Name _____________________________  
Summative 1.4: Simulated Lactose Digestion by the Enzyme Lactase
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Definitions

· enzyme__________________________
____________________________________

· substrate_________________________
____________________________________
· active site _______________________
____________________________________
· reaction rate_____________________
____________________________________
Intro

In this simulation, an enzymatic reaction is modeled using hands and toothpicks. The enzyme is a student’s hands coming together to form a specific shape. The active site is the portion of the thumbs and index fingers which form a space in which the toothpick fits. The substrate is the toothpick. In this lab, toothpicks will be digested (broken) into two pieces.

The reaction rate can be measured by counting the amount of product produced or by counting the amount of substrate remaining. Given a pile of toothpicks (____________) and ideal conditions, it takes some time to digest (break) the toothpicks apart. The more you break in a given amount of time, the faster the _______________________.


lactose (milk sugar)= 





lactase=

glucose and galactose=





stomach=

Procedure

PART A: The Control Group

1. Count out 100 unbroken toothpicks into the container (the stomach).

2. Decide who will  fill the following roles:
	Role
	Characteristics Needed
	Name of Person

	Time Keeper
	Accurate, not easily distracted, authoritative “Go! Stop!” voice.
	

	Facilitator/

Recorder
	Organized, ability to take charge. Records the data first; then makes sure everyone has it in their own labs.
	

	Counter
	Good hand-eye coordination, quick and observant of what the enzyme lactase is doing.
	

	Lactase
	Determined; all business.
	


3. Have ONE person (the enzyme) break toothpicks (the substrate) for selected time intervals (0 sec., 5 sec., 10 sec., 30 sec.).
· ONLY BREAK ________ TOOTHPICK AT A TIME!
· THE ENZYME CANNOT LOOK AT THE CONTAINER WITH ITS TOOTHPICKS AND PRODUCTS (broken toothpicks). THAT’S RIGHT: NO LOOKING! COMMUNICATE BY ______________ ONLY!
· ONLY BREAK WHOLE TOOTHPICKS BECAUSE THAT’S THE SPECIFIC _________.

· __________ OUT LOUD AS EACH WHOLE TOOTHPICK IS BROKEN.

4. Record and graph data below. You must include the following: 
five seconds 
ten seconds

thirty seconds
 zero seconds
number of lactose molecules digested 
reaction rate
time
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Graph Your Data:
1. What is the dependent variable? ________________________ X or Y axis? _______

2. What is the independent variable? ______________________  X or Y axis? _______
Title: ______________________________________________________________________
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


PART B: Increasing Enzyme Concentration
1. Repeat step 1 in PART A but this time have TWO people break toothpicks while the other person times. This shows increased enzyme concentration.
	Role
	Characteristics Needed
	Name of Person

	Time Keeper
	Accurate, not easily distracted, authoritative “Go! Stop!” voice.
	

	Facilitator /

Recorder/

Counter
	Organized, ability to take charge. Records the data first; then makes sure everyone has it in their own labs. 
	

	Lactase Enzyme #1
	Determined; all business.
	

	Lactase Enzyme #2
	Determined; all business.
	


2. Record and graph data below. You add the number of toothpicks broken by the first person to the number of toothpicks broken by the second person to get the number of lactose molecules digested. You must include the following: 
five seconds 
ten seconds

thirty seconds
 zero seconds
number of lactose molecules digested 
reaction rate
time
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Graph Your Data:

1. What is the dependent variable? ________________________ X or Y axis? _______

2. What is the independent variable? ______________________  X or Y axis? _______

Title: ______________________________________________________________________

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


PART C: Decreasing Temperature
1. Have ONE person break toothpicks for 0 sec., 5 sec., 10 sec., and 30 sec. intervals but this time have them put their hands in ice water for one minute prior to starting the time. They should begin breaking their toothpicks in half immediately after they take their hands out of the ice water. They must re-ice their hands before each round so it’s ice-break-ice-break-ice-break! Get it?
	Role
	Characteristics Needed
	Name of Person

	Time Keeper
	Accurate, not easily distracted, authoritative “Go! Stop!” voice.
	

	Facilitator /

Recorder

	Organized, ability to take charge. Records the data first; then makes sure everyone has it in their own labs. 
	

	Counter
	Good hand-eye coordination, quick and observant of what the enzyme lactase is doing.
	

	Lactase 
	Determined; all business; brave
	


2. Record and graph data below. You must include the following:

five seconds 
ten seconds

thirty seconds
 zero seconds
number of lactose molecules digested 
reaction rate
time
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Graph Your Data:

1. What is the dependent variable? ________________________ X or Y axis? _______

2. What is the independent variable? ______________________  X or Y axis? _______

Title: ______________________________________________________________________

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Questions
Please write in complete sentences on a separate sheet of paper.
1. Lactose is categorized as a disaccharide or “double sugar”. Explain why. 
2. Describe what happened in this simulation using the following terms: Disaccharide, digested, catalyst, reaction rate, simple sugars, substrate, subunit.
3. What is the relationship between enzyme concentration (how much enzyme) and the rate of the reaction (how fast lactose was digested)?
4. What is the relationship between temperature change and reaction rate?
5. Other than enzyme concentration (i.e. amount), temperature and enzyme shape what else has an effect on an enzyme’s rate of reaction?
6. Digestion reactions release energy when chemical bonds are broken apart. This energy is then used to maintain homeostasis. What are two things that organisms try to keep constant in order to maintain homeostasis?

7. What happens after biochemicals, like carbohydrates, are digested into their subunits?
How You Will Be Graded— Your MYP Rubric for Data Collection 

Processing data refers to enabling students to organize, process and interpret quantitative and qualitative data. Students should be able to:

· collect and record data using units of measurement 
· organize, transform and present data using numerical and visual forms

· analyse and interpret the data

· draw conclusions consistent with data and  scientific reasoning.
	Achievement level
	Level descriptor

	0
	The student does not reach a standard described below.

	1–2
	The student collects some data and attempts to record it in a suitable format.

The student organizes and presents data using simple forms.

The student attempts to identify a trend, pattern or relationship in the data.

The student attempts to draw a conclusion but this is not consistent with the interpretation of the data.

	3–4
	The student collects sufficient relevant data and records it in a suitable format.

The student organizes, transforms and presents data in numerical and/or visual forms, with a few errors or omissions . 

The student states a trend, pattern or relationship shown in the data.

The student draws a conclusion consistent with the interpretation of the data.

	5–6
	The student collects sufficient relevant data and records it in a suitable format.

The student organizes, transforms and presents data in numerical and/or visual forms logically and correctly.

The student describes a trend, pattern or relationship in the data and comments on the reliability of the data.

The student draws a clear conclusion based on the correct interpretation of the data and explains it using scientific reasoning.


This is a


digestion


reaction!
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