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Abstract
Background: We have previously identified endonuclein as a cell cycle regulated WD-repeat
protein that is up-regulated in adenocarcinoma of the pancreas. Now, we aim to investigate its
biomedical functions.

Results: Using the cDNA encoding human endonuclein, we have expressed and purified the
recombinant protein from Escherichia coli using metal affinity chromatography. The recombinant
protein was immobilized to a column and by affinity chromatography several interacting proteins
were purified from several litres of placenta tissue extract. After chromatography the eluted
proteins were further separated by two-dimensional gel electrophoresis and identified by tandem
mass spectrometry. The interacting proteins were identified as; Tax interaction protein 1 (TIP-1),
Aα fibrinogen transcription factor (P16/SSBP1), immunoglobulin heavy chain binding protein (BiP),
human ER-associated DNAJ (HEDJ/DNAJB11), endonuclein interaction protein 8 (EIP-8), and
pregnancy specific β-1 glycoproteins (PSGs). Surface plasmon resonance analysis and confocal
fluorescence microscopy were used to further characterize the interactions.

Conclusions: Our results demonstrate that endonuclein interacts with several proteins indicating
a broad function including signal transduction and chaperone activity.

Background
Pancreatic cancer is the seventh most common cause of
cancer death in Western society with a 5-year survival rate
of approximately 5.5% being the lowest 5-year relative
survival rate of all cancers. The incidence rate of this
aggressive tumor is increasing and the treatment is ineffec-
tive with a poor prognosis [1,2]. Recently, gathering of

data concerning genomics and proteomics studies of pan-
creatic cancer showed differential regulation of 2,516
potential biomarkers [3]. These include known oncogenes
and cell cycle regulators, e.g., the ras oncogene [4], p53
[5], SMAD4 [6], epidermal growth factor and epidermal
growth factor receptor [7], cyclin D1 [8], CDK4I [9], as
well as insulin-like growth factor-1 receptor, stat-3 and the
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tyrosine kinase src [10]. Still, the molecular biology of the
disease is not well understood and a more thorough inves-
tigation of the specific proteins is crucial

In an earlier study, we have revealed that endonuclein
[11], a cell cycle regulated WD-repeat protein, also con-
tributes to the development of the protein phenotype of
pancreatic cancer. WD-repeat proteins usually consist of
4-16 WD-repeats forming an up to eight blade propeller
structure creating a stable platform that may form com-
plexes reversibly with several proteins [12]. Despite of the
structural similarity between these members they are a
functionally diversified group where all members seem to
possess regulatory functions e.g. proteins including cell
division control proteins, coatomer b subunits, transcrip-
tion initiation factors, microtube associate proteins, actin
interacting proteins, as well as enzymes like protein phos-
phatase 2A and myosin heavy chain kinase A 3-13 [13-
23]. To date, the function of the various protein members
have thus been ascribed to crucial regulatory roles in sig-
nal transduction, RNA processing, gene expression, traf-
ficking of vesicles, assembly of cytoskeletal components
as well as participation in the regulation of the cell cycle
[24].

Since several WD-repeat proteins are known to form mul-
tiprotein complexes by interacting with other proteins
sometimes through their WD-repeat domains, we set for-
ward studies to reveal which function(s) that may be
attached to endonuclein by identifying interacting pro-
teins. Consequently, we have expressed recombinant
endonuclein in Escherichia coli and used the purified
immobilized protein to affinity purify several endonu-
clein interacting proteins from a placental tissue extract. A
proteomic approach using two-dimensional gel electro-
phoresis (2D-PAGE) and tandem mass sepctrometry (MS/
MS) [25] together with a number of proteins assays were
used to further characterize the proteins. The nature of the
affinity purified proteins confirms that endonuclein may
possess regulatory functions. Thus, among the interacting
proteins, we have identified, are TIP-1 (a PDZ protein that
interacts with the oncogenic HTLV-1 Tax protein), mt-SSB
(a transcription factor) and a number of stress related pro-
teins belonging to the molecular chaperones. Thus, we
have discovered and characterized a number of putative
functions of endonuclein that will be discussed in light of
the disclosure of the interacting partners.

Results
In order to detect endonuclein interacting proteins, we
immobilized recombinant endonuclein to a column and
prepared a reference column without immobilized endo-
nuclein. Similar volumes of placental tissue extract were
added to both columns at neutral pH. After a wash of both
columns with 1 M NaCl, proteins that interacted with the
immobilized endonuclein were eluted with 0.1 M glycine

buffer (pH 2.7) and subsequently neutralized with 1 M
Tris-HCl, pH 9. Both eluates from the endonuclein col-
umn and the reference column were concentrated and
subjected to 2D-PAGE as shown in Fig 1. Several proteins
were found to interact specifically with endonuclein as
indicated with numbers in Fig 1A. A few proteins inter-
acted non-specifically with the column matrix as given
with arrowheads in Fig 1B. Of several proteins that were
subjected to partial internal sequencing by MS/MS, eight
spots could be unambiguously identified as given in Table
1. The localization of the identified interacting proteins is
in line with the previously established nuclear localiza-
tion and cytoplasmic localization in the endoplasmic
reticulum of endonuclein by immunoelectron and confo-

Affinity purification of endonuclein interacting proteinsFigure 1
Affinity purification of endonuclein interacting pro-
teins. A placental tissue extract was applied to a column 
with immobilized endonuclein, (A), and to a parallel column 
without endonuclein, (B), in a physiologic buffer. Proteins 
were eluted from both columns at pH 2.7. The eluates were 
neutralized and finally subjected to two-dimensional gel elec-
trophoresis with subsequent silver staining. Arrows with 
numbers indicate protein spots that were excised from the 
gel and subjected to nano-electrospray tandem mass spec-
trometry for identification. The partial sequences and the 
names of the identified proteins are shown in Table 1. Pro-
teins that interacted unspecifically with the column matrix 
are given with arrowheads.
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cal laser scanning microscopy [11]. Each of the proteins
will be described in detail below.

Identification of protein spots No. 1 and No. 16
Protein spot No. 1 gave the peptide sequence ELEEIVQPI-
ISK which was identified as a peptide located in the C-ter-
minal of immunoglobulin heavy chain binding protein
BiP or Grp78 [26]. Similarly, protein No. 16 gave 5 pep-
tides (Table 1) that also were found in BiP. Peptide spots
No. 1 and 16 with molecular masses around 25-30 kDa
thus represent C-terminal cleavage products of BiP that
has a molecular mass around 72 kDa. In order to verify
the interaction with BiP, we performed surface plasmon
resonance experiments by flowing hamster BiP that pos-
sesses more than 98% sequence identity to human BiP
over the immobilized endonuclein. As seen from Fig 2
these experiments verified that there was an interaction
between the immobilized endonuclein and BiP. As a con-
trol recombinant GST revealed no detectable binding.

Identification of protein spots No. 2 and No. 11
Both spot No. 2 and No. 11 gave the sequence VSEGG-
PAEIAGLQIGDK that identified the protein as Tax interac-

tion protein 1, TIP-1 [27,28]. The localization of protein
spots No. 2 and No. 11 in the 2D gel is in agreement with
the deduced molecular mass of 12.9 kDa and pI of 9.2 for
TIP-1. The surface plasmon resonance experiments shown
in Fig 2 were used to verify that recombinant TIP-1 protein
constructed as fusion protein with GST interacted with
endonuclein. Separate control experiments revealed that
pure GST protein did not interact with endonuclein. To
establish evidence that endonuclein and TIP-1 are local-
ized to the same subcellular compartment, we performed
double immunocytochemistry on cultured HaCat cells. As
shown in Fig 3 the two proteins co-localize in the cyto-
plasm (Fig 3A) and to some extend in the nucleus (Fig
3B).

Identification of protein spot No. 4
Protein spot No. 4 revealed the peptide sequence TLEV-
EIEPGVR that identified the protein as DnaJ homolog
subfamily B member 11, DNAJB11 [29]. The molecular
mass of the predicted protein is calculated to be 40.5 kDa
and the pI to 5.8, i.e. very close to the experimental values
observed, see Fig 1. By using the publicly available WWW
server that is based on neuronal networks [30,31], the N-

Table 1: Identification of endonuclein interacting proteins by peptide sequencing using tandem mass spectrometry.

Protein spot No. Peptide sequence obtained by tandem 
mass spectrometry

Identification of protein Localization Mr (kDa) pI

1 ELEEIVQPIISK BiP/Grp78 ER resident 72.1 4.9

2 VSEGGPAEIAGLQIGDK TIP-1 Cytoplasm*
Nucleus

12.9 9.2

4 TLEVEIEPGVR DNAJB11/HEDJ (EIP-4) ER/secreted 40.5 5.8

8 TGAELVTCGSVLK SDF2-like protein 1 (EIP-8) ER resident 23.6 6.6

10 Failed

11 VSEGGPAEIAGLQIGDK TIP-1 Cytoplasm*
Nucleus

12.9 9.2

16 SQIFSTASDNQPTVTIK
TFDLTGI
LTPEEIER
NELESYAYSLK
KKELEEIVQPIISK

BiP/Grp78 ER resident 72.1 4.9

17 SGDSEVYQLGDVSQK
VGQDPVLR

Mt-SSB (ssDNA binding protein/P16) Mitochondria
Nucleus*
Cytoplasm

17.2 10.5

18 ENKDVLTFTCEPK
ILILPSVTR
LSIPQITTK
LFIPQITTK

Pregnancy specific β-1 glycoproteins
(PSBGs)

ER/secreted 36.2-52.7 8.0-9.3

*Determined by laser scanning confocal microscopy in present work
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terminal 22 amino acids were found to have the hydro-
phobic characteristics of a signal peptide for directing the
protein into the ER with a likely cleavage site between Ala-
22 and Gly-23 which is consistent with the protein locali-
zation in strong association with the ER membrane ori-
ented towards the ER lumen [29]. The protein also
exhibits a J domain after the signal sequence. The J
domain is a highly conserved domain of about 70 amino
acids found in the hsp40 protein family that consist of
over 100 members [32]. Further towards the C-terminal
there is an RGD motif which may serve a role in cell adhe-
sion, since this sequence can bind to the integrins [33].
The different domains of DNAJB11 are shown in Fig 4A.

Identification of protein spot No. 8
Protein spot No. 8 gave the sequence TGAELVTCGSVLK
that identified the protein as stromal cell-derived factor 2-
like protein 1, SDF2-like protein 1 [34]. By analyzing the
sequence using the WWW server [30,31], we found a puta-
tive signal sequence with an indicated cleavage site
between Ala-28 and Ala-29. Furthermore, the protein ter-
minates with the HDEL signal which has been identified
as an ER retrieval signal in some of the CREC proteins [35-
37] suggesting that the protein is localized as a resident
protein within the ER. The database search showed that
the protein possesses a strong similarity to the stromal cell
derived factor-2, SDF-2 [38] which has been reported to
contain MIR domains, since these are also found in pro-
tein O-mannosyl-transferases, inositol 1,4,5-trisphos-

phate receptors and ryanodine receptors [39]. The three
MIR domains present in SDF2-like protein 1 are shown in
Fig 4B.

Identification of protein spot No. 17
From spot No. 17, we obtained two peptide sequences;
SGDSEVYQLGDVSQK and VGQDPVLR. Both peptides
showed a perfect identity match to the mitochondrial sin-
gle-stranded DNA binding protein, mt-SSB [40]. To fur-
ther investigate this interaction, we performed double
immunocytochemistry on cultured HaCat cells (Fig 3). In
most cells, endonuclein and mt-SSB did not co-localize to
the same cellular compartment (Fig 3C). However, few
cells showed a clear presence of mt-SSB in the nucleus co-
localizing with endonuclein (Fig 3D). This is consistent
with the fact, that this protein has been reported to be
mainly localized in the mitochondria, while small
amounts have been detected within the nucleus and in the

Surface plasmon resonance analysis of the binding of proteins to endonucleinFigure 2
Surface plasmon resonance analysis of the binding of 
proteins to endonuclein. Endonuclein was immobilized to 
a sensor chip and the on and off rates for ligand binding were 
recorded on a BIAcore 2000. The recorded sensorgrams 
show binding of 1 μM of pregnancy specific β-1 glycoprotein, 
5 μM recombinant TIP-1 as fusion peptide with glutathion S-
transferase (GST-TIP-1), 1 μM BiP and 1 μM of pure glutath-
ion S-transferase (GST) as a control. Interaction with endo-
nuclein was verified with all proteins except GST which 
revealed no detectable binding.

Immunocytochemistry stainings of HaCat keratinocytesFigure 3
Immunocytochemistry stainings of HaCat keratinoc-
ytes. (A) Double staining of endonuclein and TIP-1 showing 
co-localization in the cytoplasm (x40) and (B) in the nucleus 
(x100). (C) Double staining of endonuclein and mt-SSB 
showing no co-localization (x40) and (D) co-localization in 
the nucleus (x63).
Page 4 of 11
(page number not for citation purposes)



BMC Biochemistry 2009, 10:34 http://www.biomedcentral.com/1471-2091/10/34
cytoplasm [41]. In addition, it has been shown that mt-
SSB is a transcription factor for the Aα fibrinogen gene
[42]. The mt-SSB gene has been assigned to chromosome
7 at 7q34 [43], spanning about 12 kb.

Identification of protein spot No. 18
Spot No. 18 revealed the peptides ENKDVLTFTCEPK, ILI-
LPSVTR, LSIPQITTK and LFIPQITTK. By searching the
databases, we found that these peptides corresponded to
the pregnancy specific β-1 glycoprotein 1 (PSBG-1)
branch of the carcinoembryonic antigen family, where to
date 11 proteins have been identified, PSBG1 - PSBG11
[44]. The PSGs are abundantly expressed in placenta dur-
ing embryonic development and also in uterus, pancreas,
testis and fetal liver. The PSGs contain signal sequences
and are secreted proteins [44]. Many of them contain an
RGD sequence which may serve a role in cell adhesion,
since this sequence may bind to the integrins [33]. The
peptides identified (Table 1) may correspond to several of
the PSBGs. Surface plasmon resonance experiments with
a commercial preparation of PSBG indeed verified that
endonuclein may interact with members of this class of
proteins (Fig 2).

Ca2+-binding to endonuclein
Binding of Ca2+ to endonuclein was measured with the
protein in solution using the rate dialysis technique [45].
A Scatchard plot of the data is shown in Fig 5. The data
obtained may be interpreted by a model where endonu-
clein contains two Ca2+-binding sites, each binding Ca2+

with a dissociation constant, kD, of 240 μM at physiologic
conditions.

Discussion
Endonuclein, previously known as IEF SSP 9502 [46] and
the yeast homologue PWP1, are WD-repeat proteins that
to date have been described in a very limited number of
papers [11,46-51]. In previous studies endonuclein has
been reported to be up-regulated at the transcript level

[47] as well as at the protein level [11] in adenocarcinoma
of the pancreas. Up-regulation of this protein in cancer
may be in line with the fact that endonuclein is identified
as a cell cycle regulated protein synthesized at increasing
levels and with nuclear focusing during interphase [11].
Up-regulation of the protein may promote the cell cycle in
line with the observation that yeast cells with a null muta-
tion of the homologous gene (PWP1) grow slowly [50].
PWP1 is involved in ribosome biosynthesis through its
interaction with trans-acting ribosome biogenesis factors
and with several ribosome protein subunits [51]. In addi-
tion, it has recently been shown that PWP1 associates with
the 25S ribosomal DNA chromatin (rDNA), and that
PWP1 may play a role in regulation of rDNA transcription

Structure of two endonuclein interacting proteinsFigure 4
Structure of two endonuclein interacting proteins. (A) Endonuclein interacting protein 4, DNAJB11, contains a signal 
sequence that is putatively cleaved off between Ala-22 and Gly-23. It contains a DnaJ domain (green box) and an RGD 
sequence (yellow box) and might be secreted due to the lack of an ER retrieval sequence. (B) SDF2-like protein 1 contains a 
signal sequence that is putatively cleaved off between Ala-28 and Ala-29. It contains three MIR domains (blue box) and a HDEL 
ER retrieval sequence (purple box).

Ca2+-binding to endonucleinFigure 5
Ca2+-binding to endonuclein. Binding of Ca2+ was meas-
ured in 150 mM KCl, 50 mM Hepes, pH 7.4 at 37°C with the 
rate dialysis procedure [45]. The data were fitted to the 
Scatchard equation and the analysis was in agreement with a 
model consisting of two independent sites (n = 1.94) each 
with the dissociation constant kD = 238 μM.
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[48]. Furthermore, the recent finding that endonuclein is
downregulated during heat stress-induced apoptosis [49],
suggests that indeed this protein is involved in diverse
important cellular functions. Since WD-repeat proteins as
a rule possess regulatory functions rather than enzymatic
[24], we further explored the functional roles of endonu-
clein by biochemical analyses with emphasis on the iden-
tification and characterization of its interacting proteins.

Endonuclein interacting proteins (Table 1) may largely be
classified into two groups, one that is involved in signal
transduction from the cytosol to the nucleus and another
that participates in chaperone activities in the ER. These
localizations are in line with the previous observation by
immunoelectron and laser scanning fluorescence micros-

copy [11] that endonuclein localizes to the nucleus as well
as to the cytoplasm in the endoplasmic reticulum indicat-
ing that the interactions observed may be of functional
significance. The results are summarized in Fig 6. In the
cytosol endonuclein may interact with the Tax interaction
protein 1, TIP-1. TIP-1 was originally identified as a PDZ
domain protein interacting with the C-terminal of Tax, a
40 kDa nuclear phosphoprotein encoded by HTLV-1 [27],
and recent studies have identified TIP-1 as an atypical
PDZ protein that functions as a negative regulator of PDZ-
based scaffolding [52]. Tax is considered to be oncogenic
by trans-activating a number of viral and cellular genes
[53], and it has been shown that overexpression of TIP-1
reduced the proliferation and growth of colorectal cancer
cells [54]. Since Tax is not a DNA binding protein per se, it

Model of endonuclein functionsFigure 6
Model of endonuclein functions. Endonuclein may modulate several signal transduction pathways to the nucleus as well as 
chaperone activities in the ER. Through interaction with TIP-1, endonuclein may interfere with the Rho signaling pathway and 
the pathway leading to oncogenesis by Tax. RhoA, rhotekin and TIP-1 may form a ternary complex in the cytosol (indicated 
with two-way green arrows) that produces a signal in the nucleus increasing c-fos transcription (indicated with one-way green 
arrows). Tax may trans-activate a number of genes, e.g. c-fos (red arrows) through interaction with a number of cellular pro-
teins. IL-6 stimulation activates two signaling pathways one involving the Janus kinases (Jaks) and one involving the MAP kinase 
cascade. The Jaks phosphorylate stat-3, which is then translocated into the nucleus. Usually, stat-3 then binds to the IL-6 
response element (IL-6 RE), however, this does not occur at the Aα fibrinogen promoter that instead binds the transcription 
factor P16 (mt-SSB). The IL-6 induced transcription of Aα fibrinogen may thus be modulated by interaction of endonuclein 
with P16. In the ER endonuclein may modulate chaperone activities by interacting with the membrane bound co-chaperone 
HEJD (DNAJB11) and the chaperone BiP. The significance of the interaction of endonuclein with EIP-8 (SDF2-like protein 1) 
and PSGs (PSBGs) in the ER is unknown at present. Two-way arrows indicate putative protein-protein interactions. Protein 
motifs or domains are indicated on the proteins, MIR, RGD, PDB, J, PDZ, SSB and NLS.
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executes its action through the binding of other cellular
proteins. However, which specific trans-activation path-
way that is essential for transformation of cells still
remains controversial [53]. Interestingly, TIP-1 that con-
tains a PDZ domain has been reported to interact with the
C-terminal of rhotekin [28]. Rhotekin was identified as a
target protein of the Rho family of small GTPases [55]. A
ternary complex of active Rho with rhotekin and TIP-1
produces a signal in the cytosol that triggers strong activa-
tion of the c-fos serum response element [28] that also is
activated by Tax [53]. How the signal from the ternary
complex in the cytosol is transferred to the nucleus is
unknown. The interaction of endonuclein with TIP-1
could thus have modulatory actions on the Rho signal
transduction pathway as well as on the pathway that leads
to oncogenesis induced by Tax. Such a modulatory effect
on signal transduction pathways is further substantiated
by the observation that endonuclein may interact with
mt-SSB, a transcription factor for the Aα fibrinogen gene
[42]. This gene is induced by interleukin-6 (IL-6) which
activates two signal transduction pathways; the Janus
kinases that phosphorylate a group of latent cytoplasmic
transcription factors known as stats and the MAP kinase
signaling cascade that activates the C/EBP transcription
factors. Upon phosphorylation, stat-3 is translocated to
the nucleus and generally binds to the IL-6 response ele-
ment (IL-6 RE) of the genes that it activates. However, stat-
3 does not associate with the IL-6 RE of the fibrinogen
promoter. Instead mt-SSB is attached to this site. Upon IL-
6 stimulation mt-SSB transiently leaves the site and re-
associates again later. The further details of the molecular
mechanism whereby IL-6 trans-activates the Aα fibrinogen
gene remains to be investigated [56,57]. Endonuclein may
thus putatively modulate the signal transduction pathway
through its interaction with mt-SSB.

In the ER, endonuclein may interact with proteins of the
molecular chaperones that assist in the folding of proteins
[32]. The specific endonuclein interacting proteins identi-
fied was BiP that is involved in protein translocation, fold-
ing, refolding and degradation of proteins in the ER as
well as reverse translocation of proteins from the ER to the
cytosol for ubiquitination and degradation in the protea-
some [26,58]. In presence of ATP, BiP interacts with the J
domain of DNAJB11 and may activate the ATPase activity
of BiP during its action [29]. Both BiP and DNAJB11 have
recently been implied as target genes in the mammalian
unfolded protein response (UPR) [59,60]. Endonuclein
may thus through its interaction with DNAJB11 and BiP
modulate the chaperone activity in the ER.

Finally, two other proteins of the ER were observed to
interact with endonuclein. PSBGs which are a group of
secretory proteins that are abundantly expressed in the
placenta during embryonic development and which may

have immunomodulatory functions [44] and SDF2-like
protein 1 which is a novel protein that contains three MIR
domains. The latter motifs are found in three classes of
proteins in the ER [39], protein O-mannosyl-transferases,
which catalyzes transfer of mannose from dolichyl acti-
vated mannose to seryl or threonyl residues of secretory
proteins [61] and two classes of intracellular Ca2+-release
channel proteins, the ryanodine receptors and the inositol
1,4,5-trisphosphate receptors [62]. From these proteins, it
is known that the MIR domains in the protein O-manno-
syl-transferases are essential for its enzymatic function
[63] whereas they are involved in binding of inositol
1,4,5-trisphosphate in the signal transduction pathway
that releases Ca2+ from intracellular stores. In this respect,
it may be of importance that endonuclein can bind two
Ca2+ ions, each with a kD of approximately 240 μM. Endo-
nuclein thereby possesses the ability of binding Ca2+ with
the concentrations of free Ca2+ that are present in the ER
ranging from about 400 μM in resting cells to below 50
μM after Ca2+-mobilization [64]. It is thus possible that
the physiologic effect of endonuclein in the ER is Ca2+

dependent. However, the specific functions of the MIR
domains in SDF2-like protein 1 must await further stud-
ies, although it may be anticipated that the domains pre-
sumably are involved in the binding to endonuclein since
SDF2-like protein 1 almost exclusively consists of three
MIR domains (Fig 4B).

Conclusions
In conclusion, we have found that the nature of the endo-
nuclein interacting proteins confirms a regulatory role for
endonuclein, especially with respect to modulation of sig-
nal transduction pathways to the nucleus and chaperone
activities in the ER. The specific function(s) of endonu-
clein in these processes will be the focus of future studies.

Methods
Expression of recombinant proteins in Escherichia coli
The coding region (Asn2-Ser501) of the 2309.2-cDNA [46]
was PCR amplified essentially as previously described
[65]. The primer used in the sense direction contained a
BamHI site (9502F): 5'-CAC-GGA-TCC-ATC-GAG-GGT-
AGG-AAC-CGC-AGC-CGC-CAG-G-3' and the primer
used in the antisense direction contained a HindIII site 5'-
TTC-AAG-CTT-AAG-ACT-CCA-TGG-GTG-TAT-3'. The
PCR-amplified DNA-fragment was cut with the appropri-
ate enzymes and finally ligated into the expression vector
pT7-PL giving a fusion protein that was synthesized with
MGSHHHHHHGSIEGR in the NH2-terminal (pT7-PL-
2309.2). I.M.A.G.E. Consortium (LLNL) cDNA Clone IDs
743176, 725923 and 704842 in pT7T3D-Pac and
2178588 in pCMV-SPORT6 [66] were obtained from the
American Type Culture Collection (Maryland). The clones
were sequenced with primer walking directly on the dou-
ble stranded plasmids with the dideoxynucleotide chain
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termination technique [67] using deoxyadenosine 5'[α-
35S]thiotriphosphate or using the service facility at MWG
Biotech AG (Ebersberg, Germany). The sequences of the
clones were submitted to the databases under the Gen-
Bank accession Nos. GenBank:AF277316, Gen-
Bank:AF277317, GenBank:AF277318 and
GenBank:AF277319 for the I.M.A.G.E. clone IDs:
2178588 (SDF2-like protein 1/EIP-8), 704842
(DNAJB11/EIP-4), 725923 (TIP-1) and 743176 (mt-SSB).
Open reading frames (ORFs) were sequenced on both
strands. Outside ORFs we performed mainly one strand
sequencing. The coding regions of the TIP-1 cDNA was
PCR amplified with specific primers containing specific
restriction sites, TIP-1, F: CGT-GGA-TCC-ATG-TCC-TAC-
ATC-CCG-GGC-CA; TIP-1, R: TCG-GAA-TTC-TAG-GAC-
AGC-ATG-GAC-TG. The PCR fragment was purified by gel
electrophoresis cut with enzymes and ligated into the pro-
tein expression plasmid pGEX-4T3 so that the coding
region of the protein was made as a fusion protein with
glutathion-S transferase, GST according to the manufac-
turer (GE Healthcare). After subcloning, the plasmid was
sequenced to insure that no PCR errors were introduced.
Sequence identity search was carried out in the publicly
available DNA and protein databases at the National
Center for Biotechnology Information, NCBI, using the
basic local alignment search tool, BLAST [68]. Sequence
analyses were performed with the Gene Inspector™ and
the Gene Construction Kit 2™ programs (Textco, Inc, West
Lebanon, New Hampshire). The recombinant plasmids
were propagated in E. coli XL-1 Blue, DH5α or DH10B
and sequenced in order to check the cDNA insert for errors
introduced during the amplification process. The proteins
were expressed and purified from E. coli cells essentially as
previously described in detail with the pT7-PL vector [69]
and according to the manufacturer with pGEX (GE
Healthcare). As a control, pure GST protein was purified
from cells transformed with the pGEX-4T3 vector contain-
ing no insert.

Affinity purification of endonuclein interacting proteins
Recombinant endonuclein was coupled to cyanogen bro-
mide-activated Sepharose 4B according to the manufac-
turers description (Pharmacia, Sweden) and packed as a
column. A reference column without recombinant endo-
nuclein coupled was similarly packed. A tissue extract
from placenta was made as previously described [70].
Identical amounts (several liters) were applied to both
columns in MB-buffer (2 mM CaCl2, 1 mM MgCl2, 140
mM NaCl, 10 mM Hepes, pH 7.4). After washing of the
columns in MB-buffer with 1 M NaCl interacting proteins
were eluted with 0.1 M glycine buffer (pH 2.7) and neu-
tralized with 1 M Tris-HCl, pH 9. The eluate was concen-
trated and subjected to two-dimensional gel
electrophoresis.

Two-dimensional gel electrophoresis (2D-PAGE) and silver 
staining
Two-dimensional gels were run in the first dimension
with IPG strips 3-10NL from GE Healthcare. The second
dimension was performed on home made polyacryla-
mide gels (15%T, 0.5%C). Subsequently the gels were sil-
ver stained as previously described [71]. After running
gels, they were fixed in 50% (v/v) methanol, 12% (v/v)
acetic acid, 0.0185% (v/v) formaldehyde overnight or at
least for 1 hr, then washed 3 times for 20 min in 35% (v/
v) ethanol and pretreated for 1 min in pretreatment solu-
tion: 0.02% (w/v) Na2S2O3,5H2O, then rinsed in water 2
times for 3 min, stained in 0.2% (w/v) AgNO3, 0.028%
(v/v) formaldehyde for 20 min, rinsed with water 2 times
for 20 s and developed in development solution: 6% (w/
v) Na2CO3, 0.0185% (v/v) formaldehyde, 0.0004% (w/
v) Na2S2O3,5H2O, for approximately 3 min. Finally,
development was stopped in stop solution; 50% (v/v)
methanol, 12% (v/v) acetic acid.

Mass spectrometry identification of endonuclein 
interacting proteins
Silver stained protein spots from gels were excised and
kept in 5% (v/v) acetic acid until digestion which was per-
formed at Protana A/S (Odense, Denmark) in a 96-well
plate using the protocol essentially as described [72].
Briefly, the gel spots were washed with 50 mM
NH4HCO3/acetonitrile (1:1) followed by dehydration
with acetonitrile. The proteins were reduced in 10 mM
dithiotreitol (DTT)/50 mM NH4HCO3 for 1 hour at 56°C,
and alkylated in 55 mM iodoacetamide/50 mM
NH4HCO3 at room temp. The gel pieces were washed sev-
eral times in 50 mM NH4HCO3 followed by dehydration
with acetonitrile. The proteins were digested overnight
with trypsin (Promega, modified trypsin) at 37°C and the
resulting peptide mixtures were purified on POROS R2
perfusion chromatography material in purification capil-
laries. The peptide mixtures were eluted with 50% (v/v)
methanol, 5% (v/v) formic acid into the nanospray capil-
lary by centrifugation. Peptide sequencing by tandem
mass spectrometry (MS/MS) was performed using a nano-
electrospray system coupled to a prototype QqTOF
(QSTAR) mass spectrometer (Sciex, Toronto, Canada).
Each peptide mass and the partial amino acid sequence
were arranged in peptide sequence tags [72] and used to
search the nrdb database. All the software used for data-
base queries and management of all mass spectrometric
data and search results were developed at Protana A/S
(Odense, Denmark).

Analyses of protein interactions by surface plasmon 
resonance
Protein-protein interactions were studied essentially as
previously described [70] in 10 mM Hepes, 150 mM
NaCl, 5 mM CaCl2, 1 mM EGTA, pH 7.4, 0.005% P20. In
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short, surface plasmon resonance measurements were
performed on a BIAcore 2000 instrument (Biacore, Upp-
sala, Sweden). This technology relies on the phenomenon
of the surface plasmon resonance that occurs when sur-
face plasmon waves are excited at a metal/liquid interface.
Light is directed at, and reflected from, the side of the sur-
face not in contact with sample, and surface plasmon res-
onance causes a reduction in the reflected light intensity at
a specific combination of angle and wavelength. Biomo-
lecular binding events cause changes in the refractive
index at the surface layer, which are detected as changes in
the surface plasmon resonance signal. In general, the
refractive index change is proportional to change in mass
concentration at the surface layer.

Coupling of endonuclein was performed by using the
amine coupling method. Briefly, a continuous flow of
HBS buffer (10 mM HEPES pH 7.4, 3.4 mM EDTA, 150
mM NaCl, 0.005% surfactant P20) passing over the sensor
surface of a CM5 sensor chip was maintained at 5 μl/min.
The carboxylated dextran matrix of the sensor chip flow
cell 1 and 2 was activated by the injection of 60 μl of a
solution containing 0.2 M N-ethyl-N'-(3-dimethylamino-
propyl)carbodiimide and 0.05 M N-hydroxysuccimide in
water. Endonuclein was then at a concentration of 50 μg/
ml in 10 mM sodium acetate pH 4.0 injected over flow
cell 2 with a flow rate of 5 μl/min. Totally 60 μl was
injected. The remaining binding sites in both flow cells
were blocked by injection of 35 μl 1 M ethanolamine pH
8.5. The surface plasmon resonance signal from immobi-
lized endonuclein generated 3302 BIAcore response units
(RU) equivalent to 59 fmol endonuclein/mm2. Pregnancy
specific β-1 glycoprotein was from Advanced Immuno-
chemical, Inc. (CA). Recombinant hamster BiP/Grp78
was from Calbiochem. TIP-1 was made as GST fusion pro-
tein as described above. Proteins were dissolved in 10 mM
Hepes, 150 mM NaCl, 5 mM CaCl2, 1 mM EGTA, pH 7.4,
0.005% P20 at concentrations of 1 μM or 5 μM and ana-
lyzed by injecting 40 μl onto the derivatized sensor chip
and the control flow channel. The BIAcore response is
expressed in relative response units (RU), i.e., the differ-
ence in response between flow cell with immobilized
endonuclein and the control flow channel. Injecting two
times 20 μl 1.6 M glycine-HCl buffer, pH 3.0 performed
regeneration of the sensor chip after each analysis cycle.

Immunocytochemistry
HaCat keratinocyte cells were grown on coverslips in
DMEM supplemented with 10% (vol/vol) fetal bovine
serum and antibiotics (penicillin at 100 units/ml and
streptomycin at 50 μg/ml). Coverslips were washed in PBS
(10 mM phosphate, 150 mM NaCl, pH 7.3), fixed in PBS
supplemented with 4% paraformaldehyde, and finally
washed in PBS containing 0.1% Triton X-100. The cover-
slips were incubated with primary antibodies for 45 min,

washed in PBS and then incubated with secondary anti-
bodies for 45 min. The primary antibodies were affinity
purified rabbit polyclonal anti-endonuclein (previously
described in [11]), affinity purified goat polyclonal anti-
TIP-1 (Bethyl Laboratories, USA) and affinity purified
chicken polyclonal anti-mt-SSB (P16) (Abcam, UK). The
secondary antibodies were conjugated with Alexa 488 or
Alexa 556, all purchased from Molecular Probes (Invitro-
gen, Denmark). Labelling was analyzed by confocal laser
scanning microscopy (LSM510, Carl Zeiss, Germany). The
high specificity of the endonuclein antibody has previ-
ously been demonstrated by western immunoblotting
[11]. The specificity of the TIP-1 and mt-SSB (p16) anti-
bodies were assessed by ousting the antibodies with the
corresponding recombinant protein. In both cases the
ousting was complete (not shown).

Rate dialysis
Ca2+ binding to endonuclein was measured with the pro-
tein in solution using rate dialysis with the microchamber
procedure essentially as previously described [45]. The
experiments were performed in 150 mM KCl, 50 mM
Hepes, pH 7.4 at 37°C. Buffers and endonuclein solutions
were passed through a Chelex 100 column (BioRad) in
order to remove cations before use. Corresponding sets of
free Ca2+ concentrations, [Ca2+]free, and the average
number of Ca2+ ions bound to endonuclein, r, were meas-
ured and fitted to the Scatchard equation by linear regres-
sion:

where kD is the dissociation constant and n is the number
of binding sites.

Abbreviations
2D-PAGE: two-dimensional polyacrylamide gel electro-
phoresis; BiP: immunoglobulin heavy chain binding pro-
tein; EIP: endonuclein interaction protein; ER:
endoplasmic reticulum; GST: glutathion S-transferase;
DNAJB: DnaJ homolog subfamily B; IL: interleukin; mt-
SSB: mitochondrial single-stranded DNA binding protein;
ORF: open reading frame; PSBG1: pregnancy specific β-1
glycoprotein; TIP-1: Tax interaction protein 1.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
ML analyzed and interpreted the data obtained and partic-
ipated in drafting the manuscript. MØJ conducted the
confocal microscopy and analyzed and interpreted the
data obtained. HV performed the 2-D gel electrophoresis
and rate dialysis experiments. CJ conducted the surface

r r
k

n
k[ ]Ca free D D2+ = − +
Page 9 of 11
(page number not for citation purposes)



BMC Biochemistry 2009, 10:34 http://www.biomedcentral.com/1471-2091/10/34
plasmon resonance analysis. BH conceived the study, con-
ducted the DNA sequencing analysis, the expression of
recombinant proteins, the affinity purification of pro-
teins, analyzed and interpreted the data obtained and par-
ticipated in drafting the manuscript. All authors read and
approved the manuscript

Acknowledgements
We thank Inge Kjærgaard, Kirsten Peterslund and Anne Marie Bundsgaard 
for expert technical assistance. This work was supported by grants from 
the Danish Medical Research Council, Aarhus University Research Founda-
tion and the Danish Cancer Foundation.

References
1. Horner MJ RL, Krapcho M, Neyman N, Aminou R, Howlader N,

Altekruse SF, Feuer EJ, Huang L, Mariotto A, Miller BA, Lewis DR, Eis-
ner MP, Stinchcomb DG, Edwards BK, (eds): SEER Cancer Statistics
Review, 1975-2006 2009:1975-2006 [http://seer.cancer.gov/csr/
1975_2006/]. National Cancer Institute, Bethesda, MD based on
November 2008 SEER data submission, posted to the SEER web site

2. Murr MM, Sarr MG, Oishi AJ, van Heerden JA: Pancreatic cancer.
CA Cancer J Clin 1994, 44(5):304-318.

3. Harsha HC, Kandasamy K, Ranganathan P, Rani S, Ramabadran S, Gol-
lapudi S, Balakrishnan L, Dwivedi SB, Telikicherla D, Selvan LD, et al.:
A compendium of potential biomarkers of pancreatic can-
cer.  PLoS Med 2009, 6(4):e1000046.

4. Bos JL: ras oncogenes in human cancer: a review.  Cancer Res
1989, 49(17):4682-4689.

5. Simon B, Weinel R, Hohne M, Watz J, Schmidt J, Kortner G, Arnold
R: Frequent alterations of the tumor suppressor genes p53
and DCC in human pancreatic carcinoma.  Gastroenterology
1994, 106(6):1645-1651.

6. Hahn SA, Schutte M, Hoque AT, Moskaluk CA, da Costa LT, Rozen-
blum E, Weinstein CL, Fischer A, Yeo CJ, Hruban RH, et al.: DPC4,
a candidate tumor suppressor gene at human chromosome
18q21.1.  Science 1996, 271(5247):350-353.

7. Korc M, Chandrasekar B, Yamanaka Y, Friess H, Buchier M, Beger
HG: Overexpression of the epidermal growth factor recep-
tor in human pancreatic cancer is associated with concomi-
tant increases in the levels of epidermal growth factor and
transforming growth factor alpha.  J Clin Invest 1992,
90(4):1352-1360.

8. Kornmann M, Ishiwata T, Itakura J, Tangvoranuntakul P, Beger HG,
Korc M: Increased cyclin D1 in human pancreatic cancer is
associated with decreased postoperative survival.  Oncology
1998, 55(4):363-369.

9. Naka T, Kobayashi M, Ashida K, Toyota N, Kaneko T, Kaibara N:
Aberrant p16INK4 expression related to clinical stage and
prognosis in patients with pancreatic cancer.  Int J Oncol 1998,
12(5):1111-1116.

10. Coppola D: Molecular prognostic markers in pancreatic can-
cer.  Cancer Control 2000, 7(5):421-427.

11. Honoré B, Baandrup U, Nielsen S, Vorum H: Endonuclein is a cell
cycle regulated WD-repeat protein that is up-regulated in
adenocarcinoma of the pancreas.  Oncogene 2002,
21(7):1123-1129.

12. Smith TF, Gaitatzes C, Saxena K, Neer EJ: The WD repeat: a com-
mon architecture for diverse functions.  Trends Biochem Sci
1999, 24(5):181-185.

13. Yang P, Sale WS: The Mr 140,000 intermediate chain of
Chlamydomonas flagellar inner arm dynein is a WD-repeat
protein implicated in dynein arm anchoring.  Mol Biol Cell 1998,
9(12):3335-3349.

14. Liliental J, Chang DD: Rack1, a receptor for activated protein
kinase C, interacts with integrin beta subunit.  J Biol Chem 1998,
273(4):2379-2383.

15. Ohnacker M, Barabino SM, Preker PJ, Keller W: The WD-repeat
protein pfs2p bridges two essential factors within the yeast
pre-mRNA 3'-end-processing complex.  EMBO J 2000,
19(1):37-47.

16. Rietzler M, Bittner M, Kolanus W, Schuster A, Holzmann B: The
human WD repeat protein WAIT-1 specifically interacts

with the cytoplasmic tails of beta7-integrins.  J Biol Chem 1998,
273(42):27459-27466.

17. Lorain S, Quivy JP, Monier-Gavelle F, Scamps C, Lecluse Y, Almouzni
G, Lipinski M: Core histones and HIRIP3, a novel histone-bind-
ing protein, directly interact with WD repeat protein HIRA.
Mol Cell Biol 1998, 18(9):5546-5556.

18. Shirayama M, Zachariae W, Ciosk R, Nasmyth K: The Polo-like
kinase Cdc5p and the WD-repeat protein Cdc20p/fizzy are
regulators and substrates of the anaphase promoting com-
plex in Saccharomyces cerevisiae.  EMBO J 1998,
17(5):1336-1349.

19. Adam-Klages S, Adam D, Wiegmann K, Struve S, Kolanus W, Schnei-
der-Mergener J, Kronke M: FAN, a novel WD-repeat protein,
couples the p55 TNF-receptor to neutral sphingomyelinase.
Cell 1996, 86(6):937-947.

20. Fong HK, Hurley JB, Hopkins RS, Miake-Lye R, Johnson MS, Doolittle
RF, Simon MI: Repetitive segmental structure of the trans-
ducin beta subunit: homology with the CDC4 gene and iden-
tification of related mRNAs.  Proc Natl Acad Sci USA 1986,
83(7):2162-2166.

21. de Hostos EL, Rehfuess C, Bradtke B, Waddell DR, Albrecht R, Mur-
phy J, Gerisch G: Dictyostelium mutants lacking the cytoskel-
etal protein coronin are defective in cytokinesis and cell
motility.  J Cell Biol 1993, 120(1):163-173.

22. Futey LM, Medley QG, Cote GP, Egelhoff TT: Structural analysis
of myosin heavy chain kinase A from Dictyostelium. Evi-
dence for a highly divergent protein kinase domain, an
amino-terminal coiled-coil domain, and a domain homolo-
gous to the beta-subunit of heterotrimeric G proteins.  J Biol
Chem 1995, 270(2):523-529.

23. Nemeth K, Salchert K, Putnoky P, Bhalerao R, Koncz-Kalman Z,
Stankovic-Stangeland B, Bako L, Mathur J, Okresz L, Stabel S, et al.:
Pleiotropic control of glucose and hormone responses by
PRL1, a nuclear WD protein, in Arabidopsis.  Genes Dev 1998,
12(19):3059-3073.

24. Neer EJ, Schmidt CJ, Nambudripad R, Smith TF: The ancient regu-
latory-protein family of WD-repeat proteins.  Nature 1994,
371(6495):297-300.

25. Honoré B, Ostergaard M, Vorum H: Functional genomics studied
by proteomics.  Bioessays 2004, 26(8):901-915.

26. Haas IG: BiP (GRP78), an essential hsp70 resident protein in
the endoplasmic reticulum.  Experientia 1994, 50(11-
12):1012-1020.

27. Rousset R, Fabre S, Desbois C, Bantignies F, Jalinot P: The C-termi-
nus of the HTLV-1 Tax oncoprotein mediates interaction
with the PDZ domain of cellular proteins.  Oncogene 1998,
16(5):643-654.

28. Reynaud C, Fabre S, Jalinot P: The PDZ protein TIP-1 interacts
with the Rho effector rhotekin and is involved in Rho signal-
ing to the serum response element.  J Biol Chem 2000,
275(43):33962-33968.

29. Yu M, Haslam RH, Haslam DB: HEDJ, an Hsp40 co-chaperone
localized to the endoplasmic reticulum of human cells.  J Biol
Chem 2000, 275(32):24984-24992.

30. Nielsen H, Engelbrecht J, Brunak S, von Heijne G: Identification of
prokaryotic and eukaryotic signal peptides and prediction of
their cleavage sites.  Protein Eng 1997, 10(1):1-6.

31. Emanuelsson O, Brunak S, von Heijne G, Nielsen H: Locating pro-
teins in the cell using TargetP, SignalP and related tools.  Nat
Protoc 2007, 2(4):953-971.

32. Fink AL: Chaperone-mediated protein folding.  Physiol Rev 1999,
79(2):425-449.

33. Buck CA, Horwitz AF: Cell surface receptors for extracellular
matrix molecules.  Annu Rev Cell Biol 1987, 3:179-205.

34. Fukuda S, Sumii M, Masuda Y, Takahashi M, Koike N, Teishima J, Yas-
umoto H, Itamoto T, Asahara T, Dohi K, et al.: Murine and human
SDF2L1 is an endoplasmic reticulum stress-inducible gene
and encodes a new member of the Pmt/rt protein family.  Bio-
chem Biophys Res Commun 2001, 280(1):407-414.

35. Ozawa M, Muramatsu T: Reticulocalbin, a novel endoplasmic
reticulum resident Ca2+-binding protein with multiple EF-
hand motifs and a carboxyl-terminal HDEL sequence.  J Biol
Chem 1993, 268(1):699-705.

36. Weis K, Griffiths G, Lamond AI: The endoplasmic reticulum cal-
cium-binding protein of 55 kDa is a novel EF-hand protein
retained in the endoplasmic reticulum by a carboxyl-termi-
Page 10 of 11
(page number not for citation purposes)

http://seer.cancer.gov/csr/1975_2006/
http://seer.cancer.gov/csr/1975_2006/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7521272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19360088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19360088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19360088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2547513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8194712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8194712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8553070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8553070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8553070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1401070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1401070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1401070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9663429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9663429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9538137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9538137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9538137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11000611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11000611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10322433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10322433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9843573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9843573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9843573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9442085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9442085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10619842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10619842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10619842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9765275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9765275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9765275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9710638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9710638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9482731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9482731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9482731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8808629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8808629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3083416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3083416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3083416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8380174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8380174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8380174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7822274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7822274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7822274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9765207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9765207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9765207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8090199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8090199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15273992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15273992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7988659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7988659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9482110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9482110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9482110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10940294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10940294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10940294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10827079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10827079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9051728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9051728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9051728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17446895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17446895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10221986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2825736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2825736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11162531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11162531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11162531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8416973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8416973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8034671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8034671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8034671


BMC Biochemistry 2009, 10:34 http://www.biomedcentral.com/1471-2091/10/34
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

nal His-Asp-Glu-Leu motif.  J Biol Chem 1994,
269(29):19142-19150.

37. Honoré B: The rapidly expanding CREC protein family: mem-
bers, localization, function, and role in disease.  Bioessays 2009,
31(3):262-277.

38. Hamada T, Tashiro K, Tada H, Inazawa J, Shirozu M, Shibahara K,
Nakamura T, Martina N, Nakano T, Honjo T: Isolation and charac-
terization of a novel secretory protein, stromal cell-derived
factor-2 (SDF-2) using the signal sequence trap method.
Gene 1996, 176(1-2):211-214.

39. Ponting CP: Novel repeats in ryanodine and IP3 receptors and
protein O-mannosyltransferases.  Trends Biochem Sci 2000,
25(2):48-50.

40. Tiranti V, Rocchi M, DiDonato S, Zeviani M: Cloning of human and
rat cDNAs encoding the mitochondrial single-stranded
DNA-binding protein (SSB).  Gene 1993, 126(2):219-225.

41. Pavco PA, Van Tuyle GC: Purification and general properties of
the DNA-binding protein (P16) from rat liver mitochondria.
J Cell Biol 1985, 100(1):258-264.

42. Liu Z, Fuentes NL, Jones SA, Hagood JS, Fuller GM: A unique tran-
scription factor for the A alpha fibrinogen gene is related to
the mitochondrial single-stranded DNA binding protein P16.
Biochemistry 1997, 36(48):14799-14806.

43. Finishing the euchromatic sequence of the human genome.
Nature 2004, 431(7011):931-945.

44. Beauchemin N, Draber P, Dveksler G, Gold P, Gray-Owen S, Grunert
F, Hammarstrom S, Holmes KV, Karlsson A, Kuroki M, et al.: Rede-
fined nomenclature for members of the carcinoembryonic
antigen family.  Exp Cell Res 1999, 252(2):243-249.

45. Honoré B: Equilibrium dialysis and rate dialysis.  In Protein Ligand
Interactions: Hydrodynamics and Calorimetry A practical Approach Edited
by: Harding SE, Chowdhry BZ. Oxford University Press; 2001:19-46. 

46. Honoré B, Leffers H, Madsen P, Celis JE: Cloning of a cDNA
encoding a novel human nuclear phosphoprotein belonging
to the WD-40 family.  Gene 1994, 151(1-2):291-296.

47. Gress TM, Muller-Pillasch F, Geng M, Zimmerhackl F, Zehetner G,
Friess H, Buchler M, Adler G, Lehrach H: A pancreatic cancer-
specific expression profile.  Oncogene 1996, 13(8):1819-1830.

48. Suka N, Nakashima E, Shinmyozu K, Hidaka M, Jingami H: The
WD40-repeat protein Pwp1p associates in vivo with 25S
ribosomal chromatin in a histone H4 tail-dependent man-
ner.  Nucleic Acids Res 2006, 34(12):3555-3567.

49. Yuan X, Kuramitsu Y, Furumoto H, Zhang X, Hayashi E, Fujimoto M,
Nakamura K: Nuclear protein profiling of Jurkat cells during
heat stress-induced apoptosis by 2-DE and MS/MS.  Electro-
phoresis 2007, 28(12):2018-2026.

50. Duronio RJ, Gordon JI, Boguski MS: Comparative analysis of the
beta transducin family with identification of several new
members including PWP1, a nonessential gene of Saccharo-
myces cerevisiae that is divergently transcribed from NMT1.
Proteins 1992, 13(1):41-56.

51. Zhang W, Morris QD, Chang R, Shai O, Bakowski MA, Mitsakakis N,
Mohammad N, Robinson MD, Zirngibl R, Somogyi E, et al.: The func-
tional landscape of mouse gene expression.  J Biol 2004,
3(5):21.

52. Alewine C, Olsen O, Wade JB, Welling PA: TIP-1 has PDZ scaffold
antagonist activity.  Mol Biol Cell 2006, 17(10):4200-4211.

53. Uchiyama T: Human T cell leukemia virus type I (HTLV-I) and
human diseases.  Annu Rev Immunol 1997, 15:15-37.

54. Kanamori M, Sandy P, Marzinotto S, Benetti R, Kai C, Hayashizaki Y,
Schneider C, Suzuki H: The PDZ protein tax-interacting pro-
tein-1 inhibits beta-catenin transcriptional activity and
growth of colorectal cancer cells.  J Biol Chem 2003,
278(40):38758-38764.

55. Reid T, Furuyashiki T, Ishizaki T, Watanabe G, Watanabe N, Fujisawa
K, Morii N, Madaule P, Narumiya S: Rhotekin, a new putative tar-
get for Rho bearing homology to a serine/threonine kinase,
PKN, and rhophilin in the rho-binding domain.  J Biol Chem
1996, 271(23):13556-13560.

56. Liu Z, Fuller GM: Detection of a novel transcription factor for
the A alpha fibrinogen gene in response to interleukin-6.  J
Biol Chem 1995, 270(13):7580-7586.

57. Wang Y, Ripperger J, Fey GH, Samols D, Kordula T, Wetzler M, Van
Etten RA, Baumann H: Modulation of hepatic acute phase gene
expression by epidermal growth factor and Src protein tyro-

sine kinases in murine and human hepatic cells.  Hepatology
1999, 30(3):682-697.

58. Sommer T, Wolf DH: Endoplasmic reticulum degradation:
reverse protein flow of no return.  FASEB J 1997,
11(14):1227-1233.

59. Lee AH, Iwakoshi NN, Glimcher LH: XBP-1 regulates a subset of
endoplasmic reticulum resident chaperone genes in the
unfolded protein response.  Mol Cell Biol 2003, 23(21):7448-7459.

60. Marcus NY, Marcus RA, Schmidt BZ, Haslam DB: Contribution of
the HEDJ/ERdj3 cysteine-rich domain to substrate interac-
tions.  Arch Biochem Biophys 2007, 468(2):147-158.

61. Strahl-Bolsinger S, Gentzsch M, Tanner W: Protein O-mannosyla-
tion.  Biochim Biophys Acta 1999, 1426(2):297-307.

62. MacKrill JJ: Protein-protein interactions in intracellular Ca2+-
release channel function.  Biochem J 1999, 337(Pt 3):345-361.

63. Strahl-Bolsinger S, Scheinost A: Transmembrane topology of
pmt1p, a member of an evolutionarily conserved family of
protein O-mannosyltransferases.  J Biol Chem 1999,
274(13):9068-9075.

64. Miyawaki A, Llopis J, Heim R, McCaffery JM, Adams JA, Ikura M, Tsien
RY: Fluorescent indicators for Ca2+ based on green fluores-
cent proteins and calmodulin.  Nature 1997, 388(6645):882-887.

65. Honoré B, Rasmussen HH, Vorum H, Dejgaard K, Liu X, Gromov P,
Madsen P, Gesser B, Tommerup N, Celis JE: Heterogeneous
nuclear ribonucleoproteins H, H', and F are members of a
ubiquitously expressed subfamily of related but distinct pro-
teins encoded by genes mapping to different chromosomes.
J Biol Chem 1995, 270(48):28780-28789.

66. Lennon G, Auffray C, Polymeropoulos M, Soares MB: The
I.M.A.G.E. Consortium: an integrated molecular analysis of
genomes and their expression.  Genomics 1996, 33(1):151-152.

67. Sanger F, Nicklen S, Coulson AR: DNA sequencing with chain-
terminating inhibitors.  Proc Natl Acad Sci USA 1977,
74(12):5463-5467.

68. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ: Basic local
alignment search tool.  J Mol Biol 1990, 215(3):403-410.

69. Vorum H, Liu X, Madsen P, Rasmussen HH, Honoré B: Molecular
cloning of a cDNA encoding human calumenin, expression in
Escherichia coli and analysis of its Ca2+-binding activity.  Bio-
chim Biophys Acta 1998, 1386(1):121-131.

70. Vorum H, Jacobsen C, Honoré B: Calumenin interacts with
serum amyloid P component.  FEBS Lett 2000, 465(2-3):129-134.

71. Honoré B, Vorum H, Pedersen AE, Buus S, Claesson MH: Changes
in protein expression in p53 deleted spontaneous thymic
lymphomas.  Exp Cell Res 2004, 295(1):91-101.

72. Shevchenko A, Wilm M, Vorm O, Mann M: Mass spectrometric
sequencing of proteins silver-stained polyacrylamide gels.
Anal Chem 1996, 68(5):850-858.
Page 11 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8034671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19260022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19260022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8918255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8918255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10664581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10664581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8482537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8482537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8482537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4038400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4038400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9398201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9398201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15496913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11501563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11501563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11501563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7828893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7828893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7828893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8895530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8895530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16855292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16855292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16855292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17523140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17523140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1594577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1594577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15588312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15588312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16855024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16855024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9143680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9143680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8662891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8662891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8662891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7706306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7706306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10462375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10462375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10462375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9409541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9409541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17976514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17976514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17976514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9878797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9878797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9895277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9895277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10085156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10085156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10085156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9278050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9278050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7499401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7499401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8617505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8617505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8617505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=271968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=271968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2231712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2231712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9675259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10631319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10631319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8779443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8779443
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Identification of protein spots No. 1 and No. 16
	Identification of protein spots No. 2 and No. 11
	Identification of protein spot No. 4
	Identification of protein spot No. 8
	Identification of protein spot No. 17
	Identification of protein spot No. 18
	Ca2+-binding to endonuclein

	Discussion
	Conclusions
	Methods
	Expression of recombinant proteins in Escherichia coli
	Affinity purification of endonuclein interacting proteins
	Two-dimensional gel electrophoresis (2D-PAGE) and silver staining
	Mass spectrometry identification of endonuclein interacting proteins
	Analyses of protein interactions by surface plasmon resonance
	Immunocytochemistry
	Rate dialysis

	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

