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Purpose: LRWD1 is a protein that contains LRR and WDs domains and is important in regulating
spermatogenesis. However, the roles of LRR or WDs domains in the expression of LRWD1 remain unclear.
Materials and methods: The NT2/D1 cells separately transfected with full length of LRWD1 gene
D
D
(LRWDWT) or genes with deleted sequences in the LRR domain (LRWD1 LRR), WD1 domain (LRWD1 WD1),
D
D
D
WD2 domain (LRWD1 WD2), WD3 domain (LRWD1 WD3) and entire three WD domains (LRWD1 3WD)
were applied to investigate the expression levels of LRWD1 protein by either Western blot or ﬂow
cytometry. The associated proteins in these mutated LRWD1 proteins were identiﬁed by mass
spectrometry.
Results: Deletion of the LRR domain signiﬁcantly decreased the expression of LRWD1 protein. With the
treatment of MG132, the LRR domain may functions in preventing LRWD1 protein from proteasomemediated degradation. In the co-immunoprecipitation analysis, protein receptor of tumor necrosis factor
2 (TNFR2) was speciﬁcally observed to be associated with LRR-deﬁcient LRWD1 protein.
Conclusions: The LRR domain is signiﬁcantly correlated to the stability of LRWD1 protein. Determining if
the stability is modulated by TNFR2 is worthy of further study.
ß 2014 Medical University of Bialystok. Published by Elsevier Urban & Partner Sp. z o.o. All rights
reserved.
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1. Introduction
The leucine-rich repeats and WD repeat domain containing 1
(LRWD1) protein contains a leucine-rich repeat (LRR) domain in the
N-terminus and three tryptophan-aspartic acid (WD40) repeat motifs
in the C-terminus. In the somatic cells, LRWD1 protein is considered as
a critical factor that regulates DNA replication and subsequent cellcycle progression [1–3]. However, more attentions are addressed on
* Corresponding author at: Department of Biomedical Science and Environmental
Biology, College of Life Science, Kaohsiung Medical University, No. 100, Shihchuan
1st Road, San Ming District, Kaohsiung 80708, Taiwan. Tel.: +886 7 3121101x2704;
fax: +886 7 3227508.
E-mail addresses: huangpin2@kmu.edu.tw, huangpin2@yahoo.com.tw
(B. Huang).

its function in spermatogenesis. LRWD1 gene was originally found in
cDNA microarray as one of the dramatically down-regulated genes in
the testicular tissues of patients with severe spermatogenic defects
[4]. In mouse testis, LRWD1 was reported highly expressed in the
cytoplasm of primary spermatocytes to mature spermatozoa and
much weaker signals in spermatogonia [5]. Recently, the upregulation of LRWD1 gene transcription through the activation of
nuclear factor-kB in human testis was also conﬁrmed [6]. These
results render LRWD1 protein important in spermatogenesis.
Because LRR and WD domains are widespread in many proteins
and are reported to modulate divergent cellular functions, such as
signal transduction, RNA processing, cell-cycle control, vesicle
trafﬁcking, and cytoskeleton assembly, it is still complicated to
precisely predict the regulatory roles of these two domains in
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LRWD1’s function [7,8]. Reported articles showed that the LRR
domain can regulate the phosphorylation of certain proteins near the
spermatid nucleus for the production of a spermatozoa tail [9]. As for
functional study of the WD domain, Katanin protein is a microtubulesevering AAA ATPase that has been conﬁrmed to be associated with
the centrosome through its WD40 domain [10]. WD40 domaincontaining protein that functions in protein-protein interaction
during spermatogenesis was reported recently [11]. Although these
data show that either LRR or WD domains are important in regulating
the physiological function of LRWD1 proteins during spermatogenesis, the fundamental problem that if LRR and WD domains are
correlated to the stability of LRWD1 protein is still unclear.
In the present study, we ectopically expressed LRWD1 gene with
different deletions in the LRR or WD40 domains in human testicular
embryonal carcinoma NT2/D1 cells and then monitor the expressional level of LRWD1 protein. We also take advantage of the
advance in proteomic technique and showed proteins that
differential associated with LRWD1 protein lacking the LRR domain.
These proteins might be the candidates for further understanding
the degradation of LRWD1 protein with the defected LRR domain.
2. Materials and methods
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using an anti-FLAG monoclonal antibody. For normalization, the
same blot was probed with the anti-b-actin antibody.
2.4. Western blot analysis
The NT2/D1 cells transfected with expression vectors for FLAGD
D
D
tagged LRWD1WT, LRWD1 LRR, LRWD1 WD1, LRWD1 WD2,
D
D
LRWD1 WD3, and LRWD1 3WD for 24 h were subjected to various
treatments. The cell lysates were collected with the RIPA lysis
buffer: 50 mM Tris–HCl, pH 7.4; 150 mM NaCl; 1% (v/v) NP40;
0.25% (w/v) Na-deoxycholate; 1 mM PMSF, 1 mM EDTA; 5 mg/mL
Aprotinin that containing protease inhibitors (1 mM PMSF; 1 mM
orthovanadate; 1 mM EDTA; 10 mg/mL leupeptin). Forty micrograms of cell lysates were separated by SDS-PAGE and then
transferred to PVDF membranes (Millipore, MA, USA). The
membrane was immunoblotted with an anti-FLAG monoclonal
antibody (Santa Cruze, CA, USA), and visualized with the SuperSignal West Femto reagent (Thermo Fisher Scientiﬁc, IL, USA) on Xray ﬁlms. The images on X-ray ﬁlms were scanned using a digital
scanner (Microtek International Inc.) and the density was
calculated by the Progenesis Samespots v2.0 software (NonLinear
Dynamics, Newcastle, UK). The cells transfected with FLAG-only
vector were used to ensure the efﬁciency of transfection.

2.1. Plasmid construction
2.5. Immunoﬂuorescence staining
An approximately 1.9-kb fragment of the human LRWD1 cDNA
(accession no. BC030547) was ampliﬁed from human testis mRNA
by RT-PCR. Expression vectors for the intact LRWD1 protein
(designated as LRWD1WT), or truncated proteins lacking LRR
D
D
(LRWD1 LRR, deleted amino acids 1–69), WD1 (LRWD1 WD1,
DWD2
deleted amino acids 272–325), WD2 (LRWD1
, deleted amino
D
acids 381–421), WD3 (LRWD1 WD3, deleted amino acids 540–
D
581), or all three WDs (LRWD1 3WD, deleted amino acids 272–
581) were generated by overlap extension of site-speciﬁc
mutagenesis. Reporter plasmids were constructed by inserting
the intact and truncated LRWD1 cDNAs between the EcoRV and
BamHI sites of the p3x-FLAG-CMV-14 expression vector (Sigma,
MO, USA) or the BglII and BamHI sites of the enhanced green
ﬂuorescent pEGFP-N3 expression vector (Clontech). The ﬁnal
products are FLAG-only and the FLAG-tagged expression
D
vectors: p3x-FLAG-LRWD1WT, p3x-FLAG-LRWD1 LRR, p3x-FLAGD
D
D
LRWD1 WD1, p3x-FLAG-LRWD1 WD2, p3x-FLAG-LRWD1 WD3,
D3WD
p3x-FLAG-LRWD1
, and the EGFP-tagged expression vectors:
D
pEGFP-N3-LRWD1WT and pEGFP-N3-LRWD1 LRR.

Around 1  105 of pEGFP-N3-LRWD1WT and pEGFP-N3D
LRWD1 LRR transfected NT2/D1 cells were grown on slides for
24 h and then incubated with 70 mM CHX until used. The slides
were ﬁxed in cold methanol (20 8C) for 10 min and then
permeabilized with 0.3% (v/v) Triton X-100 in phosphate-buffered
saline (PBS) for 1 h. The slides were blocked by a solution
containing 3% (w/v) bovine serum albumin in PBS for 1 h at room
temperature. After being washed twice with TBS (10 mM Tris–HCl,
pH 7.5; 150 mM NaCl), the slides were incubated with mouse antiGFP antibody (1:200, Santa Cruz) for 1 h at room temperature. The
slides were washed again and incubated with goat anti-mouse
Alex Flour 488 (1:200, Invitrogen) for 1 h at room temperature.
Subsequently, the slides were counterstained with 40 ,6-diamidino2-phenylindole (DAPI, Sigma) to stain the nuclei. GFP-labeled
transfected cells were examined, and the images were captured
using the BX60 upright microscopy system (Olympus, Tokyo,
Japan). The cells transfected with pEGFP-N3 vector were used to
ensure the efﬁciency of transfection.

2.2. Cell culture and transfection

2.6. Flow cytometric assay

NT2/D1 cells (human testicular embryonal carcinoma cells, ATCC
number CRL-1973) were grown at 37 8C in Dulbecco’s modiﬁed
Eagle’s medium (DMEM) supplemented with 4 mM
Lglutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose and 10% (v/v)
fetal bovine serum (FBS, Invitrogen, OR, USA). Transfection of cells
with each vector (4 mg DNA/2.5  105 cells) was carried out with the
Lipofectamine PlusTM reagent (Invitrogen) according to manufacturer’s instructions. After transfection, the cells were incubated in the
growth medium for 24 h before being subjected to various treatments.

NT2/D1 cells transfected either with pEGFP-N3-LRWD1WT or
D
pEGFP-N3-LRWD1 LRR were incubated with 70 mM CHX for 6 h.
After centrifugation, the cells were resuspended in 0.5 mL PBS and
formaldehyde was added to a ﬁnal concentration of 2–4%
formaldehyde. The cells were permeabilized by adding 100%
methanol and then immunostained with an anti-GFP antibody.
Cells with strong ﬂuorescent signal (M1) were analyzed by FACS
Calibur ﬂow cytometry (Becton-Dickinson, MA, USA). The cells
transfected with pEGFP-N3 were used as an internal control. The
data were collected from three repeats and statistically calculated
by the prism 5.0 software.

2.3. Chemicals treatment
The effect of the proteasomal inhibitor MG132 on the expression
level and stability of overexpressed LRWD1 proteins with different
domain deletion in NT2/D1 cells was determined. NT2/D1 cells
transfected with various expression vectors were treated with a
series dilution of MG132 for 4 h, and then cycloheximide (CHX) was
added to reach a ﬁnal concentration of 70 mM. Cells were harvested
0, 1, 2, 4, 6, 8, 10, 16, 24 h later and analyzed by immunoblotting

2.7. Co-immunoprecipitation and mass spectrometric assay
The protein A/G resin was packaged in a microcentrifuge tube for
crosslink immunoprecipitation (Co-IP) according to the user’s guidelines (Crosslink Immunoprecipitation Kit, Pierce). The mouse antiFLAG antibody was conjugated with the beads to capture proteins that
D
associated with overexpressed LRWD1WT or LRWD1 LRR proteins.
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Before mass spectrometric assay, aliquots of the eluents were Western
blotted to conﬁrm the presence of ectopically expressed LRWD1
proteins in the Co-IP eluents. Eluents containing two hundred
nanograms of protein were embedded in solidiﬁed polyacrylamide
to facilitate the removal of salts and detergents. Protein reduction,
alkylation, and tryptic digestion were achieved in gel according to the
user’s guideline (In-Gel Tryptic Digestion Kit, Thermo Fisher Scientiﬁc,
IL, USA). The peptide lysates were further desalting with Proteomics
C18 Column (Mass solution Ltd., Taipei, Taiwan) and then subjected to
mass analysis by nLC/Q-TOF tandem mass spectrometry (Micromass,
Manchester, UK). MS data were searched against the NCBInr database
using an in-house MASCOT search program (Matrixscience, London,
UK). Search parameters were set as: mass values: monoisotopic,
protein mass: unrestricted, peptide mass tolerance: 0.4 Da, fragment
mass tolerance: 0.4 Da, max missed cleavages: 1, and the instrument
type: ESI-QUAD-TOF.
2.8. Validation of identiﬁed proteins
Because of the lack of suitable antibodies, we alternatively
used de novo sequencing software, PEAKS, to conﬁrm the protein
identiﬁcation [12,13]. PEAKS is a powerful software for de novo
sequencing by tandem mass spectrometry. With de novo

sequencing, a reconstruction of the peptide sequence is done
without a protein database, followed by query against the NCBInr
and Swiss-Prot databases using BLAST or MS BLAST tools.
2.9. Statistical analysis
For Western blot and the ﬂow cytometric analysis, the signals are
collected from three repeats and shown as mean  S.E. Statistical
signiﬁcance (*p < 0.05, **p < 0.01) which was analyzed using Fisher’s LSD.
3. Results and discussion
3.1. Deletion of the LRR domain affects LRWD1 protein stability
Human LRWD1cDNA was cloned and assigned as BC030547 at
the GenBank in our previous study [1]. Both SMART and TMHMM
2.0 analyses reveal that LRWD1 protein contains one leucine rich
repeat (LRR) region at position 46–69 in the N-terminus, and three
tryptophan-aspartic acid (WD40) domains at 272–325 (WD1),
381–421 (WD2), and 541–581 (WD3) in the C-terminus (Fig. 1A).
In order to investigate the role of these domains in modulating
LRWD1 protein expression level, human testicular embryonal
carcinoma NT2/D1 cells were transfected with vectors encoding

Fig. 1. LRR-deleted LRWD1 protein shows a decreased expression level. (A) The human LRWD1 protein consists of one LRR (aa 46–69) and three consecutively arranged WD40
motifs (aa 272–325, 381–421, and 541–581). (B) NT2/D1 cells ectopically expressing the various LRWD1 proteins with different deletions were treated with 70 mM
cycloheximide (CHX) for the indicated duration before being harvested and Western blotted with anti-FLAG antibody (1:8000). The relative levels of expressed FLAG were
D
statistically shown. (C) The prolonged time-dependent expression proﬁles of LRWD1WT and LRWD1 LRR in transfected cells treated with CHX were examined. (D)
Quantiﬁcation of the protein densities shown in the Western blot. The LRWD1WT signal at time 0 h was used as an internal standard (100%). The half-life of transfected
D
LRDW1WT and LRWD1 LRR were statistically calculated by nonlinear regression. The data were collected from three repeats and shown as mean  S.E. Statistical signiﬁcance
(*p < 0.05, **p < 0.01) was analyzed using Fisher’s LSD.
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FLAG-tagged full length LRWD1 gene (LRWDWT) or LRWD1 genes
D
lacking the LRR domain (LRWD1 LRR), different WD domains
D
D
D
(LRWD1 WD1, LRWD1 WD2, LRWD1 WD3) or all three WD domains
D
(LRWD1 3WD). Twenty-four hours after transfection, the cells were
incubated with cycloheximide (CHX) to inhibit de novo protein
synthesis. The levels of these overexpressed LRWD1 proteins were
monitored by Western blotting with an anti-FLAG antibody. As
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D

shown in Fig. 1B, the protein level of LRWD1 LRR was signiﬁcantly
decreased after 4 h (p < 0.01) compared to that of LRWDWT. On the
other hand, LRWDs truncated for the various WD domains showed a
modest decreases in the statistical result (Fig. 1B). In prolonged
D
treatment, the protein level of LRWD1 LRR was almost diminished,
DLRR
and the half-life of LRWD1
was deﬁned to be around 6 h
compared with 10 h for LRWDWT (Fig. 1C and D).

D

Fig. 2. In vivo detection of LRR-deleted LRWD1 protein. (A) Cells overexpressing LRWD1WT-EGFP or LRWD1 LRR-EGFP were examined under a ﬂuorescence microscope. The
merged panels contained nuclei stained with DAPI. Cells with decreased LRWD1 signals were boxed. (B) Flow cytometric analyses of the relative ﬂuorescent strengths in cells
D
expressing LRWD1WT or LRWD1 LRR. Cells with strong ﬂuorescent signals (M1 group, green circle) and the background ﬂuorescence (white circle) were indicated. (C) The
relative counts of cells with strong ﬂuorescent strengths were statistically calculated from three repeats and shown as mean  S.E. Statistical signiﬁcance (*p < 0.05) was
analyzed using Fisher’s LSD.

Author's personal copy
270

Y.-C. Tsai et al. / Advances in Medical Sciences 59 (2014) 266–272

To strengthen this decreased proﬁle of LRWD1 protein level
observed in the Western blot analysis, we further evaluated this
proﬁle in vivo by transfecting NT2/D1 cells with vectors encoding
D
EGFP-tagged LRWDWT or LRWD1 LRR proteins and monitored the
ﬂuorescent signals of LRWD1 in the cells. The EGFP signals (green
D
color) overexpressing LRWD1 LRR dramatically disappeared following the elongated treatment compared with cells overexpressing
LRWDWT (Fig. 2A). The cells with strong ﬂuorescent signal (M1,
green circle) were separated by ﬂow cytometry and statistically
counted (Fig. 2B and C). The results showed that ﬂuorescent
strengths were signiﬁcantly decreased in cells overexpressing
D
LRWD1 LRR. Therefore, the expression level of the LRWD1 protein
was actually affected by the integrity of its LRR domain.
In order to further elucidate whether decreased expression level of
D
LRWD1 LRR was the consequence of protein degradation, MG132, a
proteasome inhibitor, was applied. As shown in Fig. 3A and B,
treatment of MG132 at different concentrations increased the levels of
D
both LRWD1WT and LRWD1 LRR proteins. Under the co-incubation of
D
CHX and MG132, the LRWD1WT and LRWD1 LRR protein showed
consistent expression levels due to the absence of de novo synthesis
combined with less protein degradation (Fig. 3C and D). All together,
the results showed that the LRR domain is important for regulating
LRWD1 stability. As for the mechanism of the LRR domain affecting
protein stability, it is postulated that consensus amino acids within a
particular type of repeat provide a regular and stable scaffold to the
domain [14]. However, the real mechanism remains unclear.
3.2. The difference of associated proteins between LRWD1WT and
D
LRWD1 LRR
Because LRWD1 protein stability was correlated to the integrity of
D
LRR domain, we next investigated whether LRWD1WT and LRWD1 LRR
associated with different proteins. We overexpressed FLAG-tagged
D
LRWD1WT and FLAG-tagged LRWD1 LRR genes in NT2/D1, immunoprecipitated the proteins together with their associated proteins with

an anti-FLAG antibody-conjugated resin. To ensure the performance
of co-immunoprecipitation (Co-IP), the protein lysates before and
after Co-IP were blotted with LRWD1 antibody (Fig. 4A). The
associated proteins in the eluents from Co-IP were analyzed the by
nano-liquid-chromatography tandem mass spectrometry (nLC–MS–
MS) (Fig. 4B). Because the associated proteins are always much lesser
than the total cellular proteins, therefore, it is feasible to identify these
associated proteins directly by tandem mass spectrometry. There
were 20 and 14 associated proteins identiﬁed in cells overexpressing
D
LRWD1WT and LRWD1 LRR respectively (Table 1). Three of them,
including heterogeneous nuclear ribonucleoprotein A1 (HNRNPA1),
RUN domain-containing protein 3B (RUNDC3B) and dermcidin
preprotein (DCD), were found to be associated with both LRWD1WT
D
and LRWD1 LRR. More attentions were given to those proteins that
D
differentially associated with LRWD1WT or LRWD1 LRR (Fig. 4B).
Among proteins that associated only with LRWD1WT, protein kintoun
(DNAAF2), also known as dynein assembly factor 2, is required for
cytoplasmic pre-assembly of axonemal dyneins, thereby playing a
central role in the motility of cilia and ﬂagella [11,15]. DNAAF2 is
involved in pre-assembly of dynein arm complexes in the cytoplasm
before intraﬂagellar transport loads them for the ciliary compartment,
therefore, defects in DNAAF2 are the cause of primary ciliary
dyskinesia type 10 (CILD10) [16]. TRAF2 and NCK-interacting protein
kinase (TNIK) is a serine/threonine kinase that acts as an essential
activator of the Wnt signaling pathway [17]. TNIK has also been found
to play a role in cytoskeletal rearrangements and regulate cell
spreading [18]. DNA repair protein RAD50, also known as RAD50, is
responsible for DNA repair during various environmental stresses and
also prevents protein degradation [19]. According to the annotated
functions of these proteins, we speculate that spermatogenesisrelated proteins can associate with LRWD1 through binding with the
LRR domain (Table 2).
Tumor necrosis factor receptor superfamily member 1B, also
known as tumor necrosis factor receptor 2 (TNFR2), was solely
D
identiﬁed in the Co-IP eluent from LRWD1 LRR transfected cells

D

Fig. 3. LRR domain attenuates proteasome-mediated LRWD1 protein degradation. (A) The cells ectopically expressing LRWD1WT and LRWD1 LRR were incubated with various
concentrations of the proteasome inhibitor (MG132) for 6 h. Cell lysates containing forty micrograms of protein were applied to Western blotting with anti-FLAG antibody
D
(1:8000). (B) The cells expressing LRWD1WT and LRWD1 LRR were co-incubated with 70 mM CHX and 5 mM MG132 for 2, 4, 6 h and Western blotted. (C and D) The levels of
D
LRWD1WT and LRWD1 LRR proteins were statistically calculated from three repeats and are shown as mean  S.E. Statistical signiﬁcance (*p < 0.05, **p < 0.01) was analyzed
using Fisher’s LSD.
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D

Fig. 4. LRWDWT and LRWD1 LRR show different proﬁles of associated proteins. Lysates containing nine hundreds micrograms of protein from cells overexpressing LRWD1WT
D
or LRWD1 LRR were immunoprecipitated (IP) with anti-FLAG resins. (A) Aliquots of total lysates before and after Co-IP eluents were Western blotted to conﬁrm the presence
of the LRWD1 proteins, indicated with triangles, in the samples. (B) Two-hundred nanograms of proteins in Co-IP eluents were embedded in solidiﬁed polyacrylamide, in gel
digested with trypsin, and subject to nLC–MS–MS analysis for the identiﬁcation of differential associated proteins. The associated proteins speculated to be associated with
the LRR domain were indicated.

(Fig. 4B). This receptor mediates most of the metabolic effects of
TNF-alpha. It can modulate biological responses that are induced
or regulated by TNF cytokine, including expression of adhesion
molecules responsible for leukocyte migration (i.e., E-selectin
and the lesser extent intercellular adhesion molecule-1 [ICAM1]), serum levels of cytokines (e.g., IL-6) and matrix metalloproteinase-3 (MMP-3 or stromelysin) [20]. There were also reports
that under several conditions, TNFR2 is signaling toward antiapoptosis [21]. TNFR2 has been shown to activate NF-kB, which
in turn regulates the expression of proteins associated with cell
survival and cell proliferation [22]. These results would implicate
TNFR2 in preventing the degradation of LRR-deﬁcient LRWD1
protein in our present study. However, the complicated network

function of TNFR2, that is, TNFR2 is also involved in protein
degradation, could still support the opposite result we have
observed. For example, stimulation of TNFR2 leads to the
ubiquitination and subsequent proteasomal degradation of
TNFR-associated factor 2 (TRAF2) and apoptosis signal-regulating kinase (ASK) [23]. In cancer cells, TRAF1 inhibits TNFR2induced proteasomal degradation of TRAF2 and relieves TNFR1induced activation of NF-kB from the inhibitory effect of TNFR2
[24]. These studies actually suggest that TNFR2 can also serve as
a mediator in promoting protein degradation. This prompted us
D
to speculate that TNFR2 can solely bind to LRWD1 LRR and reduce
protein stability by triggering a proteasome-mediated degradation in the cells.

Table 1
Associated proteins identiﬁed by nLC–MS/MS.
Ac. numbera

Protein Name

Score/peptideb

Sequence coverage (%)c

WT

145580588
14043070
19924129
83367077
134268640
238550159
55741807
133922600
57864582
19923090
16751921
223717971

Protein kintoun isoform 1
Heterogeneous nuclear ribonucleoprotein A1 isoform b
DNA repair protein RAD50
mucin-16
alpha-tectorin precursor
steroid hormone receptor ERR2
TRAF2 and NCK-interacting protein kinase
CLK4-associating serine/arginine rich protein
Hornerin
RUN domain-containing protein 3B
Dermcidin preproprotein
Corticotropin-releasing factor receptor

133/1
211/2
678/1
89/1
325/3
165/1
262/1
174/1
546/1
769/3
103/1
125/1

6
7
8
4
12
6
7
6
9
13
5
5

DLRR

42544159
7657562
145699139
203098098
55749544
62422577
7705939
72534750
4504445
16751921
19923090
4507021
21264534
4503087

Heat shock protein 105 kDa
SH3 domain-binding protein 4
Cartilage intermediate layer protein 2 precursor
Protein Shroom3
SH3 and PX domain-containing protein 2A
Neurobeachin isoform 1
Rap guanine nucleotide exchange factor-like 1
YTH domain-containing protein 1
Heterogeneous nuclear ribonucleoprotein A1 isoform a
Dermcidin preproprotein
RUN domain-containing protein 3B
Band 3 anion transport protein
Tumor necrosis factor receptor superfamily member 1B
Beta-casein precursor

269/1
187/1
489/2
222/1
329/2
76/1
268/1
85/1
192/1
71/1
548/3
155/1
597/2
1024/4

7
6
10
7
7
3
7
4
7
3
13
7
14
17

Overexpressed protein
LRWD1

LRWD1

a
b
c

Accession number was annotated in NCBI database.
MOWSE score was summed from each matched peptide.
The percentage of identiﬁed peptide covered to the entire protein sequence.
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Table 2
PEAKS de novo sequencing and MS BLAST database search results for 4 proteins.

a

De novo sequence
subject peptides a

Protein

MS Peak

Protein kintoun isoform 1
(DNAAF2)

1373.7179

QWSLPYSLAPGR

TRAF2 and NCK-interacting
protein kinase
(TNIK)

1442.6945

GQNVLLTENAEVK

DNA repair protein RAD50
(RAD50)

2103.1142

VFQTEAELQEVISDLQSK

Tumor necrosis factor receptor
superfamily member 1B
(TNFR2)

1951.8264

LREYYDQTAQMCCSK

The confidence level for each individual amino acid in the sequence using different
colors. Color code: > 90%; 80-90%; 60-80%; <60%

.

PEAKS is a powerful de novo sequencing software applied in
identifying peptide sequence detected by MS analysis [12,13]. In
the current study, because of the lack of suitable antibodies, we
alternatively used PEAKS to conﬁrm these identiﬁed proteins.
However, the study offers an important information regarding
DNA/protein domains in modulating protein stability.
4. Conclusions
LRWD1 plays an important role in regulating spermatogenesis.
In the current study, we demonstrated that the LRR domain is
essential in stabilizing LRWD1 through the prevention of proteasome-mediated degradation. Moreover, several proteins that
differentially associated with the intact LRWD1 and LRWD1
lacking the LRR domain, such as DNAAF2, TNIK, RAD50 and TNFR2,
are worthy of further study to elucidate the molecular mechanisms
of LRWD1 protein stability.
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