Name ________________________________________
Block ___________
Date ________________

PACKET #2

Unit 1: Chemistry of Life, Part II

Reading: Chapter 3 in textbook

Objectives: Upon completion of this part of the unit, you should be able to:
Topic 4:  Organic macromolecules (AKA carbon compounds) – Chapter 3

12. Explain what an organic molecule (compound) is and why they are important for life (3.1, 3.2).

13. Define and relate the terms macromolecule, polymer, monomer, polymerization, dehydration synthesis, and hydrolysis (3.3).

14. List the four types of organic molecules found in the human body (not the functional groups – my hint is to look at the chapter 3 table of contents).
15. Describe (and identify a diagram of) the structure and importance of carbohydrate molecules – including monosaccharides, disaccharides, and polysaccharides (3.4-3.7).

16. Explain how carbohydrate molecules are metabolized and stored in the human body and other living organisms – include a discussion of insulin and glucagon (3.7, 26.7).

17. Describe (and identify a diagram of) the structure and importance of lipid molecules – including phospholipids, steroids, and cholesterol (3.8-3.10).

18. Explain the difference in structure between unsaturated and saturated lipid molecules, recognize their chemical formulas, and explain why eating one type is better for your health than eating the other (3.9).

19. Describe the structure and importance of protein molecules, including how polypeptides are formed (3.11-3.12).

20. The 3D structure of a protein molecule determines its function.  Define denaturation, and identify three possible causes of denaturation.  Explain why denaturation affects protein function (3.13).
21. Describe the four levels of organization of protein molecules (3.14).

22. Briefly, identify the function of nucleic acid molecules. (3.16).

Vocabulary: (Topic 4)
	Organic molecules

	Hydrocarbon

	Isomers

	Functional groups

	Carboxyl group

	Amino group

	Hydrophilic

	Hydrophobic

	Macromolecule

	Polymer

	Monomer

	Polymerization

	Dehydration synthesis

	Degradation hydrolysis

	Carbohydrate

	Monosaccharide

	Disaccharide

	Polysaccharide

	Starch

	Glycogen

	Cellulose

	Lipids

	Phospholipids

	Steroids

	Cholesterol

	Unsaturated fat

	Saturated fat

	Proteins

	Polypeptides

	Denaturation

	Primary (1() structure

	Secondary (2() structure

	Tertiary (3() structure

	Quaternary (4() structure

	Nucleic acids

	Insulin

	Glucagon


Objective 12: Explain what an organic molecule (compound) is and why they are important for life (3.1, 3.2). _______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Objective 13: Define and relate the terms macromolecule, polymer, monomer, polymerization, dehydration synthesis, and hydrolysis (3.3). _____________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Objective 14: List the four types of organic molecules found in the human body (not the functional groups – my hint is to look at the chapter 3 table of contents). _____________________________________________

_______________________________________________________________________________________

Activity F: What is in the Food You Eat? (Complete in class)
Purpose Question:  What different kinds of organic molecules exist and how can we test different foods for the presence of these organic molecules?

Introduction:  The organic molecules/nutrients in food supply both the matter and the energy that your body requires for human performance.  Are all these nutrients equivalent and how do food scientists know what nutrients are present in particular types of food?  In this activity, you will have the opportunity to determine the presence or absence of four specific nutrients in a set of foods that your teacher will provide.

Procedure:
***YOU MUST WEAR SAFETY GOGGLES FOR THIS ENTIRE EXPERIMENT***

1. As a class, we will set up the tests for the positive and negative controls for protein and for starch.  


a. Positive Control = ____________________________________________________________
___________________________________________________________________________


b. Negative Control = ___________________________________________________________
___________________________________________________________________________


2. Enter the results of the positive and negative controls in the following table:


Results of Positive and Negative Controls

	Nutrient tested
	Indicator Used
	Positive control results (color?)
	Negative control results (color?)

	Protein (albumin)
	biuret
	purple
	Light blue

	Starch (starch suspension)
	iodine
	Black, dark brown
	Red, light brown


3. Before you begin testing your food samples, make predictions about what nutrients each food contains and record these predictions in your table.  Discuss these predictions with your partner.  Record a “Y” for yes, if you think that the nutrient will be present; record an “N” for no, if you think the nutrient will be absent.

4. Now, your group will test the food samples on your tray.  In the data table, note the food you are testing, and whether it is a plant product or an animal product.


5. Record a “Y” in the results column of your table if the food contains a given nutrient or an “N” in the same column if the food does not contain the nutrient.


6. Consult with at least two other lab groups (using the same indicator as you) to compare results.  Make note of any inconsistencies in your data.


7. Wash your hands and clean up your lab table and put all materials back in the designated area.  NO FOOD DOWN THE DRAIN, PLEASE!!

Data: 

	Name of Food
	Type of Food (Animal? Plant?)
	STARCH
	PROTEIN

	
	
	Prediction
	Result
	Prediction
	Result

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	

	4.
	
	
	
	
	

	5.
	
	
	
	
	

	6.
	
	
	
	
	

	7.
	
	
	
	
	

	8.
	
	
	
	
	


Analysis Questions: (to be completed on separate page)

1. What is a negative control? What were the negative controls used for iodine? Why was it important to test each indicator using multiple negative controls? (In other words, why was it not sufficient simply to use pure water as the only negative control?)  What would have happened if we had failed to include these negative controls?  Why would our food tests have been unreliable?  Be as specific as possible here; it will help to pose hypothetical examples to more specifically explain. (3 points)
2. What is a positive control?  What was the positive control used for iodine?  Why was it important to test each indicator with a positive control?  Again, be as specific as possible here. (3 points)
3. What patterns emerge? In other words, did animal products tent to contain certain nutrients, but not others?  What about plant products? (1 point)
4. Different organic molecules have different uses in your body.  Using both class notes and your textbook, please complete the following table.  You’ll need to recopy this table into your write-up, and then fill in the chart. (3 points)


	Type of Organic Molecule
	At least two different uses in your body, being as specific as possible

	Carbohydrates (includes both starch and glucose)
	1. 



	Lipids
	

	Proteins
	1. 




Dehydration Synthesis Practice (Review from Part I) – (Complete in Class)
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Pictured above is a glucose molecule, whose chemical formula is C6H12O6.  Imagine that you took 10 of these glucose molecules, and bonded them together to form a polysaccharide.

a.) Will water be formed or consumed, to make the polysaccharide? __________

b.) Explain why water will be either formed or used.  You can use either a picture or text to explain.

c.) In order to make the polysaccharide, how many total bonds will form between the 10 glucose monomers?  ____

d.) In order to make the polysaccharide, how many molecules of water will be formed or used? ____

e.) Using the words “polysaccharide,” “water,” and “glucose,” fill in the blanks below to describe the chemical equation. Add coefficients to describe how many molecules of each type are involved.  Cross out the blank that you don’t need.

______________ + _______________ ( ________________ + ________________

f.) Using molecular formulas and coefficients, write out the chemical equation.  Again, cross out the blank that you don’t need.  DO NOT try to draw your 10 glucose polysaccharide and count atoms…use Math!  Label one side of the equation “reactants,” and label the other side “products.”  

______________ + _______________ ( ________________ + ________________

Objective 15: Describe (and identify a diagram of) the structure and importance of carbohydrate molecules – including monosaccharides, disaccharides, and polysaccharides (3.4-3.7). ____________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________________

Objective 16: Explain how carbohydrate molecules are metabolized and stored in the human body and other living organisms – include a discussion of insulin and glucagon (3.7, 26.7). __________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Objective 17: Describe (and identify a diagram of) the structure and importance of lipid molecules – including phospholipids, steroids, and cholesterol (3.8-3.10). ______________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Objective 18: Explain the difference in structure between unsaturated and saturated lipid molecules, recognize their chemical formulas, and explain why eating one type is better for your health than eating the other (3.9).

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Objective 22: Briefly, identify the function of nucleic acid molecules. (3.16). _________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Activity G: Organic Molecule Concept Map (In class)
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Elements always present: ___, ___

Elements that may be present: 
Elements always present:


___, ___, ___, ___
___, ___, ___, ___
Elements always present:
Element sometimes present: ___

___, ___, ___, ___, ___
Monomer:

DNA and RNA are nucleic 
acid molecules



Elements always present:


___, ___, ___


Elements always present: 


___, ___, ___

Ratio of hydrogen atoms 
to oxygen atoms = 
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	Complete class or home
	Carbohydrates
	Lipids
	Protein

	What is it – in simple terms?
	
	
	

	Hydrophilic or Hydrophobic?
	
	
	

	Functions?


	
	
	

	Monomers? 

(simplest type)
	
	
	

	Structure? Special ratios?

Draw a picture.


	
	
	

	Examples in nature


	
	
	

	Reaction that builds up?

Reaction that breaks down?
	
	
	

	Examples in your diet


	
	
	

	Additional Info


	Insulin and Glucagon
	Saturated vs. Unsaturated

Heart Disease/Artherosclerosis
	How many amino acids are there?

How can there be so many proteins?


Activity H: Practice Questions (complete at home or class)
1. If you degrade (chemically break down) a polysaccharide made from 200 glucose monomers, you would ________ (use or form?) _____ (how many?) water molecules.  Below, write this degradation hydrolysis reaction in words (cross out the blank not used):

_______________ + ______________  ( ________________ + _______________

The corresponding, balanced chemical reaction is below.  (Again – cross out the blank not used, and use MATH to find the formula of the polysaccharide.)

_______________ + ______________  ( ________________ + _______________

2. If you take a triglyceride molecule with a chemical formula of C48H92O6, and degrade it (chemically break it down) into one glycerol molecule (C3H8O3) and ______ (how many?) identical fatty acid molecules, _____ (how many?) water molecules would be ___________ (formed or used?).  Below, write this degradation hydrolysis reaction in words: 

______________ + _______________  ( ________________ + _______________


The corresponding, balanced chemical reaction is below.  

______________ + _______________  ( ________________ + _______________

Each fatty acid would be _______________________ (saturated or unsaturated?).  The triglyceride molecule is likely from ________ (plants/fish or red meat?), and would be _________ (solid or liquid?) at room temperature.  The triglyceride would be considered a(n) _____ (oil or fat?) molecule.


3. You ate a peanut butter sandwich for lunch.  Explain why your body must break down (via degradation hydrolysis) the starch from the bread, and the protein and triglycerides from the peanut butter.










4. Suppose that you are a carbon atom.  Your journey begins as a carbon atom that’s part of the polysaccharide starch.  Where would you go next?  Put the following events in the correct order.
a. You would become part of a carbon dioxide molecule.

b. You would get exhaled through the person’s nose or mouth.

c. You would experience degradation hydrolysis.

d. You would enter a brain (or other body) cell.

e. You would experience aerobic cellular respiration.

f. You would experience dehydration synthesis, as the plant bonds several glucoses together to form starch, used by plants for long-term energy storage.

g. You would experience photosynthesis, and become part of glucose.

h. You would enter the blood stream as part of a monosaccharide molecule.

i. You would enter the blood stream as an inorganic molecule.

j. You would get absorbed by a tree.

k. You experience déjà vu.

Objective 19: Describe the structure and importance of protein molecules, including how polypeptides are formed (3.11-3.12). _________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

Objective 20: The 3D structure of a protein molecule determines its function.  Define denaturation, and identify three possible causes of denaturation.  Explain why denaturation affects protein function (3.13). ____________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

Question: ________________________________________________________________________________

_________________________________________________________________________________________

Objective21: Describe the four levels of organization of protein molecules (3.14). ______________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

Question: _________________________________________________________________________________

_________________________________________________________________________________________

Activity I: Proteins: What Determines their Molecular Shape? (complete in class)
1. Explore your amino acid kit.  The long tube represents the carboxyl and amino groups of your amino acids.  The smaller foam pieces represent only the variable groups.  Sort the amino acid variable groups into the following five categories:

	Yellow = hydrophobic variable (R) group

White = hydrophilic variable (R) group

Red = negatively-charged, hydrophilic variable (R) group

Blue = positively=charged, hydrophilic variable (R) group

Green = hydrophilic variable (R) group with a sulfur atom


2. Look at the table and name the amino acid with the green variable group ____________________

3. Name 2 amino acids that have hydrophobic variable groups: ___________ and ____________

4. Name 2 amino acids that have hydrophilic, uncharged variable groups: __________ and _________

5. Name 2 amino acids that have hydrophilic, charged variable groups: ___________ and ____________

6. Work with another team of two students for this step only.  Choose fifteen (15) variable groups, including two green variable groups, two red variable groups, and two blue variable groups.  Each of the student teams should choose the same 15 variable groups.
7. Straighten out your tube and then arrange fifteen (15) clips on your tube.  These clips should be evenly spaced.  Why must they be evenly spaced?  What does the space between clips on the tube represent? __________________________________________________________________________________

8. Add one variable group to each clip.  Try not to place a red too close to a blue, or the green too close to the other green, but otherwise the order is completely up to you.

9. This chain of 15 amino acids is a polypeptide molecule.  Now, figure out how this molecule would fold if this were the amino acid sequence.  Remember that you cannot shift the variable groups once they are on the tube.  You may only bend the tube.  Use the following rules:

· Fold up your tube so that all of the hydrophobic (yellow) variable groups are buried in the middle.  Remember that these groups are repelled by water and that water surrounds the molecule on all sides.

· By bending the tube, move the red and blue variable groups so that they are within one cm of each other.  Since they have opposite charges, they will attract and form a hydrogen bond.

· Make sure that your hydrophilic (white, red, blue, and green) variable groups are on the outside, where they can interact and hydrogen bond with water.

· Lastly, fold your molecule so that the two green variable groups can form a covalent disulfide bond.  This is called a disulfide bridge and helps stabilize the protein.  The two green groups must be within one centimeter of each other to form this covalent bond/disulfide bridge.

· Remember that you must simultaneously satisfy a-d (above)!  Once all rules are simultaneously satisfied, you have a properly-folded protein molecule.
10. Compare your folded protein molecule to the protein molecules of the group who chose the same 15 amino acids as you did.  Do you have the same 3D structure?  Explain why or why not. __________________ ___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________


11. Follow-up questions:

1. Now, draw a sketch of the tertiary structure of your protein (this question is asking you to sketch the 3D structure of your protein).  A rough sketch if fine – you don’t need to show any specific shapes for variable groups, BUT, using dashed lines, indicate the locations of the hydrogen bonds (the bonds between the red and blue variable groups).  Also, using a BOLD line, show the location of the disulfide bridge (covalent bond).  LABEL BOTH THE HYDROGEN BONDS AND THE DISULFIDE BRIDGE.


2. Provide the names of the first five animo acids of the primary structure of the protein molecule you built.  The primary structure is its linear amino acid arrangement. (This question is just asking you to list the five amino acids in the order in which you happened to sequence them).
___________ + ___________ + ___________ + ___________+ ___________...... chain continues
3. How many unique amino acids does your body use to build protein molecules? ______

4. In the space below, draw the structural formula of a dipeptide made from bonding serine and cysteine.







5. Looking at the molecule drawn in #4, color the atoms that would be represented by the foam tube (as opposed to the magnetic pieces).

6. Again looking at the molecule drawn in #4, circle the peptide bond that joins the two amino acids.  Remember that peptide bonds are covalent bonds that join two amino acids together.

7. Is threonine’s R group polar or nonpolar? ________ Hydrophobic or hydrophilic? _______

8. Would you expect to find threonine’s variable group toward the outside of the folded protein, or toward the inside of the folded protein? _____________

9. What type of reaction – degradation hydrolysis or dehydration synthesis – would you use to bond these 15 amino acids together? ___________________

10. Would you use water or form water when joining them? ________ How many water molecules? ______

11. The 3D shape of the protein molecule is critical.  If a protein is to work properly inside one of your cells, it must be folded correctly.  If the 3D structure is incorrect, the protein may cease to function.  Consider the following two scenarios:
Scenario A: You substitute one hydrophilic amino acid for another hydrophilic amino acid, in the primary structure.
Scenario B: You substitute one hydrophilic amino acid for a hydrophobic amino acid, in the primary structure.
Which scenario do you predict will have a greater impact on tertiary structure of the protein? _____
 Explain. _________________________________________________________________________
_________________________________________________________________________________

Review Questions: Chemistry of Life Part II (complete in class or home)
1. Identify the following molecules by both name and category (carbohydrate, lipid, or protein).








2. In your own words, describe the structure of a phospholipid, including polar vs. nonpolar regions.  Why is the structure of a cell membrane, in terms of its phospholipid composition?  Why does this composition make sense?







3. Order the following from small to big: electron, insulin molecule, cell, water molecule, oxygen atom

4. Complete the following chart, comparing different polysaccharides

	
	Made by plants or animals?
	Use for organism that makes the molecule
	Can humans hydrolyze (degrade) it?

	Starch
	
	
	

	Cellulose
	
	
	

	Glycogen
	
	
	


5. What hormone increases glycogen levels (and therefore decreases blood glucose levels)?  _________ Where is this hormone made? __________ What hormone decreases glycogen levels (and therefore increases blood glucose levels)?  ___________ Where is this hormone made? ____________

6. The following set of questions refers to the molecule below:
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a. What type of molecule is pictured above? ______________

b. What special type of covalent bond links its monomers together? ___________

c. What is the monomer from which this polymer is synthesized? ____________

d. Will water be formed or used if this polymer is degraded into monomers? __________

e. How many molecules of water will be formed or used? ____

Using words, write out the chemical equation showing degradation hydrolysis.

______________ + _______________ ( ________________ + _______________

Write out the balanced chemical equation for degradation hydrolysis of this molecule.  Assume that each amino acid (each monomer) has the following chemical formula: C3H7O2N.  Label the products and reactants.

______________ + _______________ ( ________________ + _______________

f. Draw an amino acid with the chemical formula C3H7O2N.






g. Once you hydrolyze a protein into animo acids (the monomers), the amino acids leave your small intestine and enter your _______________.  Your body then uses these amino acids to make human proteins.  Some examples of human proteins in your body are ______________, ________________, and __________________.

7. Phospholipids, as you know, make up most of the cell membrane of an organism.  When temperature falls, most molecules begin to pack more closely together.  This can be deadly for a cell if its membrane phospholipids pack so closely together that proper diffusion cannot take place.  (In this case, diffusion refers to the passage of molecules across a cell membrane – remember that we spoke in class about the cell membrane being the barrier between internal and external environments of the cell, and molecules must then pass through the cell membrane to enter or exit the cell.)  Bacteria are one type of organism which can change the kinds of fatty acids that they produce depending on the temperature of their environment.  As the temperature falls around a bacterial cell, would you expect more unsaturated fatty acids or more saturated fatty acids to be produced by the cell and used in the membrane? Why?
Lipids





Nucleic Acids





Organic Molecules





Proteins





Carbohydrates





Steroid Molecules





Unsaturated





Fatty Acids





Saturated





Phospholipid





Triglyceride





Polysaccharides





Disaccharides





Monosaccharides










