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Purpose:
Experiment 1 aims to separate an amino acid mixture (aspartic acid, glycine, and lysine) using an ion exchange chromatography. The DOWEX-50W-X used in the chromatography will act as a very strong acid which makes the column completely negatively ionized at pH=3. A gradient of increasing pH through the column will be used to separate the mixture according to the strength of the basic and acidic groups on each amino acid. Ninhydrin assay was then used to determine the concentration of each of the amino acids. Experiment 2 aims to determine the molecular weight of an unknown protein using an SDS polyacrylamide gel electrophoresis. The unknown protein is going to be determined through its molecular weight (the larger the MW the higher it is going to migrate on the gel). Thus, the distance of migration of the unknown sample will be compared to the reference solution in well #1 to determine the protein.

Discussion and Results:
*The values used in the discussion and results of question 2 were provided by the TA.
R1.
 Calculations of pI’s of the three amino acids:
* Aspartic acid at pH=3.9:
[image: ]
- pKa1 of NH3+: 9.8
- pKa2 of COO- : 2.1
- pKaR of functional group: 3.65

The isoelectric point of aspartic acid is 2.875



* glycine at pH=3.9:
[image: ]
- pKa1 of NH3+: 9.6
- pKa2 of COO- : 2.3

The isoelectric point of glycine is 4.812.

* Lysine at pH=3.9:
  [image: ] 
- pKa1 of NH3+: 9.0
- pKa2 of COO- : 2.2
- pKaR of functional group: 10.5
 

The isoelectric point of lysine is 9.75.



R2.
[bookmark: _Hlk32337744]Table 1. Column elution results of the ion exchange chromatography of the glycine, lysine and aspartic acid mixture. The DOWEX column was prepacked by thoroughly suspending the resin with 0.1M of NaH2PO4 at pH=4.0. 4mL of the amino acid mixture (glycine 2.5mM, lysine 2.5mM, and aspartic acid 2.5mM, in water) was then added to the column. 35ml of 0.1M NaH2PO4 at pH=4.0 was added to the exit compartment of the gradient maker and 35ml of 0.1M NaH2PO4 at pH=12.0 was added to the second compartment. 16 fractions were collected after adjusting the fraction collector to 120 drops per fraction. The pH of each fraction from the column was measured. 100µL of each fraction were transferred to new test tubes, and three other test tubes were prepared with 100µL of the provided amino acid solutions (a) glycine 1.5mM, (b) aspartic acid 1.5mM, (c) lysine 1.5mM. A blank test tube was prepared with 100µL NaH2PO4 at pH=4.0. 100µL of Ninhydrin reagent (200mg/ml ninhydrin, 3mg/ml hydrindantin, 75% DMSO and 1M lithium acetate) were added to all of the prepared test tubes which were vortexed and then heated for 15 min at 100℃ in the oven. 2.5ml of ethanol-water (1:1 v/v) were immediately added to the prepared tubes which were then vortexed and allowed to cool at room temperature. A spectrometer at 570nm was used to measure the absorbance of the samples. Concentration (mM) and µmole were the measured accordingly.
	Fraction #
	Elution Volume
(ml)
	pH
	A570
	A570 corrected
	Concentration
mM
	µmole

	blank
	-
	-
	0.04
	-
	
	-

	Aspartic acid
	-
	-
	1.018
	0.978
	1.5
	-

	Glycine
	-
	-
	1.098
	1.058
	1.5
	-

	Lysine
	-
	-
	1.358
	1.318
	1.5
	-

	1
	4.6
	4.02
	0.04
	0
	0
	0

	2
	9.2
	4.00
	0.065
	0.025
	0.038
	0.175

	3
	13.8
	4.07
	0.2
	0.16
	0.245
	1.127

	4a
	18.4
	4.38
	0.933
	0.893
	1.37
	6.302

	5
	23
	4.05
	0.359
	0.319
	0.489
	2.25

	6
	27.6
	4.00
	0.231
	0.191
	0.293
	1.348

	7b
	32.2
	5.64
	0.467
	0.427
	0.605
	2.783

	8
	36.8
	6.5
	0.403
	0.363
	0.515
	2.369

	9
	41.4
	6.8
	0.283
	0.243
	0.345
	1.587

	10
	46
	7.11
	0.216
	0.176
	0.250
	1.15

	11
	50.6
	7.47
	0.141
	0.101
	0.143
	0.658

	12
	55.2
	9.2
	0.216
	0.176
	0.250
	1.15

	13c
	59.8
	10.78
	0.575
	0.535
	0.609
	2.801

	14
	64.4
	11.17
	0.381
	0.341
	0.388
	1.785

	15
	69
	11.43
	0.240
	0.2
	0.228
	1.049

	16
	73.6
	11.6
	0.226
	0.186
	0.212
	0.975


a: fraction corresponding to aspartic acid, b: fraction corresponding to glycine, c: fraction corresponding to lysine
Sample Calculations:
*Calculation of average volume:
Vaverage= (Vfraction 1+ Vfraction 2+ Vfraction 3)/ 3= 4.6 ml (provided by TA)
The average volume is 4.6ml.

*Calculation of the elution volume :
Elution Volume= (Fraction #) x (Average volume) 
Elution volume of fraction 2= 2 x 4.6ml = 9.2 ml
The elution volume of fraction 2 is 9.2ml.

* Calculation of corrected absorbance:
A570 corrected = A570 – Ablank
A570 corrected for aspartic acid= A570 – Ablank
                                                                           =1.018 - 0.04 
                                                  =0.978
The corrected absorbance for aspartic acid is 0.978.

 Equation to calculate concentration is: 
*Concentration (mM) for aspartic acid in fraction 4: 
-Standard absorbance is equal to the corrected absorbance at 570nm
- 
-
-
-Cfraction #4 = unknown



The concentration of fraction 4 is 1.37mM.

*Concentration mM for glycine in fraction 7:
-Standard absorbance is equal to the corrected absorbance at 570nm
- 
-0.427nm
-1.058nm
-Cfraction #7 = unknown



The concentration of fraction 7 is 0.605mM.

*Concentration mM for glycine in fraction 13:
-Standard absorbance is equal to the corrected absorbance at 570nm
- 
- 
-
-



The concentration of fraction 13 is 0.609mM.

 The equation to calculate moles is:
 
*Calculation of µmole of fraction 4:
-
-

The number of moles of fraction 4 is 

*Calculation of µmole of fraction 7:
-
-

The number of moles of fraction 7 is 

*Calculation of µmole of fraction 13:
-
-

The number of moles of fraction 13 is 





R3.


Figure 1. The pH and Concentration(mM) of the 16 fractions as a function of elution volume (ml). The graph displays the results of the ion exchange chromatography performed. After the separation through the DOWEX column, the pH of each fraction was measured using a pH meter. The concentrations of the fractions were calculated after determining their absorbances using a formula relating the standard absorbance and concentration of the amino acid (1.5mM of the amino acid per 100µL for each standard test tube) to the corresponding absorbance and concentration of the fraction.
Analysis:
The graph shows that the three amino acids were separated where each peak in the graph corresponds to one of them. The first peak at pH=4.38 represents aspartic acid, the second peak at pH= 6.5 corresponds to glycine and the last peak at pH=10.78 corresponds to lysine. The amino acids in the mixture are differently charged, thus when poured into the negatively charged column the amino acids will react preferentially with the beads depending on their charge.  Aspartic acid is negatively charged due to its two carboxyl groups; it will be repelled thus it’s the first amino acid to exit the column at pH around 4. Glycine is neutral, there will be no interaction between it and the beads thus its’s second to start exiting the column at pH=4. Lysine is positively charged due to the positively charged amine in its functional group; thus, it will interact with the negatively charged column and will start exiting the column at pH =7.47. 
The separation could be more accurate if we decrease the rate of elution which would result in a slower shift in pH and therefore a better separation. Another suggestion would be to increase the concentration of amino acids in the solution which would lead to better interaction with the negatively charged column and thus allow better tracking of the separation.   

R4.
 Calculation of the recovery yield of aspartic acid:
*Theoretical yield of aspartic acid in µmole:
n= (Caspartic acid)(Vaverage)= (2.5mM)(4.0ml) = 10 µmole
The theoretical yield of aspartic acid is 10 µmole.
*Experimental yield of aspartic acid in µmole: 
n=∑(nfraction 1+ nfraction 2+ nfraction 3+ nfraction 4+ nfraction 5 + nfraction 6)
  = 0+0.175+1.127+6.302+2.25+1.348
  = 11.202 µmole of aspartic acid
The experimental yield of aspartic acid is 11.202 µmole.




The recovery yield of aspartic acid is 112.02%.

 Calculation of the recovery yield of glycine:
-Experimental yield is n=
-Theoretical yield is n=10


  

The recovery yield of glycine is 96.97%.
 Calculation of the recovery yield of lysine:
-Experimental yield is n=
-Theoretical yield is n=10



 
The recovery yield of lysine is 66.1%.
Sources of error:
The percent yield of aspartic acid is greater than 100% which means that there was an impurity, and this might be due to a contamination in either the solution or apparatus. The recovery yield of lysine was 66.1% which means that not all lysine exited the column, and this might be because of air entering the column and disrupting the separation. Other possible sources of error could be inaccuracy of the absorption readings due to unclarity of the tubes. Cross contamination might’ve also occurred by not switching the pipette tips. 













R5.
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Figure 2. The results of the SDS polyacrylamide gel electrophoresis. A 10% acrylamide gel was used for this gel electrophoresis. The outer and inner chamber of the gel electrophoresis apparatus were filled with running buffer of pH=7.7 (50mM Tris base, 50mM MOPS, 1mM EDTA and 0.1% SDS). 5 of the mixture of the molecular markers EZ‐RunTM Rec was added into well #1, and each of the other wells contains 10 of an unknown sample. The apparatus ran at 200 volts for about 40 minutes until the bromophenol blue approached the end of the gel.







Table 2. Quantitative results of the SDS polyacrylamide gel electrophoresis. The migration distance of the bands of the sample protein ladder and the band of unknown #11 in well 7 was calculated in cm using a ruler from the well to the middle of the band. The molecular weight markers in well #1 were given by EZ‐RunTM Rec. log (MW) will be used to plot the scatter plot to compare it with the migration distance of the unknown sample #11.
	Molecular weight markers in well #1
             (kDa)
	Migration distance of bands in well #1
(cm)
	Log MW
	Migration distance of band for unknown #11 in well 7 
(cm)

	170
	1.7
	2.23
	

	130
	 2.0
	2.11
	

	95
	2.5
	1.98
	

	72
	3.0
	1.86
	

	55
	4.1
	1.74
	

	43
	4.9
	1.63
	            7.3

	34
	6.1
	1.53
	

	26
	7
	1.41
	

	17
	7.9
	1.23
	

	10
	8.3
	1
	




Figure 3. The linear regression of log (MW) as a function of migration distance for MW markers (in cm). The two quantitative results log (MW) and the migration distance for MW markers from table 2 plotted to compare them the unknown band in well 7. The equation of the regression line and the R2 were retrieved in Excel. 


Calculation of the MW of the unknown sample #11:
x= Migration distance of band for unknown #11 in well 7= 7.3cm
y=-0.1557x+2.4115
y=-0.1557(7.3cm) + 2.4115
y=1.275
-Molecular weight= 10y
Molecular weight = 101.275 = 18.83 kDa
The molecular weight of unknown #11 is 18.83 kDa.
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