Honors Biology LAB: Carbohydrate Modeling
Standard: 3.3.10.A: Explain the relationship between structure and function at the molecular and cellular levels.
Standard: 3.3.10.B: Describe and explain the chemical and structural basis of living organisms.
Preparation of Model Kit

1. Carefully empty the contents of the packet onto the lab desk.

2. Separate the pieces of white rubber tubing. Each represents a chemical bond  (or potential energy).

3. Separate the remaining parts by color. Each color represents a different element: 

· black are carbon atoms

· white are hydrogen atoms

· red are oxygen atoms.

4. The pegs on each “element” represent the number of bonds which each element can form.

· carbon can form ____ bond(s) because it has ___ unpaired valence electrons
· hydrogen can form ____ bond(s) because it has ___ unpaired valence electrons
· oxygen can form ____ bond(s) because it has ___ unpaired valence electrons
Part I: Build a “Linear” Monosaccharide (“mono” = one “saccharide” = sugar)
1. We are going to build a model of a simple sugar: glucose. Simple sugars are a type of carbohydrate called a monosaccharide. Glucose has a chemical formula: C6H12O6.  

2. Start by building a “backbone” chain of 6 chemically bonded carbon atoms. Construct a chain of six carbon atoms by attaching the (black) carbon atoms together using the rubber chemical bonds in the kit.

3. The carbons in the chain are numbered. Start on the left side of the chain, calling it carbon #1. Reading left to right will be carbons 2, 3, 4, 5, and 6.

4. Carbon #1 is double-bonded to an oxygen atom. This is called a carbonyl group (C=O). Attach two bonds to carbon number 1 in your chain. To the two bonds you just put on carbon #1 attach one oxygen (red) atom. 

5. Construct 5 hydroxyl groups (–OH). The hydroxyl group is made of one hydrogen atom and one oxygen atom. Construct a hydroxyl group by attaching a hydrogen atom (white) to an oxygen atom (red) using one bond. 

6. Sometimes atoms form groups but act as if they were only one atom. These groups are called functional groups.  They are important because these functional groups are the parts of the molecule that change (or react) in a chemical reaction.

7. Add the 5 hydroxyl groups to carbons #2, 3, 4, 5, and 6. Attach a hydroxyl group to the peg of carbon #2 in the chain. Add a hydroxyl groups –OH to carbon # 3, 4, 5, and 6 in the chain. Carbon #1 does not have a hydroxyl added to it.

8. Count the number of each type of atom (carbon, hydrogen, and oxygen) currently connected together. The remaining 7 hydrogen atoms are bonded to carbon atoms 1, 2, 3, 4, 5. Carbon atom 6 will have two hydrogen atoms attached.  Add these hydrogen atoms to the remaining open pegs. 
9. Congratulations! This is what the simple sugar glucose looks like. This straight or linear form is what glucose looks like when it is a crystal or a powdered sugar. Have your model checked by your instructor. Diagram (sketch and label) the linear model of glucose on your lab sheet.
Part II: Linear to Ring Form

1. When linear glucose dissolves in water it reforms into a ring structure called cyclic glucose. This is the form of glucose that is found in cells and other aqueous environments.

2. To demonstrate the formation of cyclic glucose you will pretend to be the water molecules. Water exerts attractive forces on polar functional groups (like –OH) that can bend the shape of chemical compounds. These forces also dissolve the glucose by using the magnetic-like forces of polarity.
3. Carefully twist the carbon chain, bringing together carbon atoms 1 and 5 so that the double-bonded oxygen on carbon 1 reacts with the hydroxyl group on carbon 5. The hydrogen atom from the hydroxyl (–OH) group of carbon 5 is transferred into the double bonded oxygen of carbon 1 reforming a hydroxyl group.  

4. At carbon 1, break one of the double bonds between the oxygen and the carbon 1 atom by removing one rubber tube. Transfer the hydrogen from carbon 5, creating a hydroxyl group on Carbon 1.The oxygen attached to carbon #5 can now bond to carbon #1 to form a ring. Use the oxygen to attach carbon 1 and 5. 

5. Molecules will assume a formation (in this case a ring) that puts the least amount of strain on the chemical bonds. If any of your bonds are “stressed” (bent) rotate the bonds until the molecule is stable. Compare your model to the one shown at the beginning section 2-3. 

6. Model must be checked by instructor. Diagram (sketch and label) cyclic glucose on your lab sheet.
Part III: Building a Disaccharide (“di” = two “saccharide” = sugar)
1. The table sugar you use to sweeten your foods is a disaccharide called sucrose. Sucrose is harvested from sugar cane and sugar beet plants. These plants produce a large amount of two monosaccharides, called glucose and fructose. In order to store these sugars, the plant must combine glucose and fructose (both monosaccharides) together to form sucrose (a disaccharide). 

2. Your job is to take the two simple sugars, fructose and glucose, and model the synthesis of sucrose. 

3. You will now perform a metabolic chemical reaction called dehydration synthesis to form the sucrose.

4. You already built glucose. Using the graphics provided, construct a fructose model. Have it checked by your instructor.
5. First, dehydrate or “remove water”. Remove an entire hydroxyl group (-OH), including the bonds, from the carbon 1 atom on the right side of glucose molecule.

6. Remove a hydrogen atom (H) from the hydroxyl group of carbon 4 (in the ring) on the left side of fructose molecule, leaving behind the oxygen atom and the bond.

7. Join together the detached hydroxyl group (–OH) and the hydrogen atom (H) that you removed from the two molecules to form water: H2O. This is a waste product.

8. Now for the synthesis or “building” of sucrose. Create a bridge by joining the oxygen and its bond on the carbon 4 of fructose with the carbon 1 of glucose. This is called a glycosidic bridge (or “Linkage”). A polysaccharide (like starch or glycogen) would contain many of these bridges.

9. Congratulations! You have just performed a metabolic chemical reaction. Model this reaction for your instructor. Diagram (sketch and label) the sucrose model on your lab sheet.
Part IV: Digesting via Hydrolysis (“hydro” = water….”lysis” = to split)
1. When you eat sucrose, your body separates it into glucose and fructose. 

2. We must now convert our disaccharide, sucrose, back into glucose and fructose using a chemical reaction called hydrolysis. 

3. Perform this reaction by splitting the sucrose glycosidic bridge and return the water molecule to create fructose and glucose molecules. In other words…you will split the disaccharide and add the water that was removed during dehydration synthesis.

4. Congratulations! You have just performed a metabolic chemical reaction. Model this reaction for your instructor.

Part V: Research and Explain
1. Using your textbook (p.39), the internet, and your model kits

2. Explain and model the difference between:

Starch and Glycogen


Starch and Cellulose
Completely disassemble your models and return ALL parts to the bag(s) provided!
