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SUMMARY:

In this experiment, the operating conditions necessary to separate overlapping peaks in Low Pressure Liquid Chromatography for the purpose of identifying unknown masses of two proteins in solution were determined.  Two proteins (Chicken Egg Lysozyme – 1 mg/mL and Bovine Serum Albumin – 5 mg/mL) were determined to have peaks that overlapped at least 20%.  Their resolution was determined to be 0.366 ± 0.012 on an 18 cm column.  The void volume of both the 18 cm and 44 cm columns were also calculated and found to be 7.7 mL and 18.0 mL respectively, with void volume fractions of 0.5461 and 0.5217 respectively.  Finally, it was found that decreasing sample volume from 0.614 mL to 0.287 mL resulted in a 19.5% increase in resolution (0.344 ± 0.011 to 0.411 ± 0.014).  Decreasing concentration to 0.25 mg/mL Lysozyme and 1.25 mg/mL BSA resulted in a 66.9% increase in resolution (0.401 ± 0.013 to 0.625 ± 0.021).  Increasing column length from 18 cm to 44 cm was found to increase resolution by 116.3% (0.411 ± 0.014 to 0.889 ± 0.029).  Finally, a 142.9% increase in resolution was obtained (0.366 ± 0.012 to 0.889 ± 0.029) by increasing both column length from 18 cm to 44 cm and decreasing sample volume from 0.3730 mL to 0.2874 mL.  Resolution was found to improve with decreasing concentration, decreasing sample volume, and increasing column length – all of which lower the void volume concentration.  Calculated mass percent difference from the theoretical value was positively correlated with and increase in resolution, but this method was invalid because it did not accurately predict the known mass of individual samples of 1 mg/mL lysozyme (38.19% mass difference – 18 cm column) or 5 mg/mL BSA (12.3% mass difference – 18 cm column).
OBJECTIVES/SPECIFIC AIMS:


Our overall objective for this lab is to determine the operating conditions necessary to separate overlapping peaks in Low Pressure Liquid Chromatography (LPLC) for the purpose of identifying unknown masses of two proteins in solution.  Overlapping peaks are a problem because they make separation of proteins difficult and accurate quantitative analysis of the sample(s) virtually impossible.  In order to accomplish this objective, key variables were manipulated that have an effect on the amount of time it takes samples to pass through the Sepharose CL-6B gel.  The literature indicates that column length and sample size (both concentration and volume of bolus) are the most important variables for LPLC, and due to equipment and time constraints, these variables were the ones focused on.  Our specific aims are as follows:

1) Identify two proteins with peaks that overlap at least 20%

2) Calculate the void volumes of the 18 cm (1cm diameter) column and 44 cm column
 packed with Sepharose CL-6B gel.

3)   Separate overlapping peaks in order to obtain a calculated mass within 5% of the actual value by varying :


-Column length (18 cm and 44 cm columns)

-Amount of sample 

· Concentration of sample (vary 1-10mg/ml
)

· Thickness of volume/ bolus passing though sample by changing length of loop (vary samples between 0.5 and 4%
 of total column volume)

BACKGROUND:

Recent years have seen an enormous increase in the ability of scientists to perform chemical analysis on compounds of biological import (e.g., proteins, nucleic acids and drugs).  Chromatography is one method that has contributed greatly to chemical analysis.  There are many different types of chromatography, but each type takes advantage of differing physicochemical properties in order to separate mixtures of compounds.  This project makes use of gel filtration (also known as size exclusion) chromatography, which separates molecules on the basis of size.  Porous gel beads are packed into a column, and proteins interact with the beads based on their size.  Smaller proteins remain in the column longer because they are more likely to get stuck and remain inside the beads for a longer time; similarly, larger proteins pass through the column quicker because they will not interact with the gel particles at all. Various properties about the size and amount of protein(s) present can be calculated from the data collected.  
THEORY AND METHODS OF CALCULATION


The void volume for each column was calculated by taking the time at which the peak of the Blue Dextran curve occurred, converting it to minutes, and then multiplying by the flow rate.  The void fraction could then be obtained from dividing the void volume by the total volume of the column (which was calculated by geometric measurements).

The flow rate was kept constant throughout all trials and was measured to be 1.4 mL/min. This was measured by collecting the buffer output from the apparatus for 1 minute and measuring it by volume in a graduated cylinder.
  


The molar extinction coefficients for BSA and Lysozyme were calculated using the Beer-Lambert Law (A = Cε).  The absorbance of each compound at a known concentration was measured in the spectrometer and adjusted for gain: A = Ameasured x (10 x gain).  The absorbances and concentrations were then plugged into the Beer-Lambert’s equation to find the molar extinction coefficient for each compound.


A mass balance was also done to calculate an experimental mass.  Using the Beer-Lambert law, the absorbance readings recorded were converted to concentration values. The volume of liquid that passes through the spectrometer every second was calculated from the flow rate using the equation (volume = flow rate*time increment).  To find the total number of moles that pass through, the new concentration curve was integrated (moles = concentration* volume).  Finally, to convert the moles to experimental mass, the equation Mexp = moles*MW.


Using a mass balance, it was determined that the assumption that the absorption curves were symmetric could be used in calculations.  If the curve is symmetric, that means that the left half of the curve would have the same amount of mass as the right side.  Thus, the percent of total mass constituted by the right side of the curve was calculated (% mass = Mright/(Mright + Mleft)).  On average, it was found that the right side of the curve had less than 5% more mass than the left side (4.3%), as can be seen in Figure 1.  Thus, it was assumed that the curve is symmetrical.  From this assumption, extrapolation was done to generate symmetrical “Gaussian” curves for each individual compounds from the absorbance vs. time curve for the mixed solution.  This was done by finding the elution time for both peaks and then flipping the other half of each peak inside in order to generate the symmetrical “other half” of the curve (Figure 2). 

In order to quantitatively compare peak separations of different protein solutions, resolution was measured using the following equation:

Rs = (Vr2 – Vr1)/[(W1+W2)/2]

Vr2 and Vr1 represent the elution volumes for the two adjacent peaks, both measured at the center of each peak, and W1 and W2 are the respective peak widths (Figure 3).

A useful convention created for easy comparison of data obtained from concentration, sample volume, and column length studies was void volume concentration (VVC).  This value is indicative of the amount of sample occupying the free space within the column.  The VVC is calculated using the following equation:

SAMPLE MASS (g)

VOID VOLUME (ml)

MATERIALS & METHODS:
The only additional material used (other than those listed in the lab manual) was additional tubing of different sizes to obtain sample sizes of 0.2874 mL, 0.3730 mL, 0.6140 mL, and 0.9310 mL.  The volumes of the loops were measured with the column detached. Air was first injected into the loop portion of the system to flush out all remaining buffer and sample still left.  Then, water was injected followed by air again, and the water dispensed into a weighing tray.  This was done to account for the volume in the machine that was not in the loop.

RESULTS:

Using an 18cm column filled with Sepharose CL-6B gel, several proteins were tested in order to identify two proteins with curves that overlap more than 20%.  After following this procedure, it was determined that Chicken Egg Lysozyme and BSA provided curves with an overlap greater than 20% and a resolution of 0.366 ± 0.012, as can be observed in Figure 4.  

Blue Dextran was also run with the 18 cm column, and taking the value of the peak of the curve, it was determined that the void volume for the 18cm packed column was 7.7ml, and the void volume fraction was 0.5461.  Following the same procedure for the 44cm column, a void volume of 18.0mL was calculated and a void volume fraction of 0.5217.
Using the 18 cm column, several trials of Lysozyme and BSA were tested, both independently and as a mixture, varying concentrations and sample sizes.  Two different concentrations (10mg/mL of BSA and 1mg/mL Lysozyme, and 2.5mg/mL BSA and 0.25mg/mL Lysozyme), and three different sample sizes (0.2874 mL, 0.3730 mL, 0.6140 mL) were tested.  The sample sizes were all between the recommended 0.5% and 4% of the total column volume.2 The data obtained for the different sample sizes and concentrations with the 18 cm column (Table 1 and 2), was then analyzed to determine whether these variables aided in separating the curves.  The method used to quantitatively determine the peak separation was resolution.  It was determined that resolution increased 66.9% when the concentration was lowered 4 fold (from 0.401 + 0.013 to 0.625 + 0.021). Resolution was also found to increase with as sample size was decreased (from 0.614 mL to 0.287 mL), increasing 19.5% total (0.344 ± 0.011 to 0.411 ± 0.014 respectively).

 
Using the 44 cm column, once again several trials of Lysozyme and BSA were tested varying sample size.  Using the larger 44 cm column also was found to support the results from the 18 cm column, showing that resolution increases with decreasing sample size. Changing the sample size from 0.3730 mL to 0.2874 mL resulted in an 18.34 % increase in resolution (Table 3).

The results obtained from the two column lengths were compared to determine if column length effectively separates the curves (Table 4).  It was found that the resolution increased by 116.3% in increasing column length from 18 cm to 44 cm.  These results were obtained by running the 5mg/ml BSA and 1mg/ml Lysozyme concentration mix, using a 0.3730 mL sample size.  When the sample size was varied from 0.3730 mL to 0.2874 mL along with a variation of column length, from 18cm to 44cm, a 142.9% change in resolution was observed (from a resolution of 0.366 ± 0.012 to 0.889 ± 0.029).

It was also found that as VVC increases, filtration time increases (Figure 5).  Three values of VVC were tested, 0.224 mg/mL (Resolution = 0.411 ± 0.014), 0.291 mg/mL (Resolution = 0.366 ± 0.012), and 0.478 mg/mL (Resolution = 0.344 ± 0.011), and found to have filtration times of 467, 514, and 567 seconds respectively.

The percent mass difference was calculated separately on 5 mg/mL BSA and 1 mg/mL lysozyme for both the 18 and 44 cm columns.  We found that the 18 cm column yielded 12.3% mass difference for BSA and 38.2% difference for lysozyme, while the 44 cm column yielded 47.9% and 58.3% mass differences, respectively.

DISCUSSION/ANALYSIS:


The results show that resolution and percent mass difference can be improved by decreasing concentration and sample volume, or by increasing column length.  These effects can be accounted for by what was termed the “void volume concentration” (VVC) – the ratio of the sample mass to the void volume of the column.  Changing concentration, sample volume and column length were found to improve resolution and percent mass difference when they lower the VVC.  This behavior can be explained in the following way:  decreasing the VVC (lowering the amount of sample mass per mL of void volume of the column) results in less competition between molecules as they diffuse into and out of the beads in the column.  As a result, since less molecules are inhibited from their natural rate of diffusion into the beads, the resulting peaks are narrowed.  The lack of inhibition, when decreasing the VVC, also means that a solution that contains larger and smaller proteins will separate more because the smaller proteins will be able to spend more time inside the porous beads instead of passing through the beads at an unnaturally fast rate due to the porous spaces already being occupied.  The improvement in peak resolution that results from these factors allows for more accurate extrapolations of the BSA and Lysozyme curves, giving calculated mass figures that are closer to the known values (Table 5).

One potential reason for separating and extrapolating the absorbance curves obtained from LPLC would be to calculate the amount of a given compound present in a solution.  Theoretically, this can be accomplished using the methods and calculations detailed earlier.  Furthermore, the results obtained from these calculations showed an increase in calculated mass accuracy as the resolution of the absorbance curves increased (Table 5).  Such a conclusion was expected since mixed curves with higher resolutions have less overlap resulting in each compound contributing less error to the measured absorbance and, subsequently, the calculated mass.  


At first glance it appears as though the proposed methodology is sufficient for calculating a compound’s unknown mass within 5% of its actual mass.  In order to confirm the validity of this methodology, the same method of mass calculation was applied to the absorbance curves of BSA and Lysozyme each filtered separately.  The percent mass difference calculated from these curves ranged from 12.3% to as high as 58.26% (Table 6).  The majority of these mass differences are considerably larger than those calculated from the extrapolated curves.  This discovery infers a potential error in the employed method of mass calculation and, as a result, nullifies the proposed relationship between the VVC and calculated mass accuracy.  


The failure of the mass balance done on each compound is most likely attributed to an incorrect assumption used to devise the method for calculating compound masses.  First, the Beer-Lambert law, used to calculate the individual extinction coefficients for BSA and Lysozyme as well as to convert the measured absorbance to concentration, was employed under the assumption that the path length was unity.  Error in this assumption would increase or decrease the calculated extinction coefficients given a lesser or greater path length, respectively
.  A second possible incorrect assumption would be that the gain adjusts absorbance calculations according to A = Ameasured x (10 x Gain).  An absorbance calculated using this equation greater than the actual measured absorbance would lead to a larger calculated mass.  Similar error would result from an incorrect assumption of flow through the spectrometer.  Any time of accumulation with the spectrometer would produce a higher absorbance and ultimately a higher calculated mass.   

If more time remained, our group would be interested in looking at two areas in greater depth. The first experiment would be to vary sample volume outside of the range accepted in the literature (0.5% - 4.0% of column volume) to see if a saturation point could be reached and if the results obtained  would be significantly different if sample volume was greater than 4% of the column volume.  The second experiment would be to determine the most ‘time-efficient’ operating conditions by testing various combinations of sample volume, concentration and column length, rather than testing each of these as an isolated variable.

CONCLUSIONS:

1. Original resolution (0.366 ± 0.012 on an 18 cm column) was optimized by:

· Decreasing concentration (R= 0.625 ± 0.021)

· Decreasing sample volume (R = 0.411 ± 0.014)

· Increasing column length (R = 0.726 ± 0.024)

2. The lowest void volume concentration (0.0985 mg/mL) produces:

· Highest resolution (R = 0.899 ± 0.029)

· Lowest mass balance difference – BSA 5.1% (11.3%); Lysozyme 5.3% (63.8%)

3. Despite seeing a positive correlation between improved resolution and improvements in the accuracy of the mass balance predictions, the LPLC mass balance method discussed in this lab is not valid because it did not accurately predict the known mass of individual samples of 1 mg/mL lysozyme (38.19% mass difference – 18 cm column) or 5 mg/mL BSA (12.3% mass difference – 18 cm column).
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APPENDIX
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Figure 2: Extrapolation
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Figure 3:  Resolution Calculation
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Figure 4: Protein Selection and Concentration 

SAMPLE SIZE
% OF COLUMN VOL.
RESOLUTION

0.2874 mL
1.916 %
0.411 ± 0.014

0.3730 mL
2.487%
0.366 ± 0.012

0.6140 mL
4.093%
0.344 ± 0.011

TABLE 1: 18cm Sample Sizes

CONCENTRATION
RESOLUTION

10 mg/ml BSA; 1mg/ml Lysozyme
0.401 ± 0.013

2.5 mg/ml BSA; 0.25mg/ml Lysozyme
0.625 ± 0.021

TABLE 2: 18cm Concentrations

SAMPLE SIZE
% OF COLUMN VOL.
RESOLUTION

0.2874 mL
0.8321%
0.889 ± 0.029

0.3730 mL
1.080%
0.726 ± 0.024

% difference

18.34

TABLE 3: 44 cm column Sample Sizes

COLUMNN SIZE
RESOLUTION

18 cm
0.411 ± 0.021

48 cm
0.889 ± 0.029

% difference
53.77

TABLE 4: Column Size Comparison 

(5mg/ml BSA and 1mg/ml Lysozyme using 0.3730ml sample size)

Void Volume Conc. (mg/mL)
Resolution
% Mass Diff. (BSA)
%Mass Diff. (Lysozyme)

0.0958
0.889 ± 0.029
5.1
5.3

0.124
0.726 ± 0.024
11.5
13.4

0.224
0.411 ± 0.014
10.9
47.6

0.291
0.366 ± 0.012
11.3
63.8

0.478
0.344 ± 0.011
37.8
97.2

Table 5: Mass Balance Data

Column
% Mass Diff. (BSA)
% Mass Diff. (Lysozyme)

18 cm
12.3
38.19

44 cm
47.85
58.26

Table 6: Mass Difference for data obtained for pure solutions


Figure 5: Filtration Time
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Figure 6: Column size
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� The column was only filled up with gel to a length of 44 cm, thus decreasing the volume.  This is accounted for in all calculations.


� Maximum allowable concentration would be 70 mg/ml; Gel Filtration Handbook, p. 17


� Gel Filtration Handbook, p. 16


� Note that this rate differed from the value recorded by the apparatus, which read 1.0 mL/min.  





1 It is important to note that an assumed path length of 1 is not uncommon given an unknown actual path length.





