Name Lisa Brosnick

E-mail address lbrosnick@northcollins.wnyric.org
Title Modeling Protein Structure

Core Standard addressed MST 1, LE 4
Key Idea MST 1.1, LE 2
Performance indicator LE 2.1f-i
Source/reference 3D Molecular Designs

Order Information www.3dmoleculardesigns.com
Materials needed:

4 ft. Toober (available from 3D Molecular Designs www.3dmoleculardesigns.com ) one per group of 2 to 3

Colored tacks (blue, red, yellow, white, orange), mRNA codon chart

or 

Amino Acid Starter Kit (also available from 3D Molecular Designs www.3dmoleculardesigns.com ) one per group of 3 to 6

Procedure:

1. Students form groups of 2-3.

2. Distribute DNA sequences for each group.  (Each sequence must be different)

3. Student groups transcribe; then translate into amino acid sequence.

4. Students then color code their amino acid sequence using the following code: (I have students draw a colored box around each amino acid.)
	Amino Acid
	Color
	Reason

	Lysine (lys)

Arginine (Arg)

Histidine (His)
	Blue
	Basic

	Aspartic Acid (Asp)

Glutamic Acid (Glu)
	Red
	Acidic

	Glycine (Gly)

Alanine (Ala)

Valine (Val)

Leucine (leu)

Isoleucine (Ile)

Methionine (Met)

Phenylalanine (Phe)

Tryptophan (Try)

Proline (pro)
	Yellow
	Hydrophobic

	Serine (ser)

Threonine (thr)

Tyrosine (tyr)

Asparagine (Asn)

Glutamine (Gln)


	White
	Polar

	Cysteine (Cys)
	Orange
	Cysteine (S-S)


5. Using the colored tacks and a 4 ft. toober, students repeat the color sequence of amino acids on the toober.  Tacks should be as close to evenly spaced as possible.
6. Student groups are then asked to “fold” their protein into the correct, functional shape.  Students must follow some basic laws of chemistry to do this:

	1. Blue and red will pair
	Acidic groups and basic groups tend to form salt bridges.

	2. Yellow will fold in to the interior of the protein
	Hydrophobic side chains are buried inside the protein to avoid water

	3. White will be exposed on the outside of the protein.
	Polar (Hydrophilic) side chains have an affinity for water.

	4. Orange will pair
	Cysteines will form a disulfide bond to stabilize protein shape.


7. I check each fold to see if students followed simple rules.  (There are several ways to fold each toober.  As long as rules are followed, the shape is OK)

8. Each group then displays their 3D protein and identifies significant areas in the folding, i.e., S-S bonds, salt bridges, hydrophobic regions.

9. Discussion:

a. Importance of shape to function

b. Analyze DNA sequences that were a point mutation in the activity and compare effect on final 3D shape.  How does this change affect function?

c. Denaturation
10. Follow with pictures of a “normal” red blood cell v. sickle cell.
TEACHERS:  DNA Sequences that may be used follow on next page: 

	1.
	DNA
	TTT
	ACG
	GAA
	GTA
	TCA
	CCA
	CTA
	ACA
	CGA
	CAA
	GAA
	TGA
	CTT
	CAA
	ATA

	
	mRNA
	AAA
	UGC
	CUU
	CAU
	AGU
	GGU
	GAU
	UGU
	GCU
	GUU
	CUU
	ACU
	GAA
	GUU
	UAU

	
	AA
	LYS
	CYS
	LEU
	HIS
	SER
	GLY
	ASP
	CYS
	ALA
	VAL
	LEU
	THR
	GLU
	VAL
	TYR

	

	2.
	DNA
	ACG
	GGG
	ACC
	CTC
	AAA
	AAA
	CTG
	GTC
	GAT
	TAA
	GTG
	ACG
	GCC
	TTA
	TTA

	
	mRNA
	UGC
	CCC
	UGG
	GAG
	UUU
	UUU
	GAC
	CAG
	CUA
	AUU
	CAC
	UGC
	CGG
	AAU
	AAU

	
	AA
	CYS
	PRO
	TRY
	GLU
	PHE
	PHE
	ASP
	GLN
	LEU
	ILE
	HIS
	CYS
	ARG
	ASN
	ASN

	

	3.
	DNA
	AGG
	CCA
	CTT
	GGA
	ACA
	GCC
	ACC
	GTG
	AAA
	GAT
	ACG
	CTC
	GAA
	TGA
	TTA

	
	mRNA
	UCC
	GGU
	GAA
	CCU
	UGU
	CGG
	UGG
	CAC
	UUU
	CUA
	UGC
	GAG
	CUU
	ACU
	AAU

	
	AA
	SER
	GLY
	GLU
	PRO
	CTS
	ARG
	TRP
	HIS
	PHE
	LEU
	CTS
	GLU
	LEU
	THR
	ASN

	

	4.
	DNA
	TTA
	ACA
	TTT
	GGA
	CCA
	CGT
	ACC
	AAA
	ACC
	ACG
	TTT
	CTA
	TCA
	CTA
	TGT

	
	mRNA
	AAU
	UGU
	AAA
	CCU
	GGU
	GCA
	UGG
	UUU
	UGG
	UGC
	AAA
	GAU
	AGU
	GAU
	ACA

	
	AA
	ASN
	CYS
	LYS
	PRO
	GLY
	ALA
	TRP
	PHE
	TRP
	CYS
	LYS
	ASP
	SER
	ASP
	THR

	

	5.
	DNA
	ATG
	GTA
	ACA
	CTT
	GAT
	TTA
	GGG
	AAT
	TTT
	CAA
	ACA
	CTT
	GGA
	GGA
	GGT

	
	mRNA
	UAC
	CAU
	UGU
	GAA
	CUA
	AAU
	CCC
	UUA
	AAA
	GUU
	UGU
	GAA
	CCU
	CCU
	CAA

	
	AA
	TYR
	HIS
	CYS
	GLU
	LEU
	ASN
	PRO
	LEU
	LYS
	VAL
	CYS
	GLU
	PRO
	PRO
	GLN

	

	6.
	DNA
	CTT
	GGG
	GGG
	ACG
	GAT
	CTA
	AGG
	TGA
	GCC
	ACC
	CCC
	ACG
	CAC
	ATG
	TTT

	
	mRNA
	GAA
	CCC
	CCC
	UGC
	CUA
	GAU
	UCC
	ACU
	CGG
	UGG
	GGG
	UGC
	GUG
	UAC
	AAA

	
	AA
	GLU
	PRO
	PRO
	CYS
	LEU
	ASP
	SER
	THR
	ARG
	TRP
	GLY
	CYS
	VAL
	TYR
	LYS

	

	7.
	DNA
	Cta
	Caa
	Aca
	Atg
	Ggg
	Gca
	Cta
	Gaa
	Aga
	Gaa
	Gca
	Cga
	Tga
	Caa
	aca

	
	mRNA
	GAU
	GUU
	UGU
	UAC
	CCC
	CGU
	GAU
	CUU
	UCU
	CUU
	CGU
	GCU
	ACU
	GUU
	UGU

	
	AA
	ASP
	VAL
	CYS
	TTYR
	PRO
	ARG
	ASP
	LEU
	SER
	LEU
	ARG
	ALA
	THR
	VAL 
	CYS

	

	8.
	DNA
	GTT
	TTT
	CAA
	GGG
	GAA
	CGA
	ACA
	CTT
	ACA
	GTA
	CGA
	GTC
	CCC
	GTC
	CTC

	
	mRNA
	CAA
	AAA
	GUU
	CCC
	CUU
	GCU
	UGU
	GAA
	UGU
	CAU
	GCU
	CAG
	GGG
	CAG
	GAG

	
	AA
	GLN
	LYS
	VAL
	PRO
	LEU
	ALA
	CYS
	GLU
	CYS
	HIS
	ALA
	GLN
	GLY
	GLN
	GLU

	

	9.
	DNA
	ACA
	CAA
	CAA
	CTA
	TTA
	ACA
	GTG
	CGG
	CGG
	TTA
	CTC
	GTT
	TTT
	GAC
	GAC

	
	mRNA
	UGU
	GUU
	GUU
	GAU
	AAU
	UGU
	CAC
	GCC
	GCC
	AAU
	GAG
	CAA
	AAA
	CUG
	CUG

	
	AA
	CYS
	VAL
	VAL
	ASP
	ASN
	CYS
	HIS
	ALA
	ALA
	ASN
	GLU
	GLN
	LYS
	LEU
	LEU

	

	10.
	DNA
	TTT
	CTT
	TAA
	TAA
	GAA
	CTT
	AGA
	ACG
	CAA
	ACG
	TTT
	CCC
	TGG
	CGG
	ATA

	
	mRNA
	AAA
	GAA
	AUU
	AUU
	CUU
	GAA
	UCU
	UGC
	GUU
	UGC
	AAA
	GGG
	ACC
	GCC
	UAU

	
	AA
	LYS
	GLU
	ILE
	ILE
	LEU
	GLU
	SER
	CYS
	VAL
	CYS
	LYS
	GLY
	THR
	ALA
	TYR


