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The skeletal-type ryanodine receptor (RyR1) under-
goes covalent adduction by nitric oxide (NO), redox-
induced shifts in cation regulation, and non-covalent
interactions driven by the transmembrane redox poten-
tial that enable redox sensing. Tight redox regulation of
RyR1 is thought to be primarily mediated through
highly reactive (hyperreactive) cysteines. Of the 100 cys-
teines per subunit of RyR1, �25–50 are reduced, with
6–8 considered hyperreactive. Thus far, only Cys-3635,
which undergoes selective adduction by NO, has been
identified. In this report, RyR1-enriched junctional sar-
coplasmic reticulum is labeled with 7-diethylamino-3-
(4�-maleimidylphenyl)-4-methylcoumarin (CPM, 1
pmol/�g of protein) in the presence of 10 mM Mg2�, con-
ditions previously shown to selectively label hyperreac-
tive sulfhydryls and eliminate redox sensing. The CPM-
adducted RyR1 is separated by gel electrophoresis and
subjected to in-gel tryptic digestion. Isolation of CPM-
adducted peptides is achieved by analytical and micro-
bore high-performance liquid chromatography utilizing
fluorescence and UV detection. Subsequent analysis us-
ing two direct and one tandem mass spectrometry meth-
ods results in peptide masses and sequence data that,
compared with the known primary sequence of RyR1,
enable unequivocal identification of CPM-adducted cys-
teines. This work is the first to directly identify seven
hyperreactive cysteines: 1040, 1303, 2436, 2565, 2606,
2611, and 3635 of RyR1. In addition to Cys-3635, the
nitrosylation site, six additional cysteines may contrib-
ute toward redox regulation of the RyR1 complex.

Redox modulation of proteins and ion channels through crit-
ical cysteines is thought to underlie the regulation of many
intracellular signaling pathways. Initial studies of redox in
biological systems focused on correlations of oxidative stress to
the gross pathology of stroke (1, 2), atherosclerosis (3), and
aging and neurodegeneration (4, 5). However, the study of
redox has grown to include discrete and reversible regulation of
cell physiology, often through high affinity signaling molecules
such as H2O2 and NO (6). In biological systems, NO is broadly
used for signaling by binding to specific cysteine sulfhydryls on
target proteins. The high reactivity of NO toward protein sulf-

hydryls and heme groups may severely limit its free diffusion
in biological systems, thus requiring a NO translocation and
delivery system mediated by critical (reactive) protein sulfhy-
dryls (7, 8). Examples of the many proteins NO is known to
modulate include guanylate cyclase (9, 10), a Ca2�-dependent
potassium channel (11), N-methyl-D-aspartate receptors (12,
13), and ryanodine receptors (RyRs)1 (14, 15).

The skeletal type RyR (RyR1) is a large (2.3-MDa) homotet-
rameric Ca2� release channel of the sarcoplasmic reticulum
that is subject to tight, multifaceted redox regulation, including
oxidative activation and inhibition (16–19), subunit coordina-
tion (20), pO2-dependent NO activation, possibly through re-
duced calmodulin inhibition (14), and transmembrane redox
sensing capabilities (21–23). Additionally, Ca2� release and
single channel experiments suggest that oxidation, S-nitrosyl-
ation, and S-glutathionylation alter RyR1 sensitivity to Ca2�

and Mg2� (24–26). All of these redox interactions are thought
to be mediated by cysteines, of which there are 100 per mono-
mer of RyR1. It is thought that �25–50 of these cysteines are
free and, based on reactivity, are commonly segregated into
three to four classes (27–29). Of these, Cys-3635 has been
shown to be selectively nitrosylated (15); whereas additional,
yet unidentified cysteines are involved in redox regulation of
the channel complex.

Biochemical evidence using the fluorogenic sulfhydryl probe
7-diethylamino-3-(4�-maleimidylphenyl)-4-methylcoumarin
(CPM) to label junctional sarcoplasmic reticulum (JSR) prepa-
rations (0.1–1.0 pmol of CPM/�g of JSR protein) indicate, based
on the labeling kinetics and pattern of proteins adducted, that
RyR1 contains a group or class of hyperreactive sulfhydryls
that are conformationally sensitive and exhibit the greatest
reactivity in the closed state of the channel (30, 31). Additional
biochemical and biophysical techniques indicate that this
group of six to eight hyperreactive or critical cysteines bestow
sensitivity to oxygen tension that is important in NO binding of
Cys-3635 (14, 15, 29), determine RyR1 responsiveness to chan-
nel modulators (32), and confer the transmembrane redox sens-
ing ability (21). The reversibility of RyR1 activation by redox
potential changes and physiological levels of NO implies a
delicate intracellular redox signaling mechanism. These func-
tional data illustrate the critical role hyperreactive sulfhydryls
play in redox regulation of RyR1; however, aside from the
NO and calmodulin binding site of Cys-3635, the identity of
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the additional hyperreactive or critical cysteines remains
uncertain.

This report identifies the hyperreactive sulfhydryls of RyR1
via post-translational modification with CPM and a mass spec-
trometric methodology. Labeling of JSR vesicles is performed
with discriminating concentrations of CPM under conditions
favoring RyR1 channel closure, which has been previously
shown to specifically label hyperreactive cysteines within the
channel complex and selectively eliminate its redox sensing
capabilities (21, 30, 31, 33). Subsequent to this labeling reac-
tion, the CPM-adducted RyR1 is subjected to tryptic digestion,
sequential HPLC steps, and two methods of mass spectrome-
try. This methodology yields RyR1 sequence data and exact
peptide masses corresponding to calculated CPM and hydro-
lyzed-CPM-adducted molecular masses, enabling the identifi-
cation of 7 CPM-adducted cysteines of RyR1, including the NO
binding site of Cys-3635. This work provides the first structural
elucidation of most, and possibly all hyperreactive sulfhydryls
of RyR1 that may regulate channel activity in response to
changes in the local redox environment. A method is outlined
that may have general applicability for identification of critical
cysteines within redox-regulated proteins.

EXPERIMENTAL PROCEDURES

Materials—For sulfhydryl labeling, KCl and MOPS (�99.5%) were
obtained from Sigma-Aldrich, MgCl2�6H2O from EM Scientific (Gibbs-
town, NJ), and CPM from Molecular Probes (Eugene, OR). JSR mem-
brane preparation, CPM labeling, and electrophoresis were performed
using NANOpure water from a Barnstead International purifier (model
D4751, Dubuque, IA). Solvents for tryptic digestion and HPLC were
High Purity Solvents from Burdick and Jackson (Muskegon, MI). Am-
monium acetate (HPLC grade) and trifluoroacetic acid (protein se-
quence analysis grade) used in HPLC mobile phases were obtained from
Fluka BioChemika (Bucks SG, Switzerland). Ultra Smooth Polypro-
pylene or Low Retention Microcentrifuge Tubes (0.65 or 1.5 ml, Island
Scientific, Bainbridge Island, WA) were used during tryptic digestion
and manual collection of HPLC fractions. Concentrations during in-gel
digestion and of HPLC fractions were performed using an SVC-200H
Savant SpeedVac concentrator system (GMI, Inc., Albertville, MN).
Electrophoresis gels were cast with 30% Duracryl (Genomic Solutions,
Ann Arbor, MI). Protein assays were based on the method described in
Lowry et al. (34).

Membrane Preparation—JSR was isolated from male New Zealand
White rabbit fast-twitch skeletal muscle using the method previously
described in Saito et al. (35).

CPM Labeling of JSR—CPM was prepared and used as described in
Liu et al. (30). The labeling of the most reactive cysteines present in JSR
was performed as previously described, with solutions degassed under
vacuum. JSR vesicles were incubated while continuously stirring in
RyR closed buffer (100 mM KCl, 20 mM MOPS, and 10 mM MgCl2, pH
7.4) and 1 �g/ml leupeptin from Sigma-Aldrich at 37 °C for 3–5 min
prior to addition of CPM (1 pmol/�g of JSR protein) to a final volume of
25 ml. The reaction proceeded for 1 min before being placed on ice, a
time previously shown under closed conditions to complete the reaction
(30). CPM-labeled JSR was pelleted at 146,000 � g (raverage) and 4 °C for
3 h using a Ti-50.2 rotor (Beckman) and resuspended in RyR closed
buffer.

Gel Electrophoresis—Ensuing protein denaturation in Laemmli
Sample Buffer from Bio-Rad Laboratories (Hercules, CA) at 37 °C for
1 h, CPM-RyR1 was isolated from labeled JSR vesicles using SDS-
PAGE in large format gels (20 � 20 � 0.1 cm) under constant 25 mA.
The resolving gel (pH 8.8) consisted of a two-phase composition, the
bottom 60% consisting of 10% acrylamide and the top 40% consisting of
3–10%; a 10-well 3% stacking gel (pH 6.8) was also used.

CPM-RyR Digestion—In-gel tryptic digestion procedures were based
on methods described in Shevchenko et al. (36) and Wilm et al. (37).
CPM-labeled RyR1 excised from each SDS-PAGE gel was washed thor-
oughly four times (15 min each) with water, diced into approximately
1-mm squares, and dried via the SpeedVac in 1.5-ml microcentrifuge
tubes (3–6 tubes). Gel pieces were subsequently reduced with 10 mM

dithiothreitol in 100 mM NH4HCO3 (pH 8, 55 °C) for 1 h and alkylated
with 55 mM iodoacetamide in 100 mM NH4HCO3 for 45 min in the dark
at room temperature. Gel pieces were washed with 100 mM NH4HCO3

and partially dehydrated with acetonitrile before complete dehydration

via SpeedVac. Finally, the CPM-RyR1 was digested in 50% NH4HCO3,
pH 7.8–8.0, containing sequence grade TPCK-modified trypsin (catalog
no. V5111, Promega, Madison, WI) at a final concentration range of 10
to 25 ng/�l (37 °C) for 24 h. Peptides were extracted once each with 0.1%
trifluoroacetic acid and then 5% formic acid-acetonitrile (50:50). The
digested CPM-RyR1 from each gel was then combined and concentrated
by SpeedVac to 100 �l for analytical HPLC analysis.

Sequential HPLC—Initial separation of tryptic digested CPM-la-
beled RyR was performed using a Vydac (catalog no. 218TP52, Hespe-
ria, CA) analytical C-18 reverse phase HPLC column (2.1-mm inner
diameter � 25-cm length) on a Waters 600 system (Milford, MA).
Separations were performed at 0.5 ml/min using mobile phases A (25
mM ammonium acetate in 10% acetonitrile) and B (22.5 mM ammonium
acetate in 80% acetonitrile) with initial conditions of 83% A and 17% B
that changed linearly to 70% A and 30% B over 80 min, then to 100% B
over 10 min. Separation was completed with 100% B for 10 min. The
eluant was monitored with a variable wavelength Hewlett-Packard
(Palo Alto, CA) 1100 UV detector monitoring absorbance at UV 214 nm
for peptide detection and a Shimadzu (Kyoto, Japan) 535 fluorescence
detector with a standard flow cell (12 �l) monitoring emission at 469 nm
from excitation at 384 nm for detection of CPM-adducted peptides.

Fluorescence fractions from analytical HPLC were subjected to ad-
ditional separation using a Vydac (catalog no. 218TP51) microbore C-18
reverse phase HPLC column (1.0-mm inner diameter � 25-cm length)
with an ABI model 140B Solvent Delivery System. Separations were
performed at 80 �l/min using mobile phase A (0.1% trifluoroacetic acid)
and B (0.085% trifluoroacetic acid in 70% acetonitrile) with an initial
condition of 95% A that decreased linearly to 65% over 10 min, then to
40% over 50 min, and then to 5% over 10 min. Separation was com-
pleted with 5% A for 5 min. Samples were loaded in multiple injections
under the initial conditions, and the signal was allowed to return to
baseline before onset of the run. A dual detection system was again
employed, using an ABI model 785A Programmable Absorbance Detec-
tor monitoring absorbance at UV 214 nm for peptide detection and a
Shimadzu (Kyoto, Japan) 535 fluorescence detector with a 2-�l semi-
micro flow cell (catalog no. 20662817) monitoring emission at 469 nm
from excitation at 384 nm for detection of CPM-adducted peptides.

Mass Spectrometry—Samples were analyzed in a matrix-assisted
laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrom-
eter (Biflex III, Bruker Daltonics, Bremen, Germany) and in a quadru-
pole orthogonal time-of-flight mass spectrometer with QqT geometry,
where Q is the quadrupole analyzer, q is the RF-only quadrupole, and T
is the time-of-flight analyzer (QSTAR, Applied Biosystems, Foster City,
CA) for direct electrospray MS (ESI) and tandem ESI (ESI MS/MS)
experiments. In both cases the spectra were generated in positive ion
mode.

The MALDI-TOF instrument was equipped with a nitrogen laser
operating at an output of 337.1 nm with a pulse width of 3 ns and a
repetition rate of 6 Hz. The instrument was operated in reflector mode,
19.3-kV acceleration potential, 20.0-kV reflector potential, 2- to 4-ns
time base, and 10- to 30-ms delay. The output signal of the detector was
digitized at a sampling rate of 500 MHz/channel using a 1-GHz Lecroy
digitizer. A camera mounted on a microscope allowed inspection of the
sample crystallization. The crystals on the target were sampled ran-
domly, with major coverage of the spot. External calibration was per-
formed with angiotensin II (Sigma, A9525) and somatostatin 28 (Sigma,
S6135) with molecular masses according to the (M�H)� ions at m/z
1046.53 Da (angiotensin II, monoisotopic mass), m/z 3147.47 Da (soma-
tostatin 28, monoisotopic mass). For analysis, first a 0.5-�l matrix
solution, �-cyano-4-hydroxycinnamic acid (Hewlett Packard, part num-
ber G2054-85010) then 0.5 �l of the sample (protein digest) were spot-
ted onto the stainless steel tip and allowed to dry at room temperature.

The quadrupole orthogonal time-of-flight mass spectrometer was
controlled by Analyst-QS version 1.0 software with Service Pack 3
installed. This instrument was equipped with a nano-spray ionization
source (Protana, Odense, Denmark). Voltage on the Protana “medium”
capillary tips was 900 V. External two-point calibration was performed
using the singly charged ions of CsI and a peptide with nominal mass of
828.5 Da. Mass accuracy was typically better than 10 ppm, and reso-
lution was typically better than 7000 full-width half-maximum. The
flow rate of the nanospray source was �25–50 nl/min. Nitrogen was
employed as the curtain gas at 25 arbitrary units. The orifice voltage
was set at 80 V for all samples, whereas the focusing ring was set to 250
V and the skimmer was kept at 30 V. The TOF analyzer was set to
acquire spectra at a rate of 7 kHz over the mass range 100–3000 Da.
The resultant spectra are the averages of 100–300 consecutive spectra.

MS Data Analysis—The generated mass spectral data were trans-
formed into ASCI format for analysis using MassLynx 4.0 software,
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including the MaxEnt module for signal reconstruction (Waters/Micro-
mass, Manchester, UK). Theoretical masses for 0, 1, 2, and 3 positively
charged peptides from full tryptic digestion of RyR1 were generated
using the MassLynx 4.0 protein peptide editor module. Additional pep-
tide masses were calculated for all cysteine containing peptides based
on adduction by the 402.16-Da CPM and 420.17-Da hydrolyzed-CPM
(see Fig. 1A). For peptides containing two cysteine residues, CPM
modifications are assumed identical. Additionally, peptides with one
uncleaved Arg or Lys were allowed (first order incompletion). The mass
calculations for unmodified RyR1 peptides containing cysteines and all
modified RyR1 peptides were merged into one Microsoft Excel data base
used to screen masses generated by MS. Peptide sequence information
obtained from MS/MS experiments facilitates the data base mass com-
parisons and was used whenever possible. A detailed description of the
data base generation and the data base, are given in the Supplemental
Material.

RESULTS

CPM Labeling, SDS-PAGE, and In-gel Tryptic Digestion—A
schematic illustrating the identification procedure is included
in Fig. 1B. The paramount first step in the identification of
RyR1 hyperreactive sulfhydryls is their specific labeling by
CPM under physiologically relevant, well characterized condi-
tions. To achieve this, RyR1 hyperreactive sulfhydryls were
labeled as described under “Experimental Procedures” using
discriminating amounts of CPM to label JSR (1 pmol of
CPM/�g of protein), a membrane fraction containing proteins,
and cellular components necessary for normal RyR1 function.
The CPM labeling of JSR was performed 24 times over a period
of 2 days, yielding �15 mg of CPM-labeled JSR protein. At 1
pmol of CPM/�g of protein, the JSR used in this procedure
produced CPM labeling rate constants under RyR1 open (20 �M

Ca2�) and closed (10 mM Mg2�) of 0.00156 � 0.00003 and

0.04469 � 0.00016 s�1, respectively. The significantly faster
rate of thioether adduct formation under channel-closed condi-
tions was consistent with previously reported results (30, 31).
Additionally, CPM labeling of JSR under the RyR1 closed con-
ditions used in this procedure has been previously shown to
selectively eliminate RyR1 redox sensing (21) through specific
binding of hyperreactive sulfhydryls (30, 31, 33).

Size separation of CPM-RyR1 thioether adducts from the
other JSR proteins was achieved using SDS-PAGE (a total of
nine gels). A representative gel image illustrating the CPM
fluorescence pattern is shown in Fig. 2, which is consistent with
previously reported results (30, 31). The additional fluorescent
bands are currently under a similar investigation. In addition
to providing clean separation of the CPM-RyR1 adducts, SDS-
PAGE provides an excellent medium for full tryptic digestion,
which generally yields doubly charged cationic peptides that
are highly amenable to MS sequencing. Digested peptides were
extracted from the gel matrix, frozen with liquid N2, and stored
at �80 °C until separated by analytical HPLC. Successful tryp-
tic digestion was verified in subsequent HPLC profiles.

HPLC Separations—A monomer of RyR1 (5037 amino acids)
generates 505 predicted tryptic cleavage products that can be
separated using sequential steps of analytical and microbore
HPLC. For each large format gel (nine total), the digested RyR1
peptides were subjected to C-18 reverse phase analytical
HPLC. Fluorescence detection of CPM-adducted peptides using
384-nm excitation and 469-nm emission wavelengths gener-
ated a similar pattern for all nine analytical HPLC separations;
a representative chromatogram is included in Fig. 3A. Each
analytical HPLC chromatogram contained seven to eight dom-
inant fluorescence peaks that were combined and concentrated
into groups A, B, and C based on retention times: group A
containing two to three peaks and eluting from 23 to 31 min,
group B containing one peak eluting from 31 to 38 min, and
group C containing three to four peaks eluting from 49 to 64
min (Fig. 3A). Several smaller fluorescence peaks were rou-
tinely observed between groups B and C (44–48 min), which
were not analyzed due to their relatively low intensity and
variable profile. Of the total fluorescence signal, groups A, B,
and C represent 60–70%, with the variable peaks between
groups B and C contributing �10%. Minor peaks and a slightly
increasing baseline constitute the remaining fluorescence
signal.

To achieve greater resolution of the CPM-adducted RyR1
peptides, a microbore HPLC separation was performed on the
pooled and concentrated analytical HPLC groups, monitoring
fluorescence and UV absorbance. A representative chromato-
gram of group C in Fig. 3B illustrates improved, but incomplete
resolution of the fluorescence peaks. Complete resolution of
individual CPM-adducted RyR1 peptides occurred in subse-
quent MS analysis. One microbore separation was performed

FIG. 1. Chemistry of CPM adduct formation and procedural
outline for identification of CPM adducts. A, chemical reaction
illustrating CPM forming a Michael adduct with a protein sulfhydryl
and undergoing a subsequent hydrolysis of the chromen ring. B, a
schematic outlining the mass spectrometric methodology to identify
CPM-adducted sulfhydryls of RyR1.

FIG. 2. Fluorescent profile of SDS-PAGE. A fluorescence image of
a representative SDS-PAGE separation of CPM-labeled JSR, with
CPM-labeled RyR1 representing the lowest mobility band that was
subsequently excised for in-gel tryptic digestion.
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on Group B, whereas two were performed on groups A and C.
The second group C chromatogram is included in Fig. 3B. To
possibly facilitate MS ionization, each fluorescent microbore
fraction was partially hydrolyzed in 1% formic acid for 1 week
under the storage conditions of 4 °C. Prior to MS analysis,
samples were concentrated via SpeedVac to �10 �l, and ace-
tonitrile was added to improve spray ionization efficiency.

Mass Spectrometry—To identify the specific cysteines ad-
ducted by CPM, the fluorescence eluant from microbore HPLC
was subjected to MS analysis using two methods, direct
MALDI-TOF MS (MALDI) and ESI MS/MS (ESI). Both provide
accurate peptide mass determinations with mass accuracies of
50 ppm for MALDI and better than 10 ppm for ESI. The ESI
was the primary choice due to the higher mass accuracy and
sequencing capabilities. Analysis of all fluorescent microbore
eluants required 12 MALDI, 11 direct ESI, and 67 ESI product
ion MS experiments. The charge state of the ions measured by
MS are denoted by (M�nH)n�, where n is the charge of the ion
due to the addition of protons. In total, 7 CPM-adducted cys-
teines were identified from 6 digested peptides (one containing
two cysteines), summarized in Table I and outlined as follows:
1) Cys-3635 (peptide 3631–3637) adducted by hydrolyzed-CPM
was found in three microbore HPLC fractions of group C based
on the theoretical peptide mass of (M�H)� 1185.58 Da and
MS/MS sequence identification. The peptide fragment was
found in MALDI as a high intensity signal at (M�H)� 1185.71
Da (Fig. 4A) and in direct ESI by a low intensity signal at
(M�2H)2� 593.24 Da that corresponds to the predicted value of
(M�H)� 1185.58 Da (Fig. 4B). This ion was selected for ESI
MS/MS analysis and produced a fragmentation pattern indi-
cating CPM adduction of peptide 3631–3637 (Fig. 4C). 2) Cys-
1303 (peptide 1303–1324) adducted by CPM and hydrolyzed-
CPM was found in microbore HPLC fractions of group C (two
fractions) and B (one fraction), respectively. Identification was
based on the theoretical peptide masses of (M�H)� 2564.21 Da
(CPM adduct) and (M�H)� 2582.22 Da (hydrolyzed-CPM ad-
duct) and achieved through MALDI, ESI, and ESI MS/MS. For
the group B fraction, Fig. 4D illustrates the MALDI spectrum

with a low intensity signal at (M�H)� 2582.26 Da. In Fig. 4E,
the direct ESI spectrum contains low intensity signals at
(M�3H)3� 861.44 Da and (M�4H)4� 646.32 Da that corre-
spond to the predicted value of (M�H)� 2582.22 Da. The ESI
MS/MS spectrum of the (M�3H)3� 861.44-Da peptide yields a
fragmentation pattern that indicates peptide 1303–1324 ad-
ducted by hydrolyzed-CPM (Fig. 4F). For microbore HPLC
group C, the MALDI spectra do not contain useful information
about this peptide due to low ionization efficiency and/or con-
centration. However, a direct ESI experiment produces a
strong signal at (M�3H)3� 855.40 Da that corresponds to the
predicted value of (M�H)� 2564.21 Da for CPM-adducted pep-
tide 1303–1324 (Supplemental Fig. 1). ESI MS/MS analysis of
this triply charged ion produced a fragmentation pattern fur-
ther indicating CPM adduction of Cys-1303 in the 1303–1324
peptide (Supplemental Fig. 2). 3) Cys-2565 (peptide 2565–
2575) adducted by CPM was detected in one microbore HPLC
fraction of group C based on the theoretical peptide mass of
(M�H)� 1603.74 Da and MS/MS sequence identification. The
MALDI spectrum in Fig. 4A illustrates a high intensity signal
corresponding to (M�H)� 1604.09 Da. In Fig 4B, direct ESI
reveals strong signals at (M�2H)2� 802.40 Da and (M�3H)3�

534.91 Da, respectively. ESI MS/MS analysis of the (M�3H)3�

534.91 Da peptide illustrates a fragmentation pattern that
matches the theoretical decomposition for peptide 2565–2575
(Supplemental Fig. 3). 4) Cys-2606 and Cys-2611 (peptide
2598–2612) with both cysteines adducted by hydrolyzed-CPM
was detected in one microbore HPLC fractions of group A based
on the theoretical peptide mass of (M�H)� 2576.17 Da. The
fraction yielded a MALDI spectrum with a low intensity peak
at (M�H)� 2576.30 Da, corresponding to the predicted
(M�H)� 2576.17 Da for hydrolyzed-CPM adduction of Cys-
2606 and Cys-2611 (Supplemental Fig. 4). A direct ESI spec-
trum transformed to show the single charge state and reduce
the noise illustrates an intense signal at (M�H)� 2576.21 Da,
corresponding to the predicted (M�H)� 2576.17 Da (Supple-
mental Fig. 5). 5) Cys-1040 (peptide 1037–1044) adducted by
hydrolyzed-CPM was detected in two microbore HPLC frac-
tions of group A based on the theoretical peptide mass of
(M�H)� 1311.60 Da. Each fraction yielded a separate MALDI
spectrum, one indicating a strong signal at (M�H)� 1311.47
Da (Supplemental Fig. 6) and the other a strong signal at
(M�H)� 1311.60 Da (Supplemental Fig. 7). 6) Cys-2436 (pep-
tide 2436–2447) adducted by CPM was detected in one micro-
bore HPLC fraction of group B based on the theoretical peptide
mass of (M�H)� 1699.80 Da. A direct ESI spectrum trans-
formed to the single charge state illustrates a strong signal at
(M�H)� 1699.99 Da (Supplemental Fig. 8).

These cysteines represent high probability matches to theo-
retical predictions of CPM- or hydrolyzed-CPM-adducted pep-
tides of RyR1. To further ensure proper identification, the
obtained masses are also screened against theoretical digests of
unlabeled RyR1 and the TPCK-modified porcine trypsin
(Swiss-Prot P00761, with lysines methylated) used for diges-
tion. The peptide masses obtained do not match any of these
theoretical digests masses. Cysteines identified with the high-
est probability are 1303, 2565, and 3635, which are detected by
MALDI, direct ESI, and ESI MS/MS. Cysteines 2606 and 2611
also represent high probability matches being identified by
both MALDI and direct ESI. Although still with high probabil-
ity, cysteines 1040 and 2436 are identified by MALDI and
direct ESI, respectively.

Two additional cysteines were also tentatively identified.
Direct ESI transformed to the single charge state detected
what appears to be two overlapping signals yielding a mass
(M�H)� of 2139.29 Da (Supplemental Fig. 9), closely matching

FIG. 3. Sequential reverse phase HPLC separation of CPM-
adducted RyR1 tryptic peptides. Representative analytical (A) and
microbore (B) HPLC chromatograms illustrating the fluorescence due
to CPM (solid line) and absorbance at 214 nm for analytical and 210 nm
for microbore (dashed line) HPLC.
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the predicted peptide mass of (M�H)� 2138.96 Da for CPM
adducted Cys-120 in peptide 116–130. Similarly, ESI also de-
tected another set of overlapping signals indicating a mass of
(M�H)� 2334.46 Da (Supplemental Fig. 10), possibly corre-
sponding to the predicted mass of (M�H)� 2335.19 Da for
CPM-adducted Cys-3193 in peptide 3180–3196. These ob-
tained masses do not match theoretical peptide masses from
tryptic digestion of unmodified RyR1 or self-digestion of TPCK
modified trypsin. However, these cysteines are presented with
a caveat due to mass ambiguity and that neither MALDI nor
ESI MS/MS analysis supported the identifications.

DISCUSSION

Several lines of biochemical and biophysical evidence indi-
cate the central role 6–8 critical or hyperreactive sulfhydryls of
RyR1 play in conferring channel sensitivity to modulators and
in sensing O2 tension and transmembrane redox potentials (14,
21, 25, 26). Identification of Cys-3635 as the only sulfhydryl
adducted by NO under physiological conditions is heretofore
the only structural information regarding the hyperreactive
sulfhydryls of RyR1 (15). The scarcity of structural information
likely results from difficulties in isolating and digesting the
large (�2.3 MDa tetramer), membrane-bound RyR1, which
contains 100 cysteines per monomer. In addition, specific la-
beling of hyperreactive sulfhydryls requires fully functional
RyR1, conditions that include discriminating, undisruptive
concentrations of labeling reagent and a membrane fraction
containing the numerous RyR1 accessory proteins. This work
uncovers the primary sequence location of seven hyperreactive
sulfhydryls that may be involved in conferring redox-sensing
properties to the RyR1 channel complex and describes the mass
spectrometric methodology based on post-translational modifi-
cation employed in the identification.

Initial challenges in identifying the hyperreactive sulfhy-
dryls include labeling RyR1 in a physiologically relevant envi-
ronment containing the necessary accessory proteins and sub-
sequently isolating the CPM-RyR1 from this milieu. Adherence
to conditions previously described in the initial detection of
hyperreactive sulfhydryls (30, 31) and the characterization of
the transmembrane redox sensor (21) ensure the specific CPM
labeling of redox-sensitive sulfhydryls. Isolation of CPM-RyR1
monomers is achieved using multiple large format SDS-PAGE,
all yielding a similar fluorescent labeling pattern that is con-
sistent with profiles generated in the initial detection of RyR1
hyperreactive sulfhydryls (30, 31), indicating successful label-

ing and repeatability of the SDS-PAGE separation. The lowest
mobility fluorescence band from SDS-PAGE is excised, and the
final peptide mass and sequence information confirm the exci-
sion of only RyR1.

SDS-PAGE also provides a good medium for full tryptic
digestion of the CPM-RyR1, generating numerous peptides
that are separated using sequential analytical and microbore
HPLC. Tryptic digestion, a well documented method (36, 37),
generates doubly charged cationic peptides, which generally
fragment predictably in tandem mass spectrometric systems.
Analytical HPLC separation generates a repeatable pattern of
fluorescence peaks that are sequestered and concentrated into
three groups, A, B, and C. The UV 214 absorbance profiles
reveal numerous peaks, as expected from the 505 possible
tryptic cleavage products of RyR1. The presence of a few, re-
peatable fluorescence peaks that do not overlap UV peaks
attests to the specificity of CPM labeling and the selective,
biologically relevant quantities of CPM used. The analytical
HPLC groups A, B, and C contain several non-CPM-labeled
RyR1 peptides, thus requiring an additional separation step
achieved with microbore HPLC.

Fluorescence fractions from microbore HPLC are subjected
to mass spectrometric analysis by two ionization methods
(MALDI and ESI) to increase the chance of detection, because
derivatized peptides often exhibit unpredictable and variable
ionization behavior under different ionization techniques. Ad-
ditionally, results supported by multiple MS methodologies
increase the probability of successful identification.

The stringent criteria for mass comparisons between meas-
ured and theoretical masses (0.35 Da being the greatest differ-
ence in a peptide that was identified by MALDI and ESI),
verification by multiple MS methodologies for five of seven
cysteines, and the detection of the same CPM-adducted peptide
in multiple HPLC fractions enables us to present the seven
cysteines in Table I with very little uncertainty. For these
seven cysteines, the probabilities presented may not correlate
with the level of cysteine reactivity, because frequency and
intensity of the MS signal may only be a function of gel extrac-
tion or ionization efficiency. However, the frequent position of
the CPM-adducted cysteines near arginine or lysine residues
may contribute to their hyperreactivity.

This possible of generation of cysteine hyperreactivity by
juxtapositional arginines or lysines has potential implications
for the lethal pharmacogenetic disorder malignant hyperther-

TABLE I
Summary of MS results, listing the seven redox-sensing cysteines identified

Listed are the cysteines identified by amino acid number, the corresponding RyR1 peptide sequence with the modified cysteines in bold and
underlined (C), whether the cysteine modification was by CPM or hydrolyzed CPM (Hyd-CPM), the analytical HPLC group containing the
CPM-adducted peptide (A, B, or C) and the MS methodology detecting the CPM-adducted peptide, including direct MALDI-TOF (MALDI), direct
ESI (ESI), and tandem ESI (MS/MS). For direct MALDI and ESI, the theoretical (in parentheses) and obtained ion masses (Da) are listed next to
the analytical HPLC group. The multiple listing for most cysteines indicate the corresponding peptide was detected in multiple microbore HPLC
fractions, each one listed.

Cys position RyR1 segment Modification
Analytical HPLC group, (M�H)� found (theoretical)

MALDI ESI MS/MS

Da

1040 DSLCQAVR Hyd-CPM A, 1311.61 (1311.60)
Hyd-CPM A, 1311.47 (1311.60)

1303 CTAGATPLAPPGLQPPAEDEAR Hyd-CPM B, 2582.21 (2582.22) B, 2582.22 (2582.22) B
CPM C, 2564.21 (2564.21) C
CPM C, 2564.14 (2564.21)
CPM C, 2564.20 (2564.21)

2436 CAPEMHLIQAGK CPM B, 1699.99 (1699.80)
2565 CAPLFAGTEHR CPM C, 1604.09 (1603.74) C, 1603.82 (1603.74) C
2606 and 2611 AQRDVIEDCLMALCR Hyd-CPM A, 2576.30 (2576.17) A, 2576.21 (2576.17)
3635 AVVACFR Hyd-CPM C, 1185.71 (1185.58) C, 1185.66 (1185.58) C

Hyd-CPM C, 1185.73 (1185.58) C, 1185.58 (1185.58)
Hyd-CPM C, 1185.91 (1185.58)
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mia (MH) and the closely related central core disease (CCD),
which are both linked to mutations in the RyR1 gene. Human
RyR1 R2435H/L mutations are associated with MH suscepti-
bility (MHS) and CCD (38, 39), whereas R2454H/C (38, 40) and
R2458H/C (41) mutations are associated with only MHS. Fur-
thermore, a recent genetic and biochemical analysis of post-MH
episode horse tissue reveals the point mutation R2454G (42).
These arginine residues are vicinal to and possibly induce
hyperreactivity in Cys-2436, the human analogue to rabbit
Cys-2436 identified in this report. Non-arginine mutations vic-
inal to human Cys-2436 and linked to MHS include G2435H
(40, 43, 44) and I2453T (45). Cys-2436 lies within a RyR1
MH/CCD region 2 (amino acids 2163–2458) that is often mu-

tated in MHS or CCD patients; similarly, Cys-120, potentially
identified here as a hyperreactive cysteine, lies within a RyR1
MH/CCD region 1 (amino acids 35–614) (46, 47). Although not
necessarily related to MHS or CCD, the hyperreactivity, based
on identification here, and the vicinal nature of cysteines of
2606 and 2611 suggest they may contribute the recently re-
ported NADH-dependent oxidoreductase activity of RyR
(48, 49).

This work presents the identification of hyperreactive sulf-
hydryls of RyR1 that may contribute to redox sensing and
outlines a mass spectrometric methodology to identify reactive
protein cysteines. Successful identification is derived from us-
ing a JSR preparation assayed for normal RyR1 function and

FIG. 4. Mass spectrometry. A, MALDI-TOF spectrum indicating monoisotopic masses that correspond to RyR1 peptide 3631–3637 with
Cys-3635 adducted by hydrolyzed-CPM and peptide 2565–2575 with Cys-2565 adducted by CPM. B, direct ESI spectrum identifying doubly and
triply charged ions corresponding to peptide 3631–3635 with Cys-3635 adducted by hydrolyzed-CPM and a doubly charged ion corresponding to
peptide 2565–2575 with Cys-2565 adducted by CPM. C, an ESI MS/MS spectrum of the triply charged peptide from part B, which produces a
fragmentation pattern that matches the predicted profile for peptide 3631–3637 with Cys-3635 adducted by hydrolyzed-CPM. D, MALDI-TOF
spectrum indicating a monoisotopic mass that correspond to RyR1 peptide 1303–1324 with Cys-1303 adducted by hydrolyzed-CPM. E, direct ESI
spectrum identifying triply and quadruply charged ions corresponding to peptide 1303–1324 with Cys-1303 adducted by hydrolyzed-CPM. F, an
ESI MS/MS spectrum of the triply charged peptide from part E, which produces a fragmentation pattern that matches the predicted profile for
peptide 1303–1324 with Cys-1303 adducted by hydrolyzed-CPM.
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CPM labeling kinetics, employing a CPM-labeling procedure
previously shown to selectively eliminate the RyR1 transmem-
brane redox sensor, SDS-PAGE fluorescence profiles matching
the initial discovery of RyR1-hyperreactive sulfhydryls, repeat-
able analytical HPLC chromatograms with only six to eight
fluorescence peaks, and the same CPM-adducted cysteines
identified in multiple microbore HPLC fractions and via mul-
tiple MS methodologies. The possibility exists that the list of
cysteines presented is not comprehensive, resulting from inef-
ficient MS ionization or peptide extraction from the gel matrix.
However, the seven hyperreactive cysteines identified in the
present study provide a basis for focusing future molecular
analysis using expression of Cys point mutations to unravel the
redox-sensing mechanisms regulating the RyR1 complex. In
addition, RyR1 mutations lacking inherent redox-sensing ca-
pabilities may help elucidate cell signaling cascades regulated
by redox and better understand the physiological role of redox
signaling.
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Supplemental Data

This data section is a two-part supplement to the primary manuscript. The first section

provides additional insight into the construction of the database used to analyze the MS results

and the actual database. The final section includes additional mass spectra used to identify the

hyperreactive cysteines.

The RyR1 sequence (Swiss-Prot # P11716) used for this analysis contains 5037 amino

acid residues, of which 100 are cysteine residues. From this sequence, a database was created

based on digestion with trypsin to account for cysteine containing peptides that are unmodified

and those that are modified at the cysteine residue by CPM or hydrolyzed-CPM. Trypsin

hydrolysis of the peptide occurs C-terminal to Lys (K) and Arg (R) residues. Theoretically,

trypsin generates 505 peptide fragments, 81 of which contain cysteines (some peptides contain

multiple cysteine residues). Additionally, if one K or R are uncleaved by trypsin (first order

incompletion), 998 peptides are possible, with 217 containing one or more cysteines. As each

cysteine containing peptide can be unmodified, adducted with CPM, or adducted with

hydrolyzed-CPM, 651 possible peptides were accounted for (assuming peptides with multiple

cysteines undergo identical modification, i.e. each modification is by CPM or hydrolyzed-CPM).

For each peptide, masses are shown for the 0, 1, 2, and 3 charged states (see database below).

The MassLynx 4.0 program was set to calculate the monoisotopic mass for peptides <

3500 Da and the average mass for peptides > 3500 Da. To account for this, obtained peptides

masses > 3500 Da are analyzed manually in addition to database and amino acid sequence

comparisons to prevent misidentification.

Creating database:

1. Perform theoretical digest the native protein



Identity of Redox-Sensitive Hyperreactive Cysteines in RyR1

2

2. Modify the Cys residue in the native protein to account for adduction by CPM, rename it

“B” and define the elementary composition of “B” (creating new artificial residue).

Replace all the Cys residues with “B” and theoretically digest the protein.

3. Modify the Cys residue in the native protein to account for adduction by hydrolyzed-

CPM, rename it “Z”, and define the elementary composition of “Z” (creating a new

artificial residue). Replace all the Cys residues with “Z” and theoretically digest the

protein.

4. Merge the resulting files and short by the fragment masses.

5. Delete all the fragments in the database which do not contain C, B or Z residues.

Definitions:

Residue # Amino acid numbering starting from the N-terminal of the protein

C Cysteine residue

B Cysteine residue modified by CPM (1-(4-(7-(diethylamino)-4-methyl-2-oxo-2H-

chromen-3-yl)phenyl)-1H-pyrrole-2,5-dione), which modifies the mass with

402.16 Da.

Z Cysteine residue modified by hydrolyzed-CPM, the “chromen” ring of the CPM

opens by one molecule of water which increases the mass to 420.17 Da.

Da Dalton is the unit describing the mass of a neutral molecule. The Da is

synonymous with amu (atomic mass unit), which equals 1/12 mass of C
12

, or

1.6605387313 x 10
-24

 g.

(M+nH)n
+

Symbol of the molecular or pseudo molecular ion in case of multiple charged

species, where n = the charge of the ion due to the addition of protons to the

analite molecule.
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Supplemental Table 1. Database used for MS screening

Residue #
Theoretical

Mass (Da)

[M+H]
+

(Da)

[M+2H]
2+

(Da)

[M+3H]
3+

(Da)
Sequence

2651-2653 435.19 436.2 218.6 146.07 (R)CWK(Y)

3631-3637 764.4 765.41 383.21 255.81 (R)AVVACFR(M)

2228-2234 798.32 799.33 400.17 267.11 (K)MVTSCCR(F)

311-317 830.37 831.38 416.2 277.8 (K)ATSFCFR(V)

2651-2653 837.35 838.36 419.68 280.13 (R)BWK(Y)

2651-2653 855.36 856.37 428.69 286.13 (R)ZWK(Y)

1037-1044 890.43 891.44 446.22 297.82 (R)DSLCQAVR(T)

1672-1680 916.45 917.46 459.24 306.49 (R)AVCALGNNR(V)

3630-3637 920.5 921.51 461.26 307.84 (R)RAVVACFR(M)

2235-2241 950.41 951.42 476.21 317.81 (R)FLCYFCR(I)

3396-3403 967.44 968.45 484.73 323.49 (R)DEFSVLCR(D)

1586-1594 978.47 979.48 490.24 327.16 (K)NPAPQCPPR(L)

3037-3045 1070.51 1071.52 536.26 357.85 (K)EMITSLFCK(L)

1585-1594 1106.57 1107.57 554.29 369.86 (R)KNPAPQCPPR(L)

2360-2369 1116.58 1117.58 559.3 373.2 (R)KPECFGPALR(G)

311-320 1144.57 1145.58 573.29 382.53 (K)ATSFCFRVSK(E)

393-402 1148.49 1149.5 575.25 383.84 (R)CQQEESQAAR(M)

35-45 1149.56 1150.57 575.79 384.19 (K)LCLAAEGFGNR(L)

3631-3637 1166.56 1167.57 584.29 389.86 (R)AVVABFR(M)

2225-2234 1170.53 1171.54 586.28 391.19 (R)FPKMVTSCCR(F)

116-125 1173.55 1174.56 587.78 392.19 (R)MYLSCLTTSR(S)

3631-3637 1184.57 1185.58 593.29 395.86 (R)AVVAZFR(M)

3186-3196 1197.67 1198.67 599.84 400.23 (K)LRPALGECLAR(L)

2565-2575 1200.57 1201.58 601.29 401.2 (K)CAPLFAGTEHR(A)

3649-3658 1204.53 1205.53 603.27 402.52 (R)ACNMFLESYK(A)

1647-1656 1207.56 1208.57 604.79 403.53 (R)CMDILELSER(L)

311-317 1232.53 1233.54 617.27 411.85 (K)ATSFBFR(V)

1034-1044 1247.6 1248.61 624.81 416.88 (R)SNRDSLCQAVR(T)

311-317 1250.54 1251.55 626.28 417.86 (K)ATSFZFR(V)

307-317 1267.61 1268.62 634.81 423.55 (K)AHTKATSFCFR(V)

3168-3179 1285.66 1286.67 643.84 429.56 (R)TLCSIYSLGTTK(N)

1037-1044 1292.59 1293.59 647.3 431.87 (R)DSLBQAVR(T)

2436-2447 1296.63 1297.64 649.32 433.22 (R)CAPEMHLIQAGK(G)

1260-1271 1303.59 1304.6 652.8 435.54 (R)MDGTVDTPPCLR(L)

2235-2244 1306.63 1307.64 654.32 436.55 (R)FLCYFCRISR(Q)

1037-1044 1310.6 1311.6 656.31 437.87 (R)DSLZQAVR(T)

1672-1680 1318.61 1319.62 660.31 440.55 (R)AVBALGNNR(V)

3630-3637 1322.66 1323.67 662.34 441.89 (R)RAVVABFR(M)

3035-3045 1327.65 1328.66 664.83 443.56 (K)EKEMITSLFCK(L)

1672-1680 1336.62 1337.63 669.32 446.55 (R)AVZALGNNR(V)

3630-3637 1340.67 1341.68 671.34 447.9 (R)RAVVAZFR(M)

2553-2564 1345.8 1346.81 673.91 449.61 (R)YLCLAVLPLITK(C)

1669-1680 1348.7 1349.71 675.36 450.58 (R)LYRAVCALGNNR(V)

3396-3403 1369.6 1370.61 685.81 457.54 (R)DEFSVLBR(D)
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2601-2612 1379.62 1380.63 690.82 460.88 (R)DVIEDCLMALCR(Y)

1586-1594 1380.63 1381.64 691.32 461.22 (K)NPAPQBPPR(L)

3396-3403 1387.61 1388.62 694.81 463.55 (R)DEFSVLZR(D)

1586-1594 1398.64 1399.65 700.33 467.22 (K)NPAPQZPPR(L)

3774-3787 1450.7 1451.71 726.36 484.57 (R)GAAEMVLQMISACK(G)

2643-2653 1461.72 1462.73 731.87 488.25 (K)LLTNHYERCWK(Y)

5018-5029 1462.58 1463.59 732.3 488.53 (R)CWDFFPAGDCFR(K)

3037-3045 1472.67 1473.68 737.34 491.9 (K)EMITSLFBK(L)

3037-3045 1490.68 1491.69 746.35 497.9 (K)EMITSLFZK(L)

1585-1594 1508.72 1509.73 755.37 503.92 (R)KNPAPQBPPR(L)

2360-2369 1518.73 1519.74 760.37 507.25 (R)KPEBFGPALR(G)

2317-2330 1519.65 1520.66 760.83 507.56 (K)GYPDIGWNPCGGER(Y)

1585-1594 1526.73 1527.74 764.37 509.92 (R)KNPAPQZPPR(L)

2360-2369 1536.74 1537.75 769.38 513.26 (R)KPEZFGPALR(G)

244-257 1537.73 1538.74 769.88 513.59 (R)LVYYEGGAVCTHAR(S)

311-320 1546.73 1547.74 774.37 516.58 (K)ATSFBFRVSK(E)

393-402 1550.65 1551.65 776.33 517.89 (R)BQQEESQAAR(M)

35-45 1551.72 1552.73 776.87 518.25 (K)LBLAAEGFGNR(L)

931-945 1556.77 1557.78 779.39 519.93 (K)TLLALGCHVGMADEK(A)

311-320 1564.74 1565.75 783.38 522.59 (K)ATSFZFRVSK(E)

393-402 1568.66 1569.66 785.34 523.89 (R)ZQQEESQAAR(M)

35-45 1569.73 1570.74 785.87 524.25 (K)LZLAAEGFGNR(L)

116-125 1575.71 1576.72 788.86 526.24 (R)MYLSBLTTSR(S)

116-125 1593.72 1594.73 797.87 532.25 (R)MYLSZLTTSR(S)

3186-3196 1599.82 1600.83 800.92 534.28 (K)LRPALGEBLAR(L)

2228-2234 1602.63 1603.64 802.33 535.22 (K)MVTSBBR(F)

2565-2575 1602.73 1603.74 802.37 535.25 (K)BAPLFAGTEHR(A)

3649-3658 1606.68 1607.69 804.35 536.57 (R)ABNMFLESYK(A)

1647-1656 1609.72 1610.72 805.87 537.58 (R)BMDILELSER(L)

2356-2369 1611.93 1612.94 806.97 538.32 (R)LLIRKPECFGPALR(G)

3186-3196 1617.83 1618.84 809.92 540.29 (K)LRPALGEZLAR(L)

16-30 1619.81 1620.82 810.91 540.94 (R)TDDEVVLQCSATVLK(E)

2565-2575 1620.74 1621.75 811.38 541.25 (K)ZAPLFAGTEHR(A)

3649-3658 1624.69 1625.7 813.35 542.57 (R)AZNMFLESYK(A)

1647-1656 1627.73 1628.73 814.87 543.58 (R)ZMDILELSER(L)

2228-2234 1638.66 1639.66 820.34 547.23 (K)MVTSZZR(F)

31-45 1647.84 1648.85 824.93 550.29 (K)EQLKLCLAAEGFGNR(L)

1034-1044 1649.76 1650.77 825.89 550.93 (R)SNRDSLBQAVR(T)

1034-1044 1667.77 1668.78 834.89 556.93 (R)SNRDSLZQAVR(T)

307-317 1669.77 1670.78 835.89 557.6 (K)AHTKATSFBFR(V)

307-317 1687.78 1688.79 844.9 563.6 (K)AHTKATSFZFR(V)

3168-3179 1687.82 1688.82 844.92 563.61 (R)TLBSIYSLGTTK(N)

243-257 1693.84 1694.84 847.93 565.62 (R)RLVYYEGGAVCTHAR(S)

3037-3051 1693.93 1694.93 847.97 565.65 (K)EMITSLFCKLAALVR(H)

2436-2447 1698.79 1699.8 850.4 567.27 (R)BAPEMHLIQAGK(G)

1260-1271 1705.75 1706.76 853.88 569.59 (R)MDGTVDTPPBLR(L)

3168-3179 1705.83 1706.84 853.92 569.62 (R)TLZSIYSLGTTK(N)

2436-2447 1716.8 1717.81 859.41 573.27 (R)ZAPEMHLIQAGK(G)
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1260-1271 1723.76 1724.77 862.89 575.59 (R)MDGTVDTPPZLR(L)

3035-3045 1729.81 1730.82 865.91 577.61 (K)EKEMITSLFBK(L)

2228-2241 1730.72 1731.73 866.37 577.92 (K)MVTSCCRFLCYFCR(I)

2598-2612 1734.82 1735.83 868.42 579.28 (K)AQRDVIEDCLMALCR(Y)

116-130 1735.79 1736.8 868.9 579.61 (R)MYLSCLTTSRSMTDK(L)

2014-2028 1744.71 1745.72 873.36 582.58 (K)DEADEEDCPLPEDIR(Q)

3035-3045 1747.82 1748.83 874.92 583.61 (K)EKEMITSLFZK(L)

2553-2564 1747.96 1748.97 874.99 583.66 (R)YLBLAVLPLITK(B)

1669-1680 1750.86 1751.87 876.44 584.63 (R)LYRAVBALGNNR(V)

2235-2241 1754.73 1755.74 878.37 585.92 (R)FLBYFBR(I)

111-125 1761.84 1762.85 881.93 588.29 (R)HAHSRMYLSCLTTSR(S)

599-615 1761.89 1762.9 881.95 588.31 (K)VLDVLCSLCVCNGVAVR(S)

2553-2564 1765.97 1766.98 883.99 589.67 (R)YLZLAVLPLITK(Z)

535-550 1766.87 1767.87 884.44 589.96 (R)ANCALFSTNLDWVVSK(L)

1669-1680 1768.87 1769.88 885.44 590.63 (R)LYRAVZALGNNR(V)

1260-1275 1780.87 1781.88 891.44 594.63 (R)MDGTVDTPPCLRLAHR(T)

2235-2241 1790.75 1791.76 896.38 597.92 (R)FLZYFZR(I)

2436-2452 1822.92 1823.93 912.47 608.65 (R)CAPEMHLIQAGKGEALR(I)

1647-1661 1832.91 1833.92 917.46 611.98 (R)CMDILELSERLDLQR(F)

290-306 1835.93 1836.94 918.97 612.99 (R)YLALTEDQGLVVVDACK(A)

3774-3787 1852.86 1853.86 927.44 618.63 (R)GAAEMVLQMISABK(G)

802-818 1862.95 1863.96 932.48 621.99 (K)FLPPPGYAPCHEAVLPR(E)

2643-2653 1863.88 1864.88 932.95 622.3 (K)LLTNHYERBWK(Y)

3774-3787 1870.87 1871.87 936.44 624.63 (R)GAAEMVLQMISAZK(G)

2643-2653 1881.89 1882.9 941.95 628.3 (K)LLTNHYERZWK(Y)

903-918 1886.95 1887.95 944.48 629.99 (R)LHPCLVNFHSLPEPER(N)

2317-2330 1921.81 1922.82 961.91 641.61 (K)GYPDIGWNPBGGER(Y)

1709-1725 1922.96 1923.96 962.49 641.99 (R)AGYYDLLISIHLESACR(S)

3180-3196 1932.03 1933.03 967.02 645.02 (K)NTYVEKLRPALGECLAR(L)

2317-2330 1939.82 1940.83 970.92 647.61 (K)GYPDIGWNPZGGER(Y)

244-257 1939.89 1940.9 970.95 647.64 (R)LVYYEGGAVBTHAR(S)

2298-2316 1951.99 1953 977 651.67 (K)VVSYLAGCGLQSCPMLLAK(G)

244-257 1957.9 1958.91 979.96 653.64 (R)LVYYEGGAVZTHAR(S)

3770-3787 1957.99 1959.00 980 653.67 (R)LHTRGAAEMVLQMISACK(G)

931-945 1958.93 1959.93 980.47 653.98 (K)TLLALGBHVGMADEK(A)

2225-2234 1974.85 1975.86 988.43 659.29 (R)FPKMVTSBBR(F)

931-945 1976.94 1977.95 989.48 659.99 (K)TLLALGZHVGMADEK(A)

2225-2234 2010.87 2011.88 1006.44 671.3 (R)FPKMVTSZZR(F)

2356-2369 2014.09 2015.09 1008.05 672.37 (R)LLIRKPEBFGPALR(G)

3168-3185 2020.02 2021.03 1011.02 674.35 (R)TLCSIYSLGTTKNTYVEK(L)

16-30 2021.97 2022.97 1011.99 675 (R)TDDEVVLQBSATVLK(E)

2356-2369 2032.1 2033.10 1017.06 678.37 (R)LLIRKPEZFGPALR(G)

16-30 2039.98 2040.98 1021 681 (R)TDDEVVLQZSATVLK(E)

902-918 2043.05 2044.06 1022.53 682.02 (K)RLHPCLVNFHSLPEPER(N)

31-45 2050 2051.01 1026.01 684.34 (K)EQLKLBLAAEGFGNR(L)

31-45 2068.01 2069.02 1035.01 690.34 (K)EQLKLZLAAEGFGNR(L)

244-261 2080.03 2081.04 1041.02 694.35 (R)LVYYEGGAVCTHARSLWR(L)

4876-4892 2082.85 2083.86 1042.43 695.29 (K)CDDMMTCYLFHMYVGVR(A)
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3631-3648 2088.08 2089.08 1045.05 697.03 (R)AVVACFRMTPLYNLPTHR(A)

532-550 2094.03 2095.04 1048.02 699.02 (R)GNRANCALFSTNLDWVVSK(L)

3054-3073 2095.12 2096.13 1048.57 699.38 (R)VSLFGTDAPAVVNCLHILAR(S)

243-257 2095.99 2097.00 1049 699.67 (R)RLVYYEGGAVBTHAR(S)

3037-3051 2096.08 2097.09 1049.05 699.7 (K)EMITSLFBKLAALVR(H)

2235-2244 2110.95 2111.96 1056.48 704.66 (R)FLBYFBRISR(Q)

243-257 2114 2115.01 1058.01 705.68 (R)RLVYYEGGAVZTHAR(S)

3037-3051 2114.09 2115.1 1058.06 705.71 (K)EMITSLFZKLAALVR(H)

16-34 2118.09 2119.1 1060.05 707.04 (R)TDDEVVLQCSATVLKEQLK(L)

116-130 2137.95 2138.96 1069.98 713.66 (R)MYLSBLTTSRSMTDK(L)

596-615 2141.09 2142.1 1071.55 714.7 (R)NHKVLDVLCSLCVCNGV

2014-2028 2146.87 2147.88 1074.44 716.63 (K)DEADEEDBPLPEDIR(Q)

2235-2244 2146.97 2147.98 1074.49 716.66 (R)FLZYFZRISR(Q)

802-820 2148.09 2149.1 1075.05 717.04 (K)FLPPPGYAPCHEAVLPRER(L)

535-553 2151.08 2152.09 1076.55 718.03 (R)ANCALFSTNLDWVVSKLDR(L)

116-130 2155.96 2156.97 1078.99 719.66 (R)MYLSZLTTSRSMTDK(L)

1303-1324 2161.05 2162.06 1081.53 721.36 (R)CTAGATPLAPPGLQPPAEDEAR(A)

111-125 2164 2165.01 1083.01 722.34 (R)HAHSRMYLSBLTTSR(S)

3385-3403 2164.05 2165.05 1083.03 722.36 (K)AEAEEGELLVRDEFSVLCR(D)

2014-2028 2164.88 2165.89 1083.45 722.63 (K)DEADEEDZPLPEDIR(Q)

1709-1727 2166.09 2167.1 1084.05 723.04 (R)AGYYDLLISIHLESACRSR(R)

535-550 2169.02 2170.03 1085.52 724.02 (R)ANBALFSTNLDWVVSK(L)

111-125 2182.01 2183.02 1092.01 728.34 (R)HAHSRMYLSZLTTSR(S)

1260-1275 2183.03 2184.04 1092.52 728.68 (R)MDGTVDTPPBLRLAHR(T)

2601-2612 2183.94 2184.95 1092.98 728.99 (R)DVIEDBLMALBR(Y)

535-550 2187.03 2188.04 1094.53 730.02 (R)ANZALFSTNLDWVVSK(L)

1489-1508 2189.91 2190.92 1095.96 730.98 (K)CSNCYMVWGGDFVSPGQQGR(I)

475-493 2194.08 2195.08 1098.05 732.37 (R)QSLFQEEGMLSLVLNCIDR(L)

1260-1275 2201.04 2202.05 1101.53 734.69 (R)MDGTVDTPPZLRLAHR(T)

2601-2612 2219.96 2220.97 1110.99 741 (R)DVIEDZLMALZR(Y)

3887-3904 2223.05 2224.06 1112.53 742.03 (R)FLQLLCEGHNNDFQNYLR(T)

2436-2452 2225.08 2226.08 1113.55 742.7 (R)BAPEMHLIQAGKGEALR(I)

931-951 2227.1 2228.11 1114.56 743.37 (K)TLLALGCHVGMADEKAEDNLK(K)

1647-1661 2235.07 2236.08 1118.54 746.03 (R)BMDILELSERLDLQR(F)

290-306 2238.09 2239.1 1120.05 747.04 (R)YLALTEDQGLVVVDABK(A)

2436-2452 2243.09 2244.09 1122.55 748.7 (R)ZAPEMHLIQAGKGEALR(I)

1647-1661 2253.08 2254.09 1127.55 752.03 (R)ZMDILELSERLDLQR(F)

290-306 2256.1 2257.11 1129.06 753.04 (R)YLALTEDQGLVVVDAZK(A)

802-818 2265.11 2266.12 1133.56 756.04 (K)FLPPPGYAPBHEAVLPR(E)

5018-5029 2266.9 2267.9 1134.46 756.64 (R)BWDFFPAGDBFR(K)

290-310 2273.17 2274.18 1137.59 758.73 (R)YLALTEDQGLVVVDACKAHTK(A)

3228-3248 2280.15 2281.16 1141.08 761.06 (R)AILGLPNSVEEMCPDIPVLDR(L)

1937-1954 2282.03 2283.04 1142.02 761.68 (K)LQMCNLLEYFCDQELQHR(V)

802-818 2283.12 2284.13 1142.57 762.05 (K)FLPPPGYAPZHEAVLPR(E)

3517-3537 2287.14 2288.15 1144.58 763.39 (K)MLPIGLNMCAPTDQDLIMLAK(T)

903-918 2289.1 2290.11 1145.56 764.04 (R)LHPBLVNFHSLPEPER(N)

3396-3414 2298.21 2299.22 1150.11 767.08 (R)DEFSVLCRDLYALYPLLIR(Y)

5018-5029 2302.92 2303.92 1152.47 768.65 (R)ZWDFFPAGDZFR(K)
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903-918 2307.11 2308.12 1154.57 770.05 (R)LHPZLVNFHSLPEPER(N)

1709-1725 2325.11 2326.12 1163.56 776.05 (R)AGYYDLLISIHLESABR(S)

2317-2336 2327.08 2328.09 1164.55 776.7 (K)GYPDIGWNPCGGERYLDFLR(F)

3180-3196 2334.18 2335.19 1168.1 779.07 (K)NTYVEKLRPALGEBLAR(L)

1709-1725 2343.12 2344.13 1172.57 782.05 (R)AGYYDLLISIHLESAZR(S)

3180-3196 2352.19 2353.2 1177.1 785.07 (K)NTYVEKLRPALGEZLAR(L)

3905-3925 2352.24 2353.24 1177.13 785.09 (R)TQTGNTTTINIIICTVDYLLR(L)

222-242 2360.02 2361.02 1181.02 787.68 (R)LFHGHMDECLTISAADSDDQR(R)

3770-3787 2360.15 2361.16 1181.08 787.72 (R)LHTRGAAEMVLQMISABK(G)

3770-3787 2378.16 2379.17 1190.09 793.73 (R)LHTRGAAEMVLQMISAZK(G)

3052-3073 2388.28 2389.29 1195.15 797.1 (R)HRVSLFGTDAPAVVNCLHILAR(S)

3516-3537 2415.24 2416.25 1208.63 806.09 (K)KMLPIGLNMCAPTDQDLIMLAK(T)

3168-3185 2422.18 2423.18 1212.1 808.4 (R)TLBSIYSLGTTKNTYVEK(L)

3168-3185 2440.19 2441.2 1221.1 814.4 (R)TLZSIYSLGTTKNTYVEK(L)

902-918 2445.21 2446.21 1223.61 816.08 (K)RLHPBLVNFHSLPEPER(N)

797-818 2461.24 2462.24 1231.63 821.42 (R)HGEFKFLPPPGYAPCHEAVLPR(E)

902-918 2463.22 2464.22 1232.62 822.08 (K)RLHPZLVNFHSLPEPER(N)

473-493 2464.22 2465.23 1233.12 822.41 (R)NRQSLFQEEGMLSLVLNCIDR(L)

244-261 2482.19 2483.2 1242.1 828.4 (R)LVYYEGGAVBTHARSLWR(L)

284-306 2487.28 2488.29 1244.65 830.1
(R)HVTTGRYLALTEDQGLVVVDACK(

A)

3631-3648 2490.23 2491.24 1246.12 831.09 (R)AVVABFRMTPLYNLPTHR(A)

532-550 2496.19 2497.2 1249.1 833.07 (R)GNRANBALFSTNLDWVVSK(L)

3054-3073 2497.28 2498.29 1249.65 833.44 (R)VSLFGTDAPAVVNBLHILAR(S)

244-261 2500.2 2501.21 1251.11 834.41 (R)LVYYEGGAVZTHARSLWR(L)

3263-3283 2505.25 2506.25 1253.63 836.09 (R)YTEMPHVIEITLPMLCSYLPR(W)

3631-3648 2508.24 2509.25 1255.13 837.09 (R)AVVAZFRMTPLYNLPTHR(A)

2141-2163 2512.22 2513.23 1257.12 838.41 (R)AYTISPSSVEDTMSLLECLGQIR(S)

532-550 2514.2 2515.21 1258.11 839.07 (R)GNRANZALFSTNLDWVVSK(L)

3054-3073 2515.29 2516.3 1258.65 839.44 (R)VSLFGTDAPAVVNZLHILAR(S)

222-243 2516.12 2517.13 1259.07 839.71 (R)LFHGHMDECLTISAADSDDQRR(L)

16-34 2520.25 2521.25 1261.13 841.09 (R)TDDEVVLQBSATVLKEQLK(L)

3638-3658 2528.2 2529.21 1265.11 843.74 (R)MTPLYNLPTHRACNMFLESYK(A)

2553-2575 2528.36 2529.37 1265.19 843.8 (R)YLCLAVLPLITKCAPLFAGTEHR(A)

1586-1607 2535.25 2536.26 1268.64 846.09 (K)NPAPQCPPRLEVQMLMPVSWSR(M)

16-34 2538.26 2539.26 1270.14 847.09 (R)TDDEVVLQZSATVLKEQLK(L)

2598-2612 2539.14 2540.15 1270.58 847.39 (K)AQRDVIEDBLMALBR(Y)

3517-3539 2544.29 2545.3 1273.15 849.11
(K)MLPIGLNMCAPTDQDLIMLAKTR(Y

)

802-820 2550.25 2551.26 1276.13 851.09 (K)FLPPPGYAPBHEAVLPR

535-553 2553.24 2554.24 1277.63 852.09 (R)ANBALFSTNLDWVVSKLDR(L)

1303-1324 2563.21 2564.21 1282.61 855.41 (R)BTAGATPLAPPGLQPPAEDEAR(A)

3226-3248 2565.29 2566.3 1283.65 856.11 (R)ERAILGLPNSVEEMCPDIPVLDR(L)

3385-3403 2566.2 2567.21 1284.11 856.41 (K)AEAEEGELLVRDEFSVLBR(D)

1709-1727 2568.25 2569.25 1285.13 857.09 (R)AGYYDLLISIHLESABRSR(R)

802-820 2568.26 2569.27 1285.14 857.1 (K)FLPPPGYAPZHEAVLPRER(L)

535-553 2571.25 2572.25 1286.63 858.09 (R)ANZALFSTNLDWVVSKLDR(L)

2698-2722 2573.17 2574.18 1287.59 858.73
(R)MAMPCLCAIAGALPPDYVDASYSS

K(A)
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2598-2612 2575.16 2576.17 1288.59 859.39 (K)AQRDVIEDZLMALZR(Y)

1303-1324 2581.22 2582.22 1291.62 861.41 (R)ZTAGATPLAPPGLQPPAEDEAR(A)

3385-3403 2584.22 2585.22 1293.12 862.41 (K)AEAEEGELLVRDEFSVLZR(D)

1709-1727 2586.26 2587.27 1294.14 863.09 (R)AGYYDLLISIHLESAZRSR(R)

475-493 2596.23 2597.24 1299.12 866.42 (R)QSLFQEEGMLSLVLNBIDR(L)

3774-3799 2612.27 2613.28 1307.14 871.76
(R)GAAEMVLQMISACKGETGAMVSST

LK(L)

475-493 2614.24 2615.25 1308.13 872.42 (R)QSLFQEEGMLSLVLNZIDR(L)

3887-3904 2625.21 2626.22 1313.61 876.08 (R)FLQLLBEGHNNDFQNYLR(T)

931-951 2629.26 2630.26 1315.64 877.43 (K)TLLALGBHVGMADEKAEDNLK(K)

3054-3078 2637.41 2638.41 1319.71 880.14
(R)VSLFGTDAPAVVNCLHILARSLDAR

(T)

2360-2385 2640.37 2641.38 1321.19 881.13
(R)KPECFGPALRGEGGSGLLAAIEEAIR

(I)

3887-3904 2643.22 2644.23 1322.62 882.08 (R)FLQLLZEGHNNDFQNYLR(T)

931-951 2647.27 2648.27 1324.64 883.43 (K)TLLALGZHVGMADEKAEDNLK(K)

1624-1646 2651.27 2652.27 1326.64 884.76
(R)LGWAVQCQDPLTMMALHIPEENR(

C)

290-310 2675.33 2676.34 1338.67 892.78 (R)YLALTEDQGLVVVDABKAHTK(A)

3228-3248 2682.31 2683.32 1342.16 895.11 (R)AILGLPNSVEEMBPDIPVLDR(L)

2654-2676 2685.25 2686.26 1343.63 896.09
(K)YYCLPTGWANFGVTSEEELHLTR(K

)

3517-3537 2689.3 2690.31 1345.66 897.44 (K)MLPIGLNMBAPTDQDLIMLAK(T)

1509-1534 2689.38 2690.39 1345.7 897.47
(R)ISHTDLVIGCLVDLATGLMTFTANG

K(E)

290-310 2693.34 2694.35 1347.68 898.79 (R)YLALTEDQGLVVVDAZKAHTK(A)

3228-3248 2700.32 2701.33 1351.17 901.11 (R)AILGLPNSVEEMZPDIPVLDR(L)

3396-3414 2700.37 2701.37 1351.19 901.13 (R)DEFSVLBRDLYALYPLLIR(Y)

3517-3537 2707.31 2708.32 1354.66 903.45 (K)MLPIGLNMZAPTDQDLIMLAK(T)

3001-3023 2708.44 2709.45 1355.23 903.82 (K)ILLPLINQYFTNHCLYFLSTPAK(V)

2565-2588 2717.32 2718.33 1359.67 906.78
(K)CAPLFAGTEHRAIMVDSMLHTVYR

(L)

3396-3414 2718.38 2719.38 1360.2 907.13 (R)DEFSVLZRDLYALYPLLIR(Y)

2317-2336 2729.24 2730.25 1365.63 910.75 (K)GYPDIGWNPBGGERYLDFLR(F)

2317-2336 2747.25 2748.26 1374.63 916.76 (K)GYPDIGWNPZGGERYLDFLR(F)

341-365 2751.34 2752.34 1376.68 918.12
(K)YGESLCFVQHVASGLWLTYAAPDP

K(A)

393-416 2752.31 2753.31 1377.16 918.44
(R)CQQEESQAARMIHSTAGLYNQFIK(

G)

3905-3925 2754.39 2755.4 1378.2 919.14 (R)TQTGNTTTINIIIBTVDYLLR(L)

2298-2316 2756.31 2757.32 1379.16 919.78 (K)VVSYLAGBGLQSBPMLLAK(G)

222-242 2762.17 2763.18 1382.09 921.73 (R)LFHGHMDEBLTISAADSDDQR(R)

131-155 2762.25 2763.25 1382.13 921.76
(K)LAFDVGLQEDATGEACWWTMHPA

SK(Q)

3905-3925 2772.4 2773.41 1387.21 925.14 (R)TQTGNTTTINIIIZTVDYLLR(L)

3960-3984 2777.32 2778.33 1389.67 926.78
(K)QVFNSLTEYIQGPCTGNQQSLAHSR

(L)

222-242 2780.18 2781.19 1391.1 927.74 (R)LFHGHMDEZLTISAADSDDQR(R)

3052-3073 2790.44 2791.45 1396.23 931.16 (R)HRVSLFGTDAPAVVNBLHILAR(S)

2298-2316 2792.33 2793.34 1397.17 931.78 (K)VVSYLAGZGLQSZPMLLAK(G)

3732-3756 2794.14 2795.15 1398.08 932.39 (K)SCHLEEGGENGEAEEEEVEVSFEEK
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(E)

3052-3073 2808.45 2809.46 1405.23 937.16
(R)HRVSLFGTDAPAVVNZLHILAR(S)

2654-2677 2813.35 2814.36 1407.68 938.79
(K)YYCLPTGWANFGVTSEEELHLTRK(

L)

845-869 2814.42 2815.43 1408.22 939.15
(R)CLSHTDFVPCPVDTVQIVLPPHLER(

I)

3516-3537 2817.4 2818.41 1409.71 940.14 (K)KMLPIGLNMBAPTDQDLIMLAK(T)

3516-3537 2835.41 2836.42 1418.71 946.14 (K)KMLPIGLNMZAPTDQDLIMLAK(T)

3197-3222 2843.39 2844.4 1422.7 948.8
(R)LAAAMPVAFLEPQLNEYNACSVYT

TK(S)

3825-3849 2845.38 2846.39 1423.7 949.47
(K)EVGFFQSIQALMQTCSVLDLNAFER

(Q)

797-818 2863.39 2864.4 1432.71 955.47 (R)HGEFKFLPPPGYAPBHEAVLPR(E)

473-493 2866.38 2867.39 1434.2 956.47 (R)NRQSLFQEEGMLSLVLNBIDR(L)

3649-3672 2875.29 2876.3 1438.66 959.44
(R)ACNMFLESYKAAWILTEDHSFEDR(

M)

797-818 2881.41 2882.41 1441.71 961.48 (R)HGEFKFLPPPGYAPZHEAVLPR(E)

473-493 2884.39 2885.4 1443.2 962.47 (R)NRQSLFQEEGMLSLVLNZIDR(L)

4876-4892 2887.17 2888.17 1444.59 963.4 (K)BDDMMTBYLFHMYVGVR(A)

2601-2624 2887.47 2888.48 1444.74 963.5
(R)DVIEDCLMALCRYIRPSMLQHLLR(

R)

284-306 2889.44 2890.44 1445.73 964.15
(R)HVTTGRYLALTEDQGLVVVDABK(

A)

2698-2725 2901.34 2902.35 1451.68 968.12
(R)MAMPCLCAIAGALPPDYVDASYSS

KAEK(K)

3263-3283 2907.4 2908.41 1454.71 970.14 (R)YTEMPHVIEITLPMLBSYLPR(W)

284-306 2907.45 2908.46 1454.73 970.16
(R)HVTTGRYLALTEDQGLVVVDAZK(

A)

2141-2163 2914.38 2915.38 1458.2 972.47 (R)AYTISPSSVEDTMSLLEBLGQIR(S)

222-243 2918.28 2919.28 1460.15 973.77 (R)LFHGHMDEBLTISAADSDDQRR(L)

4876-4892 2923.19 2924.19 1462.6 975.4 (K)ZDDMMTZYLFHMYVGVR(A)

3263-3283 2925.42 2926.42 1463.72 976.15 (R)YTEMPHVIEITLPMLZSYLPR(W)

3638-3658 2930.36 2931.37 1466.19 977.79 (R)MTPLYNLPTHRABNMFLESYK(A)

2141-2163 2932.39 2933.4 1467.2 978.47 (R)AYTISPSSVEDTMSLLEZLGQIR(S)

1931-1954 2935.4 2936.41 1468.71 979.48
(K)LPESVKLQMCNLLEYFCDQELQHR(

V)

919-945 2935.42 2936.43 1468.72 979.48
(R)NYNLQMSGETLKTLLALGCHVGM

ADEK(A)

222-243 2936.29 2937.29 1469.15 979.77 (R)LFHGHMDEZLTISAADSDDQRR(L)

1586-1607 2937.41 2938.42 1469.71 980.15 (K)NPAPQBPPRLEVQMLMPVSWSR(M)

3517-3539 2946.45 2947.46 1474.23 983.16
(K)MLPIGLNMBAPTDQDLIMLAKTR(Y

)

3638-3658 2948.37 2949.38 1475.19 983.8 (R)MTPLYNLPTHRAZNMFLESYK(A)

2137-2163 2949.49 2950.5 1475.75 984.17
(R)ALPRAYTISPSSVEDTMSLLECLGQI

R(S)

1586-1607 2955.42 2956.43 1478.72 986.15 (K)NPAPQZPPRLEVQMLMPVSWSR(M)

3517-3539 2964.46 2965.47 1483.24 989.16
(K)MLPIGLNMZAPTDQDLIMLAKTR(Y

)

3226-3248 2967.45 2968.46 1484.73 990.16 (R)ERAILGLPNSVEEMBPDIPVLDR(L)

599-615 2968.37 2969.38 1485.19 990.46 (K)VLDVLBSLBVBNGVAVR(S)
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3824-3849 2973.47 2974.48 1487.74 992.17
(K)KEVGFFQSIQALMQTCSVLDLNAFE

R(Q)

3226-3248 2985.46 2986.47 1493.74 996.16 (R)ERAILGLPNSVEEMZPDIPVLDR(L)

1489-1508 2994.22 2995.23 1498.12 999.08 (K)BSNBYMVWGGDFVSPGQQGR(I)

1681-1708 3010.56 3011.56 1506.29 1004.53
(R)VAHALCSHVDQAQLLHALEDAHLP

GPLR(A)

3774-3799 3014.43 3015.43 1508.22 1005.82
(R)GAAEMVLQMISABKGETGAMVSST

LK(L)

599-615 3022.4 3023.41 1512.21 1008.47 (K)VLDVLZSLZVZNGVAVR(S)

1489-1508 3030.25 3031.25 1516.13 1011.09 (K)ZSNZYMVWGGDFVSPGQQGR(I)

3774-3799 3032.44 3033.44 1517.23 1011.82
(R)GAAEMVLQMISAZKGETGAMVSST

LK(L)

3054-3078 3039.56 3040.57 1520.79 1014.2
(R)VSLFGTDAPAVVNBLHILARSLDAR

(T)

2360-2385 3042.53 3043.54 1522.27 1015.18
(R)KPEBFGPALRGEGGSGLLAAIEEAIR

(I)

131-157 3046.41 3047.41 1524.21 1016.48
(K)LAFDVGLQEDATGEACWWTMHPA

SKQR(S)

1624-1646 3053.42 3054.43 1527.72 1018.82
(R)LGWAVQBQDPLTMMALHIPEENR(

B)

3054-3078 3057.57 3058.58 1529.8 1020.2
(R)VSLFGTDAPAVVNZLHILARSLDAR

(T)

2360-2385 3060.54 3061.55 1531.28 1021.19
(R)KPEZFGPALRGEGGSGLLAAIEEAIR

(I)

1620-1646 3064.47 3065.48 1533.24 1022.5
(R)AGERLGWAVQCQDPLTMMALHIPE

ENR(C)

1624-1646 3071.43 3072.44 1536.73 1024.82
(R)LGWAVQZQDPLTMMALHIPEENR(

Z)

845-871 3083.6 3084.61 1542.81 1028.88
(R)CLSHTDFVPCPVDTVQIVLPPHLERI

R(E)

1937-1954 3086.34 3087.35 1544.18 1029.79 (K)LQMBNLLEYFBDQELQHR(V)

2654-2676 3087.41 3088.42 1544.71 1030.14
(K)YYBLPTGWANFGVTSEEELHLTR(K

)

1509-1534 3091.54 3092.55 1546.78 1031.52
(R)ISHTDLVIGBLVDLATGLMTFTANG

K(E)

341-368 3091.56 3092.57 1546.79 1031.53
(K)YGESLCFVQHVASGLWLTYAAPDP

KALR(L)

376-402 3096.45 3097.46 1549.23 1033.16
(K)AILHQEGHMDDALFLTRCQQEESQ

AAR(M)

2651-2676 3102.44 3103.44 1552.23 1035.15
(R)CWKYYCLPTGWANFGVTSEEELHL

TR(K)

2654-2676 3105.42 3106.43 1553.72 1036.15
(K)YYZLPTGWANFGVTSEEELHLTR(K

)

1509-1534 3109.55 3110.56 1555.78 1037.52
(R)ISHTDLVIGZLVDLATGLMTFTANG

K(E)

3001-3023 3110.6 3111.61 1556.31 1037.87 (K)ILLPLINQYFTNHBLYFLSTPAK(V)

2565-2588 3119.48 3120.49 1560.75 1040.84
(K)BAPLFAGTEHRAIMVDSMLHTVYR(

L)

1937-1954 3122.37 3123.37 1562.19 1041.8 (K)LQMZNLLEYFZDQELQHR(V)

3001-3023 3128.61 3129.62 1565.31 1043.88 (K)ILLPLINQYFTNHZLYFLSTPAK(V)

2565-2588 3137.49 3138.5 1569.75 1046.84
(K)ZAPLFAGTEHRAIMVDSMLHTVYR(

L)

341-365 3153.49 3154.5 1577.76 1052.17 (K)YGESLBFVQHVASGLWLTYAAPDP
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K(A)

393-416 3154.46 3155.47 1578.24 1052.5
(R)BQQEESQAARMIHSTAGLYNQFIK(

G)

759-788 3157.59 3158.6 1579.81 1053.54
(R)INGCPVQGVFEAFNLDGLFFPVVSF

SAGVK(V)

3263-3287 3162.55 3163.56 1582.28 1055.19
(R)YTEMPHVIEITLPMLCSYLPRWWER

(G)

131-155 3164.4 3165.41 1583.21 1055.81
(K)LAFDVGLQEDATGEABWWTMHPA

SK(Q)

341-365 3171.51 3172.51 1586.76 1058.18
(K)YGESLZFVQHVASGLWLTYAAPDP

K(A)

393-416 3172.47 3173.48 1587.25 1058.5
(R)ZQQEESQAARMIHSTAGLYNQFIK(

G)

3960-3984 3179.48 3180.48 1590.75 1060.83
(K)QVFNSLTEYIQGPBTGNQQSLAHSR

(L)

131-155 3182.42 3183.42 1592.22 1061.81
(K)LAFDVGLQEDATGEAZWWTMHPA

SK(Q)

3197-3225 3183.57 3184.58 1592.79 1062.2
(R)LAAAMPVAFLEPQLNEYNACSVYT

TKSPR(E)

3732-3756 3196.3 3197.31 1599.16 1066.44
(K)SBHLEEGGENGEAEEEEVEVSFEEK

(E)

3960-3984 3197.49 3198.5 1599.75 1066.84
(K)QVFNSLTEYIQGPZTGNQQSLAHSR

(L)

2997-3023 3201.71 3202.72 1601.86 1068.24
(K)FFAKILLPLINQYFTNHCLYFLSTPA

K(V)

3732-3756 3214.31 3215.32 1608.16 1072.44
(K)SZHLEEGGENGEAEEEEVEVSFEEK

(E)

2654-2677 3215.51 3216.51 1608.76 1072.84
(K)YYBLPTGWANFGVTSEEELHLTRK(

L)

3825-3852 3215.57 3216.58 1608.8 1072.87
(K)EVGFFQSIQALMQTCSVLDLNAFER

QNK(A)

2654-2677 3233.52 3234.52 1617.77 1078.85
(K)YYZLPTGWANFGVTSEEELHLTRK(

L)

1-30 3239.5 3240.5 1620.76 1080.84
(-)MGDGGEGEDEVQFLRTDDEVVLQC

SATVLK(E)

3197-3222 3245.55 3246.55 1623.78 1082.86
(R)LAAAMPVAFLEPQLNEYNABSVYT

TK(S)

3825-3849 3247.54 3248.54 1624.78 1083.52
(K)EVGFFQSIQALMQTBSVLDLNAFER

(Q)

3197-3222 3263.56 3264.56 1632.79 1088.86
(R)LAAAMPVAFLEPQLNEYNAZSVYT

TK(S)

1213-1240 3263.59 3264.6 1632.8 1088.87
(R)FFAICGLQEGFEPFAINMQRPVTTW

FSK(S)

3825-3849 3265.55 3266.55 1633.78 1089.52
(K)EVGFFQSIQALMQTZSVLDLNAFER

(Q)

903-930 3265.6 3266.61 1633.81 1089.54
(R)LHPCLVNFHSLPEPERNYNLQMSGE

TLK(T)

3649-3672 3277.45 3278.46 1639.73 1093.49
(R)ABNMFLESYKAAWILTEDHSFEDR(

M)

3649-3672 3295.46 3296.47 1648.74 1099.5
(R)AZNMFLESYKAAWILTEDHSFEDR(

M)

1181-1212 3305.67 3306.68 1653.84 1102.9
(R)EIEIGDGFLPVCSLGPGQVGHLNLG

QDVSSLR(F)

3732-3760 3311.36 3312.37 1656.69 1104.79 (K)SCHLEEGGENGEAEEEEVEVSFEEK
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EMEK(Q)

599-629 3312.7 3313.71 1657.36 1105.24
(K)VLDVLCSLCVCNGVAVRSNQDLIT

ENLLPGR(E)

126-155 3324.49 3325.5 1663.25 1109.17
(R)SMTDKLAFDVGLQEDATGEACWW

TMHPASK(Q)

2553-2575 3332.68 3333.69 1667.35 1111.9 (R)YLBLAVLPLITKBAPLFAGTEHR(A)

919-945 3337.58 3338.59 1669.8 1113.54
(R)NYNLQMSGETLKTLLALGBHVGM

ADEK(A)

2228-2241 3339.35 3340.36 1670.68 1114.13 (K)MVTSBBRFLBYFBR(I)

3288-3321 3342.74 3343.75 1672.38 1115.25
(R)GPEAPPPALPAGAPPPCTAVTSDHL

NSLLGNILR(I)

596-615 3347.56 3348.57 1674.79 1116.86 (R)NHKVLDVLBSLBVBNGVAVR(S)

2137-2163 3351.65 3352.66 1676.83 1118.23
(R)ALPRAYTISPSSVEDTMSLLEBLGQI

R(S)

1937-1964 3355.58 3356.59 1678.8 1119.53
(K)LQMCNLLEYFCDQELQHRVESLAA

FAER(Y)

919-945 3355.59 3356.6 1678.8 1119.54
(R)NYNLQMSGETLKTLLALGZHVGM

ADEK(A)

3954-3984 3364.63 3365.64 1683.32 1122.55
(K)AMSVAKQVFNSLTEYIQGPCTGNQ

QSLAHSR(L)

2553-2575 3368.7 3369.71 1685.36 1123.91 (R)YLZLAVLPLITKZAPLFAGTEHR(A)

2137-2163 3369.66 3370.67 1685.84 1124.23
(R)ALPRAYTISPSSVEDTMSLLEZLGQI

R(S)

3824-3849 3375.63 3376.64 1688.82 1126.22
(K)KEVGFFQSIQALMQTBSVLDLNAFE

R(Q)

2698-2722 3377.48 3378.49 1689.75 1126.84
(R)MAMPBLBAIAGALPPDYVDASYSS

K(A)

3824-3849 3393.64 3394.65 1697.83 1132.22
(K)KEVGFFQSIQALMQTZSVLDLNAFE

R(Q)

596-615 3401.6 3402.6 1701.81 1134.87 (R)NHKVLDVLZSLZVZNGVAVR(S)

2000-2028 3407.56 3408.57 1704.79 1136.86
(R)SPPQEQINMLLHFKDEADEEDCPLP

EDIR(Q)

46-76 3407.66 3408.66 1704.84 1136.89
(R)LCFLEPTSNAQNVPPDLAICCFTLE

QSLSVR(A)

2228-2241 3411.4 3412.4 1706.71 1138.14 (K)MVTSZZRFLZYFZR(I)

1681-1708 3412.71 3413.72 1707.36 1138.58
(R)VAHALBSHVDQAQLLHALEDAHLP

GPLR(A)

759-790 3412.76 3413.77 1707.39 1138.6
(R)INGCPVQGVFEAFNLDGLFFPVVSF

SAGVKVR(F)

2698-2722 3413.5 3414.51 1707.76 1138.84
(R)MAMPZLZAIAGALPPDYVDASYSS

K(A)

1681-1708 3430.72 3431.73 1716.37 1144.58
(R)VAHALZSHVDQAQLLHALEDAHLP

GPLR(A)

131-157 3448.56 3449.57 1725.29 1150.53
(K)LAFDVGLQEDATGEABWWTMHPA

SKQR(S)

2298-2330 3453.63 3454.64 1727.82 1152.22
(K)VVSYLAGCGLQSCPMLLAKGYPDI

GWNPCGGER(Y)

554-584 3464.85 3465.86 1733.43 1155.96
(R)LEASSGILEVLYCVLIESPEVLNIIQE

NHIK(S)

131-157 3466.58 3467.58 1734.3 1156.53
(K)LAFDVGLQEDATGEAZWWTMHPA

SKQR(S)

1620-1646 3466.63 3467.63 1734.32 1156.55
(R)AGERLGWAVQBQDPLTMMALHIPE

ENR(B)
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2416-2447 3474.81 3475.82 1738.41 1159.28

(R)VHLGHAIMSFYAALIDLLGRCAPE

MHLIQAGK(G)

2532-2564 3481.86 3482.86 1741.94 1161.63
(R)AAASLDTATFSTTEMALALNRYLC

LAVLPLITK(C)

1620-1646 3484.64 3485.64 1743.33 1162.55
(R)AGERLGWAVQZQDPLTMMALHIPE

ENR(Z)

1439-1468 3491.57 3492.58 1746.79 1164.86
(R)VFAGQEPSCVWVGWVTPDYHQHD

MNFDLSK(V)

341-368 3493.72 3494.72 1747.87 1165.58
(K)YGESLBFVQHVASGLWLTYAAPDP

KALR(L)

376-402 3498.61 3499.62 1750.31 1167.21
(K)AILHQEGHMDDALFLTRBQQEESQ

AAR(M)

4102-4131 3509.83 3510.84 1755.92 1170.95
(K)QFTGPEIQFLLSCSEADENEMINFEE

FANR(F)

341-368 3514.02 3515.03 1758.02 1172.35
(K)YGESLZFVQHVASGLWLTYAAPDP

KALR(L)

1241-1271 3515.98 3516.98 1759 1173
(K)SLPQFEPVPPEHPHYEVARMDGTV

DTPPCLR(L)

376-402 3518.89 3519.9 1760.45 1173.97
(K)AILHQEGHMDDALFLTRZQQEESQ

AAR(M)

1303-1336 3533.84 3534.84 1767.93 1178.95
(R)CTAGATPLAPPGLQPPAEDEARAAE

PDPDYENLR(R)

2691-2722 3543.08 3544.09 1772.55 1182.04
(K)YDQELYRMAMPCLCAIAGALPPDY

VDASYSSK(A)

759-788 3562.11 3563.11 1782.06 1188.38
(R)INGBPVQGVFEAFNLDGLFFPVVSF

SAGVK(V)

3263-3287 3567.22 3568.23 1784.62 1190.08
(R)YTEMPHVIEITLPMLBSYLPRWWER

(G)

759-788 3580.12 3581.13 1791.07 1194.38
(R)INGZPVQGVFEAFNLDGLFFPVVSF

SAGVK(V)

3263-3287 3585.23 3586.24 1793.62 1196.09
(R)YTEMPHVIEITLPMLZSYLPRWWER

(G)

3197-3225 3588.12 3589.13 1795.07 1197.05
(R)LAAAMPVAFLEPQLNEYNABSVYT

TKSPR(E)

3197-3225 3606.14 3607.15 1804.08 1203.05
(R)LAAAMPVAFLEPQLNEYNAZSVYT

TKSPR(E)

2997-3023 3606.29 3607.3 1804.15 1203.11
(K)FFAKILLPLINQYFTNHBLYFLSTPA

K(V)

1037-1068 3607.92 3608.93 1804.97 1203.65
(R)DSLCQAVRTLLGYGYNIEPPDQEPS

QVENQSR(W)

3825-3852 3620.13 3621.13 1811.07 1207.72
(K)EVGFFQSIQALMQTBSVLDLNAFER

QNK(A)

845-869 3621.2 3622.21 1811.61 1208.07
(R)BLSHTDFVPBPVDTVQIVLPPHLER(

I)

3228-3262 3624.22 3625.23 1813.12 1209.08
(R)AILGLPNSVEEMCPDIPVLDRLMAD

IGGLAESGAR(Y)

2997-3023 3624.31 3625.32 1813.16 1209.11
(K)FFAKILLPLINQYFTNHZLYFLSTPA

K(V)

3825-3852 3638.14 3639.15 1820.08 1213.72
(K)EVGFFQSIQALMQTZSVLDLNAFER

QNK(A)

1-30 3644.01 3645.02 1823.01 1215.68
(-)MGDGGEGEDEVQFLRTDD

EVVLQBSATVLK(E)

1291-1324 3653.14 3654.15 1827.58 1218.72 (R)LSLPVQFHQHFRCTAGATPLAPPGL
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QPPAEDEAR(A)

845-869 3657.23 3658.24 1829.62 1220.08
(R)ZLSHTDFVPZPVDTVQIVLPPHLER(

I)

1-30 3662.02 3663.03 1832.02 1221.68
(-)MGDGGEGEDEVQFLRTDDEVVLQZ

SATVLK(E)

1213-1240 3668.26 3669.27 1835.14 1223.76
(R)FFAIBGLQEGFEPFAINMQRPVTTW

FSK(S)

903-930 3670.19 3671.2 1836.1 1224.4
(R)LHPBLVNFHSLPEPERNYNLQMSGE

TLK(T)

1213-1240 3686.27 3687.28 1844.14 1229.77
(R)FFAIZGLQEGFEPFAINMQRPVTTW

FSK(S)

903-930 3688.2 3689.21 1845.11 1230.41
(R)LHPZLVNFHSLPEPERNYNLQMSGE

TLK(T)

2601-2624 3694.43 3695.44 1848.22 1232.48
(R)DVIEDBLMALBRYIRPSMLQHLLR(

R)

2698-2725 3708.32 3709.32 1855.17 1237.11
(R)MAMPBLBAIAGALPPDYVDASYSS

KAEK(K)

1181-1212 3710.18 3711.19 1856.1 1237.74
(R)EIEIGDGFLPVBSLGPGQVGHLNLG

QDVSSLR(F)

3732-3760 3715.9 3716.9 1858.96 1239.64
(K)SBHLEEGGENGEAEEEEVEVSFEEK

EMEK(Q)

836-869 3717.34 3718.34 1859.68 1240.12
(R)GPHLVGPSRCLSHTDFVPCPVDTVQ

IVLPPHLER(I)

3001-3034 3718.34 3719.35 1860.18 1240.45
(K)ILLPLINQYFTNHCLYFLSTPAKVLG

SGGHASNK(E)

1181-1212 3728.2 3729.21 1865.11 1243.74
(R)EIEIGDGFLPVZSLGPGQVGHLNLG

QDVSSLR(F)

126-155 3729.19 3730.19 1865.6 1244.07
(R)SMTDKLAFDVGLQEDATGEABWW

TMHPASK(Q)

2601-2624 3730.46 3731.47 1866.24 1244.49
(R)DVIEDZLMALZRYIRPSMLQHLLR(

R)

3732-3760 3733.91 3734.92 1867.96 1245.65
(K)SZHLEEGGENGEAEEEEVEVSFEEK

EMEK(Q)

1931-1954 3742.32 3743.32 1872.17 1248.45
(K)LPESVKLQMBNLLEYFBDQELQHR(

V)

2698-2725 3744.35 3745.35 1873.18 1249.12
(R)MAMPZLZAIAGALPPDYVDASYSS

KAEK(K)

126-155 3747.2 3748.21 1874.61 1250.08
(R)SMTDKLAFDVGLQEDATGEAZWW

TMHPASK(Q)

3288-3321 3747.29 3748.3 1874.65 1250.1
(R)GPEAPPPALPAGAPPPBTAVTSDHL

NSLLGNILR(I)

1439-1470 3749.21 3750.21 1875.61 1250.74
(R)VFAGQEPSCVWVGWVTPDYHQHD

MNFDLSKVR(A)

3288-3321 3765.31 3766.31 1883.66 1256.11
(R)GPEAPPPALPAGAPPPZTAVTSDHL

NSLLGNILR(I)

3954-3984 3769.23 3770.24 1885.63 1257.42
(K)AMSVAKQVFNSLTEYIQGPBTGNQ

QSLAHSR(L)

1931-1954 3778.35 3779.35 1890.18 1260.46
(K)LPESVKLQMZNLLEYFZDQELQHR(

V)

1760-1797 3786.38 3787.39 1894.2 1263.13
(R)HGLPGVGVTTSLRPPHHFSPPCFVA

ALPAAGVAEAPAR(L)

3954-3984 3787.25 3788.26 1894.63 1263.42
(K)AMSVAKQVFNSLTEYIQGPZTGNQ

QSLAHSR(L)

3874-3904 3793.21 3794.22 1897.61 1265.41 (K)VMADDEFTQDLFRFLQLLCEGHNN
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DFQNYLR(T)

2000-2028 3812.21 3813.22 1907.11 1271.74
(R)SPPQEQINMLLHFKDEADEEDBPLP

EDIR(Q)

759-790 3817.43 3818.43 1909.72 1273.48
(R)INGBPVQGVFEAFNLDGLFFPVVSF

SAGVKVR(F)

2000-2028 3830.22 3831.23 1916.12 1277.75
(R)SPPQEQINMLLHFKDEADEEDZPLP

EDIR(Q)

759-790 3835.44 3836.45 1918.73 1279.49
(R)INGZPVQGVFEAFNLDGLFFPVVSF

SAGVKVR(F)

1624-1656 3843.51 3844.52 1922.76 1282.18
(R)LGWAVQCQDPLTMMALHIPEENRC

MDILELSER(L)

3249-3283 3849.58 3850.59 1925.8 1284.2
(R)LMADIGGLAESGARYTEMPHVIEIT

LPMLCSYLPR(W)

551-584 3851.48 3852.49 1926.75 1284.83
(K)LDRLEASSGILEVLYCVLIESPEVLN

IIQENHIK(S)

554-584 3869.49 3870.5 1935.75 1290.84
(R)LEASSGILEVLYBVLIESPEVLNIIQE

NHIK(S)

2416-2447 3879.63 3880.64 1940.82 1294.22
(R)VHLGHAIMSFYAALIDLLGRBAPEM

HLIQAGK(G)

2532-2564 3886.59 3887.6 1944.3 1296.54
(R)AAASLDTATFSTTEMALALNRYLB

LAVLPLITK(B)

554-584 3887.51 3888.52 1944.76 1296.84
(R)LEASSGILEVLYZVLIESPEVLNIIQE

NHIK(S)

845-871 3890.55 3891.55 1946.28 1297.86
(R)BLSHTDFVPBPVDTVQIVLPPHLERI

R(E)

1439-1468 3896.34 3897.34 1949.18 1299.79
(R)VFAGQEPSBVWVGWVTPDYHQHD

MNFDLSK(V)

2416-2447 3897.65 3898.66 1949.83 1300.22
(R)VHLGHAIMSFYAALIDLLGRZAPEM

HLIQAGK(G)

2532-2564 3904.61 3905.61 1953.31 1302.54
(R)AAASLDTATFSTTEMALALNRYLZ

LAVLPLITK(Z)

330-365 3906.45 3907.46 1954.23 1303.16
(R)DVEGMGPPEIKYGESLCFVQHVAS

GLWLTYAAPDPK(A)

2651-2676 3909.42 3910.43 1955.72 1304.15
(R)BWKYYBLPTGWANFGVTSEEELHL

TR(K)

1672-1708 3911.49 3912.5 1956.75 1304.84
(R)AVCALGNNRVAHALCSHVDQAQL

LHALEDAHLPGPLR(A)

4102-4131 3912.28 3913.29 1957.15 1305.1
(K)QFTGPEIQFLLSBSEADENEMINFEE

FANR(F)

2029-2062 3913.12 3914.12 1957.57 1305.38
(R)QDLQDFHQDLLAHCGIQLEGEEEEP

EEETSLSSR(L)

1439-1468 3914.35 3915.36 1958.18 1305.79
(R)VFAGQEPSZVWVGWVTPDYHQHD

MNFDLSK(V)

1241-1271 3918.43 3919.43 1960.22 1307.15
(K)SLPQFEPVPPEHPHYEVARMDGTV

DTPPBLR(L)

845-871 3926.58 3927.58 1964.3 1309.87
(R)ZLSHTDFVPZPVDTVQIVLPPHLERI

R(E)

4102-4131 3930.3 3931.31 1966.16 1311.11
(K)QFTGPEIQFLLSZSEADENEMINFEE

FANR(F)

1303-1336 3936.29 3937.29 1969.15 1313.1
(R)BTAGATPLAPPGLQPPAEDEARAAE

PDPDYENLR(R)

1241-1271 3936.44 3937.45 1969.23 1313.16
(K)SLPQFEPVPPEHPHYEVARMDGTV

DTPPZLR(L)

1759-1797 3942.57 3943.58 1972.29 1315.2 (R)RHGLPGVGVTTSLRPPHHFSPPCFV
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AALPAAGVAEAPAR(L)

2651-2676 3945.45 3946.46 1973.73 1316.16
(R)ZWKYYZLPTGWANFGVTSEEELHL

TR(K)

1303-1336 3954.3 3955.31 1978.16 1319.11
(R)ZTAGATPLAPPGLQPPAEDEARAAE

PDPDYENLR(R)

3284-3321 4002.57 4003.58 2002.29 1335.2
(R)WWERGPEAPPPALPAGAPPPCTAV

TSDHLNSLLGNILR(I)

1037-1068 4010.37 4011.38 2006.19 1337.8
(R)DSLBQAVRTLLGYGYNIEPPDQEPS

QVENQSR(W)

3186-3222 4025.73 4026.74 2013.87 1342.92
(K)LRPALGECLARLAAAMPVAFLEPQ

LNEYNACSVYTTK(S)

3228-3262 4026.67 4027.68 2014.34 1343.23
(R)AILGLPNSVEEMBPDIPVLDRLMAD

IGGLAESGAR(Y)

1037-1068 4028.38 4029.39 2015.2 1343.8
(R)DSLZQAVRTLLGYGYNIEPPDQEPS

QVENQSR(W)

3228-3262 4044.68 4045.69 2023.35 1349.24
(R)AILGLPNSVEEMZPDIPVLDRLMAD

IGGLAESGAR(Y)

1471-1508 4046.52 4047.53 2024.27 1349.85
(R)AVTVTMGDEQGNVHSSLKCSNCY

MVWGGDFVSPGQQGR(I)

1291-1324 4055.59 4056.6 2028.8 1352.87
(R)LSLPVQFHQHFRBTAGATPLAPPGL

QPPAEDEAR(A)

1291-1324 4073.61 4074.61 2037.81 1358.88
(R)LSLPVQFHQHFRZTAGATPLAPPGL

QPPAEDEAR(A)

3001-3034 4120.79 4121.8 2061.4 1374.6
(K)ILLPLINQYFTNHBLYFLSTPAKVLG

SGGHASNK(E)

3001-3034 4138.8 4139.81 2070.41 1380.61
(K)ILLPLINQYFTNHZLYFLSTPAKVLG

SGGHASNK(E)

1439-1470 4151.66 4152.66 2076.84 1384.89
(R)VFAGQEPSBVWVGWVTPDYHQHD

MNFDLSKVR(A)

1937-1964 4162.74 4163.75 2082.38 1388.59
(K)LQMBNLLEYFBDQELQHRVESLAA

FAER(Y)

1439-1470 4169.67 4170.68 2085.84 1390.9
(R)VFAGQEPSZVWVGWVTPDYHQHD

MNFDLSKVR(A)

4096-4131 4170.58 4171.59 2086.3 1391.2
(K)AMDSQKQFTGPEIQFLLSCSEADEN

EMINFEEFANR(F)

2029-2064 4182.46 4183.47 2092.24 1395.16
(R)QDLQDFHQDLLAHCGIQLEGEEEEP

EEETSLSSRLR(S)

1760-1797 4188.83 4189.84 2095.42 1397.28
(R)HGLPGVGVTTSLRPPHHFSPPBFVA

ALPAAGVAEAPAR(L)

3874-3904 4195.66 4196.67 2098.84 1399.56
(K)VMADDEFTQDLFRFLQLLBEGHNN

DFQNYLR(T)

1937-1964 4198.77 4199.78 2100.39 1400.6
(K)LQMZNLLEYFZDQELQHRVESLAA

FAER(Y)

1760-1797 4206.85 4207.85 2104.43 1403.29
(R)HGLPGVGVTTSLRPPHHFSPPZFVA

ALPAAGVAEAPAR(L)

3874-3904 4213.68 4214.69 2107.85 1405.57
(K)VMADDEFTQDLFRFLQLLZEGHNN

DFQNYLR(T)

1509-1547 4213.8 4214.81 2107.91 1405.61
(R)ISHTDLVIGCLVDLATGLMTFTANG

KESNTFFQVEPNTK(L)

3905-3940 4221.76 4222.76 2111.89 1408.26
(R)TQTGNTTTINIIICTVDYLLRLQESIS

DFYWYYSGK(D)

4102-4137 4238.64 4239.65 2120.33 1413.89
(K)QFTGPEIQFLLSCSEADENEMINFEE

FANRFQEPAR(D)

3249-3283 4252.03 4253.04 2127.02 1418.35 (R)LMADIGGLAESGARYTEMPHVIEIT
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LPMLBSYLPR(W)

551-584 4253.93 4254.94 2127.97 1418.98
(K)LDRLEASSGILEVLYBVLIESPEVLN

IIQENHIK(S)

3249-3283 4270.04 4271.05 2136.03 1424.36
(R)LMADIGGLAESGARYTEMPHVIEIT

LPMLZSYLPR(W)

551-584 4271.94 4272.95 2136.98 1424.99
(K)LDRLEASSGILEVLYZVLIESPEVLN

IIQENHIK(S)

330-365 4308.9 4309.91 2155.46 1437.31
(R)DVEGMGPPEIKYGESLBFVQHVAS

GLWLTYAAPDPK(A)

2029-2062 4315.57 4316.57 2158.79 1439.53
(R)QDLQDFHQDLLAHBGIQLEGEEEEP

EEETSLSSR(L)

330-365 4326.92 4327.93 2164.47 1443.31
(R)DVEGMGPPEIKYGESLZFVQHVAS

GLWLTYAAPDPK(A)

2029-2062 4333.58 4334.59 2167.8 1445.54
(R)QDLQDFHQDLLAHZGIQLEGEEEEP

EEETSLSSR(L)

554-592 4337.1 4338.11 2169.56 1446.71
(R)LEASSGILEVLYCVLIESPEVLNIIQE

NHIKSIISLLDK(H)

1759-1797 4345.02 4346.03 2173.52 1449.35
(R)RHGLPGVGVTTSLRPPHHFSPPBFV

AALPAAGVAEAPAR(L)

2691-2722 4347.98 4348.99 2175 1450.34
(K)YDQELYRMAMPBLBAIAGALPPDY

VDASYSSK(A)

1759-1797 4363.03 4364.04 2182.52 1455.35
(R)RHGLPGVGVTTSLRPPHHFSPPZFV

AALPAAGVAEAPAR(L)

2691-2722 4384.01 4385.02 2193.01 1462.35
(K)YDQELYRMAMPZLZAIAGALPPDY

VDASYSSK(A)

3284-3321 4405.02 4406.03 2203.52 1469.35
(R)WWERGPEAPPPALPAGAPPPBTAV

TSDHLNSLLGNILR(I)

3284-3321 4423.04 4424.04 2212.53 1475.35
(R)WWERGPEAPPPALPAGAPPPZTAV

TSDHLNSLLGNILR(I)

836-869 4522.23 4523.24 2262.13 1508.42
(R)GPHLVGPSRBLSHTDFVPBPVDTVQ

IVLPPHLER(I)

599-629 4522.25 4523.26 2262.13 1508.42
(K)VLDVLBSLBVBNGVAVRSNQDLIT

ENLLPGR(E)

35-76 4542.26 4543.27 2272.14 1515.1
(K)LCLAAEGFGNRLCFLEPTSNAQNVP

PDLAICCFTLEQSLSVR(A)

836-869 4558.27 4559.27 2280.14 1520.43
(R)GPHLVGPSRZLSHTDFVPZPVDTVQ

IVLPPHLER(I)

3887-3925 4560.19 4561.2 2281.1 1521.07
(R)FLQLLCEGHNNDFQNYLRTQTGNT

TTINIIICTVDYLLR(L)

4096-4131 4573.03 4574.04 2287.52 1525.35
(K)AMDSQKQFTGPEIQFLLSBSEADEN

EMINFEEFANR(F)

599-629 4576.3 4577.3 2289.16 1526.44
(K)VLDVLZSLZVZNGVAVRSNQDLIT

ENLLPGR(E)

2029-2064 4584.91 4585.92 2293.46 1529.31
(R)QDLQDFHQDLLAHBGIQLEGEEEEP

EEETSLSSRLR(S)

4096-4131 4591.05 4592.06 2296.53 1531.36
(K)AMDSQKQFTGPEIQFLLSZSEADEN

EMINFEEFANR(F)

2029-2064 4602.93 4603.94 2302.47 1535.32
(R)QDLQDFHQDLLAHZGIQLEGEEEEP

EEETSLSSRLR(S)

1509-1547 4616.25 4617.26 2309.13 1539.76
(R)ISHTDLVIGBLVDLATGLMTFTANG

KESNTFFQVEPNTK(L)

46-76 4617.3 4618.31 2309.66 1540.11
(R)LBFLEPTSNAQNVPPDLAIBBFTLEQ

SLSVR(A)

3905-3940 4624.21 4625.21 2313.11 1542.41 (R)TQTGNTTTINIIIBTVDYLLRLQESIS
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DFYWYYSGK(D)

1509-1547 4634.27 4635.27 2318.14 1545.76
(R)ISHTDLVIGZLVDLATGLMTFTANG

KESNTFFQVEPNTK(L)

4102-4137 4641.09 4642.1 2321.55 1548.04
(K)QFTGPEIQFLLSBSEADENEMINFEE

FANRFQEPAR(D)

3905-3940 4642.22 4643.23 2322.12 1548.41
(R)TQTGNTTTINIIIZTVDYLLRLQESIS

DFYWYYSGK(D)

1624-1656 4648.41 4649.42 2325.21 1550.48
(R)LGWAVQBQDPLTMMALHIPEENRB

MDILELSER(L)

4102-4137 4659.1 4660.11 2330.56 1554.04
(K)QFTGPEIQFLLSZSEADENEMINFEE

FANRFQEPAR(D)

2298-2330 4663.4 4664.41 2332.71 1555.48
(K)VVSYLAGBGLQSBPMLLAKGYPDI

GWNPBGGER(Y)

46-76 4671.35 4672.36 2336.68 1558.12
(R)LZFLEPTSNAQNVPPDLAIZZFTLEQ

SLSVR(A)

1624-1656 4684.44 4685.45 2343.23 1562.49
(R)LGWAVQZQDPLTMMALHIPEENRZ

MDILELSER(L)

3716-3756 4703.04 4704.05 2352.53 1568.69
(K)LDEDYLYMAYADIMAKSCHLEEG

GENGEAEEEEVEVSFEEK(E)

1672-1708 4716.39 4717.4 2359.2 1573.14
(R)AVBALGNNRVAHALBSHVDQAQL

LHALEDAHLPGPLR(A)

2298-2330 4717.45 4718.46 2359.73 1573.49
(K)VVSYLAGZGLQSZPMLLAKGYPDI

GWNPZGGER(Y)

475-516 4736.28 4737.28 2369.15 1579.77
(R)QSLFQEEGMLSLVLNCIDRLNVYTT

AAHFAEYAGEEAAESWK(E)

554-592 4739.55 4740.56 2370.78 1580.86
(R)LEASSGILEVLYBVLIESPEVLNIIQE

NHIKSIISLLDK(H)

1672-1708 4752.42 4753.43 2377.22 1585.15
(R)AVZALGNNRVAHALZSHVDQAQL

LHALEDAHLPGPLR(A)

554-592 4757.56 4758.57 2379.79 1586.86
(R)LEASSGILEVLYZVLIESPEVLNIIQE

NHIKSIISLLDK(H)

179-221 4762.43 4763.44 2382.22 1588.48
(R)YLHLSTASGELQVDASFMQTLWNM

NPICSCCEEGYVTGGHVLR(L)

3186-3222 4830.63 4831.64 2416.32 1611.22
(K)LRPALGEBLARLAAAMPVAFLEPQ

LNEYNABSVYTTK(S)

4958-4998 4834.51 4835.52 2418.26 1612.51
(K)CFICGIGSDYFDTTPHGFETHTLEEH

NLANYMFFLMYLINK(D)

1471-1508 4851.42 4852.42 2426.72 1618.15
(R)AVTVTMGDEQGNVHSSLKBSNBY

MVWGGDFVSPGQQGR(I)

1489-1534 4864.61 4865.62 2433.31 1622.54
(K)CSNCYMVWGGDFVSPGQQGRISHT

DLVIGCLVDLATGLMTFTANGK(E)

3186-3222 4866.66 4867.67 2434.34 1623.23
(K)LRPALGEZLARLAAAMPVAFLEPQ

LNEYNAZSVYTTK(S)

1471-1508 4887.45 4888.46 2444.73 1630.16
(R)AVTVTMGDEQGNVHSSLKZSNZY

MVWGGDFVSPGQQGR(I)

3124-3167 4890.55 4891.56 2446.28 1631.19
(K)GVGQNLTYTTVALLPVLTTLFQHIA

QHQFGDDVILDDVQVSCYR(T)

3960-4002 4893.68 4894.69 2447.85 1632.23
(K)QVFNSLTEYIQGPCTGNQQSLAHSR

LWDAVVGFLHVFAHMMMK(L)

1681-1725 4918.64 4919.65 2460.33 1640.55
(R)VAHALCSHVDQAQLLHALEDAHLP

GPLRAGYYDLLISIHLESACR(S)

1760-1808 4947.79 4948.8 2474.9 1650.27
(R)HGLPGVGVTTSLRPPHHFSPPCFVA

ALPAAGVAEAPARLSPAIPLEALR(D)

3288-3336 5043.85 5044.85 2522.93 1682.29 (R)GPEAPPPALPAGAPPPCTAVTSDHL

NSLLGNILRIIVNNLGIDEATWMK(R)
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NSLLGNILRIIVNNLGIDEATWMK(R)

3716-3756 5105.49 5106.5 2553.75 1702.84
(K)LDEDYLYMAYADIMAKSBHLEEGG

ENGEAEEEEVEVSFEEK(E)

3716-3756 5123.5 5124.51 2562.76 1708.84
(K)LDEDYLYMAYADIMAKSZHLEEGG

ENGEAEEEEVEVSFEEK(E)

475-516 5138.73 5139.73 2570.37 1713.92
(R)QSLFQEEGMLSLVLNBIDRLNVYTT

AAHFAEYAGEEAAESWK(E)

475-516 5156.74 5157.75 2579.38 1719.92
(R)QSLFQEEGMLSLVLNZIDRLNVYTT

AAHFAEYAGEEAAESWK(E)

3124-3167 5293 5294.01 2647.51 1765.34
(K)GVGQNLTYTTVALLPVLTTLFQHIA

QHQFGDDVILDDVQVSBYR(T)

3960-4002 5296.13 5297.14 2649.07 1766.38
(K)QVFNSLTEYIQGPBTGNQQSLAHSR

LWDAVVGFLHVFAHMMMK(L)

3124-3167 5311.02 5312.03 2656.52 1771.35
(K)GVGQNLTYTTVALLPVLTTLFQHIA

QHQFGDDVILDDVQVSZYR(T)

3960-4002 5314.14 5315.15 2658.08 1772.39
(K)QVFNSLTEYIQGPZTGNQQSLAHSR

LWDAVVGFLHVFAHMMMK(L)

3120-3167 5347.1 5348.1 2674.56 1783.37
(R)TQVKGVGQNLTYTTVALLPVLTTL

FQHIAQHQFGDDVILDDVQVSCYR(T)

1760-1808 5350.24 5351.25 2676.13 1784.42
(R)HGLPGVGVTTSLRPPHHFSPPBFVA

ALPAAGVAEAPARLSPAIPLEALR(D)

3887-3925 5365.09 5366.1 2683.55 1789.37
(R)FLQLLBEGHNNDFQNYLRTQTGNT

TTINIIIBTVDYLLR(L)

1760-1808 5368.26 5369.26 2685.14 1790.43
(R)HGLPGVGVTTSLRPPHHFSPPZFVA

ALPAAGVAEAPARLSPAIPLEALR(D)

3887-3925 5401.12 5402.13 2701.57 1801.38
(R)FLQLLZEGHNNDFQNYLRTQTGNT

TTINIIIZTVDYLLR(L)

1132-1180 5402.05 5403.05 2702.03 1801.69
(R)WHLGSEPFGRPWQSGDVVGCMIDL

TENTIIFTLNGEVLMSDSGSETAFR(E)

2141-2189 5411.31 5412.32 2706.66 1804.78
(R)AYTISPSSVEDTMSLLECLGQIRSLLI

VQMGPQEENLMIQSIGNIMNNK(V)

3288-3336 5446.3 5447.3 2724.16 1816.44
(R)GPEAPPPALPAGAPPPBTAVTSDHL

NSLLGNILRIIVNNLGIDEATWMK(R)

3288-3336 5464.31 5465.32 2733.16 1822.44
(R)GPEAPPPALPAGAPPPZTAVTSDHL

NSLLGNILRIIVNNLGIDEATWMK(R)

1213-1259 5477.27 5478.28 2739.64 1826.77
(R)FFAICGLQEGFEPFAINMQRPVTTW

FSKSLPQFEPVPPEHPHYEVAR(M)

1422-1468 5539.12 5540.13 2770.57 1847.38
(R)DDPEIILNTTTYYYSVRVFAGQEPSC

VWVGWVTPDYHQHDMNFDLSK(V)

4958-4998 5639.41 5640.42 2820.71 1880.81
(K)BFIBGIGSDYFDTTPHGFETHTLEEH

NLANYMFFLMYLINK(D)

2014-2062 5640.9 5641.9 2821.46 1881.31
(K)DEADEEDCPLPEDIRQDLQDFHQDL

LAHCGIQLEGEEEEPEEETSLSSR(L)

4958-4998 5675.44 5676.45 2838.73 1892.82
(K)ZFIZGIGSDYFDTTPHGFETHTLEEH

NLANYMFFLMYLINK(D)

1681-1725 5723.54 5724.55 2862.78 1908.85
(R)VAHALBSHVDQAQLLHALEDAHLP

GPLRAGYYDLLISIHLESABR(S)

46-99 5733.48 5734.49 2867.75 1912.17

(R)LCFLEPTSNAQNVPPDLAICCFTLE

QSLSVRALQEMLANTVEAGVESSQGG

GHR(T)

1129-1180 5743.42 5744.43 2872.72 1915.48

(R)GQRWHLGSEPFGRPWQSGDVVGC

MIDLTENTIIFTLNGEVLMSDSGSETAF

R(E)
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3120-3167 5749.55 5750.55 2875.78 1917.52

(R)TQVKGVGQNLTYTTVALLPVLTTL

FQHIAQHQFGDDVILDDVQVSBYR(T)

1681-1725 5759.57 5760.58 2880.79 1920.86
(R)VAHALZSHVDQAQLLHALEDAHLP

GPLRAGYYDLLISIHLESAZR(S)

3120-3167 5767.56 5768.57 2884.79 1923.53
(R)TQVKGVGQNLTYTTVALLPVLTTL

FQHIAQHQFGDDVILDDVQVSZYR(T)

1132-1180 5804.5 5805.5 2903.26 1935.84
(R)WHLGSEPFGRPWQSGDVVGBMIDL

TENTIIFTLNGEVLMSDSGSETAFR(E)

2141-2189 5813.76 5814.77 2907.89 1938.93
(R)AYTISPSSVEDTMSLLEBLGQIRSLLI

VQMGPQEENLMIQSIGNIMNNK(V)

1132-1180 5822.51 5823.52 2912.26 1941.85
(R)WHLGSEPFGRPWQSGDVVGZMIDL

TENTIIFTLNGEVLMSDSGSETAFR(E)

2141-2189 5831.77 5832.78 2916.89 1944.93
(R)AYTISPSSVEDTMSLLEZLGQIRSLLI

VQMGPQEENLMIQSIGNIMNNK(V)

1213-1259 5879.72 5880.73 2940.87 1960.92
(R)FFAIBGLQEGFEPFAINMQRPVTTW

FSKSLPQFEPVPPEHPHYEVAR(M)

1213-1259 5897.74 5898.75 2949.88 1966.92
(R)FFAIZGLQEGFEPFAINMQRPVTTW

FSKSLPQFEPVPPEHPHYEVAR(M)

1422-1468 5941.57 5942.58 2971.79 1981.53
(R)DDPEIILNTTTYYYSVRVFAGQEPSB

VWVGWVTPDYHQHDMNFDLSK(V)

1422-1468 5959.58 5960.59 2980.8 1987.54
(R)DDPEIILNTTTYYYSVRVFAGQEPSZ

VWVGWVTPDYHQHDMNFDLSK(V)

179-221 5969.78 5970.79 2985.9 1990.93
(R)YLHLSTASGELQVDASFMQTLWNM

NPIBSBBEEGYVTGGHVLR(L)

179-221 6023.82 6024.83 3012.92 2008.95
(R)YLHLSTASGELQVDASFMQTLWNM

NPIZSZZEEGYVTGGHVLR(L)

1489-1534 6071.96 6072.97 3036.99 2024.99
(K)BSNBYMVWGGDFVSPGQQGRISHT

DLVIGBLVDLATGLMTFTANGK(E)

1489-1534 6126 6127.01 3064.01 2043.01
(K)ZSNZYMVWGGDFVSPGQQGRISHT

DLVIGZLVDLATGLMTFTANGK(E)

1129-1180 6145.87 6146.87 3073.94 2049.63

(R)GQRWHLGSEPFGRPWQSGDVVGB

MIDLTENTIIFTLNGEVLMSDSGSETAF

R(E)

35-76 6152.06 6153.07 3077.04 2051.7
(K)LBLAAEGFGNRLBFLEPTSNAQNVP

PDLAIBBFTLEQSLSVR(A)

3124-3179 6159.05 6160.06 3080.53 2054.02

(K)GVGQNLTYTTVALLPVLTTLFQHIA

QHQFGDDVILDDVQVSCYRTLCSIYSL

GTTK(N)

1129-1180 6163.88 6164.89 3082.95 2055.64

(R)GQRWHLGSEPFGRPWQSGDVVGZ

MIDLTENTIIFTLNGEVLMSDSGSETAF

R(E)

35-76 6224.12 6225.13 3113.07 2075.72
(K)LZLAAEGFGNRLZFLEPTSNAQNVP

PDLAIZZFTLEQSLSVR(A)

165-221 6233.07 6234.08 3117.54 2078.7

(R)VGDDLILVSVSSERYLHLSTASGEL

QVDASFMQTLWNMNPICSCCEEGYVT

GGHVLR(L)

2014-2062 6445.8 6446.8 3223.91 2149.61
(K)DEADEEDBPLPEDIRQDLQDFHQDL

LAHBGIQLEGEEEEPEEETSLSSR(L)

2014-2062 6481.83 6482.83 3241.92 2161.62

(K)DEADEEDZPLPEDIRQDLQDFHQDL

LAHZGIQLEGEEEEPEEETSLSSR(L)
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4231-4295 6494.96 6495.96 3248.49 2165.99

(K)MELFVSFCEDTIFEMQIAAQISEPEG

EPEADEDEGMGEAAAEGAEEGAAGAE

GAAGTVAAGATAR(L)

1181-1240 6555.53 6556.53 3278.77 2186.18

(R)EIEIGDGFLPVCSLGPGQVGHLNLG

QDVSSLRFFAICGLQEGFEPFAINMQRP

VTTWFSK(S)

4231-4295 6897.41 6898.41 3449.71 2300.14

(K)MELFVSFBEDTIFEMQIAAQISEPEG

EPEADEDEGMGEAAAEGAEEGAAGAE

GAAGTVAAGATAR(L)

4231-4295 6915.42 6916.43 3458.72 2306.15

(K)MELFVSFZEDTIFEMQIAAQISEPEG

EPEADEDEGMGEAAAEGAEEGAAGAE

GAAGTVAAGATAR(L)

46-99 6940.83 6941.84 3471.42 2314.62

(R)LBFLEPTSNAQNVPPDLAIBBFTLEQ

SLSVRALQEMLANTVEAGVESSQGGG

HR(T)

3124-3179 6963.95 6964.96 3482.98 2322.32

(K)GVGQNLTYTTVALLPVLTTLFQHIA

QHQFGDDVILDDVQVSBYRTLBSIYSL

GTTK(N)

46-99 6994.88 6995.89 3498.45 2332.63

(R)LZFLEPTSNAQNVPPDLAIZZFTLEQ

SLSVRALQEMLANTVEAGVESSQGGG

HR(T)

3124-3179 6999.98 7000.99 3501 2334.33

(K)GVGQNLTYTTVALLPVLTTLFQHIA

QHQFGDDVILDDVQVSZYRTLZSIYSL

GTTK(N)

179-242 7105.97 7106.98 3553.99 2369.66

(R)YLHLSTASGELQVDASFMQTLWNM

NPICSCCEEGYVTGGHVLRLFHGHMD

ECLTISAADSDDQR(R)

4231-4302 7119.7 7120.7 3560.86 2374.24

(K)MELFVSFCEDTIFEMQIAAQISEPEG

EPEADEDEGMGEAAAEGAEEGAAGAE

GAAGTVAAGATARLAAAAAR(A)

2249-2316 7155.24 7156.25 3578.63 2386.09

(R)SMFDHLSYLLENSGIGLGMQGSTPL

DVAAASVIDNNELALALQEQDLEKVV

SYLAGCGLQSCPMLLAK(G)

1181-1240 7360.43 7361.43 3681.22 2454.48

(R)EIEIGDGFLPVBSLGPGQVGHLNLG

QDVSSLRFFAIBGLQEGFEPFAINMQRP

VTTWFSK(S)

1181-1240 7396.46 7397.46 3699.24 2466.49

(R)EIEIGDGFLPVZSLGPGQVGHLNLG

QDVSSLRFFAIZGLQEGFEPFAINMQRP

VTTWFSK(S)

165-221 7440.42 7441.43 3721.22 2481.15

(R)VGDDLILVSVSSERYLHLSTASGEL

QVDASFMQTLWNMNPIBSBBEEGYVT

GGHVLR(L)

165-221 7494.47 7495.48 3748.24 2499.16

(R)VGDDLILVSVSSERYLHLSTASGEL

QVDASFMQTLWNMNPIZSZZEEGYVT

GGHVLR(L)

4231-4302 7522.15 7523.15 3762.08 2508.39

(K)MELFVSFBEDTIFEMQIAAQISEPEG

EPEADEDEGMGEAAAEGAEEGAAGAE

GAAGTVAAGATARLAAAAAR(A)

4231-4302 7540.16 7541.17 3771.09 2514.4

(K)MELFVSFZEDTIFEMQIAAQISEPEG

EPEADEDEGMGEAAAEGAEEGAAGAE

GAAGTVAAGATARLAAAAAR(A)

684-758 7878.72 7879.72 3940.37 2627.25

(R)VGWALTEGYSPYPGGGEGWGGNG

VGDDLYSYGFDGLHLWTGHVARPVTS

PGQHLLAPEDVVSCCLDLSVPSISFR(I)
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2249-2316 7960.14 7961.15 3981.08 2654.39

(R)SMFDHLSYLLENSGIGLGMQGSTPL

DVAAASVIDNNELALALQEQDLEKVV

SYLAGBGLQSBPMLLAK(G)

2249-2316 7996.17 7997.18 3999.09 2666.4

(R)SMFDHLSYLLENSGIGLGMQGSTPL

DVAAASVIDNNELALALQEQDLEKVV

SYLAGZGLQSZPMLLAK(G)

4216-4295 8158.76 8159.77 4080.39 2720.59

(R)QFIFDVVNEGGEAEKMELFVSFCED

TIFEMQIAAQISEPEGEPEADEDEGMGE

AAAEGAEEGAAGAEGAAGTVAAGAT

AR(L)

4216-4295 8561.21 8562.22 4281.61 2854.74

(R)QFIFDVVNEGGEAEKMELFVSFBED

TIFEMQIAAQISEPEGEPEADEDEGMGE

AAAEGAEEGAAGAEGAAGTVAAGAT

AR(L)

4216-4295 8579.23 8580.23 4290.62 2860.75

(R)QFIFDVVNEGGEAEKMELFVSFZED

TIFEMQIAAQISEPEGEPEADEDEGMGE

AAAEGAEEGAAGAEGAAGTVAAGAT

AR(L)

4582-4665 8672.49 8673.5 4337.25 2891.84

(K)VSDSPPGEDDMEGSAAGDLAGAGS

GGGSGWGSGAGEEAEGDEDENMVYY

FLEESTGYMEPALWCLSLLHTLVAFLC

IIGYNCLK(V)

684-758 8683.62 8684.62 4342.82 2895.55

(R)VGWALTEGYSPYPGGGEGWGGNG

VGDDLYSYGFDGLHLWTGHVARPVTS

PGQHLLAPEDVVSBBLDLSVPSISFR(I)

1132-1212 8691.76 8692.77 4346.89 2898.26

(R)WHLGSEPFGRPWQSGDVVGCMIDL

TENTIIFTLNGEVLMSDSGSETAFREIEI

GDGFLPVCSLGPGQVGHLNLGQDVSS

LR(F)

179-242 8715.77 8716.78 4358.89 2906.26

(R)YLHLSTASGELQVDASFMQTLWNM

NPIBSBBEEGYVTGGHVLRLFHGHMD

EBLTISAADSDDQR(R)

684-758 8719.65 8720.65 4360.83 2907.56

(R)VGWALTEGYSPYPGGGEGWGGNG

VGDDLYSYGFDGLHLWTGHVARPVTS

PGQHLLAPEDVVSZZLDLSVPSISFR(I)

179-242 8787.83 8788.84 4394.92 2930.28

(R)YLHLSTASGELQVDASFMQTLWNM

NPIZSZZEEGYVTGGHVLRLFHGHMD

EZLTISAADSDDQR(R)

4582-4672 9469.54 9470.55 4735.78 3157.52

(K)VSDSPPGEDDMEGSAAGDLAGAGS

GGGSGWGSGAGEEAEGDEDENMVYY

FLEESTGYMEPALWCLSLLHTLVAFL

CIIGYNCLKVPLVIFK(R)

1132-1212 9496.66 9497.67 4749.34 3166.56

(R)WHLGSEPFGRPWQSGDVVGBMIDL

TENTIIFTLNGEVLMSDSGSETAFREIEI

GDGFLPVBSLGPGQVGHLNLGQDVSS

LR(F)

1132-1212 9532.7 9533.7 4767.36 3178.57

(R)WHLGSEPFGRPWQSGDVVGZMIDL

TENTIIFTLNGEVLMSDSGSETAFREIEI

GDGFLPVZSLGPGQVGHLNLGQDVSS

LR(F)

4582-4665 9879.84 9880.85 4940.93 3294.29

(K)VSDSPPGEDDMEGSAAGDLAGAGS

GGGSGWGSGAGEEAEGDEDENMVYY

FLEESTGYMEPALWBLSLLHTLVAFLB

IIGYNBLK(V)
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4582-4665 9933.88 9934.89 4967.95 3312.3

(K)VSDSPPGEDDMEGSAAGDLAGAGS

GGGSGWGSGAGEEAEGDEDENMVYY

FLEESTGYMEPALWZLSLLHTLVAFLZ

IIGYNZLK(V)

662-758 10512.77 10513.78 5257.39 3505.26

(K)WYFEVMVDEVVPFLTAQATHLRV

GWALTEGYSPYPGGGEGWGGNGVGD

DLYSYGFDGLHLWTGHVARPVTSPGQ

HLLAPEDVVSCCLDLSVPSISFR(I)

4582-4672 10676.89 10677.9 5339.45 3559.97

(K)VSDSPPGEDDMEGSAAGDLAGAGS

GGGSGWGSGAGEEAEGDEDENMVYY

FLEESTGYMEPALWBLSLLHTLVAFLB

IIGYNBLKVPLVIFK(R)

4582-4672 10730.93 10731.94 5366.48 3577.99

(K)VSDSPPGEDDMEGSAAGDLAGAGS

GGGSGWGSGAGEEAEGDEDENMVYY

FLEESTGYMEPALWZLSLLHTLVAFLZ

IIGYNZLKVPLVIFK(R)

4564-4665 10819.18 10820.19 5410.6 3607.4

(R)FLALFLAFAINFILLFYKVSDSPPGE

DDMEGSAAGDLAGAGSGGGSGWGSG

AGEEAEGDEDENMVYYFLEESTGYME

PALWCLSLLHTLVAFLCIIGYNCLK(V)

684-788 11020.36 11021.37 5511.19 3674.46

(R)VGWALTEGYSPYPGGGEGWGGNG

VGDDLYSYGFDGLHLWTGHVARPVTS

PGQHLLAPEDVVSCCLDLSVPSISFRIN

GCPVQGVFEAFNLDGLFFPVVSFSAGV

K(V)

662-758 11317.67 11318.68 5659.84 3773.56

(K)WYFEVMVDEVVPFLTAQATHLRV

GWALTEGYSPYPGGGEGWGGNGVGD

DLYSYGFDGLHLWTGHVARPVTSPGQ

HLLAPEDVVSBBLDLSVPSISFR(I)

662-758 11353.7 11354.71 5677.86 3785.57

(K)WYFEVMVDEVVPFLTAQATHLRV

GWALTEGYSPYPGGGEGWGGNGVGD

DLYSYGFDGLHLWTGHVARPVTSPGQ

HLLAPEDVVSZZLDLSVPSISFR(I)

4564-4665 12026.53 12027.54 6014.27 4009.85

(R)FLALFLAFAINFILLFYKVSDSPPGE

DDMEGSAAGDLAGAGSGGGSGWGSG

AGEEAEGDEDENMVYYFLEESTGYME

PALWBLSLLHTLVAFLBIIGYNBLK(V)

4564-4665 12080.57 12081.58 6041.29 4027.87

(R)FLALFLAFAINFILLFYKVSDSPPGE

DDMEGSAAGDLAGAGSGGGSGWGSG

AGEEAEGDEDENMVYYFLEESTGYME

PALWZLSLLHTLVAFLZIIGYNZLK(V)

684-788 12227.71 12228.72 6114.86 4076.91

(R)VGWALTEGYSPYPGGGEGWGGNG

VGDDLYSYGFDGLHLWTGHVARPVTS

PGQHLLAPEDVVSBBLDLSVPSISFRIN

GBPVQGVFEAFNLDGLFFPVVSFSAGV

K(V)

684-788 12281.75 12282.76 6141.88 4094.93

(R)VGWALTEGYSPYPGGGEGWGGNG

VGDDLYSYGFDGLHLWTGHVARPVTS

PGQHLLAPEDVVSZZLDLSVPSISFRIN

GZPVQGVFEAFNLDGLFFPVVSFSAGV

K(V)
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Supplemental Figure Legends

Supplemental Fig. 1. Direct ESI mass spectrum of peptide 1303 – 1324 with cys-1303

adducted by CPM. A segment of the direct ESI spectrum is represented, indicating a strong

signal for the triply charged 855.40 Da, which matches the theoretical monoisotopic mass value

of 2561.21 Da for CPM adduction of cys-1303 in peptide 1303-1324.

Supplemental Fig. 2. ESI MS/MS spectrum of peptide 1303 – 1324 with cys-1303 adducted

by CPM. ESI MS/MS spectrum of the triply charged 855.40 Da peptide in Supplemental Fig. 1,

which produces a fragmentation pattern indicating CPM adduction of cys-1303 in peptide 1303 –

1321.

Supplemental Fig. 3. ESI MS/MS spectrum of peptide 2565 – 2575 with cys-2565 adducted

by CPM. ESI MS/MS spectrum of the triply charged 534.91 Da peptide in Fig. 4B, which

produces a fragmentation pattern indicating CPM adduction of cys-2565 in peptide 2565 – 2575.

Supplemental Fig. 4. MALDI-TOF mass spectrum of peptide 2598 – 2616 with cys-2606 and

-2611 adducted by hydrolyzed-CPM. A segment of the MALDI-TOF mass spectra indicating a

low intensity signal at monoisotopic 2576.30 Da, which corresponds to the theoretical value of

2576.17 Da for hydrolyzed-CPM adduction of cys-2606 and -2611 in peptide 2598 – 2616.

Supplemental Fig. 5. Direct ESI MS of peptide 2598 – 2612 with cys-2606 and -2611

adducted by hydrolyzed-CPM. A segment of the direct ESI mass spectrum transformed to the

single charge state that produces a high intensity signal at 2576.21 Da, corresponding to the
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predicted 2576.17 Da for hydrolyzed-CPM adduction of cys-2606 and -2611 in peptide 2598 –

2612.

Supplemental Fig. 6. MALDI-TOF MS of peptide 1037 – 1044 with cys-1040 adducted by

hydrolyzed-CPM. A segment of the MALDI-TOF spectrum is represented, indicating a strong

signal at monoisoptic 1311.47 Da, which corresponds to the theoretical value of 1311.60 Da for

hydrolyzed-CPM adduction of cys-1040 in peptide 1037 – 1044.

Supplemental Fig. 7. MALDI-TOF MS of peptide 1037 – 1044 with cys-1040 adducted by

hydrolyzed-CPM. A MALDI-TOF spectrum is represented, indicating a signal at monoisotopic

1311.60 Da, which corresponds to the theoretical value of 1311.60 Da for hydrolyzed-CPM

adduction of cys-1040 in peptide 1037 – 1044.

Supplemental Fig. 8. Direct ESI MS of peptide 2436 – 2447 with cys-2436 adducted by CPM.

A direct ESI spectrum transformed to the single charge state produces a strong signal at 1699.99

Da, which corresponds to the theoretical 1699.80 Da for CPM adduction of cys-2436 in peptide

2436 – 2447.

Supplemental Fig. 9. Direct ESI MS tentatively identifying CPM-adduction of cys-120 in

peptide 116 – 130. A direct ESI spectrum transformed to the single charged state with two

overlapping signals produces a high intensity signal at 2139.29 Da, which corresponds to the

predicted 2138.96 Da for CPM adduction of cys-120 in peptide 116 – 130.
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Supplemental Fig. 10. Direct ESI MS tentatively identifying CPM-adduction of cys-3193 in

peptide 3180 – 3196. A direct ESI mass spectrum transformed to the single charged state with

two overlapping signals produces a high intensity signal at 2334.46 Da, which corresponds to the

theoretical 2335.19 Da for CPM adduction of cys-3193 in peptide 3180 – 3196.
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