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Purpose: 

The purpose of this experiment is to separate, identify, and be able to measure the concentrations of two different carbohydrate molecules: glucose and its polymer starch. As the enzyme glucose oxidase is able to oxidize glucose into D-gluconic Acid, and the enzyme peroxidase is then able to oxidize o-tolidine with the hydrogen peroxide generated from the previous reaction, resulting in a colour change of the solution to yellow, the amount of glucose in a solution will be, thus, measured via absorption readings of a spectrophotometer. Similarly, Iodine will be used to identify how much starch is present in a solution, as Iodine is able to bind to six turns of the helix in starch and produce a colour change in the solution. Concentrations of starch and glucose in internal and external containers of a dialysis system will be, thus, found, and whether or not equilibrium, via diffusion of glucose, was reached, will be judged. In addition, glucose and starch will be subject to size exclusion chromatography, to reveal the distinct size differences in the two molecules and how that effects their passage through the chromatography column. The reagents will, again, be used to identify when, and at what concentrations the molecules enter the chromatography fractions rotated in a fraction collector.

Results and Discussion

R1. 
Table 1. Glucose and starch dialysis results measured by glucose oxidase-peroxidase and Iodine reaction assays. 9.9 mL of an initial mixture of unknown starch and glucose concentrations was funneled into a 1.6 cm diameter, 2.0 mL/cm, 12000-14000 Da MW cut-off, cellophane dialysis tubing. The tube was soaked for 5 minutes in 50 mL of distilled water to remove glycerol and other storage additives. The filled dialysis tube was placed in a beaker with 200 mL of distilled water and a stirring rod, and subsequently placed on a stir plate for 45 minutes to allow for equilibrium via dialysis to be reached between the two internal (glucose and starch mixture) and external (distilled water) liquids. Initial and final concentrations of glucose and starch were measured by glucose oxidase-peroxidase (0.004 mg/mL glucose oxidase, 0.02 mg/mL peroxidase, 0.01% toluidine in 0.15 M acetate buffer pH 5.0) and iodine reaction assays in test tubes in which reagents were added to test tubes containing initial and final solutions, allowed to incubate for ten minutes (for glucose oxidase-peroxidase assays), then subsequently vortexed. Absorption (A) readings were taken from a spectrophotometer set at 420 nm wavelength (A420) for glucose assays and 600 nm (A600) for starch assays, and zeroed with a blank containing only distilled water. The absorption reading of the blank test tube (0.030 for A420 and 0.040 for A600) with water and the reagent, was subtracted from each respective absorption reading presented. Initial internal and external concentration (c1) and mass (m1) values along with final internal and external concentration (c2) and mass (m2) values of glucose and starch dialysis are presented. Absorptions of known concentrations of glucose standard (1 mg/mL) and Iodine standard (0.1 mg/mL) were used to calculate concentration values.
	Time
(min)
	Glucose
	Starch

	
	A420 Internal solution
	c1 (g/L)
	m1 (mg)
	A420 External solution
	c2
(g/L)
	m2 (mg)
	A600 Internal solution
	c1 (g/L)
	m1 (mg)
	A600 External solution
	c2
(g/L)
	m2 (mg)

	0
	0.719
	54.44
	539
	-
	0
	0
	0.583
	0.847
	8.39
	-
	0
	0

	45
	1.749
	27.59
	273
	0.395
	1.246
	249
	0.560
	0.814
	8.06
	0.017
	0.00412
	0.824


 
Sample calculations:
Glucose c1:
A420 of glucose standard: 0.347-blank 
=0.347-0.030
=0.317
(0.317/(1 mg/mL))=0.719/ (0.025/0.6) c1
c1=54.44 mg/mL =54.44 g/L
Thus, the concentration of glucose in the initial internal mixture of the dialysis tubing was 54.44 g/L.
Glucose m1:
m1= c1 volume of internal mixture
=54.44 mg/mL  9.9 mL
=539 mg
Thus, the mass of glucose in the initial internal solution in the dialysis tube was 539 mg.

Starch c1:
A600 of starch standard: 0.453-blank 
=0.453-0.040
=0.413
(0.413/(0.1 mg/mL))=0.583/ (0.1/0.6)c1
c1=0.847 mg/mL =0.847 g/L
Thus, the concentration of starch in the initial internal mixture of the dialysis tubing was 0.847 g/L.
Starch m1:
m1= c1 volume of internal mixture
=0.847 mg/mL  9.9 mL
=8.39 mg
Thus, the mass of glucose in the initial internal solution in the dialysis tube was 8.39 mg.

Analysis of results:
As the dialysis tubing membrane is only permeable to glucose (selectively permeable) the only molecule that should be found in the external solution is glucose. Our results confirm this, as the internal glucose concentration is seen changing from 54.44 g/L to 27.29 g/L, and the internal initial and final starch concentrations remain very nearly the same, with the internal, initial concentration of starch being 0.847 g/L and the final, internal concentration of starch being 0.814 g/L. A low final external absorption value of starch (0.017) reveals an almost negligible 0.00412 external concentration of starch. The internal, initial glucose mass amount is also seen to have nearly halved: from 539 mg to 273 mg. The motive behind glucose permeating the tubing membrane is to reach an equilibrium solute state between the external and internal liquid environments. The final mass amount of glucose found outside the membrane, after 45 minutes of stirring, in the water, and the final amount that is found in the tubing is also very close: 273 mg internally and 249 in the external solution. Yet the dialysis equilibrium seems to have not yet been reached as the sum of the concentrations of the solutes remaining after the 45 minute period inside the dialysis tube (0.814 + 27.59), 28.404 grams of solute/L, are not yet equal to the external solution glucose concentration, 1.246 g/L (as glucose is the only molecule that can diffuse out and bring this equilibrium). This may be due to the fact that there are a limited number of pores in the membrane and much glucose has to diffuse out in order to bring the two solutions at equal concentrations of total solutes. The movement of glucose must also take time through the internal solution medium. The stirring could have possibly been done at a faster rate to add kinetic energy to the system and aide this process.

R2.
Ceq = (C0V1)/(V1+V2)
Ceq = (54.44 mg/mL 9.9 mL)/ (9.9 mL + 200 mL)
Ceq = 2.57 mg/mL
Ceq = 2.57 g/L
Thus, an estimate of the glucose concentration at equilibrium is 2.57 g/L.

R3. 
Using equation 2: 
[image: ]
(27.59 g/L -2.57 g/L)(1+ (9.9mL/200mL)) = 54.45 g/Le- (45 min)
25.02(1.0495) = 54.45e- (45 min)
26.26/54.45= e- (45 min)
0.4822= e- (45 min)
loge0.4822= loge e- (45 min)
-0.72940=- (45)logee1
-0.72940/45=
0.016208806 min = 
Equation 4:
[image: ]
0.016208806 min = 2(1.0495) D /0.8cm
0.006177725 cm/min= D
Thus, the apparent diffusion coefficient, D, of our experimental conditions was 0.0062 cm/min.

R4.
Table 2. Starch and glucose gel filtration fraction results. Fifteen fraction test tubes were used to collect 100 drops, via a fraction collector, of 0.5 mL of an unknown concentration of starch and glucose mixture eluted through the gel filtration column. The chromatography column was loaded with pre-swollen Sephadex G-25 (MW cut off: 5000) and distilled water, using a glass rod, in a smooth, continuous motion, to avoid the trapping of air bubbles. Pores of hydrated beads in the column would only permit entry of glucose molecules due to their pore size cut off. Starch molecules, too large to enter the beads would then be able pass through the column easier and quicker. Absorptions (A) values were measured via glucose oxidase-peroxidase and Iodine assays of fractions and were recorded using a spectrophotometer zeroed with a blank containing distilled water. The spectrophotometer was set at 420 nm (A420) for the glucose assays, and 600 nm (A600), for iodine assays. Elution values were found by using the average volume of three fractions, 3.97 mL, and multiplying this volume by the fraction number. Concentrations (c) were calculated using glucose standard (A420=0.317) and starch standard (A600=0.413) values (presented with blank—water and reagent absorption readings subtracted). Absorption readings are presented with blanks of water and glucose oxidase-peroxidase (A420=0.030) or water and Iodine reagent (A600=0.040) subtracted.
	Fraction
	Glucose
	Starch

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

	1
	3.97
	0.023
	0.0726
	0.288
	0.029
	0.00702
	0.0279

	2
	7.94
	-0.016
	-0.0505
	-0.200
	0.026
	0.00630
	0.0250

	3
	11.91
	-0.028
	-0.0883
	-0.351
	-0.006
	-0.00145
	-0.00577

	4
	15.88
	-0.006
	-0.0189
	-0.0751
	0.342
	0.0828
	0.329

	5
	19.85
	0.060
	0.189
	0.751
	0.046
	0.0111
	0.0442

	6
	23.82
	0.316
	0.997
	3.96
	0.024
	0.00581
	0.0231

	7
	27.79
	0.541
	1.71
	6.78
	0.033
	0.00799
	0.0317

	8
	31.76
	0.413
	1.30
	5.17
	0.050
	0.0121
	0.0481

	9
	35.73
	0.237
	0.748
	2.97
	0.024
	0.00581
	0.0231

	10
	39.7
	0.122
	0.385
	1.53
	0.038
	0.00920
	0.0365

	11
	43.67
	0.008
	0.0252
	0.100
	0.124
	0.0300
	0.119

	[bookmark: OLE_LINK1]12
	47.64
	-0.007
	-0.0221
	-0.0877
	-0.015
	-0.00363
	-0.0144

	13
	51.61
	-0.005
	-0.0158
	-0.0626
	0.043
	0.0104
	0.0413

	14
	55.58
	-0.007
	-0.0221
	-0.0877
	0.004
	0.000969
	0.00385

	15
	59.55
	-0.006
	-0.0189
	-0.0751
	0.040
	0.00969
	0.0385



Full calculations for one fraction (fraction 1):
Average volume of each fraction, found from calculating the average of 3 fraction test tube volumes: 3.97 mL
Elution volume= Average fraction volume  fraction number
Elution volume for fraction number 1= 3.97 mL  1= 3.97 mL
Thus, elution volume for fraction 1 is 3.97 mL.
Concentration of glucose in fraction 1: (Absorption of standard glucose/ 1 g/L) = [(Absorption reading of fraction 1 at 420 nm – Absorption reading of blank with water and reagent)/ concentration of glucose in fraction 1]
= (Absorption reading of fraction 1 at 420 nm – Absorption reading of blank with water and reagent)/0.317
=0.023/0.317
=0.0726 g/L
Thus, concentration of glucose in fraction 1 is 0.0726 g/L.
Mass of glucose in Fraction 1: Concentration of glucose in fraction 1 in mg/mL  3.97 mL
= 0.0726 mg/mL  3.97 mL
=0.288 mg of Glucose
Thus mass of glucose in fraction 1 is 0.288 mg.
Concentration of starch in fraction 1: (Absorption of standard starch/ 0.1 g/L) = [(Absorption reading of fraction 1 at 600 nm – Absorption reading of blank with water and reagent)/ concentration of starch in fraction 1]
= (Absorption reading of fraction 1 at 600 nm – Absorption reading of blank with water and reagent)/4.13
=0.029/4.13
=0.00702 g/L
Mass of starch in fraction 1: Concentration of starch in fraction 1 in mg/mL  3.97 mL
= 0.00702 mg/mL  3.97 mL
= 0.0279 mg of starch












R5.

Figure 1. Elution volume and concentrations of glucose and starch in gel filtration fractions. Fifteen fraction test tubes were used to collect 100 drops, via a fraction collector, of 0.5 mL of an unknown concentration of starch and glucose mixture eluted through the gel filtration column. The chromatography column was loaded with pre-swollen Sephadex G-25 (MW cut off: 5000) and distilled water, using a glass rod, in a smooth, continuous motion, to avoid the trapping of air bubbles. Pores of hydrated beads in the column would only permit entry of glucose molecules due to their pore size cut off. Starch molecules, too large to enter the beads would then be able pass through the column easier and quicker. Absorptions values were measured via glucose oxidase-peroxidase and Iodine assays of fractions and were recorded using a spectrophotometer, zeroed with a blank containing distilled water. The spectrophotometer was set at 420 nm (A420) for the glucose assays, and 600 nm, for iodine assays. Elution values were found by using the average volume of three fractions, 3.97 mL, and multiplying this volume by the fraction number. Concentrations were calculated using the glucose standard (A420=0.317) and starch standard (A600=0.413) values (presented with blank—water and reagent absorption readings subtracted). Absorption readings used had blanks of water and glucose oxidase-peroxidase (A420=0.030) or water and Iodine reagent (A600=0.040) subtracted from them.

I observe three peaks in Figure 1, one corresponding to the glucose plot line, and two corresponding to the starch plot line. This is not as I expected, as I expected one peak per molecule, and for the molecules to travel collectively down the column. Though the position of the first peak does correspond with the expected result of having the larger molecule, starch, eluted first. Similarly, glucose peaking second corresponds with the concept of the smaller molecule passing through the column later than the larger molecule as the hydrated beads would allow entry of the smaller molecule, glucose, through their size exclusive pores and as a result hold the glucose molecules, slowing their movement through the chromatography column. The second, smaller peak may be a result of starch molecules aggregating in the column at one point and thus delaying their velocity, hence creating the second starch molecule peak which makes its entry as glucose molecules are completing their travel through the column.

R6.
Finding Kav of glucose: 
Ve at highest concentration value of glucose is 27.79 mL
Vt= (1 cm/2)2(45.5cm)
=35.74 cm3
Vo=15 mL
Kav= (Ve-Vo)/(Vt-Vo)
=(27.79 mL-15 mL)/ (35.74-15mL)
=0.617 
Thus, the distribution coefficient, Kav, of glucose is 0.617.
This is close to the expected value of 0.8 of the Kav, as, though in an ideal situation, the Kav of small molecules should be 1, because not all molecules have access to all of the hydrated beads and their pores in the column, the Kav of even the smallest molecules has been experimentally found to be 0.8. And as glucose, though a smaller molecule than starch, is not the smallest biological molecule possible, an experimental Kav of 0.617 seems reasonable.

Kav of starch:
Ve at highest concentration value of starch is 15.88 mL
Vt= pi(1cm/2)2(45.5cm)
=35.74 cm3
Vo=15 mL
Kav= (Ve-Vo)/(Vt-Vo)
= (15.88 mL-15 mL)/ (35.74-15mL)
=0.0424
Thus the distribution coefficient, Kav, of starch is 0.0424.
This Kav value, too, is close to the expected value of zero. As larger molecules, such as starch, do not enter the hydrated bead pores, they pass through the gel eluent quicker and with less hindrance, thus having an expected Kav of zero.

R7.
We put in 0.5 mL of the initial glucose starch mixture into the gel filtration column. From Table 1 we can see that the concentration we found of this initial mixture was 54.45 mg/mL. This means (54.45 multiplied by 0.5 mL=) 27.22 mg (approximately) should be the total mass of glucose that went into the gel filtration column. 
From the summation of all the mass values of glucose corresponding to absorption values higher than 0.1 in Table 2 the total mass of glucose recovered is 20.41 mg.
(20.41/27.22)100=74.98 %
Similarly, the concentration of starch in the 0.5 mL of the initial mixture was found to be 0.847 mg/mL. This means that 0.4235 mg of starch was in the initial mixture (0.847 mg/mL 0.5 mL). A summation of all the mass values of starch corresponding to absorption values higher than 0.1, in Table 2, gives a total experimental yield of 0.448 mg. This value is higher than the theoretical yield which may be a result of a not entirely accurate concentration of starch value of our initial mixture. This may be due to an inaccurate spectrophotometer absorption reading due to potential variable carbohydrate concentration conditions in the initial mixture source tube, or test tubes carrying too little volume to be read accurately by the spectrophotometer. Our yield, then, becomes: 0.448/0.4235  100= 106 %
Though, that the theoretical and experimental yield mass values for starch are very close together, and suggest an almost 100 percent yield, supports the idea that none of the starch molecules were absorbed by the porous beads and all made it through the gel filtration column. In addition to affirming the idea that the starch molecules were, in fact, too large to enter the pores of the gel filtration beads, allowing the starch molecules to flow more easily, and unhindered through the column. 
Another possible source of experimental error could be the premature closing of the stop trigger controlling the sample applicator syringe carrying the sample starch and glucose solution mixture, to avoid the entry of air and/or bubbles in the system. This may have prevented the last, remaining glucose molecules from passing through the chromatography column, resulting in a less than 100 % glucose mass yield.
It is also possible that not all of the Iodine reacted with the starch in the initial glucose and starch mixture, revealing a lower absorption value and thus a lower starch concentration amount than was actually present in the mixture.
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