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Abstract 
Objective: To construct the luciferase reporter plasmids for Human cytomegalovirus 
major immediate early promoter (MIEP). Methods: The sequence for the MIEP promoter 
was obtained from pcDNA3.1(+) plasmid by enzyme digestion and cloned into luciferase 
reporter plasmid pGL3-Basic plasmids. The MIEP-Luc plasmid was transformed into E. 
coli DH5α and the length of the target gene fragment was observed by agarose gel 
electrophoresis. The transformed positive samples were identified by gene sequencing 
in order to determine the integrity of the inserted target gene. Results: It was showed 
that the MIEP-Luc recombinant plasmid was transformed successfully into E. coli DH5α. 
The sequence of MIEP promoter region in target plasmid was correct according to the 
sequencing results. Conclusion: A luciferase reporter plasmid for MIEP promoter was 
successfully constructed. The plasmid would provide an significant research tool for 
revealing the gene regulation mechanism about Human cytomegalovirus major 
immediate early promoter (MIEP). 
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1. Introduction 

The regulation of gene expression is a complicated and rigorous process[1]. At present, the dual 
luciferase reporter gene system has become an invaluable tool for the analysis of cloned promoter 
DNA fragments, for verifying the ability of a potential promoter fragment to drive the expression of 
a luciferase reporter gene in various cellular contexts and then the transcriptional regulatory 
relationship between genes was verified[2]. 

Human cytomegalovirus (HCMV), a linear double-stranded DNA betaherpesvirus, is characterized 
by widespread seroprevalence[3]. HCMV can establish latency without any symptoms and causes 
severe complications and high mortality rate in the immunocompromised individuals[4]. HCMV 
latency and reactivation is regulated by the major immediate early promoter (MIEP) within myeloid 
cells[5]. Human cytomegalovirus major immediate early promoter(HCMV MIEP) is widely used as 
a strong and constitutively active promoter[6]. The MIEP contains a lot of motifs for the binding of 
cellular and viral activating (e.g., CREB, NF-κB, AP-1) and repressive transcription factors (e.g., 
SBP, modulator recognition factor, PDX1, YY1, methylated DNA-binding protein, GFI-1, ERF)[7].It 
have been reported to be a good example of a complex regulatory mechanism.  

Construct a research tool that can effectively monitor the activity of the MIEP will be conductive to 
studying the transcriptional regulation mechanism of MIEP in HCMV latency and reactivation. 
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2. Materials and Methods 

2.1 Materials 

pcDNA3.1(+) plasmid was preserved in our laboratory and pGL3-Basic plasmid was purchased from 
Promega. Both enzyme and T4 DNA ligase were purchased from Thermo Scientific. E. coli DH5α 
growned in LB broth (tryptone, 10 g/L; yeast extract, 5 g/L; NaCl, 10 g/L) or on LB agar (tryptone, 
10 g/L; yeast extract, 5 g/L; NaCl, 10 g/L; agar, 15-20 g/L) at 37 °C, either in the absence or in the 
presence of ampicillin (100 g/ml). E. coli DH5α. were stored in LB broth plus 50 % glycerol at-80 °C. 
Plasmid Extraction mini kit (DP103), Gel Extraction Kit (DP209) were purchased from Tiangen 
biotech(Beijing) company.. 

2.2 Preparation of Recombinant Plasmid 

The MIEP Sequences were obtain from pcDNA3.1(+) plasmid by enzyme digestion. Added 5μg 
pcDNA3.1(+) plasmid, 2μl Bgl Ⅱ, 2μl Hind III, 5μl 10×Green Fast Digest Buffer and added ddH2O 
to reach 50μl, thoroughly mixed and then reacted at 37℃ for 1h. Restricted DNA products were 
identified and separated by using 1% agarose gel electrophoresis and purified by Gel Extraction Kit. 
The purified product was inserted into plasmid pGL3-Basic. After that, the Vector was transformed 
into E. coli DH5α competent cells and the bacterial solution was uniformly spread on a plate 
containing Amp, and a single white colony was picked. The schematic of MIEP-Luc plasmid 
construction was showed in Fig.1. 

 

 
Fig. 1 Schematic of MIEP-Luc plasmid construction 

2.3 Characterization of Recombinant Plasmid 

4ul Recombinant plasmid, 1μl Bgl I, 1μl Hind III, 1μl 10×Green Fast Digest Buffer and 3ul ddH2O 
were added to a reaction system, thoroughly mixed and then reacted at 37℃ for 1h. Electrophoresis 
was performed a 1% agarose gel, and the expected band was cut and sent to sequencing. 

3. Result 

3.1 Restriction Enzyme Digestion of pcDNA3.1(+) and pGL3-Basic Plasmid 

The MIEP Sequences from pcDNA3.1(+) plasmid and pGL3-Basic plasmid double digestion result 
were visualized by agarose gel electrophoresis (Fig. 2). The result showed that the single DNA band 
around 900 bp that corresponds to the size of MIEP promoter. 
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Fig. 2 The result of pcDNA3.1(+) plasmid and pGL3-Basic plasmid double digestion 

(M:DNA ladder; lane 1: pGL3-basic plasmid; lane2: pGL3-basic plasmid enzyme-digested 
products; lane3: pcDNA 3.1(+) plasmid; lane 4: pcDNA 3.1(+) plasmid enzyme-digested products) 

3.2 Restriction Enzyme Digestion of pcDNA3.1(+) and pGL3-Basic Plasmid 

The recombinant plasmid was extracted from monoclonal bacterial strains, and double-digested with 
Bgl I and Hind III(Fig.3). The corresponding plasmid was sent for sequencing. The sequencing results 
were aligned by NCBI and showed that the MIEP-Luc recombinant plasmids were successfully 
constructed. 

 

 
Fig. 3 Restriction enzyme identification of MIEP-Luc 

(M: DNA ladder; lane 1: MIEP-Luc recombinant Plasmid; lane 2: MIEP-Luc enzyme-digested 
products) 

4. Discussion 

The balance between HCMV latency and reactivation/lytic replication is the important aspect of 
HCMV infection. The MIEP determines the efficiency of HCMV replication and expression of viral 
genes after HCMV initial infection or reactivation, so the activity of MIEP mark the reactivation of 
HCMV. The MIEP region is complex, and it is regulated by chromatinization and associated factors, 
as well as a variety of transcription factors[8]. Therefore, the molecules regulate MIEP activity have 
become the research hot spot of the HCMV reactivation. 

The dual luciferase reporter gene system has widely used for good reproducibility, high sensitivity 
and wide linear range[9].The pGL3-Basic plasmid contains no promoter or enhancer. The exogenous 
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promoter sequences were cloned into the luciferase gene upstream region, and then the recombinant 
plasmid was transfected into cells. The exogenous promoter can drive the expression of luciferase 
gene. Therefore, the promoter activity can be quantified by luciferase activity. 

Luciferase reporter plasmid MIEP-Luc containing HCMV major immediate early promoter was 
constructed successfully in this study. Subsequently, we will co-transfect the exogenous MIEP-Luc 
and molecules which may regulate the activity of MIEP into cells to observe the effects of several 
factors on MIEP activity. It can provide help to understanding HCMV reactivation from latency. 
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