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Workshop Outcomes

• Construct an enzyme active site.

• Explore what happens to protein structure when 
environmental conditions are perturbed. 

• Make predictions and compare them to wet labs results.





Catalase Lab 

Case study and a 
multi-day wet lab that 

allows students to 
explore and 

manipulate enzyme 
actions



Catabolism Anabolism

Lock and Key Model Induced Fit Model 

Enzyme 
Specificity



HYDROGEN PEROXIDE WATER 



WATER HYDROGEN PEROXIDE 



HYDROGEN PEROXIDE WATER 



WATER HYDROGEN PEROXIDE 



COMPARING ACIDS AND 
BASES



COMPARING COLD AND HEAT



Modeling Catalase‘s Active Site







WHAT PATTERNS DO YOU SEE 
AMONG THE SIDE CHAINS?

WHAT QUESTIONS DO YOU 
HAVE? 





WHAT CAUSES PROTEINS TO 
FOLD  INTO THEIR 3-D 
SHAPES? MAKE A PREDICTION







SIX HYDROPHOBIC

THREE HYDROPHILIC

TWO ACIDIC

TWO BASIC

TWO CYSTEINE
 

A TOTAL OF FIFTEEN SIDE CHAINS



IN ANY ORDER ARRANGE YOUR AMINO ACIDS 
EQUIDISTANT FROM EACH OTHER.  
YOU HAVE MADE A POLYPEPTIDE. 



LET’S “FOLD” IT INTO A 
PROTEIN

ROTATE THE 
HYDROPHOBIC AMINO 
ACIDS TO THE INSIDE



CONTINUE  “FOLDING”

BRING THE ACIDIC 
AND BASIC SIDE 
CHAINS TOGETHER 
UNTIL THEY ARE TWO 
CM FROM EACH 
OTHER



MAKE SURE THAT YOU ALSO 
ROTATE ANY HYDROPHOBIC 
SIDE CHAINS THAT MOVE 
OUT OF PLACE. 

THROUGHOUT THIS WHOLE 
EXERCISE FIND A SHAPE IN 
WHICH ALL THE PROPERTIES 
APPLY.



CONTINUE “FOLDING” 

POSITION THE 
CYSTEINES SO THEY 
ARE OPPOSITE EACH 
OTHER.



CONTINUE “FOLDING” 

FINALLY ROTATE THE 
HYDROPHILIC SIDE 
CHAINS SO THEY ARE 
ON THE OUTER 
SURFACE



THE FINAL SHAPE OF 
THE PROTEIN IS 

CALLED THE  
TERTIARY STRUCTURE



WHY DIDN’T YOUR PROTEINS ALL LOOK THE 
SAME? 



THE IMPORTANCE OF SECONDARY STRUCTURE

ALPHA HELIX

BETA SHEET



WHAT ABOUT QUATERNARY STRUCTURE? 



COMPARING ACIDS AND 
BASES



COMPARING ACIDS AND 
BASES



COMPARING ACIDS AND 
BASES



COMPARING ACIDS AND 
BASES



COMPARING COLD AND HEAT
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Let’s Examine the Kit



38

Let’s Examine the Kit
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• Select the piece with the black 4-hole sphere and 2-hole 

sphere.

• Connect one yellow functional group to the four-hole sphere.

• Connect the other yellow functional group to the two-hole 

sphere. 

• Connect the remaining functional groups randomly.

Assembling the Substrate
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Functional group 
color

Chemical property Type of 
bond/interaction

Red

Blue

White

Yellow

Green

Examining the Substrate Model



41

Amino acid R-
group color

Chemical property Type of 
bond/interaction

Red Acidic
Negative Charge

Salt Bridge

Blue Basic
Positive Charge

Salt Bridge

White Hydrophilic Polar 

Yellow Hydrophobic Nonpolar

Green Cysteine Disulfide Bonds

Examining the Substrate Model



Assembling the enzyme 
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• Place the metal clips along the entire length and in random 

order on the 3-foot mini toober.



Constructing the Enzyme-Substrate Complex
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• Fold the mini-toober 

around the substrate

• Follow the basic principles 

of chemistry as design the 

complex

• Remember that your 
complex should be three-

dimensional 





This is a placeholder 

for the image of the 
Catalase Jmol 
exploration. 

CBM - Catalase (msoe.edu)

Jmol Exploration of Catalase

https://www.centerforbiomolecularmodeling.org/markMyweb/basicPrinciplesOfChemistry/catalase.html


Workshop NGSS Connections 

SEPs CCCs DCIs
Asking Questions Patterns HS-LS1-1

Developing and Using 

Models

Cause and Effect HS-LS1-2

Constructing Explanations Structure and Function Georgia Standard:  SB1

Stability and Change Georgia Standard:  SB2

Scale, Proportion, and 

Quantity 



48

Summer Course 2024 – Modeling the Molecular World

Join us in Milwaukee for hands-on discovery and professional development
                    July 29 – Aug 2 OR Aug 5 – 9   

  

Bring an empty suitcase! 
You'll take home all these classroom resources!

Scan to register!
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Visit Our Booth!
Continue your exploration of our dynamic kits and models at Booth 3 !
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AR Enhancements

We're enhancing our kits and models to inspire more hands-on learning with new augmented reality features!

Stop by Booth 3 to
check out our new

Augmented Reality Enhancements!



We value your opinion! 
Let us know what you 
think.

Scan the QR 
Code and 

complete this 
short survey.
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