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ABSTRACT Objective: To establish a recombinant retrovirus vector containing Ubc9 gene and to establish a stable virus packaging
cell line expressing Ubc9 effectively and stably. Methods: Ubc9 gene was amplified from the plasmid pcmv6-x16-ubc9 by PCR technique
and subcloned to the retroviral vector pMSCVneo to construct the recombined retrovirus vector. The recombinant plasmid was transfect-
ed into packaging cell line PT67 with PolyJetTM and the efficient virus-producing cell line PT67-Ubc9 was screened out following G418
selection and collected virus infected NIH/3T3 cells. Results: The recombinant retroviral vector pMSCV-Ubc9 was identified by restric-
tive analysis and DNA sequencing. A stable virus producing cell line was selected and the retrovirus was effectively transfected into

NIH3T3 cells. Conclusion: The recombinant retroviral vector pMSCV-Ubc9 was constructed successfully. A stable viral producing cell

line PT67-Ubc9 was selected and established.
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Introduction

Several covalent modi?cation of proteins, such as phosphory-
lation, acetylation, and methylation, play important role in biology
function of protein. Recent years some ubiquitin-like proteins were
found, they have remarkably similar secondary structure with u-
biquitin and they covalently conjugate to other proteins in the sim-
ilar multistep process like ubiquitination !*¥. The small ubiqui-
tin-like protein modifiers (SUMO) have emerged as the key mem-
bers. Unlike ubiquitylation which primarily targets the substrate
for degradation, sumoylation participates in numerous biological
processes, including nucleocytoplasmic translocalization, tran-
scriptional regulation, DNA repair and replication, as well as mi-
totic and meiotic chromosome behavior “. Now, more than 100
SUMO target proteins have been reported, such as RanGAPI,
PML, Sp100, p53 and c-Jun Bl. SUMO conjugation requires an
El-activating enzyme (Aosl/Uba2) , an E2-conjugating enzyme
(Ubc9) and a variety of E3 ligases ( RanBP2, the PIAS proteins,
and the polycomb group protein Pc2). As the unique conjugating
enzyme, Ubc9 is critical for sumoylation and it regulates various
processes. In mammalian cells, Ubc9 protein down-regulation was
associated with the defects in cytokinesis and furthermore increas-
es the number of apoptotic cells . In lower eukaryotes, Ubc9 was
an important protein for normal mitosis and cell cycle progression.
Cell cycle arrest and abortive mitosis occurred if its absence .
There were accumulating reports indicating that ligase enzyme

Ubc9 was found overexpressed in several malignancies, such as
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lung adenocarcinoma, ovarian carcinoma , and melanoma®!?.
In order to further study the role of Ubc9 in cells. The con-
struction retrovirus vector with Ubc9 gene and establishment of re-

combinant virus cell line producing Ubc9 gene were needed.

1 Materials and methods

1.1 Materials

T4 DNA ligase, restriction endonucleases were purchased
from TAKARA DNA gel extract kit, Taq enzyme, PCR purified
kit, low-dose plasmid extraction kit were from Bioteke Corpora-
tion, DMEM/HG culture medium and fetal bovine serum were
from Gibico Company; PolyJet™ were purchased from SignaGen
Laboratories Plasmid (pMSCVneo pcmv6-x16-ubc9) was provid-
ed by Professor Xu Xiang (Third Military Medical University,
China ) NIH3T3 cells were from Clontech. bacillus coli DH5a
and PT 67 were stored by our laboratory; Other reagents from Sig-
ma. DNA sequencing was completed by Invitrogen Corporation.
1.1.1 Amplication and cloning of Ubc9 gene

Ubc9 gene was obtained by PCR amplication from the plas-
mid pcmv6-x16-ubc9. The PCR primers were designed containing
and Xho
gaattcatgtcggggatcgecctcag 3'Downstream primer: S'tccgetcgagt-

the restriction site of EcoR . Upstream primer: 5'cg-
tatgagggcgcaaacttc 3'. PCR was conducted in 50l reaction solu-
tion. The reaction mixture contained 251 Taq MasterMix2*, Sul
Template, 2 pl Forward primer (10uM ), 2 pl Reverse primer
(10pM ) , and 16 pl RNase-Free water. PCR cycles were conduct-

ed with preamplification denaturation at 94°C for 2 minutes, fol-
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lowed by 30 cycles of denaturation at 94°C for 30 seconds, anneal-
ing at 60°C for 30 seconds, and extension at 72°C for 30 seconds.
The final step of extension at 72°C for 5 minutes. The PCR prod-
ucts were analyzed by electrophoresis on 2% agarose gel and re-
claim. Store at -20°C.
1.1.2 Construction of recombination retroviral vector pM—
SCV-Ubc9

Plasmid (pMSCVneo) and Ubc9 gene were digested by the
restriction enzymes EcoR  and Xho . The reaction mixture
contained 3l 1% buffer H, 1l EcoR , 1ul Xho 15l Plas-
mid 10l ddH,0. The mixture was kept at 37°C for 2 hours, then
incubated at 65°C for 20 minutes. The size of pMSCVneo was
checked by electrophoresis on 1% agarose gel and reclaim. T4
DNA ligase was used to join them at 16 ‘C for 12 hours, then the
ligation mixture was transferred into frozen competent DH5a. Five
clones were respectively selected and identified by restrictive anal-
ysis and DNA sequencing . At the same time the empty vector as
a contrast.
1.2.3 The virus vector package in PT67 cell lines

A total of 105 PT67cells were seeded onto 60 mm culture
dishes and allowed to grow to 50 %--70 % confluence in DMEM
with 10 % fetal calf serum (complete culture medium). The PT67
cells was transfected by liposome with recombination retroviral
vector pMSCV-Ubc9 for 12hours following the PolyJetTM intro-
duction , then the transfected complex containing medium gently
were removed and the fresh complete culture medium were re-
filled . 72 hours after transfection, complete culture medium con-
taining 400 g/ ml G418 was added into PT67cells until positive
clones were obtained. The positive clone was digested by 0.25 %
Trypsin-EDTA and moved to 24 wells culture plate, then expand-
ed culture in 100 ml flasks. When PT67cells growed to 80 % con-
fluence, the supernatant was collected and aggregated virus by
centrifugation (1000rpm ) for 5 min at 4°C. The virus pellet was
collected by centrifugation at 25000rpm for 90 min atC . Resus-
pend the virus by 0.5-1% TNE, and incubated overnight at 4°C .
The suspension stored at - 80°C. No cryoprotectant is required.
1.2.4 Target cell NIH/3T3 cells infection

The NIH/3T3 cells 12-18 hours before infection were cul-
tured at a cell density of 2x 10° per 60-mm plate. For infection,
the collected medium with virus from packaging cells was diluted
at least 2-fold with fresh medium, then added into NIH/3T3 cells.
In order to enhance the infection efficiency, polybrene was add
with the final concentration of 8ug/ml. Then replace the medium
with fresh virus-containing medium 24 hours later. 48 hours after
the infection complete culture medium containing 400 pg/ ml
G418 was added in NIH/3T3cells to obtaine the positive cells.
1.2.5 The expression of Ubc9 in the infected NIH/3T3 cells
by Western blot analysis

The total protein was isolated from positive cells and the ex-

pression of Ubc9 was detected by Western blotting. The protein
was separated in gel, then transferred into PVDF membrane. The
membrane was blocked with 5% fat-free milk for 30 mins, then in-
cubated with the Rabbit -anti- Ubc9 at 1:1000 dilution at 4°C
overnight. After wash in TBS on a shaker for 30mins the sec-
ondary Goat anti-Rabbit serum maked with HRP was added at 1
10000. Development of the color with ECL after completely wash-
ing and the picture was taken. At the same time NIH/3T3 and
empty vector pMSCVneo - NIH/3T3 were used as a contrast.

2 Results and analysis

2.1 Amplification Ubc9 gene

The size of ubc9 gene amplified by PCR from Plasmid
pemv6-x16-ubc9 was 477pb checked by electrophoresis on 2% a-
garose gel , which showed that the ubc9 gene was successfully ob-
tained (Fig.1).

Marker 1 2 3

10kb
4kb

2kb

1kb

500bp
4770p

250bp

Fig.l1 Amplification Ubc9 gene 1)DNA Maker 2,3,4)Amplification Ubc9

gene

2.2 Identification of recombination retroviral vector pM—
SCV-UDbc9 by restrictive analysis and DNA sequencing

The recombination retroviral vector DNA contained Ubc9
gene were detected by the endonuclease (EcoR  Xho ) diges-
tion on the 2% Agarose gel electrophoresis of product of recombi-
nant and empty vector.(Fig.2); The sequence data revealed its se-
quence contain Ubc9 gene and all base pairs were nicety and the
recombinant plasmid was successfully constructed.
2.3 Western blotting detection the expression of Ubc9 gene
in target cell

Through the Western blotting detection, the Ubc9 protein was
high expression in pMSCV- Ubc9- NIH/3T3. At the same time,
use NIH/3T3 and empty vector pMSCVneo -NIH/3T3 as a con-
trast. (Fig.3)
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Fig.2 Digestion of pMSCV-Ubc9 1) DNA Maker 2 pMSCVneo 3)
endonuclease (EcoR . Xho ) digestion pMSCV-Ubc9
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Fig.3 The expression of Ubc9 gene in NIH/3T3 cell
1 NIH/3T3 cells 2 pMSCVneo- NIH/3T3 cells 3 pMSCV- Ubc9-
NIH/3T3 cells

3 Discussion

As the SUMO E2 enzyme, Ubc9 recognizes and binds to a
SUMO consensus sequence, Y KX(D/E), where @ is a hydropho-
bic amino acid and X is any amino acid, present in most target
proteins "), The Ubc9-SUMO complex can directly interact with
specific substrates, and this interaction leads to the formation of an
isopeptide bond between SUMO and a lysine residue on its target!'>'%.
So sumoylation is dependent upon the expression of Ubc9. Recent
years some experiments show that Ubc9 is essential for cell viabil-
ity, but it is notable that depletion of Ubc9 in chicken cells was as-
sociated with increased numbers of binucleate cells and knockout
of UbcY in mouse led to aberrant nuclear morphologies and de-
fects in chromosome segregation . In Drosophila, Ubc9
loss-of-function studies similarly showed mitotic defects in
hemopoietic tissues . Ubc9 yeast mutants were more sensitive to
DNA damaging agents!'”'"®. Recent reports indicated that Ubc9 had

high expression in human premalignant conditions in response to

low-grade, longterm genotoxic stress, implying that upregulation
of sumoylation may be an adaptive process to genotoxic stress!”.
There also had been reported that Ubc9 was over-expressed in cer-
tain tumors, so ubc9 was proposed as a potential clinical marker
for some specific human abnormality diagnosis . Some experi-
ment revealed that the Ubc9-SUMO system might participate in
the proliferation and differentiation of neuronal cells in the devel-
oping brain and in neuronal plasticity in the adult brain®.. So, it is
very necessary to establish a recombinant retrovirus vector con-
taining Ubc9 gene.

This article used retrovirus vector because it had acceptance
of big fragment insert and produces high and stable gene transfer
efficiency. The Murine Stem Cell Virus (MSCV) vectors were de-
rived from the Murine Embryonic Stem Cell Virus (MESV) and
the LN retroviral vectors. pMSCVneo contains E.coli Ampr gene
for propagation and antibiotic selection in bacteria. It also has the
neomycin resistance gene which can select antibiotic cell. The
RetroPack PT67 Cell Line was derived from a mouse fibroblast
(NIH 3T3) cell line designed for stably producing high-titer retro-
virus. PT67 cells package virus with a polytropic envelope, that
recognizes receptors on mouse, rat, human, cat, dog, and monkey
cells. Thus, virus packaged by RetroPack PT67 has a broad mam-
malian host range.

Over the past ten years after its discovery, the small ubiqui-
tin-like protein modifier had become a key regulator of proteins.
The studies indicated that sumoylation has participated in a wider
cell biological processes. Although new SUMO targets were iden-
tified rapidly, many fundamental questions remain unanswered.
This study successfully constructed a retroviral vector carrying the
Ubc9 gene for future studies.

References
[1] Dohmen RJ. SUMO protein modification [J]. Biochim Biophys Acta,

2004, 1695: 113-131
[2] Hay RT. SUMO: a history of modifcation[J]. Mol Cell, 2005,18: 1-12
[3] Johnson ES. Protein modifcation by SUMO [J]. Annu Rev Biochem,

2004,73: 355-382
[4] Li XD, Shen Y, Qiu YF, et al. SUMOylation: An Important Post-trans-

lational Modification in Vivo [J]. Chinese Journal of Cell Biology,

2008,30: 142-146
[5] Sternsdorf T, Jenfreemont P S, Sen K, et al. Sumo[J]. Current Biology,

2003,13:R258-R259
[6] Hayashi T, Seki M, Maeda D, et al. Ubc9 isessential for viability of

higher eukaryotic cells[J]. Exp Cell Res, 2002, 280:212-221
[7] Seufert W, Futcher B, Jentsch S. Role of a ubiquitin-conjugating en-

zyme in degradation of S- and M-phase cyclins[J]. Nature, 1995, 373:

78-81
[8] McDoniels SAL, Nimri CF, Stoner GD, et al. Differential gene expres-

sion in human lung adeno-carcinomas and squamous cell carcinomas

[J]. Clin Cancer, 2002, 8:1127-1138
[9]1 Mo YY, Yu Y, Theodosiou E, et al. A role for Ubc9 in tumorigenesis

[J]. Oncogene, 2005, 24:2677-2683



www.shengwuyixue.com Progressin Modern Biomedicine Vol1ll NO.14 JUL.2011

- 2631 -

[10] Moschos SJ, Athanassiou H, Edington H, et al. Proteomic analysis of
melanoma-infiltrated lymph nodes gains insights into the molecular
profile of metastatic melanoma (poster 8524) [C]. AACR Annual
Meeting Anaheim, CA , 2005,65-69

[11] Bernier VV, Sampson DA, Matunis MJ, et al. Structural basis for
E2-mediated SUMO conjugation revealed by a complex between ubiq-
uitin-conjugating enzyme Ubc9 and RanGAP1 [J]. Cell, 2002,108,
345-356

[12] Okuma T, Honda R, Ichikawa G, et al. In vitro SUMO-1 modification
requires two enzymatic steps, E1 and E2. Biochem [J]. Biophys. Res.
Commun, 1999, 254, 693-698

[13] Tatham MH, Chen Y, Hay RT. Role of two residues proximal to the
active site of Ubc9 in substrate recognition by the Ubc9 center dot
SUMO-1 thiolester complex[J]. Biochemistry, 2003, 42: 3168-3179

[14] Hayashi T, Seki M, Maeda D, et al. Enomoto. 2002. Ubc9 is essential
for viability of higher eukaryotic cells [J]. Exp. Cell Res, 2002, 280:
212-221

[15] Nacerddine K, Lehembre F, Bhaumik MJ, et al. The SUMO pathway

is essential for nuclear integrity and chromosome segregation in mice

[J]. Dev.Cell, 2005, 9:769-779

[16] Chiu H, Ring BC, Sorrentino RP, et al. dUbc9 negatively regulates
the Toll-NF-kappaB pathways in larval hematopoiesis and droso-
mycin activation in Drosophila[J]. Dev Biol, 2005, 288:60-72

[17] Mao Y, Sun M, Desai SD, et al. SUMO-1 conjugation to topoiso-
merase I: a possible repair response to topoisomerase-mediated DNA
damage[J]. Proc Natl Acad SciUSA, 2005, 97:4046-4051

[18] Jacquiau HR, vanWaardenburg RC, Reid RJ, et al. Defects in SUMO
(small ubiquitin-related modi?er) conjugation and deconjugation alter
cell sensitivity to DNA topoisomerase I-induced DNA damage [J]. J
Biol Chem, 2005, 280:23566-23575

[19] Romanenko AM, Kinoshita A, Wanibuchi H, et al. Involvement of
ubiquitination and sumoylation in bladder lesions induced by persistent
long-term low dose ionizing radiation in humans [J]. J Urol, 2006,
175:739-743

[20] Mutsufusa W, Kaoru T, Kayoko T. Developmental regulation of
Ubc9 in the rat nervous system [J]. Acta Biochim Pol, 2008, 55(4):
681-686

Pmscv-Ubc9 *
1 1A 2 2 3 3 3
1 266000 2 400042
3 266000
Ubc9 , SUMO o
PCR Ubc9, pMSCVneo , pMSCV-Ubc9
pMSCV-Ubc9 PT67 G418 NIH3T3
o Ubc9 . G418
NIH3T3 5 Ubc9 pMSCV-Ubc9 PT67
Ubc9 PT67-Ubc9,,
Ubc9 pMSCVneo PT67
Q75 Q78 R373 A 1673-6273 2011 14-2628-04
* No. 30970651
1985-
A E-mail: xplyu2008@yahoo.cn

2011-02-10 2011-03-05



