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Purpose
the purpose of the this lab was to understand and use techniques such as dialysis and gel filtration which are used to separate molecules depending on their molecular size and to find the concentrations of carbohydrates using a spectrophotometer in a colorimetric assays with glucose oxidase and iodine. In dialysis certain molecules are allowed to travel across while some are cut off to pass through a semi permeable membrane. The passing of molecules occur through diffusion. In gel filtration chromatography smaller molecules are slowed down due to the pores of the hydrated beads, where small molecules get retained by them. Larger molecules being bigger than the pores moves faster through the beads. The initial and final solution used in dialysis and gel filtration chromatography are subjected to a spectrophotometer to measure their absorption of light under certain wave lengths. Glucose oxidase and iodine are added to the solution to find if they contain any starch or glucose before they are subjected to a spectrophotometer.



Tables and figures: 
R.1)
Table 1: dialysis results of both internal and external solutions. Dialysis was let to occur for 43 minutes.  A 1.5mg/ml glucose standard and a 0.20mg/ml starch standard was use while the absorbance of 21samples that contained iodine was measured at A600nm while the absorbance of the 21 samples that containing glucose oxidase was measured at A420nm. 	Comment by Curtis Walton: Volume of the carbohydrates mixture (0.5 mark

	t
(min)
	Glucose

	
	A420 Internal Solution
	C1
(g/L)
	m1
(mg)
	A420 External Solution
	C2
(g/L)
	m2
(mg)

	0
	0.382
	66.639
	666.39
	------
	0
	0

	43
	0.613
	22.21
	222.1
	0.041
	0.297
	2.97

	Starch

	t 
(min)
	A600 Internal Solution
	Concentration
c1
(g/L)
	Mass
m1
(mg)
	A600 External Solution
	Concentration
c2
(g/L)
	Mass
m2
(mg)

	0
	0.567
	0.96
	9.6
	----
	0
	0

	43
	0.609
	0.967
	9.67
	-0.027
	0
	     0


 
Final external concentration of glucose.(Cf)
Absorption value of the blank = 0.259 
corrected value of Ab = 0.466-0.259 = 0.207
corrected value of Af = 0.3-0.259 = 0.041
since Ab/Cb = Af / Cf and 1mg/ml= 1g/l
0.207/1.5 = 0.041/ Cf
Cf = 0.297 g/L
Mass of the glucose in the external solution after 43 minutes 
M=Cv = (0.297mg/mL) x (200ml)  = 59.4mg
Final internal concentration of starch (Ce)
Absorption value of the blank = 0.023
corrected value of Ac = 0.778-0.023 = 0.755
corrected value of Ae = 0.632-0.023 = 0.609
since Ac/Cc = Ae / (0.1/0.6)Ce and 1mg/ml= 1g/l
0.755/0.2 = 0.609/0.167Ce
Ce = 0.967g/L 
M=Cv = (0.967mg/mL) x (10ml)  = 9.67mg
Glucose being present In the outside solution shows that glucose was able to move through the dialysis bag which resulted in glucose concentration reducing inside the dialysis bag and increasing in the outside solution. The concentration on of starch not changing over time in the dialysis bags shows that starch molecules couldn’t leave the dialysis bag due to its molecular size big and getting cut off by the semipermeable membrane. The slight increase of the starch concentration in the final internal solution is due to error. This could be due to the absorbance reading value being slightly incorrect. 
R.2) glucose concentration at Equilibrium (Ceq)
Ceq = (C0 x α) / (1+ α)
C0 – he concentration of glucose at time zero
α – the volume ratio between the two compartments at time zero.
Ceq = 66.639 x (10/200) / (1+(10/200))
Ceq = 3.17g/L      

R.3) Diffusion Coefficient of glucose across dialysis bag membrane (D)
(C1-Ceq)(1+ α) = C0e-βt
C1 – glucose concentration inside the dialysis bag
Ceq – Glucose concentration at equilibrium 
β – function of the apparent diffusion coefficient 
(22.21 - 3.17) (1+(10/200)) = 66.639e-β(43)
β =0.012
Β = 2(1+ α)D / r
D- apparent diffusion coefficient of  glucose
r- radius of the dialysis bag  
0.012 = 2(1+(10/200)D / 0.8
D=0.457cm/min
the apparent diffusion coefficient of glucose across the dialysis bag membrane is 0.457cm/min	Comment by Curtis Walton: -2

R.4) 
Table 2: Column elution results. 15 fractions were collected each having a 100 drops of the solution with an average volume of 4ml. the solution which was a mixture of a glucose and starch went through a gel filtration chromatography.  A 1.5mg/ml glucose standard and a 0.20mg/ml starch standard was use while the absorbance of 21samples that contained iodine was measured at A600nm while the absorbance of the 21 samples that containing glucose oxidase was measured at A420nm.	Comment by Curtis Walton: Mention of the column (Sephadex G-25 -0.5
	Fraction
	Glucose
	Starch

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

	1
	4
	-0.234
	0
	0
	0.059
	0.016
	0.063

	2
	8
	-0.158
	0
	0
	-0.021
	0
	0

	3
	12
	-0.225
	0
	0
	-0.022
	0
	0

	4
	16
	-0.049
	0
	0
	0.207
	0.055
	0.22

	5
	20
	-0.221
	0
	0
	0.048
	0.013
	0.050

	6
	24
	0.163
	1.18
	4.72
	-0.007
	          0
	0

	7
	28
	0.496
	3.59
	14.38
	-0.019
	0
	0

	8
	32
	0.101
	0.73
	2.98
	-0.020
	0
	0

	9
	36
	-0.041
	0
	0
	-0.016
	0
	0

	10
	40
	-0.204
	0
	0
	-0.019
	0
	0

	11
	44
	-0.226
	0
	0
	0.099
	0.026
	0.11

	12
	48
	-0.23
	0
	0
	-0.013
	0
	0

	13
	52
	-0.036
	0
	0
	-0.017
	0
	0

	14
	56
	-0.229
	0
	0
	-0.019
	0
	0

	15
	60
	-0.182
	0
	0
	-0.021
	0
	0



sample calculations 
average volume of the test tubes = (v1 + v2 + v3) / 3 = (4mL + 4mL + 4mL) / 3 = 4mL
Glucose fraction #7s mass and concentration calculation.
corrected absorbance of fraction #7 = 0.755-0.259 = 0.496
since Ab/Cb = Ag/ Cg  = 0.207/1.5 = 0.496/ Cg
Cg =3.60g/L 
m = Cv = 3.60mg/mL x 4.0mL
m= 14.4mg

starch fraction #4s mass and concentration calculation
corrected absorbance of fraction #7 = 0.230-0.023 = 0.207
since Ac/Cc = Ag/ Cg  = 0.755/0.2 = 0.207/ Cg
Cg =0.055g/L 
m = Cv = 0.055mg/mL x 4.0mL
m= 0.22mg


R.5)


Figure 1: concentration of the glucose and starch against the elution volume. 15 fractions of 4ml of solution was collected through a gel filtration chromatography. The collected solution was test for glucose and starch using glucose oxidase and iodine. The absorbance of samples containing iodine was measured at A600nm while the absorbance of the samples containing glucose oxidase was measured at A420nm.	Comment by Curtis Walton: Volume of the carbohydrates mixture applied to the column (0.5 mark)
Concentration of the standard (0.5 mark)

There are two peaks shown for starch. First peak at 16ml and the other one at 44ml. Since there was only glucose and starch present in the solution the two peaks made sense. The first peak is starch since it was eluted faster for due to its large molecular size in which it is not retained by the pored of the hydrated beads. The second peak is glucose and it was eluted slowly due to glucose molecules being retained by the pores of the hydrated beats and slowing its speed of being eluted. There is only one peak present in glucose at 28ml and this is for the starch that was eluted. Glucose oxidase oxidizes glucose into gluconic acid and since the absorbance were tested to for glucose and starch and glucose being oxidized only starch was detected.

R.6). Average distribution coefficient for glucose 
        Vt = π(d/2)2h
       Vt – total volume of the elution column 
       d- diameter of the column 
       h- height of the column 
Vt = π (1/2)2 44.5
Vt = 34.95mL

Kavg(glucose) = (Ve – V0) / (Vt – V0)
Ve(glucose) – the volume of the eluent = 28ml 
V0 = the void volume =15mL
Kavg(glucose) = (28ml-15mL) / (34.95mL-15mL)
Kavg(glucose) = 0.652
the average distribution coefficient for glucose Kavg(glucose) = 0.652
 
Average distribution coefficient for glucose
Kavg(starch) = (Ve – V0) / (Vt – V0)
Ve(starch) – the volume of the eluent = 16ml 
V0 = the void volume =15mL
Kavg(starch) = (16ml-15mL) / (34.95mL-15mL)
Kavg(starch) = 0.050
the average distribution coefficient for starch Kavg(starch) = 0.050
the results are as expected since glucose being a small molecule  compared to starch it will have a larger average distribution coefficient compared to starch. Because glucose being a smaller molecule it will enter the pores inside the hydrated beads and since starch being larger than the pores of the hydrated beads it will elute faster down the column and due to this starch will have a lower average distribution coefficient compared to glucose.

R.7). recovery yield percentage of glucose 
Mass of glucose (m) = (concentration of glucose at = 0 ) x volume added to the column 
                                   66.639mg/mL x 0.5mL
                                   = 33.32mg
recover yield of glucose = (total mass recovered from all the fractions/ total mass) x100
                                          (22.08/33.32) x100
                                           66.27%

Recovery yield percentage of Starch 
Mass of starch (m) = (concentration of Starch at = 0 ) x volume added to the column 
                                   0.96mg/mL x 0.5mL
                                   = 0.48mg
recover yield of glucose = (total mass recovered from all the fractions/ total mass) x100
                                          (0.443/0.48) x100
                                           92.29%

The recovery yield of glucose was 66.27% while the recovery yield for starch was 92.96%. for glucose to have a lower yield is due to glucose molecules entering the pores of the hydrated beads and not fully being eluted after 15 fraction were collected and some still being in the pores. The starch recovery is close to 100% and since starch are too big to enter the pores of the beads all starch molecules gets eluted fast. Some fractions providing negative absorbance values resulted in not being able calculate their concentrations in which the mass of starch and glucose of those fractions weren’t able to calculate, which is one of the errors for not having a 100% yield for the two molecules. Another source of error was when adding the glucose/starch solution to the column few drops bounced out of the sample syringe in which certain mass of glucose and starch was lost. Another source of error that would have occurred was improper use of the micropipette, that rather than going to the second stop when releasing the solution the releasing stopped at the first stop in which some of the sample was left on the micropipette.  


Reference:
1. Josee Coutu and Luc Poitras. (Summer2016). Introduction to Biochemistry      	
Laboratory Manual.
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