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SUMMARY OF PROJECT CONCLUSIONS

Column chromatography with the reducing agent sodium dithionite was used to reduce methemoglobin into hemoglobin, while G-25 Sephadex gel was used to pack the column at a speed of 1.3 ml/min.  Spectral analysis of the hemoglobin indicated three peaks at 412 nm, 541 nm, and 576 nm compared to the single peak of methemoglobin at 406 nm.  Molar extinction coefficients were obtained from linear regressions of Absorbance vs. Dilution plots.  The () of all hemoglobin samples were statistically consistent with one another at p<0.05 for each of the three wavelengths.  The values of the molar extinction coefficients were 3.8 ( 0.5 x 105 M-1cm-1 95% CI at 412nm, 5.1 ( 0.9 x 104 M-1cm-1 95% CI at 541nm and 4.9 ( 0.8 x 104 M-1cm-1 95% CI at 576nm and only the value at 412nm was significantly different from literature values.  Quadratic functions were fit to the peaks at 412, 541 and 576nm for samples of hemoglobin and samples of hemoglobin with methemoglobin impurity: the peak at 576nm showed a significant difference (p<0.05) between the quadratic regression coefficients of the pure and impure hemoglobin.

OBJECTIVES

Hemoglobin is the oxygen transport molecule in humans.  It is often bought and transported as frozen blood cells, which causes part of the hemoglobin to oxidize and change to methemoglobin.  The main objective of this experiment was to determine the purity of a hemoglobin sample after reducing it from methemoglobin.   In order to complete this task, several objectives were established: 

1. Determine the most feasible method of purifying hemoglobin by studying different protocols in the literature. 

2. Determine the molar extinction coefficient of purified hemoglobin and compare the absorption peak values to the known literature values. 

3. Determine a mathematical model and obtain equations coefficients of the oxy-hemoglobin peak curvature. 

BACKGROUND INFORMATION

Methemoglobin

Methemoglobin is the form of hemoglobin, which is oxidized to the 3+ ferric state. This compound is unable to deliver oxygen to tissues; therefore, it is advantageous to convert this 3+ form of hemoglobin into the 2+ ferrous state so that tissues can get the oxygen that they need. Oxidation of hemoglobin often occurs during transport of frozen blood cells, therefore a proper method must be used to recover hemoglobin from methemoglobin. 

Methods of Hemoglobin Purification


A method for separating hemoglobin had to be chosen. Morin and Barton (1) have presented several methods for separating hemoglobin. The first method involves alkali denaturation. This method is too sensitive for our purposes and requires exact timing, therefore it is not feasible.  The next method considered was immunoassay, in which the identification of hemoglobin is based on its capacity to stimulate an immune response. The disadvantage of this method is its complexity and difficulty of taking measurements. Thus, the chosen method was column chromatography (also known as gel filtration) because its protocol can be done within the specified time limits of the lab. 

Whitaker (2) used gel filtration to determine molecular weighs of protein, therefore showing that the Sephadex gel used in gel filtration is an effective method for the separation of proteins, namely hemoglobin.  McIntosh and Dixon (3) were the first to present a reasonable protocol for the reduction of methemoglobin using gel filtration. This protocol is the basis of our experiment. McIntosh and Dixon also presented the main advantage of this method, which is that methemoglobin constantly encounters fresh reducing agent (sodium dithionite), and hemoglobin is continuously removed from the gel filtration device. The specific methods and protocol will be examined further in this report.

Absorption Spectra & Molar Extinction Coefficient: Literature Values

Literature values of oxy-hemoglobin absorption peaks, and the molar extinction coefficients at these peaks were obtained from Prahl (4). The absorption peaks for bovine hemoglobin were determined from the literature to be 412 nm, 541 nm, and 576 nm. The molar extinction coefficient at 412 nm was 500200 cm-1/M.  The molar extinction coefficient for 541 was 53264 cm-1/M.  The molar extinction coefficient at 576 nm was  55540 cm-1/M.  .  

APPARATUS AND MATERIALS

Spectrophotometer- Scan range (350-700 nm)

Model EP-1 Econo Pump

Model EM1 Econ UV Monitor

Sephadex G-25, Dextran gel particles

20mM phosphate buffer solution of pH 7

Sodium Dithionite 

SIGMA H2625 Bovine Methemoglobin-prepared from lysed erythrocytes.

Dialysis tubing

25 x 1.5 cm column

METHODS AND PROCEDURES

Preparation of the Chromatography Column

The Chromatography column was attached to the EconoPump and the Flow-Thru Spec using  0.8mm inner diameter tubing.  The flow-thru spectrophotometer was set to 280nm (UV) and the pump was set at 1.3mL/min.  The 50:50 slurry of  Sephadex beads and buffer was added to the column and allowed to uniformly pack for 10 to 15 minutes.  Buffer solution was added continuously to prevent the column from drying and cracking.

Running Hemoglobin samples through the column

The Dixon and McIntosh method (3) was used to purify the hemoglobin samples. 0.2 ml of 0.1 g/mL of sodium dithionite was added to the column. 1 ml of 50-mg/ml methemoglobin was added when all of the sodium dithionite had completely entered the gel bed. As the methemoglobin passed through the sodium dithionite zone, it reduced to purple-hemoglobin. It then changed to an orange-red color as it left the sodium dithionite. 

Determination of the best collection volume

Several trial samples were run though the column to determine the best collection volume. The absorbance spectra, provided by the Flow-thru spec, indicated when hemoglobin was exiting the tube.  The best collection starting and ending volume was determined to be between 6.7 ml and 8.0 ml.  Next, a total of six methemoglobin samples were run through the column and collected between these predetermined times. 

Dialyze Hemoglobin Samples
The dialysis tubing was filled with oxy-hemoglobin samples and tied at the ends. The samples were submerged in deionized water so that any ions could diffuse out. The water was changed every three days so that all of the ions could be extracted.

Spec. Measurements of the oxy-hemoglobin samples and determination of mass

The Spec was calibrated with buffer solution and absorption spectras were run for each hemoglobin sample. 1mL of hemoglobin solution was pipetted into a drying pan and placed in the desiccator for 5 days. The dried samples were removed on the fifth day and massed. The concentrations of the hemoglobin samples were calculated using the density of blood (g / ml).

Mathematical Model

The peaks of hemoglobin and methemoglobin at 412, 541, and 576 were mathematically modeled by plotting the top five points of the 412 peak (the top 7 points for the 541 and 576).  A quadratic function was fit to the points, and this preliminary fit was used to determine the highest point that could occur. The x-coordinate value was found by taking the derivative of the quadratic function and setting it equal to 0:





d/dx (y = Ax2 + Bx + C)





dy/dx = 2Ax + B = 0





x = -B/2A

This subsequent x-value was plugged into the original equation to find the corresponding y-value of:





y = -B2/4A + C

Because of the varying concentrations, the absorbance value (y) was normalized over the maximum absorbance possible.  The x-axis (wavelength), before normalization, increased in increments of 1.  In order to maintain these increments, the peak was shifted using the x-value so the peak would corresponded to x = 0.  These changes simplify the equation to one variable A, since C should be equal to the maximum y-value of 1 and B, representing the shift of the peak, should be 0 because the peak is centered on the x = 0 line.  Therefore, A, which represents the concavity of the peak, is the test by which to mathematically compare peaks.  The same procedure was used to compare the peaks at 541 and 576. 

RESULTS

Figure 1.  Experimental Absorbances from the Flow-Thru Spectrophotometer
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Separate absorbance readings were taken for an albumin, methemoglobin (with sodium dithionite) and a previously purified hemoglobin sample.  The first peak of all three curves exit the column at the same time.  Also for the methemoglobin and sodium dithionite sample, the second peak (sodium dithionite) exits the column after the complete exit of the first peak (hemoglobin).

Figure 2.  Experimental Spectrophotometric  Survey Scan of Hemoglobin and Methemoglobin
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Figure 3  is a survey scan of methemoglobin and hemoglobin from 350-750nm.  The concentration of methemoglobin tested was 0.0025g meth/mL buffer.  The values for hemoglobin were found by averaging survey scans of six separate trials of hemoglobin.  Each trial of hemoglobin had been reduced in the column by the sodium diothionite and after collecting from 6.7mL to 8.0mL, each sample was dialyzed for three days.  The values for methemoglobin were obtained by averaging three separate trials.  The single obvious methemoglobin peak at 406nm distinguishes methemoglobin from oxy-hemoglobin, which has three distinct peaks at 412, 541, and 576.

Figure 3.  Re-Scaled Survey Scan of Methemoglobin
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The figure above is an enlargement of the methemoglobin in Fig. 2, rescaled to more clearly show peaks due to small amounts of hemoglobin in the methemoglobin sample.   The minor peaks occur at 541nm, 576nm, 499nm, and 630nm.

Table 1.  Test of Significance Comparing Experimental Results to Literature Results
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Table 1 compares  the average value of the molar extinction coefficient to the literature values (4).  The test of significance indicates that at 541nm and 576nm, there is no significant difference between the values found in the lab and literature values.  However, the test fails for the molar extinction coefficient at 412nm.

Table 2, below, (and tables 4 and 5 in the appendix) show statistics for the various different peaks.  All significant figures for A were determined using the standard error from the curve.  The confidence limits represent the 95% confidence limits for the values of A.  The software program used, JMP IN, listed the F ratio value normalized for p < 0.05.  Finally, the t-test value comparing the curve to the data points was also listed for p < 0.05.    

Table 2.  Regression statistics for the 576 peak
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Table 2, above, lists the peak 576 statistics.  The R2 values are all above 0.98, but slightly lower than the 412’s R2 values.  The hemoglobin’s A values and their confidence limits all fall within each other.  Compared with the 412 and 541 peaks, however, the 576 peaks are more precise with smaller confidence limits.  The F-ratio and the t-test reflect this precision with a maximum value of 0.0003 and with the majority of the values < 0.0001.  The 576 peak, however, shows that the  A-value differs significantly with the hemoglobin’s A-value.  Methemoglobin’s A value including confidence limits range from –0.0005 to –0.0021, which is bigger than hemoglobin’s value plus confidence limits of –0.0035 to –0.0053.   This corresponds to a wider curve, which is shown in the figure 4.  

Figure 4.  The 576 peak mathematically modeled
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Figure 4 (and Figure 6 and 7 in the appendix) show the individual points along with the curve that the model predicts.  Theoretically, none of the individual point should exceed 1, but due to rounding errors, some of the points are slightly above 1.  None of the points, however, are above 1.005.

ANALYSIS

The Absorbance vs. Volume graph (Fig 1) shows that the initial peaks for albumin and hemoglobin overlap.  Albumin, another protein found in blood, is colorless in solution and is only slightly larger than hemoglobin with a molecular weight of 66,000 g/mol (5).  The overlap of the two peaks indicates that the G-25 beads in the column provide little separation of the two proteins.  Albumin is only one specific protein, but with only albumin available in lab, the assumption is made that this purification method will not remove impurities of large proteins.  On the other hand, the G-25 beads do an excellent job of separating the sodium dithionite.  Clear evidence of the separation of small molecules is the two very distinct peaks at 7mL and 11mL (fig. 1).  The method of hemoglobin purification is effective for removing small molecules, but does a poor job of separating out other large molecules.

The tabulated molar extinction coefficients for purified hemoglobin (Tab 3, App) show that all of the trials are consistent with one another for each of the three peaks.  However, looking at the Test of Significance for the molar extinction coefficients (Table 1), it can be seen that the molar extinction coefficient is significantly different from the literature value at 412nm, but the molar extinction coefficients at 541nm or 576nm are not significantly different from literature values.

Comparing the different hemoglobin 412 peaks with each other, the R2 value, the F-ratio, and the t-test all suggest that the quadratic equation is a legitimate fit for the data (Table 4).  When a higher order polynomial (3rd order, 4th order) was fit to the data, the F-ratio and t-test became greater than p < 0.05, indicating a statistical difference between the curve and the data.  Therefore, a second order equation was chosen.  A comparison of the hemoglobin and methemoglobin A-values with their confidence limits shows that experimentally, there is no difference within the values.  The peak wavelength for hemoglobin (412 nm) and methemoglobin (406) are different, but the normalization over wavelength eliminates that variable.  This normalization originally was to account for slight calibration differences in wavelength and error due to noise.  Using this method, however, also changes significant differences such as the peak wavelength of hemoglobin and methemoglobin.  Therefore, 412 nm peak is not a good peak to analyze a mathematical model.  

The 541 hemoglobin peaks show a strong correlation with each other as well (Table 5).  The R2 value is low, however, for trial 4 and trial 6 (Table 5).  This is probably due to the effects of noise at that absorbance level.  Since 412 nm was originally the main desired peak, the 541 and 576 peaks came out low on the absorbance scale, allowing the noise of the spectrophotometer to have a greater impact on the curve.  The hemoglobin A values and their confidence limits, however, all fall within each other.  The lower R2 value indicates scatter within the data, due to noise.  Since the 541 methemoglobin peak fell within the confidence limits of hemoglobin, it is not a good model to identify the presence of methemoglobin in a sample.    

The hemoglobin 576 peaks were consistent with each other, but the methemoglobin peak showed up to be different in shape (Table 3 & Figure 4).   In the methemoglobin sample, a small amount of methemoglobin is oxidized into hemoglobin.  This can be seen in Figure 3, where small, minor peaks are evident at the expected hemoglobin peaks wavelengths of 541 and 576nm.  The tailing off effect of methemoglobin (Fig. 2) distorts the minor hemoglobin peaks that are present, reducing the concavity the hemoglobin peak and the value of A.  In a sample of hemoglobin, therefore, if the concavity is less than expected, then the sample is not pure and could have methemoglobin impurity.  


The molar extinction coefficient was able to determine the purity at all three wavelengths: 412, 541, 576.  The mathematical model, however, was only able to distinguish a difference between hemoglobin and methemoglobin at the 576 nm peak.  Therefore, in order to analyze hemoglobin for purity, the trial should be spectrally analyzed between 500 – 600 nm.  To reduce noise and more precisely model this peak, the concentration of hemoglobin should be increased.   Specifically, a comparison of the 576 peak should be able to distinguish differences in hemoglobin and methemoglobin.    

Further work can be done in the separation of hemoglobin and other large proteins by using higher excluding gel, such as G-75.  The effect of methemoglobin on molar extinction coefficient and the math model can be explored by using varying concentrations of methemoglobin with hemoglobin.  Finally, using higher concentrations of hemoglobin will help increase the signal to noise ratio and increase accuracy of molar extinction coefficients and the quadratic regression coefficients.  

CONCLUSIONS

1. Based on the agreement of the molar extinction coefficient at 412 nm (3.8 ( 0.5 x 105 M-1cm-1 95% CI), 541 nm (5.1 ( 0.9 x 104 M-1cm-1 95% CI), and 576 nm (4.9 ( 0.8 x 104 M-1cm-1 95% CI) with each other, these peaks can be used to determine if a sample of hemoglobin is “pure” 

2. Using a quadratic equation, the 576 peak can be modeled with an A value of –0.0035 to –0.0053nm-2.  This value is statistically different from the methemoglobin value, providing a basis for comparison. 

3. If the specifications in Conclusions 1 & 2 are met, then any purified sample of hemoglobin consists of hemoglobin, large proteins (such as albumin) without methemoglobin and small molecules

APPENDIX

Figure 5.  Linear regression of absorbance as a function of concentration at 412 nm
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The sample graph above shows the linear regression for a set of dilutions for the first sample.  From the initial working solution, adding appropriate amounts of buffer made 80% 60% 40% and 20% dilutions.  The molar extinction coefficient is recovered from the slope of the graph by dividing out both the concentration of the stock solution (mol/L) and the dilution factor of the working solution (1/30).  The molar extinction coefficient is recovered from the slope of the graph by dividing out both the concentration of the stock solution (mol/L) and the dilution factor of the working solution (1/30).
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Table 3.  Tabulated Values of Molar Extinction Coefficients
In the above table, the concentration for each sample was determined by drying approximately 1 mL of the hgb stock solution.  The density was assumed to be 1g/ml and 6400g/mol was used as the molecular weight (4).  Using slopes from Absorbance vs. Concentration regressions (sample in Fig. 5), molar extinction coefficients were calculated for each trial, except for samples 3 and 6, where accidental mishandling of the drying pan led to an unusable concentration value.  Calculating upper and lower limits to the 95% confidence interval for the average (), we see that all trials are consistent for all three wavelengths, since the individual trials fall within the 95% CI.

Table 4.  Regression statistics for the 412 peak
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In Table 4, the statistics for the 412 peak are listed.  All the R2 values are above 0.97, with 4 out of the 6 values being above 0.99.  The F-ratio and t-test values are well under 0.05, with the maximum value for the trials being 0.02.  Although trial 3’s value for A is much higher than the other’s, the confidence limits show that all of the trials fall within each other.  Methemoglobin’s A value also fell within the confidence limits of the hemoglobin’s peaks at 412.  

Table 5.  Regression Statistics for 541 Peak
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In Table 5 the 541 peak statistics are given.  The R2 values are lower than the values from the 412 peak, with trial 4 and trial 6 having R2 values of 0.8401 and 0.7895, respectively.  The values of A with their confidence limits all fall within each other again.  The F-ratio and t-test values showed a much higher variability, with trial 4 and trial 6 showing values of 0.02 and 0.04, much closer to 0.05 than the values listed for the 412 peak.  Again, methemoglobin’s A value (with confidence limits) falls within the values for hemoglobin at 541.  
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Figure 6.  The mathematical model for the 412 peak

Figure 6 is the model of the peak at 412.  The yellow line represents the methemoglobin peak normalized over wavelength.  

Figure 7.  The mathematical model for the 576 peak
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Figure 7 is the model of the peak at 541 nm.  The yellow line represents the methemoglobin peak normalized over wavelength.  It is skewed to the right due to the high concentration of methemoglobin in the sample.  

REFERERENCES:

(1)  Morin, L.G. and E.G. Barton, Improved separation of fetal hemoglobin by mini-column chromatography, Clinical Chemistry 33:288-289, Feb. 1987.

(2)  Whitaker John R., Determination of molecular weights of proteins by gel filtration on Sephadex, Analytical Chemistry 35:1950-1953, Nov. 1963.

(3)  McIntosh, R. and B.F. Dixon, Reduction of Methemoglobin in Hemoglobin Samples using gel filtration, Nature, 1967.

(4) Prahl, Scott. Oregon Graduate Institute of Science and Technology, 1998.

(5) Rice University, http://www.ruf.rice.edu/~bioslabs/studies/sds-page/MW.html

PAGE  
7

