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Background: How TH2-mediated allergic immune responses are
induced is still under investigation.
Objective: In an in vitro system we compared the effect of
lipocalin allergens and nonallergenic homologues on human
monocyte-derived dendritic cells (DCs) to investigate how they
polarize naive CD41 TH cells. Microarray data gained with
these DCs showed a significant difference in expression of
formyl peptide receptors (FPRs). Activation of FPR3 in human
monocyte-derived DCs leads to inhibition of IL-12 production.
Low concentrations of IL-12 during T-cell priming biases
immune responses toward TH2. We hypothesize that binding of
allergenic lipocalins to FPR3 might be a mechanism for
induction of allergic immune responses.
Methods: We examined whether lipocalins and FPR3 colocalize
within the cells by using confocal microscopy. With calcium
mobilization assays of FPR3-transfected HEK 293 cells, we
measured FPR3 signaling in response to allergenic and
nonallergenic lipocalins. Silencing of FPR3 in DCs and
pretreatment with an antagonistic peptide were used to assess
the function of FPR3 in TH2 induction.
Results: FPR3 and lipocalins colocalize in the same vesicles in
DCs. Cathepsin S–digested allergenic lipocalins, but not digestion
products of nonallergenic homologues, activate FPR3 signaling.
FPR3 silencing in DCs or pretreatment with an antagonistic
peptide restores IL-12 and induces IL-10 expression by DCs
treated with lipocalin allergens, attenuating the TH2 bias and
inducing IL-10 production in cocultured TH cells.
Conclusion: We describe a novel molecular mechanism for
induction of TH2-mediated allergic immune responses. (J
Allergy Clin Immunol 2020;145:654-65.)

Key words: Lipocalin allergens, formyl peptide receptor 3, human
monocyte-derived dendritic cells, TH2 polarization, antagonistic
peptide

Dendritic cells (DCs) build the interface of innate and adaptive
immune responses and are major players in determining the type
andmagnitude of adaptive immune responses. Correct TH cell po-
larization is necessary for establishment of an immune response
best suited to combat the invading antigen. DCs provide T cell–
polarizing cytokines on contact with microbes: IL-12 for TH1
cell differentiation1,2 characterized by production of IFN-g3 and
fitted to defeat intracellular pathogens; TGF-b for differentiation
of TH17 cells characterized by production of IL-17

4 and equipped
to fight extracellular pathogens and fungi; and IL-10, TGF-b, or
both to induce peripheral regulatory T cells characterized by pro-
duction of IL-10 and TGF-b and limiting excessive immune re-
sponses.5 Although there is ample evidence that DCs are also
required to direct immune responses toward allergic TH2 differen-
tiation after interaction with allergens,6,7 the DC-derived stimulus
for TH2 induction is still under investigation.3,8 Discussed are,
among others, a specialized DC subset,7,9 weak affinity of
CD41 T cells to the presented antigen,10 intracellular location
of the antigen,11 extracellular-signal regulated kinase activation
in DCs leading to inhibition of IL-12 production,12 and uptake
through mannose receptor.13,14 To date, the absence or low con-
centrations of IL-12 during T-cell priming by DCs is still the
best characterized prerequisite for TH2 differentiation. Unravel-
ing the regulatory chain for priming of TH2 cells remains
challenging.

The protein family of lipocalins contains the most important
mammal-derived respiratory allergens and nonallergenic pro-
teins. Lipocalins have a common tertiary structure but low amino
acid homology, usually 30% to 40%. In an earlier study15 we used
members of this protein family to equip DCs with the ability to
induce either allergic or nonallergic immune responses according
to the allergenicity of the lipocalins in an in vitro model system.
Specifically, we used the major dog allergen Can f 1
(NP_001003190.1) and its human homologue, the tear-derived
nonallergenic Lcn-1 (NC_000009.12, NP_001239546.1), as
well as the cat allergen Fel d 4 (NM_001009233.1) and its
nonallergenic homologue major urinary protein (MUP;
NG_016729, hCG1795014), which share almost 60% of their
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amino acids (see Fig E1 in this article’s Online Repository at
www.jacionline.org), an unusually high homology within this
family. When allergenic lipocalins were added to DCs, they ex-
pressed less maturation markers and IL-12. Cocultured naive
CD41CD45RA1 allogeneic T cells developed a TH2 cytokine
signature.15

To elucidate the molecular events of this interaction, we
performed a transcriptome comparison of DCs treated with
allergenic and nonallergenic lipocalins. We found formyl pep-
tide receptors (FPRs) to be among the most prominently
differentially regulated genes. FPRs are G protein–coupled
receptors expressed mainly in leukocytes with the capacity to
interact with a wide variety of peptide ligands. FPRs possess
multiple functions in controlling inflammation, myeloid cell
trafficking in host response to infection, tissue injury, and wound
healing.

Detailed knowledge of FPR signaling is scarce, as described
in a recent review.16 FPR1 and FPR2 are expressed on the cell
surfaces of leukocytes and a variety of other cell types and are
specifically involved in controlling inflammation-induced path-
ophysiologic conditions through interaction with N-formyl pep-
tides.17,18 In DCs FPR1 and FPR2 expression is low or absent
(see Fig E2 in this article’s Online Repository at www.
jacionline.org),19 whereas FPR3 is expressed mainly in small
intracellular vesicles. FPR3 interacts with nonformylated pep-
tides, and its overall function is still unclear.20 One of the
specific functions attributed to FPR3 is interference with LPS-
induced IL-12 production on ligand binding shown with the syn-
thetic agonistic peptide WKYMVm, which binds to all 3 human
FPRs.19 On the other hand, the antagonistic synthetic peptide
WRW4 is able to inhibitWKYMVm-induced Ca21mobilization
in monocytes and DCs and acts as an antagonist for FPR3-
induced DC migration.21

Here, for the first time, we describe a molecular mechanism
leading to an allergic immune response. We demonstrate that in
monocyte-derived DCs interaction of lipocalins with FPR3,
which only occurs with allergenic members of the family, leads
to downregulation of IL-12 production in DCs. This promotes the
development of TH2 cells from naive TH cells in allogeneic mixed
leukocyte reactions, a hallmark of allergic immune responses.
Silencing of FPR3 expression or addition of an FPR3-
antagonistic peptide prevent the allergen-induced decrease in
IL-12 production. Interfering with FPR3 expression also induces
IL-10 expression in DCs and leads to a suppressor phenotype in
cocultured TH cells. Thus manipulating FPR3 activation might
serve for drug development.

METHODS

Recombinant lipocalins
Preparation of recombinant Can f 1, Fel d 4, Fel d 7, Lcn-1, andMUPwas as

described elsewhere.15 In short, genes encoding mature proteins were cloned

into pQE-70 (Qiagen, Hilden, Germany) or pet 21d (Addgene, Watertown,

Mass) vectors. Recombinant proteins were purified bymeans of a combination

of Ni-affinity chromatography and size-exclusion chromatography. Contami-

nating LPS was removed by using Detoxi-Endotoxin Removing Gel (Thermo

Fisher Scientific, Rockford, Ill). Selected preparations were determined to be

nearly endotoxin free (<0.01 EU/mg) by using the Limulus assay. Recombi-

nant Equ c 1 and Rat n 1 were purchased (Rekom Biotech, La Zubia, Spain,

and Indoor Biotechnology, Cardiff, United Kingdom). Recombinant lipoca-

lins (20 mg/mL) were used to stimulate DCs from days 6 to 8 of culture

throughout the experiments.

Fluorescent dye labeling of lipocalins
Protein-labeling kits with Alexa Fluor 488 and Alexa Fluor 594 were

purchased from Molecular Probes (Invitrogen, Eugene, Ore) and used

according to the manufacturer’s protocol.

Cell preparations
Generation of monocyte-derived DCs. Human monocyte-

derived DCs were prepared from peripheral blood monocytes, essentially as

described.22-24 We obtained anonymous human blood components from the

local blood bank (Central Institute for Blood Transfusion and Immunology,

InnsbruckMedical University, Innsbruck, Austria) according to the guidelines

of the local blood bank and the tenets of the Helsinki Protocol and approved by

the independent ethics committee of Innsbruck Medical University.

T-cell preparation. Bulk T cells were isolated from rosettes that had

formed with neuraminidase-treated sheep red blood cells during the monocyte

isolation procedure by lysing the sheep red blood cells with ammonium

chloride, as previously described.25 Naive CD41 T cells were isolated from

bulk T cells by using the naive CD41 T-cell isolation kit purchased fromMil-

tenyi Biotech (Bergisch Gladbach, Germany), according to themanufacturer’s

protocol.

DC–T-cell cocultures. DCs (2.5 3 105) and allogeneic naive

CD41CD45RA1 T cells (2 3 106) were cocultured in 24-well plates for

5 days.

HEK 293 cell transfection with FPR3
For FPR3 cloning, FPR3 cDNA was amplified from reverse-transcribed

mRNA isolated from monocyte-derived DCs by using specific primers:

forward, 59 CAGTCGATATCCGAAACCAACTTCTCCATTCC; reverse, 59
ATCAGTGCGGCCGCCATTGCTTGTAACTCCGTC. The PCR product

was cleaned (Wizard; Promega, Madison, Wis) and subjected to A tailing

for cloning into pGemT vector. The sequence was verified (Microsynth,

Balgach, Switzerland), and the plasmid was used to produce the EcoRV/NotI

insert for subsequent cloning into pcDNA3.1 His-B. This plasmid was linear-

ized and used for transfection into HEK 293 cells (ATCC, Manassas, Va) by

means of Ca2PO4 transfection in 24-well plates. Twenty-four hours later, cells

were subjected to selection with G418 (Biochrom, Berlin, Germany). Clones

were collected after 20 days and seeded into 6-well plates. At confluence, we

controlled cells for FPR3 expression by using fluorescence-activated cell sort-

ing (FACS) analysis (PE–anti-human FPR3; BioLegend, San Diego, Calif),

transferred them to flasks, and expanded and froze them at 107 cells/mL in

their sixth passage for further experiments.

Relative quantification of FPR3 transcripts
Total RNA was extracted from DCs treated or not with the indicated

lipocalins for 48 hours by using TRIzol (Gibco BRL, Thermo Fisher,

Waltham, Mass). Random primed cDNAwas prepared (Superscript II RNase

H-reverse transcriptase; Life Technologies, Vienna, Austria) from total RNA.

Quantitative PCR analysis was performed on a CFX96 RT C1000 Thermal

Cycler (Bio-Rad Laboratories, Hercules, Calif) by using SSoAdvanced

Universal SYBR Green Supermix (Bio-Rad Laboratories). Sequences for

primers (synthesized by Microsynth) specific for FPR3 cDNAwere selected

by using the Primer Express software (Applied Biosystems, Foster City,

Calif): forward, 59 TGGTGTGGGAAGATGGAAACC; reverse, 59
CAGATGGTGTTGACTGTGCG.

Immunocytochemical analysis and confocal

microscopy
For FPR3 colocalization, DCs were allowed to adhere to poly-L-lysine

(100mg/mL for 1 hour at 378C; Sigma, St Louis, Mo)–coated cover glass slides

within a 24-well plate for 30 minutes. Fluorescent dye (Alexa Fluor 594)–

labeled recombinant lipocalins (10 mg/mL) or LysoTracker Red (Invitrogen

Life Technologies, Eugene, Ore) were added for 1 hour. Cells were fixed in
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Fix&Perm Solution (An Der Grub Bio Research, Kaumberg, Austria) contain-

ing 1 mg/mL 49-6-diamidino-2-phenylindole dihydrochloride for 10 minutes.

Immunostaining was performed with polyclonal rabbit anti-human FPR3 IgG

(LSBio, Seattle, Wash), followed by Alexa Fluor 488–conjugated goat anti-

rabbit antibody (Invitrogen Life Technologies, Eugene, Oreg).

FPR3 and cell organelle staining was performed with DCs fixed in

Fix&Perm Solution (An Der Grub Bio Research) containing 1 mg/mL 49-6-
diamidino-2-phenylindole dihydrochloride for 10 minutes, followed by

immunostaining performed with polyclonal goat anti-FPR3 antibody (Santa

Cruz Biotechnology, Dallas, Tex) together with rabbit polyclonal anti–Early

Endosomal Antigen (EEA)-1 (Abcam, Cambridge, United Kingdom), anti-

Rab5, or anti-Rab7 antibody (Cell Signaling, Danvers, Mass), followed by the

secondary antibodies Alexa Fluor 488– or Alexa Fluor 594–conjugated

donkey anti-goat (Life Technology, Carlsbad, Calif) or Alexa Fluor 488– or

Alexa Fluor 594–conjugated goat anti-rabbit antibody (Invitrogen Life

Technologies) or fluorescein isothiocyanate–labeled anti-human MHC class

II (MHCII)–specific antibody (Becton Dickinson, Franklin Lakes, NJ).

Confocal microscopy was performed with a spinning disk confocal system

(UltraVIEW VoX; PerkinElmer, Waltham, Mass) connected to a Zeiss

AxioObserver Z1 microscope (Zeiss, Oberkochen, Germany). Images were

acquired with the Volocity software (PerkinElmer) by using a 633 oil

immersion objective with a numeric aperture of 1.4.

Ca21 mobilization assay
HEK 293 cells and HEK 293 cells overexpressing FPR3 were seeded in

poly-L-Lysine (Sigma)–coated black-framed clear-bottom 96-well plates (Per-

kinElmer) at a density of 1.53 105 cells/well in a total volume of 50 mL/well

culture medium (Dulbecco modified Eagle medium with 0.5% FCS, 1%

HEPES, and 1 mmol/L glutamine) and incubated at 378C for 5 to 6 hours.

Ca21mobilization assays were conducted by using the Fluo-4 Direct Calcium

Assay Kit (Invitrogen Life Technologies), according to the manufacturer’s

protocol. Briefly, 50 mL of 23 Fluo-4 Direct Calcium Reagent loading solu-

tion supplemented with 5 mmol/L probenecid was added to each well and

incubated for 30 minutes at 378C, followed by 30 minutes of incubation at

room temperature in the dark. Assay plates were placed into the PHERAstar

FS kinetic fluorescence plate reader (BMG Labtech, Ortenberg, Germany)

to measure changes in intracellular calcium levels in response to receptor acti-

vation. One hundred intervals with an interval time of 1 second and 10 flashes

per well per interval were recorded (excitation, 485 nm; emission, 520 nm).

The basal fluorescence signal was recorded for 20 seconds, followed by an

addition of 25 mL of compounds dissolved in Fluo-4 Direct Calcium Assay

Buffer by means of direct injection and 80 seconds of continuous recording.

Cathepsin S processing of lipocalins
For processing of lipocalins with active cathepsin S, 200 mg of each

lipocalin was incubated for 24 hours at 378C with 15 mg of active human

recombinant cathepsin S (BioVision, Milpitas, Calif) in 100 mL of sterile

degradation buffer containing 100 mmol/L NaCl, 5 mmol/L EDTA, 10 mmol/

L sodium acetate (pH 5), and 2 mmol/L dithiotreitol.26,27 Samples were stored

at2208C and used for Ca21mobilization assays. We used high-concentration

lipocalin protein solutions to omit buffer exchange of proteins with cathepsin

S digestion buffer. In addition, digests of Lcn-1 and Can f 1 were withdrawn

after 1, 5, 10, 24, and 48 hours and applied on a 12%Bis-Tris gel. As a control,

the lipocalins were incubated for 48 hours at 378C in digestion buffer without

cathepsin S. The gels were cut into 2 parts between the 10- and 15-kDa

markers. The upper parts with the larger proteins were stained with In-

stantBlue (Expedeon, Harston, United Kingdom), and the lower part was sil-

ver stained according to the manufacturer’s protocol with the ProteoSilver Kit

(Sigma-Aldrich, St Louis, Mo).

Identification of peptides in cathepsin S–digested

lipocalins
Can f 1, Lcn-1, Fel d 4, and MUP were subjected to cathepsin S digestion as

above and analyzed with the UltiMate 3000 nano-HPLC System (Dionex,

Germering, Germany) coupled through a nanospray ionization source to a Q

Exactive HF Mass Spectrometer (Thermo Scientific, Vienna, Austria) using

instrument settings according to the method of Hoernes et al.28 A database

search was performed with ProteomeDiscoverer (version 2.2; Thermo Scienti-

fic) with the search engine Sequest HT. Tandem mass spectrometric spectra

were searched against a contaminants database (635 entries) to which 5 protein

sequences (Can f 1, MUP, Lcn-1, Fel d 4, and cathepsin S) were added. The

following settings were applied. Enzyme for protein cleavage was set to unspe-

cific. Variable modifications were N-terminal protein acetylation and methio-

nine oxidation. Precursor mass tolerance was set to 10 ppm; fragment mass

tolerancewas 20mmu. Themaximum false discovery rate for peptides was 1%.

ELISA
Culture supernatants of human monocyte-derived DCs were analyzed for

IL-12 (p70), IL-10 (BD PharMingen, San Diego, Calif), and IL-6 (R&D

Systems, Minneapolis, Minn). Cell supernatants of cocultures of human

monocyte-derived DCs with allogeneic CD41CD45RA1 naive T cells

(5 days) were analyzed for IFN-g, IL-13, IL-4, and IL-10 (BD PharMingen).

FPR3 silencing
DCs were cultured at 2.5 3 105 cells/well seeded in 24-well plates in

500 mL of culture medium (RPMI 1640 supplemented with 10% FCS,

2 mmol/L of L-glutamine, and 800 U/mL GM-CSF [specific activity,

1.1 3 106 U/mg]; Leukomax; Novartis, Basel, Switzerland) and 20 U/mL

IL-4 (Strathmann, Hannover, Germany) without antibiotics. On days 1 and

3, cells were transfected with 120 nmol/L (1.6 ng/mL) small interfering

RNA (siRNA; 59 UCAUUC UUG UCC UGAUUA A 39) with 39 deoxythy-
midine dinucleotide overhangs or control siRNA ready to use duplexes (My-

crosynth) with Lipofectamine 2000 (Invitrogen, Carlsbad, Calif), according to

the manufacturer’s protocol. On day 6, DCs were harvested and used for

further experiments. Reduction of FPR3 expression was determined by using

intracellular FACS analysis for each experiment with polyclonal anti-FPR3

IgG (LS Bio, Seattle, Wash) and Alexa Fluor 488–conjugated goat anti-

rabbit IgG (Invitrogen Life Technologies). Cells were analyzed with a FACS-

Canto (Becton Dickinson, Franklin Lakes, NJ), and data were handled with

FlowJo software (TreeStar, Ashland, Ore).

Agonist, antagonist, and neutralizing antibody

treatment
In specified experiments we used an agonist, WKYMVm (Tocris, Bristol,

United Kingdom), or an antagonist,WRW4 (Tocris), to FPR317,29 or a neutral-

izing anti–IL-12 antibody (Abcam). The agonist or antagonist was added to

the cell culture at 1mmol/L and the antibodywas added at 4mg/mL 30minutes

before the lipocalins.

Statistics
Data were handled with Prism software (GraphPad Software, La Jolla,

Calif), and paired Student t tests were performed to evaluate significance.

RESULTS

Verification of differential expression of FPR3
To evaluate microarray data obtained by comparing expression

data of DCs treated with either allergenic or nonallergenic
lipocalins,15 we performed RT–quantitative PCR with cDNA ob-
tained from immature DCs either treated for 48 hours with the
nonallergenic lipocalins Lcn-1 and MUP or their allergenic ho-
mologues Can f 1 and Fel d 4 to assess expression of FPR3. Den-
dritic cells treated with maturation cocktail (mDCs) or immature
monocyte-derived dendritic cells (iDCs) served as controls. In
DCs treated with Lcn-1, MUP, or maturation cocktail, FPR3 is
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hardly detectable, whereas levels remain similar in iDCs or iDCs
treated with Can f 1 or Fel d 4 (Fig 1, A).

To evaluate FPR3 expression on the protein level, we
performed intracellular staining and FACS analyses on cells
obtained under the same conditions (Fig 1, B). We found a slight
decrease in FPR3 expression in DCs treated with nonallergenic
lipocalins or maturation cocktail.

To assess whether ligand binding influences FPR3 expression,
we measured mRNA expression levels of FPR3 in monocyte-
derived iDCs and mDCs treated with an agonist (WKYMVm) or
an antagonist (WRW4). As shown in Fig 1, C, downregulation of
FPR3 expression occurs when DCs encounter maturation stimuli
independent of ligand binding.

Colocalization of lipocalins and FPR3 in endosomes
DCs adherent to PLL-coated cover glass slides were incubated

with fluorescent dye–labeled lipocalins for 1 hour and stained
with FPR3-specific antibodies to assess the feasibility of lip-
ocalins taken up by DCs to interact with FPR3 located in small
intracellular vesicles.30We could identify vesicles that stained for
both lipocalins and FPR3, allowing for interaction of the receptor
with putative lipocalin-derived ligands (Fig 2, A).

To identify the FPR3-containing vesicles, we used markers for
cell vesicles and MHCII. We found colocalization of FPR3 with
EEA-I and Rab5, both markers for early endosomes, and Rab7, a
marker for late endosomes31-33 but not with LysoTracker or
MHCII, markers for lysosomes and late endosomal MHCII com-
partments, respectively (Fig 2, B).

Allergenic, but not nonallergenic, lipocalin-derived

peptides and cathepsin S digests interact with FPR3

expressed by HEK 293 cells
To investigate whether lipocalins interact with FPR3, we

transfected HEK 293 cells with the FPR3-encoding expression
vector pcDNA3.1 to induce FPR3 expression (see Fig E3 in this
article’s Online Repository at www.jacionline.org). We seeded

stably transfected cells into 96-well plates and prepared them
for Ca21 measurement. When we added the whole proteins,
both Lcn-1 and Can f 1 induced Ca21 mobilization in HEK
293 cells independently of FPR3 expression (Fig 3, A), indicating
unspecific activation. Because FPR3 is a receptor for peptides, we
decided to use the N-terminal 15-amino-acid peptides after the
signal sequence of Can f 1 and Lcn-1 (see Fig E1 in this article’s
Online Repository at www.jacionline.org) to determine whether
they are able to induce Ca21 mobilization through FPR3. As
shown in Fig 3, B, the Can f 1–derived peptide induces Ca21

mobilization in FPR3-transfected HEK 293 cells in a
concentration-dependent manner but not in control HEK
293 cells, whereas the Lcn-1–derived peptide does not. The
FPR-specific agonistic synthetic peptide WKYMVm19 was used
as a positive control for FPR3 activation.

The endocytic pathway produces peptides from protein antigens
and thus protein allergens. Therefore we decided to generate
peptides more closely resembling DC-processed lipocalins by
incubating lipocalins with the major protease found along the
endocytic pathway in DCs, cathepsin S.34,35 Breakdown products
of the digested lipocalins Lcn-1 and Can f 1 were subjected to
PAGE and stained with colloidal InstantBlue in the upper part
and silver stained in the lower part containing the peptides. As
shown in Fig 3, C, the generated peptides differ in size.

Additionally, we analyzed cathepsin S digests using HPLC
coupled to a mass spectrometer (see Table E1 in this article’s On-
line Repository at www.jacionline.org). We could not find over-
lapping peptides in the allergenic lipocalins, which do not
appear in the nonallergenic lipocalins. Nevertheless, in the
Ca21 mobilization assay the digests prepared from Can f 1 and
Fel d 4 induce Ca21 mobilization in FPR3-expressing HEK
293 cells but not in control HEK 293 cells, whereas Lcn-1 and
MUP digests do not (Fig 3, D).

Additionally, we induced Ca21 mobilization in FPR3-
expressing HEK 293 cells with cathepsin S digests of
recombinant Fel d 7 and the commercially purchased recombi-
nant allergens Equ c 1 and Rat n 1 (see Fig E4, A, in this article’s
Online Repository at www.jacionline.org). However, the

FIG 1. FPR3 expression in DCs. A, cDNA prepared from untreated iDCs or mDCs, Lcn-1, Can f 1, Fel d 4, or

MUP as indicated for 48 hours was subjected to quantitative PCR by using the SYBR Green technique. B,

DCs obtained with the same culture conditions were stained for FPR3 and analyzed. C, Expression levels

(cDNA) in DCs treated with FPR3 ligands, as indicated. Expression levels are relative to glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) expression. ns, P > .05, **P < .01, and ***P < .001.
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FIG 2. Intracellular localization of lipocalins and FPR3. A, DCs were incubated for 1 hour with Alexa Fluor

594–stained lipocalins (red) as indicated, fixed, permeabilized, and stained for FPR3 (green). B, DCs were

treated with LysoTracker and stained for FPR3 (LysoTracker-treated DCs) or remained untreated and were

stained for FPR3 and EEA-1, Rab5, Rab7, or MHCII, as indicated.
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FIG 3. Ca21mobilizationmeasurements with lipocalin proteins, peptides, and digests.A, Recombinant Lcn-

1 (25 mL), recombinant Can f 1 (20 mg/mL), or vehicle. B and D, N-terminal 15-amino-acid peptides of Can f 1

and Lcn-1 (25 mL) at indicated doses and positive control WKYMVm (Fig 3, B) or cathepsin S (25 mL) digests

of Can f 1, Fel d 4, MUP, and Lcn-1 (10 mmol/L; Fig 3, D) were added to FPR3-expressing HEK 293 cells or

untransfected HEK 293 cells. C, Digests of Lcn-1 and Can f 1 were analyzed on polyacrylamide gels. Cat
S, Cathepsin S; RFU, relative fluorescent units.
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nonlipocalin respiratory allergen Fel d 1 did not induce Ca21

mobilization through FPR3 (see Fig E4, B).

Silencing of FPR3 in DCs restores IL-12 production

after activation with allergenic lipocalins and

attenuates TH2 induction
Low or absent IL-12 levels during T-cell activation favor TH2

differentiation and suppress TH1 differentiation (see Fig E5, A-
D, in this article’s Online Repository at www.jacionline.org for
IL-12–neutralizing antibodies in DC cultures).1,36 Neutralized
IL-12 in DC cultures treated with the nonallergenic lipocalins
Lcn-1 and MUP (see Fig E5, A) induce naive TH cells to differen-
tiate toward a TH2 phenotype characterized by lower IFN-g (see
Fig E5, B) and greater IL-13 (see Fig E5, C) and IL-4 (see Fig E5,
D) production. FPR3 activation by the agonistic peptide
WKYMVm leads to IL-12 downregulation (see Fig E5, E).19

DCs treatedwith this agonist and nonallergenic lipocalins activate
naive TH cells to gain a TH2 phenotype (see Fig E5, F-H) similar
to the cocultures with neutralizing anti–IL-12 antibodies. There-
fore allergen-induced activation of FPR3 could be amechanism to
bias for TH2 immune responses.

To address this, we silenced FPR3 expression in DCs by using
siRNA, achieving a silencing efficiency of at least 65% (see Fig
E6 in this article’s Online Repository at www.jacionline.org);
incubated these DCs with lipocalins for 24 hours; and measured
IL-12 content in the supernatant. As shown in Fig 4, A, IL-12 pro-
duction is restored by DCs silenced for FPR3 and treated with the
allergens Can f 1 and Fel d 4, reaching levels similar to those in
Lcn-1– and MUP-treated DCs. We detected no significant differ-
ence in IL-12 production by silencing of FPR3 in DCs treated
with Lcn-1 and MUP (Fig 4, A). This is in concordance with
the data shown above showing that only allergenic lipocalin-
derived peptides interact with FPR3 and reduce IL-12 production.

We verified these data with the additional lipocalin allergens
Fel d 7, Rat n 1, and Equ c 1 (see Fig E7, A, in this article’s Online
Repository at www.jacionline.org). Naive CD41CD45RA1 T
cells cocultured with allergen-treated DCs silenced for FPR3 pro-
duce less IL-13 (Fig 4, B) and IL-4 (Fig 4, C). IFN-g production
was not affected (Fig 4,D).We obtained similar results when DCs
were treated with the additional lipocalin allergens Fel d 7, Equ c
1, and Rat n 1 (see Fig E7, B-D). TH2 signature cytokine produc-
tion by T cells cocultured with DCs treated with the nonallergenic
lipocalins Lcn-1 and MUP was not altered (see Fig E7, E and F).

Thus interfering with FPR3 activation hinders polarization of
naive CD41 T cells toward TH2 by DCs treated with allergenic
lipocalins.

The FPR3 antagonist WRW4 inhibits allergen-

mediated FPR3 signaling, IL-12 decrease, and TH2

differentiation
Peptides as therapeutics are of increasing importance, as

reviewed by Dunn,37 and advances in peptide immunotherapy
for treatment of allergy are considered a promising approach.38

The only available antagonistic peptide for FPR3, WRW4, was
used by Shin et al21 to show the inhibition of FPR3 signaling
induced by an endogenous ligand. Therefore we tested whether
this peptide also inhibits the described consequences of
allergen-induced FPR3 activation. We measured allergen-
induced FPR3 signaling and IL-12 production of DCs treated

with allergenic lipocalins in the presence or absence of the antag-
onistic peptide and cytokine production of TH cells activated by
these DCs. Indeed, the FPR3 antagonist WRW4 inhibits Can f 1
digest–induced FPR3 signaling measured in FPR3-expressing
HEK 293 cells (Fig 5, A). In DCs treated with the FPR3 antago-
nist, the decrease in IL-12 production induced by the allergenic
lipocalins Can f 1, Fel d 4 (Fig 5, B), Fel d 7, Rat n 1, and Equ
c 1 (see Fig E8, A, in this article’s Online Repository at www.
jacionline.org) and TH2 cytokine production of naive CD41 T
cells activated by these DCs (Fig 5, C and D, and see Fig E8, B
andC) is reduced to similar levels as in FPR3-silenced DCs. How-
ever, we were not able to restore IL-12 production with the FPR3
antagonistWRW4when IL-12 production of DCs was reduced by
a respiratory allergen not belonging to the lipocalin family, Fel d 1
(see Fig E8, A, right row). Again, WRW4 had no effect on IFN-g
production of T cells cocultured with allergen-treated DCs (Fig 5,
E) or cytokine production of T cells cocultured with DCs treated
with the nonlipocalin allergen Fel d 1 (see Fig E8, B and C, right
rows) or untreated DCs or DCs treated with nonallergenic lipoca-
lins (see Fig E8, E and F).

Lipocalin allergens elicit IL-10 production in DCs

silenced for FPR3 or exposed to the antagonistic

peptide WRW4, and T cells activated by these DCs

produce IL-10
Because interfering with FPR3 signaling in DCs leads to

attenuated TH2 differentiation but, despite restored IL-12 produc-
tion, does not restore TH1 differentiation in cocultured T cells
(Figs 4, B-D, and 5, C-E), we further investigated the phenotype
of DCs with impaired FPR3 activity. We found that the effects of
FPR3 silencing or WRW4 treatment are not restricted to restored
IL-12 production (Figs 4, A, and 5, B). IL-10 (Fig 6, A and B) also
reached similar or greater levels as in DCs treated with nonaller-
genic lipocalins. IL-6 expression does not significantly change by
interfering with FPR3 expression (see Fig E9, A and B, in this ar-
ticle’s Online Repository at www.jacionline.org). We show
similar results for DCs treated with the lipocalin allergens Fel
d 7, Rat n 1, and Equ c 1 in Fig E9, C and D. This altered IL-10
expression indicates a broader relevance of FPR3 in controlling
cytokine responses during DC-lipocalin-allergen interaction.
Both methods to interfere with FPR3 signaling in DCs do not
restore expression of accessory molecules (CD40, CD80,
CD86) by allergen-treated DCs (Fig 6, C-F, and see Fig E9, E
and F). These results suggest that interfering with FPR3 signaling
in DCs treated with lipocalin allergens induces tolerogenic prop-
erties in DCs, which can induce peripheral tolerance by promot-
ing naive TH cells to differentiate into IL-10–producing TH

cells.37,39,40 Therefore we measured IL-10 levels in coculture su-
pernatants of lipocalin allergen–treated DCs with impaired FPR3
signaling and naive TH cells. Indeed, we found increased IL-10
production in cocultures with DCs either silenced for FPR3
(Fig 6, G, and see Fig E9, G) or treated with WRW4 (Fig 6, H,
and see Fig E9, H) and treated with lipocalin allergens compared
with nonallergenic lipocalins or DCs with intact FPR3 signaling.

DISCUSSION
The availability of 2 homologous pairs of lipocalins, each

containing an allergenic and a nonallergenic member of the
protein family, provided us with the opportunity to compare their
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effect on human monocyte-derived DCs. In an allogeneic
coculture of monocyte-derived DCs and CD41CD45RA1 naive
TH cells, we previously showed that addition of the highly homol-
ogous lipocalins with and without allergenic potential induce dif-
ferentiation to TH2 or TH1 cells, respectively. We started to
evaluate the microarray data obtained from lipocalin-treated
DCs15 and found the family of FPRs to be among the most prom-
inently upregulated genes caused by addition of allergenic, but
not nonallergenic, lipocalins. DCs do not express 2 members of
this family: FPR1 and FPR2. For FPR3, however, expression by
myeloid DCs (see Fig E2, A and B)41 and downregulation of
IL-12 in response to receptor activation was reported.19,42

Because low or absent IL-12 promotes TH2 responses (see Fig
E5),43-45 its restriction by activating FPR3 can lead to an
enhanced TH2 response.

After verifying the differential expression of FPR3 in DCs
treated with Can f 1 or Fel d 4 and Lcn-1 or MUP (Fig 1, A and B)
and showing that FPR3 downregulation is independent of ligand
binding (Fig 1, C), we localized FPR3 to evaluate the possibility
of interaction with lipocalins after uptake. We found FPR3 to be
colocalized with both allergenic and nonallergenic lipocalins af-
ter 1 hour of incubation within iDCs in small vesicles (Fig 2, A),
which we identified as early and late endosomes (Fig 2, B). This
enables the interaction with and activation of FPR3 by lipocalins.

FIG 4. Cytokine production of allergen-treated DCs silenced for FPR3 expression and cocultured

CD41CD45RA1 T cells. A, Supernatants of DCs silenced for FPR3 expression or controls activated with lip-

ocalins, as indicated, were analyzed by means of ELISA for IL-12 p70. B-D, Supernatants of day 5 cocultures

of DCs silenced for FPR3 expression and treated with Can f 1 or Fel d 4, as indicated, and naive

CD41CD45RA1 T cells were analyzed for IL-13 (Fig 4, B), IL-4 (Fig 4, C), and IFN-g (Fig 4, D) content. ns,
P > .05, *P < .05, **P < .01, and ***P < .001.
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FIG 5. Effect of WRW4 on FPR3-induced TH2 bias. A,WRW4 (1 mmol/L) was added before addition of Can f 1

digest and ionomycin to HEK 293–FPR3 cells. B, IL-12 production by DCs treated with allergenic and nonal-

lergenic lipocalins in the presence or absence of 1 mmol/L WRW4, as indicated. C-E, IL-13 (Fig 5, C), IL-4 (Fig

5, D), and IFN-g (Fig 5, E) content in supernatants of cocultures of CD41CD45RA1 naive TH cells and DCs

treated with allergenic and nonallergenic lipocalins in the presence or absence of WRW4, as indicated.

ns, P > .05, **P < .01, and ***P < .001.
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FIG 6. Characterization of DCs with impaired FPR3 activation. A-F, DCs silenced for FPR3 expression or

treated with the FPR3 antagonist WRW4, as indicated, were analyzed for IL-10 concentrations in superna-

tants of DCs by means of ELISA (Fig 6, A and B) and expression of the accessory molecules CD40 (Fig 6,

C and D) and CD80 (Fig 6, E and F). G and H, Supernatants cocultured with naive CD41CD451 T cells

were analyzed for IL-10 by means of ELISA. ns, P > .05, *P < .05, **P < .01, and ***P < .001.
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To test whether such an interaction occurs, we transfected
HEK 293 cells with an expression plasmid carrying FPR3 cDNA
and produced several stably transformed HEK 293/FPR3 cell
lines. Fig E3 shows FPR3 expression of the cell line used in the
experiments. All FPR3-transfected cell lines express FPR3 also
on their surfaces, which facilitates Ca21 mobilization measure-
ments in response to FPR3 activation used to assess the binding
capacity of lipocalins to FPR3. As shown in Fig 3, A, intact lip-
ocalins induce Ca21 mobilization in HEK 293 cells, even when
untransfected and thus not expressing FPR3. We interpret this as
FPR3-independent signaling. Because FPR3 is a peptide recep-
tor and in DCs is mainly located in early and late lysosomes (Fig
2, B), we hypothesized that instead of intact proteins, processed
lipocalins might be binding partners of FPR3. We show that this
is true for peptides derived from the allergenic lipocalins Can f 1
and Fel d 4 but not for peptides derived from the nonallergenic
homologues Lcn-1 and MUP. Thus the FPR3-binding capacity
of lipocalin-derived peptides is restricted to allergenic lipoca-
lins. To date, this is the first and only property restricted to aller-
genic lipocalins capable to explain their different effects on
DCs. A respiratory allergen not belonging to the lipocalin fam-
ily, Fel d 1, does not bind to FPR3 (see Fig E4,B) or induce IL-12
production in DCswith impaired FPR3 activation (see Fig E8,A)
or alter the outcome in cocultured naive TH cells (see Fig E8, B-
D). Therefore it remains to be further investigated whether FPR3
signaling can be induced by allergens other than lipocalins.

We further characterized the peptides obtained by means of
cathepsin S digestion of lipocalins using HPLC coupled to a mass
spectrometer (see Table E1). Of the peptides identified by using
mass spectrometry, none appeared in the allergens only, elimi-
nating an easy approach to search for FPR3-binding candidates.
However, 2 of 139 Can f 1–derived peptides and 3 of 126 Lcn-
1–derived peptides approximately span the regions we used for
the peptides in our FPR3-binding experiments.

Based on published results on downregulation of IL-12
production in DCs by FPR3 activation19,42 and skewing toward
a TH2 response at low IL-12 concentrations (see Fig E5),43,44

the observed interaction of processing products of allergenic lip-
ocalins points to a novel mechanism to explain their allergenicity.
Data gained by silencing FPR3 in DCs, showing enhanced IL-12
production when treated with allergenic lipocalins and a con-
strained differentiation toward TH2 when these DCs were used
to activate naive CD41 T cells (Fig 4), underscore the importance
of the interaction of FPR3 with the allergenic lipocalins for the
development of allergic immune responses. The capacity of the
only known FPR3 antagonist, WRW4, to inhibit the lipocalin
allergen–induced activation of FPR3 and thus skewing of the
induced immune response toward TH2 (Fig 5 and see Fig E8) al-
lows for the interpretation that the antagonist WRW4 interferes
with allergen-induced downregulation of IL-12 in DCs to a
similar level as FPR3 gene silencing. However, interfering with
FPR3 activation in DCs does not lead to TH1 differentiation by
allergen-treated DCs, as indicated by low IFN-g production
(Figs 4,D, and 5,E), but rather restrains T cells fromTH2 cytokine
production. The missing induction of TH1 cells activated by DCs
silenced for FPR3 or treated withWRW4 and activated with aller-
gens instigated further characterization of these DCs.

We chose to measure the expression of accessory molecules
and 2 additional cytokines known to be produced byDCs andwith
an effect on biasing of TH differentiation: the proinflammatory
cytokine IL-646 and the immunosuppressive cytokine IL-10.5

Although IL-6 production is not affected by interference with
FPR3 activation (see Fig E9, A-D), IL-10 is significantly upregu-
lated (Fig 6, A and B). Together with the impaired upregulation of
costimulatory molecules, as shown in Fig 6, C-F, and Fig E9, E
and F, this indicates that DCs with impaired FPR3 signaling
resemble features of tolerogenic DCs.5,47,48

Induction of IL-10 often occurs together with proinflammatory
cytokines, and concurrent upregulation of the proinflammatory
IL-12 and induced IL-10, as shown here, might actually
negatively regulate immune responses. This opened the possibil-
ity that T cells differentiating in response to these DCs might
acquire immunosuppressive properties. Thus we measured IL-10
production in T cells differentiated in response to DCs with
impaired FPR3 activation and treated with lipocalin allergens and
found that IL-10 was induced (Fig 6, G and H). IL-10–producing
DCs have already been shown to hold great potential to improve
the treatment of allergic diseases.5,9,49,50 Therefore interfering
with FPR3 expression in DCs might open new opportunities for
therapeutic intervention. Because FPR polymorphisms have
been matched with a potential significance in pathology,51 we
speculate that theymight help explain different susceptibilities to-
ward allergic responses to lipocalin allergens.

In summary, for the first time, we describe a molecular
mechanism to induce allergic immune responses used by at least
5 allergenic members of the lipocalin family.

Clinical implications: FPR3-targeting antagonistic peptides can
be adapted for therapeutic intervention.
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Peptides identified in sample Canf1, Lcn-1, Fel d 4, and MUP when analyzing 1µg and 100ng sample each

Lcn-1 Fel d 4
Protein Accession: P31025 Accession: Q5VFH6

Master Protein 
Accessions Sequence Modifications # PSMs

Theo. MH+ 
[Da]

XCorr (by Search 
Engine): 

Sequest HT Confidence
Top Apex RT 

[min]
Abundance: 

1µg
Abundance: 

100ng
Abundance: 

1µg
Abundance: 

100ng
Abundance: 

1µg
Abundance: 

100ng
Abundance: 

1µg
Abundance: 

100ng
P31025 AAGARGLSTE 1 932,48 1,99 High 18,34 2,63E+06
P31025 ADGGKHVAYII 1 1143,62 1,95 High 33,21 7,04E+06
P31025 ADGGKHVAYIIR 27 1299,72 3,53 High 25,12 3,62E+09 5,11E+08
P31025 ADGGKHVAYIIRSHVK 14 1750,97 6,01 High 26,95 3,22E+08 3,89E+07
435476 ADINGLR 1 758,42 1,96 High 23,94 3,87E+07 4,29E+06
O18873 ADQEVPEKPD 3 1127,52 2,43 High 20,21 1,02E+08 1,20E+07
O18873 ADQEVPEKPDS 18 1214,55 2,68 High 19,84 9,75E+09 1,77E+09
O18873 ADQEVPEKPDSV 6 1313,62 2,65 High 25,62 2,41E+08 1,51E+07
O18873 ADQEVPEKPDSVTPM 1 1642,76 2,73 High 31,67 1,71E+07 5,60E+05
O18873 ADQEVPEKPDSVTPMI 17 1755,85 3,45 High 40,4 3,09E+09 1,10E+08
O18873 ADQEVPEKPDSVTPMI 1xOxidation [M15] 2 1771,84 2,25 High 36,52 3,33E+07 9,04E+03
O18873 ADQEVPEKPDSVTPMIL 6 1868,93 3,34 High 47,06 1,79E+08 1,24E+07
O18873 ADQEVPEKPDSVTPMILK 33 1997,03 5,03 High 38,7 8,17E+09 4,19E+08
O18873 ADQEVPEKPDSVTPMILK 1xOxidation [M15] 16 2013,02 4,03 High 35,09 2,39E+08 9,06E+07
O18873 AKGLNQEILE 2 1114,61 2,59 High 34,02 5,13E+07 5,07E+06
O18873 AKITML 3 676,41 2,05 High 35,09 8,74E+08 1,02E+08
O18873 AKITMLT 3 777,45 2,01 High 32,54 2,08E+09 2,67E+08
P31025 AKVTML 1 662,39 1,95 High 30,25 2,06E+09 2,61E+08
P31025 ALEDFEKAAGARG 5 1334,67 3,16 High 32,89 9,50E+07 8,18E+06
P31025 ALEDFEKAAGARGLS 10 1534,79 3,66 High 38,51 1,27E+09 4,52E+07
P31025 ALEDFEKAAGARGLST 6 1635,83 4,25 High 39,11 1,16E+08 3,64E+06
P31025 ALEDFEKAAGARGLSTE 3 1764,88 5,02 High 39,1 1,93E+07
P31025 ALEDFEKAAGARGLSTESILIPRQS 3 2659,40 3,67 High 48,12 1,65E+07 1,35E+06
O18873 AMTADQEVPEKPDSVTPMILK 8 2300,15 4,73 High 40,92 1,74E+08 1,11E+07
O18873 AMTADQEVPEKPDSVTPMILK 1xOxidation [M2] 2 2316,15 3,7 High 39,1 1,98E+07 2,01E+06
P31025 AMTVDREFPEMNLE 3 1681,76 3,81 High 47,45 4,55E+07
P31025 AMTVDREFPEMNLE 1xOxidation [M2] 1 1697,75 2,52 High 44,3 8,14E+06 2,27E+05
P31025 AMTVDREFPEMNLES 1 1768,79 2,05 High 46,53 2,84E+06
O18873 AQKGGNLEAKITM 1 1360,73 3,28 High 31,02 2,74E+07 1,44E+06
O18873 AQKGGNLEAKITMLT 3 1574,86 3,25 High 40,17 8,71E+07 4,16E+06
O18873 AQKGGNLEAKITMLTNGQCQNITVVLH 1 3873,00 3,72 High 49,29 6,10E+06
Q5VFH6 AREPDVSQKLK 16 1270,71 3,73 High 19,02 2,07E+08 2,31E+07
Q5VFH6 ARGSEVAQDSSVE 2 1334,62 2,91 High 19,25 1,26E+07 1,39E+06
P25774 ARHPSFF 44 861,44 2,37 High 32,14 7,45E+09 7,13E+08 6,53E+09 8,00E+08 6,21E+09 6,89E+08 7,65E+09 8,48E+08
P31025 ASDEEIQDVS 13 1092,47 2,32 High 27,66 1,73E+10 3,87E+09
P31025 ASDEEIQDVSGTWYLK 6 1840,86 4,58 High 47,05 3,26E+07 5,81E+05
P31025 ASDEEIQDVSGTWYLKAMT 1 2143,99 2,11 High 53,57 3,11E+06 6,88E+05
P31025 ASDEEIQDVSGTWYLKAMTVDR 1 2514,18 2,64 High 52,22 1,32E+06 9,05E+04
Q5VFH6 ASDVKEKIEENGSMR 12 1692,82 5,13 High 22,99 5,60E+08 7,10E+07
Q5VFH6 ASDVKEKIEENGSMRVF 2 1938,96 3,81 High 35,38 7,19E+06 4,65E+05
P31025 AVLEKTDEPGKYT 13 1450,74 4,01 High 24,9 3,51E+08 4,26E+07
P31025 AVLEKTDEPGKYTADGGKHVA 1 2186,11 3,55 High 23,25 1,48E+07 1,96E+06
P31025 AVLEKTDEPGKYTADGGKHVAYIIR 7 2731,44 7,01 High 31,3 1,55E+08 4,90E+06
P31025 AVLEKTDEPGKYTADGGKHVAYIIRSHV 4 3182,70 4,97 High 34,51 9,27E+07
O18873 AYEGQRVVF 14 1068,55 2,54 High 36,9 1,79E+09 1,27E+08
O18873 AYEGQRVVFI 7 1181,63 2,92 High 44,6 2,42E+08 1,14E+07
O18873 AYEGQRVVFIQPSPVR 9 1846,00 5,37 High 38,34 1,04E+08 6,06E+06
O18873 AYEGQRVVFIQPSPVRDHYILYCEGELHG 2 4542,36 3,1 High 51,77 1,15E+07
O18873 CEGELHGRQIR 2 1297,64 2,51 High 22,76 8,49E+07 1,10E+07
P25774 DASYPYK 17 843,39 2,1 High 22,32 3,80E+08 4,03E+07 2,46E+08 3,12E+07 2,05E+08 2,66E+07 2,36E+08 3,13E+07
Q5VFH6 DEYILLH 6 902,46 2,07 High 41,41 6,61E+09 7,41E+08
Q5VFH6 DEYILLHLLNFDKTRPFQ 1 2262,19 3,19 High 63,2 1,93E+06
P31025 DFEKAAGARG 3 1021,51 2,28 High 18,78 4,98E+07 2,33E+06
P31025 DFEKAAGARGLS 6 1221,62 2,72 High 26,62 3,85E+09 5,66E+08
P31025 DFEKAAGARGLST 8 1322,67 2,94 High 27,72 4,18E+08 4,65E+07
P31025 DFEKAAGARGLSTE 3 1451,71 2,7 High 28,01 7,88E+07 6,12E+06
P31025 DFEKAAGARGLSTESILIPRQS 4 2346,24 3,63 High 41,49 4,61E+07 1,82E+06
P31025 DFEKAAGARGLSTESILIPRQSET 2 2576,33 3,06 High 41,66 1,41E+07 5,97E+05
O18873 DFREFSR 4 956,46 2,42 High 29,6 1,44E+08 1,12E+07
O18873 DFREFSRAK 1 1155,59 3,35 High
O18873 DFREFSRAKG 1 1212,61 3,28 High 26,27 1,66E+07 1,40E+06
O18873 DFREFSRAKGLN 4 1439,74 2,94 High 32,09 4,86E+08 2,99E+07
O18873 DFREFSRAKGLNQ 3 1567,80 3,05 High 31,88 5,50E+07 4,45E+06
O18873 DFREFSRAKGLNQEILE 3 2052,05 4,89 High 42,6 7,24E+07 7,36E+06
P31025 DGGKHVAYIIR 6 1228,68 3,5 High 26,08 6,31E+07 8,43E+06
P55012 DGPNVSFQNGGDTVLSEGSSLHSGGGS 2 3021,33 3,48 High 12,27 8,26E+07
P00001 DGSMRVF 1xOxidation [M4] 4 827,37 2 High 26,95 1,32E+08 1,49E+07
P31025 DHYIFY 1 857,38 2 High 46,55 4,57E+08 9,57E+07
P31025 DHYIFYCE 2 1089,43 1,97 High 45,56 2,15E+09 1,93E+08
P31025 DHYIFYCEGELHGKPVR 1 2062,98 3,93 High 37,43 6,34E+06
O18873 DHYILY 1 823,40 1,93 High 42,81 1,77E+08 1,39E+07
O18873 DHYILYCE 1 1055,45 2,02 High 42,52 1,32E+07 9,09E+05
P00001 DILETDYDNYIYFYNKNIKNGETFLMLEL 1 4509,18 2,78 High
Q5VFH6 DKTKDGVYTVVY 1 1387,71 3,49 High 34,52 1,21E+07 8,69E+05
Q5VFH6 DKTRPFQ 4 891,47 2,79 High 27,08 2,04E+07 3,20E+06

27894337 DLALLK 1 672,43 1,93 High 27,83 9,23E+06 1,12E+06
P25774 DLNGKEYW 9 1024,47 2,46 High 39,29 1,57E+08 1,29E+07 1,27E+08 9,94E+04 1,81E+08 1,07E+07 2,11E+08 2,11E+07
P25774 DLNGKEYWL 6 1137,56 2,68 High 48,2 2,29E+07 1,60E+06 2,37E+07 1,38E+06 1,83E+07 8,64E+05
P25774 DLNGKEYWLVK 17 1364,72 3,71 High 41,01 9,48E+07 5,09E+06 6,85E+07 5,49E+06 1,20E+08 4,87E+06 9,49E+07 8,40E+06
P00001 DNYIYFYNK 2 1239,57 2,37 High 42,07 1,09E+07
O18873 DQEVPEKPDS 9 1143,52 2,54 High 20,04 6,53E+08 9,95E+07
O18873 DQEVPEKPDSVTPMI 3 1684,81 2,58 High 41,44 3,13E+07 1,03E+06
O18873 DQEVPEKPDSVTPMILK 4 1925,99 4,25 High 39,62 5,04E+07 2,39E+06
P31025 DREFPEMN 4 1037,44 2,33 High 32,35 2,34E+07 2,68E+06
P25774 DSVDWR 9 777,35 1,98 High 27,18 9,00E+08 1,32E+08 8,54E+08 1,35E+08 9,18E+08 1,39E+08 1,25E+09 1,51E+08
P25774 DSVDWRE 2 906,40 2,05 High 28,84 4,60E+07 5,03E+06 4,33E+07 9,08E+06
P25774 DSVDWREK 24 1034,49 2,7 High 23,3 3,86E+08 3,43E+07 2,36E+08 3,29E+07 2,39E+08 3,84E+07 3,33E+08 4,28E+07
O18873 DTPALGKDTVA 3 1087,56 2,87 High 28,41 3,02E+07
O18873 DTPALGKDTVAVS 1 1273,66 1,94 High 31,75 1,49E+07 1,18E+06
P31025 DVSGTWYLK 1 1068,54 2,02 High 42,19 1,06E+08 1,33E+07
P31025 DVSGTWYLKAMT 2 1371,66 2,88 High 50,8 3,07E+07 1,84E+06
P31025 DVSGTWYLKAMTVDREFPEMNLE 1 2731,27 2,49 High 60,11 3,98E+06 1,43E+06
P00001 DYDNYIYFYNKNIK 1 1872,88 2,38 High 45,49 5,69E+06
P31025 EALEDFEKAAGARGLS 1 1663,83 2,39 High 42,33 2,91E+06
P25774 EAVANKGPVS 6 971,52 2,57 High 17,48 2,26E+07 5,77E+05 1,22E+07 2,51E+07 5,45E+05
P25774 EAVANKGPVSVG 2 1127,61 2,58 High 24,45 1,35E+07 1,94E+07 2,11E+06
P31025 EDFEKAAGARGLS 3 1350,66 2,11 High 28,36 5,89E+06 3,22E+05
P00001 EDGSMRVF 1xOxidation [M5] 5 956,41 2 High 27,05 1,58E+09 1,66E+08
Q5VFH6 EEENVVR 35 874,43 2,13 High 17,03 7,38E+08 5,03E+07
P00001 EEHGIDKENIF 7 1330,63 3,1 High 33,85 1,15E+09 1,20E+08
P00001 EEHGIDKENIFD 21 1445,65 3,42 High 33,39 9,51E+09 1,11E+09
P00001 EEHGIDKENIFDLT 10 1659,79 4,07 High 44,99 4,25E+08 3,53E+07
P31025 EFPEMNLE 2 1008,43 1,98 High 48,26 1,85E+09 1,07E+08
O18873 EFSRAKGLN 11 1021,54 3,15 High 20,08 1,63E+09 1,37E+08
O18873 EFSRAKGLNQ 5 1149,60 3,35 High 20,82 1,39E+08 1,39E+07
O18873 EFSRAKGLNQEILE 6 1633,85 4,18 High 35,95 1,04E+08 5,55E+06
O18873 EGELHGRQIR 4 1194,63 2,68 High 16,41 4,70E+08 1,35E+07
O18873 EGQRVVFI 1 947,53 1,91 High 41,36 3,00E+07 2,36E+06
P00001 EHGIDKENIF 16 1201,58 2,71 High 32,83 4,94E+09 7,47E+08
P00001 EHGIDKENIFD 31 1316,61 2,99 High 32,4 4,51E+10 7,77E+09
P00001 EHGIDKENIFDLT 18 1530,74 3,19 High 44,47 3,39E+09 2,49E+08
P00001 EHGIDKENIFDLTKVD 1 1872,93 2,81 High 43,46 8,06E+06 5,97E+05
Q5VFH6 EHGIVNI 2 781,42 2,17 High 34,19 4,47E+07 6,68E+06
Q5VFH6 EHGIVNIL 20 894,50 2,57 High 44,05 1,29E+10 2,14E+09
Q5VFH6 EHGIVNILD 28 1009,53 2,64 High 42,37 1,21E+10 1,37E+09
Q5VFH6 EHGIVNILDLT 9 1223,66 2,91 High 55,14 6,87E+08 4,47E+07
Q5VFH6 EIFLVADKTKDGVYT 1 1698,89 2,44 High 40,36 1,38E+07 8,81E+05
P31025 EIQDVSGTWYLK 2 1438,72 2,66 High 44,94 6,75E+06 2,62E+05
P31025 EKAAGARGLS 3 959,53 2,38 High 25,93 1,48E+07 1,49E+06
P00001 EKIEEDGSMR 30 1193,55 2,74 High 18,08 2,65E+09 2,68E+08 3,05E+09 4,12E+08
Q5VFH6 EKIEENGSM 2 1036,46 2,18 High 21,08 2,49E+07 2,91E+06
Q5VFH6 EKIEENGSMR 10 1192,56 2,65 High 17,4 9,15E+09 5,15E+08
Q5VFH6 EKIEENGSMR 1xOxidation [M9] 1 1208,56 2,22 High
Q5VFH6 EKIEENGSMRVF 2 1438,70 2,6 High 34,07 6,40E+07 4,46E+06
O18873 EKPDSVTPMI 14 1116,56 2,73 High 36,39 1,20E+09 1,23E+08
O18873 EKPDSVTPMILK 4 1357,74 2,58 High 34,65 2,49E+08 1,74E+07
P31025 EKTDEPGKYT 6 1167,55 3,24 High 16,64 4,07E+08 3,71E+06
P31025 EKTDEPGKYTA 2 1238,59 2,18 High 17,51 1,61E+07 1,64E+05
P31025 EKTDEPGKYTADGGKHVA 7 1902,92 3,92 High 17,64 8,93E+07 9,23E+06
P31025 EKTDEPGKYTADGGKHVAYIIR 8 2448,25 5,28 High 28,01 1,90E+08 6,74E+06
P31025 EKTDEPGKYTADGGKHVAYIIRSHVK 4 2899,51 5,63 High 32,06 7,52E+07 3,84E+05
P25774 ELPYGREDVLK 9 1318,70 2,81 High 32,99 5,20E+07 2,42E+06 5,07E+07 2,63E+06 6,64E+07 2,22E+06
P00001 ELYVRTPDVS 3 1178,61 1,96 High 34,12 3,62E+07 3,53E+06
Q5VFH6 ENGSMRVF 4 939,44 2,08 High 33,86 1,37E+08 1,67E+07
Q5VFH6 ENGSMRVF 1xOxidation [M5] 3 955,43 2,02 High 25,51 6,74E+08 8,85E+07

119395754 EQYINNLR 1 1049,54 1,93 High 29,55 3,59E+06 2,34E+05
113414871 ERGEQAL 1 802,41 1,97 High 20,24 1,60E+08 1,79E+06

P31025 ESILIPR 6 827,50 2,13 High 34,75 1,67E+08 4,10E+07
P31025 ESILIPRQ 6 955,56 2,55 High 33,76 2,21E+08 2,55E+07
P31025 ESILIPRQS 9 1042,59 2,58 High 33,21 1,93E+09 2,21E+08
P31025 ESILIPRQSE 2 1171,63 2,65 High 33,43 3,16E+07
P31025 ESILIPRQSET 1 1272,68 2,82 High 34,13 5,19E+08 5,28E+07
P00001 ETDYDNYIY 1 1195,48 1,98 High 43,08 4,64E+09 2,36E+08
P00001 ETDYDNYIYFYNK 1 1747,75 2,23 High 46,88 3,88E+06 1,06E+06
P00001 ETDYDNYIYFYNKNIK 2 2102,97 2,79 High 45,81 5,66E+06
P00001 ETDYDNYIYFYNKNIKNGETFLMLELYV 2 4167,99 4,65 High 64,6 2,00E+07
P31025 EVKAVLEKTDEPGKYT 1 1806,95 2,47 High 27,16 1,27E+07 8,08E+05
O18873 EVPEKPDSVTP 1 1197,60 2,1 High 26,1 8,71E+07 6,62E+06
O18873 EVPEKPDSVTPM 1 1328,64 1,95 High 30,35 1,67E+08 9,11E+06
O18873 EVPEKPDSVTPMI 27 1441,72 2,5 High 39,93 7,76E+09 3,35E+08
O18873 EVPEKPDSVTPMI 1xOxidation [M12] 6 1457,72 2,32 High 35,07 1,30E+08 6,39E+07
O18873 EVPEKPDSVTPMIL 9 1554,81 2,58 High 46,94 5,42E+08 2,42E+07
O18873 EVPEKPDSVTPMILK 14 1682,90 3,39 High 38,09 9,80E+08 3,47E+07
O18873 EVPEKPDSVTPMILK 1xOxidation [M12] 10 1698,90 2,99 High 34,25 1,17E+08 5,59E+07
Q5VFH6 FDKTRPFQ 33 1038,54 2,77 High 25,65 1,36E+10 1,97E+09
O18873 FIQPSPVR 12 943,54 2,26 High 28,82 3,51E+09 6,09E+08

Accession: O18873 Accession: P00001Peptide Description Peptide Identification
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P31025 FPEMNLE 1xOxidation [M4] 2 895,39 1,91 High 33,74 1,58E+08 1,10E+07
P25774 FPSYPEI 10 852,41 2,05 High 48,72 5,14E+08 2,28E+07 2,23E+08 1,92E+07
O18873 FSRAKGLN 7 892,50 2,74 High 17,52 1,05E+08 5,09E+06
O18873 FSRAKGLNQ 3 1020,56 2,47 High 18,33 4,08E+07 7,52E+05
Q5VFH6 FVFHTKEN 7 1021,51 2,69 High 25,76 4,28E+08 6,92E+07
Q5VFH6 FVFHTKENG 2 1078,53 2,7 High 25,63 1,23E+08 1,74E+07
Q5VFH6 FVFHTKENGK 2 1206,63 2,88 High 22,14 4,43E+07 5,64E+06
Q5VFH6 FVFHTKENGKCT 27 1410,68 3,58 High 23,87 4,26E+09 6,34E+08
Q5VFH6 FVFHTKENGKCTE 9 1539,73 3,51 High 24,48 2,33E+08 2,60E+07
Q5VFH6 FYAREPDVS 6 1083,51 2,5 High 28,1 1,41E+08 1,54E+07
Q5VFH6 FYAREPDVSQKLK 2 1580,84 4,07 High 27,7 3,32E+07 1,77E+06
P00001 FYNKNIK 3 926,51 2,07 High 18,69 2,77E+08 9,86E+05
P00001 FYNKNIKNG 3 1097,57 3,44 High 18,28 3,46E+08 1,62E+07
O18873 GELHGRQIR 3 1065,59 2,37 High 15,05 1,79E+08
Q5VFH6 GEWYSILL 1 980,51 2,16 High 64,96 5,86E+07
435476 GGGGGGGLGSGGSIRSS 1 1319,63 2,52 High 21,68 1,89E+06 3,79E+05
435476 GGGGGGLGSGGSIR 1 1088,54 2,15 High 22,22 6,30E+05 1,91E+05
P31025 GGNLEAKVT 1 888,48 2,67 High 22,07 3,06E+07 4,22E+06
P31025 GGNLEAKVTML 2 1132,60 3,55 High 41,08 3,69E+07 4,27E+06
P00001 GIDKENIF 7 935,48 2,5 High 37,26 3,99E+08 6,15E+07
P00001 GIDKENIFD 10 1050,51 2,16 High 36,5 2,66E+09 6,18E+08
P00001 GIDKENIFDLT 6 1264,64 2,44 High 49,37 1,65E+08 1,74E+07
P25774 GIDSDASYPYK 9 1215,55 2,64 High 28,94 2,74E+07 2,45E+06 2,68E+07 2,37E+06 3,21E+07 3,13E+06 3,58E+07 4,26E+06
P25774 GKEYWLVK 11 1022,57 2,64 High 33,65 2,12E+07 1,34E+06 1,50E+07 1,36E+06 3,60E+07 4,35E+06 4,65E+07 7,54E+06
O18873 GKWYLK 48 794,46 2,3 High 26,61 1,83E+11 1,12E+10
O18873 GKWYLKAMT 1 1097,58 2,15 High 38,89 7,16E+06 4,49E+05
O18873 GQRVVF 2 705,40 1,96 High 30,56 6,99E+10 1,01E+10
O18873 GQRVVFI 6 818,49 2,15 High 40,23 1,58E+09 2,17E+08
O18873 GQRVVFIQPSPVR 3 1482,85 2,97 High 34,57 2,16E+07 1,42E+06
P31025 GRCQEVK 1 819,41 1,93 High 20,4 1,94E+06 1,91E+05
O18873 GRDPEQSQEAL 2 1229,58 2,95 High 23,56 2,26E+07 2,35E+06
O18873 GRDPEQSQEALE 10 1358,62 3,28 High 22,81 1,45E+09 1,64E+08
O18873 GRDPEQSQEALEDFR 2 1776,81 3,86 High 33,14 8,54E+06
O18873 GRDPEQSQEALEDFREFSRAKGLN 4 2779,34 4,24 High 43,05 1,60E+07 9,75E+05
O18873 GRDPEQSQEALEDFREFSRAKGLNQEIL 4 3391,65 4,62 High 48,21 9,49E+07
P31025 GRDPKNNLE 1 1042,53 2,19 High
P31025 GTWYLKAMT 6 1070,53 2,28 High 44,68 1,77E+08 1,79E+07
P31025 GTWYLKAMTVDREFPEMNLE 2 2430,15 3,03 High 55,92 6,74E+06 7,97E+05
P31025 GVKLVGRDPKNNLE 3 1538,86 3,72 High 25,02 4,45E+07 5,08E+06

Q8VDQ8 GVTRYMQSERCRKVICLVGAGISTSAGI 1 4013,05 3,14 High
Q5VFH6 HEEENVV 1 855,38 2,09 High 18,93 1,65E+07
P00001 HGIDKENIF 7 1072,54 2,93 High 31,94 7,08E+08 7,14E+07
P00001 HGIDKENIFD 17 1187,57 2,92 High 31,87 6,26E+09 7,41E+08
P00001 HGIDKENIFDLT 8 1401,70 3,97 High 44,13 3,95E+08 2,00E+07
Q5VFH6 HGIVNIL 3 765,46 2,17 High 42,67 1,61E+08 1,75E+07
Q5VFH6 HGIVNILD 3 880,49 2,08 High 41,37 9,92E+07 1,11E+07
Q5VFH6 HGIVNILDLT 2 1094,62 2,48 High 54,07 6,26E+06 3,79E+05
P00001 HIDYLGNSSLT 1 1219,60 2,15 High
Q5VFH6 HIKALDNSSLS 13 1184,63 2,91 High 25,89 3,11E+08 5,30E+07
Q5VFH6 HLLNFDKTRPFQ 3 1515,81 4,22 High 37,65 2,66E+07 1,45E+06
P31025 HVAYIIR 3 871,51 2,34 High 26,85 3,02E+07 3,82E+06
P00001 IDKENIF 5 878,46 2,42 High 35,64 6,40E+08 9,34E+07
P00001 IDKENIFD 11 993,49 2,35 High 34,31 7,14E+09 8,96E+08
P00001 IDKENIFDLT 8 1207,62 2,52 High 48,17 3,18E+08 2,66E+07
P25774 IDNKGIDSDA 4 1047,50 2,34 High 20,78 8,20E+06 1,04E+06 9,30E+06 1,03E+06 1,02E+07 8,61E+05 8,27E+06
P25774 IDNKGIDSDASYPYK 1 1685,80 2,82 High
P25774 IDSDASYPYK 15 1158,53 2,89 High 26,41 3,87E+07 3,98E+06 2,93E+07 4,13E+06 2,76E+07 4,62E+06 5,15E+07 5,91E+06
P00001 IEEDGSMR 23 936,41 2,46 High 18,48 1,51E+08 8,52E+06 2,58E+09 1,41E+08
Q5VFH6 IEENGSMR 3 935,43 2,54 High 17,15 3,00E+07 2,62E+05
P25774 IIDNKGIDSDASYPYK 1 1798,89 2,62 High
P31025 IIRSHVK 1 852,54 2,03 High 18,71 2,20E+06 1,74E+05
P31025 ILIPRQ 1 739,48 1,92 High 29,34 6,06E+08 6,76E+07
P31025 ILIPRQSET 2 1056,60 2,14 High 29,54 1,39E+08 1,42E+07
P25774 ILPDSVDWR 65 1100,57 2,55 High 41,16 2,16E+09 1,11E+08 1,53E+09 1,16E+08 2,28E+09 9,30E+07 2,97E+09 2,11E+08
P25774 ILPDSVDWRE 3 1229,62 2,1 High 41,27 2,62E+07 1,28E+06 3,07E+07 1,07E+06
P25774 ILPDSVDWREK 39 1357,71 3,51 High 35,38 2,09E+08 9,72E+06 1,42E+08 1,35E+07 2,11E+08 8,55E+06 3,06E+08 2,14E+07
P25774 ILPDSVDWREKGCVT 3 1717,86 2,68 High 38,74 1,10E+07 1,14E+06 2,08E+07 1,83E+06
P31025 IQDVSGTWYLKAMT 1 1612,80 1,99 High 50,54 7,73E+06 3,19E+05
O18873 IQPSPVR 21 796,47 2,14 High 19,54 3,59E+11 2,63E+10
Q5VFH6 ISGEWYSIL 1 1067,54 1,91 High 61,37 4,20E+07 3,33E+06
Q5VFH6 ISGEWYSILL 1 1180,62 2 High
P08551 ISNDLKSI 5 889,50 2,68 High 27,29 1,07E+08 1,37E+07
O18873 KDTVAVSGKWYLK 5 1494,83 5,06 High 33,17 4,87E+07 3,62E+06
O18873 KDTVAVSGKWYLKAMT 3 1797,96 4,17 High 40,79 3,70E+07 2,69E+04
O18873 KDTVAVSGKWYLKAMTADQEVPEKPD 3 3775,96 6,15 High 46,94 2,38E+07
P00001 KENIFD 2 765,38 1,95 High 28,89 3,67E+10 7,65E+09
P00001 KENIFDL 2 878,46 2,15 High 45,93 3,37E+08 5,25E+07
P00001 KENIFDLT 18 979,51 2,58 High 44,36 2,09E+10 2,79E+09

27894337 KESLEHTLE 1 1085,55 2,03 High 21,9 5,06E+07 5,92E+06
P25774 KEYWLVK 12 965,55 3,34 High 33,47 2,66E+07 2,18E+06 2,26E+07 2,26E+06 1,94E+07 1,88E+06 3,16E+07 3,62E+06
P25774 KGIDSDASYPYK 2 1343,65 2,93 High 25,59 4,14E+06 5,49E+05 8,88E+06 1,09E+06
P08551 KHSEPSRFRALYEQEIRDLRLAAEDATNE 1 4013,06 3,1 High
Q5VFH6 KISGEWYSIL 2 1195,64 2,24 High 54,55 1,25E+07 1,50E+06
Q5VFH6 KISGEWYSILL 1 1308,72 1,92 High 61,07 4,11E+06 2,76E+05
P00001 KISGEWYSVL 2 1181,62 2,63 High 51,37 2,66E+07 1,97E+06
P00001 KNIKNGETFL 1 1163,64 2,8 High
P00001 KNIKNGETFLM 2 1294,68 3,27 High 33,75 4,27E+07
O18873 KPDSVTPM 1 874,43 2,13 High 23,16 4,80E+07 5,99E+06
O18873 KPDSVTPMI 14 987,52 3,09 High 35,24 3,65E+09 3,37E+08
O18873 KPDSVTPMI 1xOxidation [M8] 6 1003,51 2,3 High 34,95 7,30E+07 1,36E+07
O18873 KPDSVTPMIL 4 1100,60 3,26 High 44,16 5,43E+07 3,40E+06
O18873 KPDSVTPMILK 8 1228,70 4,59 High 33,61 1,12E+08 7,19E+06

BSA-1351907 KQTALVELLK 3 1142,71 2,55 High 40,06 8,36E+06
P25774 KSNPNRILP 4 1038,61 3,02 High 25,71 9,34E+06 6,81E+05 6,06E+06 6,81E+05
P25774 KSNPNRILPDSVD 3 1454,76 3,29 High 30,16 1,18E+07 1,36E+06 1,34E+07 1,46E+06
P25774 KSNPNRILPDSVDWR 2 1796,94 2,66 High 36,58
P31025 KTDEPGKYT 5 1038,51 2,56 High
P31025 KTDEPGKYTADGGKHVA 12 1773,88 5,08 High 16,74 1,86E+08 1,71E+07
P31025 KTDEPGKYTADGGKHVAYIIR 12 2319,21 6,27 High 27,35 2,77E+08 1,50E+07
P31025 KTDEPGKYTADGGKHVAYIIRSHVK 11 2770,46 7,6 High 31,18 1,16E+08 1,19E+06
Q5VFH6 KTRPFQ 2 776,44 2,02 High 15,9 2,96E+07 6,25E+06
O18873 KTSEPGKYT 2 1010,52 2,16 High 14,87 2,73E+07 1,55E+04
O18873 KTSEPGKYTAYEGQRVV 1 1912,98 2,4 High
Q8VDQ8 KVDLLI 1 700,46 2,12 High 41,34 6,80E+07 8,73E+06
P00001 KVDRCLQ 1 861,46 2,22 High 24,65 5,43E+07 7,35E+06

BSA-1351907 KVPQVSTPTLVEVSR 9 1639,94 3,83 High 36,41 1,94E+07 4,32E+06 9,89E+06 3,72E+06
Q5VFH6 LASDVKEKIE 5 1131,63 3,57 High 22,65 5,65E+07 8,70E+06
Q5VFH6 LASDVKEKIEENGSMR 9 1805,91 4,97 High 27,24 1,45E+08 7,68E+06
P31025 LEALEDFEK 1 1093,54 2 High 21,51 1,06E+07 4,05E+05
P31025 LEDFEKAAGARGLS 5 1463,75 3,13 High 33,69 8,48E+07 5,06E+06
P31025 LEGGNLEAKVT 1 1130,61 3,33 High 29,25 3,97E+07 4,05E+06
P31025 LEGGNLEAKVTML 2 1374,73 3,59 High 45,37 2,33E+07 8,97E+05
P00001 LELYVRTPDVS 1 1291,69 2,33 High 41,98 6,85E+06
P31025 LESVTPMT 2 877,43 2 High 33,1 6,05E+07 8,92E+06

BSA-1351907 LGEYGFQNALIVR 2 1479,80 2,71 High 49,33 1,88E+06 3,51E+05
O18873 LGRDPEQSQ 1 1029,50 2,85 High 16,34 3,35E+07
O18873 LGRDPEQSQE 1 1158,54 2,36 High 17,58 4,46E+06 3,44E+05
O18873 LGRDPEQSQEALE 6 1471,70 3,5 High 26,15 9,51E+07 7,46E+06
O18873 LHGRQIR 1 879,53 1,94 High 15,05 1,44E+07
O18873 LHKTSEPGKYT 7 1260,66 2,93 High 14,79 7,35E+08 2,54E+05
O18873 LKAQKGGNLE 1 1057,60 2,42 High 15,9 3,97E+06
Q5VFH6 LLNFDKTRPFQ 12 1378,75 3,77 High 40,19 1,10E+09 6,29E+07
Q5VFH6 LNFDKTRPFQ 16 1265,66 3,36 High 34,42 1,12E+09 6,66E+07
P00001 LNVIDILE 1 928,53 2,04 High 60,62 1,23E+07 5,38E+05
P00001 LNVIDILETDYDNYIYFYNKNIKNGETFLM 1 4948,46 3,4 High
P25774 LPDSVDWR 26 987,49 2,49 High 36,8 2,05E+08 1,39E+07 2,57E+08 3,34E+07 2,51E+08 1,83E+07 1,92E+08 2,25E+07
P25774 LPDSVDWREK 8 1244,63 3,25 High 31,75 9,55E+06 4,27E+05 3,23E+07 2,62E+06 2,41E+07 2,50E+06 2,94E+07 3,96E+06
P25774 LPYGREDVLK 13 1189,66 2,72 High 30,41 2,92E+07 6,97E+05 1,15E+08 1,02E+07 1,28E+08 1,15E+07 3,54E+07
Q5VFH6 LSFVFHTK 1 978,54 2,08 High 37,89 7,07E+06 4,42E+05
P00001 LSKISGEWYSVLLASDCREKIE 1 2526,29 2,67 High 52,25 3,23E+06 1,07E+05
P31025 LSTESILIPRQ 1 1256,72 2,21 High 41,19 2,31E+06 1,53E+05
P31025 LSTESILIPRQS 3 1343,75 2,76 High 40,76 2,92E+07 1,95E+06
P31025 LSTESILIPRQSET 3 1573,84 3,02 High 40,87 1,13E+07 4,67E+05
O18873 LTNGQCQNIT 5 1091,51 2,69 High 25,77 1,69E+08 1,55E+07
O18873 LTNGQCQNITVV 3 1289,65 2,48 High 38,73 5,60E+07 3,44E+06
O18873 LTNGQCQNITVVLH 5 1539,79 4,19 High 40,05 8,21E+07 3,44E+06
P31025 LTTLEGGNLE 4 1046,54 2,5 High 37,42 1,44E+08 2,86E+07
P31025 LTTLEGGNLEAKVT 4 1445,78 3,7 High 37,15 7,99E+07 5,48E+06
P31025 LTTLEGGNLEAKVTML 2 1689,91 2,91 High 50,27 9,64E+06 4,44E+05
Q5VFH6 LVEFYAREPDVSQKLK 1 1922,04 2,69 High 36,63 5,77E+06 5,08E+05
P31025 LVGRDPKNNLE 7 1254,68 2,66 High 21,54 1,11E+09 1,74E+08
P31025 LVGRDPKNNLEALE 4 1567,84 2,85 High 33,52 5,91E+07 1,44E+06
P31025 LVGRDPKNNLEALEDFEKAAGARGLS 6 2770,45 5,04 High 48,83 2,88E+07 2,14E+06
P00001 LYVRTPDVS 1 1049,56 2,01 High 31,96 1,69E+07 1,57E+06
P31025 MLISGRCQ 2 907,45 2,01 High 27,8 7,52E+07 8,13E+06
O18873 MTADQEVPEKPDSVTPMILK 1 2229,11 2,95 High 40,74 1,25E+07
Q5VFH6 NFDKTRPFQ 20 1152,58 2,87 High 26,14 1,02E+10 1,67E+09
P00001 NGETFLMLELYVRTPDVSSQLK 1 2540,31 2,79 High 59,78 2,32E+06 2,03E+05
P16858 NGKLVIN 1 757,46 1,97 High 22,6 8,86E+06
O18873 NGQCQNIT 2 877,38 2 High 20,01 3,75E+08 2,50E+06
O18873 NGQCQNITVV 10 1075,52 2,67 High 35,4 4,37E+08 4,56E+07
O18873 NGQCQNITVVL 2 1188,60 2,07 High 47,36 2,69E+07 1,69E+06
O18873 NGQCQNITVVLH 4 1325,66 3,19 High 37,25 2,27E+08 9,55E+06
O18873 NGQCQNITVVLHKTS 1 1641,84 2,38 High 32,75 6,60E+06 3,10E+05
O18873 NGQCQNITVVLHKTSEPGKYT 2 2317,16 4,33 High 34,6 1,65E+07 5,89E+05
Q5VFH6 NIDISKISG 1 946,52 1,97 High 34,7 2,88E+07 3,06E+06
P00001 NIKNGETFL 1 1035,55 2,07 High
P00001 NIKNGETFLM 1 1166,59 2,13 High 41,68 1,49E+07 1,08E+06
O18873 NITVVLHKTS 1 1111,65 2,48 High
O18873 NITVVLHKTSEPGKYT 2 1786,97 3,08 High 30,1 1,60E+07 1,01E+06
P25774 NKGCNGGFM 7 927,38 2,56 High 27,32 4,96E+07 4,23E+06 5,13E+07 4,99E+06 5,81E+07 6,25E+06 8,06E+07 9,17E+06
P25774 NKGCNGGFMT 3 1028,43 2,51 High 26,72 1,68E+07 1,95E+06
P25774 NKGIDSDASYPYK 24 1457,69 4,13 High 25,37 9,81E+07 9,29E+06 8,71E+07 1,01E+07 1,06E+08 1,27E+07 1,75E+08 2,49E+07
P00001 NKNIKNGETFL 2 1277,68 2,57 High
P00001 NKNIKNGETFLMLELYVRTPDVS 2 2681,40 2,72 High 54,44 9,04E+06 9,62E+05
P25774 NPNRILP 6 823,48 2,07 High 30,29 2,24E+08 2,75E+07 2,56E+08 2,95E+07 2,79E+08 3,52E+07 2,70E+08 4,88E+07
P25774 NPNRILPD 9 938,51 2,25 High 29,2 6,75E+07 5,87E+06 7,01E+07 7,68E+06 1,06E+08
P25774 NPNRILPDS 31 1025,54 2,78 High 28,52 8,71E+07 1,70E+07 1,56E+08 1,74E+07 1,24E+08 2,35E+07 1,74E+08 2,02E+07



P25774 NPNRILPDSVD 27 1239,63 2,9 High 33,6 1,47E+08 1,13E+07 1,58E+08 1,66E+07 1,45E+08 1,30E+07 1,43E+08 2,40E+07
P25774 NPNRILPDSVDWR 17 1581,81 4,17 High 40,41 5,52E+07 2,69E+06 6,92E+07 2,69E+06 6,83E+07 3,75E+06 3,93E+07 6,00E+06
P25774 NPNRILPDSVDWREK 4 1838,95 4,33 High 35,57 6,34E+06 1,46E+07 7,90E+05
P25774 NPNRILPDSVDWREKGCVT 3 2199,10 3,3 High 38,5 8,89E+06 9,71E+04 5,01E+06 1,78E+05
P25774 NRILPDSVDWR 1 1370,72 2,9 High 39,22 1,29E+06 7,31E+04
P00001 NSSLTFK 1 796,42 2,03 High 26,6 5,62E+07 6,30E+06
P00001 NSSLTFKNGNCT 1 1285,58 1,96 High
P25774 NSWGHNFG 19 918,39 2,63 High 31,55 6,89E+08 6,69E+07 5,20E+08 5,39E+07 5,17E+08 9,03E+07 5,90E+08 8,49E+07
P25774 PDSVDWR 3 874,41 2,8 High 41,23 3,68E+06 1,57E+05 1,83E+06 2,00E+04
P25774 PDSVDWREK 2 1131,54 2,18 High
O18873 PEKPDSVTPMI 1 1213,61 3,5 High 39,66 2,96E+06
O18873 PEKPDSVTPMILK 8 1454,79 4,76 High 38,18 2,79E+07
P31025 PKNNLEALEDFEKAAGARGLS 1 2230,15 2,79 High 48,48 1,98E+06 9,45E+04
P25774 PYGREDVLK 2 1076,57 2,62 High 33,05 4,05E+06
O18873 QCQNITVV 1 904,46 2,01 High 35,15 6,32E+07 7,75E+06
Q5VFH6 QEHGIVNIL 6 1022,56 2,91 High 43,55 4,60E+08 5,69E+07
Q5VFH6 QEHGIVNILD 9 1137,59 2,59 High 42,36 3,63E+08 3,30E+07
Q5VFH6 QEHGIVNILDLT 2 1351,72 2,41 High 54,96 1,80E+07 1,05E+06
O18873 QEVPEKPD 1 941,46 1,92 High 18,74 4,01E+07 4,85E+06
O18873 QEVPEKPDS 15 1028,49 2,51 High 18,45 6,26E+09 8,62E+08
O18873 QEVPEKPDSV 5 1127,56 2,65 High 24,45 1,01E+08 1,20E+07
O18873 QEVPEKPDSVTPMI 5 1569,78 2,92 High 39,67 2,05E+08 7,05E+06
O18873 QEVPEKPDSVTPMILK 10 1810,96 4,4 High 38,04 1,76E+08
O18873 QNITVVLH 4 923,53 2,36 High 34,07 3,33E+08 3,49E+07
O18873 QPSPVR 8 683,38 2,12 High 19,57 3,43E+08 4,59E+07

BSA-1351907 QTALVELLK 1 1014,62 1,91 High 46,86 1,45E+06
P25774 QYIIDNKGID 7 1178,61 2,62 High 33,64 1,51E+07 5,26E+05 9,86E+06 1,13E+06 1,36E+07 1,18E+06 2,12E+07 2,53E+06
O18873 RDPEQSQEAL 1 1172,55 2,9 High
O18873 RDPEQSQEALE 8 1301,60 3,18 High 23,25 8,06E+08 1,04E+08
O18873 RDPEQSQEALEDFREFSRAKGLN 1 2722,32 3,89 High 42,66 6,09E+06 4,18E+05
O18873 RDPEQSQEALEDFREFSRAKGLNQEILE 3 3334,63 4,42 High 48,34 4,82E+07
P31025 RDPKNNLE 4 985,51 2,17 High 14,58 3,46E+07 5,12E+06
P31025 RDPKNNLEALE 4 1298,67 2,76 High 29,66 5,08E+07 3,39E+06
P31025 RDPKNNLEALEDFEKAAGARGLS 2 2501,27 2,68 High 47,51 1,40E+07 8,13E+05
P31025 REFPEM 5 808,37 1,97 High 33,43 1,54E+09 1,83E+08
P31025 REFPEM 1xOxidation [M6] 8 824,36 2,18 High 22,31 2,12E+08 3,01E+07
P31025 REFPEMN 66 922,41 2,56 High 29,58 5,53E+10 7,84E+09
P31025 REFPEMN 1xOxidation [M6] 137 938,40 2,65 High 21,15 1,57E+09 3,19E+08
P31025 REFPEMNL 3 1035,49 2,52 High 42,91 3,32E+07 3,84E+06
P31025 REFPEMNL 1xOxidation [M6] 8 1051,49 2,68 High 33,23 1,85E+08 1,90E+07
P31025 REFPEMNLE 15 1164,54 2,92 High 40,74 2,66E+08 2,06E+07
P31025 REFPEMNLE 1xOxidation [M6] 28 1180,53 2,96 High 30,7 2,06E+09 2,01E+08
Q5VFH6 REPDVSQKLK 16 1199,67 3,31 High 18,03 4,34E+08 3,70E+07

BSA-1351907 RHPEYAVSVLLR 22 1439,81 4,93 High 37,84 3,40E+07 8,54E+06 9,99E+06 8,88E+06 1,85E+07 2,15E+07 1,02E+07
P25774 RHPSFF 2 790,40 2,08 High 30,02 7,70E+07 1,85E+08
P25774 RILPDSVDWR 10 1256,67 3,02 High 39,08 1,03E+07 3,75E+05 6,53E+06 1,04E+07 3,18E+05 4,23E+07 2,39E+06
P25774 RILPDSVDWREK 1 1513,81 2,98 High 33,84 7,63E+06
Q5VFH6 RSNIDIS 4 804,42 1,97 High 22,32 4,99E+08 2,84E+07
Q5VFH6 RSNIDISK 1 932,52 2,47 High 17,87 1,07E+07 2,01E+06
Q5VFH6 RSNIDISKIS 6 1132,63 2,54 High 28,41 6,25E+08 1,23E+08
Q5VFH6 RSNIDISKISG 5 1189,65 2,9 High 28,96 6,35E+07 9,45E+06
P25774 SDASYPYK 42 930,42 2,57 High 21,88 1,74E+09 1,84E+08 1,17E+09 1,49E+08 1,29E+09 1,68E+08 1,87E+09 2,43E+08
P00001 SDCREKIEEDGSMR 3 1654,72 3,79 High 23,02 3,52E+07 1,18E+05
P31025 SDEEIQDVS 16 1021,43 2,19 High 27 1,76E+10 4,18E+09
P31025 SDEEIQDVSG 2 1078,45 2,38 High 27,32 1,04E+08 1,37E+07
P31025 SDEEIQDVSGTWYLK 4 1769,82 3,69 High 47,02 2,68E+07 7,64E+05
P31025 SDEEIQDVSGTWYLKAMTVDR 2 2443,14 2,7 High 52,15 1,49E+06 1,56E+05
Q5VFH6 SDVKEKIEENG 1 1247,61 2,4 High 20,1 9,18E+06 1,08E+06
Q5VFH6 SDVKEKIEENGSMR 10 1621,79 4,63 High 22,69 3,81E+08 4,50E+07
Q5VFH6 SDVKEKIEENGSMRVF 1 1867,92 2,76 High 35,32 4,13E+06 2,38E+05
P25774 SFPSYPEI 10 939,45 1,99 High 49,76 1,40E+09 1,25E+08 2,50E+09 1,01E+08 1,67E+09 1,52E+08 2,23E+09 1,79E+08
Q5VFH6 SFVFHTKENGKCT 1 1497,72 3,76 High
Q5VFH6 SGEWYSILL 1 1067,54 1,95 High 61,37
O18873 SGKWYLK 5 881,49 2,43 High 30,69 7,14E+08 7,59E+07
O18873 SGKWYLKAMT 5 1184,61 3,3 High 38,98 4,35E+07 2,98E+06
P31025 SGTWYLK 1 854,44 1,99 High 35,7 9,53E+07 2,54E+07
P31025 SHVKDHYIFY 2 1308,64 2,48 High 33,51 1,14E+08 1,23E+07
P31025 SILIPRQSET 5 1143,64 2,48 High 32,07 2,50E+08 3,16E+07
P00001 SNFDLSK 7 810,40 2,11 High 26,19 1,13E+09 1,38E+08
P00001 SNFDLSKIS 2 1010,52 2,24 High 38,15 5,96E+07
P00001 SNFDLSKISG 2 1067,54 2,65 High 37,71 1,77E+07 1,85E+06
Q5VFH6 SNIDISK 52 776,41 2,56 High 20,56 4,46E+10 1,04E+09
Q5VFH6 SNIDISKI 5 889,50 2,5 High 36,64 8,05E+07 1,01E+07
Q5VFH6 SNIDISKIS 52 976,53 2,67 High 32,55 3,99E+10 6,70E+09
Q5VFH6 SNIDISKISG 13 1033,55 2,96 High 33,17 4,03E+09 5,30E+08
Q5VFH6 SNIDISKISGE 2 1162,60 2,71 High 34,65 1,06E+07 8,77E+05
Q5VFH6 SNIDISKISGEWYSILLASDVKEKIE 1 2937,55 2,79 High 63,61 2,43E+06 7,46E+05
Q5VFH6 SNIDISKISGEWYSILLASDVKEKIEENGS 2 3611,83 3,49 High 61,58 1,96E+06
P25774 SNPNRILP 42 910,51 2,51 High 30,26 1,78E+09 1,90E+08 1,56E+09 1,57E+08 1,68E+09 2,10E+08 1,43E+09 3,05E+08
P25774 SNPNRILPD 35 1025,54 2,26 High 29,32 4,82E+08 3,97E+07 4,30E+08 4,37E+07 4,09E+08 4,19E+07 6,60E+08 7,14E+07
P25774 SNPNRILPDS 45 1112,57 2,93 High 28,84 6,29E+08 1,02E+08 5,85E+08 6,13E+07 7,55E+08 1,19E+08 8,26E+08 8,90E+07
P25774 SNPNRILPDSVD 40 1326,66 3,24 High 33,78 7,72E+08 5,57E+07 5,91E+08 6,02E+07 5,98E+08 5,18E+07 5,75E+08 8,49E+07
P25774 SNPNRILPDSVDWR 43 1668,85 3,85 High 40,39 4,37E+08 2,13E+07 3,71E+08 1,56E+07 4,03E+08 2,59E+07 3,05E+08 4,07E+07
P25774 SNPNRILPDSVDWRE 8 1797,89 3,84 High 40,57 1,14E+07 7,35E+05 1,48E+07 4,49E+05 1,22E+07 9,94E+05 8,80E+06 1,30E+06
P25774 SNPNRILPDSVDWREK 30 1925,98 4,93 High 35,85 1,30E+08 3,53E+06 9,90E+07 1,40E+08 8,62E+06 1,31E+08 8,89E+06
P25774 SNPNRILPDSVDWREKGCVT 14 2286,13 5,69 High 38,63 4,49E+07 2,50E+06 7,92E+07 1,78E+06 4,80E+07 3,57E+06 7,90E+07 6,48E+06
O18873 SRAKGLNQEILE 5 1357,74 3,99 High 29,99 9,10E+07 7,10E+06
435476 SRSGGGGGGGLGSGGSIR 2 1475,73 2,46 High 19,39 2,19E+06 1,76E+06 4,33E+06 9,74E+05
435476 SRSGGGGGGGLGSGGSIRSS 3 1649,80 3,12 High 19,12 2,77E+06 2,99E+06 7,25E+06 1,67E+06
435476 SRSGGGGGGGLGSGGSIRSSY 5 1812,86 4,06 High 26,03 3,60E+06 4,65E+06 6,06E+06 1,30E+07 1,79E+06
P31025 STESILIPRQS 2 1230,67 2,59 High
P25774 SVDWREK 2 919,46 2,03 High 21,79 3,54E+07 2,75E+05
O18873 SVTPMILK 5 888,52 2,24 High 36,13 2,80E+08 2,97E+07
P31025 TADGGKHVAYIIR 1 1400,76 2,34 High 25,62 2,41E+06 2,31E+05
O18873 TADQEVPEKPDS 5 1315,60 2,78 High 20,78 1,56E+08 1,95E+07
O18873 TADQEVPEKPDSVTPMI 3 1856,89 3,19 High 40,63 1,89E+07 1,84E+05
O18873 TADQEVPEKPDSVTPMILK 7 2098,07 4,92 High 38,95 7,04E+07 2,90E+06
P25774 TAFQYIIDNKGID 1 1497,76 2,07 High 47,36 3,06E+06 2,16E+05
P25774 TAFQYIIDNKGIDSDASYPYK 1 2409,16 2,57 High 46,63 2,71E+06 5,98E+04
O18873 TAYEGQRVVF 1 1169,59 2,33 High 37,92 1,53E+07
P31025 TDEPGKYT 4 910,42 2,13 High 18,62 2,00E+09 1,79E+07
P00001 TDYDNYIY 13 1066,44 2,2 High 42,51 2,73E+10 3,03E+09
P00001 TDYDNYIYF 2 1213,50 2,09 High 55,76 1,28E+09 2,86E+08
P00001 TDYDNYIYFY 1 1376,57 2,04 High 57,57 4,59E+07 4,30E+06
P00001 TDYDNYIYFYNKNIK 7 1973,93 4 High 45,29 1,37E+08 3,09E+07
P00001 TDYDNYIYFYNKNIKNG 1 2144,99 3,19 High 44,9 1,77E+07 4,12E+06
P00001 TDYDNYIYFYNKNIKNGETFL 1 2635,24 2,6 High 54,79 5,03E+06
P00001 TDYDNYIYFYNKNIKNGETFLMLELYVR 2 3539,72 4,39 High
P00001 TDYDNYIYFYNKNIKNGETFLMLELYVRT 4 4038,95 5,68 High 64,6 1,34E+08 1,12E+07
P00001 TDYDNYIYFYNKNIKNGETFLMLELYVRT 1 4254,04 4,75 High 64,09 6,16E+06
P00001 TDYDNYIYFYNKNIKNGETFLMLELYVRT 2 4495,22 7,19 High 64,33 2,83E+07
P31025 TESILIPR 16 928,55 2,69 High 36,18 1,18E+09 1,58E+08
P31025 TESILIPRQ 9 1056,60 2,86 High 34,43 8,75E+08 8,54E+07
P31025 TESILIPRQS 21 1143,64 2,91 High 34,13 7,54E+09 1,00E+09
P31025 TESILIPRQSE 4 1272,68 2,48 High 34,13 1,16E+08 9,24E+06
P31025 TESILIPRQSET 11 1373,73 3,62 High 34,43 1,78E+09 1,39E+08
O18873 TNGQCQNIT 1 978,43 1,94 High 20,84 9,89E+06 6,15E+05
P00001 TPDVSSQLK 2 974,52 2,84 High
O18873 TPMILK 3 702,42 1,94 High 29,99 1,05E+09 1,06E+08
Myorod TRRNHQRALDSMQASLEAEAKGKAEAM 1 2999,49 2,66 High 39,92 4,36E+07 1,63E+06
O18873 TSEPGKYT 4 882,42 2,28 High 17,52 3,65E+09 2,57E+06
P31025 TVDREFPEMN 3 1237,55 3,18 High 33,87 3,62E+07 3,73E+06
P31025 TVDREFPEMNLE 3 1479,68 2,52 High
Q5VFH6 TVYDEYILLH 3 1265,64 2,03 High 48,41 2,64E+08 4,24E+07
Q5VFH6 TVYDEYILLHLLNFDKTRPFQ 1 2625,37 3,3 High 63,56 4,07E+06
Q5VFH6 VADKTKDGVYT 6 1196,62 3,08 High 17,66 6,19E+08 4,19E+07
Q5VFH6 VADKTKDGVYTVV 1 1394,75 2,62 High 29,8 2,02E+07 2,34E+06
Q5VFH6 VADKTKDGVYTVVY 2 1557,82 3,92 High 33,73 4,85E+07 2,55E+06
O18873 VAVSGKWYLK 1 1150,66 2,79 High 34,59 4,17E+07
O18873 VAVSGKWYLKAMT 1 1453,79 2,16 High 42,15 1,34E+07 3,27E+05
O18873 VAVSGKWYLKAMTADQEVPEKPDSVT 3 3431,80 4,39 High 47,95 1,11E+07
P31025 VAYIIRSHVK 1 1185,71 2,36 High
P25774 VDARHPSFF 20 1075,53 2,95 High 36,56 6,55E+07 3,99E+06 7,54E+07 6,17E+06 8,33E+07 3,85E+06 8,15E+07
P25774 VDARHPSFFL 2 1188,62 2,55 High 45,08 6,63E+06 1,65E+05 2,19E+07 9,71E+05
P31025 VDREFPE 17 891,42 2,1 High 27,1 1,70E+09 2,67E+08
P31025 VDREFPEM 4 1022,46 2,79 High 36,81 1,50E+08 2,19E+07
P31025 VDREFPEMN 36 1136,50 3,04 High 32,65 2,63E+10 1,48E+09
P31025 VDREFPEMN 1xOxidation [M8] 37 1152,50 2,89 High 25,12 1,58E+08 2,92E+07
P31025 VDREFPEMNL 8 1249,59 3 High 45,47 1,63E+08 8,55E+06
P31025 VDREFPEMNLE 25 1378,63 3,35 High 43,13 3,40E+09 1,53E+08
P31025 VDREFPEMNLE 1xOxidation [M8] 16 1394,63 3,07 High 33,76 5,17E+08 4,30E+07
P31025 VDREFPEMNLES 7 1465,66 2,6 High 42,17 1,69E+08 5,94E+06
P31025 VDREFPEMNLESVTPMT 5 1994,92 3,93 High 50,95 3,40E+07
Q5VFH6 VEHIKAL 2 809,49 2,48 High 23,38 3,88E+07 5,32E+06
Q5VFH6 VEHIKALD 5 924,51 2,62 High 23,24 2,54E+08 4,30E+07
Q5VFH6 VEHIKALDNSSLS 1 1412,74 2,78 High 29,78 2,21E+07 2,13E+06
Q5VFH6 VFHTKENGKCT 1 1263,62 2,93 High 23,88 9,07E+06 1,22E+06
Q5VFH6 VFVEHIKALD 2 1170,65 2,44 High 35,68 1,85E+07 1,31E+06
Q5VFH6 VFVEHIKALDNSSLS 2 1658,87 2,48 High 39,53 3,11E+07 2,68E+06
P00001 VFVKHIDYLG 2 1190,66 2,06 High 35,37 2,30E+07 1,48E+06
P31025 VGRDPKNNLE 9 1141,60 3,05 High 17,12 1,16E+09 5,43E+07
P31025 VGRDPKNNLEALE 1 1454,76 3,98 High 30,16 1,78E+07 1,38E+06
P25774 VGVDARHPSFF 5 1231,62 2,88 High 39,62 5,84E+06 2,67E+05 3,11E+07 1,26E+06 9,89E+06
P25774 VGVDARHPSFFL 1 1344,71 2,52 High 47,03 7,37E+06 2,84E+05
P25774 VGVDARHPSFFLYR 1 1663,87 2,71 High 41,7 1,08E+06
P00001 VIDILETDYDNYIYFYNKNIKNGETFLML 4 4721,34 4,36 High 63,8 4,69E+06 1,12E+06
P00001 VIDILETDYDNYIYFYNKNIKNGETFLML 1 4936,43 3,24 High
P00001 VKHIDYL 3 887,50 2,21 High 29,23 1,74E+08 1,97E+07
O18873 VPEKPDSV 3 870,46 1,98 High 21,08 9,38E+07 1,22E+07
O18873 VPEKPDSVTPMI 5 1312,68 3,03 High 38,48 1,25E+08 7,05E+06
O18873 VPEKPDSVTPMILK 6 1553,86 4,39 High 36,82 6,34E+07 5,57E+06
P25774 VPSQWQR 8 900,47 2,29 High 24,14 4,03E+07 7,08E+06 6,44E+07 9,21E+06
O18873 VSGKWYLK 14 980,56 2,7 High 30,68 5,96E+09 4,92E+08
O18873 VSGKWYLKAMT 9 1283,68 3,99 High 38,97 1,15E+09 3,82E+07
O18873 VSGKWYLKAMT 1xOxidation [M10] 2 1299,68 2,22 High 32,09 6,25E+06 2,33E+06
O18873 VSGKWYLKAMTADQ 4 1597,80 4,87 High 40,08 1,40E+08 7,97E+06
O18873 VSGKWYLKAMTADQEVPEKPDSVTPM 8 3261,69 8,38 High 46,6 2,65E+08 2,01E+06
O18873 VSGKWYLKAMTADQEVPEKPDSVTPM 1xOxidation [M26] 1 3277,68 3,07 High 44,51 5,67E+06 2,73E+05



O18873 VSGKWYLKAMTADQEVPEKPDSVTPM 6 4059,09 7,72 High 45,77 4,21E+07
O18873 VSGKWYLKAMTADQEVPEKPDSVTPM 1 4603,40 2,9 High 47,86 5,41E+06
O18873 VSGKWYLKAMTADQEVPEKPDSVTPM 1 4817,53 2,65 High 50,63 7,98E+06
O18873 VVFIQPSPVR 6 1141,67 3,14 High 38,4 7,43E+07 5,93E+06
O18873 VVLHKTSEPGKYT 1 1458,80 2,76 High 20,39 2,79E+07 3,25E+06
O18873 YCEGELHGRQIR 2 1460,71 2,41 High 22,77 2,58E+07 1,94E+06
Q5VFH6 YCQEHGIVN 1 1062,47 2,18 High 23,52 1,36E+07 2,01E+06
O18873 YEGQRVVF 1 997,51 2,03 High 35,54 7,93E+07 6,12E+06
O18873 YEGQRVVFI 1 1110,59 2,19 High 44,14 4,85E+06 2,04E+05
P00001 YFYNKNIKNG 1 1260,64 2,52 High
P25774 YGDLNGKEYW 2 1244,56 2,56 High 41,02 1,05E+07 4,21E+05 1,12E+07 2,50E+05
P25774 YGDLNGKEYWLVK 9 1584,81 3,59 High 41,82 1,12E+07 1,06E+06 2,01E+07 6,54E+05 1,66E+07 8,70E+05 3,44E+07 1,69E+06
P25774 YIIDNKGID 21 1050,55 2,29 High 33,46 2,91E+09 2,79E+08 2,68E+09 2,71E+08 2,63E+09 2,33E+08 3,41E+09 4,73E+08
P25774 YIIDNKGIDSD 4 1252,61 2,2 High 33,39 4,16E+07 3,38E+06 4,05E+07 2,50E+06 5,61E+07 6,44E+06
P25774 YIIDNKGIDSDA 8 1323,64 2,27 High 34,2 1,81E+08 9,39E+06 1,29E+08 1,01E+07 1,42E+08 7,08E+06 1,55E+08 1,27E+07
P25774 YIIDNKGIDSDAS 4 1410,67 2,26 High 33,08 5,71E+07 3,54E+06 4,98E+07 3,46E+06 6,15E+07 5,28E+06
P25774 YIIDNKGIDSDASYPYK 26 1961,95 5,14 High 37,04 1,15E+08 8,57E+06 1,77E+08 6,91E+06 1,37E+08 1,70E+07 1,79E+08 1,95E+07
P31025 YIIRSHVK 4 1015,60 3,04 High 18,71 5,96E+07 4,89E+06
P00001 YIYFYNK 1 1010,50 1,91 High 38,28 2,16E+07
P00001 YNKNIK 1 779,44 2,01 High 18,69 1,87E+07



Figure E1: Sequence alignment. Lcn-1 was aligned with Can f 1 (A) and MUP with Fel d 4 (B) using LALIGN,

(SIB Swiss Institute of Bioinformatics Lausanne Switzerland). The sequences share roughly 60% of their amino acids.

Sequences of the N-terminal peptides of Lcn-1 and Can f 1 used in Ca2+ mobilization assays are included.

Figure E2: Expression of FPR1, FPR2 and FPR3 on DC. Day 6 human monocyte derived DC were

collected for mRNA and cDNA preparation and subjected to qPCR for FPR1, 2 and 3 as indicated (A) or stained for FPR1,

FPR2 or FPR3 as indicated and subjected to FACS analysis. ***: P < .001.

Figure E3: FPR3 expression analysis of Hek293 cells. A: Hek 293 cells stably transfected with an FPR3

encoding plasmid (solid line) or un-transfected (dashed line) were stained for FPR3 or with an isotype control (dotted line).

B: stably FPR3 transfected Hek293 cells were stained with rabbit polyclonal anti human FPR3 and Alexafluor488-conjugated

goat anti rabbit antibody and subjected to confocal microscopy. One plane of the confocal acquisition is shown. This cell line

was used for Ca2+- mobilization experiments.

Figure E4: Ca2+ mobilization measurements in H293-FPR3 cells with additional lipocalin allergens.

25 µl (10µM) Cathepsin S digests of lipocalin allergens Fel d 7, Equ c 1, Rat n 1 and Lcn-1 (A) or Fel d 1 (B) were used to

induce FPR3 signaling.

Figure E5: Response of naïve CD4+CD45RA+ naïve T cells to DC with impaired IL-12 production. DC

were treated with anti IL-12 antibody (A-D) or WKYMVm (E-H) to reduce IL-12 production (A and E) in DC. Supernatants

of co-cultures with naïve CD4+CD45+ T cells were analyzed for IFNγ (B and F), IL-13 (C and G) and IL-4 (D and H). ns: P

> .05, *: P < .05, ***: P < .001.

Figure E6: Representative FACS analysis of DC silenced for FPR3. DC silenced for FPR3 (solid line) or

treated with control siRNA (dashed line) were subjected to intracellular staining with FPR3 and FACS analysis. When > 60%

of cells were silenced for FPR3 expression they were used for further experiments.

Figure E7: Cytokine production of allergen treated DC silenced for FPR3 expression and co-cultured

CD4+ T cells. A: Supernatants of DC silenced for FPR3 expression or controls, activated with lipocalins as indicated were

analyzed for IL-12 p70 content by ELISA. B: IL-13, C: IL-4 and D: IFNγ content in supernatants of day 5 co-cultures of DC



silenced or not for FPR3 expression and treated with Fel d 7, Rat n 1 or Equ c 1 as indicated, and naïve CD4+CD45RA+ T

cells. E: IL-13 and F: IL-4 content in supernatants of day 5 co-cultures of DC silenced or not for FPR3 expression and

untreated (iDC) or treated with Lcn-1 or MUP as indicated, and naïve CD4+CD45RA+ T cells. ns: P > .05, *: P < .05, **: P <

.01, ***: P < .001.

Figure E8: Cytokine production of allergen treated DC pretreated with WRW4 and co-cultured

CD4+CD45RA+ T cells. A: Supernatants of DC pretreated with WRW4 or controls and activated with lipocalins as

indicated were analyzed for IL12 p70 content by ELISA. B: IL-13, C: IL-4 and D: IFNγ content in supernatants of day 5 co-

cultures of DC pretreated or not with WRW4 and treated with Fel d 7, Rat n 1 or Equ c 1 as indicated, and naïve

CD4+CD45RA+ T cells. E: IL-13 and F: IL-4 content in supernatants of day 5 co-cultures of untreated DC (iDC) or DC

treated with Lcn-1 or MUP and pretreated or not with WRW4 as indicated, and naïve CD4+CD45RA+ T cells. ns: P > .05, **:

P < .01, ***: P < .001.

Figure E9: Characterization of DC with impaired FPR3 activation and activated with additional

lipocalin allergens.

DC silenced for FPR3 expression or treated with the FPR3 antagonist WRW4 and treated with lipocalins as indicated were

analyzed for IL6 (A-D) and IL10 (C and D, right part of graphs) concentrations in supernatants by ELISA, and expression of

accessory molecule CD86 (E,F) by FACS. Supernatants of co-cultures of DC treated as indicated with naïve CD4+CD45RA+

T cells were analyzed for IL10 by ELISA (G and H). ns: P > .05, *: P < .05, **: P < .01, ***: P < .001.

Table E1: Identification of peptides derived from Cathepsin S digests of Can f 1, Lcn-1, Fel d

4 and MUP using HPLC coupled to a mass spectrometer.

Peptides are alphabetically ordered, yellow: Cathepsin S derived peptides, green: peptides approximately spanning the

synthetic Lcn-1 peptide and orange: peptide approximately spanning the synthetic Can f 1 peptide used in the initial Ca2+

mobilization assay.
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