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Summary:


Over the course of four weeks, optimum operating conditions were determined for the low pressure chromatography apparatus.  At first, individual absorbance versus volume, initially time was measured, graphs for each protein were recorded.  Volume was determined using the flow rate. The proteins with the largest difference in molecular weights were chosen to be separated.  Then the ratios of each concentration were varied from 1:10 to 1:1 to 1:2 to 2:1 and finally to 3:2 Chicken Egg Lysozyme to Immuno-gamma Globulin (IgG).  The conclusion made is that having similar absorbencies of each protein increases the resolution by 9.26%.  At extreme ratios one peak would be swallowed by another peak present making a resolution calculation impossible.  From then on, ratios were taken to have the most similar absorbencies.  Next, the flow rate of the apparatus was varied from 1.0 mL/min, to 0.7 mL/min, to 0.4 mL/min.  Decreasing the flow rate from 1.0 mL/min to 0.4 mL/min, increased the resolution by 18.64% but also increased the trial time by up to 127%.  The most efficient flow rate was 0.7 mL/min because it had almost the same resolution of 0.4 mL/min but less time. Initially, sample sizes were going to be varied but the literature indicated that minimizing sample size would decrease trial time and increase resolution so sample size was not tested, just minimized.  The last parameter tested was column height.  A column three times as tall was used.  The same 3:2 ratio of Lysozyme to IgG was used.  Increased column length increased the resolution by approximately 76.79% and trial time increased by approximately 92.52%.   Statistical analysis comparing IgG or lysozyme trials individually to trials done with both IgG and lysozyme seems to indicate that some significant protein interactions occurred between the two.

Objectives:

· Obtain individual volume to absorbance curves for each protein 

· Obtain the optimal combination of the following parameters: concentration ratio, sample size, flow rate, and column height

· Devise the most efficient use of the above parameters, in order to provide the quickest process that can still produce two separate and distinct peaks, as defined in the specific aims

· In the final week, test the method of separation on proteins of more similar molecular weights to see how useful the method can be on different sets of proteins

Specific Aims:

· Obtain a reading for two proteins whose resolution between the two peaks is 1.1+/- 0.1, meaning that at the least separated and widest curves, the two curves of the proteins would just barely touch, still providing us with separate peaks.

Background:


To perform a separation, the gel medium is packed into a column to form a packed bed. The bed is a porous matrix in the form of spherical particles that have been chosen for their chemical and physical stability. The packed medium is then supplied a buffer which fills the pores between the matrix. The liquid inside the pores between the particles in known as the stationary phase and that outside is known as the mobile phase.

LPLC can be used for a number of purposes including removing impurities from a sample, identifying what constitutes an unknown sample or finding properties such as molecular weight of a sample.

Theory and Calculations:


In LPLC, a relatively short glass column is packed with solid-looking gel particles, which are porous, and can interact with solutes in a solution that flows through the gel. Solutes that are too large are excluded from the gel and can be used to measure the void volume; smaller molecules can interact and enter the gel pores. The smaller the molecule, the more can enter the gel pores and be held longer; fewer large molecules larger molecules will be held so they will elute faster. So in theory LPLC provides a method to measure the molecular weights of proteins relative to a known standard.

In order to measure the separation between the peaks, the graph of absorbance vs. time was used and the resolution equation was applied to it.  A high value of resolution, above 1, relates to a good separation of absorbance peaks.

Resolution=(V2-V1 )/ ((W 1 +W 2)/2)


V1,2=time values at respective absorbance peaks of compounds 1,2


W1,2=width at base of each respective compound’s absorbance peaks

Materials, Methods, and Apparatus:

Available Columns:

1cmx18cm column with sepharose gel (short column)

1cmx48cm column with sepharose gel (long column)

Available Sample Proteins:

Blue Dextran; MW= 2,000,00; 1 mg/mL solution

Bovine Serum Albumin; MW= 77,000; 5 mg/mL solution

Bovine IgG; MW=150,000, 10 mg/mL solution

Chicken Egg Lysozyme; MW= 14,300; 1 mg/mL solution

Bovine Hemoglobin; MW= 64,500; 2 mg/mL solution

Method

1. The test sample is applied to the well packed column

2. Buffer is also added along with the sample so both run through the matrix of the column.

3. The smaller molecules move further into the matrix, get caught between the pores of the gel matrix, while the larger ones pass by.

4. By using the time that is required for the molecules to leave the matrix we can judge the molecular weight of the samples.

Results:
Figure 1 : Absorbance Values of Different Compounds

Absorbance data for each compound was obtained using low pressure liquid chromatography at a flow rate of 1.11mL/min.  Chicken Egg Lysozyme, Bovine IgG, Bovine Hemoglobin, and Bovine Serum Albumin were tested giving absorbance values of 0.303, 0.13, 0.349, 0.027, at elution volumes of 15.52mL, 6.77mL, 14.91mL, and 12.65mL respectively.  Gamma globulin was seen to have two noted absorbance values, the first being 0.13 at 6.77mL, and the second at 0.567 at 10.82mL.  The compound with the highest molecular weight, Bovine IgG at 150,000 g/mol, was observed to elute from the column the fastest, taking 1045s, while the compound with the lowest molecular weight, Chicken Egg Lysozyme at 14,300 g/mol was seen to vacate the slowest at 1535s.  These two proteins were used in a mixture due to their higher level of peak separation.  Applying a 95% confidence interval to their absorbance peak data, Lysozyme is found to have an absorbance peak at a volume of 11.08 +/- 0.42mL, while IgG has an absorbance peak at a volume of 15.68+/-.58mL. Hemoglobin may have experienced protein interaction, resulting in its relatively low absorbance reading.  

Figure 2 : Absorbance of Lysozyme and IgG Mixture at Different Ratios

Chicken Egg Lysozyme and Bovine IgG were mixed to test for absorbance peak separation through concentration ratio variation at a flow rate of 1.11mL/min.  Ratios are volume based utilizing given compound solutions.  A model was produced utilizing data from independent compound absorbance tests with corrections for dilutions of compounds for the mixture with a 1 to 1 ratio of compound solutions.  There were three expected peaks at 0.065, 0.284, and 0.254 at volumes 6.77mL, 10.82mL, and 14.21mL for a 1 to 1 ratio.  Actual experimental values deviated in volume on average by 0.16mL, 0.26mL, and 1.48mL, with the last two main volumes at 10.38+/-.35mL and 14.58+/-.59mL, but absorbance values varied greatly.  The model did not correct for void space competition which occurred in the mixture.  Lysozyme absorbance peaks for the “10 to 1” and “2 to 1” curves eluted 1.74mL and 1.38mL, respectively, later than the expected 14.21mL.  This is due not only to variation in starting times for software data acquisition, but also competition from the IgG compound which is at a higher concentration in the mixture.  Solely varying the concentration was not enough to differentiate the absorbance peaks of the two substances.  Instead, any extreme ratio would negate the absorbance reading of the substance of lower concentration due to the extreme dilution that would occur as is observed in the “10 to 1” and “1 to 2” curves.    

Figure 3 : 3 parts Lysozyme to 2 part IgG Absorbance Values at Different Flow Rates

Flow rate variation at a constant concentration ratio of 3 parts Lysozyme to 2 part IgG was used to determine the effect of flow rate on absorbance peak seperation.  A 3 to 2 ratio was used due to their more similar absorbance peaks, therefore avoiding the extreme dilution factor.  The changes in flow rate do not greatly influence the absorbance values, with the absorbances at the peaks at 1.09mL/min, 0.765mL/min, and 0.437mL/min being at 0.253 +/- 0.037 and 0.166 +/- 0.0279.  The decreases in the flow rate did though, as expected greatly increase the time it took for all particles to pass through the gel, with the slowest time with the slowest flow rate.  The resolution increased in contrast to the drop in flow rate.  For flow rates of 1.09mL/min, 0.765mL/min, and 0.437mL/min, the corresponding resolutions are 0.59, 0.69, and 0.70.  It should also be noted that the peak to peak difference in the Lysozyme absorbance wave increases with slower flow rates.  At 1.09mL/min, the peak to peak is 0.026 while at 0.437mL/min it is 0.038, showing a greater separation of the absorbance peaks.

Figure 4 : 3 parts Lysozyme to 2 parts IgG Absorbance Values at Different Flow Rates Using the Long Column

Absorbance peaks of a mixture comprised of 3 parts Lysozyme and 2 parts IgG utilizing a long, 48cm tall, column, as opposed to the 18cm tall column used before, at flow rates of .864mL/min and 1.23mL/min were obtained.  Resolution values for both flow rates are 1.05.  It is also noted that elution volumes increased by nearly 92.52% from short to long columns.  This is due to the increased volume that must be passed through during the procedure.  The Lysozyme waveform at 1.23mL/min shows a peak to peak of 0.07, with the bottom peak at 0.01.  The Lysozyme waveform at 0.7mL/min shows a peak to peak of 0.101, with the bottom peak at 0.001.  The two compounds have essentially been separated with the IgG waveform basically going to zero before the Lysozyme waveform starts.

Figure 5 : Resolutions of Variations

The major results of varying the concentration ratio of a mixture of Lysozyme and IgG, adjusting the flow rate, and changing the volume in which low pressure liquid chromatography occurs is represented in this table.  Throughout all variations, the most distinct increase in resolution is observed when the volume in which the mixture is separated is increased.  The resolution increased by 75.61% at 0.864mL/min and by 77.97% at 1.23mL/min with the long column in comparison with their short column counterparts.

Table 1 : Comparison of observed peak volume to expected peak volume

Expected values for volumes at absorbance peaks of different proteins in solution can be predicted from the individual protein absorbance data.  Volumes differed over a range of 1.6579mL.  These differences are attributed to protein interactions that occur between Lysozyme and IgG.  The highlighted data shows that these interactions are statistically significant.

Discussion and Analysis of Results

Most of the proteins in Figure 1, displaying the absorbance/volume characteristics of various proteins used in the project, show a symmetric rising and falling to and from a clearly defined absorbance peak.  However, it should be noted that the Bovine IgG does not follow this structure; rather, it has a small peak that elutes at a volume well before its main peak.  This peak elutes at a volume of 6.919 mL.  The void volume of the column, determined by running a solution of Blue Dextran (MW=2,000,000) through the column, is 6.545 mL.  Since Bovine IgG has a high affinity for binding, it is plausible that multiple units of IgG polymerized and were eluted near the void volume, producing this small peak. 

Qualitatively, it can be seen that varying the concentration changes the relative sizes of the absorbance peaks, but the volume at which each solute elutes is consistent.  IgG elutes at a mean volume of 10.73 + 0.36 mL(95% CI)  and chicken egg lysozyme elutes at a mean volume and 95% CI of 15.05 + .56 mL.  Figure 2 displays the absorbance/volume characteristics of Chicken Egg Lysozyme and Bovine IgG at various concentration ratios with a flow rate of 1.111 mL/min, which demonstrate this concept.  Filtration resolution is maximized when the concentrations of the components are chosen such that the absorbance peaks are almost equal in height.  This can be accomplished by running each protein through the gel column separately and calculating the approximate concentrations of each component separately needed to satisfy this.  However, in practice additional attempts may be necessary to adjust the absorbance peaks as desired.  By using protein ratios that are extreme it is possible to greatly diminish a component’s contribution to the absorbance.  In figure 2, this is evidenced in the 10:1 concentration ratio plot.  It was not possible to determine a meaningful elution volume for IgG since its concentration was diluted by about a factor of 10 and the dominant force in the absorbance was the lysozyme.

As predicted by the available literature, the slowest flow rate (.437 mL/min) produced the highest resolution.  Figure 3 displays the absorbance/volume characteristics of lysozyme and IgG using the 18cm column at varying flow rates, with all other parameters remaining constant.  The slower flow rate allowed the proteins to have more time to compete for the available vacancies in the gel matrix, and thus allowed greater absorbance differentiation between the two proteins.  However, the resolution is only .01 greater than the resolution obtained at a flow rate of .765 mL/min, and their 95% confidence intervals of + .08 for each resolution, indicating no statistical difference.  Therefore, due the rather heavy time constraints in the lab, particularly when using the 48 cm column which greatly increases the trial time for each run, it is recommended that flow rates slower than ~0.7mL/min should not be used.  The mild gains in resolution are more than offset by the increase in trial time.

Figure 4 depicts the absorbance/volume characteristics of lysozyme and IgG using the 48cm column at two different flow rates.  As can be qualitatively observed, almost total peak separation occurs when using the long column at a flow rate of .864 mL/min for the two proteins.  Compared to similar trials with the 18cm column, the 48cm column yielded a resolution increase of 76.79%, with trial time increased by about 92.52%.  It is recommended that for higher-resolution, efficient protein separation that the 48cm column be used at a flow rate ~0.7mL/min.  

Since more buffer is needed to fill the longer column, the elution volume for each protein is higher when using the 48cm column than when using the 18cm column.  However, several literature sources claim that the ratio of elution volume to the column’s void volume, Ve/Vo, is constant for a particular protein.   A comparison of the quantity Ve/Vo among the two different columns at the same 1.09 mL/min flow rate yields the following.  For IgG, the value and its uncertainty were 2.04+0.24 and 1.64+ 0.20 for the 48cm column and 18cm column, respectively; for the lysozyme peaks, the values and uncertainties were 2.91+0.35 and 2.19+0.26 for the 48cm column and 18cm column, respectively.  There is a minor overlap in the uncertainty intervals for the IgG comparison, but none for the lysozyme comparison.  This would indicate that different proteins are used in the two trials, but this is known to not be the case.  A possible explanation for this could be that protein-protein interactions influenced the results, although the degree to which this occurred is difficult to quantify or verify.  This will be elaborated upon.

Table 1 shows a comparison of the peak volumes observed during trials involving a mixture of IgG and lysozyme against the peak elution volume of either component run singly.  The discrepancy between these values is shown in the far right column of the figure.  The highlighted values indicate trials that failed t-tests when compared against the data acquired using that same protein alone.  Thus, the highlighted values indicate that the IgG or lysozyme peaks are statistically different when run together than when run separately.  In all, 14 peaks were compared, and 7 were found to be significantly different from the individual trials.  This seems to lead to the conclusion that the bovine IgG and chicken egg lysozyme proteins interact to some degree when combined together; this can produce absorbance peaks whose elution volumes are statistically different than those of either individual protein.  Lysozyme is a hydrolasic enzyme with a capacity for digestion, and IgG has a relatively high binding affinity; so, it is plausible that lysozyme could have digested some of the IgG in the solution or some of the IgG could have bound to the lysozyme.  Thus, data analysis seems to indicate that some type of protein-protein interaction has occurred between the two.  

It might be useful to explore this purported protein interaction in a future lab project.  If a reaction does occur, it could be possible that another absorbance peak could occur from the reaction product; if so, very high resolution fractionalization would be necessary to view this third peak.  This could require placing two large filtration columns in series to achieve.   

Conclusions: 

· Increased column height increases resolution by 76.79% and increases trial time by 92.52%

· Decreasing the flow rate from 1mL/min to 0.4mL/min increases resolution by 18.64% and but increases trial time by 127%

· Using a ratio that corresponds to equal absorbencies of each protein increases resolution.
Appendix

Figure 1 : Absorbance Values of Different Compounds
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Figure 2 : Absorbance of Lysozyme and IgG Mixture at Different Ratios
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Figure 3 : 3 parts Lysozyme to 1 part IgG Absorbance Values at Different Flow Rates
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Figure 4 : 3 parts Lysozyme to 2 parts IgG Absorbance Values at Different Flow Rates Using the Long Column
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Figure 5 : Resolutions of Variations
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Table 1 :  Comparison of observed peak volume to expected peak volume

	Flow Rate 
	Component Ratio 
	
	Peak Difference (mL)

	(mL/min)
	(Lys : IgG)
	
	(expected-observed)

	1.11
	2 to 1
	IgG
	-0.481

	"
	"
	Lysozyme
	-0.734

	1.11
	1 to 1
	IgG
	-0.333

	"
	"
	Lysozyme
	-0.475

	1.11
	1 to 2
	IgG
	-0.245

	"
	"
	Lysozyme
	-0.6195

	1.11
	10 to 1
	IgG
	-0.814

	"
	"
	Lysozyme
	-1.1745

	1.11
	3 to 2
	IgG
	0.4834

	"
	"
	Lysozyme
	0.4466

	0.765
	3 to 2
	IgG
	0.2144

	"
	"
	Lysozyme
	-0.0294

	0.437
	3 to 2
	IgG
	-0.183

	"
	"
	Lysozyme
	-0.2
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