Name Section For Credit?

7.014 Problem Set 6

READ ME: Please print out this problem set and record your answers on the printed
copy. Please note that this problem set is optional. You can have it graded for credit if you
would like. You will then have fwo problem sets that can be dropped to calculate your
final grade. Please list at the top of this page if you want this problem set graded for
credit. If you are turning the pset in for credit, turn it in to the box outside 68-120 by
5:00pm on Wednesday April 25, 2007. Solutions will be posted online.

1. Youarefascinaed by Professor Chisholm@ discussion of Biogpphae 2 and how therespiration of
microorganismsin therich soil led to adecrease in available oxygen. Y ouknow that theincreased CO, reacted
with the conarete, but youwonde if plants were able to take up CO, more quickly, could they replace the
necessary O, in theatmosphee of Biogphae 2?To test this hypothesis, youwant to use yowr new skillsin
recombinant DNA technology to engineer a plant tha has an increased CO, uptake.

Y ou know of oneplant, called Plant X, tha naurally has increased CO, uptake. Y ouwant to clonethe genetha
allows this plant to take in more CO, and put this geneinto many othe plants.

(a) Based on our previousdiscussionsaboutevolution, do you think tha Plant X is more likely to have an
additiond gene(s) inits genome that allows that plant to take in more CO, or isit morelikely tha Plant X hasa
different alele of aparticular genethat al plants have? Explain your choice.

Plant X more likely hasa different allele of a genethat allows it to take in additional CO,. Manycentral life
processes (such astaking in CO; for plants) are highly conserved amongorganisms. Evolutionis unlikely going
to hawe created an extra genein oneplant only.

(b) Youdecideto make agenomic DNA (gDNA) library from Plant X. Below are statements that might
describeatypeof DNA library. Indicate if the statement describes a gDNA library, a cDNA library, both types
of libraries or nethe by circling the appropriate word.

(i) thelibrary is keptOin bacteria

gDNA ¢cDNA neither

(if) making thelibrary requires they enzyme reverse transcriptase

gDNA both neither

(iii) the Plant X DNA isinserted into a plasmid

cDNA neither

(iv) thelibrary containsall possible DNA sequences

gDNA cDNA both neither



Question 1 continued

(v) Plant X DNA fragment sizes are different dueto restriction enzyme sitesin the genome

gDNA cDNA both neither

(vi) Plant X DNA fragment sizes are different dueto genelength

gDNA both neither

(vii) Plant X DNA fragment sizes are identical

gDNA ¢DNA both

(¢) You decided to identify thegeneresponsble for theinareased CO, uptake in Plant X by trandorming your
gDNA library into autotrophic bacteria and monitoring the bacteriafor increased CO, uptake. Below isan
example of a plasmid fromyour library.

gDNA fragment

N\
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becterial [~

N\
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A lab mate suggests tha the bacteriamight notbe able to express genes from the eukaryotic plant. Identify two
possible problems with the expression of eukaryotic genes in a prokaryotic organism.

1. plants are eukaryotes andthusmight have intronsin their genes. baderia do nothawe intronsandthusdo not
hawe the appropriate enzymes to OspliceOtheintronsout of the pre-mRNA. Theinability to splice would result
in anincorrect MRNA produd, which would result in anincorrect protein produd.

2. presumably, the genonic DNA fragments would also contain the promoter for the eukaryotic gene
Eukaryotic promoters would not be recognized in the prokaryotic baderia, so youwould need to indudea
baderial pronoter onyour plasmid.

(d) Because of the problems identified above you start over and make a cDNA library from Plant X, which you
trandorm into the autotrophic bacteria. You identify several bacteriatha have increased CO, uptake! You
isolate thelibrary plasmid from these bacteria and now you want to use PCR to amplify the cDNA fragmentsin
theplasmids Below is a representation of the sequence you want to amplify. Design primersthat are 10 ntin
length and would be suitable to amplify the cDNA. Make sure to labd the 5Gand 3Gends

5C:) CATCGATCATTAGCECDNA FragmentECGAGCCATCAGC 3
30 GTAGCTAGTAATCIGECDNA FragmentEGCACGGTAGTCG ¢

Primer 1: 5> CATCGATCATTAGC 30 Primer 2: 5> GCTGATGGCACG 30

any 10 consecutive nucleotides



Question 1 continued

(f) Now tha you have amplified the cDNA fragments, you use them as probes to identify related sequencesin a
genomic DNA library from another plant, Plant Y (@loning by hybridizationQ. Several of your cDNA (probesO
hybridize to fragments of genomic DNA from Plant Y! Y ouwant to determine thedifferences between the
cDNA fragments of Plant X and the genomic fragmentsfromPlant Y.

)] Wha is the name of thetechniquetha youwould use?
DNA sequencing (or Sange Sequencing); gd electrophoresisis acceptable

(i)  Which reagents would you need? Circle al that apply.

QNP> RNA polymerase < fluorescent ddNTPS >
EcoR NTPS igase

Plant X cDNA Plant Y genonms reverse randomplasmid
agment RQNA fragmen transcriptase DNA

(g) Findly, youwant to move oneof the cDNA fragments from the plasmid it is currently in to a new plasmid.
Both the plasmid containing the cDNA fragment and the new plasmid are depicted bdow. Induded in the
pictures are restriction enzyme sites that are available on the plasmid. Select thebest possible enzyme(s) tha
would alow youto cut both plasmidsand movethe cDNA fragment to the new plasmid. Justfy your choice.

g

bacterial promoter
| plant promoter
a

@ c EcoRV HindIII
HindIII T Kpnl
coRI

cDNA fragment /E BamHI
EcoRI \Q

Kpnl
3 T
% -S_Notl g'§ § 'S Notl
Q BamHI |~ §
Am R/ \ /
P Kpnl AMpR
pnl

Enzyme(s): Hindlll & EcoRl or HinDIll & BamHI. EcoRl aloneis notthebest answer for two reasons
1. Using EcoRl would indudethebaderial pronoter, which you don®need and might disrupt transcription
fromthe plant pronoter. 2. You can notcontrol the direction that the fragment insertsinto the new plasmid.

When you cut with two different enzymes, there is only onedirection thatthe fragment will insert into the new
plagmid.



2. Youwantto create areaction similar to PCR that allows you to create many copies of protein ingead of
DNA. Think aboutthereagents necessary for PCR and list theand ogaus reagents you would need for in vitro
protein amplification.

mMRNA template that containsa ribosome binding sites, riboone, all 20amno adds tRNAs, ATP*
*could say Ccharged tRNAsOingead of AA & tRNAs; also OK if don®hawe ATP

3. Asitturnsout, Jurassic Park is notjug amovie, butareal-life park tha has been set up off the
Massachusetts coast. Thusfar, no human has been allowed to visit Jurassic Park, butthe owners of the park
would like to open it to the public. Before they |et people in, they want to know how the dinosaursGimmune
systems work so they can monitor ther reaction to any microbes tha humansmay bringin with them. Asa
prominent immunolog st, you and your team have been asked to take on the project.

Y ou suspect tha dinosaurs have a specific immunerespong similar to tha of humans First you study ther
bloodand note tha they have bath red and white blood cells. Y ou are able to isolate B [ymphogytes (B cells)
and use them to make hybridomes ((Research MethodCon pg 377 of the 7" edition of Purves).

a) You culture your hybridomes (each madefromasingle B cell) and isolate the antibody secreted by these
cells. Youdo several experiments digesting the antibodies with a protease and thusdeerminetha the structure
of thedinosaur antibodies is andogousto the structure of human antibodies. Labd thefollowing parts onthe
diagram of the antibodybdow:

i) lightchan

ii) heavy chan

iii) antigen binding site

iv) variable region (labd on heavy chan only)

v) congant region (labd onheavy chan only)

vi) if this were a secreted antibody, the area which interacts with phagocgytes

vii) if this were a membrane-boundantibody, the tranamembrane domain

eavy cha Antigen bindin
A.‘tntigen binding variable region St 9 g
site \
Iighén lightchan
< heavy chan
' congant region
membrane \i L membrane

spanning domain spanning dormain
region tha intgacts with

phagooytes



Question 3 continued

viii) How are the heavy and light chanshdd togeher?

by disulfide bonds

b) Antibodydiversity in the mammalian immunesystem is generated by therearrangement of the chromosomal
DNA containing the genes for antibodies (in B cells) and T cell receptors (in T cells). Youthink tha dinosaurs
use asimilar mechanism. To test your hypothesis, you try thefollowing experiment: Y ou isolate theregion of
genomic DNA (gDNA) tha encodes the heavy chan of the antibodies from your hybridoma and from dinosaur
skin cells. Y ou mix thetwo types of gDNA in atube and then heat thetubeto 95;C to denaure the strands Y ou
allow the contents to sowly cool down, allowingthe DNA strandsto re-annedl. Findly, you use an eectron
microscopeto visudize the produds of your experiment. In the boxes bd ow draw what you would see if one
DNA strand fromthe hybridomare-annealed with oneDNA strand from the skin cell.

i) Draw wha you would expect if dinosaurs do use DNA rearrangament to generate
diversity. Labd the strand tha came from the hybridonma.

Q Q Q :/3 ;rom skin cell

50
Y from hybridoma cell

O O

5
3

ii) Draw what you would expect if dinosaurs do NOT use DNA rearrangament to generate diversity. Labd the
strand tha came from the hybridona.

/ fromhybridoma cell

50 30
30 50
¥—_fromskin cell

iii) Youwereright! Dinosaurs do use DNA rearrangement to generate antibodydiversity. Wha are two other
ways tha human B cells generate antibody diversity?

1. imprecise reconmbination
2. addiion of nudeotides by terminal tranderase

3. highmutationrate



4. Next youisolate both B and T cells from dinosaurs and podulate tha they have hunoral and cellular
responges smilar to humans To test this, you inject oneof your dinosaurs (which you give the nickname
Walkersaurus) with theinfluenzavirus Four days later, you inject another of your dinosaurs (which you give
the nickname Chisholmator) with the same virus Note: four daysislongenoughfor Walkersaurusto mounta
asufficientimmunerespon to influenza.

a) You puiify antibodes fromWal kgzrsaurusé bloodand inject them into Chisholmator. Assuming that your
hypothesisis correct, Chisholmator@ immunesystem will eventudly recognize the antibodies as foreign, but
before tha happens would these antibodies hdp Chisholmator to rid himself of thevirus? Why or why not?

Yes, theantibodies fromWalkersauruswill hdp Chisholmator to rid himself of thevirus Four days after being
infected by thevirus Walkersaurus hasmounted animmunerespong againg theviruswhich indudes anlarge
amountof soluble antibodes. When you purify theantibodies fromthe blood of Walkersaurus they will beable
to recognize and coat thevirusin Chisholmator, which will neutralize thevirus In addiion, thecongant region
from WalkersaurusGantibodies might act asa signal to the macrophages and pronmote phagogtoss.

b) Next you puiify the anti-influenzahdper T cells and anti-influenzakiller T cells from Walkersaurusand
inject them into Chisholmator. Again, Chisholmator@ immunesystem will eventudly recognize thecells as
foreign, but before tha happens will the T cells hdp Chisholmator rid himself of thevirus? Why or why not?

No, these cellswill not hdp Chisholmator destroy thevirus Thehdpe T cells are necessary for indudng the
clonal expanision of a B cell thatalso recognizes theinfluenza, but Chisholmator might not hawve these B cédlls.
In addition, thehdpe T cellsrecognize B cells that are presenting theantigen on MHC |1 proteins Because
MHC proteinsare specific to each individual (dueto multiple MHC alleles), thehdpe T cellsfrom
Walkersaurus will not GseeO Chisholmator@ MHC || proteins Similary, thekiller T cells require interaction
with MHC | proteins so again thekiller T cells fromWalkersauruswill not GseeO Chisholmator@ MHC |
proteinsandwill notkill infected cells.

c) If Walkersaurus and Chisholmator were identical clones would you expect Walkersaurus@ T cellsto hdp
Chisholmator? Why or why not?

Yes, you would expect that Walkersaurus3 T cells would hep Chisholmator if they were identical clones
because they would hawe identical MHC proteins

Yourfind question concerning the specific immune respon of dinosaurs is aboutimmunological memory.
Y ou infect Weinborg with the polio virusand monitored the produdion of antibodies. Y ou administer a second
dose of polio virusto Weinborg and again monitor the produdion of antibodies. Below is your daa:

d) Do dinosaurs possess immunological memory like humansdo?Why or why not?

No, dinosaurs do not seem to have immunologcal memory. If they did, therespons after the second
infection would occur more quickly andthere would be a highe concentration of antibodies.

antibody concentration

Days

first infection secondinfection



