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If this packet is LOST, please:

drop it off at the BHS Science Dept. (rm 365) OR

drop it off in  Mr. Kozel’s classroom (360) OR

call the Science Dept. at (617) 713-5365.
Reading Guide 
I. Food and Nutrition (section 38-1, pg. 971-977)

A. Food and Energy



i. Role of glucose?



ii. role of ATP?



iii. Calorie


B. Nutrients



i. List of needed nutrients



ii. Role of water



iii. How much water per day?


C. Carbohydrates



i. Main function



ii. types of foods?


D. Fats



i. Main function



ii. types of foods?


E. Proteins




i. Main functions


ii. types of foods?


F. Vitamins



i. Fat soluble and water soluble difference?



ii.  Give two examples, source and function for each


G. Minerals



i. Give two examples, source and function for each


H. Nutrition and a Balanced Diet



i. What is the food pyramid?



ii.  What kind of information is on a Nutritional Facts label?

Lab 3-1: Nutrient Testing Lab

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.  First take notes on what these are then, enter the results of the positive and negative controls in the table: 


Notes on Positive and Negative Controls:

	Positive control



	Negative control




Results of Positive and Negative Controls

	
	Albumin/Protein
	Glucose
	Starch
	Water

	Biuret’s
	
	
	
	

	Iodine
	
	
	
	


Summary of Positive and Negative Controls

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

	Protein (albumin)
	
	
	

	Starch (starch suspension)
	
	
	


2. 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 the members of your lab group. 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.

3. 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 from a plant or animal.

4. 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.

5. 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.

6. 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:  (2 pt)

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

	
	
	Prediction
	Result
	Prediction
	Result

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	

	4.
	
	
	
	
	

	5.
	
	
	
	
	

	6.
	
	
	
	
	

	7.
	
	
	
	
	

	8.
	
	
	
	
	


Analysis Questions:  Answer these questions on a separate sheet of paper. 

1. In your own words, what is a negative control? 
2. What were the three negative controls used for iodine? 
3. 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, even if we had multiple trials with the pure water?)  What would have happened if we had failed to include these negative controls?  Why would our food test results have been inconclusive?  Be as specific as possible here; it will help to pose hypothetical examples to more specifically explain. 
4. HONOR (standard extra credit): Propose an additional negative control set-up that we could have used, and why this negative control set-up would have further increased the validity of this experiment.  
5. 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. 
6. As a class, how many trials did we use per treatment?  Discuss the role of sample size (number of repeats) in an experiment. 
7. Any successful experiment will control all variables other than the one actually being tested.  In this experiment, our tested (experimental) variable was the type of food.  Controlled variables included, for example, the amount of indicator added.  All groups added 4 drops of each indicator to each well; thus, this variable was successfully controlled.  Provide another example of a successfully controlled variable in this experiment.  Describe what you did to successfully control it. 
8. HONOR: Provide an example of a variable that we should have more effectively controlled, and specifically what we could have done to have better controlled it. 
9. What patterns emerge? In other words, did animal products tent to contain certain nutrients, but not others?  What about plant products? 
Conclusion: Don't forget to include this!  What did you learn from this lab? 
Journal 3-1
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Reading Guide Chapter 2 The Chemistry of Life
II. The Nature of Matter (Section 2-1, p. 35-39)


A. Atoms



i. Define what an atom is:



ii. Subatomic particles include: 


B. Elements and Isotopes



i. Explain what an element is and give 3 examples: 



ii. Explain what an isotope is:

                         iii. Isotopes have the same number of _________________, which means that the isotopes of an element have the ___________ chemical properties.



iv. What are radioactive isotopes and how are they used?


C. Chemical Compounds



i. What information is contained in a chemical compound?



ii. Explain what the chemical formula for table salt, NaCl means: 


D. Chemical Bonds



i. Which particle of an atom is involved in a chemical bond?



ii. What are valence electrons?



iii. What is an ionic bond?

                          iv. What is an ion? Give an example of a positively charged ion and a negatively charged ion.



v. What is a covalent bond? 



vi. How many electrons are involved in a single covalent bond? A double covalent bond?



vii. What is a molecule? 



viii. Explain how Van der Waals forces enable a gecko to climb a wall.

Journal 3-2: Molecular Modeling; How are atoms arranged in the molecules of living things?

Background: A molecule is composed of two or more atoms held together by covalent bonds.  It is impossible to see a molecule because it is extremely tiny.  It is possible, however, to obtain information concerning the arrangement of atoms in a molecule from the way in which the molecule reacts with other molecules and from special techniques such as x-ray diffraction.  Using these techniques, scientists have measured the angles between bonded atoms and the distances between nuclei of bonded atoms.  From these measurements, the shapes of molecules have been determined.

The shapes of molecules in living things range from the very simple types such as oxygen or water to very complicated structures such as sugars and proteins.  The shapes of molecules determine their functions.  If a molecule’s shape is changed (denatured), it will no longer be able to function in its intended role.  For example, hemoglobin is a protein found in red blood cells.  It binds to oxygen and transports it in the blood.  If the shape of the hemoglobin molecule is changed, it will no longer be able to bind to oxygen.

In this activity you will observe the structure of biological molecules by using a ball-and-stick molecular modeling kit.

Purpose:  How do organic and inorganic compounds compare?  What do the building blocks look like that make up organic molecules (carbohydrates, lipids, and proteins)?

Methods:  Examine the contents of the model-building kit.  Each color represents a specific atom.  The small plastic pieces fit into the holes and are used to join different spheres.  They represent covalent bonds (sharing valence electrons) between atoms.

1. Brainstorm on the four different macromolecules: (1 pt)
	Carbohydrates
	Proteins



	Lipids
	Nucleic Acids




2. Complete the chart below: (1 pt)
	Atom
	# valence electrons
	# electrons in full valence shell
	# electrons the atom needs to share
	# covalent bonds the atom needs to form
	# holes in the model sphere
	Sphere color

	Hydrogen
	1
	2
	
	
	
	

	Oxygen
	6
	8
	
	
	
	

	Carbon
	4
	8
	
	
	
	

	Nitrogen
	5
	8
	
	
	
	


IMPORTANT: Get my approval on ALL molecules that you build before you take them apart!!

3. Construct models of the following inorganic compounds.  Diagram the structural formula of each molecule: (2 pt)
      H2O







CO2




4. Construct models of the following organic molecules.  In real life, these molecules are formed via dehydration synthesis.


a. [image: image13.png]Substrate = H,0,

site

Substrate
AN Active site

&

Molecular model Schematic model
of catalase of an enzyme



AMINO ACIDS – 2 team members should build the first amino acid, and 2 team members should build the second amino acid.  Then join the two amino acids by removing the OH group from one amino acid and an H from the N of the other amino acid.  Draw the products of this reaction. (2)




Amino Acid #1

      Amino Acid #2


What type of biological molecule is this (circle)?   Protein      Carbohydrate         Lipid


What other product was formed when put these two together? ____________
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GLUCOSE AND FRUCTOSE – 2 team members should build glucose, and 2 team members should build fructose.  IMPORTANT:  Build the inner ring first (the carbons attached to the oxygen atom in a ring)!  Then work your way around the ring.  Then join the glucose and fructose molecules to form sucrose by removing the H atoms from the O atom on one molecule and an OH from a carbon on the other molecule.  Draw the products of this reaction. (2 pt)

Glucose (C6H12O6)



Fructose (C6H12O6)






What type of biological molecule is this (circle)?   Protein      Carbohydrate         Lipid

What other product was formed when you formed sucrose? ____________
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GLYCEROL AND FATTY ACIDS – 3 team members should build one fatty acid each and 1 team member should build a glycerol.  Then join the glycerol with three fatty acids to for a triglyceride by removing the three OHs from the glycerol and the H attached to the O on each of the fatty acids.  Draw the products of this activity. (2 pt)

Glycerol




Fatty Acid (Build 3)









What type of biological molecule is this (circle)?   Protein      Carbohydrate         Lipid

What other product was formed besides triglyceride? ____________

Analysis – Answer these questions on a separate sheet of paper 
1. Which type of molecule (organic or inorganic) is likely to be more complex?  Why? (Hint – Look at the examples of each that you built and think about what each is made of and how they are made.) 
2. There are more different types of organic molecules than inorganic molecules.  Explain why. (Again – think about what they look like, what they’re made of, and how they’re made)
3. Energy available to an organism is stored within the carbon-hydrogen bonds of molecules.  Oxygen atoms may intervene between carbon and hydrogen atoms, causing a decrease in the energy available.  Therefore, the less oxygen present per hydrogen atom, the more energy is stored within the molecule.  Based on this information, which of the three substances you built likely stores the most energy. 
4. Explain why these reactions you modeled are called “dehydration synthesis” reactions. (Hint: what do each of those words mean…how do they relate to the process?) 
5. Explain the process of hydrolysis, where polymers are broken down into monomers. (Hint: “Lyse” means to break.) 
III. Carbon Compounds (Section 2-3)



i. What is organic chemistry?


A. The Chemistry of Carbon

                          i. What is so interesting about carbon that scientists devote a branch of chemistry to its study? (give at least 2 significant reasons)


B. Macromolecules



i. What does macromolecule mean?



ii. What are the 4 groups of organic compounds?


C. Carbohydrates



i. What elements are carbohydrates made of?



ii. List at least two functions of carbohydrates in organisms.


D. Lipids



i. What elements are lipids made of?



ii. What are some functions of lipids?
                         iii. Honor: Describe the difference between a saturated and an unsaturated fat. Give an example of each.


E. Nucleic Acids



i. What are nucleic acids?



ii. What are the functions of nucleic acids?


F. Proteins



i. What are the elements that make up a protein?

                          ii. What is the monomer for a protein? 


iii. How many different amino acids are there?



iv. What are some functions of proteins?

Organic Chemistry Notes
	What do you think a “macromolecule” is?

What is a “monomer”? “Polymer”?



	What is an organic molecule?



	What are the four categories or types of organic molecules?




	Carbohydrates

	What are they – in simple terms?


	What type of reaction builds up large carbohydrates?



	What is their function?


	

	
	What type of reaction breaks large carbohydrates down?



	What is the “monomer”?


	

	
	What are examples in nature? In your diet?

	What do they look like?


	


	Nucleic Acids

	What are they – in simple terms?


	What are its monomers and what do they look like?

	What is its function?


	

	Lipids

	What are they – in simple terms?


	What type of reaction builds triglycerides?



	What is their function?


	

	
	What type of reaction breaks down triglycerides?



	Lipids don’t have monomers!  What are the components of a triglyceride?


	

	
	What are examples in nature? In your diet?



	What do triglycerides look like?


	

	
	Saturated vs. Unsaturated


	Proteins

	What are some examples in nature (and what are their functions)?


	What type of reaction builds up proteins?



	
	What type of reaction breaks down proteins?



	
	How can there be so many different proteins?

	What is the “monomer”?


	

	What do the monomers look like?


	


Journal 3-3: Proteins – What Determines Their Molecular Shape?
Background: Proteins perform a wide variety of functions in living organisms.  Hemoglobin is a protein in blood cells that transports oxygen from the lungs to the cells of the body.  Enzymes act as biological catalysts to speed up reactions in every cell of the body.  Proteins are a major part of muscles and are crucial for muscle contractions.  Individual cells and whole organisms depend on proteins for structural support.  Proteins are what make us unique individuals, providing the pigments in our skin, hair, and eyes.  In order for a protein to perform its specific job, it needs to have a very specific shape.  So what determines the shape of a protein?  With only 20 different amino acids, how can there be so many different varieties of protein?  You will explore these questions in this journal.

Process and Procedure:
1. Take notes on the following topics:

	Amino acid structure



	Hydrophobic vs. Hydrophilic
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Primary Structure (1°)


	Secondary Structure (2°)



	Tertiary Structure (3°)



	Quaternary Structure (4°)




2. [image: image17.png]


Before you start – what color foam tube are you assigned? _______________
***You will be responsible for this kit.  You must check that all of the amino acids are present BEFORE and AFTER you are done with this activity.  If your kit is missing any amino acids, you will be docked points.  Place a check in the box below once you complete step 3 and make sure that all amino acids are present and accounted for before you move on to the rest of the activity.***


3. Explore your amino acid kit.  The long tube represents the carboxyl and amino groups of your amino acids.  The smaller plastic pieces represent only the variable groups.  Sort the amino acid variable groups on the magnetic board.  Below are the categories to help you (the colors refer to the sticker on the base of the variable group – not the colors inside of the plastic).
	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


CHECK THE BOX IN STEP 2 ONCE YOU HAVE COMPLETED STEP 3!!

4. Look at the table and name the amino acid with the green variable group ____________________
5. Name any 2 amino acids that have hydrophobic variable groups: ___________ and ____________
6. Name any 2 amino acids that have hydrophilic, uncharged variable groups: __________ and _________
7. Name any 2 amino acids that have hydrophilic, charged variable groups: ___________ and ____________

8. Find the following 15 amino acid variable groups and put them aside.  These are the only 15 amino acids you will need for the rest of the journal, so you can put the others back in their bag.

	Cysteine (2 of these)
	Methionine
	Arginine
	Valine

	Lysine
	Aspartic acid
	Glutamic acid
	Asparagine

	Serine
	Threonine
	Glycine
	

	Alanine
	Leucine
	Tryptophan
	


9. Straighten out your tube and then arrange fifteen (15) clips on your tube.  These clips should be evenly spaced.  

10. 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. 



11. 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 can not 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.

· Move the red and blue variable groups so that they are within one centimeter of each other.  Since they have opposite charges, they will attract and form a hydrogen bond. Use the white plastic “links” to connect the areas where the hydrogen bonds form.

· 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 all criteria above!  Once all rules are simultaneously satisfied, you have a properly-folded protein molecule.
12. Once you think all of the above requirements have been met, call over your teacher to stamp or initial the page before moving on.
13. Compare your folded protein molecule to the protein molecules of the groups around you.  Do you have the same 3D structure?  Explain why or why not.


14. 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).
15. Provide the names of the first five amino 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 cont.
16. ***You no longer need the model that you built.  You should again place all of the amino acids on the chart and do a check to make sure that ALL amino acids are still present.  If you are missing any, you will be docked points.  Check your kit and put all pieces away before moving on to the next question.  When you have checked your kit, call your teacher over to initial or stamp the box below.***

Analysis Questions – Complete on a separate sheet of paper

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

2. Would you use water as a reactant or form water as a product when joining them? How many water molecules? 

3. How many unique amino acids (NOT proteins) does your body use to build protein molecules? 
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Draw the structural formula of the molecule made from bonding serine and cysteine.

       (Serine)

     (Cysteine)

5. Looking at the molecule you drew in the question above, color the atoms that would be represented by the foam tube (as opposed to the magnetic plastic pieces).

6. Again looking at the molecule you drew above, circle the peptide bond that joins the two amino acids.  Remember that peptide bonds are covalent bonds that join two amino acids together.

7. When you placed your clips on the foam tube in step 9 of the procedure, you spaced them out evenly.  Why must they be evenly spaced?  What does the space between clips on the tube represent? 

8. Is threonine’s variable group polar or nonpolar? 
9. Would you expect threonine to interact with or “hide” from water? 

10. Cells are made of mostly water and proteins are found inside of cells. Given what you know about threonine’s variable group would you expect to find the threonine amino acid on the outside of a large 3D protein, or hidden away in the middle of the protein? 

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.
Predict which scenario will have a greater impact on tertiary structure of the protein and explain why you think so.

IV. Chemical Reactions and Enzymes (Section 2-4, p. 49)


A. Chemical Reactions

                    i. Explain what a chemical reaction is. Give an example of a chemical reaction and label the reactants and products.

B. Energy in Reactions 

                   i. Which type of reaction is spontaneous- energy absorbing or energy releasing? 

                   ii. What is activation energy? Go back to your drawings from Figure 2-19 and label the activation energy. 

Journal 3-4: Enzyme Structure and Function

Background:  We’ve been talking about different kinds of reactions that occur in your body (like dehydration synthesis and hydrolysis) and how molecules change.  Does this just happen on its own?  If you leave a piece of meat in a Petri dish, will it just break down into amino acids all by itself?  No!  What will break down proteins?  How do we break down the food that we eat?  Enzymes!  

Part 1: Take notes on Enzyme structure and function below, and then complete the activity that follows.

Key vocab words (make sure you define and highlight/underline) these words in your notes below:  catalyst, activation energy, reactant, product, enzyme, substrate, active site, denature, induced fit

	[image: image20.emf]Reactions in the body
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	What are enzymes?



	What do enzymes do?



	What do enzymes look like?



	How do enzymes work? (Induced Fit Model)

Enzyme/Substrate specificity:



	What affects enzyme function?

Temperature

pH


Substrate concentration




Before you begin the activity, answer the following questions.

1. In the following equation, label the reactant(s), product(s), and enzyme(s):

 




[image: image5.wmf]catalase
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2. Enzymes belong to which category of organic molecule?



3. What is the function of an enzyme?



4. What is activation energy?


5. What is a substrate?



6. Where is the active site located?


7. What happens to the substrate during the induced fit process?

Part 2: Enzyme Investigation
In this activity, you will focus on modeling an example of a catabolic reaction where one substrate is broken down into two products.  The general reaction for all reactions catalyzed by an enzyme is:

Enzyme + Substrate(s) ( Enzyme-Substrate(s) Complex ( Enzyme + Product(s)
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This activity is designed to help you better understand how enzymes work.  You will be working with a reaction that you have some experience with (from Journal 3-2, the hydrolysis of sucrose into glucose and fructose.  The enzyme that catalyzes this reaction is sucrase.  The enzyme reaction looks like this:
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Fructose   +   Glucose   Sucrose

Sucrase

¾ ¾ ® ¾


(In reality, water is a necessary input, too.  To simplify for this activity, we did not include it.)

Your job is to:

1. Label sucrose, sucrase, glucose, and fructose. (You have all the information you need to figure out what the reactant(s), product(s), and enzyme(s) are – either in the paragraphs above, or in your notes on the previous page!)  Make sure that EVERY piece is properly labeled – for example, all “Enzyme” pieces should be labeled as the same thing – the enzyme doesn’t change during the reaction.

2. Color or decorate the pieces so that all of the enzyme pieces look the same, all of the substrate pieces look the same, all of product 1 pieces look the same, and all of product 2 pieces look the same.

3. Cut out all the pieces from the attached page.

4. Arrange the pieces in a comic strip format on a piece of construction paper so that the above reaction is seen step-by-step.  (HINT:  There will be four steps total – refer to your notes on how enzymes work!)

5. Before you glue down your pieces, get the teacher’s approval!

6. Number your steps or draw arrows to show how the reaction proceeds in your drawings.

Conclusion questions – complete on a separate sheet of paper
1. During a chemical reaction, chemical bonds are _________________.

2. Biological catalysts, or enzymes, act by lowering the ____________________ required for a reaction.

3. The reactants of an enzyme-catalyzed reaction are known as ________________.

4. For (a) and (b), use the words to create a single sentence that describes their relationship:

         a. Catalyst, enzyme, activation energy
         b. Reactant, product, chemical reaction
Use the diagrams below to answer questions #5-7.

[image: image8.emf]
5. Which pathway (A, B, or C) has the greatest activation energy? 

6. Which graph (I or II) shows the reaction that absorbs energy? 

7. Why are two pathways shows in the graph on the right? What does line C represent?
8. Honors:  Most enzymes in the human body work best at 37°C.  Imagine that scientists have discovered an enzyme in the body that works best at 39°C.  What processes or functions might this enzyme be involved in?

V. Enzymes Action (Section 2-5)


i. What are the reactants of an enzyme catalyzed reaction called? 

                          ii. Explain in your own words what is going on in Figure 2-21. 



iii. Name two variables that can regulate how well an enzyme works. 

                          iv. What is the difference between chemical and mechanical digestion?



                         v. Which organ needs a pH of 1-2 in order to digest proteins?  

Lab 3-2: Investigating Enzyme Activity Under a Variety of Conditions

Day 1: Introduction and Predictions
Read the lab procedure (Days 1 and 2, pages 22-24) and be ready to take a quiz on the procedure.

Introduction: Enzymes are Biological catalysts (usually proteins) that speed up the rates of chemical reactions that take place within cells. In this investigation, you and your group will study several factors that affect the activity of enzymes. The specific enzyme you will use is catalase, which is present in most cells and found in large concentrations in liver and blood cells. You will use liver homogenate as the source of catalase. Catalase promotes the decomposition of hydrogen peroxide (H2O2) in the following reaction: 



2 H2O2 

2 H2O      + 
O2

Hydrogen peroxide is formed as a by-product of chemical reactions in cells. It is toxic and soon would kill cells if not immediately removed or broken down. (Hydrogen peroxide is also used as an antiseptic. It is not a good antiseptic for open wounds, however, as it is quickly broken down by the enzyme catalase, which is present in human cells.)

Day 2: Observation and Analysis of Catalase Demo

Problem / Purpose: Does the rate of enzyme activity change over time?

Hypothesis: Create a hypothesis using an “If….., then….” statement to answer the above purpose question.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Materials (per team)

· 1 50-mL beaker

· 1 250-mL beaker

· 2 reaction chambers (30mL square glass bottle, rubber stopper, pipette tip)

· Forceps

· Rectangular pan

· Filter-paper disks

· Water bath @ 37ºC

· Catalase solution (5g liver / 200mL distilled H2O)

· Fresh H2O2  (3%)

· 1 10-mL graduated cylinder

Procedure

[image: image9.jpg]


Hints and Tips
· In all experiments, make sure your reaction chamber is really REALLY clean!!

· Catalase is a potent enzyme. If the chamber is not thoroughly cleaned, the enzyme will adhere to the sides and make subsequent tests inaccurate. 

· Measure all substances carefully and precisely!

· Results depend on comparisons between experiments, so the amounts measured must be equal or your comparisons will be valueless. 

· Before you do your experiment(s), READ through the instructions completely, make sure you have all of the necessary materials, and make sure each group member knows his or her assigned function!

	Role:
	Person in charge:

	Person holding the chamber/graduated cylinder and reading the mL oxygen
	

	Timer and data recorder
	

	Materials and set-up
	

	Helper – will help in the other 3 categories as needed
	


Directions

1. Fill the rectangular pan ¾ of the way full with water. 

2. Obtain a small amount of catalase solution in a 50-mL beaker or in the tube provided by your teacher. 
3. Obtain a reaction chamber and a small handful of filter-paper disks.

DO STEPS 4-9 outside of the tray!!

4. Take ONE filter paper disk, and holding the edge with forceps, dip it into the catalase solution for 4 seconds. 

5. IMPORTANT: Drain the excess solution from the filter-paper disk by holding the disk to the edge of the beaker. 

6. Using the forceps, place the catalase soaked disk on the interior sidewall of the reaction chamber (it should stick to the wall of the reaction chamber).   Try to put the disk near the top of reaction chamber wall.

7. Repeat steps 4-6 three more times (3 more disks), so that there are 4 total disks stuck to the interior sidewall of the reaction chamber. Make sure they are all stuck to the same side!

8. Once the 4 filter-paper disks are in place, stand the reaction chamber upright, and CAREFULLY add 10mL of 3% hydrogen peroxide (H2O2) solution. Do not allow the hydrogen peroxide to touch the filter-paper disks. 

9. Tightly stopper the chamber. 

10. Take your 10 mL graduated cylinder (remove the plastic bottom) and lay it on its side in the pan so that it completely fills with water – if any air bubbles are present, carefully work these out by tilting the cylinder slightly. 

11. Turn the cylinder upside down into an upright position, keeping its mouth underwater at all times. 

12. Making certain the side with the disks is at the top, carefully place the reaction chamber and its contents on its side in the pan of water. IMPORTANT: Make sure the peroxide is still NOT touching the disks at this time.

13. Move the graduated cylinder (that is full of water) into a position in the pan where its mouth lies directly at the tip of the dropping pipette that extends from the reaction chamber. One member of the team should hold it in this position for the duration of the experiment. If available, you could use a clamp and ring stand to hold the graduated cylinder in this orientation.

14. ROTATE the reaction chamber 180 degrees on its side in the pan of water so that the hydrogen peroxide comes in contact with the peroxide soaked disks.

15. Measure the gas levels (in mL of O2) in the graduated cylinder at 30-second intervals for 10 minutes. Record the levels in your data table.

16. Pool your team’s data with the other teams in the class. Record the class average values of gas levels for each 30 second interval in your second table. 

Day 2 Data:  Observation and Analysis of Catalase Demo

	Time (minutes)
	mL of O2 (group)
	mL of O2 (class)

	0.5
	
	

	1.0
	
	

	1.5
	
	

	2.0
	
	

	2.5
	
	

	3.0
	
	

	3.5
	
	

	4.0
	
	

	4.5
	
	

	5.0
	
	

	5.5
	
	

	6.0
	
	

	6.5
	
	

	7.0
	
	

	7.5
	
	

	8.0
	
	

	8.5
	
	

	9.0
	
	

	9.5
	
	

	10.0
	
	


Day 2 Homework:

· Create a graph of the class data.  Make sure your axes are labeled and there is a descriptive title.  Remember - the manipulated variable goes on the x-axis and the responding variable on the Y-axis.
Day 3 – In class analysis of Demo Data and Procedure

Analysis of Demo

1. What was the manipulated variable in Part 1 of this experiment? ____________________

2. What was the responding variable in Part 1 of this experiment? _____________________

3. Plot your team’s data and the class average data on a graph (on graphing paper). Label your axes! 

4. Use your data and graph to answer the following question: Does the action of the catalase change through time? Explain your answer. 

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5.  On your graph, use a different color to predict what will happen to your curve if you increase the concentration of catalase on the discs (10 g liver/200 mL water for example).  Using a third color, predict what will happen if you decrease the concentration of catalase on the discs (2.5 g liver/200 mL water for example).  Include a key to interpret your different colors.

6. Look at the revised procedure on the next page and highlight changes from the initial procedure.  Then, answer the following questions:

a. What is the manipulated variable in this second experiment? ______________________

b. What is the responding variable? ______________________

c. Brainstorm factors that might affect your results regarding the amount of bubbles produced.  These factors are known as confounding factors.  Explain how each of those factors is controlled in the current procedure or change the procedure so that it is controlled.


	Variable
	How the procedure minimizes or eliminates this variable

	
	

	
	

	
	

	
	

	
	

	
	


Day 4: The Effect of Enzyme Concentration on Catalase Activity
Problem / Purpose: Does the concentration of enzymes affect the rate of enzyme activity?

Materials (per team)

· 1 50-mL beaker

· 1 250-mL beaker

· 2 reaction chambers (30mL square glass bottle, rubber stopper, pipette tip)

· Forceps

· Rectangular pan

· Filter-paper disks

· Water bath @ 37ºC

· Catalase solutions:

· 2.5g liver/200mL distilled H2O

· 5g liver / 200mL distilled H2O

· 10g liver/200mL distilled H2O

· Fresh H2O2  (3%)

· 1 10-mL graduated cylinder

Procedure

[image: image10.jpg]


Hints and Tips
· In all experiments, make sure your reaction chamber is really REALLY clean!!

· Catalase is a potent enzyme. If the chamber is not thoroughly cleaned, the enzyme will adhere to the sides and make subsequent tests inaccurate. 

· Measure all substances carefully and precisely!

· Results depend on comparisons between experiments, so the amounts measured must be equal or your comparisons will be valueless. 

· Before you do your experiment(s), READ through the instructions completely, make sure you have all of the necessary materials, and make sure each group member knows his or her assigned function!

	Role:
	Person in charge:

	Person holding the chamber/graduated cylinder and reading the mL oxygen
	

	Timer and data recorder
	

	Materials and set-up
	

	Helper – will help in the other 3 categories as needed
	


Directions

1. Fill the rectangular pan ¾ of the way full with water. 

2. Obtain a small amount of catalase with your assigned concentration (2.5g, 5g, or 10g of liver per 200 mL distilled water in a 50-mL beaker or in the tube provided by the teacher. 
3. Obtain a reaction chamber and a small handful of filter-paper disks.
DO STEPS 4-9 outside of the tray!!

4. Take ONE filter paper disk, and holding the edge with forceps, dip it into the catalase for 4 sec. 

5. IMPORTANT: Drain the excess catalase from the filter-paper disk by dabbing it twice per side on a paper towel (more of a “touch and hold” for 1 second each dab).

6. Using the forceps, place the catalase soaked disk on the interior sidewall of the reaction chamber (it should stick to the wall of the reaction chamber).  Try to put the disk near the top of reaction chamber wall.

7. Repeat steps 4-6 three more times (3 more disks), so that there are 4 total disks stuck to the interior sidewall of the reaction chamber. Make sure they are all stuck to the same side! Mark the vial with initials, then return the vial of catalase to the 37C water bath for later use. 
8. Once the 4 filter-paper disks are in place, stand the reaction chamber upright, and CAREFULLY add 10mL of 3% hydrogen peroxide (H2O2) solution. Do not allow the hydrogen peroxide to touch the filter-paper disks.
9. Tightly stopper the chamber. 

10. Take your 10 mL graduated cylinder (remove the plastic bottom) and lay it on its side in the pan so that it completely fills with water – if any air bubbles are present, carefully work these out by tilting the cylinder slightly. 

11. Turn the cylinder upside down into an upright position, keeping its mouth underwater at all times.  

12. Making certain the side with the disks is at the top, carefully place the reaction chamber and its contents on its side in the pan of water. IMPORTANT: Make sure the peroxide is still NOT touching the disks at this time.

13. Move the graduated cylinder (that is full of water) into a position in the pan where its mouth lies directly at the tip of the dropping pipette that extends from the reaction chamber. One member of the team should hold it in this position for the duration of the experiment. 
14. ROTATE the reaction chamber 180 degrees on its side in the pan of water so that the hydrogen peroxide comes in contact with the peroxide soaked disks and start the timer.
15. Measure the gas levels (in mL of O2) in the graduated cylinder at 30-second intervals for 10 minutes. Record the levels in your data table. 

16. Clean materials and repeat steps 1-16 until four trials have been completed.

17. Record the average values of gas levels for each 30-second interval in your data table.

18. Pool your team’s data with the other team doing your experiment.

The effect of catalase concentration on oxygen production

	Time (min)
	Concentration: _________________
	Concentration: _________________

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Ave.
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Ave.

	0.5
	
	
	
	
	
	
	
	
	
	

	1.0
	
	
	
	
	
	
	
	
	
	

	1.5
	
	
	
	
	
	
	
	
	
	

	2.0
	
	
	
	
	
	
	
	
	
	

	2.5
	
	
	
	
	
	
	
	
	
	

	3.0
	
	
	
	
	
	
	
	
	
	

	3.5
	
	
	
	
	
	
	
	
	
	

	4.0
	
	
	
	
	
	
	
	
	
	

	4.5
	
	
	
	
	
	
	
	
	
	

	5.0
	
	
	
	
	
	
	
	
	
	

	5.5
	
	
	
	
	
	
	
	
	
	

	6.0
	
	
	
	
	
	
	
	
	
	

	6.5
	
	
	
	
	
	
	
	
	
	

	7.0
	
	
	
	
	
	
	
	
	
	

	7.5
	
	
	
	
	
	
	
	
	
	

	8.0
	
	
	
	
	
	
	
	
	
	

	8.5
	
	
	
	
	
	
	
	
	
	

	9.0
	
	
	
	
	
	
	
	
	
	

	9.5
	
	
	
	
	
	
	
	
	
	

	10.0
	
	
	
	
	
	
	
	
	
	


The effect of catalase concentration on oxygen production

	Time (min)
	Concentration: _________________

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Ave.

	0.5
	
	
	
	
	

	1.0
	
	
	
	
	

	1.5
	
	
	
	
	

	2.0
	
	
	
	
	

	2.5
	
	
	
	
	

	3.0
	
	
	
	
	

	3.5
	
	
	
	
	

	4.0
	
	
	
	
	

	4.5
	
	
	
	
	

	5.0
	
	
	
	
	

	5.5
	
	
	
	
	

	6.0
	
	
	
	
	

	6.5
	
	
	
	
	

	7.0
	
	
	
	
	

	7.5
	
	
	
	
	

	8.0
	
	
	
	
	

	8.5
	
	
	
	
	

	9.0
	
	
	
	
	

	9.5
	
	
	
	
	

	10.0
	
	
	
	
	


Lab Results and Analysis of Data - Answer these questions on a separate sheet of paper – TYPED is preferable.  Attach your graphs.
Graph: Draw a graph that has all three averages.  Title graph and label the axis.  Use the graph when answering the following questions 
1. What are enzymes and what do they do?  How do they work? (be specific) 

2. What is catalase?  Where is it normally found?  What reaction does it affect?  What is its substrate? 

3. We measured the rate of enzyme activity through the amount of gas exiting the reaction chamber. Why was this a good measure of catalase activity?  In other words, what do bubbles have to do with enzyme speed? 
4. Draw at least one original (not copied from the internet) and informative cartoon diagram that shows what was happening in the chamber (in regards to the enzyme interactions) – at a molecular level. 

5. a. Look back at the original predictions you made on Day 3 (the colors on your original graph).  Make a conclusion – were your predictions correct or not? NEVER use the word “prove”…you didn’t prove anything from one experiment…  Also, to say that your results are “inconclusive” is OK.  Do not exaggerate the clarity of your findings.  
b. Support your conclusion by analyzing data.  Refer to specific data in this answer.  
6. Provide possible BIOCHEMICAL explanations as to why you observed the trends you did.  Your explanations should reveal your knowledge of biochemistry. HONOR: Also, discuss what would happen if you continue to increase the concentration of enzyme.  
7. To the right is real data from the same experiment you did, with temperature as the variable.  The group used catalase stored at 50C, 37C, and 4C.  Provide possible BIOCHEMICAL explanations of the trends in the graph.  Your explanations should reveal your knowledge of biochemistry, tertiary structure, hydrogen bonding, enzyme structure, etc. 
8. Error analysis:
           a.  Look at your tables and pick one trial that is different from the other trials of the same treatment.  This is called an outlier.  Explain what makes that one trial an outlier.  Refer to specific numbers in your data. 
           b.  Identify two sources of error (one for standard) that alone or separately could explain why that trial turned out so differently.  There should be one complete paragraph per error.  Use the following guidelines: 

                          i.  “Contamination” is not a good error; neither is dust or being more careful.  Your errors should reveal your understanding of the process and the apparatus. 

                          ii. You must identify problems with the procedure – things that you tried to control, but couldn’t or things you didn’t think to control, but should have.  For example, in our Roly Poly lab, one possible source of error could be that we didn’t control for sex.  There could have been one female and four males and all of the males just followed the female.  

                          iii. When you identify your two errors, you must connect each error directly back to your outlier.  Don’t just say “it would have affected the data.”  You must explain why it increased or decreased the oxygen production in that one trial (and only that one trial).
9.  Why did we do 3-4 trials for every treatment

10  All good experiments lead to more questions.  Discuss any other future experiments you would suggest as follow-up to this experiment. 
Conclusion: What did you learn by doing this lab? 
 BSCS Biology Unit 3 Test Study Guide – Biochemistry (Part 1)
1. What is a monomer? Give one example for each of the macromolecule types.

2. Draw a glucose and a fructose. Show what happens when dehydration synthesis forms a disaccharide.

3. Draw 2 amino acids. Show what happens when dehydration synthesis forms a dipeptide.

4. Draw a triglyceride. Show what happens when hydrolysis breaks it down into glycerol and 3 fatty acids.  

5. Draw the following molecules: Glucose, Amino Acid, Glycerol, Fatty Acid.

6. Circle and label the following groups on the above amino acid:

a. variable (R) group

b. carboxylic acid group

c. amine group

7. What is the difference between a saturated and unsaturated fatty acid?  

8. Why is it better to consume unsaturated fatty acids than saturated fatty acids?

9. For lipids, carbohydrates, proteins, and nucleic acids:

a. The structure/shape of the molecule

b. The function or uses of the molecule in the human body

c. The monomers and polymers of each

d. The processes that break them apart (hydrolysis) and build them up (dehydration synthesis)

10. What is the purpose of a negative control?  What were the negative control groups for Iodine in this experiment?

11. What is the purpose of a positive control group?  What were the positive control groups for Iodine in this experiment?

12. What are controlled variables?  What are some examples of controlled variables in this lab?

13. What kinds of food typically contain starch? Protein?

14. a. What indicator did you use to identify protein?
b. What change in color did you see?
c. Name 2 substances that contain protein.

15. a. What indicator did you use to detect starch?
b. What color change did you see?
c. Name 2 substances that contain starch.

16. Why are fast food considered unhealthy?
17. Explain the four levels of protein structure.
18. What happens to a protein if a hydrophilic amino acid is replaced by a hydrophobic one? Discuss the effects on the protein in terms of structure and function. What if a charged amino acid is replaced with a nonpolar one?  What kind of bond holds one amino acid to another within a protein?  What kind of bond holds the protein in its 3D structure?
19. What is an enzyme? What is a substrate? What is an active site?

20. How do enzymes work? (general and detailed)

21. What would happen to enzyme activity if you heated the enzyme? What is happening to the enzyme itself?

22. What would happen to the activity of enzymes if you cooled the enzyme? Why?

23. What would happen to the activity of an enzyme if you lowered the pH? Why?

24. What would happen to enzyme activity if you increased the surface area of the substrate?  Why?
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