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Myoglobin is an oxygen storing protein found in both cardiac and skeletal tissues. The function of myoglobin (Mb) is to store O2 until the tissue needs to consume it. Hemoglobin is the O2 carrier in the blood that transports O2 to Mb for storage. At the heart of the heme group in Mb there is an aromatic, planar porphyrin ring. It is this porphyrin ring that attaches to the Fe center. Mb can exist with various ligands other than O2 attached to its Fe heme, or it can exist with no ligand at all. Attaching an O2 group to a Fe molecule is a rather difficult task because the Keq of the reaction O2+4Fe2++4H+(2H2O+4Fe3+ is 7.1x1029(1). However, Mb makes this Keq much smaller, allowing it to store O2 until it is needed. In this experiment, we began with Oxy Mb, Fe(II)O2. From this starting material we prepared three different derivatives:

Deoxy Mb, Fe(II)

Met Aquo Mb, Fe(III)H2O and

Carboxy Mb, Fe(II)CO

Once each of these was created, we performed uv-vis spectroscopy on each of the samples to determine how successful we were at carrying out our procedure.   

Experimental Procedure

We combined 9.6257g of choice cube steak and 25mL of 10mM potassium phosphate buffer at pH 7 in a disposable centrifuge tube and stirred gently for one minute (2). To separate the Mb from the rest of the steak, we placed it in a centrifuge for 20 minutes at 8,000 rpm. After this initial session, we determined that another 10 minutes at 10,000 rpm was necessary. After we were satisfied with the separation, we decanted the red Mb/phosphate buffer solution from the beef solids. Using 1ml of this solution, we diluted it with another 6mls of 10mM phosphate buffer. At this point we ran a uv-vis measurement on the diluted sample. 

Next we took 5mL of the original non-dilute Mb solution and ran it down a Sephadex G-25 column to purify the sample. After we diluted 1mL Mb solution with 6mL 10mM phosphate buffer, we performed another uv-vis measurement on this sample. With the remaining 4mLs of G-25 purified Mb solution, we ran a Sephadex G-50 column to further purify the Mb sample. We performed another uv-vis measurement on this further purified sample. The G-25 column was used to separate the Mb from impurities smaller than 5,000 Daltons (3). The G-50 column was used to separate the Mb from impurities larger than 30,000 Daltons. 

The next step once again required use of our original non-dilute Mb solution. We combined 5mLs of this solution with approximately 15 crystals of Potassium Ferricyanide. This step produced met aquo Mb, Fe(III)H2O. 1mL of the resulting solution was combined with 7mLs of 10mM phosphate and a uv-vis measurement was performed on this solution. To remove excess potassium ferricyanide, we ran the remaining 4mLs of the cyano Mb down a Sephadex G-25 column. 

After completion of this uv-vis measurement, we made a dilute potassium ferricyanide solution with the 10mM phosphate buffer. We performed a uv-vis measurement on this solution to determine its absorbance maxima. The absorbance maxima for potassium ferricyanide are needed to determine the effectiveness of our Sephadex G-25 column at purifying our sample. 

Upon completion of this part of the experiment, we began using commercial lyophilized Mb, provided to use by Dr. Tony Oertling. First, a stock Mb solution was made by adding a small amount of myoglobin to 2mLs of 10mM phosphate buffer at pH 7. To determine the concentration of our stock solution, 75(Ls of our stock solution was diluted to 3mLs with 10mM phosphate buffer. A uv-vis measurement was taken on this sample and Beer’s Law was applied to determine the concentration. 

The next part of our experiment involved reducing Fe(III)H2O to deoxy Fe(II). At this point we switched from using the Mb we extracted to using commercial Mb. To accomplish this we employed sodium dithionite. To prevent O2 from binding to the reduced Fe(II), we needed to create an anaerobic environment. To accomplish this we deoxygenated both the 10mM phosphate buffer and 25 mg of sodium dithionite crystals by washing them with argon. Once each of these was degassed, we added .5mL of the degassed 10mM phosphate buffer to the degassed sodium dithionite crystals. This transfer was done with a syringe and applied through a septum cap to prevent any O2 from entering the system. We transferred our original dilute commercial Mb solution to an anaerobic cuvette and employed the same method to degas this sample. Once degassed, 5(Ls of our reducing sodium dithionite solution was added to our Mb solution. A uv-vis measurement was taken to determine that all the Mb was now in its reduced, unligated form. 

Once we were satisfied that our reduction was complete, we introduce carbon monoxide to our Mb sample by bubbling CO through the cuvette. The sample remained anaerobic by employing the same techniques as before. Once we were confident that enough CO had been introduced to the system, we performed another uv-vis measurement. 

Results

Figure 1 shows that our uv-vis results from the column purification steps indicate two things: that the G-25 column purified the Mb solution and that from uv-vis spectrum we cannot conclude if the G-50 column purified the Mb solution. This indicates that there were impurities in our sample smaller than 5,000 daltons and that there was an absence of ultraviolet light absorbing impurities larger than 30,000 daltons. 

Figure 1

This uv-vis spectra shows that the G-25 column purified some of the impurities that have absorbence in the ultraviolet end of the spectra. Sample A is the original Mb solution before any purification. Sample B is the Mb solution after running it down the G-25 column. Sample E is the Mb solution after both the G-25 and G-50 columns had been run. 

Figure 2 shows the uv-vis spectra for our Mb sample a week prior to column purification. It shows that a significant amount of our original solution was oxy Mb and that after a week of sitting in the refrigerator the predominant species was met aquo Mb. This can be determined by looking at the peaks at 542nm and 580nm. The uv-vis spetrum in figure one has less dominant peaks at these points than in the original solution in figure 2. 

Figure 2:

This figure shows that our original Mb solution was mostly oxy Mb, compared to the mostly met-aquo solution after a week of storage. The presence of oxy Mb can be determined by the peaks at 542nm and 580nm. 

Figure 3 shows that our uv-vis results from the oxidation of Mb using potassium ferricyanide provided us two results: the first being that the G-25 column indeed removed excess potassium ferricyanide from our solution; the second being that potassium ferricyanide has a similar absorbance maximum as our Mb solution. 

Figure 3

This uv-vis spectra indicates that running our sample down a G-25 column purified the sample by removing excess potassium ferricyanide. It also indicates that potassium ferricyanide has an absorbance maximum similar to that of our Mb. 

For the last part of our experiment, we showed the progression of converting met aquo Mb to deoxy Mb to carbon monoxy Mb. Figure 4 shows that each peak provides clear information that the reactions were carried out successfully and that we were able to maintain an anaerobic environment. 

Figure 4

Sample M is the commercial Mb solution before washing it with Argon and adding sodium dithionite. Sample N is the Mb solution after adding sodium dithionite, which generated deoxy Mb. Sample O is the solution after the deoxy Mb was converted to carbon monoxy Mb. The peaks at 310nm on both samples N and O indicate the presence of sodium dithionite. The concentration of sodium dithionite went down over time as it was consumed by O2. This indicates that our environment was not perfectly anaerobic.

Discussion

This experiment shows how useful uv-vis measurements can be when monitoring the ligand attached to a heme protein. Without the use of such technology, we could not have been sure of the effectiveness of our reactions and purifying steps. The use of Sephadex columns proved to be valuable when attempting to rid our samples of impurities. One of the abnormalities we faced was the presence of the deoxy Mb peak at 426nm, which differed from the published value of 434nm (4). Unfortunately, to prove we were successful at creating deoxy Mb we would need the absorbances at 540nm and 580nm, but these were unavailable to us.  However, we feel confident in our results because we got a clean uv-vis spectrum, without any peaks that could not be accounted for. 
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