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CONSTRUCTION OF NEW EXPRESSION VECTORS FOR MAMMALIAN CELLS USING THE
IMMEDIATE EARLY ENHANCER OF THE HUMAN CYTOMEGALOVIRUS TO INCREASE
EXPRESSION FROM HETEROLOGOUS ENHANCER/PROMOTERS

Manfred Wirth, Lorin Schumacher and Hansjörg Hauser

Cell Biology and Genetics Department, GBF, Gesellschaft für
Biotechnologische Forschung mbH, D-3300 Braunschweig

SUMMARY

Mammalian expression vectors were optimized by the addition of a
human immediate early (hCMVIE) enhancer DNA fragment in cis to
heterologous enhancer/promoters. The hCMVIE enhancer fragment
mediated a 3-5 fold increase in stable, but not in transient
expression from SV40 expression plasmids ina position dependent, but
orientation independent manner. Maximum expression in BHK cells was
obtained region by separating the hCMVIE enhancer 2 kb from a target
SV40 promoter/enhancer. The effect of the hCMVIE fragment is not
restricted to the SV40 system and is also observed with expression
plasmids harboring the MPSv retroviral LTR. An up to eightfold
increase in luciferase expression is obtained after stable
transfection of CMV/MPSV-expression constructs if compared to the
respective SV40 expression plasmid.

1 INTRODUCTION

For generation of high-level expressing cell lines parameters
affecting gene expression have to be examined in detail. At the
transcriptional level three factors influence the expression of
stably transferred genes, the transcription efficiency from the
respective enhancer/promoter in the chosen cell line, the gene's
copy number and its integration locus. In the current investigation
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we present eukaryotic expression vectors harboring a hCMV enhancer

fragment which allows high-level expression of foreign genes in
mammalian cells.

2 METHODS

For plasmid constructions standard protocols were followed.

Transfections were performed using the calcium-phosphate

coprecipitation method as described earlier (1). The determination

of luciferase activity was done as described (2).

3 RESULTS AND DISCUSSION

In order to optimize expression from existing mammalian expression
vectors, we investigated the influence of distance or orientation of

the CMV-Enhancer on expression from a transcription unit promoted by

the SV40 early region . For this purpose plasmids were constructed

which carry a hCMV enhancer DNA fragment (Pos. -147 to -597, (3))

upstream or downstream of the SV40 transcription unit (Fig.1). The
plasmids are derivatives of an earlier described expression vector
PBHE (4) and contain as a reporter gene the luciferase cDNA from

Photinus pyralis. The transfection of the constructs into mammalian

cells allows a fast and sensitive analysis of DNA fragments that

trigger the transcription from the SV40 early promoter in cis. Fig.

1 depicts the position/orientation effects after stable or transient

transfection of the respective plasmids into BHK cells. It is evident

that the CMV fragment increases expression from the SV40 unit only

in the stable expression experiments. The positive effect seems to

be orientation independent and is maximal, if the CMV-region is
approximately 2 kb apart from the sv4o enhancer/promoter.

In order to test whether the CMV-mediated enhancement is a general

phenomenon the fragment was inserted into a plasmid which carries
the strong transcriptional control region of the retroviral

myeloproliferative sarcoma virus (MPSV-LTR) (A, 5)» Zune these

constructs the fragment was placed 2 kb apart from the MPSV-LTR.

Results of stable transfection experiments are shown in Fig.2. They
demonstrate that expression from the retroviral promoter in a

MPSV/CMV construct is increased eightfold, if compared to the

expression plasmid harboring thesSV40 early promoter enhancer alone.

At present we investigate, whether the double enhancer vectors show
similar characteristics with other genes and in other cell lines.
Striking effects of a second enhancer on heterologous transcription
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Fig. 1. The influence of position and orientation of the CMVieenhancer fragment on expression from the SV40 early region.A. Schematic representation of expression plasmids.Abbreviations: CMV, human Cytomegalovirus immediate early enhancerfragment; SV, Sv4o early enhancer/promoter region, pA polyadenylationsignal from SV40 late region; int SV40 late splice signalsB. Relative luciferase expression from plasmids after transient orstable expression of BHK cells.
Expression plasmids drawn schematically in A were transfected intoBHK cells. Luciferase expression was determined in cell extracts
emission in a luminometer. Abscissa numbers designate the .distancein bp between sv4o enhancer/promoter and the CMV-Enhancer, the arrowsoutline the orientation of the CMV-enhancer fragment.

units have been presented in two reports (6, 7). Friedman et al. (7)
showed that a SV40 enhancer if located 1.6 kb and 1 kb upstream of
a metallothionein promoter/enhancer can increase its expression fiveto tenfold. Unfortunately, data delineating a distance dependence
are not available. The molecular basis of the increased expressionis unclear. Potential candidates are certain chromosomal elements
which increase the average expression of transfected genes in stable
but not in transient expression experiments. However, preliminary
experiments aiming to identify a potential sar element (scaffold
attached region) with isolated nuclear matrix and CMV-enhancer
fragments revealed no SAR-binding activity of the CMV-fragment (J.
Bode, unpublished result ). Further work has to be performed to
elucidate the mechanisn.

 



 

52

 

M.Wirth etal.

SV40 Int Luciferase pA

1 ee CO 5
CMVen

  

relative LUC expression
0

8

6

4

||
|

“|
1 2 3 54

LUC expressions plasmids

Fig. 2. Effect of the presence and orientation of the CMV immediate
early enhancer fragment on expression from the SV40 or MPSV
enhancer/promoter.
A. Schematic representation of expression plasmids.
The CMV enhancer is located 2 kb apart from the SV40 or MPSV
enhancer/promoter regions. Abreviations: see Pics ir MPSV,
myeloproliferative sarcoma virus;
B. Relative luciferase expression from plasmid constructs after
transformation of BHK cells.
Expression plasmids depicted in A were stably transfected into BHK
cells. Luciferase expression was monitored from cell extracts of
clone mixtures. The numbers correlate with the the denotation in A.
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