Name Section

7.014 Problem Set 4

Please print out this problem set and record your answerson the printed copy. Answersto thisproblem
set areto beturned in to the box outside 68-120by 5:00pm on Friday March 23, 2007, Problem setswill
not be accepted late. Solutionswill be poged online.

1. Currently you are studying threonine synthesis in E. coli. To find genes whose protein products are
important for threonine synthesis, you perform a mutagenesis to find mutants that require a source of threonine
to grow.

(a) Immediately after mutagenizing the bacteria, would you choose to grow the bacteria on rich media or on
minimal media? Briefly explain your choice.

Rich media. A mutant unable to make a particular amno add will nat be able to grown on media lacking that
amno add (minimal media). Therefore, to isolate such mutants, they would first hawe to be grown on media
containing theamino add they are unablke to make themselves. To identify the mutant phenotype, you would
then hawe to find colonies that grow on rich media but NOT on minimal media. You candothisusnga
techniquecalled @eplica plating OThis techniqueinvolves moving mutatagenized bacderia plated on rich media
by @rintingQhe colonies onto a new plate of minimal media (usng a fine velvet Gtanmp.

You find a total of nine mutants, all of which have recessive phenotypes. You perform complementation tests
with all of your mutants.

(b) What information do the complementation tests provide?

Provides information abouthow many genes or functionsmight be involved in a specific process. When mutants
are part of the same conplementation group (in other words fail to conplement oneanoter), we can infer
they have mutationsin thesame gene Sq this allows usto ge a minimumestimate of thenunber of genes
involved in our pathway of interest.

Below are the results for your complementation tests. A (+) means growth and a (-) means no growth:

mtl mt2 mt3 mt4 mt5 mt6 mt7 mt8 mt9 wt
mtl -
mt2 + -
mt3 - + -
mt4 + + + -
mt5 - + - + -
mt6 - + - + - -
mt7 + + + + + + -
mt8 + - + + + + + -
mt9 - + - + - - + + -
Wt + + + + + + + + + +




Question 1 continued

(c) How many complementation groups did you identify?

4. We arrive at this nunmber by looking at each pair of mutants andlookng for conmplementation between them
(growth phenotype). A mutantwill never complement itself, hence all 3Q(no growth) alongthe diaganal.
Proceeding down the rows of thetable, we first see that the combination of mt1 andmt2 is able to grow.
Therefore mt1 and mt2 complement each other, and are defined asbeng in different complementation groups
(in other words different genes). In the next row, we see that mt3 and mt1 fail to complement, therefore they
are in the same conplementation group (in other words in the same gene). However, mt3 andmt2 do
complement each other, so they are in different conplementation groups which we could hawe guessed from
what we conduded fromthe previousrow. Continuing down thetable like this, we arrive at 4 conmplementation
groups

(d) For each complementation group, indicate which mutants belong to that complementation group.
1-mt4

2 Dmtl, mt3, mt5, mt6, mt9

3 bmt2, mt8

4 Dmt7

(e) How many gene products are involved in the synthesis of threonine?
At leag 4. There could be more than4, butby chance we jug didn®get mutationsin these genes.

You have identified some intermediates in threonine synthesis: A, B, C, D and E. You grow a few of your
mutants in the presence of these different intermediates to determine the order in which the gene products act.
Below are your results. A (+) means growth and a (-) means no growth.

A B C D E Threonine
Mtl - + + + + +
Mt2 - - - - - +
Mt4 - + - - + +
Mt7 - + + - + +

(f) Given these data, draw the best possible pathway for the synthesis of threonine. The diagram should use
arrows to indicate one intermediate being changed to another intermediate. Indicate which gene produces the
product responsible for the conversion by listing the mutant in that gene above the arrow.

For example if the gene product that is mutant in mt8 is responsible for converting A to B, that would be drawn
as:

mt8
A > B

mtl mt7 mt4 ? mt2
A—> D—> Cc —> E—> B —> threonine

OR

See next page




Question 1 continued

mtl mt7 mt4 ? mt2
A—> pD—> Cc —> B—> E —> threonine

We arrive at these pathway diagranms asfollows. Fromthe data, we observe that mt1 does not grow on A, but
grows on every other intermediate. We can condudethat mt1 is ipgreamO(further left, asdepicted in the
diagram) of all intermediates except A. We also observe that mt2 can not grow on anyintermediate, other than
threonine Therefore, mt2 isin a generesponsble for a step @owngreamOof all the intermediates, except
threonine. Using this same logic, we infer the placement of mt7, mt4, andtherest of theintermediatesin the
pathway. mt4 mug act downgreamof A, C and D, while mt7 mug act downgreamof A andD. Theordering of
intermediates E and B can notbe deermined fromthedata, nor can we tell which geneis responsble for
interconwerting them.

(g) Do you think that your screen identified all the genes that produce proteins involved in the synthesis of
threonine? Briefly explain your answer.
No. We did notidentify the gene coding for the protein thatturnsE into B (or B into E).

(h) Below is an example of another metabolic pathway, but this pathway is branched. Letters represent
intermediates in the pathway and numbers represent proteins products of genes that act in the pathway.

3
1 2 —> —>
A > B > C —> D E F

\./'

Assuming that your mutagenesis results in only one mutation per cell (in this case, organism) do you think that
you would find mutants in the gene that produces protein product 3? Briefly explain your answer.

No. the organism could keep making thefinal produd, F, via the other pathway (via protein 4), so you would
never knowthatthere wasa problemin thefirst pathway.

Additional thought question (i.e. — not worth any points): You do another screen to study the synthesis of
another amino acid. You get 6 complementation groups with the following number of mutants in each group:
Group #1 — 2 mutants

Group #2 — 2 mutants

Group #3 — 16 mutants

Group #5 — 3 mutants

Group #6 — 5 mutants

Could these data suggest anything about the relative sizes of these genes?

Conmplementation Group#3 hasmore mutants than any other group. Because mutantsin thesame
complementation group have mutationsin the same gene, the generepresented by Conplementation Group#3
is mutated more than other genes. Onelogcal reason for thisis that the generepresented by Conmplementation
Group#3islarger thananyothe gene thusis more likely to acquire a mutation. For exanmple this gene might
be 10000base pairs where the other genes are closer to 500ba pairs.



2. Consider the following energy flow of an ecosystem:
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(a) There are four trophic levels in this ecosystem: A, B, C, D. For each level, supply the correct term that
defines that trophic level and name an example of an organism at that level.

A — primary producer (autotroph). First trophic level; Harnesses energy fromthe sun.
exanples. Phytoplankon (Cyanobaderia, algag), Land plants.

B —primary consumer (herbivore, heterotroph). Gets all its energy by consumng the autotroph.
exanples. Zooplankon, Ruminant (cattle, goas), certain Insects

C — secondaly consuner (carnivore, heterotroph). Gets all its energy by consuming the primary
ConsuMer.
exanples: Larger zooplankon, wolves, bears, certain Insects.

D — ddritovore (heterotroph). Gets all its energy by decomposng dead organic matter fromall
trophic levels.
exanples: Fungi, certain baderia, certain insects, earthworms.



Question 2 continued

(b) What is the “energy” that flows between each level?
Organic carbonin biomass. Can bein theform of sugar mononers andbr polymers, protein etc.

(c) What is the Net Primary Production in this system?

NPP = Energy Gain by phoosynthesis DEnergy Used by respiration (in primary produc)
=145732D62665
= 83067

(d) Determine the Exploitation Efficiency, the Assimilation Efficiency and the Production Efficiency for trophic
levels B and C. Assume steady-state conditions.

Trophic Level B TrophicLevel C

EE =ingested/available energy=332278306= 40% EE = ingested/available energy= 219/1096= 20%
AE = assimilated/ ingested = 731083227= 22% AE = assimilated/ ingested = 175219= 80%

PE = produed/assmilated= 1096/7310= 15% PE = produed/assimilated= 12/175= 7%

In the aboe calculations thefollowing abbreviationsare used:
- OngestedC= ingested energy
- @vailableO= produdion from previoustrophic level

(e) Which trophic level has the highest ecological efficiency? Show your calculations.
Ecological efficiency = (AE)(EE)(PE)

B =.0132=1.3%
C=.0112= 1.1%

(f) Write an equation representing the annual net ecosystem production (the amount of biomass that is
accumulated in the entire ecosystem on an annual basis) using the values from the diagram above, and assuming
steady-state conditions. Briefly explain the meaning of this equation.

NEP = Energyinputfromsun B(Total Energy log asrespiration at each trophic level)

NEP = 145732D(62665D6214D163-76690)

Thetotal amountof biomass that accumulates is the amountof initial energy minusthe energy thatislog dueto
respiration (expdled asheat at each trophic level). Because the systemis at steady state, the value mug equal
Zexro.



3. Itis the year 2576 and space travel technology is readily available. You travel to a newly discovered planet
to explore the different regions on this planet.

The planet is found to have three major regions: a desert with few plants, a tropical region with lots of plants
and an ocean region with a large quantity of phytoplankton. You want to test what the limiting factors are for
productivity (in this case, plant growth) in each region.

With your vastly superior technology you are able to subdivide each of the regions in to 8 plots and can prevent
crossing over of nutrients.

Original Region
(desert, tropics or ocean) B A|B|C|D|E |F |G |H

You want to test the following elements: Si, C, N, P, S to see which is limiting. The experiment is run as
follows: After subdividing the region into 8 plots, you add all factors to Plot A. Plot A is a positive control. You
add all the factors except the one you want to test as a limiting factor to Plots B through G, each with a different
factor missing. You add nothing to Plot H. Plot H is a negative control. You then assay for plant growth in each
plot by measuring dry weight of plant growth. You collect the set of data shown below, where (+) means
normal growth and (++) means extra growth.

Growth in Regions

Plot Factors Present Desert Tropical Ocean
A All present ++ ++ ++
B All except light + + +
C All except Si + + +
D All except C ++ ++ ++
E All except N + ++ +
F All except P + ++ ++
G All except S + + +
H No factors added + + +

(a) What are the factors that can limit growth in each region?

Desert: Light, S, N, P, S
Tropical: Light, Si, S
Ocean: Light, Si, N, S.

Rationale: If afactor islimiting for growth, adding that factor will cause extra growth. When all factors
EXCEPT oneare addal, andno extra growth is seen, we can condudethatthefactor NOT added is limiting for
growth.



Question 3 continued

You want to gain further support for your experimental results. You decide to get samples of plant matter and
the water supply. You analyze the water and the chemical composition of plants from the tropical region and
find the following:

Chemical Analysis of (% of total):

Element Water Plant
@) 64 50
H 20 10
Si 4 20
C 10 18
N 1 1
P 0.8 0.6
S 0.01 0.4
Zn 0.05 0.01
Cu 0.05 0.001
Fe 0.1 0.005

(b) Does this data support or refute your earlier conclusions about limiting factors for plant growth in the
tropical region? Explain.

Suppotsit. Thisis because limiting factors are expected to bein high demand,andbedepleted to low levelsin
thewater, relative to the plant Thisisindeed the case for Sand Si, which were previoudy predicted to be
limiting in thetropical region. Note thatthelevel of C also appears to be more depleted in thewater thanin the
plant However, this does notmeanit is limiting because the plant does not depend on water-derived C; rather,
plants fix CO, fromtheair to derive their C, andthis sourceisrarely (if ever) limiting. All other elements are
more concentrated in thewater thanthey are in the plant, implying thatthey are abundanin theenvironment
andNOT limiting for the plart.

(c) What limiting factors seem to be the most important overall on this planet? Why?
Light, S, Sbecause they are limitingin all three regions

4. Below is a chart of cities in the United States with their average temperature and rainfall during the month
of June. Choose which city is most likely to have the highest productivity during June and which is most likely
to have the lowest productivity during June. Provide an explanation for your answer.

City Average Temperature ('F) Average Precipitation (inches)
Boston, MA 65 32
San Francisco, CA 60 0.13
Juneau, AL 54 3.36
New Orleans, LA 80 6.83
Topeka, KN 74 4.88
Duluth, MN 60 4.25

Las Vegas, NV 86 0.08



Question 4 continued

City with highest productivity:

New Orleans LA: Becaus it hashigh temperature andhigh precipitation, which bath correlate postively with
produdivity. You mightarguethat New Orleanweather is TOO extreme, and Topeka, KN might have highe
produdivity.

City with lowest productivity:

San Frandsco, CA: Becaus it haslow temperature andlow precipitation. Once again, you could arguethat
LasVegasmight hawe lower produdivity because of the low precipitation, andthat thetemperature there istoo
high. Or perhapswhen precipitationis so low, thetemperature nolonge really matters. Or, if this opposteis
true (When temperature is very low, precipitation no longe really matters), youwould predict Juneau, AL to
hawe thelowest produdivity.

5. Below are the profiles for 4 species, showing their assimilation and production efficiencies. Select which of
the following most likely characterizes a rabbit (an herbivore) and a fish (a carnivore), and explain your
selections.

(A = energy assimilated, I = energy ingested, P = production).

ecies A eciesB eciesC eciesD
A/l =20% A/l =80% A/l =30% A/l =80%
P/A =20% P/A = 15% P/A = 1% P/IA = 2%

Rabbit:  SpeciesC
As a warm-bloodel species, rabbits should hawe a relatively low produdion efficiency (P/A) because
warm-blooded species respire a lot of energy to maintain congant bodytemperature
As an herbivore, rabbits should hawe relatively low assimilation efficiency (A/l) because plant
material is more difficult to assmilate thananimal tissue

Fish: Species B
As cold-bloodal organisms, fish should hawe a relatively high produdion efficiency (P/A)
As a carnivore, fish should have relatively high assimilation efficiency (A/lI) because animal material
iseader to assimilate thanplant material.






