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Abstract

AIM: To identify the proteins interacting with nucleostemin
(NS), thereby gaining an insight into the function of NS.

METHODS: Yeast two-hybrid assay was performed to
screen a human placenta cDNA library with the full length
of NS as a bait. X-Gal assay and -galactosidase filter
assay were subsequently conducted to check the positive
clones and the gene was identified by DNA sequencing.
To further confirm the interaction of two proteins, the
DNA fragment coding NS and the DNA fragment isolated
from the positive clone were inserted into the mammalian
expression vector pcDNA3 and pcDNA3-myc, respectively.
Then, two plasmids were cotransfected into the COS-7 cells
by DEAE-dextron. The total protein from the cotransfected
cells was extracted and coimmunoprecipitation and Western
blot were performed with suitable antibodies sequentially.

RESULTS: Two positive clones that interacted with NS were
obtained from human placenta cDNA library. One was an
alpha isoform of human protein phosphatase 2 regulatory
subunit B (B56) (PPP2R5A) and the other was a novel
gene being highly homologous to the gene associated
with spondylo paralysis. The co-immunoprecipitation also
showed that NS specifically interacted with PPP2R5A.

CONCLUSION: NS and PPP2R5A interact in yeast and
mammalian cells, respectively, which is helpful for addressing
the function of NS in cancer development and progression.
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INTRODUCTION
There is evidence that cancer originates from cancerous stem
cells[1-7]. Nucleostemin (NS) is a novel protein found in the
nucleoli of CNS stem cells, embryonic stem cells, and several
cancer cell lines, and plays a critical role in controlling the
proliferation of stem cells and some cancer cells[7]. NS contains
a N-terminal basic domain and two GTP-binding motifs.
Mutation analysis indicates that excessive NS, particularly
mutant NS that lacks the GTP-regulatory domain, prevents
cells from mitosis and causes apoptosis in a p53-dependent
manner. The N-terminal basic domain specifies nucleolus
localization, p53 interaction, and is required for cell death
caused by NS overexpression. To investigate the function of
NS in cancer development and progression, yeast two-hybrid
assay was used to screen the proteins associated with NS
from a human placenta cDNA library, and the interaction
between the alpha isoform of  human protein phosphatase
2 regulatory subunit B (B56) known as PPP2R5A and NS
was identified in yeast and COS-7 cells, thus providing new
clues to the functional study of NS as well as related proteins.

MATERIALS AND METHODS

Cell culture and reagents
Monkey Cercopithecus Aethiops COS-7 cells provided by
American Type Culture Collection (Manassas, VA, USA)
were cultured in Dulbecco’s modified Eagle’s medium
(Invitrogen Corporation, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (Sigma Chemical Co., St. Louis,
MO, USA), and maintained in a humidified chamber with
50 mL/L CO2 at 37 ℃.

Plasmid pGBKT7, matchmaker 3 pretransformed
human placenta cDNA library, X-Gal and all other yeast
two-hybrid components were purchased from Clontech.
Various restriction endonucleases were products of  New
England Biolabs. T4 DNA ligase was purchased from
Promega. The kits for PCR and purification reagents of PCR
products were obtained from Qiagen. Antibody against NS
or c-myc tag and other regents were all kept in our laboratory.

Plasmid construction
The full length of NS cDNA was cut by BamHI and XhoI
restriction endonucleases from pCDNA3-NS, then inserted
into the downstream of the Gal4 DNA-binding domain of
the bait vector pGBKT7 (Clontech Laboratories) with T4
DNA ligase. The recombinant vector pGBKT7-NS was
sequenced and NS protein was in the reading frame.
The expression of NS fusion protein with yeast Gal4
DNA-binding domain was checked by Western blot with
antibody against NS.

To construct the eukaryotic vector expressing the protein



of the positive clone, DNA of the positive clone was digested
by restriction endonucleases BamHI and XhoI, and the DNA
fragment was inserted into the pCDNA-myc vector.

Screening of clones interacted with NS
The experiments were carried out according to the protocols
described in the MATCHMAKER Libraries User Manual
(PT3042-1)[8-11]. Briefly, the pGBKT7-NS plasmid was
initially introduced into the AH109 yeast strains using a
modified lithium acetate protocol and the transformed clones
were selected on SD/-Trp plates. The mating between the
selected AH109 and human placenta cDNA library was
performed and co-transformed clones were selected on
SD/-Leu-Trp-His plates and SD/-Leu-Trp-His-Ade pulsing
3AT (DO) plates with X-Gal to detect the transcription of
reporter genes (HIS, LEU, TRP, and ADE). Colonies
growing at 30 ℃ and having turned into blue in 8 h were
selected as positive clones. Plasmid DNA from the single
positive clones was extracted and sequenced with the primer
provided with the kit. The clone was identified by DNA
sequence and compared with GenBank. To further exclude
the false positives, plasmid was transformed into yeast strain
AH109 to rule out its self-activation.

In order to further confirm the positive clones in yeast
system, experiments were performed in AH109 yeast strain
to detect the transcription of LacZ reporter gene according
to the protocols. Colony-lift filter assay was used to check
the activity of -galactosidase. Briefly, fresh colonies
growing to about 1-3 mm in diameter were transferred
completely to a sterile filter and submerged in liquid
nitrogen for 10 s and thawed at room temperature, then
put on a pre-soaked filter with Z buffer (Na2HPO4·7H2O
16.1 g/L, NaH2PO4·H2O 5.50 g/L, KCl 0.75 g/L, and
MgSO4·H2O 0.246 g/L, pH 7.0) containing 0.27 mL
-mercaptoethanol and 1.67 mL X-Gal stock solution
(20 mg/mL) in 100 mL volume. The filters were incubated
at 30 ℃ and the colors of colonies were checked periodically.

Co-immunoprecipitation
When COS-7 cells reached 50-70% confluence on the dish,
the plasmids expressing NS and interacted protein of NS
were cotransfected into COS-7 cells with DEAE-dextron as
described[12], and total plasmid DNA was 8 µg/100 mm/dish.
After 48 h, the cells were washed with PBS, then scraped
and collected by spinning down. The cell pellet was lysed
in 0.5 mL HEDL buffer (50 mmol/L HEPES pH 8.0,
150 mmol/L NaCl, 2 mmol/L EDTA, 1% Triton X-100,
10 mmol/L MgCl2, 1 mmol/L Na3VO4, 25 mmol/L NaF,
1 mmol/L PMSF) and shaked for 2 h at 4 ℃, centrifuged
at 12 000 g for 15 min at 4 ℃. The resulting supernatants
were immunoprecipitated with various antibodies (mouse
anti-c-myc, mouse anti-nucleostemin and mouse non-specific
antibodies) respectively as described[12]. SDS-PAGE and
Western blot were performed with suitable antibodies and
the signal was detected with ECL (Pulilai Co.).

RESULTS

Plasmids construction
The constructed plasmid pGBKT7-NS was identified by

restriction endonucleases BamHI/XhoI and DNA sequence
analysis. As shown in Figure 1A, there was an expected
DNA band about 1.7 kb released from the digested plasmid
pGBKT7-NS and the DNA sequence was completely
identical with NS in GenBank. Western blot showed that
the NS protein fused with yeast Gal4 DNA-binding domain
was expressed in yeast (Figure 1B). The recombinant
plasmids PPP2R5A/pCDNA3-myc and pCDNA3-NS were
identified by restriction endonucleases BamHI/XhoI and
DNA sequencing, respectively (Figure 2). As shown in
Figure 3, there was an expected band about 2.3 or 1.7 kb
released from the digested plasmid and the DNA sequence
was completely identical with PPP2R5A or NS in GenBank.

Figure 1  Identification of the recombinant clone of NS and its expression in
yeast cell. A: Analysis of pGBKT7-NS with restriction enzyme digestion. M:
DNA markers; lane 1: undigested pGBKT7-NS; lane 2: digestion of pGBKT7-
NS with BamHI/XhoI and 1 680-bp fragment was released; B: Western blotting
analysis of NS expression by pGBKT7-NS in yeast. Total protein from yeast
AH109 transferred with pGBKT7-NS was subjected to Western blot and the NS
mAb was used to detect the NS protein. Lane 1: total proteins from pGBKT7-
NS transferred AH109; lane 2: total proteins from pGBKT7 transferred AH109.

Figure 2  Restriction enzyme analysis of recombinant pcDNA3-NS and pcDNA3-
myc-PPP2R5A. M: DNA markers; lane 1: undigested pCDNA3-NS; lane 2:
digestion of pCDNA3-NS by BamHI/XhoI and 1 680-bp fragment was released;
lane 3: undigested pcDNA3-myc-PPP2R5A; lane 4: digestion of pcDNA3-myc-
PPP2R5A with BamHI/XhoI and 2 300 bp fragment was released.

Figure 3  Co-immunoprecipitation of protein NS and PPP2R5A. Total proteins
from cells co-transferred with plasmids pCDNA3-NS and pcDNA3-myc-PPP2R5A
were used for immunoprecipitation with antibody against NS or c-myc and
antibody against c-myc or NS was used in Western blot. Mouse IgG was used
in immunoprecipitation as negative control.
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Screening of clones interacted with NS
To rule out the transcription activity of  NS, the bait plasmid
pGBKT7-NS was transformed into yeast AH109 and the
transcription initiation of HIS and MEL1 reporter genes
was tested. The results showed that the self-activation of
NS was negative.

Amplification of human placenta cDNA library was
pre-performed and transformed into the AH109 yeast strain
containing pGBKT7-NS plasmids using modified lithium
acetate. The transformants of  pGBKT7 and pCL1 were used
as negative and positive control respectively in the experiment.
There were two positive clones, which were subjected to
DNA sequence analysis. The results showed that one clone
was identical to gene PPP2R5A (GenBank, GI: 30795205),
the other was a novel gene being highly homologous to the
gene associated with spondylo paralysis. To identify the
specificity of  the protein interaction, PPP2R5A/pACT2 was
co-transformed into yeast cells with plasmids pGBKT7-NS
or pGBKT7. The results showed that PPP2R5A/pACT2
interacted with pGBKT7-NS, but not with pGBKT7.

Co-immunoprecipitation
To further testify the two protein interaction in mammalian
cells, eukaryotic plasmids expressing NS or PPP2R5A were
cotransfected into COS-7 cells and the total protein was
extracted and used for immunoprecipitation and Western
blot sequentially. The proteins precipitated with NS antibody
could be recognized by c-myc tag antibody, and vice versa,
indicating the interaction between NS and PPP2R5A in
mammalian cell.

DISCUSSION

Yeast two-hybrid assay is an effective method to isolate
interacted proteins[8], and can screen all protein-protein
interactions in vivo. The proteins obtained by yeast two-hybrid
assay are more likely in their native conformations[12].
However, the yeast two-hybrid assay also has its limitations,
and false positive clones may occur. In this study, more
sensitive and credible yeast strain AH109 was used, which
has three reporter genes regulated by different promoters,
such as GAL1-HIS3, GAL2-ADE2, and MEL1-LacZ. By
using this system, a novel binding protein PPP2R5A of NS
was obtained from human placenta cDNA library and its
interaction with NS and PPP2R5A was further characterized
in mammalian cells using co-immunoprecipitation.

P53 plays an important role in the physiological or
pathological processes, including cell growth regulation
and cell cycle progress. It was reported that the p53
protein can bind to NS protein by GST pull-down and
co-immunoprecipitation, respectively[7]. In our study, a novel
NS binding protein was identified as an alpha isoform of
human protein phosphatase 2 regulatory subunit B (B56)
(PPP2R5A). PPP2R5A belongs to the phosphatase 2A
regulatory subunit B family. Phosphatase 2A is one of the
four major Ser/Thr phosphatases, and plays an important
role in negative control of cell growth and division as well
as cell cycle progress[13]. According to Gene Database,

PPP2R5A is located in cytoplasm[14-18]. It was found in our
study that NS was expressed in cytoplasm and nucleoli (data
not shown). NS expression in gastric cancer tissue is higher
than that in other gastric tissues (data not shown), suggesting
that NS may play a role in the carcinogenesis of gastric
cancer. In conclusion, the results of our study help to
investigate the functions of NS.
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