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Introduction 

 

The objective of this study was to observe the production of transgene hpxn in JM2 cells 

grown in tissue culture. This research was aimed to provide insight into the production of rat 

hpxn and to provide a stepping-stone leading to other in vitro lab studies and in vivo animal 

trials. These studies are designed to gain new advances in the treatment of sickle cell disease 

development. Hpxn is a plasma glycoprotein that undergoes a conformational change while 

binding to circulating heme, a dangerous free radical containing macromolecule (Tolosano & 

Altruda, 2002). Hemolysis means rupture of heme containing blood cells (“Hemolysis”). 

Hemolysis increases heme concentrations in blood plasma (Delanghe & Langlosi, 2001). 

Hemolysis can be caused by a number of medical conditions including sickle cell disease 

(Ascenzi et al., 2005). Hpxn is highly variable between species (Ascenzi et al., 2005). Therefore, 

rat hepatocytes, JM2 cells, were necessary for this experiment to correctly assemble, fold, and 

glycosylate rat hpxn. The difference between the pORF5 wild type hpxn plasmid and the pORF5 

missense hpxn plasmid is a four base pair change, which results in the production of different 

amino acids (“Missense mutation,” 2012). In two locations Carol Bruzzone previously changed 

two histadines to alanine in the pORF5 missense hpxn plasmid. These changes occurred at amino 

acids 79 and 149. pORF5 is an InvivoGen plasmid that is selectable in bacteria and functions in 

both bacterial and mammalian cells. The hypothesis of this experiment was that the pORF5 wild 

type hpxn plasmid transfected in tissue culture would produce a functional protein during 

glycosylation, while pORF5 missense hpxn plasmid transfected in tissue culture would yield a 

non-functional protein during glycosylation (“Missense mutation,” 2012). Graham Brown 

previously developed the activity assay utilized to determine the activity of the transgene 
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produced hpxn. The assay was created based on hpxn activity research conducted by Ann Smith 

at the University of Kansas. During this assay, the absorbance of hpxn in the cell supernatant 

alone was measured, and then compared to the same sample with the addition of 10 μM hemin 

chloride. Theoretically the absorbance readings of the two conditions will differ if hpxn is 

present in the supernatant because hpxn and hemin chloride bind together.  

Methods & Materials 

Plasmid Production 

Glycerol stock of pORF5 wild type rat hpxn and pORF5 missense rat hpxn were each 

streaked onto antibiotic plates and left in a 37°C incubator for 15 hours. Then one E.coli colony 

from each plate was transferred into 12.5 μl of media. The media consisted of Circle Grow©, 

water, and antibiotic. The colonies were left to grow in a shaker at 37°C, 220 rpm, for two hours. 

Next, the colonies were removed from the shaker and inoculated by being added to 1,000 ml 

flasks filled with 167 ml media. The large flasks were shook at 37°C, 220 rpm, for 15 hours.  

Plasmid Purification 

 To purify the plasmids pORF5 wild type and missense the E.coli cultures were removed 

from the shaker and centrifuged for 30 min. Then a 100 ml QIAGEN® Plasmid Purification Kit 

was used to purify both the plasmids. After this, the DNA was sent out for sequencing with 

primer hpxn F RFLP.  

Transfection 

 Before beginning transfection JM2 cells were thawed and established as a healthy cell 

line. Cells were plated onto three 100 mm petri dishes previously coated with 1% gelatin. Each 

petri dish contained a total of 1.6 X 10
6
 cells each. Five conditions were created, as listed in 

Table 1. Three conditions were controls: 1) cells, 2) cells plus reagent, and 3) cells, reagent, and 
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Green Florescent Protein (GFP). The other two conditions included: 1) cells, reagent, GFP, and 

pORF5 wild type rat hpxn plasmid, and 2) cells, reagent, GFP, and pORF5 missense rat hpxn 

plasmid. 24 hours after the cells had been transferred onto the petri dishes, the cells were washed 

once with 5% fetal bovine serum (FBS) JM2 media with no antibiotic. Then, 2 ml of transfection 

media was added to each petri dish. Next, 1 ml of transfection media was aliquotted into 8 

transfection tubes. Then, 1 μg/μl pORF5 wild type rat hpxn plasmid and 1μg/μl pORF5 missense 

rat hpxn plasmid were added to their respective tubes, as displayed in Table 1. The tubes were 

gently mixed to become homogeneous. Then, Invitrogen Lipofectamine LTX Reagent, lot 

number 1085480, was added to each tube according to Table 1; the tubes were again mixed. 

Next, Invitrogen Plus Reagent, lot number 1085484 was added to the tubes, according to Table 

1. Each tube was then vortexed for 10 seconds and incubated for 30 min at 37°C. Each solution 

was added to a petri dish of JM2 cells.  

6 hours post-transfection the transfection cocktail media was removed and 10 ml of 15% 

FBS JM2 media was added to each petri dish. 20 hours post-transfection the media was changed 

to 5 ml of JM2 growth media with no FBS and .123μg of N6,2′-O-Dibutyryladenosine 3′,5′-

cyclic monophosphate sodium salt (CAMP) per 500 mL of media. 74 hours post transfection the 

media was removed from each petri dish and centrifuged for 5 min at 4°C, 500 g. The 

supernatant was removed and stored along with the remaining cells.  

Gel Electrophoresis  

6X buffer was added to each of the nine samples according to Table 2 and then each 

sample was placed in a 95°C heat block for 3 min. Then, the samples were added to rinsed wells 

in a 10% gel with 1X Tris-Gly-SDS Running Buffer. 10 μl of protein standard BIO-RAD 161-

0324 was used as a reference. The gel ran for 1 hour at 200 V. Then, a 7 cm x 14 cm 
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polyvinylidene fluoride (PVDF) membrane was soaked in 100% methanol for 1 minute, and then 

soaked in 1X transfer buffer on a shaker. Once the gel finished running, the gel casing of the 

Criterion Gel Box was cracked open. The gel was placed into 1X Transfer Buffer and allowed to 

equilibrate. Then the transfer cassette was assembled and placed in a transfer box. A stir bar was 

also placed in the transfer box and the transfer box was placed in a refrigerator and transferred at 

100 V for 1 hour. Once transferred, the PVDF membrane was blocked on a rocker with 20 mL 

blocking solution for an hour. Then the PVDF membrane was incubated for 12 hours at 4°C with 

the antibody: Hpxn, Lifespan, Cat# LS-C125707/36403. 1:500, 4C O/N. After the completion of 

the primary blocking cycle, the blot was washed with .1% Phosphate Buffered Saline Tween-20 

(PBS-T) for 25 min, and again washed 5 times with PBS-T for 5 min each. Then 1 mL of thawed 

electrochemical fluorination (ECF) substrate was pipetted out in aliquots onto a transparency 

film. The PVDF membrane was removed from PBS-T, placed face down onto aliquots, and 

incubated for 10 min. Last, the transparency film was removed and dried.   

Activity Assay 

The activity assay was performed on the JM2 supernatant collected from the 5 conditions. 

The activity of hpxn was determined using hemin chloride and spectrophotometer technology, 

based on the methodology of Ann Smith from Kansas University and Graham Brown. Hemin 

chloride was produced by mixing 1.3 mg hemin with 1 mL of 100 µM NaOH. This solution was 

enveloped in tin foil and diluted with distilled H2O until a total concentration of 20 µM hemin 

was achieved. The solution was incubated on a slow spinning rack at room temperature for 30 

min.  To determine the activity of hpxn collected from the supernatant 70 µM of supernatant was 

tested in a spectrophotometer. Then, the absorbance of 35 µL of supernatant combined with 35 

µL of hemin chloride was determined and compared with the absorbance of just the supernatant.  
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Results 

 There are four main results of this study that require impartation. First, the results of the 

DNA sequencing for pORF5 wild type and missense displayed that these two plasmids indeed 

differed by 2 amino acids: At amino acid locations 79 and 149 histadines in pORF5 wild type 

were alanines in pORF5 missense. Second, the JM2 cells underwent successful transfection; with 

a calculated transfection percentage of 33% 20 hours post-transfection and 37% 50 hours post-

transfection. As displayed in Figure 1, all 5 conditions display healthy, unaffected cells. Third, 

the results of the Western blot showed that only the protein standard, the positive control, had 

adequate levels of protein required to be visible on the Western blot. As seen in Figure 2, the 

protein standard is the only mark. Lastly, the results of the activity assay revealed that no change 

was detected for any of the conditions by the spectrophotometer between the supernatant and the 

supernatant mixed with hemin chloride. These results are displayed for the two samples of JM2 

supernatant transfected with pORF5 wild type and missense in Figures 3 and 4.  

Discussion 

 Based on the results of this research, it is apparent that the cell supernatant did not 

contain a high enough concentration of hpxn to produce any significant results using Western 

blot technology or the Ann Smith and Graham Brown activity assay. The results of the 

sequencing indicated that pORF5 wild type was indeed the genetic code needed to produce rat 

hpxn and pORF5 missense had the correct base pair alterations to theoretically produce none 

functional rat hpxn. The images of the JM2 cells 20 and 50 hours post transfection indicated that 

successful transfection of pORF5 wild type and missense occurred. The hpxn antibody detected 

no evidence of hpxn, since no marks were found on the Western blot. Similarly the activity assay 

showed no change in absorbance after the addition of hemin chloride. This indicated that no 
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hemin and hpxn binding activity occurred and that hpxn was not present in detectable 

concentrations in the supernatant. The lack of hpxn in the supernatant and the consecutive failure 

of the Western blot and activity assay can be due to a limited number of possibilities. Most likely 

the hpxn was trapped within the cytoplasm of the JM2 cells. To test this hypothesis the RNA will 

be extracted from the harvested JM2 cells and sequenced. If hpxn was trapped in the cytoplasm, 

the RNA sequencing results will show evidence of this. Also, the remaining cell supernatant will 

be further condensed and re-tested via a Western Blot and activity assay. If this approach proves 

ineffective, JM2 cells will again be transfected with pORF5 wild type and missense, then lysed, 

and harvested for hpxn. Ideally, future results will support that the pORF5 wild type plasmid 

produces functional hpxn and pORF5 missense plasmid produces non-functional hpxn 

(“Missense mutation,” 2012). If these results are confirmed, pORF5 wild type plasmid will be a 

positive control in animal trials while pORF5 missense will be a negative control. By studying 

hpxn the mechanisms of heme binding and hemolysis can be divulged, possibly leading to 

significant findings that could alter the treatment of sickle cell disease and other blood disorders. 
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Tables & Figures 

Table 1 

Cell Reagent  Lonza 

pmaxGFP 

(.5ug/ul) 

pORF5 Wt 

hpxn 

(1ug/ul) 

pORF5 Ms 

hpxn 

(1ug/ul) 

-No DNA 

-No Reagent 

-10ml Media 

-1 ml 

optimal 

media  

-12ul LTX 

-5ul 

Enhancer  

-1 ml 

optimal 

media  

-12ul LTX 

-5ul 

Enhancer 

-10ul GFP 

-1 ml 

optimal 

media  

-12ul LTX 

-5ul 

Enhancer 

-5ul GFP 

-1 ml 

optimal 

media  

-12ul LTX 

-5ul 

Enhancer 

-5ul GFP 

JM2 pORF5 wild type and missense transfection cocktail This table lists the transfection 

cocktail for all five conditions. 2 ml of transfection media was added to each petri dish. 1 ml of 

transfection media was aliquotted into 8 transfection tubes. 1 μg/μl pORF5 wild type rat hpxn 

plasmid and 1μg/μl pORF5 missense rat hpxn plasmid were added to their respective tubes. The 

tubes were gently mixed. Invitrogen Lipofectamine LTX Reagent, lot number 1085480, was 

added to each tube and then mixed. Invitrogen Plus Reagent, lot number 1085484 was added to 

the tubes. All of the tubes were then vortexed for 10 seconds and incubated for 30 min at 37°C. 

Each solution was added to a petri dish of JM2 cells.  

 

   Table 2 

  

Lane Condition STRAIN ug/uL 
uL (2μg/lane) 

6X 

Buffer(μL) 
Water (μL) 

5 MARKER 

BIO-RAD 

161-0324         

6 MS 5ug   202.86 9.86 1.64 13.50 

7 WT 5ug   166.52 12.01 2.00 10.99 

8 GFP 5ug   162.52 12.31 2.05 10.64 

9 Rg 5ug   173.9 11.50 1.92 11.58 

14 JM2   107.1 18.67 3.11 3.21 

JM2 Supernatant Concentrations and Western Gel Data The hpxn concentration (ug/uL) was 

collected from the supernatant of each condition. Based on the concentration the volume of 

supernatant, 6X buffer and water added to each well was determined. The first column lists 

which lane each condition was ran in.  
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Figure 1 

 
JM2 cells 20 and 50 hours post pORF5 wild type and missense transfection These images of 

JM2 cells show that the cells were equally healthy in the 5 various conditions both 20 and 50 

hours post-transfection. This image displays that cells transfected with pORF5 wild type and 

missense plasmids were healthy based on the appearance of the control conditions. The percent 

transfection was determined as 33% and 37% at respectively 20 and 50 hours post-transfection. 

The cell images indicated no sign of distress at either 20 or 50 hours post-transfection, despite 

that at 50 hours post transfection the cells had been submerged in 5 ml of JM2 growth media with 

no FBS and .123μg of N6,2′-O-Dibutyryladenosine 3′,5′-cyclic monophosphate sodium salt 

(CAMP) per 500 mL of media for 30 hours. At 74 hours post-transfection the supernatant and 

the cells were harvested.  
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Figure 2 

 
JM2 supernatant hpxn Western blot the results of the Western blot show that only the protein 

standard, the positive control, had adequate levels of protein required to be visible on the 

Western blot. As seen, the protein standard in lane 5 is the only mark. All of the five conditions: 

1) cells, 2) cells plus reagent, 3) cells, reagent, and GFP, 4) cells, reagent, GFP, and pORF5 wild 

type rat hpxn plasmid, and 5) cells, reagent, GFP, and pORF5 missense rat hpxn plasmid 

produced supernatant with undetectable concentrations of hpxn. The 10% gel was transferred at 

100 V for 1 hour. The membrane was incubated with antibody Hpxn, Lifespan, Cat# LS-

C125707/36403. 1:500, 4C O/N for 12 hours.  
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Figure 3 

 
 

Figure 4 

 
Figures 3 & 4: Hpxn activity assay of supernatant from both pORF5 wild type and 

missense transfected JM2 cells This activity assay displays the lack of absorbance difference 

between the supernatant and the supernatant plus an equivalent amount of hemin chloride. These 

results indicated that no hpxn and hemin chloride binding occurred. Biding did not occur because 

hpxn was not concentrated enough in the supernatant. Hemin alone was included in these figures 

as a base line.  
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