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Participant Name: ____________ANSWER KEY_____________
1. Finding open reading frames is a tactic for determining which segments of DNA actually code   
		T

	C

	A

	G


	T

	TTT Phe (F)
TTC " 
TTA Leu (L)
TTG " 

	TCT Ser (S)
TCC " 
TCA " 
TCG " 

	TAT Tyr (Y)
TAC 
TAA Stop 
TAG Stop 

	TGT Cys (C)
TGC 
TGA Stop 
TGG Trp (W)


	C

	CTT Leu (L)
CTC " 
CTA " 
CTG " 

	CCT Pro (P)
CCC " 
CCA " 
CCG " 

	CAT His (H)
CAC " 
CAA Gln (Q)
CAG " 

	CGT Arg (R)
CGC " 
CGA " 
CGG " 


	A

	ATT Ile (I)
ATC " 
ATA " 
ATG Met (M)

	ACT Thr (T)
ACC " 
ACA " 
ACG " 

	AAT Asn (N)
AAC " 
AAA Lys (K)
AAG " 

	AGT Ser (S)
AGC " 
AGA Arg (R)
AGG " 


	G

	GTT Val (V)
GTC " 
GTA " 
GTG " 

	GCT Ala (A)
GCC " 
GCA " 
GCG " 

	GAT Asp (D)
GAC " 
GAA Glu (E)
GAG " 

	GGT Gly (G)
GGC " 
GGA " 
GGG " 



	DNA-based Table of the Genetic Code 
	for a protein and therefore might be genes.  

For this exercise please remember that there are three nucleotide triplets that don’t have a corresponding tRNA, and therefore do not code for an amino acid: TAA, TAG, & TGA.  The other 61 codons do have corresponding tRNAs in the cytoplasm and therefore code for an amino acid. 

If one was to randomly generate a sequence of G’s, A’s, C’s, and T’s, the chances of encountering a TAA, TAG, or TGA, would be 3/64, or about 1 in 20.  It would therefore be unlikely to find a random sequence of more than 50-60 nucleotides without encountering three nucleotides in a row that specify a stop codon. 

	

	Here is an example stretch of DNA.

5’-CTAATGGCTAGGATAAATGAGACTGAGGCGTGTCATATAAATGGG-3’

|||||||||||||||||||||||||||||||||||||||||||||

3’-GATTACCGATCCTATTTACTCTGACTCCGCACAGTATATTTACCC-5’

On the next page are the six possible translations of that stretch of DNA. Notice that only the third translation (third reading frame) is free of stop codons.  It is therefore termed an “Open Reading Frame,” or ORF.  Probably the protein sequence will begin with the first Methionine.

	5’-C TAA TGG CTA GGA TAA ATG AGA CTG AGG CGT GTC ATA TAA ATG GG-3’

     Stop  Trp Leu Gly Stop  Met Arg Leu Arg Arg Val Ile Stop  Met

      *   W   L   G   *   M   R   L   R   R   V   I   *   M

5’-CT AAT GGC TAG GAT AAA TGA GAC TGA GGC GTG TCA TAT AAA TGG G-3’

      Asn Gly Stop  Asp Lys Stop  Asp Stop  Gly Val Ser Tyr Lys Trp

       N   G   *   D   K   *   D   *   G   V   S   Y   K   W

5’-CTA ATG GCT AGG ATA AAT GAG ACT GAG GCG TGT CAT ATA AAT GGG-3’  

   Leu Met Ala Arg Ile Asn Glu Thr Glu Ala Cys His Ile Asn Gly

    L   M   A   R   I   N   E   T   E   A   C   H   I   N   G
5’-C CCA TTT ATA TGA CAC GCC TCA GTC TCA TTT ATC CTA GCC ATT AG-3’

     Pro Phe Ile Stop  His Ala Ser Val Ser Phe Ile Leu Ala Ile

      P   F   I   *   H   A   S   V   S   F   I   L   A   I

5’-CC CAT TTA TAT GAC ACG CCT CAG TCT CAT TTA TCC TAG CCA TTA G-3’

      His Leu Tyr Asp Thr Pro Gln Ser His Leu Ser Stop  Pro Leu

       H   L   Y   D   T   P   Q   S   H   L   S   *   P   S

5’-CCC ATT TAT ATG ACA CGC CTC AGT CTC ATT TAT CCT AGC CAT TAG-3’

   Pro Ile Tyr Met Thr Arg Leu Ser Leu Ile Tyr Pro Ser His Stop  
    P   I   Y   M   T   R   L   S   L   I   Y   P   S   H   *



		T

	C

	A

	G


	T

	TTT Phe (F)
TTC " 
TTA Leu (L)
TTG " 

	TCT Ser (S)
TCC " 
TCA " 
TCG " 

	TAT Tyr (Y)
TAC 
TAA Stop 
TAG Stop 

	TGT Cys (C)
TGC 
TGA Stop 
TGG Trp (W)


	C

	CTT Leu (L)
CTC " 
CTA " 
CTG " 

	CCT Pro (P)
CCC " 
CCA " 
CCG " 

	CAT His (H)
CAC " 
CAA Gln (Q)
CAG " 

	CGT Arg (R)
CGC " 
CGA " 
CGG " 


	A

	ATT Ile (I)
ATC " 
ATA " 
ATG Met (M)

	ACT Thr (T)
ACC " 
ACA " 
ACG " 

	AAT Asn (N)
AAC " 
AAA Lys (K)
AAG " 

	AGT Ser (S)
AGC " 
AGA Arg (R)
AGG " 


	G

	GTT Val (V)
GTC " 
GTA " 
GTG " 

	GCT Ala (A)
GCC " 
GCA " 
GCG " 

	GAT Asp (D)
GAC " 
GAA Glu (E)
GAG " 

	GGT Gly (G)
GGC " 
GGA " 
GGG " 



	
	Find the longest  of the six possible open reading frames (ORFs) in the DNA sequence below.  



	


5’-GATGGCACGCATTAATGAGTCATGTATAGAAAATTGCGAATCAC-3’
____________________________________________________________________________________

The Three Forward Reading Frames:______________________________________________________
GAT-GGC-ACG-CAT-TAA-TGA-GTC-ATG-TAT-AGA-AAA-TTG-CGA-ATC-AC
  D      G        T      H        -     -      V      M       Y       R       K       L        R       I  

____________________________________________________________________________________

G-ATG-GCA-CGC-ATT-AAT-GAG-TCA-TGT-ATA-GAA-AAT-TGC-GAA-TCA-C
      M       A       R       I       N       E      S       C        I       E       N       C       E       S 

____________________________________________________________________________________

GA-TGG-CAC-GCA-TTA-ATG-AGT-CAT-GTA-TAG-AAA-ATT-GCG-AAT-CAC
        W      H       A       L        M      S      H       V       -      K       I       A       N      H 

____________________________________________________________________________________

The Three Reverse Reading Frames:______________________________________________________
5'-GATGGCACGCATTAATGAGTCATGTATAGAAAATTGCGAATCAC-3'
3'-CTACCGTGCGTAATTACTCAGTACATATCTTTTAACGCTTAGTG-5'

Take the "complementary sequence" and then reverse it, so that the 5' is on left side:
5'-GTGATTCGCAATTTTCTATACATGACTCATTAATGCGTGCCATC-3'

Now use that sequence to prepare reading frames that the polymerase would read going the other way:__
GTG-ATT-CGC-AAT-TTT-CTA-TAC-ATG-ACT-CAT-TAA-TGC-GTG-CCA-TC
  V      I       R     N     F      L       Y     M     T      H      -     C      V       P     
____________________________________________________________________________________

G-TGA-TTC-GCA-ATT-TTC-TAT-ACA-TGA-CTC-ATT-AAT-GCG-TGC-CAT-C
       -    F      A      I      F      Y      T      -     L      I      N     A      C      H 
____________________________________________________________________________________

GT-GAT-TCG-CAA-TTT-TCT-ATA-CAT-GAC-TCA-TTA-ATG-CGT-GCC-ATC
        D      S     Q     F      S      I      H      D     S      L      M      R     A      I 
2. According to the animation on transcription, what is the reason for a promoter region?

A "promoter region" is the RNA Polymerase binding site.
3. How does the DNA-Dependent RNA Polymerase "know" which of the two strands to transcribe?

	The orientation of RNA Polymerase when it binds is dependent on the orientation of the promoter region. Since it can only synthesize in the 5' to 3' direction, it can only use one of the two strands as a template for the new RNA molecule.
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4. Hydrogen bonding with the template strand specifies which ribonucleotide is added to the growing RNA molecule.  Which ribonucleotide does adenine pair with?

An adenine sticking out from the template strand would pair with an incoming uridine triphosphate.
5. According to the Translation animation, what is the role of mRNA?

According to the animation, mRNA serves as a temporary information carrier, transporting the code from the nucleus to the cytoplasm.  More generally, mRNA carries the code from the DNA in a chromosome to the ribosome where it is translated into protein.
6. According to the Translation animation, what do the tRNAs and Ribosomes do?

The tRNA in the P site on the ribosome holds the growing polypeptide chain while the tRNAs in the A site match their anticodons to the correct codon on the mRNA and bring in the corresponding amino acid.
The ribosome builds the protein during the elongation phase by catalyzing the joining of amino acids brought in by the tRNAs into a polypeptide chain.
7. In the Translation animation there are two amino acyl tRNAs drawn, one carrying a glutamate and the other carrying a methionine.  What are the anticodons on those two tRNAs?
5'-U-U-C-3'  and  5'-C-A-U-3'

8. In the Translation animation example, there is a stop codon.  Which one is it?  UAA
9. What is the anticodon of the tRNA that binds that stop codon?  There is none!
10. Have a look at this YouTube video http://www.youtube.com/watch?v=kp0esidDr-c
a) The video illustrates a point mutation that results in a glutamine being changed to a histidine in the resultant protein.  Why might that not be such a disruptive mutation?

They both have polar side chains with a positive charge and are approximately the same size.
b) How did that error occur?

It was an error during DNA replication that was not repaired.  In this case, a non-complementary nucleotide was incorporated into the new strand.
c) What exactly was the base change?

Well this is a bit tricky...  In the first part of the YouTube video the non-complementary base that is inserted is an A where a G should have gone.
Later in the video they illustrate a G being replaced by a C.  That was what caused the glutamine (C-A-G)  to be replaced by a histidine in the protein sequence.
11.  You have each been assigned a different organism (see below).  
	Ruth
	Solanum tuberosum
	
	Precious
	Eschrichtius robustus

	Jaime
	Zea mays
	
	Elizabeth
	Canis lupus

	Lisa
	Brassica napus
	
	Charles
	Gibberella zeae

	Annie
	Triticum aestivum
	
	Lee
	Candida glabrata

	Ernel
	Oryza sativa
	
	Paul
	Chelydra serpentina

	Kimberlee
	Mus musculus
	
	Jim
	Magnaporthe grisea

	Rajinder
	Bos taurus
	
	Debbie
	Apis mellifera

	Marianne
	Drosophila melanogaster
	
	Shana
	Ustilago maydis

	Matthew
	Alligator mississippiensis
	
	Dennis
	Ornithorhynchus anatinus

	Leigh
	Mirounga leonina
	
	
	


Use this WORD document to Give a description of your organism.  The common name if there is one and what type of organism it is, such as fungus, protozoan, algae, bony fish, etc.  Where it is found would be good, and if you can, why it might be studied.  A paragraph or two will do...
Where in the cell is the protein Cytochrome c found?  Cytochrome c is a peripheral membrane protein on the inner mitochondrial membrane.
What does the protein Cytochrome c do? Cytochrome c shuttles electrons between Complex III and Complex IV of the Electron Transport Chain.
Provide the best illustration you can for the tertiary structure of Human Cytochrome c.
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Using the amino acid single letter code, write the primary structure of the Cytochrome c found in your organism. 
Example:Cytochrome c from Homo sapiens (yours should be very similar – check that it has the amino acids highlighted in yellow below)
MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAAN
KNKGIIWGEDTLMEYLENPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE
From RefSeq in NCBI Accession = NP_061820.1
How many amino acids are contained in Cytochrome c from your organism? 105
What proportion of these amino acids are hydrophobic?  Give the details of how you arrived at this percentage.  52% Hydrophobic or non-polar. I tallied the number of hydrophobic amino acids (55) in the sequence and divided by 105.
Prepare a figure comparing the primary structure of the Cytochrome c from your organism with the Cytochrome c from Homo sapiens provided on the powerpoint.  Are there any similarities?  Can you “align” your primary sequence with the one from Homo sapiens?  Do you have to insert any gaps in one sequence to make it align better to the other?   If you trust your alignment of the two sequences, how many similarities are there between the two?

Prepare a figure comparing the primary structure of the Cytochrome c from your organism with the Cytochrome c from Arabidopsis thaliana provided below.  Are there any similarities?  Can you “align” your primary sequence with the one from Arabidopsis thaliana?  Do you have to insert any gaps in one sequence to make it align better to the other?   If you trust your alignment of the two sequences, how many similarities are there between the two?  

Prepare a figure comparing the primary structure of the Cytochrome c from your organism with the Cytochrome c from Saccharomyces cerevisiae provided below.  Are there any similarities?  Can you “align” your primary sequence with the one from Saccharomyces cerevisiae?  Do you have to insert any gaps in one sequence to make it align better to the other?    If you trust your alignment of the two sequences, how many similarities are there between the two?  

Prepare a figure comparing the primary structure of the Cytochrome c from your organism with the Cytochrome c from Apis mellifera provided below.  Are there any similarities?  Can you “align” your primary sequence with the one from Apis mellifera?  Do you have to insert any gaps in one sequence to make it align better to the other?    If you trust your alignment of the two sequences, how many similarities are there between the two?

Inserting gaps where necessary, prepare a figure with your  amino acid sequence at the top, aligned to the other four sequences.  Are there any positions along the sequence where the amino acids are the same for all five organisms?  Which organism is most similar to yours?  On what do you base that conclusion?
>Homo Sapiens Cytochrome c CYC_HUMAN

MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAANKNKGIIWGEDTLMEYLE

NPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

>Arabidopsis thaliana Cytochrome c NP_192742.1 
MASFDEAPPGNPKAGEKIFRTKCAQCHTVEKGAGHKQGPNLNGLFGRQSGTTPGYSYSAANKSMAVNWEE

KTLYDYLLNPKKYIPGTKMVFPGLKKPQDRADLIAYLKEGTA
>Saccharomyces cerevisiae Cytochrome c NP_012582.1 Cyc1p

MTEFKAGSAKKGATLFKTRCLQCHTVEKGGPHKVGPNLHGIFGRHSGQAEGYSYTDANIKKNVLWDENNM

SEYLTNPKKYIPGTKMAFGGLKKEKDRNDLITYLKKACE

>Apis mellifera Cytochrome c XP_391823.1

MGIPAGDPEKGKKIFVQKCAQCHTIESGGKHKVGPNLYGVYGRKTGQAPGYSYTDANKGKGITWNKETLF

EYLENPKKYIPGTKMVFAGLKKPQERADLIAYIEQASK

If any amino acids are the same in the same location for all five organisms you will speculate on why that might be.  

Multiple Alignment of Cytochrome c

HoneyBee  ----MGIPAGDPEKGKKIFVQKCAQCHTIESGGKHKVGPNLYGVYGRKTGQAPGYSYTDA

SeaStar   --------MGQVEKGKKIFVQRCAQCHTVEKAGKHKTGPNLNGILGRKTGQAAGFSYTDA

Human     --------MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAA

Cress     MASFDEAPPGNPKAGEKIFRTKCAQCHTVEKGAGHKQGPNLNGLFGRQSGTTPGYSYSAA

Yeast     ---MTEFKAGSAKKGATLFKTRCLQCHTVEKGGPHKVGPNLHGIFGRHSGQAEGYSYTDA

                   *    *   *   * **** *    ** **** *  **  *   * **  *

HoneyBee  NKGKGITWNKETLFEYLENPKKYIPGTKMVFAGLKKPQERADLIAYIEQASK-

SeaStar   NRNKGITWKNETLFEYLENPKKYIPGTKMVFAGLKKQKERQDLIAYLEAATK-

Human     NKNKGIIWGEDTLMEYLENPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

Cress     NKSMAVNWEEKTLYDYLLNPKKYIPGTKMVFPGLKKPQDRADLIAYLKEGTA-

Yeast     NIKKNVLWDENNMSEYLTNPKKYIPGTKMAFGGLKKEKDRNDLITYLKKACE-

          *      *       ** *********** * * **   * *** *       
Find the DNA sequence that codes for the Cytochrome c protein sequence in your organism.  Prepare a figure showing the sequence and its translation that looks like this:


Figure xx.  The DNA and translated protein sequence for Cytochrome c from Apis mellifera (Honey Bee).

Once you have a DNA sequence you can use this website from Colorado State University to prepare your figure, http://arbl.cvmbs.colostate.edu/molkit/translate/index.html . By comparing the sequence translated from DNA to the sequence you already have from, you can be sure you have the correct DNA sequence.

Using the highly conserved stretch of amino acids you identified above, NPKKYIPGTKM, prepare an alignment of your sequence against the four given below.

Write a final paragraph on why you think the amino acid sequence is so unchanging in this part of the protein?  Then add a short paragraph on why you think the DNA sequence can be different when the protein sequence isn't? 
This part of the protein is essential for the function of the protein.  It is involved in the transfer of the electron and docking to Complex IV. (Open Cn3D) Notice also the histidine and methionine involved in coordinating the Iron.  
The DNA can be different because the genetic code is redundant.  There are four different codons that can specify that conserved threonine… So the DNA can change without changing the amino acid.  Since natural selection will mostly act on the amino acid (phenotype) the first and second positions in the codon will not change for that universally conserved threonine… but the third position can and does change during evolution.
Before the third May workshop we will collate the results of the class work on Cytochrome c and present a detailed analysis of what we learned.



     1   M  G  I  P  A  G  D  P  E  K  G  K  K  I  F  V  Q  K  C  A 


     1  ATGGGTATTCCTGCGGGTGATCCAGAAAAAGGAAAAAAGATTTTTGTACAAAAATGTGCA





    21   Q  C  H  T  I  E  S  G  G  K  H  K  V  G  P  N  L  Y  G  V 


    61  CAATGTCATACAATTGAATCTGGTGGTAAACACAAAGTAGGACCTAATCTTTATGGAGTA





    41   Y  G  R  K  T  G  Q  A  P  G  Y  S  Y  T  D  A  N  K  G  K 


   121  TATGGTAGGAAAACTGGTCAAGCACCTGGTTATAGCTACACAGATGCGAATAAAGGAAAA





    61   G  I  T  W  N  K  E  T  L  F  E  Y  L  E  N  P  K  K  Y  I 


   181  GGTATTACTTGGAACAAGGAGACTTTATTCGAATATCTTGAAAATCCAAAAAAATACATT





    81   P  G  T  K  M  V  F  A  G  L  K  K  P  Q  E  R  A  D  L  I 


   241  CCTGGTACAAAAATGGTGTTTGCTGGTTTGAAGAAACCGCAAGAACGTGCTGATTTAATT





   101   A  Y  I  E  Q  A  S  K  - 


   301  GCATATATCGAACAAGCTTCAAAATAA





A Highly Conserved Region in Cytochrome c





Your protein sequence here (


Your DNA sequence here (





Homo_protein             N   P   K   K   Y   I   P   G   T   K   M 


Homo_DNA                AAT CCC AAG AAG TAC ATC CCT GGA ACA AAA ATG





Apis_mellifera_prot      N   P   K   K   Y   I   P   G   T   K   M 


Apis_mellifera_DNA      AAT CCA AAA AAA TAC ATT CCT GGT ACA AAA ATG





Saccharomyces_prot       N   P   K   K   Y   I   P   G   T   K   M 


Saccharomyces_DNA       AAC CCA AAG AAA TAT ATT CCT GGT ACC AAG ATG





Arabidopsis_prot         N   P   K   K   Y   I   P   G   T   K   M 


Arabidopsis_DNA         AAT CCT AAG AAG TAC ATC CCT GGA ACA AAA ATG
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