals of
3—1000 sec, the H/D exchange reaction was quenched by addition of
an equal volume of quench buffer (200 mM potassium phosphate,
H,O at pH 2.6). Each sample was immediately frozen on liquid
nitrogen and stored at —80°C until analysis. To minimize variability,
two independent sets of samples were prepared using the same
peptide stock solutions and buffers. All samples in a given set were
prepared concurrently and analyzed in a single day as described
below. Each hydrogen exchange sample was rapidly thawed at 0°C,
desalted, and concentrated by HPLC prior to mass analysis. HPLC
was carried out with a Shimadzu HPLC system with water and
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acetonitrile (both containing 0.05% TFA) as the mobile phases. The
protein was desalted and concentrated on a 5 mL protein trap (Michrom
BioResources) using 15% B at 200 mL/min for 3 min and 50 mL/min for
30 sec (this step also removed the Tip LBD1 or angiotensin Il peptide).
The desalted protein was directed at 50 mL/min with a 2 min 15%—-65%
B gradient into a Waters QTOF2 mass spectrometer for mass analysis”
(D).

All the HDX MS spectra were processed first through peak shape
calibration and CLIPS search (Calibrated Lineshape Isotope Profile
Search). With the peak shape calibrated MS, spectral accuracy can be
calculated and utilized to perform exact mixture analysis between
calibrated spectra and theoretically calculated spectra for the purpose of
quantitation of all HDX peptides. For example, the HDX MS spectra of a
sample undergoing 10 min HDX were processed with spectral accuracy
of 98.6%, showing great match between calibrated spectra (red) and
theoretically calculated spectra (green) as demonstrated by spectral
overlay in Fig. 2. As a results, relative concentration of individual HDX
peptides were calculated. At this 10 min time point, the top three of the
most dominant HDX peptides have 8, 9, 10 hydrogen atoms exchanged
with deuterium atoms, at relative concentrations of 18%, 15%, and 15%
respectively (Fig. 3); while at time point of 3 hours, the top three of the
most dominant HDX peptides changed to 12, 13, and 11 deuterium
exchanged peptides, at relative concentrations of 25%, 23%, and 20%
respectively (Fig. 4). We have calculated the distribution of individual
HDX peptides at 9 different time points which are summarized in Table 1
with the most dominant HDX peptide highlighted in blue. In addition to
the HDX distribution at a given time point, it is also possible to show the
changes of the relative concentration of individual HDX peptides
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Table 1. Summary of HDX Quantitation

# of HDX|5sec|20sec|1 min|{3 min|10min|(30min| 1 hr | 3hr | 8 hr
0 |0.05] 002|000 001|000 ]| 003 [-001]|0.02]0.01
1 Jo.11] 005 | 002|001 000 | 002 [-0.010.01]0.01
2 OR8N 0.11 | 0.06 ] 0.03] 0.01 | 0.01 |0.00]0.01]0.01
3 |017| 015 [0.12] 007 001 | 0.00 |0.00]0.00]|0.00
4 |0.13 0.13 | 0.10| 0.03 | -0.01 | 0.01 | 0.00 0.00
5  |o0.13] 015 0.06 | -0.01 | 0.01[-0.01| 0.00
6 |0.06]| 011 |0.13 0.09 | 0.00 [0.01-0.01{-0.01
7 |0.05] 009 | 0.12 0.13 | 0.06 [0.02[-0.01| 0.00
8 |0.04] 007 ]010] 0.13 0.06 |0.02]0.01]0.01
9 |0.01] 003 ]|005]008| 015 | 0.15 |0.08]|0.07] 0.05
10 [0.02| 003 |0.04]|006| 015 | 0.20 |0.15] 0.11] 0.09
11 |0.01| 0.01 | 0.04] 0.04 | 0.10 0.20| 0.19
12 |0.01] 002 |001]002] 005 | 0.16 |0.22
13 |0.01| 001 | 0.01] 002 | 0.04 | 0.10 |0.18] 0.23]| 0.22
14 | 0.00| 0.00 | 0.01] 0.00| 0.00 | 0.03 |0.07]|0.10] 0.15
15 | 0.00] 0.00 | 0.00] 0.01| 0.01 | 0.01 |0.03]0.03]|0.03

B C98H142N23027 0.02 m C98H142N23027
0.04 0.01 0.03 W C98H141N23027[2H] 0.03/0.01 o0.01 W C98H141N23027[2H]
1 ® C98H140N23027[2H]2 'y = C98H140N23027(2H]2
B C98H139N23027[2H]3 0.10 B C98H139N23027[2H]3
m C98H138N23027[2H]4 m C98H138N23027[2H]4
W C98H137N23027[2H]5 ® C98H137N23027[2H]5
= C98H136N23027[2H]6 = C98H136N23027[2H]6
0.23
m C98H135N23027[2H]7 m C98H135N23027[2H]7
C98H134N23027(2H]8 C98H134N23027[2H]8
m C98H133N23027[2H]9 m CO8H133N23027[2H9
0.20
C98H132N23027[2H]10 CO8H132N23027(2H]10
C98H131N23027[2H]11
C98H131N23027[2H]11
C98H130N23027[2H]12 0.25 CO8HI30N23027(2H]12
C98H129N23027[2H]13
C98H129N23027[2H]13
C98H128N23027[2H]14
C98H128N23027[2H]14
C98H127N23027[2H]15
C98H127N23027[2H]15
u u u u u u u
Fig. 5 Time Profiles of Individual HDX Peptides Peptides
2 2 2
c98H139N23027 H3 c98H138N23027 H4 c98H135N23027 H7
0.2 0.18 0.16
0.18 0.16 0.14
— 0.16 - o (.14 p—
' 0.12
X o1 | X X
~— ~— (.12 ~ 1
T 012 4 © 041 T
Y o1 S - 9 o0
© (G 0.08 ©
= 008 - - = 006
[ @ 006 v
= 006 - -
> S 5 004
Q 004 - T 0.04 Qv
Q Q oo Q 002
0 - [ | 0 ———— 0
002,008 033 1 3 10 30 60 180 480 00y | 008 033 1 10 E 60 180 480 oond & 058 1 0 W @ W
Time (min) Tlme (min) Tlme (min)
2 2 2
c98H134N23027 H8 c98H131N23027 Hll c98H130N23027 H12
0.2 0.25 0.3
0.18
""016 3 02 - —~025 -
g0 g ° S
~ 0.14 ~ -
T T T 027
Q 012 @ 0.15 @
- - )
© 0.1 © @© 0.15 -
- - -
Q 0.08 o 01 ()
) = = 01
= 0.06 = =)
8 0.04 8 0.05 g 0.5
l O il
0 B == o0 | NN 0 | e
0.08 0.33 1 10 30 60 180 480 0.08 0.33 1 10 30 60 180 480 0.08 0.33 1 10 30 60 180 480
Tlme (min) Tlme (min) Tlme (min)

Conclusions

» Through innovative peak shape calibration
technology, spectral accuracy calculation makes it
possible to accurately determine relative
concentration levels for many HDX peptides.

» This approach allows to show not only individual
HDX peptide distribution at a given time point, but
also individual HDX peptide profile during a time
course.

» Employing profile spectra and exact isotope
modeling, this approach generates accurate
guantitation results by avoiding errors associated
with centroiding process and should correctly
identify HDX peptides from proteins with bimodal or
multimodal exchange time profiles.
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