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Abstract: Green florescent Protein (GFP), originally isolated from the jellyfish Aequorea Victoria, has proven to be 
a useful reporter for monitoring gene expression and protein localization in vivo and in real time when fused to an 
intracellular or secretary  protein. Unlike other bioluminescent reporters, GFP requires no additional proteins, 
substrates or co-factors to emit light. When irradiated with UV light or blue light, it emits green light, which enables 
the examination of expressed gene after expression. Enhanced green fluorescent protein (EGFP) is a red shifted 
variant of wild-type GFP which has been optimized for brighter fluorescence and higher expression in mammalian 
systems. In order to construct a hygromycin resistant EGFP fusion vector we transferred the EGFP open reading 
frame of pEGFP-C1 (Clontech) to pCDNA3.1/Hygro/lacZ (Invitrogen) after excision of the lacZ fragment from the 
latter vector. Cloning confirmation procedures and EGFP expression of transfected MCF-7 breast cancer cell line, 
additionally with hygromycin resistance phenotype of the green shining cells following treatment of the transfected 
cells with hygromycin B revealed that our newly synthesized hygromycin resistant EGFP fusion shuttle vector was 
constructed successfully. This vector can be used as an easily detectable reporter and/or protein fusion vector for a 
number of basic experimental applications in situ and in vivo. 
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 Introduction: Green Fluorescent Protein (GFP), a 238 amino acids polypeptide chain, is 
responsible for the emission of green light in Aequorea Victoria, a Pacific hydromedusea. It has 
evolved into a refined tool for today’s biological research. (Chalfie M 1995). Application of 
GFP has the potential to enhance our understanding of dynamic biological processes such as 
cell division and migration, fused protein localization, cell separation by FACS, evaluation of 
the efficiency of different transfection reagents and so on (Kain SR et al 1995). GFP is a ready-
made fluorescent protein, so it is particularly easy to use. Most of the proteins that deal with 
light, use exotic molecules to capture and release photons. GFP, on the other hand, has all of its 
own light handling machinery built in, constructed using only amino acids. It has a special 
sequence of three amino acids: serine-tyrosine-glycine (sometimes, the serine is replaced by the 
similar threonine). When the protein chain folds, this short segment is buried deep inside the 
protein. Then, several chemical transformations occur: the glycine forms a chemical bond with 
the serine, forming a new closed ring, which then spontaneously dehydrates. Finally, over the 
course of an hour or so, oxygen from the surrounding environment attacks a bond in the 
tyrosine, forming a new double bond and creating the fluorescent chromophore (Ormo M et al 
1996). Since GFP makes its own chromophore, it is perfect for genetic engineering and is easy 
to detect without the need to add any substrate for its green emission.  
Enhanced green fluorescent protein (EGFP) is a red shifted variant of wild-type GFP which has 
been optimized for brighter fluorescence and higher expression in mammalian systems with 
excitation maximum of 488 nm and emission maximum of 507 nm (Stauber RH et al 1998). 
pEGFP-C1 (Clontech) encodes this optimized variant of GFP as a C-terminal fusion protein. 
Fusions to the C-terminus of EGFP retain the fluorescent properties of the native protein 
allowing the localization of the fusion protein in vivo.  
Antibiotic selection can be used to enrich cultures for cells that were successfully transfected 
with the expression vector by killing off cells that lack the plasmid. Hygromycin B is an 
aminoglycoside antibiotic produced by Streptomyces hygroscopicus which inhibits protein 
synthesis by interfering with translocation and causing mistranslation by the 80S ribosome 
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(Gritz and Davies 1983). Because it uses a different mode of action than Geneticin, Blasticidin 
S, or Zeocin, it is perfect for dual-selection experiments when used in conjunction with another 
selection agent (Brodersen DE et al 2000). The hygromycin resistance gene, hphr 
phosphorylates and inactivates the antibiotic, hygromycin B, to confer antibiotic resistance to 
cells expressing it.  
 
Materials and methods: 
Plasmid preparation from dam negative bacterial strain: In order to cut pEGFP-C1 and 
pcDNA3.1/hygro/lacz vectors with XbaI, which is a dam sensitive restriction enzyme, these two 
plasmids were transfected into E-coli GM2163 dam negative strain using multiporator device 
according to the manufacture’s protocol (eppendorf). Transfected cells incubated at 37˚ 
overnight and plasmids extracted via phenol chloroform method (sambrook et al). 
Construction and confirmation of pEGFP-Hygro plasmid: pEGFP-C1 plasmid extracted from 
E.coli GM2163, was double digested with NheI and XbaI, and following agarose gel 
electrophoresis a 810 bp fragment including the kozak sequence, EGFP coding sequence and 
Multiple Cloning Site (MSC) of pEGFP-C1 was excised and purified from gel by QIAquick Gel 
Extraction kit (Qiagne). pCDNA3.1/Hygro/lacZ was also double digested with NheI and XbaI 
for exision of the lacZ fragment (3080 bp) and after electrophoresis, the remained 5580 bp 
fragment was extracted according to the Gel Extraction Kit manual. The EGFP containing 
fragment then ligated into the multiple cloning site of the lacZ less pCDNA3.1/Hygro/lacZ, 
downstream of its CMV promoter. After ligation procedure, and transfection of E.coli TG1 
strain with the ligated plasmid, 30 colonies were picked up and examined for the desired 
plasmid with EGFP specific primer set (table1) by colony-PCR method. Among the positive 
colonies for EGFP gene, one was selected for additional confirmation by digestion with NheI 
and BamHI. The confirmed colony was cultured again and plasmid was extracted using Qiagne 
miniprep plasmid extraction kit. 
Cell culture and plasmid transfection: The MCF-7 breast cancer cell line was seeded in a 6 well 
plate with confluency of about 75% one day before transfection. pEGFP-Hygro lipofection was 
performed with GeneJuice transfection reagent (Novagen).  
Expression analysis with fluorescent microscopy: In less than 24 hours the shining green MCF-
7 cells observed in 6 well plate by inverted fluorescent microscopy.  
Hygromycin resistance assay: After 3 days the transfected cells tripsinized and diluted five 
times and plated into a new well. In parallel approximately the same number of MCF-7 cells 
plated into another well as a negative control. The diluted transfected cells and non-transfected 
cells treated separately with 200 microgram/ml Hygromycin B (invitrogen). The non-transfected 
cells were killed after 3 days of incubation at the presence of hygromycin, but the shining green 
cells survived after this period.  
 
Results and Discussion: 
pEGFP-hygro (Fig.1) construction was confirmed by digestion with appropriate enzymes 
(Fig.2) and colony-PCR method with EGFP specific primer set (Fig.3).  
The expression of EGFP in MCF-7 breast cancer cell line was observed by inverted fluorescent 
microscope (Fig.4).Transfected cells with pEGFP-hygro were responded to the hygromycin B 
dose of 200 microgram/ml. The new pEGFP-Hygro expression vector contains a hygromycin 
resistance gene to enable antibiotic selection in mammalian cells. A hygromycin B dose of 50–
3000 µg/ml is typically optimal for selecting cells containing pEGFP-Hygro. Cells without the 
resistance gene are normally killed within ~5 days. The recombinant or intact pEGFP-Hygro 
vector can be transfected into mammalian cells using any standard transfection method. If 
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required, stable transformants can be selected using hygromycin B. pEGFP-Hygro can also be 
used simply to express EGFP in a cell line of interest (e.g., as a transfection marker). This 
vector is a hygromycin resistant EGFP expressing  reporter vector which can be used for more 
efficient, easier and faster selection of transfected cells in contrast to its neomycin resistant 
counterpart. 
 
Refrences: 
1. Brodersen DE et al. (2000) Cell 22;103(7):1143-542  
2 .Chalfi M. (1995 ) Photochem Photobiol Oct;62(4):651-6  
3 .Gritz and Davies. (1983) Gene : Nov;25(2-3):179-88. 
4 .KainSR et al. (1995) Biotechniques. Oct;19(4):650-5.  
5 .Stauber RH et al. (1998)  Biotechniques Mar;24(3):462-6,468-71. 
6 .Ormo M et al.(1996)  Science :Sep ,6;273(5280):1392-5. 

pEGFP-Hygro
6.4 kb

NheI
XbaI
BamHI

 
Fig.1 pEGFP-Hygro  
 

 
Fig.2 Digestion result of pEGFP-Hygro 
with NheI and BamHI (Lane 1: DNA size 
marker (100-10000), lane 2: The intact 
plasmid, lane 3: single digested plasmid 
with NheI, lane 4: single digested plasmid 
with BamHI, lane 5: NheI-BamHI Double 
digested plasmid (the rectangle shows that 
~800 bp is excised from the plasmid) 
 

 
Fig.3 Colony-PCR result (Lane 4 shows a 
250 bp band, amplified by EGFP specific 
primers) 
 

 
Fig.4 EGFP expressing MCF-7 cells 
 
 
EGFP Forward Primer Sequence:  
 5'-CGACGGCAACTACAAGAC-
3' 
EGFP Reverse Primer Sequence:  
  5'-
GTTCTGCTGGTAGTGGTC-3' 
Table1. EGFP specific primer set 
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