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Expression of rat oligodendrocyte
transcription factor 2 in COS-7 cells
following its eukaryotic expression vector
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Abstract. - OBJECTIVES: The basic HLH tran-
scription factor Olig is a key regulator for differen-
tiating the oligodendrocyte lineage cells during
development. Oligodendrocyte transcription fac-
tor 2 (Olig2) plays a crucial role in differentiating
the oligodendrocytes in the spinal cord. We aimed
to construct and investigate the eukaryotic ex-
pression recombinant plasmid in the rat Olig2.

DESIGN, TIME AND SETTING: The experi-
ment was performed at the Laboratory of Neu-
robiology, Xuzhou Medical College from Octo-
ber 2011 to March 2012.

MATERIALS AND METHODS: The pEGFP-N1
vector was purchased from Invitrogen. JM101
competent cells and COS-7 cells were preserved
at the Laboratory of Neurobiology, Xuzhou Med-
ical College, China. The Olig2 cDNA fragment was
cloned by RT-PCR with the total RNA from the
neonatal rat spinal cord, and subsequently cloned
into pGEM-T vector. The confirmed Olig2 frag-
ment was then cloned into the pEGFP-N1 vector.
The right recombinant was transfected into COS-
7 cells by lipofectamine 2000. The expression of
the Olig2 in COS-7 cells was detected by RT-PCR
and immunoblot analysis. Enzyme digestion and
sequencing of the recombinant plasmid; and ex-
pression of the Olig2 were analyzed by fluores-
cence microscope and western blot.

RESULTS: The correct pEGFP-N1-0Olig2
cloning was verified by restriction endonucle-
ase digestion and sequencing. The western blot
analysis indicated that the Olig2-GFP fusion
protein was expressed in the COS-7/pEGFP-N1-
Olig2 cells at 72 h.

CONCLUSIONS: The pEGFP-N1-Olig2 vector
was constructed successfully. The Olig2-GFP fu-
sion protein was expressed in the COS-7/pEGFP-
N1-Olig2 cells. This study lays the foundation for
further research in gene therapy for central ner-
vous system demyelinating diseases.
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Introduction

The oligodendrocyte transcription factor 2
(Olig2) is a basic helix-loop-helix (BHLH) that
plays an important role in regulating the develop-
ment of the nerve cells. The Olig 2 is widely ex-
pressed in the central nervous system (CNS), and is
related to the oligodendrocyte. It is a key transcrip-
tion factor used to differentiate the neural stem cells
(NSCs) from the oligodendrocytes (OLs) or motor
neuron (MN), In traumatic spinal cord injury, mul-
tiple sclerosis or other demyelinating diseases, the
Olig2 plays a crucial role in myelin repair mediated
by the oligodendrocytes®. In this study, we clone
the full-length sequence of the rat Olig2 gene coding
and construct its eukaryotic expression vector, then
transfer it into the COS-7 cells (kidney fibroblast
cells of African green monkey) for expression. This
lays the foundation for further application in gene
therapy for CNS demyelinating diseases.

Materials and Methods

Design
The gene cloning was constructed, and a sin-
gle sample was observed.

Date and place

The research was done in the Neurobiology
Laboratory of Xuzhou Medical College from Oc-
tober 2011 to March 2012.
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Materials

Cells, plasmids, strains and major reagents

Sources of materials

pEGFP-N1

Lipofectamine 2000
ReverTra Ac

pGEM-T Vector kit
NBT/BCIP kit

DNA purification kit
Plasmid extraction kits

Gel extraction kit
Restriction endonucleases Hind II I Kpan I
T4 DNA Ligase

DMEM cultured, newborn calf serum

E. coli IM101, COS-7 cells

Primary antibody

Invitrogen Inc., Carlsbad, CA, USA

Invitrogen Inc., USA

TOYOBO Inc., Osaka, Japan

Promega Inc., Madison, WI, USA

Promega Inc., USA

Promega Inc., USA

Promega Inc., USA

Nanjing Tiangen Biology Inc., Nanjing, China

NEB Inc., Hitchin, UK

NEB Inc., UK

GIBCO Inc., Carlsbad, CA, USA

Neurobiology Laboratory of Xuzhou Medical College,
China

Invitrogen Inc., USA

Rabbit anti-mouse Olig2 polyclonal antibody

Methods

Primer design
The Olig2 cDNA sequences (NM 001100557)
of the Sprague Dawley (SD) rats logged on the
Genbank, HindIII and Kpan I restriction sites,
were designed in the forward and reverse primer.
The termination codon which followed Kpan I
was removed and the two bases (AA) were
added. The primer sequences were as follows:
 forward primer:
5'-GGAAGCTTATGGACTCGGACGCC-3'
* reverse primer:
5-GCGGTACCGTCTTGGCGTCGGAGG-3'

Total RNA extraction and Olig2
cDNA amplification by RT-PCR

Spinal cord tissues of neonatal SD rats were ho-
mogenized in a denaturing solution. Total RNA was
extracted from the tissue using the TRIzol method.
Using the extracted total RNA as a template, Rever-
Tra Ace and random primers were used for reverse
transcription (RT-PCR). The reaction parameters
were as follows: 94°C pre-denaturation for 2 min;
94°C pre-denaturation for 30 s, 55°C annealing for
40 s, 72°C refolding for 50 s, and were amplified for
30 cycles. We used 1% agarose gel electrophoresis
to analyze the fragment size of the PCR products.

Construction and identification
of the pGEM-T-Olig2 vector

Target fragments were recovered and purified
using 1% low melting agarose gel electrophoresis
and DNA purification kit. We combined the puri-
fied gene fragments and pGEM-T vector as per
kit instructions, and transformed them into
JM101 competent cells (prepared by calcium
chloride method). White plump single colony
was randomly picked and inoculated into LB lig-
uid medium (Amp +), 37°C and shaken for 12 h.
After plasmid extraction, the products were de-
termined by restriction enzyme digestion using
Hind III and Kpanl. The positive plasmids of the
double digested results were taken and sent to the
Shanghai Invitrogen Company for forward and
reverse sequencing. The corrected plasmid was
determined by sequencing results and named
pGEM-T-Olig2.

Construction and identification
of the pEGFP-N1-Olig2 vector

The pGEM-T-Olig2 recombinants were digest-
ed using Hind III and Kpan I. Digested target
genes were recovered and purified using a 1%
low melting agarose gel electrophoresis and
DNA purification kit. The purified target genes
were connected with the pEGFP-N1 vector dual-
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digested by the same restriction endonucleases,
and transformed into JM101 competent cells.
Plasmids were extracted and identified by Hind
III and Kpan I double digestion and sequencing.
The correct plasmids identified by sequencing
were extracted, purified and named pEGFP-N1-
Olig2.

COs-7 cells culture and
plasmid transfection

COS-7 cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) medium with
10% newborn calf serum. When the cells reached
a density of 90% to 95%, the recombined
pEGFP-N1-0lig2 plasmids and pEGFP-N1 plas-
mids were transfected into COS-7 cells using
Lipofectamine TM 2000. The non-transfected
COS-7 cells were observed under fluorescence
microscopy as the control group. After 72 h-cul-
ture, cells in the three groups were collected and
amplified using RT-PCR according to the condi-
tions above and the Olig2 and p-actin (550bp)
primers were added for PCR. After 72 h-culture,
cells in the three groups were collected and their
protein concentrations measured by Lowry
method.

Western Blot

In order to separate the total protein, samples
were placed in 10% SDS-PAGE for gel elec-
trophoresis and electroblotted in nitrocellulose
membrane (NC membrane). The NC membrane
were sealed in 5% nonfat dry milk for 3 h, and a
rabbit anti-mouse Olig2 polyclonal antibody
1:2500 was added and, shocked in a shaker for 1h
at room temperature, then, incubated overnight at
4°C. We, then, added a goat anti-rabbit antibody
labeled with alkaline phosphatase, shocked it in
the shaker for 2h at room temperature, stained it

with NBT/BCIP, and scanned it using gel elec-
trophoresis imaging system.

Outcome

The PCR amplified productions were identi-
fied using electrophoresis. We identified the re-
combinant plasmids using restriction enzyme di-
gestion. The results of the recombinant gene se-
quencing and the expressions of the Olig2 in
COS-7 cells were observed under fluorescent mi-
croscope and identified by western blot.

Designer, operator and evaluator

The trial design and procedure were conducted
by the first and corresponding author. All investi-
gators had received training. Blind evaluation
was not used in the experiment.

Results

Amplification of OligZ2 cDNA

Using the total RNA of the rat hippocampal
tissue as a template, we amplified the Olig2 cD-
NA. The electrophoresis showed that the ampli-
fied cDNA matched the target gene fragments
(990bp) (Figure 1).

Construction and identification
of pGEM-T-Olig2 vector

We combined the Olig2 cDNA fragment with
the pGEM-T vector. The electrophoresis results
showed that there were two DNA fragments dis-
played as selected positive recombinants double
digested with Hind III/Kpan I. The fragments
matched the vector pPGMT-T (3.0kb) and Olig2
cDNA (990bp) (Figure 2). The sequencing re-
sults showed no mutation, which indicated that
the Olig2 gene was cloned into pGEM-T vector.

bp

Figure 1. Electrophoresis analysis of Olig2 ¥ DN

cDNA amplified by PCR.

2 prodoct of PCR




D.-w. Qu, X.4. Han, Y-. Wang, H.-s. Xu

Me DNA Marker; 1+ pGHT-T-Oligd without digestion:

Olig2 digested by Hind UI: 4 pGMT-T-Olig2 digested by Hoanl

pMT-T-OHE2 digested by Hind T and Kpanl: 3

Figure 2. Electrophoresis analysis of enzy-
matic result of pPGMT-T-Olig2.

Construction and identification
of the pGEM-T-Olig2 vector

The pGMT-T-Olig2 identified by sequencing
were digested by the double enzymes, and the
target fragments were recovered and combined
with the vector pEGFP-N1. The electrophoresis
results showed that there were two DNA frag-
ments displayed as selected positive recombi-
nants double digested using HindIII/Kpan I. The
molecular mass of the fragments matched the
pEGFP-N1 vector (4.7 kb) and Olig2 cDNA
(990bp) (Figure 3). The sequencing results re-
vealed that the Olig2 gene was successfully
cloned into the pEGFP-N1 vector.

PEGFP-N1-Olig2 expressed in COS-7 cells
The pEGFP-N1-Olig2 were transfected into COS-
7 cells using liposome-mediated method and labelled

as the experimental group (COS-7/pEGFP-N1-
Olig2). The pEGFP-N1 were transfected into COS-7
cells, and labelled as the negative control group
(COS-T7/pEGFP-N1). The COS-7 cells without trans-
fection were labelled as the blank control group. Un-
der a fluorescence microscope, the pPEGFP-N1-Olig2
began to show green fluorescence after 48 h. The
GFP expression increased with time and peaked at
96 h (Figure 4). The RT-PCR results showed that the
COS-7/pEGFP-N1-Olig2 could amplify the specific
gene fragments of around 990bp, and the control
group did not spread out of this fragment (Figure 5).
The three groups cells collected at 72 h were
analysed by western blot using anti-Olig2 antibody
(Figure 6), and the COS-7/pEGFP-N1-Olig2 was
displayed by an electrophoretic band at about 60kD.
However, there was no band displayed in COS-7 or
COS-7/pEGFP-N1.

1K-

M: DNA Marker: 1: pEGFP-N| without digestioni 2: pEGFP-N1 digested by Hind HIi 3: pEGFP-NI digested by
Kpanl 1 d: pEGFP-NI-Olig? digestedby Hind [l 5: pEGFP-N1-Olig) digestedby Kpanl ¢ 6: pEGFP-N1-Olig2
digested by Hind 1l and Ipanl s T: pEGFP-N1-Olig2 without digestion Figure 3. Electrophoresis analysis of enzy-

matic result of pPEGFP-N1-Olig2.
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Figure 4. COS-7 cells transfected with pEGFP-N1-Olig2
were observed by fluorescence microscope at 96hx200.

Discussion

The oligodendrocyte transcription factor family
includes Oligl, Olig2 and Olig3 that are members
of the bHLH family, and were discovered by Take-
bayashi et al in 2000'°. Oligl and Olig2 are two of
the earliest oligodendrocyte transcription factors
and named for their decisive roles in maturation of
OLs. During the embryonic phase, the Oligl and
Olig2 mainly exist in the neuroepithelium cells of
the neural tube in the ventral side, which is in the
motor neuron progenitor (pMN) region.

In recent years, studies have shown that Oligl
and Olig2 play a key role in oligodendrocytes
and myelin formation during the brain and spinal
cord development, but have different divisions'"
4 Single or simultaneously knockout of the
Oligl and Olig2 genes will affect the develop-
ment of OLs. A single knockout of the Olig2 will
severely affect the growth of motor neurons

(MN) in the ventral spinal cord. The MN which
originates in the pMN region are replaced by the
V2 intermediate neuron'. Further studies have
shown that the Olig2 expression during develop-
ment of the activated Ngnl and Ngn2 genes,
causes MN differentiation in pMN region of the
spinal cord. The Olig2 and Nkx2.2 are activated
together, causing the MN in the pMN region of
the spinal cord to grow the oligodendrocyte pre-
cursor cells (OPCs)>!15. Oligl promotes the sur-
vival and maturation of OPCs during the devel-
opment of the spinal cord.

In the treatment of traumatic spinal cord in-
jury, multiple sclerosis and other central demyeli-
nating diseases, studies focus on remyelination
of the endogenous and exogenous OLs, or OPCs.
Recent studies have found that the Olig2 has a
positive effect on repairing the central demyeli-
nating after injury. Studies by Copray et al'® have
shown that NSCs could differentiate into OLs by
inducing over expression of the Olig2 in vitro.
Fancy et al® detected that the OPCs expression of
the Olig2 and Nkx2.2 increased in the damaged
areas of the cuprizone induced rats demyelina-
tion model. They further differentiated into OLs
to facilitate remyelination'”.

Artificial interventional expression of the Olig
families could bring some favorable factors for
the demyelination. Kim et al® transferred the
virus carrying Olig2 gene into the lesion site of
the spinal cord injury, and discovered that the
mature oligodendrocytes had increased in the le-
sion site and that Sox10 was unregulated and the
rats’ movement function had improved. Hwang et
al” studies showed that the Olig2 gene overex-
pression in human neural stem cells promoted
differentiation from human immortal neural stem
cells into oligodendrocyte. The rat’s movement
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Figure 5. The expression of Olig2 mRNA in
cultured COS-7 cells detected by RT-PCR.

M: DRA Marker’ 1: COS-T/pEGFP-N1-Olig2: 2: COS-7/pEGFP-N1% 3: COS-Tcells
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M: Maker’ 1: COS-7cells untransfected’s 2: COS-7/pEGFP-N1+ 3: COS-7/pEGFP-
N1-Olig2

Figure 6. The expression of Olig2 in the cul-
tured COS-7 cells transfected after 72 h by
western blotting.

function recovery was enhanced by transplanting
the Olig2 genes into the rat’s spinal cord. It
proved that the Olig2 was a favorable factor for
repairing demyelinating injury. Termination
codon TAG of target gene Olig2 before EGFP
was removed from the pEGFP-N1-Olig2 vector,
so that the Olig2 would continue translating. The
termination codon was removed and the two
bases (AA) were added, to ensure that the se-
quence did not shift and the EGFP protein was
correctly translated. With green fluorescence,
we confirmed the expression of the Olig2 target
protein. In this study, full-length sequence of
the Olig2 gene coding region was cloned from
the spinal cord tissue of SD neonatal rats, which
ensured that the plasmid was transfected and
expressed correctly. The molecular weight of
the Olig2 protein was 32kD, and the GFP pro-
tein was 27 kD; thus, the Olig2-GFP fusion pro-
tein (including fusion peptide chain) was around
60 kD.

Conclusions

This study constructed the pEGFP-N1-Olig2
eukaryotic expression vector, which was trans-
fected into eukaryotic COS-7 cells using lipo-
some-mediated method. The results of RT-PCR
and the green fluorescence confirmed that the
Olig2 expressed in COS-7 cells. The western blot
results confirmed the expression of the fusion
protein with the activity of Olig2 antigen. This
study lays the foundation for further gene therapy
research for central demyelinating diseases.
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