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Purpose:

	This lab aimed to display some of the fundamental properties that govern carbohydrates. These properties can be demonstrated by performing experiments that will allow for the separation of polymers from their respective monomers through differences in molecular weight. Two different techniques, dialysis and gel filtration chromatography, will be used to do this in the lab. As well, the specific reactivity of polymers and monomers with specific reagents is used to analyze what type of carbohydrate is in the test tube. Colorimetric assays were then used to effectively determine the results of the assays done earlier. In addition to these experiments, valuable hands-on skills will be gained by gaining practice in performing these experiments, since they are common in biochemistry labs. On top of providing practical knowledge, the lab also aims to deliver theoretical analysis of the results we obtained by understanding the kinetics involved in the separation of the carbohydrates in dialysis and gel filtration. Purpose 5/5


Results and Discussion:

R1.  
Table 1: Dialysis results of glucose, starch solution. Dialysis tubing with a diameter of 1.6 cm, 2.0 mL/cm, and a MW cut-off of 12,000-14,000 Da was soaked in distilled water for a few minutes. 10 mL of glucose, starch solution was added to the dialysis bag and allowed to sit for a minimum of 45 min so that the diffusion could take place. Standard concentrations for glucose and starch are 1 g/L and 0.15 g/L respectively. Absorbance was measured for the internal and external solutions for starch and glucose with wavelengths of 600 nm and 420 nm respectively. 
Title 2/2
Captions 1.5/2

		
	
t (min)
	Glucose


	
	A420 Internal Solution 
	c1 (g/L)
	m1 (mg)
	A420 External Solution
	c2 (g/L)
	m2 (mg)

	0
	0.694
	42.2
	422
	----
	0
	0

	50.30
	1.726
	21.8
	218
	0.381
	0.96
	192

	

	Starch


	
	A600 Internal Solution 
	c1 (g/L)
	m1 (mg)
	A600 External Solution
	c2 (g/L)
	m2 (mg)

	0
	0.694
	8.67X
	86.7X
	----
	0
	0

	50.30
	0.648
	9.33X
	93.3X
	0.026
	0.06X
	12X



Correction in absorbance reading:

 good

Glucose concentrations and mass at t=0 min:

Variables: Ab = 0.395, cb = 1 mg/mL, Ad = 0.694, V1 = 10 mL, c2 = 0 g/L, cd =? m1 =? m2 =?
 


 good



At the beginning of the experiment, the concentration and mass of glucose in the glucose, starch solution is 42.2 g/L and 422 mg respectively. None was found outside of the dialysis bag.

Glucose concentrations and mass at t=50.30 min:

Variables: Ab = 0.395, cb = 1 mg/mL, Ae = 1.726, Af = 0.381, V1 = 10 mL, V2 = 200 mL, c2 = 0  ce =? cf =? m1 =? m2 =?




 good
 good





 good

After 50.30 min, the concentration and mass of glucose inside the dialysis bag is 21.8 g/L and 218 mg respectively. Outside of the bag the concentration and mass was 0.96 g/L and 192 mg respectively.
Starch concentrations and mass at t=0 min:

Variables: Ac = 0.0625X low, cc = 0.15 mg/mL, Ad = 0.602, V1 = 10 mL, c2 = 0, cd =? m1 =? m2 =?






OK

At the beginning of the experiment, the concentration and mass of starch in the glucose, starch solution is 8.67 g/L and 86.7 mg respectively. None was found outside of the dialysis bag.

Starch concentrations and mass at t=50.30 min:

Variables: Ac = 0.0625X low, cc = 0.15 mg/mL, Ae = 0.648, Af = 0.026, V1 = 10 mL, V2 = 200 mL    c2 = 0  ce =? cf =? m1 =? m2 =?




X




X

OK

After 50.30 min, the concentration and mass of starch inside the dialysis bag is 9.33 g/L and 93.3 mg respectively. Outside of the bag the concentration and mass was 0.06 g/L and 12 mg respectively.
Data Analysis 0.5/4
Calculations 4/7


R2. 
Variables: c0 = 42.2 mg/mL, V1 = 100 mL, V2 = 200 mL, ceq =?

 good

Therefore, the glucose concentration at equilibrium is 2.01 g/L.
R2: 7/7

R3.
Finding :

Variables: c1 = 21.8 g/L, ceq = 2.01 g/L, , co = 42.2 g/L, t = 50.30 min,  =?





 good

Estimating the diffusion coefficient:

Variables: d = 1.6 cm  r = 0.8 cm,  = 0.014 min-1,  = 0.05, D =?



 good

Therefore, the diffusion coefficient across the dialysis membrane was estimated to be 0.00427 cm2/min. R3: 11/11


R4.
Variables: c1 = 7.5 g/L, ceq = 2.01 g/L, , co = 42.2 g/L,  = 0.014 min-1, t =?



 good

Therefore, in order for the internal glucose concentration to reach 7.5 g/L, the dialysis time required is 142 minutes.
R4: 9/9

R5. 
Table 2: Column elution results. Chromatography was performed in teams of two and 15 fractions were collected in about 40 minutes. Added to the column was 0.5 mL of the glucose, starch solution. The column itself was loaded with pre-swollen Sephadex G-25 with a MW (molecular weight) cut-off of 5000 Da in distilled water. The average volume per fraction was measured and shown to be 3.8 mL. Fractions were collected and were assayed for glucose and starch; with absorbance readings measured which allowed for the calculation of the concentrations. Absorbance’s measured by the spectrophotometer were at wavelengths of 420 nm for glucose (standard concentration of 1 g/L) and 600 nm for starch (standard concentration of 0.15 g/L).
Title 2/2
Captions 2.5/2.5

	Fraction
	Glucose
	Starch

	#
	Elution Volume (mL)
	A420
	c     (g/L)
	Mass (mg)
	A600
	c     (g/L)
	Mass (mg)

	1
	3.8
	0.033
	0.084
	0.319
	0.057
	0.137
	0.521

	2
	7.6
	0.003
	0.008
	0.030
	0.021
	0.050
	0.190

	3
	11.4
	0.006
	0.015
	0.057
	0.043
	0.103
	0.391

	4
	15.2
	0.001
	0.003
	0.011
	0.193
	0.463
	1.76

	5
	19
	0.008
	0.020
	0.076
	0.320
	0.768
	2.92

	6
	22.8
	0.013
	0.033
	0.125
	0.014
	0.034
	0.129

	7
	26.6
	0.340
	0.861
	3.27
	0.002
	0.005
	0.019

	8
	30.4
	0.703
	1.78
	6.76
	0.048
	0.115
	0.437

	9
	34.2
	0.609
	1.54
	5.86
	0.078
	0.187
	0.711

	10
	38
	0.192
	0.49
	1.85
	0.072
	0.173
	0.657

	11
	41.8
	0.074
	0.187
	0.711
	0.034
	0.082
	0.312

	12
	45.6
	0
	0
	0
	0.005
	0.012
	0.046

	13
	49.4
	0.014
	0.035
	0.133
	0.020
	0.048
	0.182

	14
	53.2
	0
	0
	0
	0.017
	0.041
	0.156

	15
	57
	0.014
	0.035
	0.133
	0.026
	0.062
	0.233


Starch values are a log lower

Variables: 
Ab = 0.395, Ac = 0.0625???, AG1, glucose  = 0.033, AG1, starch = 0.057, cb = 1 mg/mL, cc = 0.15 mg/mL, Vavg = 3.8 mL, cG1, starch =? cG1, glucose =? mG1, glucose =? mG1, starch =?

Calculating elution volume in table:


Elution Volume 2/2

Glucose concentration and mass in fraction G1:







Starch concentration and mass in fraction G1:







Therefore, the concentration and mass of glucose and starch in fraction G1 is 0.08 g/L, 0.304 mg and 0.137 g/L, 0.521 mg respectively. 


Calculations 6.5/9















R6.




















Graph Format 3/4
FIGURE 1. Concentrations of glucose and starch plotted against their elution volume in gel filtration chromatography. Chromatography was performed in teams of two and 15 fractions were collected in about 40 minutes. Added to the column was 0.5 mL of the glucose, starch solution. The column itself was loaded with pre-swollen Sephadex G-25 with a MW (molecular weight) cut-off of 5000 Da in distilled water. The average volume per fraction was measured and shown to be 3.8 mL. Fractions were collected and were assayed for glucose and starch; with absorbance readings measured which allowed for the calculation of the concentrations. Absorbance’s measured by the spectrophotometer were at wavelengths of 420 nm for glucose (standard concentration of 1 g/L) and 600 nm for starch (standard concentration of 0.15 g/L).
Title 2/2
Captions 2.5/2.5

For both glucose and starch, one sharp peak can be observed. This is what I’d expect since glucose is the much smaller molecule than starch, and would be retained in the column a lot longer because it would pass through the pores of the beads. Starch being a much larger molecule than glucose cannot fit through the beads and must pass around them to get to the bottom of the column, so it will elute much faster. This is apparent in the figure shown above where glucose has its highest concentration at an elution volume of 30.4 mL and starch peaks at a volume of 19 mL. This is significant because the total volume of the column is 43.18 mL with a void volume of 15 mL. The void volume is the space in between the beads and since starch peaked at a volume slightly greater, that would mean it has in fact been excluded from the inside of the beads and has gone around instead. The same can be said about glucose but because the peak for glucose was much larger than the void volume it is apparent that glucose was able to diffuse into the beads unlike starch. The additional peak at 34.2 mL should not be considered because it is most likely due to experimental error. There were only two different molecules in solution, so there should only be two peaks to consider.
Graph Analysis 6/6

R7.  
Variables:  d = 1 cm, h = 55 cm, Vo = 15 mL, Ve, glucose = 30.4 mL, Ve, starch = 19 mL, Vt =? Kav =?

Finding the total column volume:

 good, but height is a bit high

Therefore, the total column volume is 43.18 mL.

Kav for glucose:

 good

Kav for starch:

 good

Therefore, the average distribution coefficients for glucose and starch are 0.55 and 0.14 respectively.

	The value for the average distribution coefficients calculated is what was expected because both of the values lie within the range . The average distribution coefficient for starch is less than that of glucose, and this makes sense because starch is the much larger molecule and will therefore have a Kav value of closer to 0. Glucose being the smaller molecule will then have a Kav value that is closer to 1. The larger the molecule, the more space it takes up in the column and then cannot enter the pores of the beads meaning it will have a volume that is very close to that of the void volume (Vo). If this is the case, then according to the equation used above, the numerator will approach 0. This makes the entire fraction 0, and so the molecule with the Kav value closer to 0 should be larger.

R7: 8/9

R8.
Theoretical mass for glucose:

Variables: cd = 42.2 mg/mL, Vi = 0.5 mL, mtheory =?

 good



Experimental mass for glucose:

Variables: mexp =?
Sum up the mass of glucose in each fraction from G1-G15. Values for the masses are found in Table 2.

 OK

Recovery yield for glucose:

Variables: mtheory = 21.1 mg, mexp = 19.3 mg, recovery yield =?

 good

Theoretical mass for starch:

Variables: cd = 8.67 mg/mL, Vi = 0.5 mL, mtheory =?

wrong but consistent with data used

Experimental mass for starch:

Variables: mexp =?
Sum up the mass of starch in each fraction from G1-G15. Values for the masses are found in Table 2.

 OK

Recovery yield for starch:

Variables: mtheory = 4.34 mg, mexp = 8.66 mg, recovery yield =?

 OK

Therefore, the recovery yield for glucose and starch is 91.5% and 200% respectively.

	What I can conclude from the recovery yield of glucose is that a majority but not all of the glucose was recovered from the initial starch, glucose solution. This makes sense since our setup is obviously not perfect and there are losses. It is possible that some of the glucose remained in the beads or some got mixed in with the starch in a different fraction. On the other hand with starch, the recovery yield being 200% obviously does not make sense and so it must be attributed to various sources of error during the experiment. One major source of error could be that glucose was mixed in with the starch in the fraction, which would skew the absorbance reading and throw off the calculations. This error could explain the extra peak found on the starch curve in Figure 1 above. Another source of error is that some of the glucose may have gotten stuck in the beads. If this happened then obviously we would not be recovering all of the glucose we could possibly get and this can affect the mass and concentrations we calculate for each fraction.

R8: 9/11
Writing Skills 2.5/3
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