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Abstract
Mass analysis of proteolytic fragment peptides following hydrogen/deuterium exchange offers a
general measure of solvent accessibility/hydrogen bonding (and thus conformation) of solution-
phase proteins and their complexes. The primary problem in such mass analyses is reliable and rapid
assignment of mass spectral peaks to the correct charge state and degree of deuteration of each
fragment peptide, in the presence of substantial overlap between isotopic distributions of target
peptides, autolysis products, and other interferant species. Here, we show that at sufficiently high
mass resolving power (m/Δm50% ≥ 100,000), it becomes possible to resolve enough of those overlaps
so that automated data reduction becomes possible, based on the actual elemental composition of
each peptide without the need to deconvolve isotopic distributions. We demonstrate automated, rapid,
reliable assignment of peptide masses from H/D exchange experiments, based on electrospray
ionization FT-ICR mass spectra from H/D exchange of solution-phase myoglobin. Combined with
previously demonstrated automated data acquisition for such experiments, the present data reduction
algorithm enhances automation (and thus expands generality and applicability) for high-resolution
mass spectrometry- based analysis of H/D exchange of solution-phase proteins.

Hydrogen/deuterium exchange (HDX) provides a direct measure of solvent exposure and
hydrogen bonding to various segments (mass spectrometry) or residues (NMR) of proteins and
their complexes in solution [1-4]. As such, it offers general access to protein solution higher-
order structure (based on differences in amide hydrogen exchange rate among α-helix, β-sheet,
and unstructured loops) and mapping of contact surfaces in protein complexes (based on
difference in exchange rate between free and bound protein) [5-7]. In mass spectrometry-based
HDX, a typical H/D exchange experiment begins by dilution of a protein solution tenfold with
D2O buffer. After each of a series of H/D exchange periods, the reaction is quenched by
lowering the pH to ~2.3–2.5 and temperature to ~0 °C, and proteolysis is achieved by addition
of a low-pH protease such as pepsin. A very rapid on-line high performance liquid
chromatography (HPLC) step prepares the sample for microelectrospray [8] mass
spectrometry. With increasing H/D exchange period, the mass of each exposed segment of the
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protein increases, and can be monitored by mass spectrometry [6]. Although the “front end”
procedures (dilution, HDX incubation, quenching, digestion, HPLC desalting, and electrospray
ionization mass spectral data acquisition) have been successfully automated for both low-
resolution [1] and high-resolution [9,10] mass analyzers, automated data analysis for low-
resolution [11,12] or even high-resolution [13,14] mass spectral data remains problematic.

Even before H/D exchange begins, the naturalabundance isotopic distributions for different
peptides can overlap (Figure 1 top). However, it is relatively straightforward to select mass
spectral peaks, determine their mass and charge states, and assign each peak to the correct
peptide with “peak-picking” programs, particularly for multiply-charged peptides detected at
mass resolving power sufficient to resolve species differing by ~1 Da in mass. For example,
the charge state may be determined as the one which most closely matches the natural-
abundance isotopic distribution for a peptide having that mass and composed of “average”
amino acids (“averagine”) [15,16]. However, as H/D exchange proceeds, the number of
deuteriums in a given peptide can range from zero to the total number of peptide backbone N-
H groups, and each of those masses is convolved with the natural abundance isotopic
distribution (comprised mainly of 13C and 15N). It is in principle possible to deconvolve the
natural abundance isotopic distribution to leave just the deuterium incorporation distribution
[17]. However, in practice, such deconvolution is not sufficiently reliable to enable automated
data reduction, due to limited signal-tonoise ratio and peak overlap in complex mixtures of
many peptides: “Deconvolution is generally an illconditioned problem that does not necessarily
have a unique solution even in the absence of noise.” [18]

Moreover, different peptide segments increase in mass at different rates, so the isotopic
distributions can “cross over” each other (Figure 1, bottom). Thus, a single unresolved mass
spectral peak may represent not only different combinations of 13C and 15N
(e.g., 12Cc-2 13C2 1Hh 14Nn, 12Cc-1 13C1 1Hh 14Nn-1 15N1, and 12Cc 1Hh 14Nn-2 15N2, each ~2
Da higher in mass than the “monoisotopic” species, 12Cc 1Hh 14Nn) but also different numbers
of deuteriums instead of hydrogens
(e.g., 12Cc-1 13C1 1Hh-1 2H1 14Nn, 12Cc 1Hh-1 2H1 14Nn-1 15N1, 12Cc 1Hh-2 2H2 14Nn). The issue
then becomes how to separate the number of deuteriums from the approximately isobaric
combinations of 13C and 15N, so as to be able to generate the correct profile for number of
deuteriums exchanged as a function of H/D exchange period for each peptide. In prior recent
efforts to automate HDX analysis, this problem has been discussed [10,11,14,18].

High-resolution Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS)
[19] provides mass resolving power (m/Δm50% ≥ 100,000, in which Δm50% denotes mass
spectral peak full width at halfmaximum peak height) sufficient to resolve virtually all of the
overlapped peptide isotopic distributions in such experiments [5-7,10,20-23]. In this paper, we
devise an algorithm that can make those assignments reliable, rapid, and automatic, based on
high-resolution, accurate Fourier transform ion cyclotron resonance mass spectral data. The
present HDX analysis is based on the actual elemental composition of each peptide, and selects
correct deuterated peptide assignments based on consideration of all possible numbers of
deuteriums per peptide. The method also avoids the need to deconvolve isotopic distributions,
and is thus less sensitive to experimental noise.

Experimental
Sample Preparation

Lyophilized horse heart myoglobin was purchased from Sigma Chemicals, St. Louis, MO,
USA. The proteolytic enzyme, pepsin, was purchased as a lyophilized powder from Roche
Molecular Biochemicals, Indianapolis, IN, USA. HPLC grade solvents were purchased from
Fisher Scientific Research, Suwanee, GA, USA. D2O (99.96%) and all other chemicals were
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obtained from Sigma Chemicals. Myoglobin was dissolved in aqueous sodium phosphate
buffer (50 mM, pH 8.0) to give 250 μL stock solution at 80 μM. Pepsin stock solution (~80
μM) was prepared fresh in 0.5% formic acid (pH 2).

Hydrogen/Deuterium Exchange
HDX was followed for 12 exchange periods (0, 30 s, 1, 2, 4, 8, 15, 30 min, 1, 2, 4, and 8 h)
and a blank (no initial dilution with D2O), each with three replicates. The HDX reaction was
initiated by dilution of 5 μL myoglobin stock solution in deuterated phosphate buffer (50 mM,
pH 8.0) to 50 μL. A fully exchanged control was prepared separately by letting myoglobin
solution exchange at 37 °C overnight. H/D exchange was quenched by lowering pH to 2.5, and
protein digestion initiated by addition of an equivalent volume (50 μL) of pepsin stock solution.
Ten μL of the resulting peptide mixture was injected onto an HPLC column before mass
analysis. During HDX incubation and separation, all stock solutions, buffers, HPLC column,
and solvents were kept at a constant temperature of 1 °C.

Automated Data Acquisition
Automated HDX data acquisition has been previously described [9,10,24,25]. Here, a single
head Leap HTS Pal was configured to perform an entire HDX experiment automatically:
sample dilution with D2O (1:10), mixing, H/D exchange (three replicates each for blank, 12
increasing exchange periods, and fully exchanged), quenching, pepsin digestion (2 min at ~1
°C and pH 2.5), HPLC injection, and data acquisition by FT-ICR MS. HDX incubation periods
were interlaced so as to complete the experiment in ~11.5 h, compared with more than 48 h
for serial incubation periods.

HPLC and Mass Spectrometry
Following pepsin digestion, the Leap injected each sample onto a cooled (1 °C) 1 mm × 50
mm Vydac C–8 column for gradient elution, starting 1.5 min after sample injection (A = 95%
H2O, 4.5% acetonitrile, 0.5% formic acid; B = 95% acetonitrile, 4.5% H2O, 0.5% formic acid;
0% B to 95% B in 1.5 min) by use of Shimadzu pumps (Shimadzu LC-10 AD HPLC system,
Shimadzu Corporation, Kyoto, Japan) at 50 μL/min (mainly to remove salt and buffers, with
only slight separation of peptides—a peak capacity of ~8). A 1/100 post-column split was made
to a micro-ESI source interfaced to a 14.5 Tesla FT-ICR mass spectrometer [26] custom-
interfaced to a ThermoFisher LTQ front end [27,28]. Mass spectra were collected from 400 <
m/z < 2000 at high mass resolving power (m/Δm50% = 200,000 at m/z 400), starting 4.5 min
after sample injection.

The total data acquisition period for each sample was 7 min. To reduce space charge variation
(and thus ICR frequency shift) from scan to scan, external ion accumulation was performed in
the linear ion trap with a target ion population of one million charges collected for each FT-
ICR measurement. LTQ-accumulated ions were transferred through three octopole ion guides
to a capacitively coupled [29] closed cylindrical ICR cell for analysis. Typical ion accumulation
period was less than 100 ms during peptide elution and the FT-ICR time domain signal
acquisition period is 767 ms (i.e., a duty cycle of ~1 Hz). Automatic gain control [27] and high
magnetic field provide excellent external calibration mass accuracy (typically less than 500
ppb RMS) [26].

Data Reduction
Data reduction was automated by three stages of software (see below). All three can run
separately, but files generated by the first two are required for the third. Code was written in
Visual Basic (Microsoft Development Environment 203, version 7.1.3088 and Microsoft Net
Framework 1.1, version 1.1, 4322SP). Experimental mass spectral data were collected and
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stored in Xcalibur file format (Xcalibur Data System 2.0 Initial Release, 14 Feb 2005). Raw
Xcalibur files were processed by ActiveX control (Xcaliburfileslib, XDK Xcalibur Files 1.2
type library, version 1.0, ThermoFisher Scientific, San Jose, CA, USA).

Automated Proteolytic Peptide List Formation (Supplementary Figure 1 Flowchart, which can
be found in the electronic version of this article)

This analysis is performed on peptides following peptic digestion of the blank control (i.e., no
deuterium incorporation). The user specifies: LC scan number range during which peptides
elute; m/z range over which peptide signals are expected; peak relative magnitude threshold
limit (as a multiple of rms baseline noise), χ2 threshold cutoff value (for fitting the natural
abundance isotopic envelope to the poly-averagine equivalent); inter-peak spacing tolerance
(typically ±0.003 Da); protein amino acid sequence; and acceptable ppm error tolerance for
amino acid composition assignment. The algorithm identifies monoisotopic m/z and charge
state (from the m/z separation between 12Cc and 13C1 12Cc-1 ions. Peaks with no assigned
charge are removed, as well as multiple entries for the same peptide of the same charge.
Uniquely assigned peptides are then listed, along with their amino acid sequences and number
of exchangeable backbone amide hydrogens.

Automated HDX Experiment Cumulative Peak List File Formation
The flowchart for this step is not shown. This program joins peak lists from all collected scans
into a single cumulative peak list (for further processing), and then calculates the m/z number-
average and magnitude for each identified isotopic multiplet.

Automated Peptide Isotopic Envelope Peak Extraction (Supplementary Figure 2 flowchart)
Here, the user sets a “subwindow” tolerance (i.e., the m/z range within which the various
(unresolved) peaks in the distribution are expected [9,14]. Our “subwindows” are similar in
concept to those used in the software program, “The Deuterator” [14], but they are calculated
differently (see below). The program then compares each spectral peak position to that for the
midrange of the subwindow. The final output is the deuterium incorporation time profile for
each peptide. Standard deviation is computed from the three replicates for each H/D exchange
period.

Results and Discussion
Peptide Identification

The present data reduction scheme relies on two assumptions: (1) monoisotopic m/z and charge
state for each protein-digested peptide are available from the blank control experiment, and
(2) after H/D exchange, the lowest nominal (nearest-integer) mass peak in each peptide isotopic
distribution contains no 13C or 15N atoms. HDX of myoglobin was used to test the automated
HDX system and data analysis. The flow charts for data analysis are shown in Supplementary
Figures 1 and 2. The complete experiment consisted of three replicates each of a blank, a fully
exchanged control, and samples exchanged for each of 12 HDX periods. Thirty-two peptic
fragments of myoglobin (sequence coverage 99%) were identified in each of the blank samples
and tracked during 12 incubation periods. The peptides from each incubation period elute in
~30 scans, resulting in 3 × 14 × 32 × 30 = 40,320 isotopic distributions to be analyzed.
(Although not every isotopic distribution appears in every mass spectrum, the algorithm
doesn’t know that in advance.)

ESI FT-ICR mass spectra showing five myoglobin peptide ions of 910 < m/z < 950 for two
different H/D exchange periods are shown in Figure 1. As expected, each peptide isotopic
distribution (but not those for impurities) broadens (with correspondingly reduced signal-to-
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noise ratio) and shifts to higher mass with increasing H/D exchange period. Two peptide
isotopic distributions may overlap at one HPLC elution period, but not in another, due to
different elution rates for different peptides; as a result, each of the five peptide distributions
shown here overlaps with at least one other for at least one HPLC elution period. We next
address how to deal with such overlaps.

Analysis begins by assignment of each peptide’s monoisotopic mass and charge state for the
blank sample [16,30], for a user-specified range of HPLC scans, m/z window width, abundance
threshold, protein amino acid sequence, and ppm error limits for peptide mass assignment. This
averagine fitting is performed by the original χ2 method [15]. Although other more
sophisticated methods [30] are useful for isotopic envelopes of low S/N ratio (<2), the χ2

method is easier to implement, and we consider only peptide signals of high signal-to-noise
ratio (≥10) anyway, because subsequent H/D exchange will broaden the isotopic distributions
below reliable assignability. We find that a (user-specifiable) χ2 threshold of 0.1 is high enough
to prevent rejection of the assigned charge state due to slight fluctuation of isotopic profile in
different scans, but low enough to exclude possible incorrect charge assignments.

Figure 2, top shows two myoglobin peptic fragment isotopic distributions within 929 < m/z <
938: F138 RNDIAAKYKELGFQG153 (2+), easily distinguished by the sub-window selection
from T70ALGGILKKKGHH EAELKPLAQSHTKHKIPIKY103 (4+) (without accurate mass
measurement it would be difficult to automatically distinguish between multiple peptides or a
single peptide with a complex (e.g., bimodal) deuterium exchange distribution). Moreover, the
tight overlap between the doubly-charged peptide isotopic distribution and that from the
unidentified singly-charged ion signals at m/z 929.5 and 930.5 (Figure 2, bottom) is clearly
resolved (m/Δm50% ≈ 90,000 at one acquisition per second at m/z 930) for unambiguous
assignment. In view of pepsin’s broad cleavage specificity, each peptide mass was compared
to all possible sub-sequences of myoglobin, and assigned to the sub-sequence with closest
match to the experimentally measured mass. If the experimental peptide mass matched more
than one amino acid segment of myoglobin to within the same mass error, then the peptide was
dropped from consideration, leaving 32 of 79 original candidate peptides. Most of the
ambiguous peptides were isomers with the same amino acid composition but different amino
acid sequence. In subsequent work we have implemented tandem MS/MS in the linear trap to
confidently identify more peptides in the blank [31,32].

Counting Incorporated Deuteriums for Each Peptide
Following H/D exchange, the HPLC scans are similarly analyzed for mass and charge state,
and the scan with the highest signal-to-noise ratio for each charge state of each peptide selected
for further analysis. Since deuterium uptake should be the same for different charge states, data
from different charge states serve as a consistency test.

Following H/D exchange, the next question is where to look for each peptide, given that the
isotopic distributions typically shift to higher mass (and cross over each other). For each peptide
(previously identified from the blank mass spectrum), the number of potentially exchangeable
backbone amide hydrogens is one less than the number of amino acids (minus the number of
prolines) in that peptide. Thus, we are certain to find the peptide isotopic distribution
corresponding to somewhere between zero and the maximum number of exchangeable amide
hydrogens. For the doubly-charged myoglobin segment shown in Figure 2 (top), there are 15
potentially exchangeable backbone amide hydrogens, so we need search only over that mass
window (allowing for up to four 13C plus 15Natoms), or an overallmass-to-charge ratio window
from 929 < m/z < 938.5 Da.

The natural-abundance isotopic distribution (in the absence of HDX) of the doubly-charged
myoglobin fragment peptide, F138RNDIAAKYKELGFQG153 (2+), consists of five above-
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threshold nominal mass peaks, corresponding to 0-4 13C plus 15N atoms (peaks a–e in Figure
3, top). After 4 h of H/D exchange, various numbers of hydrogens have been replaced by
deuteriums (Figure 3, bottom). For example, the possible isotopic variants of nominal m/z 933.5
are simulated in Figure 3, top, each with a peak width corresponding to the experimental mass
resolving power of ~100,000, and with assumed equal probability of any number of exchanged
hydrogens. Thus, the five original naturalabundance nominal mass species generate five peaks
of the same nominal mass but with 5–9 deuteriums in place of hydrogens. The calculated (from
the known peptide elemental composition) difference in mass between peaks a and e of Figure
3 (top) is 0.00565 Da, so a safe search range (taking into account the peak width) is twice that
value. However, the peptide is doubly charged, so the search width becomes m/z 0.00565 (about
3-fold narrower than for Orbitrap data [14], due to higher resolving power and mass accuracy).
Thus, each nominal mass peak of each peptide has a uniquely defined sub-window width and
position based on the peptide elemental composition, charge state, and number of amide
hydrogens. We have now established how to find the peptide masses after H/D exchange:
somewhere in an overall window between zero and maximum number of exchanged amide
backbone hydrogens, further narrowed to a series of sub-windows computed as in Figure 3,
top.

The next step is to determine the most probable number of exchanged hydrogens within each
of the “sub-windows” just defined. Even at high mass resolving power, the individual peaks
in a given “subwindow” (see Figure 3, top) are not resolved. Furthermore, the deuterium
incorporation distribution is not known in advance. Therefore, the simplest approximation is
to compute the midpoint between minimum and maximum number of exchanged hydrogens
for each sub-window, and assign the correct peptide as the one whose (unresolved)
experimental mass most closely matches the sub-window midpoint for that peptide. Mass
measurement accuracy is essential. Achieving high measurement accuracy (to within <500 ppb
rms) depends on controlling the ion number delivered to the ICR cell. By delivering ~1 million
ions from the external ion accumulator for each scan, we are able to maximize mass
measurement accuracy by optimization of signal-to-noise ratio and minimization of Coulomb-
induced ion cyclotron frequency shift variation.

For example, Figure 4 shows isotopic distributions for 5+ (top) and 6+ (bottom) fragment
peptides following 30 min of H/D exchange. In each case, the isotopic distribution of the stated
peptide (blue in the top spectrum and red in the bottom spectrum) overlaps that of another
peptide (black in both cases). However, the correct 5+ peptide (blue in Figure 4, top) matches
its corresponding sub-window midpoint mass to within 2.0 mDa, and thus may be distinguished
from the other peptide (3.7 mDa away from the sub-window midpoint). Similarly, the correct
6+ peptide (red in Figure 4, bottom) matches its sub-window midpoint mass more closely (1.3
mDa) than the other (black) peptide (4.4 mDa). Because all of the above comparisons involve
peaks that are at least partially resolved, the process can be programmed and thus automated.

As noted above, the number of incorporated deuteriums is calculated separately for each charge
state of each peptide. For a given HDX incubation period, the algorithm normally chooses the
scan with the highest magnitude signal for a given charge state of a given peptide. However,
if a particular mass spectrum fails to yield a good result (i.e., mass measurement error for the
monoisotopic peak exceeds a specified threshold) for the most abundant charge state, that data
can be replaced by that for another charge state and/or from a different scan, if necessary.

Validation
If the automated assignments of peptide identity are correct, the mass measurement error should
be limited only by the mass resolution, the signal-to-noise ratio, and the number of data points
per peak width [33,34]. For example, 337 monoisotopic (no 13C or 15N) ion signals were
detected throughout the complete HDX experiment (i.e., all HDX incubation periods and all
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HPLC scans) for the myoglobin fragment peptide, F138RNDIAAKYKELGFQG153 (2+), and
the assignment errors were less than 0.5 mDa for 110 of the 337 peaks. Larger differences
correspond to scans with low signal-to-noise ratio sampled near the beginning and end of the
elution profile for that peptide. However, because the reported values for deuterium
incorporation are based only on the highest signal-to-noise scans, the assignments all gave <0.5
mDa error and are thus highly reliable, even when interferant peaks were present.

Because of the wide range in HDX exchange rate constants for a given peptide, the deuterium
uptake curve is visualized by plotting deuterium uptake versus log(HDX incubation period)
(Figure 5) for two myoglobin peptides with the same charge state and similar length and number
of exchangeable hydrogens. The data are corrected for back-exchange [35], and mapped
(separately from the automated analysis) onto the threedimensional structure of myoglobin as
by Lanman et al. [7] for HIV-1 capsid protein. The average peptide fractional back exchange
was 0.422 (42.2%), and the average peptide fractional forward exchange was 0.134 (13.4%).
Nevertheless, we were still able to make good correspondence between HDX data and
myoglobin conformation. (Since the original submission of this paper, we have been able to
reduce back-exchange by ~25%, by use of a ProZap C18 column (Grace Davidson, Deerfield,
IL, USA), 2.1 mm × 10 mm, 1.5 μm particle size, 500 Å pore size), with wide inside diameter,
short length, small particle size, and big pore size [36].)

The deuterium uptake profile for the peptide F138RNDIAAKYKELGFQG153 (3+) is similar
to that for its doubly charged form. This peptide is near the C-terminus of myoglobin with its
last four amide hydrogens in an unstructured region and relatively exposed to interaction with
solvent. The deuterium uptake profile reveals fast exchange for five hydrogens, medium
exchange rate for another four, and much slower exchange for the remaining six amide
hydrogens located in a partially shielded α helix. By comparison, the peptide
L69TALGGILKKKGHHEAE85 (3+) has just one short u-turn between two α helices in a more
protected area of myoglobin structure, resulting in two amide hydrogens of medium exchange
rate and very slow exchange for the remaining 14 protected amide hydrogens.

Conclusion
The present automated data analysis program (further described in the algorithm flow charts
of Supplementary Figures 1 and 2) and interpreted the entire myoglobin HDX dataset (40,320
isotopic distributions) in ~1.5 h, a vast improvement over manual interpretation. Errors in data
analysis are also reduced. Moreover, the data can be quickly re-analyzed with different input
parameters (e.g., different S/N threshold). The algorithm takes full advantage of high mass
resolution in analyzing H/D exchange experiments (Figure 3, top), and uses a novel method to
calculate a sub-window with unique position and width for each nominal m/z of each peptide.
In summary, the analysis program permits much greater speed, reliability, and flexibility for
analysis of HDX mass spectral data and, thus, promises to extend significantly the range of
applications of the HDX method. Since the original submission of this manuscript, the present
automated HDX data reduction has been applied successfully to the analysis of the basis for
inhibition of KIT kinase and its mutants by imatinib and sunitinib, agents for treatment of
gastrointestinal stromal tumors [31], and to the elucidation of an allosteric signal transduction
pathway for α-isopropylmalate synthase, target for anti-tuberculosis drugs, triggered by its
feedback inhibitor L-leucine [37].

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
ESI FT-ICR mass spectra, showing five myoglobin peptide ions 910 < m/z < 950. Top: blank
control experiment (no exposure to D2O). Peaks a–d for F138RNDIAAKYKELGFQG153 (2+
charge state) represent the natural abundance isotopic distribution (a = monoisotopic, and b–
d contain 1–3 13C plus 15N atoms. Bottom: same display, but for peptides isolated after 2 min
of H/D exchange.

Kazazic et al. Page 11

J Am Soc Mass Spectrom. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Resolution and identification of pepsin-digested myoglobin peptides in the absence of H/D
exchange. Top: mass spectrum showing resolution of the isotopic distributions of a doubly
charged target peptide (a, b, c, d) from another quadruply-charged peptide (filled circle).
Bottom: resolution of the overlapped isotopic distributions of the same doubly charged target
peptide (a, b, c, d) and an interferant singly-charged molecule (asterisk).
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Figure 3.
Bottom: ESI FT-ICR mass spectral segment showing the isotopic distribution for a
doublycharged pepsin-digested myoglobin fragment peptide. Top: simulated (heavy lines) and
experimental (thin line) spectra for the mass sub-window spanning unit m/z range. The outer
pair of dotted vertical lines in the top diagram define the width of the m/z “sub-window” for
peak searching (see text).
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Figure 4.
ESI FT-ICR mass spectra of a 5+ (top) and 6+ (bottom) pepsin-digested myoglobin peptide
fragments. In each case, the target peptide (top inset, blue; bottom inset, red) is selected over
an interferant peptide (black in each inset) based on closer match to the sub-window midpoint
for that nominal mass (see text).
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Figure 5.
Deuterium uptake profiles for each of two triplycharged similar-length peptides produced by
pepsin digestion of myoglobin. The HDX analysis is consistent with the surface accessibility
of each peptide segment (see text).
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