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1.  Description

The pCl-neo Mammalian Expression Vector®@ carries the human
cytomegalovirus (CMV) immediate-early enhancer/ promoter region to
promote constitutive expression of cloned DNA inserts in mammalian cells. The
pCl-neo Vector contains the neomycin phosphotransferase gene, a selectable
marker for mammalian cells. This vector can be used for transient expression or
for stable expression by selecting transfected cells with the antibiotic G-418.

The sequences of Promega vectors are available online at:
www.promega.com/vectors/ and are also available from the GenBank®
database (GenBank®/ EMBL Accession Number for the pCl-neo Mammalian
Expression Vector is U47120).
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2. Product Components and Storage Conditions

Product Size Cat.#
pCl-neo Mammalian Expression Vector 20ug E1841
The pCl-neo Vector is supplied frozen at a concentration of 1mg/ml in TE buffer (pH 8.0).

Storage Conditions: Store the pCl-neo Mammalian Expression Vector at -20°C.

3. Vector Components
3.A. Enhancer/Promoter Regions

The CMV immediate-early enhancer/promoter region present in the pCl-neo
Vector allows for strong, constitutive expression in a variety of cell types. The
promiscuous nature of the CMV enhancer/promoter has been demonstrated in
transgenic mice, where expression of the chloramphenicol acetyltransferase
(CAT) gene regulated by the CMV enhancer/ promoter was observed in 24 of
the 28 tissues examined (1). The pCl-neo Vector also contains the SV40 enhancer
and early promoter region upstream of the neomycin phosphotransferase gene.
The SV40 early promoter contains the SV40 origin of replication, which will
induce transient, episomal replication of the pCl-neo Vector in cells expressing
the SV40 large T antigen such as COS-1 or COS-7 cells (2).

3.B. Chimeric Intron

Downstream of the CMV enhancer/promoter region is a chimeric intron
composed of the 5”-donor site from the first intron of the human B-globin gene
and the branch and 3"-acceptor site from the intron of an immunoglobulin gene
heavy chain variable region (3). The sequences of the donor and acceptor sites,
along with the branchpoint site, have been changed to match the consensus
sequences for splicing (4). The intron is located upstream of the cDNA insert in
order to prevent utilization of possible cryptic 5°-donor splice sites within the
cDNA sequence (5).

Transfection studies have demonstrated that an intron flanking the cDNA insert
frequently increases the level of gene expression (6-9). The increase in
expression level due to the intron depends on the particular cDNA insert. For
example, in transient transfections of 293 cells, we have found that the presence
of this chimeric intron results in an approximate 20-fold increase in expression
of the CAT gene (10). In contrast, the chimeric intron increases the gene
expression level from the luciferase cDNA by only threefold (10). In transgenic
experiments, an intron is necessary to promote a high level of expression for
virtually all cDNA inserts (11-13).

3.C. T7 and T3 RNA Polymerase Promoters

In the pCl-neo Vector, T7 and T3 RNA polymerase promoters flank the multiple
cloning region. These promoters can be used to synthesize RNA from the sense
and the antisense strand of the cloned DNA insert. Note: Due to a sequence
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difference between the T7 Promoter Primer (Cat.# Q5021) and the T7 RNA
polymerase promoter in the pCl-neo Mammalian Expression Vector, the T7
Promoter Primer cannot be used for sequencing these expression vectors. The
sequence difference is downstream of the transcriptional start site and is
located at the 3"-end of the T7 Promoter Primer. The T7 EEV (Eukaryotic
Expression Vector) Promoter Primer (Cat.# Q6700) has been designed
specifically to prime sequencing reactions from the mammalian expression
vectors, pCl-neo (Cat.# E1841), pSI (Cat.# E1721), pCI (Cat.# E1731) and
PALTER®-MAX (Cat.# Q5761).

@ Note: Use the T7 EEV Promoter Primer (Cat.# Q6700) to sequence ds- or

ssDNA produced by the pCl-neo Vector. Do not use the T7 Promoter Primer
(Cat.# Q5021) to sequence the pCl-neo Vector. The primer and the promoter
sequences differ.

3.D. Multiple Cloning Region and Convenient Restriction Enzyme Sites

The multiple cloning region in the pCl-neo Vector is immediately downstream
from the T7 promoter. The unique restriction sites available in the multiple
cloning region of the pCl-neo Vector are identical to those found in the pCI
and pSI Mammalian Expression Vectors (Cat.# E1731 and E1721, respectively),
except that the pCl-neo Vector does not contain a unique Kpnl or BstZI site
within this region.

Large hairpin structures in the 5-end of untranslated mRNAs have been
shown to reduce the level of in vitro and in vivo translation in higher
eukaryotes (14-18). RNA transcribed from the multiple cloning region of the
pCl-neo Vector is not predicted to contain hairpin structures that would
interfere with translation (17). Because there are no ATG sequences in either
the multiple cloning region or between the transcriptional start site and the
multiple cloning region, an ATG for the initiation of translation must be
present in the inserted DNA.

Note: The insert must contain an ATG for translation initiation.

Unique restriction sites flank the CMV enhancer (BglIl and SgfI) and the CMV
promoter (Sgfl and I-Ppol), allowing easy replacement of these regulatory
regions with other regulatory regions of interest.

3.E. SV40 Late Polyadenylation Signal

Polyadenylation signals terminate transcription by RNA polymerase II and
cause the addition of approximately 200-250 adenosine residues to the 3"-end
of the RNA transcript (19). Polyadenylation has been shown to enhance RNA
stability and translation (20,21). To facilitate efficient processing of cloned
DNA inserts not containing polyadenylation signals, the SV40 late
polyadenylation signal has been positioned downstream from the multiple
cloning region. The SV40 late polyadenylation signal is extremely efficient and
has been shown to increase the steady-state level of RNA approximately
fivefold more than the SV40 early polyadenylation signal (22).
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3.F. Neomycin Phosphotransferase Selectable Marker

The neomycin phosphotransferase gene from Tn5 is present in the pCl-neo
Vector and is under the regulation of the SV40 enhancer and early promoter
region. A synthetic polyadenylation signal based on the highly efficient
polyadenylation signal of the rabbit B-globin gene (23) is located downstream
of the neomycin phosphotransferase gene. To increase the translational
efficiency of the neomycin phosphotransferase gene, the upstream, out-of-
frame ATG sequences present in the wildtype neomycin phosphotransferase
gene have been eliminated. Additionally, the sequence upstream of the
initiator ATG has been changed to match a sequence shown to improve the
context for initiating translation (24).

Expression of the neomycin phosphotransferase gene in mammalian cells confers
resistance to the antibiotic G-418 (Cat.# V7981) (25). G-418 is an aminoglycoside
antibiotic produced by streptomycetes that induces cytotoxicity by blocking
translation. Neomycin phosphotransferase inactivates G-418 through
phosphorylation, thereby blocking its toxic effects (26).

3.G. f1 Origin of Replication and Plasmid Replicon

The backbone for the pCl-neo Vector was derived from the pGEM®-3Zf(+)
Vector. As a result, this vector is a high-copy plasmid and contains the origin
of replication of the filamentous phage f1. To generate single-stranded DNA
(ssDNA) from the f1 origin, bacteria transformed with the pCl-neo Vector
carrying the DNA insert of interest are infected with an appropriate helper
phage. The plasmid then enters the f1 replication mode, and the resulting
ssDNA is exported from the cell as an encapsidated virus particle. The ssDNA
molecule exported has the sequence of the strand shown for the multiple
cloning region (Figure 1).

The “poison” sequence present in pBR322, which has been shown to inhibit
replication of vectors containing SV40 origins in COS cells, has been deleted in
the pCl-neo Vector (27). This results in more efficient expression of the cloned
cDNAs in COS cells and other cells that have been transformed with the SV40
large T antigen.

4. Transfection of Mammalian Cells with the pCI-neo Vector

The pCl-neo Vector can be used for both transient and stable expression of
genes. Transfection of DNA into mammalian cells may be mediated by cationic
lipids (28,29), calcium phosphate (30,31), DEAE-dextran (32-34), polybrene-
DMSO (35,36) or electroporation (37,38). Calcium phosphate and transfection
systems based on the cationic lipids such as Transfectam® Reagent, Tfx™
Reagents and TransFast™ Transfection Reagent are available from Promega.
For more information, please request the Transfectam® Reagent Technical Bulletin
(#TB116), the TA™ Reagents Technical Bulletin (#TB216), the TransFast™
Transfection Reagent Technical Bulletin (#TB260) or the ProFection® Mammalian
Transfection Systems Technical Manual (#TMO012).

Note: DEAE-dextran has not proven efficient for the generation of stable transfectants.
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For stable expression, the transfected cells must be selected with the antibiotic
G-418. Following the transfection, seed the cells at a low cell density and apply
the G-418 antibiotic to the medium at a concentration between 100ug/ml and
1mg/ml. The concentration of G-418 required to select and maintain drug
resistance depends on the cell type and growth rate. In general, mammalian
cells require a concentration of 400-600ug/ml of G-418 for selection and
200-400ug/ml of G-418 for maintenance of stable transformants (25). A stock
solution of 100mg/ml of G-418 can be made up in 40mM HEPES (pH 7.3), PBS
or water. (Store the stock solution of G-418 at -20°C.) For effective selection, the
cells should be subconfluent since confluent, nongrowing cells are very
resistant to the effects of G-418. Change the medium every 3 days until drug-
resistant clones appear (2-5 weeks, depending on the cell type). Death of cells
not expressing neomycin phosphotransferase may require 3-9 days following
addition of G-418.

Note: Prepare a control plate for all selection experiments by treating untransfected
cells with G-418 in medium under the experimental conditions. This control plate
will indicate whether the conditions of antibiotic selection were sufficiently stringent
to eliminate cells not expressing neomycin phosphotransferase.

5. pCI-neo Vector Multiple Cloning Region and Circle Map
T7 Transcription Start

5" ... TTAATACGACTCACTATAGGCTAGCCTCGAGAATTCACGCGTGGT
L ||
T7 Promoter \—L}—‘
Nhel <ol EcoRl Miul

T3 Transcription Start

ACCTCTAGAGTCGACCCGGGCGGCCGCTTCCCTTTAGTGAGGGTTAATG . .. 3
|

[ I | L | L
Xbal Accl L———T1 Notl T3 Promoter
Sall Smal

0915MAO1_5A

Figure 1. T7 and T3 RNA polymerase promoters and multiple cloning region
sequence of the pCI-neo Vector. The sequence shown corresponds to RNA
synthesized by T7 RNA polymerase and is complementary to RNA synthesized by
T3 RNA polymerase. The strand shown is the same as the ssDNA produced by the
vector.

Note: Use the T7 EEV Promoter Primer (Cat.# Q6700) to sequence ds- or
ssDNA produced by the pCI-neo Vector. Do not use the T7 Promoter Primer
(Cat.# Q5021) to sequence the pCl-neo Vector. The primer and the promoter
sequences differ.
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Figure 2. pCI-neo Vector circle map and sequence reference points. Neo =
neomycin phosphotransferase; CMV LE. = cytomegalovirus immediate-early.
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pCl-neo Sequence Reference Points:

CMYV immediate-early enhancer/promoter region 1-750
Chimeric intron 890-1022
T7-EEV sequencing primer binding region 1053-1074
T7 RNA polymerase promoter (-17 to +2) 1067-1085
Multiple cloning region 1085-1137
T3 RNA polymerase promoter (-17 to +3) 1140-1158
SV40 late polyadenylation signal 1167-1388
Phage f1 region 1483-1938
SV40 enhancer and early promoter 2000-2418
SV40 minimum origin of replication 2316-2381
Coding region of neomycin phosphotransferase 2463-3257
Synthetic polyadenylation signal 3321-3369
B-lactamase (Amp*) coding region 3780-4640

6.  pClI-neo Vector Restriction Sites

The following restriction enzyme tables were constructed using DNASTAR®
sequence analysis software. Please note that we have not verified this
information by restriction digestion with each enzyme listed. The location given
specifies the 3" end of the cut DNA (the base to the left of the cut site). For more
information on the cut sites of these enzymes, or if you identify a discrepancy,
please contact your local Promega Branch or Distributor. In the U.S., contact
Promega Technical Services at 800-356-9526. The vector sequence is available in
the GenBank® database (GenBank®/EMBL Accession Number U47120) and on
the Internet at: www.promega.com/vectors/
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Table 1. Restriction Enzymes That Cut the pCI-neo Vector Between 1 and 5 Times.

Enzyme # of Sites Location Enzyme # of Sites Location
Aatll 5 278,331, 414, Dralll 1 1716
600, 3648 Dsal 4 513, 2008, 2304,
Accl 1 1121 3023
Acc651 2 1108 , 2047 Eagl 2 1131, 2497
AflIT 4 828, 847, 1050, Ear] 4 1421, 2935, 3145,
2445 3768
AfIII 1 1102 EcIHKI 1 4567
Alw44l 3 3398, 3895, 5141 Eco521 2 1131, 2497
Alwl 1 5046 EcoICRI 1 727
Aval 2 1091, 1125 EcoRI 1 1096
Avall 3 3107, 4203, 4425 Ehel 1 2592
Avrll 1 2397 Fspl 4 1462, 2001, 2693,
Ball 3 10, 64, 2673 4344
BamHI 1 3385 Haell 4 1558, 1566, 2594,
BanlII 3 729, 1642, 2956 5215
Bbel 1 2594 Hincll 3 677,1122,1297
Bbsl 1 961 HindII 3 677,1122,1297
Bbul 3 2145, 2217, 2996 HindIII 2 756, 2413
BglII 1 5467 Hpal 1 1297
Bsal 2 915, 4501 I-Ppol 1 851
BsaAl 3 493, 1713, 2895 Kasl 1 2590
BsaBI 2 1399, 3384 Kpnl 2 1112, 2051
BsaMI 2 1218, 1311 Mlul 1 1102
Bsml 2 1218, 1311 Nael 2 1610, 3093
BspHI 3 3622, 3727, 4735 Narl 1 2591
BspMI 4 877, 2478, 2859, Ncol 4 513, 2008, 2304,
3309 3023
BsrGI 1 9% Ndel 1 387
BssHII 1 2988 NgoMIV 2 1608, 3091
BssSI 4 3183, 3591, 3898, Nhel 1 1085
5282 Notl 1 1131
Bst98I 4 828, 847, 1050, Nsil 2 2147, 2219
2445 Nspl 4 2145, 2217, 2996,
BstXI 1 3312 3542
BstZI 2 1131, 2497 PaeR71 1 1091
Cfr10I 4 1608, 2910, 3091, Ppul0l 2 2143, 2215
4482 PspAl 1 1125
Clal 2 1403, 3372 Pstl 2 838, 2644
Cspl 1 3107 Pvul 3 664, 1443, 4198
Csp451 1 3273 Pvull 2 2073, 2697
Dral 4 1358, 3989, 4681, Rstll 1 3107
4700 Sacl 1 729
Drall 1 3587 Sall 1 1120

Note: The enzymes listed in boldface type are available from Promega.
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Table 1. Restriction Enzymes That Cut the pCI-neo Vector Between 1 and 5 Times
(continued).
Enzyme # of Sites Location Enzyme # of Sites Location
Scal 2 1063, 4086 Styl 5 513, 2008, 2304,
Sfil 1 2350 2397, 3023
Sgfl 1 664 Tfil 4 2419, 3076, 3210,
Sinl 3 3107, 4203, 4425 3369
Smal 1 1127 Tth111l 1 2709
SnaBI 1 493 Vspl 2 160, 4392
Spel 1 152 Xbal 1 1114
Sphl 3 2145, 2217, 2996 Xhol 1 1091
Sspl 4 5,52,1921, 3762 Xmal 1 1125
Stul 1 2396 Xmnl 1 3967

Table 2. Restriction Enzymes That Do Not Cut the pCI-neo Vector.

AccB7I Blpl Eco721 PfIMI Sacll
Acclll Bpu1102I Eco811 PinAl SgrAl
Agel Bsp1201 EcoNI Pmel Spll
Apal Bst11071 EcoRV Pmll Srfl
Ascl BstEII Fsel PpuMI Sse83871
BbrPI Bsu36I Nrul PshAI Swal
Bcll Eco47111 Pacl Psp5II Xeml

Table 3. Restriction Enzymes That Cut the pCI-neo Vector 6 or More Times.

Acil Bsp12861 Eael Mael Nlalll
Acyl Bsrl Fnu4HI Maell NlalV
Alul BsrSI FokI Maelll Plel
Alw261 Bst711 Haelll Mbol Rsal
AspHI BstOI Hgal Mboll Sau3AI
Banl BstUI Hhal MnlI Sau96l
Bbvl Cfol HinfI Msel ScrFl
BglI Ddel Hpall Mspl SfaNI
BsaHI Dpnl Hphl MspA1l Taql
Bsa]l Dpnll Hsp92I Neil Tru9l
BsaOl DrdI Hsp92II Ndell XholI

Note: The enzymes listed in boldface type are available from Promega.
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7. Related Products

Product Size Cat.#
pCI Mammalian Expression Vector 20pg E1731
pSI Mammalian Expression Vector 20pg E1721
pAdVAntage™ Vector 20pg E1711
ProFection® Mammalian Transfection
System — Calcium Phosphate 40 transfections E1200
Transfectam® Reagent for the
Transfection of Eukaryotic Cells 1mg E1231
0.5mg E1232
TransFast™ Transfection Reagent 1.2mg E2431
Tfx™-20 Reagent 4.8mg E2391
Tfx™-50 Reagent 21mg E1811
Antibiotic G-418 Sulfate 100mg V7981
T7 EEV Promoter Primer 2ug Q6700
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