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Interleukin 4 (IL-4) has an indispensable role in the differentiation of naive T helper (Th) cells Received: February 18, 2008
toward the Th2 phenotype and induction of B cells to produce the IgE class of Igs. By regulating Revised: August 24, 2008
these two cell types, IL-4 has a pre-eminent role in regulation of allergic inflammation. 1L-4- ~ Accepted: September 22, 2008
mediated regulation of T and B cell functions is largely transmitted through signal transducer
and activator of transcription 6 (Stat6). In this study, we have used metabolic labeling and 2-D
electrophoresis to detect differences in the proteomes of IL-4 stimulated spleen mononuclear
cells of Stat6—/— and wild type mice and MS/MS for protein identification. With this method-
ology, we identified 49 unique proteins from 21 protein spots to be differentially expressed.
Interestingly, in Stat6—/— CD4" cells the expression of isoform 2 of core binding factor b
(CBFDb2) was enhanced. CBFD is a non-DNA binding cofactor for the Runx family of transcription
factors, which have been implicated in regulation of Th cell differentiation. We also found cel-
lular nucleic acid protein (CNBP) to be downregulated in Stat6—/— cells. None of the proteins
identified in this study have previously been reported to be regulated via Stat6. The results
highlight the importance of exploiting proteomics tools to complement the studies on Stat6 tar-
get genes identified through transcriptional profiling. R
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1 Introduction between these cell types needs to be tightly controlled in

order to acquire the adequate immune responses, and to
T helper cells (Th cells) are a subpopulation of T cells that avoid over-reactivity against both internal and external anti-
express CD4 molecule on their cell membrane and are gens. Sustained predominance of Th1 or Th2 cells is linked
involved in activating and directing immune responses. Th to a number of autoimmune and allergic diseases, respec-
cells can differentiate into functionally distinct subtypes, of tively [1]. Th cell subtypes are defined by their cytokine
which the most studied are Th1 and Th2 cells. The balance expression profiles; Thl cells produce mainly interferon

(IFN)y and the characteristic cytokines for Th2 cells are
interleukin-4 (IL-4), IL-5, and IL-13 [2, 3].
IL-4 has a variety of functions in immune system. In naive
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tor leads to activation of intracellular phosphorylation cascade
mediated by Jak1 and Jak3 kinases during which intracellular
parts of IL-4 receptor become phosphorylated and provide
docking sites for signal transducer and activator of transcrip-
tion 6 (Stat6) transcription factor. Phosphorylation of Stat6 by
receptor associated kinases releases the Stat6 molecule from
the receptor and enables homodimerization. Dimerized Stat6
complexes translocate into the nucleus, bind to the regulatory
regions of responsive genes in a sequence specific manner,
and with the help of cofactors regulate target gene transcrip-
tion [6, 7]. In addition to IL-4, IL-13 can also activate Stat6-
mediated transcription [7-9], but it cannot replace IL-4 as a
Th2 differentiation factor [8, 10].

Experiments with Stat6 deficient (Stat6—/—) mice have
shown that this molecule is indispensable for optimal Th2
cell differentiation, production of IgE antibodies, and most
importantly for the development of antigen-induced airway
inflammation and hyper-responsiveness [11-14]. By analyz-
ing the transcriptomes of Stat6—/— Th cells and B lympho-
cytes, a group of STAT6 regulated genes have been identified
[15, 16]. The findings with different cell types overlap to
some extent, but also show that Stat6 has cell type specific
target genes. Despite studies that have been carried out to
identify Stat6 targets at the mRNA level [15, 16], so far no
studies have been published on the protein complement of
the transcriptome. Moreover, proteomics provides unique
information of the complexity of gene regulation by enabling
unbiased detection of different splice variants and PTMs. In
this study, we have explored the role of Stat6 transcription
factor in mouse mononuclear cells (MNC) by using 2-DE-
based proteomics. We found 21 protein spots to be differen-
tially expressed between IL-4 stimulated Stat6 deficient cells
compared to wild type control cells, and identified 49 unique
proteins from these spots. Interestingly, the proteins differ-
entially expressed include core binding factor b (CBFb),
which is a non-DNA binding cofactor for Runx family of
transcription factors [17] and cellular nucleic acid binding
protein (CNBP), which regulates gene expression both at the
level of transcription and translation [18, 19].

2 Materials and methods
2.1 Cell culture

Stat6 deficient mice and control wild type Balb/c] mice were
obtained from The Jackson Laboratory (Bar Harbor, Maine).
Mice were bred and maintained in the Central Animal Labora-
tory of the University of Turku and experiments conducted with
the permission from the Lab-Animal Care and Use Committee
of Turku University. MNCs were isolated from homogenized
spleens with Mouse Lympholyte (Cedarlane, Hornby, Canada).
Before culturing the cells for 2-DE separation the remaining
erythrocytes were lysed hypotonically with 0.83% NH,CI. Cells
were activated with plate-bound anti-mouse CD3 (clone 500A2,
Pharmingen, San Diego, CA, USA) as follows: anti-CD3
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(325 ng/250 pL/well) was incubated for 2 h at 37°Cand washed
three times with 0.5 mL D-PBS before the cells were added to
the wells. Cells were cultured in RPMI (Sigma, St. Louis, MO,
USA) containing 5% heat inactivated FCS, 1 mM Na-pyruvate
(Sigma), 2 mM r-glutamine (Sigma), 50 pM B-mercaptoetha-
nol (Invitrogen, Paisley, Scotland, UK), 1 xnon-essential
amino acids (Invitrogen), and penicillin + streptomycin
(Sigma). Cells were stimulated with recombinant murine IL-4
(10 ng/mL, Pharmingen, San Diego, CA, USA). For metabolic
labeling, Redievue Pro-Mix L **S-methionine and **S-cysteine
(50 pCi/mL, Amersham Pharmacia Biotech) was added to the
culture medium consisting methionine-free RPMI (Sigma)
and all the supplements described above. The culturing density
was 5 x 10° cells/500 pL on 24-well plates. Cells were cultured
for24 hin 37°C, 5% CO,. Based on flow cytometry analysis, the
proportions of CD4" T,CD8" T, CD19" B, Mac-1*, and NK cell
populations were similar between wt and Stat6—/— cells after
activation and IL-4 stimulation, CD4" T (41 + 3%), CD8" T
(22 = 3%), CD19" B (44 = 8%) cells being the most predomi-
nant cell populations.

CD4" T cells were isolated from the MNC population
with positive selection by using MACS beads (Miltenyi Bio-
tech, Bergisch Gladbach, Germany). Isolated CD4" T cells
were activated with plate-bound anti-CD3 similarly to the
MNCs, and cultured in the same culture medium in the
presence of anti-CD28 (500 ng/mL, Pharmingen, San Diego,
CA, USA). For neutralization, 10 pg/mL of anti-IL-12 and
10 pg/mL of anti-IFNy were added to the culturing medium
of IL-4 stimulated cells. In addition, 10 pg/mL of anti-IL-4
was added to samples not treated with IL-4 (all neutralizing
antibodies from Pharmingen, San Diego, CA, USA).

2.2 2-DE and protein detection

Cells were lysed and proteins were separated with 2-DE as
previously described [20]. Briefly, soluble proteins were
absorbed into the 18 cm 3-10 NL IPG-strips (Amersham
Pharmacia Biotech) for 24 h at room temperature (RT). IEF
to a total of 40 kVh was carried out at 20°C, and the focused
strips were equilibrated for 25 min at RT. The second di-
mension was vertical 12% SDS-PAGE with gel thickness of
1 mm. Proteins were detected with silver staining [21] and
autoradiography (24 h) [22]. Autoradiography images from
three independent experiments were used for the compar-
ison of protein expression levels. Gel image normalization
and comparison was made with the PDQuest program (ver-
sion 6.2, BioRad, Hercules, CA, USA). Proteins that were
regulated on average by at least two-fold were selected for
identification. The reproducibility of differential expression
was confirmed manually and only consistently regulated
protein spots were selected to be identified with MS.

2.3 Protein identification

The proteins differentially expressed between IL-4-treated
Stat6—/— and wt cells, were in-gel digested, and the resulting

www.proteomics-journal.com



Proteomics 2009, 9, 0000-0000

peptides were analyzed by nano-LC-MS/MS as previously
described [23-26]. Briefly, the excised gel spot was cut into
pieces, washed twice, and dehydrated with ACN. Proteins
were reduced with 20 mM DTT (Sigma), alkylated with
55 mM iodoacetamide (Sigma), and in-gel digested with tryp-
sin (Sequencing Grade Modified Trypsin, Promega Corpora-
tion, Madison, W1, USA) at +37°C overnight. Peptides were
extracted with 5% formic acid, 50% ACN, and dried with a
vacuum centrifuge. Peptides were dissolved to 2% HCOOH
prior to M S analysis. Analyses were made with a QStar Pulsar™
ESI-hybrid quadrupole-TOF instrument (Applied Biosys-
tems/MDS Sciex, Toronto, Canada) coupled on-line with
nanoHPLC (Famos, SwitchoslI and Ultimate, LC Packings,
Amsterdam, Netherlands) as previously described [26].

Peak lists from the MS/MS spectra were created from the
Analyst QS program (version 1.1, Applied Biosystems) using
the MASCOT.AII script with the following parameters: cen-
troided mass, double and triple charged peptides as pre-
cursors only, peak threshold 0.01% of maximum, precursor
mass tolerance for grouping 0.2, minimum 1 and a maximum
ten cycles between groups. These spectra were analyzed using
MASCOT  software (www.matrixscience.com, version
02.01.02) via MASCOT Daemon 2.1.6 software (Matrix Sci-
ence, London, UK) and searched against Swiss-Prot (version
51.5) and TrEMBL database (version 34.5) using the following
parameters: mammalia specific taxonomy, trypsin digestion
with maximum one missed cleavage, carbamidomethyl mod-
ification of cysteine as a fixed modification and oxidation of
methionine as a variable modification, peptide tolerance
maximum *0.3 Da, MS/MS tolerance maximum 0.3 Da,
peptide charge +2 or +3, monoisotopic mass. All keratin,
trypsin, and albumin related identifications were excluded
from the list. If mouse specific protein identification was
acquired, identifications from all other taxonomy groups were
excluded. Only proteins with p-value below 0.05 and protein
score above 50 in the MASCOT peptide summary report were
included in the protein identification list.

2.4 Western blotting

Whole cells and insoluble protein pellet fractions were boiled
with 62.5 mM Tris-HCI (pH 6.8), 2% w/v SDS, 10% glycerol,
50 mM DTT, 0.1% w/v bromophenol blue. Cytosolic and
nuclear protein fractions were boiled with 5x SDS sample
buffer. SDS-PAGE and protein transfer to NC membranes
were carried out according to standard protocols [27]. When
proteins, that were first separated with 2-DE using Protean II
(BioRad), were transferred to NC membrane, the 2-DE gels
were cut into convenient parts to be transferred using either
Mini Trans-Blot cell or Criterion blotter (BioRad). The follow-
ing antibody dilutions were used for Western blots: mouse
anti-CBFb 1:250 (BD Transduction Laboratories no. 610514),
rabbit CNBP antiserum 1:500, and b-actin 1:10 000 (Sigma A-
5441). CNBP antiserum was a generous gift from Dr. Paola
Pierandrei-Amaldi. Secondary antibodies used in this study:
1:10000 HRP goat anti-mouse (sc-2005, Santa Cruz Bio-
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technology), 1:5000 HRP goat anti-rabbit (no. 554021, BD
Pharmingen). All results are representative from at least three
independent experiments unless otherwise stated.

2.5 Nuclear fractionation and Runx1 DNA binding
activity

Harvested cells were washed with PBS and cell membrane
lysed with a hypotonic lysis buffer (0.2% Tween, 1 mM NaF,
1 mM Na;VO;, 1 mM DTT and complete protease inhibitor
cocktail (Roche Diagnostics, Mannheim, Germany) in 22 mM
Hepes, pH 7.9) for 2 min on ice, nuclear fraction was spun
down, and cytosolic fraction collected. Nuclei were incubated
in the extraction buffer (1.0% glycerol, 430 mM NaCl, 1 mM
NaF, 1 mM Na;VO;, 1 mM DTT and complete protease in-
hibitor cocktail (Roche Diagnostics) in 22 mM HEPES,
pH 7.9) for 1h on ice. Extracted nuclear proteins were col-
lected after the cell debris was spun down. Alternatively, after
removal of cytosolic fraction and incubation in the nuclear
extraction buffer, the nuclear protein pool was sonicated with
the cell debris, samples were centrifuged (12000 rpm for
4 min, +4°C), and supernatants collected. Cytosolic and
nuclear fractions were stored at —70°C. Protein concentration
in each fraction was quantified with Bradford method or DC
protein assay reagents package (BioRad 500-0116). Runxl
DNA binding activity was measured with TransAM AML-1/
Runx1 kit (Active Motif no. 47396). Nuclear extracts from HL-
60 cell line were used for the standard curve against which the
A values were normalized. Equal amount of protein in each
nuclear sample was used for the measurement.

2.6 Confocal microscopy

0.1-0.5 x 10° cells/sample were fixed with 3.65% form-
aldehyde for 15 min at RT and permebilized with 0.2%
saponin or 0.1% Triton X-100. Unspecific binding was
blocked with 10% BSA. Primary antibody incubations were
done in 1.0% BSA/permebilization buffer overnight at 4°C
and secondary antibody incubations in the same buffer
45 min at RT. Antibodies used were: CBFb (BD no. 610514,
1:25) and Runx1 (Active motif no. 39000, 1:100), goatF(ab’)2
anti-mouse IgG (H + L), FITC conjugate (Caltag no. M35001,
1:200), and goat anti-rabbit Alexa 568 nm (Molecular Probes,
1:400). Nuclei were stained separately with dapi or by using
dapi-containing mounting medium (Molecular probes Slow-
Fade, no. S36938). Zeiss LSM510 META laser scanning con-
focal microscope was used in image acquisition.

3 Results and discussion

3.1 Differentially expressed proteins in IL-4
stimulated Stat6—/— and wt mononuclear cells

To identify Stat6 target proteins, MNCs were isolated from
the spleens of wt and Stat6—/— mice, activated through CD3
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and cultured for 24 h in the presence of IL-4 and radioactive
35S-Met/Cys. Proteins were subsequently separated with
2-DE and newly expressed proteins were detected with auto-
radiography. Protein spots that were differentially expressed
Dby at least two-fold between wt and Stat6—/— samples were
analyzed with MS/MS. With this methodology, we found 21
protein spots to be differentially expressed between wt and
Stat6—/— cells, 16 of which (spots number 1-16 in Fig. 1)
were more highly expressed in wt and 5 (spots number 17—
21 in Fig. 1) in Stat6—/— samples. Altogether 49 unique
proteins were identified from these protein spots (Table 1)
indicating that separation power of 2-DE was exceeded. This
is a common phenomenon reflecting the complexity of the
proteome of whole cell lysate [28] and has been also reported
previously in the experimental setups similar to the one used
in this study [29, 30]. To our knowledge, none of the proteins
identified in this study have previously been reported to be
Stat6 regulated in transcriptomics studies conducted with
either mouse B cells or CD4" T cells [15, 16]. There are sev-
eral factors which can explain the differences between the
results acquired with these two methodologies. In fact, this is
in concordance with most of the studies showing weak or
absent correlation between mRNA and protein expression
levels [31, 32]. Many genes which were found to be differen-
tially expressed in the transcriptomics studies in question
represent genes which code low-abundant, secreted or
transmembrane proteins making them difficult to be detec-
ted with 2-DE. Due to the sample preparation and separation
methods used, the analyzed proteins in 2-DE studies are
from soluble cellular fraction and exclude the proteins with
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extreme pIl and molecular mass. On the other hand, tran-
scriptomics cannot be utilized to detect post-translational
regulation, which is an important and common part of pro-
tein regulation. In addition to the technical aspects, the cell
types and designs of these experiments differ from each
other, thus preventing true comparison. The present study
complements the current knowledge of the Stat6-mediated
signaling and opens interesting views on the post-transcrip-
tional target protein expression.

The proteins identified have a wide range of cellular
functions, varying from growth regulation to transcriptional
factor activity and from structural proteins to enzymes. For
example, GST P1 (identified from spot number 7 with a
higher expression in wt cells) has been reported to suppress
the activity of JNK and Stat (especially Stat1, Stat3, and Stat5)
proteins, and its removal leads to a selective expansion of B
lymphocytes [33]. Stat6-dependent regulation of this protein
has not been reported before. FK506-binding protein 4
(identified from spot number 1 having higher expression in
wt cells) has been reported to inhibit the transcriptional ac-
tivity of interferon regulatory factor 4 protein [34], which is
expressed in B and mature T cells regulating their home-
ostasis as well as IL-4 signaling and Th2 type immune
reponses [35—40].

Two of the identified proteins that were found to be
reproducibly more expressed in wt than Stat6—/— cells
(Table 1, protein spot 8 and 14, respectively), namely core-
binding factor B subunit isoform 2 (CBFb2) and CNBP, were
selected on the basis of their reported functions for validation
and further studies. CBFb2 and CNBP are both known to be

=
=
3 pl 105
| =
Y | . '
et} LR T pn——— 170
L .*l'.- 2 -1 P ‘-' .1‘;. .‘- :.'-;'—' = -50
i LR T T
S0 Gt ‘,_,qg," e 40
- ; ..‘} - ":-.‘t ."'"1 P
= &
. . A |
W F -‘._-\". -t"‘ r‘ 7 A
?’ _‘— -"" ."1 _-:-.q'-"iv '_!lh Fi
- ru""f;" -1 o T4 _.3'.:'. ¥
" ‘._'lz'r_. B & -LI_;-I' - .,." - s ¥ 70
t a1 iy s 4 da e I
,'_.*mr{_..-;'o'u -t ,
L X 1N . Joar QAR S ok 15
4 ATy Rk oSl g T
g, ¥ g =
¥ F - - gF - - - ‘
ST A mprlamsIme Ny

Stat6-/-

Figure 1. Stat6 regulated protein spots in mouse MNCs. Isolated wt or Stat6—/— MNCs were activated through CD3 and metabolically
labeled for 24 h in the presence of IL-4. Cells were lysed and soluble proteins were separated with 2-DE, and metabolically labeled proteins
were detected with autoradiography. Spots 1-16 showed at least two-fold higher expression in wt and spots number 17-21 in Stat6—/—

samples.
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Table 1. The proteins differentially expressed between wt and Stat6—/— MNCs after IL-4 stimulation

Spot  Fold change  Repro- Entry name?! The identified protein MW (kDa) p/ Protein  No. of Sequence
no. ducibility score  peptides coverage (%)
Proteins expressed more in wt than Staté—/— cells
1 2.2 3/3 COR1A_MOUSE Coronin-1A (Coronin-like protein p57, 51 641 6.05 143 4 14
Coronin-like protein A, Clipin-A)
FKBP4_MOUSE FK506-binding protein 4 51939 5.54 131 4 9.2
CH60_MOUSE 60 kDa heat shock protein, 61 088 5.91 51 2 3.1
mitochondrial precursor (Hsp60)
2 22 33 ACTB_MOUSE Actin 42 052 5.29 167 5 15.2
ACTC_MOUSE
ACTG_MOUSE
ACTS_MOUSE
HNRPF_MOUSE Heterogeneous nuclear ribo- 46 043 5.31 164 8 22.9
nucleoprotein F (hnRNP F)
3 2.0 2/3 PSD13_MOUSE 26S proteasome non-ATPase 43124 5.46 426 16 441
regulatory subunit 13
Q9CQT1_MOUSE  RIKEN clone:3010001P22 39671 5.6 199 5 138
product:hypothetical Initiation
factor 2B-containing protein
SHLB1_MOUSE SH3 domain GRB2-like protein B1 41115 5.78 52 3 14
(Endophilin-B1)
4 24 33 IF33_MOUSE Eukaryotic translation initiation 39978 6.2 513 14 315
factor 3 subunit 3 (elF-3 y)
TWF2_MOUSE Twinfilin-2 (Twinfilin-1-like protein, 39674 6.33 216 7 24.1
A6-related protein, mAG6RP)
COR1A_MOUSE Coronin-1A (Coronin-like protein p57, 51 641 6.05 63 2 35
Coronin-like protein A, Clipin-A)
CTBP1_MOQUSE C-terminal binding protein 1 48 084 6.28 52 1 25
(EC 1.1.1.-, CtBP1)
5 2.3 2/2 G3P_MOUSE Glyceraldehyde-3-phosphate 36 072 8.44 484 9 26.7
dehydrogenase (EC 1.2.1.12, GAPDH)
MDHM_MOUSE Malate dehydrogenase 36 030 8.83 187 3 9.2
6 3.6 33 GBLP_MOQUSE Guanine nucleotide binding protein 35511 1.6 347 7 25.6
subunit 8 2-like 1
CH1B2_MOUSE Charged multivesicular body protein 22 204 1.82 106 3 126
1b-2 (Chromatin-modifying protein
1b-2, CHMP1b-2)
CH1B1_MOQUSE Charged multivesicular body protein 22 167 1.82 91 3 126
1b-1 (Chromatin-modifying protein
1b-1, CHMP1b-1)
RSU1_MOUSE Ras suppressor protein 1 (Rsu-1, RSP-1) 31531 8.86 84 2 5.8
PSA4_MOUSE Proteasome subunit o type 29737 7.59 53 1 3.8
1 24 3/3 PSB1_MOUSE Proteasome subunit {3 type 26 583 1.67 386 12 50.4
GSTP1_MOUSE Glutathione S-transferase P 1 23 765 7.68 247 7 35.2
8 2.0 33 Q3UYR3_MOUSE®"  Core binding factor subunit 16 120 5.52 105 3 239
(CBF-p), isoform 2
PEBB_MOUSE 22 245 5.59 86 3 176
9 24 33 Q3u1Q7_MOUSE Heat shock protein HSP 90-f3 (HSP 84) 83513 4.98 229 10 123
Q71LX8_MOUSE
LMNB1_MOUSE Lamin-B1 66 973 511 141 6 99
PGK1_MOUSE Phosphoglycerate kinase 1 44 907 7.53 57 2 8.4
ACTB_MOUSE Actin 42 052 5.29 55 3 9.6
ACTG_MOUSE
10 25 2/3 LMNB1_MOUSE Lamin-B1 66 973 51 355 10 15.6
GDIR_MOUSE Rho GDP-dissociation inhibitor 1 23 450 5.12 250 6 33.8
(Rho GDI 1, Rho-GDI ¢, GDI-1)
ACTB_MOUSE Actin 42 052 5.29 93 3 9.9
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Table 1. Continued
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Spot  Fold change Repro- Entry name? The identified protein MW (kDa)  p/ Protein  No. of Sequence
no. ducibility score peptides  coverage (%)
ACTG_MOUSE
HS90A_MOUSE Heat shock protein HSP 90 85134 4.93 64 1 1.6
HS90B_MOUSE
LASP1_MOUSE LIM and SH3 domain protein 1 30 374 6.61 64 1 49
(LASP-1, MLN 50)
" 2.8 2/2 Q90QY93_MOUSE RS21-C6 (RIKEN cDNA 2410015N17 gene) 18 897 493 203 7 424
PSB9_MOUSE Proteasome subunit {3 type 9 23 496 5.11 148 2 137
VIME_MOUSE Vimentin 53712 5.06 120 4 11.6
Q6PFA2_MOQUSE Clathrin, light polypeptide 23 606 439 108 2 13.3
Q3THU7_MOUSE
CBX3_MOUSE Chromobox protein homolog 3 21013 513 92 2 148
DBLOH_MOUSE Diablo homolog, mitochondrial 26 984 6.15 92 3 13.1
precursor (Second mitochondria-
derived activator of caspase, Smac)
ACTB_MOUSE Actin 42 052 5.29 61 2 11
ACTG_MOUSE
12 35 2/2 No identification
13 24 33 MTND_MOUSE 1,2-Dihydroxy-3-keto-5-methylthiopentene 21 567 5.31 222 8 53.1
dioxygenase (Aci-
reductone dioxygenase, ARD)
PEBP1_MOUSE Phosphatidylethanolamine binding 20 988 5.19 m 5 316
protein 1 (PEBP-1, HCNPpp)
14 10.6 212 Q3U935_MOUSE Cellular nucleic acid binding protein (CNBP) 19 984 8 165 4 329
Q3ULK8_MOUSE
H2A1_MOUSE® Histone H2A 14127 11.05 68 2 12.3
15 24 33 Not identified
16 48 22 UB2D3_MOUSE Ubiquitin-conjugating enzyme E2 D3 16 904 1.67 154 4 29
H2A1_MOUSE® Histone H2A 14153 11.05 104 4 354
Proteins expressed more in Stat6—/— than wt cells
17 2.8 2/2 DOCK2_MOUSE Dedicator of cytokinesis protein 2 212 966 6.5 373 7 4
TPIS_MOUSE Triosephosphate isomerase 27038 6.9 174 4 20.1
THY1_MOUSE Thy-1 membrane glycoprotein precursor 18 297 9.16 138 3 22.2
PSB3_MOUSE Proteasome subunit {3 type 3 23 235 6.15 51 1 34
18 24 33 RB11A_MOUSE Ras-related protein Rab-11 24492 6.12 296 8 33.8
RB11B_MOUSE
RHOA_MOUSE Transforming protein RhoA 22110 5.83 75 5 18.1
19 2.1 3/3 GRP78_MOUSE 78 kDa glucose-regulated protein precursor 72 492 5.07 387 12 108
(GRP 78, Heat shock 70 kDa protein 5)
20 25 33 H2A1_MOUSE® Histone H2A 14127 11.05 108 2 215
ACTC_MOUSE Actin 42334 5.23 108 3 10.1
ACTS_MOUSE
COR1A_MOUSE Coronin-1A 51 641 6.05 61 1 2.2
UBE2A_MOUSE Ubiquitin-conjugating enzyme E2 A 17419 5.06 54 1 6.6
21 22 33 NUCL_MOUSE Nucleolin (Protein C23) 76 734 4.69 309 7 8.2
PSA1_MOUSE Proteasome subunit o type 1 29 813 6 193 6 26.2

Isolated wt or Stat6—/— MNCs were activated through CD3 and cultured for 24 h in the presence of IL-4. Proteins in the 2-DE spots having at

least two-fold increase or decrease in the protein expression between the mouse strains were identified with MS/MS. The fold change and

reproducibility of differential expression as well as the full name, entry name, theoretical molecular weight and theoretical p/ are indicated

in the columns. Confidence of the protein identification is presented as protein score in MASCOT peptide summary report, number of the

identified peptides and sequence coverage of the protein.

a) Entry names of all identifications can be found from the Supporting Information.

b) Entry Q3UYR3_MOUSE contains isoform 2 specific peptide. See Supporting Information for further information.

c) Several members of Histone H2A protein family were identified from the same spot with same peptide identification. See Supporting
Information for further information.
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involved in the regulation of transcription and were therefore
seen as interesting candidates in relation to the downstream
effects of Stat6. Previous studies have also linked Runx
family of transcription factors in the regulation of Th cell
differentiation and deletion of CBFDb has been shown lead to
asthma-like symptoms, making CBFb a very interesting
protein in the context of these studies [41].

3.2 Expression of CNBP protein is decreased in
Stat6—/— cells

CNBP, a highly conserved protein sharing more than 95%
sequence identity between human, chicken, rat, and mouse
[42-45] has a number of cellular functions. CNBP binds both
to ssDNA and RNA containing unpaired guanosine-rich
sequences [46]. CNBP is not a classical transcription factor
because it binds preferentially to single-stranded nucleic
acids. However, it has been reported to function either as a
repressor [47, 48] or an activator [19] of gene transcription.
CNBP can also modulate its target gene expression by bind-
ing to 5’ untranslated regions of terminal oligo pyrimidine-
containing mRNA molecules [18]. CNBP regulates tran-
scription of ¢-Myc [19, 45], Six3, Bf-1, and Hesx1 [49, 50],
which are all involved in the regulation of cell cycle progres-
sion and development. It has also been shown that over-
expression of CNBP increases cell proliferation [45]. Like-
wise, Stat6 has been implicated in cell cycle regulation, since
Statb—/— B and T cells have impaired proliferation rate
compared to their wild type littermates [11-13, 51]. The
importance of CNBP is underlined by the fact that Cnbp—/—
mice are embryonically lethal and show severe defects in
organogenesis. Multiple defects in growth and organogen-
esis have been described also in CNBP heterozygous mutant
mice [50].

CNBP is a zinc-finger protein with three isoforms which
are produced by alternative splicing. CNBP isoforms have
the same in vitro DNA binding specificity, but interestingly,
they can have different roles in their target gene regulation.
This indicates a putative extra level of regulation of CNBP
functions by competition of binding sites between the iso-
forms [48]. Based on the MS/MS data, we could not conclude
which isoform was differentially expressed in our dataset
(Fig. 2a). In addition to the Stat6 regulated protein form,
CNBP was also identified from two adjacent protein spots
that were not regulated by Stat6 (Fig. 2a and Supporting
Information). The MS/MS data acquired from the original
2-DE gels or larger starting material did not provide suffi-
cient information on the modificational or structural differ-
ences between these different CNBP forms. Most probably
this was limited by the quantity of this protein present in 2-
DE gels. We further studied the expression of CNBP in wt
and Stat6—/— MNCs with Western blotting, using both 2-D
electrophoresis and SDS-PAGE for protein separation. 2-DE
Western blotting confirmed that one spot detected for CNBP
was expressed at a higher level in wt than in Stat6—/— cells
(Fig. 2b and Fig. 2 of Supporting Information). The total

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 2. The expression of one form of CNBP is regulated by
Stat6. (a) The differentially expressed CNBP form is marked with
a rectangle. CNBP was also identified from the neighboring 2-DE
protein spots marked with an arrow. Shown here is the sur-
roundings of the spot 14 from Fig. 1 enlarged. The expression of
CNBP in MNC cells was studied further with 2-DE and 1-DE
Western blotting after activation through CD3 and culturing for
24 h with or without IL-4. (b) 2-DE Western blot of CNBP shows
that the expression of one CNBP form (marked with an arrow) is
higher in wt than Stat6—/— cells after IL-4 stimulation. 2-DE gels
were cut into smaller pieces before the transfer, the site of the cut
is indicated by vertical line in the middle of the images. (c) 1-DE
Western blot analysis of CNBP shows that the total protein level
of CNBP does not differ between wt and Stat6—/— cells.

expression of CNBP did not differ between wt and Stat6—/—
cells (Fig. 2¢), again suggesting that the difference identified
is due to some modification. Interestingly in this context, the
function of CNBP has been reported to be regulated by
cAMP-dependent protein kinase (PKA)-mediated phospho-
rylation. It has been suggested that CNBP phosphorylation
might be involved in the determination of mRNA con-
formation or chromatin remodeling and consequently reg-
ulate CNBP target mRNA translation or recruitment of other

www.proteomics-journal.com
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trans-acting factors [52]. Based on our observations there
may also be other modifications of CNBP yet to be char-
acterized.

3.3 Isoform 2-specific upregulation of CBFb protein in
Stat6—/— cells

CBFb protein was also identified from a 2-DE protein spot
that was expressed more in wt MNCs compared to Stat6—/—
cells. Altogether, four peptides belonging to CBFb2 protein
were identified in the MS/MS analysis including MS/MS
data for the isoform 2-specific peptide VSQLLAVTGK (Table
1 and Supporting Information). CBFb2 is the major isoform
of four CBFD proteins reported in the Swiss-Prot database.
CBFb is a non-DNA binding cofactor for Runx family of
transcription factors [53-55]. The Runx family consists of
three members, Runxl, Runx2, and Runx3, which share a
conserved DNA binding Runt domain [56]. Interaction be-
tween a common cofactor CBFb and Runx proteins confers

a)

3 pl * 10

| /. e
25 kDa= - e * |
20 kDa=

/ Statf-/-
CBFb2
-

b)
MNC CD4 T
wt Wt o/~ </~ |wt wt o -\
- IL4 - IL4 - IL4 - IL4

25 hD0T . ——— CBFb2 5min

SEEE - - —& CBFb260min

Figure 3. The smaller form of CBFb is expressed at a higher level
in Stat6—/— than in wt CD4" Tcells. Isolated MNCs were activated
through CD3 and CD4" T cells through CD3 and CD28, and the
cells were cultured for 24 h in the presence or absence of IL-4.
The expression of CBFb was detected with immunoblotting. (a)
2-DE Western blot showing that one CBFb form (marked with an
arrow) is expressed more in IL-4-treated wt than in Stat6—/—
MNC cells as detected in two independent experiments. (b) 1-DE
Western blot analysis shows that the total protein expression
level of CBFb does not differ between wt and Stat6—/— MNCs, but
the smaller form of the protein is clearly expressed more in
Stat6—/— CD4" Tcells.

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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high affinity DNA binding [17] and the stability of at least
Runx1 protein [57]. All members of the Runx family are
implicated in the regulation of development: Runx1 is need-
ed for haematopoiesis, Runx2 for osteogenesis, and Runx3
regulates CD8" T cell maturation and neuronal development
[58-62]. The importance of these factors in various stages of
normal development and regulation of growth is well docu-
mented by studies indicating severe and fatal defects in Runx
knock out animals, and by a direct link between Runx pro-
teins and cancer [63].

In addition to its role in early haematopoiesis, Runx1 is
also important in the regulation of Th cell differentiation.
Runx1 represses the expression of Gata3, which is one of the
master regulators of Th2 cell development [64]. Runx1 can
also activate transcription of IFNy [65], and is suggested to
play a role in repression of IL-4 gene in Th1 cells [41]. Inter-
estingly, inactivation of CBFb in CD4" cells leads to the
development of asthma-like symptoms including increased
production of IgE and infiltration of lymphoid cells into the
lungs. Also, the expression of IL-4 is significantly increased

a | Dwt mState--
5.00
382 388 397
4.00 oY CREYT
3.00
2.00
1.00
0.00 :
oh 24h 24h
Act Act+lL4
b
C CINN|P P
wt =/- |wt -/~ |wt -/-

| |[====| | | RunxI
= |5 |||l | CBFb

Figure 4. Runx1 DNA binding activity is similar in wt and
Stat6—/— CD4" T cells. (a) Runx1 DNA binding activity was
measured from nuclear preparations of CD4" T lymphocytes
prior to activation (0 h samples) and after activation through CD3
and CD28 for 24 h with and without IL-4. No significant differ-
ences were detected in the Runx1 DNA binding activity. (b)
Western blot analysis of activated wt and Stat6—/— CD4" cells
showing that most of the differentially expressed CBFb is loca-
lized to the pellet fraction (P), remaining after extraction of cyto-
solic (C) and nuclear (N) proteins. Protein loading was equalized
according to protein concentration and corresponding fractions
from wt and Stat6—/— cells were analyzed in parallel. Similar
results were obtained from two independent cultures. Vertical
lines separate the data from different gels.
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in CBFb*¥1%/CD4 Cre cells indicating that CBFb represses
IL-4 production in CD4™ cells [41].

We studied the expression of CBFb in wt and Stat6—/—
mononuclear and CD4" T cells with Western blotting, using
both 2-DE and SDS-PAGE for protein separation (Fig. 3).

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 5. The subcellular localization of CBFb and Runx1 is dis-
tinct from each other. In nucleus, most of CBFb is localized into
nucleoli type of structures weakly stained by dapi and Runx1 into
net-like structures. In general, localization of CBFb and Runx1 did
not differ between wt and Stat6—/— cells and it was not regulated
by TCR activation or IL-4. (a) Single, double, and triple staining
for CBFb, Runx1 and dapi as well as a differential interference
contrast (DIC) image of the cells. (b) Colocalization analysis of
CBFb (x-axis) and Runx1 (y-axis). Results were similar in wt and
Stat6—/— cells. Results are representative of two independent
experiments.

2-DE Western blot analysis showed that one form of CBFbD,
localizing to the same area in the gel as differentially expres-
sed CBFb2 in the initial 2-DE gels, was expressed more in wt
cells (Fig. 3a and Fig. 3 of Supporting Information). Inter-
estingly, we found that although there were no differences in

www.proteomics-journal.com
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the total expression of CBFb in MNCs, the smaller form of
CBFb was expressed more in Stat6—/— compared to wt
CD4" T cells (Fig. 3b). The differential expression of CBFb
was not dependent on TCR activation or IL-4 stimulation
(Fig. 3b and data not shown), suggesting that Stat6 also has
phosphorylation independent activity in CD4" cells as pre-
viously reported in non-small cell lung cancer cells [66]. As
the total expression of CBFb is markedly higher in MNC
population than in CD4" T cells (Fig. 3b), the difference in
CD4" T cells is likely to be masked by equally expressed
CBFb in other MNCs when analyzed with 1-DE Western
blotting.

Since, CBFD has been reported to stabilize Runx1 protein
[57], we next studied Runx1 protein levels from Stat6—/—
and wt cells to see whether they are regulated in a Stat6 de-
pendent manner. The total protein expression of Runx1 was
similar between wt and Stat6—/— MNCs and CD4" T cells
(data not shown). We also studied, whether the upregulation
of CBFb2 in Stat6—/— CD4" T cells could lead to increased
Runx1 DNA binding activity. However, no significant differ-
ences in Runx1 DNA binding activity were detected between
wt and Stat6—/— cells (Fig. 4a). Runx1 activity was neither
regulated by activation or IL-4 stimulation. We therefore
studied, the localization of CBFb and compared it to the
localization of Runx1, since these proteins have been report-
ed to have distinct cellular distribution in NIH 3T3 cell line
[67]. The cytoplasmic and nuclear proteins were extracted
with hypotonic buffers and insoluble pellet fraction was
lysed with SDS buffer. Subsequently, the corresponding
fractions from wt and Stat6—/— cells were analyzed in par-
allel in order to identify the localization of differentially
expressed CBFb. The smaller CBFb form was found pre-
dominantly in the nuclear and pellet fractions, whereas the
larger form was mainly in the cytoplasm (Fig. 4b). In contrast
to the CBFDb, Runx1 is in turn enriched in the extracted
nuclear protein pool. The Stat6-regulated CBFD is found in
the pellet fraction (Fig. 4b), suggesting that this differentially
expressed CBFD pool might not be freely available for inter-
action with transcriptionally active Runx1 proteins in the
soluble nuclear pool. The cellular localization of Runx1 and
CBFb proteins was also studied with confocal microscopy.
Using this method, we could not detect prevailing differ-
ences in CBFb or Runx1 cellular localization between wt and
Stat6—/— cells. In general, TCR activation or IL-4 stimula-
tion did not affect the localization these proteins. In the
nucleus, Runx1 and CBFb were largely localized into distinct
compartments (Fig. 5). CBFb was mainly localized into the
nuclear regions that were poorly stained with dapi, thus
having a nucleolus-like localization pattern [68, 69]. Runx1
was in turn localized into net-type structures in the nuclei.
Runx1 has been reported to associate with the nuclear matrix
[70], and our staining pattern is consistent with this finding.
Although the general in vitro DNA binding activity of Runx1
was not increased in Stat6—/— cells, and Runx1 and CBFDb
were mainly localized into different cellular compartments,
this does not rule out the possibility that Runx1 activity is

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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regulated in a Stat6 dependent manner in distinct promoter
regions of Runx1 target genes. Future studies might reveal, if
such promoter regions can be identified from developing
Th2 cells.

4 Concluding remarks

Studies on Stat6—/— mice have shown the pivotal role of
Stat6 in the regulation of Th cell differentiation. The devel-
opment of Th2 cells responsible for enhancement of anti-
body production by B cells and activation of mast cells and
eosinophils is severely defective in Stat6—/— mice. More-
over, these mice are resistant to experimentally induced air-
way hyper-responsiveness. In this study, we have identified
by using 2-DE-based proteomics a group of 21 protein spots
representing altogether 49 proteins to be regulated by Stat6
transcription factor in IL-4 stimulated mouse MNCs. The
most important findings in this study, namely the differ-
ential expression of certain forms of CNBP and CBFD pro-
teins in Stat6—/— and wt cells, provide the basis for future
studies on Stat6-mediated cellular responses.
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SUPPLEMENTARY DATA
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Supplementary Figure 1. Cellular nucleic acid binding protein (identification no 14, marked with a rectangle) was found to be more expressed
in IL-4 treated wild type mononuclear cells than in Stat6-/- cells. The same protein was also identified from neighboring spots 14a and 14b

marked with arrows (supplementary table 1).



Supplementary Table 1

Spot number_prot_hit_num_prot_acc rot_des prot_score prot mass prot matches prot_cover prot_len_prot pi pep query pep exp mz_pep exp mr_pep exp z pep calc mr pep delta pep start pep end pep miss pep scorepep homcpep ident pep expeipep rank pep res kpep seq pep_res_after _pep_var_n
7 15 CNBP MOUSE _ Cellular nuclelc acid binding protein (CNBP) (Zin finger protein 9) - Mus musculus (Mouse) 8 20833 26 78 7.76 128 49593 148476 3 015 20 K 0 2606 15 37 075 3 ‘CYSCGEFGHIQK D
15 135 59265 1774.94 3 177483 01 a2 56 0 318 16 38 023 1R GFQFVSSSLPDICYR  C
15 138 635.62 1903.83 3 1903.68 015 66 80 0 2761 21 37 044 1K DCDLQEDEACYNCGR G
15 Q3USV2_MOUSE  Bone marrow macrophage cDNA, RIKEN full-length enriched library, clone:1830157G09 productcellular 85 20113 246 w776 128 495.93 1484.76 3 1484.62 015 13 124 0 2606 15 37 075 1K CYSCGEFGHIQK D
15 135 59265 1774.94 3 177483 01 35 49 0 318 16 38 023 1R GFQFVSSSLPDICYR  C
15 138 635.62 1903.83 3 1903.68 015 59 73 0 2761 21 37 044 1K DCDLQEDEACYNCGR G
15 Q5QIQY_MOUSE ~ Cellular nucleic acid binding protein (Osteoclast-like cell cDNA, RIKEN full-length enriched ibrar 85 20833 236 78 776 128 495.93 1484.76 3 1484.62 015 120 131 0 2606 15 37 075 1K CYSCGEFGHIQK D
15 135 50265 1774.94 3 177483 01 a2 56 0 318 16 38 023 1R GFQFVSSSLPDICYR  C
15 138 63562 1903.83 3 1903.68 015 66 80 0 2761 21 37 044 1K DCDLQEDEACYNCGR G
18 AOAUVI_MOUSE _HistIhzah protein (Fragment) - Mus musculus (Mouse) 57 13811 26 27 1103 24 1258 84958 7z 84952 007 (3 88 0 3409 27 39 018 R HLQLAIR N
18 55 47281 943, 2 94352 007 21 29 o 2323 31 39 2 3R AGLQFPVGR v
18 QOVE75_MOUSE  Histone cluster 1, H2ak - Mus musculus (Mouse) 57 14141 123 130 1105 2 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
55 47281 9436 2 94352 007 22 30 0 2323 31 39 2 3R AGLQFPVGR v
18 H2ALF_MOUSE  Histone H2A type 1-F - Mus musculus (Mouse) 57 14153 123 130 1105 24 4258 84958 2 849.52 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 2 30 0 2323 31 39 2 3R AGLQFPVGR v
18 H2A1H_MOUSE  Histone H2A type 1-H - Mus musculus (Mouse) 57 13942 125 128 1103 24 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 22 30 0 2323 31 39 2 3R AGLQFPVGR v
18 H2A1K_MOUSE  Histone H2A type 1-K - Mus musculus (Mouse) 57 14141 123 130 1105 2 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 94356 2 94352 007 2 30 o 2323 31 39 2 3R AGLQFPVGR v
18 H2A1_MOUSE  Histone H2A type 1 - Mus musculus (Mouse) 57 14127 123 130 1105 2 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
55 47281 9436 2 94352 007 2 30 o 232 31 39 2 3R AGLQFPVGR v
18 H2A2A_MOUSE  Histone H2A type 2-A (H2A.2) (H2a-614) (H2a-615) - Mus musculus (Mouse) 57 14087 123 130 109 2 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 2 30 o 232 31 39 2 3R AGLQFPVGR v
18 H2A2C_MOUSE  Histone H2A type 2-C (H2a-6138) - Mus musculus (Mouse) 57 13980 124 120 109 24 4258 84958 2 849.52 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 22 30 0 2323 31 39 2 3R AGLQFPVGR v
18 H2A3 MOUSE  Histone H2A type 3 - Mus musculus (Mouse) 57 14113 123 130 1105 2 4258 849.58 2 849.52 007 83 89 0 3409 27 39 018 1R HLQLAIR N
55 47281 9436 2 94352 007 22 30 0 2323 31 39 2 3R AGLQFPVGR v
18 H2AV_MOUSE  Histone H2AV (H2A.F/Z) - Mus musculus (Mouse) 57 13501 125 128 1058 24 4258 84958 2 849.52 007 86 92 0 3409 27 39 018 1R HLQLAIR G
18 55 47281 9436 2 94352 007 24 32 0 2323 3L 39 2 3R AGLQFPVGR 1
18 H2AX_MOUSE  Histone H2A.x (H2alx) - Mus musculus (Mouse) 57 15133 12 143 1074 24 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 2 30 o 2323 31 39 2 3R AGLQFPVGR v
18 H2AZ_ MOUSE  Histone H2A Z (H2A/z) - Mus musculus (Mouse) 57 13545 125 128 1058 24 4258 84958 2 84952 007 86 92 0 3409 27 39 018 1R HLQLAIR G
18 55 47281 9436 2 94352 007 24 32 o 2323 31 39 2 3R AGLQFPVGR I
18 QUBAUS_MOUSE  Histone cluster 1, H2af - Mus musculus (Mouse) 57 14153 123 130 1105 24 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
55 47281 9436 2 94352 007 22 30 0 2323 31 39 2 3R AGLQFPVGR v
18 QBCGP4_MOUSE Histone protein Histih2aa 1, H2aa) (OTTMUS - Mus musculus (Mouse) 57 14048 124 120 1121 24 4258 84958 2 849.52 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 22 30 0 2323 31 39 2 3R AGLQFPVGR v
18 QBRIM2_MOUSE ~ H2af protein (H2A histone family, member J) (0 day neonate eyeball cONA, RIKEN full-length enriche 57 14037 124 129 1105 24 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 22 30 0 2323 3L 39 2 3R AGLQFPVGR v
18 Q149U0_MOUSE  Histih2an protein (Hist1h2ac protein) - Mus musculus (Mouse) 57 14127 123 130 1105 24 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 2 30 o 2323 31 39 2 3R AGLQFPVGR v
18 Q149V4_MOUSE  Histone cluster 2, H2ac - Mus musculus (Mouse) 57 13980 124 129 109 24 4258 84958 2 84952 007 83 89 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 2 30 0 2323 31 39 2 3R AGLQFPVGR v
18 Q64426_MOUSE  Histone H2A (Fragment) - Mus musculus domesticus (western European house mouse) 57 14794 17 137 106 2 4258 84958 2 849.52 007 % 9% 0 3409 27 39 018 1R HLQLAIR N
18 55 47281 9436 2 94352 007 29 37 0 2323 31 39 2 3R AGLQFPVGR v
19 DCTNS_MOUSE _ Dynactin subunit 3 (Dynactin ight chain p24) - Mus musculus (Mouse) 53 21079 108 86 584 &3 1968 99159 2 99149 01 20 28 0 2338 21 38 18 TR WVYGPGGTR G
19 7 55037 1098.73 2 1098.64 009 40 50 0 3007 2 38 035 1K VQVALGNIASK R
146 10 Q3U935_MOUSE _ Bone marrow macrophage cDNA, RIKEN ful-length enriched fibrary, clone:1830044A19 product:cellular 116 19984 171 170 B 122 88837 177472 2 1774.63 009 59 72 0 5343 26 38 00015 1K DCDLQEDACYNCGR G
10 123 5926 177478 3 1774.63 014 59 72 0 4835 16 38 00051 1K DCDLQEDACYNCGR G
124 8885 177499 2 1774.83 015 35 49 0 e407 21 38 000014 1R GFQFVSSSLPDICYR  C
10 Q3ULK8_MOUSE 4 cells embryo 4 cells cDNA, RIKEN full-length enriched library, clone:10C0046C05 product:cellular 16 20704 164 177 8 122 88837 177472 2 1774.63 009 66 79 0 5343 26 38 00015 1K DCDLQEDACYNCGR G
10 123 5926 177478 3 177463 014 66 79 0 4835 16 38 00051 1K DCDLQEDACYNCGR G
124 8885 1774.99 2 1774.83 015 a2 56 0 6407 21 38 0.00014 iR GFQFVSSSLPDICYR _ C
14 AOAUVI_MOUSE _HisthZah protein (Fragment) - Mus musculus (Mouse) 61 13811 26 27 1103 21 1258 84958 2 84952 007 82 88 0 228 2 39 24 TR HLQLAIR N
4 51 47281 9436 2 94352 007 21 29 0 3856 39 0059 1R AGLQFPVGR v
14 QOVE75_MOUSE  Histone cluster 1, H2ak - Mus musculus (Mouse) 61 14141 123 130 1105 21 4258 84958 2 84952 007 83 89 0 228 2 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2AIF_MOUSE  Histone H2A type 1-F - Mus musculus (Mouse) 61 14153 123 130 1105 21 4258 849.58 2 849.52 007 83 89 0 228 2 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2AIH_MOUSE  Histone H2A type 1-H - Mus musculus (Mouse) 61 13942 125 128 1103 21 4258 84958 2 84952 007 83 89 o 228 2 39 24 1R HLQLAIR N
4 51 47281 943.6 2 943.52 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2AIK_MOUSE  Histone H2A type 1-K - Mus musculus (Mouse) 61 14141 123 130 1105 21 4258 84958 2 84952 007 83 89 0 228 2 39 24 1R HLQUAIR N
14 51 47281 9436 2 94352 007 2 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2A1_MOUSE  Histone H2A type 1 - Mus musculus (Mouse) 61 14127 123 130 1105 21 4258 84958 2 84952 007 83 89 0 228 24 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 2 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2A2A_MOUSE  Histone H2A type 2-A (H2A.2) (H2a-614) (H2a-615) - Mus musculus (Mouse) 61 14087 123 130 109 21 4258 84958 2 849.52 007 83 89 0 228 2 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 2 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2A2C_MOUSE  Histone H2A type 2-C (H2a-6138) - Mus musculus (Mouse) 61 13980 124 120 109 21 4258 84958 2 849.52 007 83 89 0 228 24 39 24 1R HLQLAIR N
51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2A3 MOUSE  Histone H2A type 3 - Mus musculus (Mouse) 61 14113 123 130 1105 21 4258 84958 2 849.52 007 83 89 0 228 2 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2AV_MOUSE  Histone H2AV (H2A F/Z) - Mus musculus (Mouse) 61 13501 125 128 1058 21 4258 84958 2 84952 007 86 92 0 228 2 39 24 1R HLQLAIR 3
1 51 47281 943.6 2 94352 007 2 32 0 3856 39 0059 1R AGLQFPVGR 1
14 H2AX_MOUSE  Histone H2A.x (H2a/x) - Mus musculus (Mouse) 61 15133 12 143 1074 21 4258 84958 2 84952 007 83 89 0 228 2 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 2 30 0 3856 39 0059 1R AGLQFPVGR v
14 H2AZ_MOUSE  Histone H2A.Z (H2A/z) - Mus musculus (Mouse) 61 13545 125 128 1058 21 4258 84958 2 84952 007 86 92 0 228 2 39 24 1R HLQLAIR G
51 47281 9436 2 94352 007 24 32 0 3856 39 0059 1R AGLQFPVGR I
14 QUBAUS_MOUSE  Histone cluster 1, H2af - Mus musculus (Mouse) 61 14153 123 130 1105 21 4258 849.58 2 849.52 007 83 89 0 228 24 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 QBCGP4_MOUSE Histone protein Histih2aa 1, H2aa) (OTTMU - Mus musculus (Mouse) 61 14048 124 129 1121 21 4258 84958 2 849.52 007 83 89 0 228 2 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 QBRIM2_MOUSE ~ H2al] protein (H2A histone family, member J) (0 day neonate eyeball cONA, RIKEN full-length enriche 61 14037 124 129 1105 21 4258 84958 2 849.52 007 83 89 0 228 24 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 Q149U0_MOUSE  Hist1h2an protein (Hist1h2ac protein) - Mus musculus (Mouse) 61 14127 123 130 1105 21 4258 84958 2 84952 007 83 89 0 228 2 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 22 30 0 3856 39 0059 1R AGLQFPVGR v
14 Q149V4_MOUSE  Histone cluster 2, H2ac - Mus musculus (Mouse) 61 13980 124 129 109 21 4258 84958 2 84952 007 83 89 0 228 24 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 2 30 0 3856 39 0059 1R AGLQFPVGR N
14 Q64426_MOUSE  Histone H2A (Fragment) - Mus musculus domesticus (western European house mouse) 61 14794 17 137 106 21 4258 84958 2 84952 007 %0 9% 0 228 24 39 24 1R HLQLAIR N
14 51 47281 9436 2 94352 007 20 37 0 3856 39 0059 iR AGLQFPVGR v
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SUPPLEMENTARY FIGURE 2
CNBP 2-DE Western detections
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SUPPLEMENTARY FIGURE 3
CBFb2 2-DE Western detections

Experiment 1 (Figure 3a)
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