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Required Knowledge

The Chemistry of Life

Carnival! 

all

Metabolism

Introduction
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reactants
products

group

H
     sugar                oxygen                          carbon dioxide          water

         REACTANTS              PRODUCTS
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inorganic

catalyst

3% 
H

II

An Inorganic Catalyst

Objective 1

and describe the action 

on the decomposition of 
hydrogen peroxide.

   

 hydrogen peroxide          water              oxygen
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EXERCISE 1

Decomposition of Hydrogen Peroxide with an Inorganic 
Catalyst (Manganese Dioxide)

3%
3
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organic Enzymes

catalase

EXERCISE 2

Decomposition of Hydrogen Peroxide with an Organic 
Catalyst (the enzyme catalase)

 

large 

Remember to wear safety glasses 
when boiling water. Use a test tube holder to handle the 
hot tube.

A Biological Catalyst

Objective 3
Describe the effect of 

enzyme concentration 

activity. Provide 
evidence for the 

Objective 2

State the function         KH All Rights 
Reserved
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M

Dispose of solids in 
the trash
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Enzyme Action

Table 1. Presence of catalase in various substances

Catalase activity
(none)  o, +, ++, +++, (most)

Substance

Mushroom

Potato

Sand

Objective 4
List characteristics

 of enzymes.

Objective 5
Describe two ways that 
enzyme inhibitors work.

Objective 6
 Write a paragraph that               

describes how an 
enzyme functions.

Catalase is only one of thousands of 
enzymes involved in the chemistry of life.

Activation energy

active site

enzymes reduce the amount of activation energy required 

substrates
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-ase

• Nearly all enzymes are protein molecules

• An enzyme works best at an optimum temperature and pH. 
denatured

• Each enzyme has an optimum pH consistent with the pH of the 
location in the body where that enzyme normally functions.
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• Many enzymes require nonprotein helpers called cofactors
ion ++

K+ 

 coenzyme

• Enzymes may be inactivated by inhibitors.

inhibition
competitive 

inhibition

noncompetitive inhibition

 Write your summary paragraph here:

KH All Rights 
Reserved



80  •  Chemistry

metabolic pathway

  

E

in the presence of oxygen

aerobic respiration

When oxygen is absent or limited, a dramatically shortened 
metabolic pathway is used to release energy from food (sugar), 
a pathway called fermentation (anaerobic respiration).

  • Lactate fermentation

  • Alcohol fermentation

A Study of Fermentation

Objective 7
Describe the

   enzyme1        enzyme2             enzyme3             enzyme4

H
3
H

3

 

H H
5
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Understand that you are not 
studying one particular enzyme but the combined activities of all   
the enzymes involved in the fermentation pathway.

EXERCISE 3

Effect of Different Substrates on Fermentation

J
Fermentation tubes are expensive. Please 

handle them with great care. Keep the fermentation tubes in the center 
of your table to protect them from breakage.

Objective 8
Compare the amount 
of fermentation using 

different sugars.

KH All Rights 
Reserved



82  •  Chemistry

J
          

J

J J  
You will avoid contamination by using the correctly labeled 
graduated cylinder. 

1 g
Do not add yeast 

to the fermentation tubes until all weighing is completed.

shake the tube to thoroughly mix the 
yeast and sugar solution. Remove the cork from each J-tube.

J  
J

J 5

Set up Exercise 5 while this experiment is in progress.
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Table 2. Yeast fermentation of different sugars (substrates)

CO2  produced in millimeters (mm)

20 min 25 min 30 min5 min 10 min 15 min
Sugar

Sucrose

Water

Graph 1. Yeast fermentation of different sugars (substrates)
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Figure 1. J-shaped fermentation tubes
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Rinse the tubes 
thoroughly with soap and water. Do not use a test tube brush! 
Be sure the tubes are clean.

EXERCISE 4

Effect of an Enzyme Inhibitor on Fermentation

J
S

S

J

J
J

Objective 9
Describe the effect of 

an enzyme inhibitor on 
fermentation. Provide 

evidence for that effect 
from Exercise 4.
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EXERCISE 5

Effect of Enzyme Concentration on Fermentation

 
 

  

Have your instructor check the design of your experiment before 
you proceed.

Objective 10
Describe the effect of 

enzyme concentration 
on fermentation.
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Table 3. Yeast fermentation of sucrose at different concentrations of   
  enzymes (yeast)

CO2  produced in millimeters (mm)

20 min 25 min 30 min5 min 10 min 15 min

Yeast in grams 
(g)

Graph 2. Fermentation of sucrose at different
concentrations of enzymes (yeast)
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do not 

 Week 2

You can measure the consumption of a substrate during the reaction 
or you can measure the amount of a product formed.

spectrophotometer
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spectrum

transmitted
absorbed

A spectrophotometer can measure the amount of light absorbed by a 
solution.

YEL ORGBLUE GREEN

450 550 600 650 700

Wavelength (nm)

400 500

REDVIOLET

Figure 2. Relationship of wavelength of light to color

Using a 
Spectrophotometer

Objective 11
Describe how a 

spectrophotometer 
works. 
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Objective 12
Use a 

spectrophotometer to 

spectrum and interpret 

LIGHT SOURCE:

PRISM: 

FILTER: 

SAMPLE TEST TUBE:

PHOTOCELL:

DIGITAL DISPLAY: 

BLANK TEST TUBE:

White

White
Light Absorbance

LIGHT 
SOURCE

FILTER SAMPLE
TEST TUBE

PHOTOCELL DIGITAL 
DISPLAY

Current
Transmitted

Light

Box 1. Components of a spectrophotometer

PRISM

EXERCISE 6

Develop an Absorption Spectrum for a Red Solution

absorption spectrum
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Disregard tubes labeled with letters of the alphabet; 
they will be used in the next exercise

 

Figure 3.   20 Genesys spectrophotometer 

  

A/T/C

nm  nm  

  Note: 
Position the tube so the white square faces you.
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Repeat steps 
3-6 for each new wavelength in Table 4.

Table 4. Absorbance values for a red dye solution

Nanometers (nm) Red dye Nanometers (nm) Red dye

AbsorbanceWavelengthWavelength Absorbance

460

420

400

440

480

500

520

580

550

620

600

640

660

680

 Graph 3. Absorption spectrum for a red dye solution
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EXERCISE 7

Develop a Standard Curve

standard curve

unknown

buret pipette

a standard curve

Objective 13

curve for red dye and 
use it to determine the 

concentration of red dye 
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  Accurate measurements are essential!

Ask your instructor to demonstrate 
how to attach a pipette to a regulator to avoid personal injury 
due to broken glass.

    

      

 

Note: After setting 
the wavelength, remember to zero the spectrophotometer with a 
“BLANK” (test tube W) before you measure the absorbance of 
the solutions in the other tubes.

this

                     Figure 4. Buret and pipette with regulator

Pipette

Stopcock

Buret

Test tube                               Contents
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Rinse the tubes with distilled water before adding a new solution.

of red dye

W

1

2

3

4

5

Concentration
AbsorbanceTest tube

Each ml of red dye solution in the 
buret contains 10 mg of red dye. 

Table 6.  Conversion of ml red dye/5 ml to mg red dye/ml

Tube 
number

W

1

2

3

4

1

2

0

3

4

5 5

Test tube contains

00
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Do not 
empty tubes labeled with letters. Check your responses with 
the instructor.

0

 5 4 3 21

A
b

so
rb

an
ce

W

  .3

  .6

  .9

  1.5

  1.8

  2.1

2.4

 1.2

mg/ml

Tube number

Graph 4.  Standard curve for red dye solution

Concentration of red dye
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Rinse the spectrophotometer tubes (no brush), and return 
them, inverted, to the test tube rack beside the spectrophotometer.

Week 3

You will work 
with alkaline ferricyanide, a yellow reagent that reacts with glucose 
to form glucose-ferricyanide.

The more glucose present, the 
lighter yellow the solution, the less light it absorbs and the lower 
the absorbance value.

  Lots of glucose
  Light yellow
  Less light absorbed
  Low absorbance value
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Notice the 
slope of the curve

Graph 5.  Standard curve for glucose concentration
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EXERCISE 8

Procedure for Measuring Glucose Concentration in Solutions

If you missed the previous demonstration

Rinse the pipette.

0
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Graph 6.  Absorption spectrum for glucose-ferricyanide

480400 420380  
 

460440

VIOLET

Objective 14
Determine the

concentration of

ferricyanide and a
spectrophotometer.
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5 Wear 
safety glasses when boiling water. 

With a clean volumetric pipette, add 10 ml of 
distilled water to each test tube
and gently invert to mix.

Without making 
further adjustments to the spectrophotometer,

 

Buret

Figure 5.  Volumetric pipette and buret
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EXERCISE 9

Effect of Temperature on Enzyme Activity

production  
consumption

 Week 1 carbon dioxide 
(product) production.

 Today glucose 
(substrate) consumption.

 

Objective 15

temperature on
fermentation by

measuring the amount

consumed.

Table 7.  Glucose concentration of unknown solutions

Absorbance
at _____ nm

Solution Glucose concentration

Unknown   

Unknown

A

B
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0.1 g
R

“

 You must complete this step QUICKLY so that the temperatures 
of the stock glucose solutions you add to the test tubes do not 
change.

clean  

clean 

Remove the rubber stoppers.

 

clean

  Caution! Wear safety glasses when using the centrifuge. The 
tubes in the machine must be balanced. If improperly balanced, 
the centrifuge will vibrate and may “walk” off the counter!
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 top
Be sure to rinse the inside and outside of the pipette 
before taking each sample.

 5
Wear safety glasses when boiling water.

clean
Cover each tube 

 

Without making further adjustments to the 
spectrophotometer,

Table 8.  Glucose consumed by yeast at different temperatures

–  =
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 straight edge

No tubes 
should be left uncleaned in the lab sink.
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References

Graph 7.  Glucose consumed by yeast at different
     temperatures

Note:  Be sure to label the axes and include units
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