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Question 1 
 
You work in a lab that studies bacterial membrane proteins. You have isolated a protein, pMem, that spans the 
membrane and you determined the sequence of that protein: 
 
 
1   MKKLLPCTAL¥VMCAGMACAQ¥AEERNDWHFN¥I GAMYEI ENV¥EGYGEDMDGL   50 

51  AEPSVYFNAA¥NGPWRI ALAY¥YQEGPVDYSA¥GKRGTWFDRP¥ELEVHYQFLE   100 

101 NDDFSFGLTG¥GFRNYGYHYV¥DEPGKDTANM¥QRWKI APDWD¥VKLTDDLRFN   150 

151 GWLSMYKFAN¥DLNTTGYADT¥RVETETGLQY¥TFNETVALRV¥NYYLERGFNM   200 

201 DDSRNNGEFS¥TQEI RAYLPL¥TLGNHSVTPY¥TRI GLDRWSN¥WDWQDDI ERE   250 

251 GHDFNRVGLF¥YGYDFQNGLS¥VSLEYAFEWQ¥DHDEGDSDKF¥HYAGVGVNYS¥F 301 

 
(a) Is the codon for phenyalanine (F) the last codon in the mRNA transcript? If not, give one example of what 
the last codon could be.  
No. The last codon is always a stop codon. The possibilities include: UAG, UAA and UGA. 
 
 
(b) What is the best length (in nucleotides) of the mRNA that encodes for the above protein? Circle you answer 
below and justify your choice. 
 
 

950   902   301   3303 
 
The protein has 301 amino acids plus a stop codon. Therefore, there are at least 906 nucleotides that encode 
this protein. There are additional nucleotides because the transcriptional and translation start sites do not 
overlap. This is to ensure there is room for the ribosome to bind to the mRNA before translation begins. 
 
You want to determine which amino acids in pMem are important for correctly interacting with the membrane. 
You have an assay for determining if bacteria have a functioning copy of your protein. You perform a 
mutagenesis and find many mutants in which pMem has a loss-of-function mutation. You determine the DNA 
sequence for several of your mutants. 
 
 
 
 
 
(See next page) 
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Question 1 continued 
 
(c) Below is a wild-type DNA sequence for the first 210 nucleotides of the gene for your protein. The 
underlined sequences represent important promoter sequences. The bolded and enlarged nucleotide represents 
the start of transcription. 
 
 

5’-TAACCATTGCTATGCATTGCAGTGTTTTGCAACATTTAATTAAGAATTTACATGACGAAGTTTTTTTACT-3’ 
 1 ---------+---------+---------+---------+---------+---------+---------+ 70 
3’-ATTGGTAACGATACGTAACGTCACAAAACGTTGTAAATTAATTCTTAAATGTACTGGTTCAAAAAAATGA-5’ 
 
5’-GTAGGATTTATTCCGTGGGCAAGCGCATGAAAAAGTTATTACCCTGTACCGCACTGGTGATGTGTGCGGG-3’ 
71 ---------+---------+---------+---------+---------+---------+---------+ 140 
3’-CATCCTAAATAAGGCACCCGTTCGCGTACTTTTTCAATAATGGGACATGGCGTGACCACTACACACGCCC-5’ 
 
5’-AATGGCCTGCGCACAGGCCGAGGAAAGGAACGACTGGCACTTTAATATCGGCGCGATGTACGAAATAGAA 
141---------+---------+---------+---------+---------+---------+---------+ 210 
3’-TTACCGGACGCGTGTCCGGCTCCTTTCCTTGCTGACCGTGAAATTATAGCCGCGCTACATGCTTTATCTT 

 
 
 

Next, is the portion of the sequence for each of your four mutants that contains the mutation. Changes in 
nucleotide sequence are represented by bolded, enlarged letters with asterisks above them. Deleted nucleotides 
are represented by a ¥ symbol. 
 
 

 

               *  
5’-GTAGGATTTATTCCGTGGGCAAGCGCATGAAATAGTTATTACCCTGTACCGCACTGGTGATGTGTGCGGG-3’ 
71 ---------+---------+---------+---------+---------+---------+---------+ 140 
3’-CATCCTAAATAAGGCACCCGTTCGCGTACTTTATCAATAATGGGACATGGCGTGACCACTACACACGCCC-5’ 
 
 

 
 
 
                                            * 
5’-GTAGGATTTATTCCGTGGGCAAGCGCATGAAAAAGTTATTACCCTGTACCGCACGGGTGATGTGTGCGGG-3’ 
71 ---------+---------+---------+---------+---------+---------+---------+ 140 
3’-CATCCTAAATAAGGCACCCGTTCGCGTACTTTTTCAATAATGGGACATGGCGTGCCCACTACACACGCCC-5’ 
 
 
 
 

 
 
 
5’-GTA¥¥¥TTTATTCCGTGGGCAAGCGCATGAAAAAGTTATTACCCTGTACCGCACTGGTGATGTGTGCGGG-3’ 
71 ---------+---------+---------+---------+---------+---------+---------+ 140 
3’-CAT¥¥¥AAATAAGGCACCCGTTCGCGTACTTTTTCAATAATGGGACATGGCGTGACCACTACACACGCCC-5’ 

 
 
 

mut2 

mut3 

mut1 
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Question 1 continued 
 
For each of the mutants, indicate how the mutation changes the nucleotide sequence, how it changes the protein 
and why that change results in a loss of function of pMem. 
 

mut1  nucleotide change: A !  T 
 
 

protein change: lys !  stop 
 

 
Why pMem no longer interacts with membrane: protein is only 2 amino acids long,    
therefore it has no function. 

 
 
 
 
 
 
 
 

mut2  nucleotide change: T !  G 
 
 

   protein change: Leu !  Arg 
 
 

Why pMem no longer interacts with membrane: Change from a non-polar amino acid to 
a positively charged amino acid. The non-polar amino acids was important for 
interacting with the hydrophobic membrane and changing the amino acid to a charged 
amino acid disrupts that interaction. 

 
 
 
 
 
 

mut3  nucleotide change: deletion of three nucleotides: G, G and A in the promoter 
 
 

protein change: promoter is disrupted so, the mRNA can not be made and therefore, not 
protein can be made. 

 
   Why pMem no longer interacts with membrane: No protein to interact with membrane. 
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Question 2 
 
Your lab studies how bacteria respond to different chemical signals (pheromones). You work with a newly 
isolated strain of haploid bacteria. When you grow colonies of these bacteria on a petri plate, the colonies are 
white. If you grow the bacteria on a petri plate with Pheromone A, the colonies are black! You hypothesize that 
the presence of Pheromone A causes the bacteria to synthesize a black pigment. 
 
You want to understand how this response works, and decide to perform a mutant screen. You mutagenize the 
bacteria and plate all of the resulting mutants on petri dishes with rich media but no Pheromone A. You then 
replica plate the mutants onto petri dishes with rich media plus Pheromone A. Below are some of your results: 
 
    no pheromone    + pheromone 
 
 
 

WT 
bacteria 

 
 
 
 
 
 
 

Mutagenized 
bacteria 

 
 
 
 

 Wt mut1 mut2 mut3 mut4 mut5 mut6 mut7 Mut8 

no pheromone A W W W W W W W B W 

+ pheromone A B O Y O R O R B B 

 
(a) From the colonies that grow, you isolate seven mutants (labeled 1-7 on the illustration above). Why is 
colony 8 not of interest to you? 
Colony 8 displays the wild-type phenotype. It either doesnÕt have a mutation at all or has a mutation in a non-
essential gene that does not affect the synthesis of the black pigment. 
 
 
 
(b) You first want to determine how many genes are affected. Name the appropriate experiment to help you do 
this. 
complementation test 
 
 

1 
2 

3 

4 

5 

colony 

6 

7 8 

1 
2 

3 

4 

5 

6 

7 8 

-red colored, R 

-orange colored, O 

-yellow colored, Y 

-white colored, W 

-black colored, B 
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Question 2 continued 
 
(c) You perform the experiment named in part (b) by mating your haploid strains with each other to make all 
possible diploid (two copies of each gene) combinations and observe the color. You observe the following 
results (W = white, B = black): 
 
NO PHEROMONE A: 
 mut1 mut2 mut3 mut4 mut5 mut6 Mut7 Wt 

mut1 W W W W W W B W 
mut2  W W W W W B W 
mut3   W W W W B W 
mut4    W W W B W 
mut5     W W B W 
mut6      W B W 
mut7       B B 
wt        W 
 
 
+ PHEROMONE A: 
 mut1 mut2 mut3 mut4 mut5 mut6 mut7 Wt 

mut1 W B W B W B B B 
mut2  W B B B B B B 
mut3   W B W B B B 
mut4    W B W B B 
mut5     W B B B 
mut6      W B B 
mut7       B B 
wt        B 
 
From these data, do you think any of the mutations might be dominant? If so, which one(s), and why? 
Mut7 is definitely dominant because it cannot be complemented by the WT. All others can be complemented by 
WT, so they are not dominant. 
 
 
 
 
 
 
 
 
(d) Excluding any dominant mutations, how many genes do you think are involved in the pathway? Indicate 
which mutations are in the same genes. 
group 1 Ð mut1, mut3, mut5 
group 2 Ð mut2 
group 3 Ð mut4, mut6 
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Question 2 continued 
 
(e) Your data suggest that you have more than one gene that acts in the pathway that results in the black 
coloring when the bacteria are grown in the presence of Pheromone A. You decide to use your mutants to order 
the genes in the pathway. You do not know the intermediates involved, but you can tell when a particular 
intermediate builds up because of the color of the colony. 
 
You construct haploid cells that now have two mutations, where each mutation is in a different gene (e.g. 
mut1mut2 = a haploid cell with the mutation from mut1 and the mutation from mut2). You then grow each of 
your double mutants in the presence of Pheromone A. Below is a chart of your results (R = red, O = orange, Y = 
yellow, B = black). The ÒhaploidÓ column indicates the color of the colony when the mutation listed is not 
combined with a second mutation. 
 
+ PHEROMONE A: 
 

 + Pheromone A 

mut1 alone O 

mut2 alone Y 

mut4 alone R 

mut1mut2 O 

mut1mut4 R 

mut2mut4 R 

 
Determine the order of the pathway. The diagram should use arrows to indicate one intermediate being changed 
to another intermediate. Indicate intermediates using the color of the intermediate that builds up. Indicate which 
gene produces the product responsible for the conversion by listing the mutant for that gene above the arrow.  
Remember, the final pigment color is black. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R O Y B 
mut1 mut2 mut4 
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Question 3 
 
You are a game warden in a Uganda National Park, and you are studying elephant ecology. As part of your 
project you have collected the following data: 

 Energy 
(g C/m2/yr) 

Net Primary Production of the Park 747.0 
Total Biomass of Elephants 7.1 
Elephant  

Food Ingested 71.5 
Fecal Material and Urine Lost 40.2 
Maintenance Metabolism (Respiration) 31.0 
Growth 0.3 

 
 

(a) What is the exploitation efficiency of the elephants? 
Exploitation Efficiency of the elephants is equal to the amount of plant biomass ingested relative to the amount 
of plant matter available. NPP is the total amount of plant biomass available. 
 

71.5 / 747 = .096 = 9.6% 
 
 
(b) What is the production efficiency of the elephants? 
Production Efficiency of the elephants is how much biomass the elephants actually produced relative to the 
amount of biomass they assimilated. 

The amount assimilated is the amount of biomass ingested minus the amount of biomass lost to feces/urine:  
71.5 Ð 40.2 = 31.3 g C/m2/yr 

How much the elephants produced (i.e. Ð what biomass is available to the next trophic level) is by how much the 
elephants grew (or how much biomass was assimilated minus how much biomass was lost dies to respiration), 
which is 0.3  gC/m2/yr.  

0.3 / 31.3 = 0.0095 = .95%  
 

(c) What is the assimilation efficiency of the elephants? 
The Assimilation Efficiency is the amount of biomass that the elephants assimilate relative to how much they 
ingested. The amount of biomass the elephants assimilated is calculated in part b and is 31.3 g C/m2/yr. The 
amount ingested is 71.5 g C/m2/yr. 

31.3 / 71.5 = 0.44 = 44% 
 
(d) What is the average residence time of a carbon atom in an elephant (be sure to show your calculations)? 
The MRT of a carbon atom in an elephant would be defined as the ÒpoolÓ or biomass of the elephant, 7.1 g 
C/m2, divided by the amount of carbon flowing into the elephants, 71.5 g C/m2/yr (ingestion), or the carbon 
flowing out, 40.2 g C/m2/yr (feces and urine) + 31.0 g C/m2/yr (respiration) + 0.3 g C/m2/yr (production).  

 
7.1 / 71.5 = 0.1 yrs 

or 
7.1 / (40.2 + 31.0 + 0.3) = 0.1 yrs 

 
(e) If the only herbivores in the park were elephants, what is the ecological efficiency of the primary producers 
! herbivore trophic transfer? 
Ecological Efficiency can be defined two different ways: 

Pn / Pn-1 = 0.3 / 747 = .000402 = .04% 
or 

(EE)(AE)(PE) = 0.096 x 0.0095 x 0.44 = 0.000401 = 0.04 % 
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Question 3 continued 
 
(f) In the center of the Uganda National Park is a lake that contains phytoplankton, cyanobacteria, diatoms and 
other organisms. In lecture, we discussed that the ratio of C:N:P in phytoplankton, universally,  is 106:16:1 (the 
ÒRedfield RatioÓ). You measure the ratio of these atoms in the water of the lake and find that C:N:P in the water 
is 3000:20:0.6. Which factor (C, N or P) is limiting? Justify your choice. 
 
P would be limiting because its availability in the water is lower than what the plant requires. Therefore, by 
definition it is limiting. 
 
 
 
 
 
 
 
 
 
Question 4 
 
You are spending the summer working for a hypothetical environmentally focused company that provides kits 
for cleaning up oil spills. The kits include haploid bacteria that can degrade petroleum to be used as a carbon 
source. The company wants to engineer bacteria that are more efficient at breaking down petroleum than the 
bacteria found in nature. Your job is to determine the regulation of the genes involved in the process of breaking 
down petroleum.  
 
Previous work done by a co-worker, showed that there are at least four genes are important for the bacteria to 
breakdown petroleum. Three of these genes are in an operon. Below is a schematic of the genomic DNA (the 
arrows represent the direction of transcription): 
 
 
 
 
 
 
(a) When gene X is transcribed, which strand (top or bottom) is used as a template? 

top 
 
 
 
 
 
 
 
 
 
 
 
 

X Oil
A 

OilB 

Poil O 

Px 

Oil
C 

5Õ 

5Õ 3Õ 

3Õ 
A B S 
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Question 4 continued 
 
(b) You isolate several loss-of-function mutants (A-F) that affect the genes depicted above, but otherwise the 
bacteria grow normally with glucose as a carbon source. Each mutant has a single mutation. You have an assay 
that determines the level the genes expressed from the operon. You perform this assay for each of your mutants 
in the presence and absence of petroleum (no glucose is provided). To save time, you decide to only monitor the 
level of OilA and Oil B expression. Below are your results: 
 

 - petroleum + petroleum 
 OilA OilB OilA OilB 

mutA + + + + 
mutB + + + + 
mutC - - - + 
mutD - - - - 
mutE - - + + 
mutF - - + - 
WT - - + + 

 
 
Based on your data, is the regulating protein for the Oil operon an activator or a repressor? Briefly explain your 
reasoning. 
The regulating protein is a repressor. This can be inferred from the fact that some of the mutants express the 
Oil A and Oil B genes in the absence of petroleum. This would be a result of a loss-of-function mutation in a 
repressor. If the Oil operon was regulated by an activator, a loss-of-function mutation in the activator or 
operator would result in the Oil genes never being expressed. 
 
 
 
(c) Which of the above mutants could have a mutation in the gene for OilS? 
 mutE 
 
 
 
(d) One of your co-workers suggests that mutD has a mutation in RNA polymerase. 

(i) Explain why mutD can not have a mutation in RNA polymerase. 
RNA polymerase is responsible for transcribing ALL genes, including essential ones, making RNA 
polymerase itself is essential. A mutation in RNA polymerase would be lethal to bacteria. Therefore, you 
would not isolate mutants in RNA polymerase because they would be dead. 

 
 
(ii) In what component of the operon does mutD have a mutation? 
The promoter of the Oil operon. A mutation in the promoter would prevent all of the genes in the operon 
from being expressed. 
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Question 4 continued 
 
(e) You make several diploid strains with your mutants. Indicate the type of expression you expect the diploid 
to have by circling the appropriate answer. Wild-type expression would mean that all three genes in the Oil 
operon are expressed under the appropriate conditions. If you circle ÒambiguousÓ, provide a br ief explanation 
why you chose that answer. Below is an explanation of the notation: 
 
example:  mutA mutB 

                mutC 
 
 
 
(i) mutC   wild-type  not wild-type     ambiguous 
     mutF 
 
 
 
 
(ii) mutCmutEmutF  wild-type  not wild-type     ambiguous 
             mutD 
 
 
 
 
 
(iii) mutC   wild-type  not wild-type     ambiguous 
       mutC 
 
 
 
 
 
(iv) mutCmutEmutF  wild-type  not wild-type     ambiguous 
              mutA 
  
iv is ambiguous because you do not know which component of the regulatory system is defective in mutA. The 
top strand of DNA has mutations in each of the Oil genes. The mutation in the bottom strand results in 
constitutive expression of the Oil genes when it is the only mutation present. The mutation in mutA could either 
be in the Repressor or in the Operator. If the mutation is in the Repressor, then this diploid would have wild-
type expression because the Repressor produced on the top strand of DNA (which is wild-type) would properly 
regulate the Oil operon on the bottom strand of DNA. If the mutation is in the Operator, then this diploid would 
not have wild-type expression because the Repressor produced on the top strand would not be able to bind to 
the Operator on the bottom strand in the absence of petroleum. 

- In this scenario, one chromosome of DNA has the mutations from mutA and mutB.  
The other chromosome has the mutation from mutC.  


