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Purpose:
The objective of the first part of this experiment was to separate each component of a glycine, lysine and aspartic acid mixture via ion-exchange chromatography. An increasing pH gradient was used to elute and separate the amino acids in order of their increasing isoelectric points. To assay for the amino acids, Ninhydrin was added. The objective of the second part of this experiment was to determine the molecular weight (MW) of an unknown protein by performing an SDS-polyacrylamide gel electrophoresis of a molecular weight marker with known molecular weights and of an unknown protein. Then, the migration distances of the molecular weights would be used to determine that of the unknown protein.

R1.
Glycine at pH 3.9			pI = 0.5(pKa1+pKa2)NH
3
O
O
pKa1 
 = 
2.34
pKa2     
 = 9.6

			pI = 0.5(2.34 +9.6)
			pI = 5.97
			The isoelectric point of glycine at pH 3.9 is 5.97.
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		pI = 0.5(pKa1+pKa3)
		pI = 0.5(1.88+3.65)
		pI = 2.77
		The isoelectric point of aspartic acid at pH 3.9 is 2.77


Lysine at pH 3.9pKa1 = 
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3

			pI = 0.5(pKa2 + pKa3)
			pI = 0.5(9.18+10.79)
			pI = 9.99
			The isoelectric point of lysine at pH 3.9 is 9.99



R2.
Table 1. Column elution results from ion exchange chromatography of amino acids glycine, aspartic acid and lysine on DOWEX-50W-X. The column was prepacked with the suspended resin in pH 4, 0.1M NaH2PO4. The communication tube in the gradient maker and the connected capillary tube were filled with pH 3.91 0.1M NaH2PO4 solution. 10mL of phosphate solution filled the capillary tube. 4mL of a 2.5mM glycine, 2.5mM lysine and 2.5mM aspartic acid mixture was added to the column followed by 0.5mL of pH 3.91 NaH2PO4. The column was eluted with ~70mL of a 0.1M NaH2PO4 pH gradient from pH 3.91 to 12.49. 15 fractions of 4.87mL, were collected and the pH’s were measured. 100µL Ninhydrin reagent (20mg/mL ninhydrin, 3mg/mL hydrindantin, 75% DMSO and 1M lithium acetate) were added to 100µL of 1.0mM glycine, 1.0mM aspartic acid, 1.0mM of lysine, pH 3.91 NaH2PO4 and to 100µL of each fraction to assay for the amino acids. The ninhydrin mixtures were vortexed and heated for 15 minutes at 100°C. Then, 2.5mL of ethanol-water (1:1 v/v) were added to each mixture. The absorbance readings were read at 570nm (A570) and corrected using the absorbance reading of the blank (pH 3.91 NaH2PO4) which was 0.048 . The concentrations (Conc.) were calculated, in mM, using the Beer-Lambert law where the standard for fractions 1-6 was 1.0mM aspartic acid (corrected absorbance of Asp = 0.723) , for fractions 7-11 was 1.0mM glycine (corrected absorbance of Gly = 0.826, and for fractions 12-15 was 1.0mM of lysine (corrected absorbance of Lys = 0.997). 
	Fraction #
	Elution Volume
	pH
	A570
	A570 corrected
	Conc. mM
	µmole

	1
	4.87
	3.87
	0.007
	-0.041
	-0.057
	-0.276

	2
	9.74
	3.88
	0.040
	-0.008
	-0.011
	-0.054

	3
	14.61
	4.00
	0.250
	0.202
	0.279
	1.361

	4
	19.48
	4.05
	0.468
	0.420
	0.581
	2.829

	5
	24.35
	3.88
	0.162
	0.114
	0.158
	0.768

	6
	29.22
	4.39
	0.307
	0.259
	0.358
	1.745

	7
	34.09
	6.22
	0.507
	0.459
	0.556
	2.706

	8
	38.96
	6.66
	0.371
	0.323
	0.391
	1.904

	9
	43.83
	6.98
	0.293
	0.245
	0.297
	1.444

	10
	48.7
	7.40
	0.291
	0.243
	0.294
	1.433

	11
	53.57
	8.58
	0.314
	0.266
	0.322
	1.568

	12
	58.44
	10.71
	0.741
	0.693
	0.695
	3.385

	13
	63.31
	11.15
	0.643
	0.595
	0.597
	2.906

	14
	68.18
	11.38
	0.543
	0.495
	0.496
	2.418

	15
	73.05
	11.66
	0.520
	0.472
	0.473
	2.306







Sample Calculations
Variables for elution volume:
	Vavg = 4.87 mL		
	Fraction # = 2
	Velution = ?
Velution = (Fraction #) * Vavg
Velution  = 2*4.87mL
Velution = 9.74 mL
The elution volume for fraction 2 is 9.74 mL.
Variables for corrected absorption; using fraction 2 data:
	A570 = A2 =0.040
	Ablank = 0.048
	Acorr2 =?
Acorr2 = A2 – Ablank
Acorr2 = 0.040 -0.048
Acorr2 = -0.008
The corrected absorption for fraction 2 is -0.008.
Aspartic Acid (for fractions 1-6)
Variables for concentration and moles using fraction 4:
	Astandard = AcorrAsp = 0.723		Vavg = 4.87 mL
	Cstandard = CAsp = 1.0 mM		n4 = ?
	A570 = Acorr4 = 0.420
	C4 =?
AcorrAsp/CAsp = Acorr4 /C4 					
C4 = (Acorr4*CAsp)/AcorrAsp
C4 = (0.420*1mM)/0.723
C4 = 0.5809 mM  sig. figs. = 0.581 mM
C4 = n4/Vavg
n4 = Vavg*C4
n4 = (4.87mL)*(0.5809mM)
n4 = 2.8289 µM  sig. figs. = 2.829 µM
The concentration of aspartic acid in fraction 4 is 0.581mM and the number of moles in it is 2.829µM.










Glycine (for fractions 7-11)
Variables for concentration and moles using fraction 8:
	Astandard = AcorrGly = 0.826		Vavg = 4.87 mL
	Cstandard = CGly = 1.0 mM		n8 = ?
	A570 = Acorr8 = 0.323
	C8 =?
AcorrGly/CGly = Acorr8 /C8 					
C8 = (Acorr8*CGly)/AcorrGly
C8 = (0.323*1mM)/0.826
C8 = 0.3910mM  sig. figs. = 0.391 mM
C8 = n8/Vavg
n8 = Vavg*C8
n8 = (4.87mL)*(0.3910mM)
n8 = 1.9042 µM  sig. figs. = 1.904 µM
The concentration of glycine in fraction 8 is 0.391mM and the number of moles in it is 1.904µM.

Lysine (for fractions 12-15)
Variables for concentration and moles using fraction 13:
	Astandard = AcorrLys = 0.997		Vavg = 4.87 mL
	Cstandard = CLys = 1.0 mM		n13 = ?
	A570 = Acorr13 = 0.595
	C13 =?
AcorrLys/CLys = Acorr13 /C13 					
C13 = (Acorr13*CLya)/AcorrLys
C13 = (0.595*1mM)/0.997
C13 = 0.5968mM  sig. figs. = 0.597 mM
C13 = n13/Vavg
n13 = Vavg*C13
n13 = (4.87mL)*(0.5968mM)
n13 = 2.9064 µM  sig.figs. = 2.906µM
The concentration of glycine in fraction 8 is 0.391mM and the number of moles in it is 1.904µM.








R3.

Figure 1. pH values and concentrations (mM) of glycine, lysine and aspartic acid plotted against the corresponding elution volumes of each fraction from ion-exchange chromatography A DOWEX column was packed with resin suspended in pH 4.0 0.1M NaH2PO4. Then, the communication tube of the gradient maker and the capillary tube connected to it were filled with pH 3.91 0.1M NaH2PO4. The capillary tube was filled with 10mL of phosphate solution. 4mL of a 2.5mM glycine, 2.5mM lysine and 2.5mM aspartic acid mixture was applied to the column. 0.5mL of pH 3.91 0.1M NaH2PO4 rinsed the syringe. The column was eluted with ~70mL of a 0.1M NaH2PO4 pH gradient from 3.91-12.49. 15 fractions of 120 drops at an average of 4.87mL were collected and vortexed. The pH of each fraction was measured (represented by the orange line) and then they were assayed for glycine, lysine, and aspartic acid. This was done by adding 100µL of ninhydrin reagent reagent (20mg/mL ninhydrin, 3mg/mL hydrindantin, 75% DMSO and 1M lithium acetate) to 100µL of each fraction, 100µL of the 3 standards (1.0mM glycine, 1.0mM aspartic acid, 1.0mM of lysine) and 100µL of the blank (pH 3.91 NaH2PO4). Then, the each ninhydrin mixture was heated for 15 minutes at 100°C followed by the addition of 2.5mL of ethanol-water (1:1 v/v). The absorbance readings were read at 570nm. The absorbance reading of the blank was 0.048 which was subtracted from the observed readings find the corrected reading. The corrected absorbance readings for glycine lysine and aspartic acid are 0.826, 0.723, and 0.997, respectively. These measurements were used to calculate the elution volumes and concentrations (Beer-Lambert Law, represented by the blue line) of aspartic acid in fractions 1-6, glycine in fractions 7-11, and lysine in fractions 12-15. 

The lysine is better separated than glycine and aspartic acid, which are still well separated but not as well. This is shown as the slope of the line for pH (Figure 1) greatly increases where there is a change in amino acid. It is also shown as individual peaks for the concentrations (Figure 1) of the 3 amino acids are observed. The glycine and aspartic acid are not as well separated as lysine as there is a not a plateau in the concentration between them and the slope of the pH in the change between them is very steep unlike that which is between glycine and lysine. This indicates that the aspartic acid was probably not completely deprotonated when the glycine began to be deprotonated. The resolution could have been improved if the volume of the fractions was smaller and there were more of them,as the pH’s and concentration changes could have been more exact. The resolution could have also been improved if the amino acids were eluted slower because this would decrease the rate at which the pH increases. Thus, a greater separation time between the isoelectric points and less overlapped points. 
R4.
Variables for theoretical yield of aspartic acid:
CAsp = 2.5 mM 
	VAAmix = 4mL
	ntheorethical = ?
ntheoretical = CAsp*VAAmix
ntheoretical = (2.5mM)(4mL)
ntheoretical = 10 µmol
The theoretical yield is 10 µmol.

Variables for experimental yield of aspartic acid:
	ni from Table 1
	nactual = ?
nactual = 
nactual = 6.372 µmol

The experimental yield is 6.372 µmol.

Variables for recovery yield of aspartic acid:
	ntheoretical = 10 µmol
	nactual = 6.372 µmol
	% yield = ?
%yield = (nactual/ntheoretical)*100%
%yield = (6.372 µmol/10 µmol)100%
%yield = 63.72%

The recovery yield of aspartic acid is 63.72%.
The recovery yields of glycine and lysine are 90.56% and 110.15%, respectively.

This is not what was expected, specifically for lysine. From the recovery yields of aspartic acid, glycine and lysine I can conclude that the most of the glycine and some of the aspartic acid were recovered as the yields were 90.56% and 63.72%, respectively. I can also conclude that the lysine recovered contained impurities as its yield was 110.15%. Possible errors as to why not all aspartic acid was recovered is because some of it may have stayed in the column. The yield of glycine is relatively close to 100% at 90.56% which is reasonable as the apparatus isn’t 100% effective and thus leads to loss, however this loss may be partially explained by the fact that it may have stayed in the column. The lysine yield is greater than 100% which indicates an error must have occurred as this is not possible. This error is most likely due to human error such as contamination or excess fraction volume. The large range of errors is also indicative of a calculation error and human error, most likely the fraction ranges were wrongly identified as a correspondent to each amino acid and so greatly impacted the recovery yield.

R5.
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Figure 2. Gel 1 from SDS-PAGE results A precast 10% acrylamide slab gel was assembled into a clamped gel sandwich to form the upper buffer chamber. pH 7.7 running buffer (50mM Tris base, 50mM MOPS, 1mM EDTA, 0.1% SDS) filled the outer chamber so the gel was at least 1cm below the surface, the inner chamber to the edges of the gel and halfway between the superior edges of the short and long glass plates. 5µL of EZ-RunTM Rec molecular weight (MW) marker mixture were pipetted into well #1. The MW’s of these markers are indicated, in kDa, on the left of the corresponding band in lane 1 (lanes/wells labelled across the bottom below the corresponding lane). Pre-stained unknown protein samples were dissolved in pH 6.8 62.5 mM Tris-Cl (2% SDS, 5% 2-mercaptoethanol, 10% glycerol, 0.002% bromophenol blue) and then heated at 100°C for 3 minutes. 10µL of unknown samples were pipetted into wells 2-8, my unknown , #37 was pipetted into well  #3. The chambers were covered. Then, the anode and cathode were connected and the power was turned on at 200V until the tracking dye, bromophenol blue, reached the end of the gel. 
Table 2 Measured migration distances of MW markers and unknown sample # 37 The migration distance of the resulting bands in lane #1 and #3 from the SDS-PAGE shown in Figure 2 were measured from the bottom of the well in that lane down to the center of the band being analyzed. The bands were measured, in cm, from top to bottom of the lane or increasing distance from the bottom of well. 
	Lane
	Band
	Measured migration distance (cm)

	



1
MW marker
	Top








bottom
	2.1

	
	
	2.4

	
	
	2.9

	
	
	3.4

	
	
	4.3

	
	
	5.2

	
	
	6.4

	
	
	7.2

	
	
	8.15

	
	
	8.25

	3
Unknown Aliquot #37
	Top
	4.5

	
	bottom
	8.25




Figure 3. Log(MW) of the SDS-PAGE standards plotted against the corresponding measured migration distance. 5µL of the pre-stained protein MW marker EZ-RunTM Rec were pipetted into lane #1 shown in Figure 2. After the SDS-PAGE was carried out, the migration distance of each protein band was measured in cm from the bottom of the well to the center of each band, measurements shown in Table 2. The logarithm of MW of each protein band is plotted against the corresponding measure migration distance (from Table 2), with the exclusion of markers 170kDa, 130kDa and 10kDa to achieve a better regression value (R2). The equation of the regression line is y=-0.1301x+2.3246 and its regression value is 0.9855. This equation is used to estimate the MW of the unknown polypeptide #37 by setting x to equal its measured migration distance. 	Comment by Poolsup, Suttinee: Log of MW of marker, not the SDS-PADE standard.

Variables for predicting MW of unknown polypeptide sample #37:
	y = log(MW)
	d = migration distance 
	x = dunknown37 = 4.5 cm 
y = -0.1301x +2.3246
log(MW) = -0.1301*dunkown37 +2.3246
log(MW) = (-0.1301*4.5cm) +2.3246
log(MW) = 1.739
MW = 101.739
MW = 54.847 kDa  sig. figs. = 54.8 kDa
The predicted molecular weight of unknown polypeptide sample #37 is 54.8 kDa.
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