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Name ______________________________
Block _________
Date ________________

PACKET #3

Unit 1: Chemistry of Life, Part III

Reading: Chapters 1, 5, and 21 in textbook

Objectives: Upon completion of this part of the unit, you should be able to:
Topic 5:  Chemical reactions and enzymes – Chapter 5.14, 5.15, and 5.16

23. Define metabolism, and relate metabolism to endergonic and exergonic reactions (5.12).

24. List at least five characteristics of enzyme molecules (5.14, 5.15, 5.16).

25. Define and relate the terms: active site, enzyme, and substrate (5.15).

26. Describe the induced fit model of enzyme function (5.15).

27. Describe how energy changes affect how easily a chemical reaction will occur and describe in detail how enzymes work to break and form bonds (5.15 and teacher notes/handout).

28. Draw and/or label both exergonic and endergonic reaction profiles, labeling activation energy (with and without enzymes), the transition state, and change in free energy (with and without enzymes). (5.14)

29. Explain how and why enzymes can be affected by factors such as temperature and pH (5.15 and lab).

Topic 6:  Overview of Human Digestion – Chapter 21

30. Label all of the parts of the human digestive system (21.4)

31. Describe the four main stages of food processing. Define and compare mechanical digestion vs. chemical digestion (21.2).

32. Explain why human digestion is extracellular.

33. Outline the pathway of digestion through all the digestive organs of the human body (you may want to start by listing the events that occur in each organ).  Identify which organs are part of the digestive pathway, and which are “accessory organs.” (21.4, 21.5, 21.6, 21.8, 21.10, 21.11, 21.12).

34. Describe how proteins, lipids, and carbohydrates are digested (including where the digestion happens for each, and whether the digestion is mechanical or chemical). (21.5, 21.8, 21.10)

35. Complete a table with major enzymes (as bolded in the “Key Terms” below): note the organ that manufactures each, and where they work for the digestion of fats, proteins, and carbohydrates. (21.5, 21.8, 21.10)

36. Relate your knowledge of gastrin to the concept of homeostasis/negative feedback (21.8).

37. Relate structure to function within (a) organs of the digestive system, and (b) the action of enzymes.
Topic 7:  The methods of science (Chapter 1.7, 1.8)

38. Describe the differences between discovery science and hypothesis-based science (1.7).

39. Define and compare the terms prediction, hypothesis, rationale, and theory (1.7, 1.8).

40. Describe the stages common to scientific investigation (1.8 and prior knowledge).

41. Write scientific predictions in the form of if…then statements (1.8 and handout).

42. Describe what makes a hypothesis testable and falsifiable and give examples of hypotheses that are not testable and/or not falsifiable (1.8 and teacher notes).

43. Within the context of a specific experiment, identify and/or design the following: (1.8, along with class notes and labs: “What is in the Food You Eat?” and Enzyme Lab)

a. Dependent variable

b. Independent variable

c. Controlled variable(s)

d. Positive control(s)

e. Negative control(s)

f. Role of sample size

g. Observations vs. inferences

h. Confounding variables/factors

Vocabulary

	Topic 5:
	
	Topic 7:

	Metabolism
	
	Controlled Variable

	Endergonic reaction
	
	Rationale

	Exergonic reaction
	
	Hypothesis

	Activation energy
	
	Scientific theory

	Catalyst
	
	Falsifiable

	Enzyme
	
	Dependent variable

	Substrate
	
	Independent variable

	Active Site
	
	Confounding factor

	Induced fit model
	
	Experimental group

	
	
	Positive Control

	
	
	Negative Control

	
	
	Observation

	Topic 6:
	
	Inference

	Ingestion
	Small intestine
	Structure/function relationship

	Mechanical digestion
	Pancreas

	Chemical digestion
	Gallbladder
	

	Absorption
	Liver
	

	Elimination
	Bile
	

	Mouth
	Duodenum
	

	Salivary glands
	Villi
	

	Salivary amylase
	Microvilli
	

	Bolus
	Large Intestine/Colon
	

	Epiglottis
	Maltase, Sucrase, Lactase
	

	Pharynx
	Lipase
	

	Esophagus
	Nuclease
	

	Peristalsis
	Trypsin
	

	Stomach
	Pancreatic amylase
	

	Gastric juice
	Homeostasis
	

	Pepsinogen/Pepsin
	Rectum
	

	HCl
	Feces

	Chyme
	Appendix

	Negative Feedback
	Cecum

	Gastrin
	Extracellular



Objective 23: Define metabolism, and relate metabolism to endergonic and exergonic reactions (5.12). ____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________________

Objective 24: List at least five characteristics of enzyme molecules (5.14, 5.15, 5.16).______________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

Objective 25: Define and relate the terms: active site, enzyme, and substrate (5.15). ________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

Objective 26: Describe the induced fit model of enzyme function (5.15)   ________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________

Objective 27: Describe how energy changes affect how easily a chemical reaction will occur and describe in detail how enzymes work to break and form bonds (5.15 and teacher notes/handout).
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Figure 1: Lock and key model vs. Induced-fit model
__________________________
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Figure 2: Enzymes catalyze both synthesis and degradation reactions
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Figure 3: Reaction profile for an exergonic reaction.



Objective 29: Explain how and why enzymes can be affected by factors such as temperature and pH (5.15 and lab). 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Objective 30: Label all of the parts of the human digestive system (21.4). 
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Objective 31: Describe the four main stages of food processing. Define and compare mechanical digestion vs. chemical digestion (21.2) . ___________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

Objective 32: Explain why human digestion is extracellular.  _______________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

Objective 33: Outline the pathway of digestion through all the digestive organs of the human body (you may want to start by listing the events that occur in each organ).  Identify which organs are part of the digestive pathway, and which are “accessory organs.” (21.4, 21.5, 21.6, 21.8, 21.10, 21.11, 21.12).

	Location in Body
	Part of dig. tract? (yes/no)
	Mech. Dig?  Chem. Dig?  Both?  Neither?
	What happens here? (be specific!)

	Mouth
	
	
	

	Esophogus
	
	
	

	Stomach
	
	
	

	Small Intestine
	
	
	

	Pancreas
	
	
	

	Liver
	
	
	

	Gall Bladder
	
	
	

	Large Intestine
	
	
	


Objective 34: Describe how proteins, lipids, and carbohydrates are digested (including where the digestion happens for each, and whether the digestion is mechanical or chemical). (21.5, 21.8, 21.10)

In the chart below, write down what is happening to each macromolecule in each organ.  Include enzyme names (as bolded on your vocab list) as well as starting and ending products.  As an example, the first box has been completed for you.

	Macromolecule
	Mouth
	Stomach
	Small Intestine

	Carbohydrates
	-Teeth mechanically digest carbohydrate molecules

-Salivary amylase chemically digests starch molecules into maltose molecules
	
	

	Proteins
	
	
	

	Lipids
	
	
	

	Nucleic Acids
	
	
	


*Also note if other organs/substances are involved in the breakdown of that particular macromolecule.  You can put that information in the chart under the organ where that substance acts.

Using the following diagrams and the work you did on the previous page, mark with an X where that nutrient will be mechanically digested and with an O where that nutrient will be chemically digested.


Carbohydrates
Proteins
Lipids
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Objective 35: Complete a table with major enzymes (as bolded in the “Key Terms” below): note the organ that manufactures each, and where they work for the digestion of fats, proteins, and carbohydrates. (21.5, 21.8, 21.10)



Gastrin Production and Feedback (In Class)

Objective 36: Relate your knowledge of gastrin to the concept of homeostasis/negative feedback (21.8).

Look at the diagram below and use your class notes to answer the questions below.
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1. Gastrin is produced by which organ? _________________
2. Gastrin goes ( directly into the stomach or into the blood stream ).
3. What typically causes the body to produce gastrin? _________________________________
__________________________________________________________________________
4. Gastrin acts on the cells of the _______________ (what organ?) and instructs them to secrete more __________ (what chemical?) into the ________________ (what organ?).
5. A high amount of ______________ in the stomach causes ( negative or positive ) feedback to ( decrease or increase ) the production of gastrin.
6. The regulation of the pH of the stomach is an example of ______________________, like we discussed earlier with insulin and glucagon.
Digestive System Questions

Objective 37: Relate structure to function within (a) organs of the digestive system, and (b) the action of enzymes.
1. The digestive system includes important structure/function relationships. 

a. With as many specifics as possible, discuss the relationship between structure and function, as it applies to the small intestine.







b. With as many specifics as possible, discuss the relationship between structure and function, as it applies to enzyme molecules.

Review Questions:

2. In the blanks that precede each description, write in the appropriate place in the human digestive system.  You should also be able to identify each of these organs on a diagram.

__________ stores bile.

__________ is where the final steps of digestion and absorption of small molecules occurs.

__________ is where chemical digestion begins.

__________ is where absorption of water occurs.

__________ produces bile.

__________ is where chemical digestion of proteins begin.

__________ is very acidic.

__________ produces negatively-charged ion to neutralize H+ ions in chyme.

__________ and ____________ both produce enzymes that are used in small intestine

__________ is where mechanical digestion begins.

__________ is where peristalsis begins.

__________ is the tube that connects mouth and stomach.

__________ is the flap of cartilage and connective tissue that keeps food out of the trachea.
__________ is the semiliquid, semidigested food in the stomach.


3. Susan comes into your office and complains of attacks characterized by steady, severe pain in the upper abdomen that increases rapidly and lasts from 30 minutes to several hours.  When you ask her if these attacks occur most frequently at certain times during the day, she comments that they often happen after eating meals particularly high in fat.  What part of Susan’s digestive system do you think is responsible for her problem?  What do you think is the matter with this organ?  Why?

4. Suppose that the following graph represented the pH of a patient’s digestive tract.  Remember that lower pH values represent more acidic conditions.





a. Complete the following table.  What surprises you about this data?

	LOCATION
	pH

	mouth
	

	stomach
	

	small intestine
	


b. In the graph above, draw in a second set of bars that would represent a “normal” person.

c. Provide and explain two different hypotheses that might explain why this patient has the pH values shown in the graph above.

5. Bacterial infections causing severe diarrhea and subsequent dehydration are the reason for many, many infant and young child deaths in developing countries.

i. Why do you think these infections are so common in these countries?





ii. What digestive organ do you hypothesize these bacteria are attacking?  Why?

6. The graph to the right shows a reaction progressing

without an enzyme.  Draw in a second line showing

how the reaction would progress WITH an enzyme.
EXPERIMENTAL DESIGN
Objective 38: Describe the differences between discovery science and hypothesis-based science (1.7). ____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
Objective 39: Define and compare the terms prediction, hypothesis, rationale, and theory (1.7, 1.8).  ____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
Objective 40: Describe the stages common to scientific investigation (1.8 and prior knowledge).

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Objective 41: Write scientific predictions in the form of if…then statements (1.8 and handout).

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Objective 42: Describe what makes a hypothesis testable and falsifiable and give examples of hypotheses that are not testable and/or not falsifiable (1.8 and teacher notes). ______________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Hypothesis Writing (OBJ 41-42)
Most students believe that they are going to be doing experiments anytime they are given a laboratory assignment in science. However, more often than not, students are doing something other than experiments. This is not necessarily bad. A good deal of science is observational and descriptive. For example, the study of biodiversity usually involves looking at a wide variety of specimens and maybe sketching and recording their unique characteristics. However, there are other times when we science teachers are trying to teach students how scientists work and how they can verify things that others may say or believe without any proof. 

To obtain proof, the so-called "scientific method" may be carried out and an actual experiment may be conducted. It does not matter that a thousand others have done your experiment before, or that your teacher already knows the results. What matters is that you don't know the results and that you can independently find a verifiable answer. In real experiments, real hypotheses should be written first. 

What is a Real Hypothesis? 
A hypothesis is a tentative statement that proposes a possible explanation of some phenomenon or event. To be useful, this statement must be testable and may include a prediction. A hypothesis should not be confused with a theory. Results from tested hypotheses may contribute to a theory. Theories are general explanations supported by a large amount of data. In other words, theories usually have been thoroughly tested, but are subject to change. For example, the theory of evolution states that species change through time and there is a great amount of evidence supporting this theory. However, the mechanisms of evolution are still under investigation and subject to testing. Try to avoid the expression, "My theory is..." 

When are Hypotheses Used? 
The key word is testable. That is, you will perform a test of how two variables might be related. This is when you are doing a real experiment. You are testing variables. Usually, a hypothesis is based on some previous observation such as noticing that in October many trees undergo color changes in their leaves and the average daily temperature is dropping. Are these two events connected? How? We write a hypothesis and test it to find out if the two variables are connected. 

How are Hypotheses Written? 
1. Salt in soil may affect plant growth. 

2. Plant growth may be affected by the color of the light. 

3. Bacterial growth may be affected by temperature. 

4. Ultra violet light may cause skin cancer. 

5. Temperature changes may cause leaves to change color. 

All of these are examples of hypotheses. However, their form is not particularly useful. In fact, if these had not been carefully written, they may not have even been hypotheses at all. For example, the statement "Temperature will cause leaves to change color" is a prediction. Or if we write "Ultraviolet light causes skin cancer," is this statement a conclusion, an observation, or a fact? Both of these statements were changed with just one word. One way to prevent making such easy mistakes is to formalize the form of the hypothesis. 

Formalized Hypotheses 
Example: 

If ultraviolet light is shown to cause skin cancer, then people with a high exposure to UV light will have a higher frequency of skin cancer. 
If temperature has an effect on leaf color change, then exposing plants to low temperatures will result in changes in leaf color. 
Notice that these statements contain the words, if and then. They are necessary in a formalized hypothesis. But not all if-then statements are hypotheses. For example, "If I play the lottery, then I will get rich." This is a simple prediction. In a formalized hypothesis, a tentative relationship is stated. For example, if the frequency of buying lottery tickets is related to frequency of winning, this is then followed by a prediction of what will happen if you increase or decrease the frequency of buying lottery tickets. If you always ask yourself if one thing is related to another, then you should be able to test it. 

Formalized hypotheses contain two variables. One is "independent" and the other is "dependent." The independent variable is the one you, the scientist control or manipulate, and the dependant variable is the one that you observe and/or measure the results (the responding variable). In the statements above the independent variable is underlined and the dependent variable is double underlined. 

The greatest value of a formalized hypothesis is that it forces us to think about what results we should look for in an experiment.   The general format is:

Correct:  If the independent variable affects the dependent variable, then this is what expect to observe in my experiment (be specific!). 

Incorrect: If I change the independent variable, then the dependent variable will do this.

Rewrite the first 3 statements in the proper “If…then…” format:

Objective 43: Within the context of a specific experiment, identify and/or design the following: (1.8, along with class notes and labs: “What is in the Food You Eat?” and Self-Designed Enzyme Lab)

a. Dependent variable


b. Independent variable


c. Controlled group 

d. Positive control(s)


e. Negative control(s)


f. Role of sample size


g. Observations vs. inferences


h. Confounding variables/factors

Digestion Systems Review Worksheets

1. What are the four main stages of food processing?

2. In digestion, macromolecules are ______________________________________________.

3. Polysaccharides are digested into ________________________________.

4. Fats are digested to ____________________________________.

5. Proteins are digested to _________________________________.

6. Nucleic acids are digested to _____________________________.

7. The enzymatic process for digestion is termed ___________________________________.

8. There is a mechanical component to digestion.  Why is it preferable to break food items into smaller pieces?  



9. What is Extracellular Digestion?



Oral Cavity
10. What enzyme is released into the oral cavity?

11. What is the substrate for this enzyme?

12. What are the main products from the action of this enzyme?

Esophagus
13. What is the function of the Esophagus?

14. What type of muscle contraction moves the food through the Esophagus?

Stomach
15. What are the functions of the Stomach?



16. What is gastrin?  What affects its release and inhibition?

17. What substances are present in Gastric Juice?

18. What are the functions of the acid in Gastric Juice?

19. What is Pepsin?


20. What is the substrate for Pepsin and what are the products of its action?

21. What prevents Pepsin from destroying the cells of the stomach?

22. What is the Pyloric Sphincter and what does it do?

Small Intestine
23. The first part of the small intestine, the duodenum, receives secretions via ducts from two other glands/organs.  Name these structures.

24. What substances come from the Pancreas?

25. What substance(s) come from the Liver?

26. What enzymes are involved in the digestion of carbohydrates?

27. What enzymes are involved in the digestion of proteins?

28. What enzyme is involved in the digestion of fats?

29. What is emulsification and why is it important?  Would you consider this mechanical or chemical digestion?

30. What structures increase surface area for absorption of nutrients? 



31. How many cell membranes must the nutrients pass through to get from the inside of the intestine to the blood stream?

32. Which substances are absorbed into the villus capillary system?


Large Intestine
33. What are the main functions of the Large Intestine?

Objective 28: Draw and/or label both exergonic and endergonic reaction profiles, labeling activation energy (with and without enzymes), the transition state, and change in free energy (with and without enzymes). (5.15)








In Figure 3, label each of the following: 


potential energy of reactant molecules


potential energy of product molecules


activation energy of uncatalyzed reaction


activation energy of catalyzed reaction


transition state of uncatalyzed reaction


transition state of catalyzed reaction


net change in free energy








_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Figure 4: Reaction profiles for endergonic vs. exergonic reactions
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Figure 5: The figure to the left shows the alimentary canal only, without the accessory organs such as the liver, pancreas, and gall bladder.
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