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[.  Experiments

Griffths

o

=3

Hershy-Chase

o

Avery

d. Measolson-Stahl

[I.  DNA Replication

a. Substrates & Molecules Involved

b. Enzymes
i. Helicase

ii. DNA Polymerase

iii. Ligase

Samin Houshyar
R27 & R28
Recitation 7

0}y



I11.

IV.

iv. Topoisomerases

v. Primase

vi. Telomerases

Direction DNA Replication

a. Inwhat direction does DNA polymerase work and WHY?

b. Leading vs. Lagging strands (continuous vs. discontinuous)

Okazaki fragments

Proof-reading

Samin Houshyar
R27 & R28
Recitation 7
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2012 7.012 Recitation 7

Summary of Lectures 10 & 11:

The transforming material (Frederick Grifith’s Experiment): In 1928, Frederick Griffith performed an
experiment using pneumonia bacteria and mice to confirm that DNA was the genetic code material. He used two
strains of Streptococcus pneumoniae: a “smooth” strain which has a polysaccharide coating around it that makes it
look smooth under the microscope, and a “rough” strain which doesn’t have the coating. When he injected live S
strain into mice, the mice contracted pneumonia and died. When he injected live R strain, which typically does
not cause illness, into mice, as predicted the mice survived. Griffith then used heat to kill some of the S strain
bacteria and injected those dead bacteria into mice. This failed to infect/kill the mice. He then injected another
group of mice with a mixture of heat-killed S and live R, and the mice died! The dead mice had contained the live
S strain bacteria. Griffith concluded that the live R strain bacteria must have absorbed genetic material from the
dead S strain bacteria, and since heat denatures protein, the protein in the bacterial chromosomes was not the
genetic material.

DNA as the transforming principal (Hershey and Chase Experiment): In 1952, Alfred Hershey and Martha
Chase did an experiment using T2 bacteriophage viruses that infect E. coli bacteria. At that time, people knew
that viruses were composed of DNA (or RNA) inside a protein coat/shell called a capsid and they replicate by
taking over the host cell’s metabolic functions to make more virus. They radio labeled the capsid proteins using
S” and DNA/RNA using P*. They grew two batches of 12 and E. coli: one with radioactive sulfur and one with
radioactive phosphorus to get batches of T2 “labeled” with either radioactive S®or P* and used them to infect
E. coli. In the next step, still in separate batches, the mixtures were agitated in a kitchen blender to knock loose
any viral parts not inside the E. coli but perhaps stuck on the outer surface, centrifuged to pellet the E. coli
bacteria and tested them for the presence of radioactivity. The S* was found in the supernatant, indicating that
the viral protein did not go into the bacteria and P* was found in the bacterial pellet, indicating that viral DNA
did go into the bacteria and was the transforming principal.

DNA Replication: The process of DNA replication occurs when two double-stranded DNA molecules are made
from one double-stranded DNA molecule. This process occurs only in actively dividing cells because DNA
replication always precedes cell division. The enzyme that catalyzes DNA replication is the protein DNA
polymerase. DNA polymerase catalyzes the reaction of forming a phosphodiester bond between two
deoxyribonucleotides. The start signal for DNA polymerase is an origin of replication, which is a site on DNA
that may or may not be inside a gene. DNA polymerase proceeds down a piece of DNA until the entire genome
is replicated. The new strands are synthesized in the 5’ to ¥ direction. DNA replication occurs in a semi-
conservative fashion. This means that, when one double-stranded molecule of DNA is replicated, the original
double-stranded molecule is unraveled such that it is two separate “old” strands. Then each “old” strand acts as
a template for one “new” strand. At the end of replication, each of the two new double-stranded molecules
consists of one “old” strand running antiparallel to one “new” strand.

Besides DNA polymerase, two other enzymes play critical roles in DNA replication. Helicase unwinds the two
strands of DNA such that they can be replicated. DNA ligase catalyzes the formation of a covalent bond between
two adjacent nucleotides, and is used to seal the gap between the replicated fragments of DNA that are produced
on the lagging strands of a replication fork. The leading strand is the strand that is being replicated in the same
direction that the fork is being unraveled by helicase; thus DNA polymerase can just replicate this strand is one
long continuous piece. The lagging strand is being replicated in the opposite direction that the fork is being
unraveled, so DNA polymerase has to constantly hop on, replicate a piece, and then fall off and hop back on
again. This leads to the strand being replicated in pieces that must be joined together by DNA ligase.

Transcription: The process of transcription occurs when a double-stranded DNA is unwound and one strand is
transcribed to make RNA. The RNA that is transcribed from a gene can be one of three types of RNA: mRNA,
tRNA or rRNA. All of these types of RNA are identical in their chemical composition, but they differ in their
function. The mRNAs are transcribed from genes that encode proteins; these mRN As will go on to be translated
by ribosomes. The rRNAs and tRNAs are transcribed directly from their respective genes, but they are never
translated. Instead, they participate in the process of translating mRNAs. The rRNAs complex with ribosomal
proteins to form the ribosome. Each tRNA becomes covalently attached to the correct amino acid, and then
donates that amino acid to the ribosome whenever that amino acid is needed for translation of a protein.

Questions:

1) You radiolabel the bacterial cells with N'. You then grow them for three generations in N'* containing medium
and separate the bands based on the difference in their density. Draw the band profile after the 1%, 2" and ¥*
generations.



2) Consider the following segment of the DNA that is a part of a much larger molecule constituting a
chromosome. The sequence of region 1 is shown below.

5 i | 3!

ori
3 5
|
Region 1
Region 1: 5'..ATTCGTACGATCGACTGACTGACAGTC...3'

3’.TAAGCATGCTAGCTGACTGACTGTCAG..5"’

a) If we assume that a fragment of the lagging strand is made from region 1, what will be its sequence? Label the
5" and the ¥ ends.

b) Why is DNA synthesis continuous at one strand and discontinuous at the other strand?

3) The following is a partial sequence from the hypothetical gene, gene X. The boxed region is the promoter, and
the direction of transcription is indicated by the arrow. Transcription begins at and includes the first G/C base
pair after the box.

5" GGACCGCGGGGCAGGATTGCTCCGGGCTGTTTCATGACTTGTCAGGTGGGATGACTTGGATGGAARAAAGTAGAAGGTCATG
P SR o Lo, fatt S i it e i R P [ e
3’ CCTGGCGCCCCGTCCTAACGAGGCCCGACAAAGTACTGAACAGTCCACCCTACTGAACCTACCTTTTCATCTTCCAGTAC

5’ GGGTGGCCAACTTGGGCGAGAAAAGGTATATAAAGGTCTCTTGCTCCCATCTACTGCCCCATTTGTAGGTATTCCAGCAG
s SR P ¥ R Foo S o EEETER L T R el i
3’ CCCACCGGTTGAACCCGCTCTTTTCCATATATTTCCAGAGAACGAGGGTAGATGACGGGGTARAACATCCATAAGGTCGTC

5" ATCAGACAACGTCTCATGGGAGTACTTGGATGGAAGAGTAGAAGGTCATGACCAACCTCTTCCAATCCAACCACARACAG
L S S dadenoinal b ] e SCEPERRE A T Fommm

3’ TAGTCTGTTGCAGAGTACCCTCATGAACCTACCTTETCATCTTGCAGTACTGGTTGGAGAAGGTTAGGTTGGTGTTTGTC

5 AAAATCAGCCAATATGTCCGACTTCGAGAACAAGAACCCCAACAACGTCCTTGGCGGACACAAGGCCACCCTTCACAACC
e e K S T o A C SO s A o s - N tmm—————— Fomm e
3" TTTTAGTCGGTTATACAGGCTGAAGCTCTTGTTCTTGGGGTTGTTGCAGGAACCGCCTGTGTTCCGGTGGGAAGTGTTGG

5" CTAGTATGTATCCTCCTCAGAGCCTCCAGCTTCCGTCCCTCGTCGACATTTCCTTTTTTTTCATATTACATCCATCCAAG
Femm——————— Fomm——————— Fomm——————— Fem e Femmm e Fm———————— Fmm e ——— Fmm e —————
3’ GATCATACATAGGAGGAGTCTCGGAGGTCGAAGGCAGGGAGCAGCTGTAAAGGAAAAAARAGTATAATGTAGGTAGGTTC

What are the first 10 nucleotides of the mRNA produced from gene X?
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1. DNA Repair Mechanisms

2. Transcription and Translation

Samin Houshyar
R27&R28
Recitation 8

Start Site

Nature of start
site

Catalytic
machinery

Product

Modifications

Replication

Transcription

Translation

ol
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3. Post-transcriptional and post-translational modifications

4, Mutations
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2012 7.012 Recitation 8

Summary of Lectures 12 & 13:

Splicing: Splicing (which occurs in eukaryotic cells) is the process by which pieces of an mRNA initially
transcribed from a gene are removed from the initial transcript to form the final, shorter transcript. These pieces,
called introns, are regions of mRNA that do not code for protein. The final mMRNA transcript after splicing
consists only of the exons (i.e. the protein-coding regions) sandwiched between the 5’ and 3’ untranslated regions.

Translation: Translation begins when the ribosome orients itself at the start codon 5-AUG-3’ on an mRNA. A
tRNA that recognizes and base pairs with that codon (i.e. a tRNA with the anticodon 3'-UAC-5) fits into the
ribosome and donates the amino acid to which it is bound (methionine) to the new protein. From then on, every
three nucleotides in the mRNA are read by another tRNA as a single amino acid. Each time, the next tRNA
comes and fits into the ribosome, donates its amino acid to the new protein, waits for the next tRNA to come in,
and then exits. This proceeds until a stop codon is reached, and the ribosome dissociates from both the mRNA
and the newly made protein. Every protein has an N (amino) and a C (carboxyl) terminus, and proteins are
synthesized in the N to C direction, such that the 5" end of the mRNA corresponds to the N terminus of the
protein.

Mutations: Most mutations that geneticists study are single nucleotide mutations that cause phenotypic changes.
The four types of single nucleotide mutations are silent, misense, nonsense, and frameshift. A silent mutation
changes a codon but does not change the amino acid encoded by that codon. A misense mutation changes the
identity of the amino acid at one position. A nonsense mutation causes a protein to be truncated because a codon
is changed to a stop codon. A single nucleotide frameshift is a change that either inserts or deletes a single
nucleotide from the coding region of a gene, leading to a change in the reading frame of that gene.

Gene regulation: Although different cell types in your body appear and function very differently from each
other, each cell type has the same DNA. The differences in appearance and function are because each cell type is
expressing different RNAs and proteins; not all genes in your genome are transcribed and translated in all cells at
all times. Gene regulation is the process by which the production of the final, functional product of a gene is
regulated. Gene regulation is also critical for single-celled organisms, which mainly regulate their genes based on
the environmental conditions under which they are growing. Organisms only produce the set of RN As and
proteins that are necessary given the temperature, salinity, and oxygen and nutrient availability of their
environment. The production of the final, functional protein from a gene can be regulated at many steps. First,
the gene may or may not begin to be transcribed, depending on whether activator and repressor proteins are
bound to the regulatory sites of the gene. The example presented in class was the regulation of the lac operon.
Second, if the gene is transcribed, RNA polymerase may or may not transcribe all the way through till the end of
the gene. Third, the introns may or may not be spliced out and the message may or may not be transported from
the nucleus to the cytoplasm. Fourth, the mRNA may or may not be stable. Fifth, translation of the message by
the ribosome may or may not occur. Sixth, if the protein is made from the message, that protein may or may not
be active. (Many proteins require different kinds of covalent modifications, such as phosphorylation, in order to
be active.) Seventh, the protein may or may not be stable. Eighth, the protein may or may not need to be
transported to a specific subcellular location in order to access its substrate and perform its function.

Questions:
1) Shown below is the genomic structure of the human B-globin gene. The numbers within the boxes indicate the
length (in nucleotides) of each region. The DNA sequences corresponding to the start codon and the stop codon

are indicated.
[ - evors

I: =% toms Transcription termination

Promoter site (also poly A site)
—®Start of transcription
5_V . - 3
ATG TAA
50 : 90 130 222 850 126 H =132
3 TAC ATT 5

What is the length (in nucleotides) of the mature, processed p-globin mRNA?



2) The following is a partial sequence from the hypothetical gene, gene X. The boxed region is the
promoter, and the direction of transcription is indicated by the arrow. Transcription begins at and
includes the first G/C base pair after the box.

5’ GGGTGGCCAACTTGGGCGAGAAAAGGTATATARAGGTCTCTTGCTCCCATCTACTGCCCCATTTGTAGGTATTCCAGCAG
e B S E R —— o R —— Fommm e S

3" CCCACCGGTTGAACCCGCTCTTTTCCATATATTTCCAGAGAACGAGGGTAGATGACGGGGTAAACATCCATAAGGTCGTC

5" ATCAGACAACGTCTCATGGGAGTACTTGGATGGAAGAGTAGAAGGTCATGACCAACCTCTTCCAATCCAACCACAAACAG
Fom e Fomm e ———— 2 Ay R S— R < S, S R

3" TAGTCTGTTGCAGAGTACCCTCATGAACCTACCTT(TCATCTTJCAGTACTGGTTGGAGAAGGTTAGGTTGGTGTTTGTC

5 AAAATCAGCCAATATGTCCGACTTCGAGAACAAGAACCCCAACAACGTCCTTGGCGGACACAAGGCCACCCTTCACAACC
Fommm o o T e L dE ey K FrRE b e B e o o e N R,
3" TTTTAGTCGGTTATACAGGCTGAAGCTCTTIGTTCTTGGGGTTGTTGCAGGAACCGCCTGTGTTCCGGTGGGARGTGTTGG

*  What are the first 15 nucleotides of the mRNA produced from gene X?

e If the direction of the arrow were reversed, what would be the first 15 nucleotides of the mRNA
produced from gene X?

3) Drawn below is part of a wild-type gene. The DNA sequence shown encodes the last amino acids of a protein
that is normally 380 amino acids long. The bold & underlined codon indicates the correct reading frame of this
gene. The lower strand of the gene is used as the template during the transcription of mRNA from this gene.

..GCTAAGTATTGCTCAAGATTAGGATGATAAATAACTGG—3 '
..CGATTCATAACGAGTTCTAATCCTACTATTTATTGACC—S5'

a) In the copy of the sequence drawn below, circle one base pair that you could change to make a mutant form of
the gene that produces a protein that is now 381 amino acids long. Indicate the identity of one new base pair that
could take its place.

b) In the copy of the sequence drawn below, draw a slash between two base pairs where you could add one extra
base pair in order to make a single mutant form of the gene that produces a protein that is 373 amino acids long.
Indicate the identity of the one new base pair you are adding.

4) For each of the following types of mutations, state how they impact the final gene product.
a) Silent: b) Missense c) Frameshift: d) Nonsense:

5) The bacterium E. coli eats sugar for energy. The easiest sugar for bacteria to eat is glucose, because glucose can
be fed directly into the pathway of glycolysis, which extracts energy (in the form of ATP) from glucose.
However, bacteria can also eat other sugars (such as lactose) and convert them into glucose, so that the resulting
glucose goes into the glycolysis pathway.

The genes that encode enzymes that convert lactose into glucose are regulated at the level of transcription in way
that makes sense intuitively.

a) Should these genes be expressed when lactose is available but glucose isn’t?
b) Should these genes be expressed when glucose is available but lactose isn’t?
¢) Should these genes be expressed when both lactose and glucose are present?

d) Should these genes be expressed when neither lactose nor glucose are present?

e) Do you think that a lactose conversion enzyme would be expressed from its gene in cells with the following
mutant properties if the cells are grown under these conditions:

o



In the presence of neither In the presence of lactose only
glucose nor lactose

The repressor protein cannot
bind to DNA
The promoter of the gene is
mutated so that RNA
polymerase cannot bind to it *
The site on the DNA where
the repressor protein binds is
mutated
The repressor protein can no
longer bind lactose
The repressor is locked into
the conformation it adopts
when lactose is present
RNA polymerase is not
functional **

i.  What do you think the phenotype of the * cell would be?

ii. ~ What do you think the phenotype of the ** cell would be?
6) You also discover that the genes involved in the synthesis of a compound 3 are organized into an operon. A

schematic is shown below. Assume that all the enzymes v - z are needed to produce the compound 3. The
regulatory protein is an activator and compound 3 can bind to the activator to influence the association of the

activator protein to the O region.

genes for

‘-h et enzymesv -z
| A IO/L - [ v T w T x T v T 7 1]
Vo

activator protein

You have a strain carrying a mutation in P (A" P,* P"O* v' w* x" y* z*). You make partial diploids with the
following plasmids. In each case, indicate if the plasmid restores the red pigment. Explain your answer.

Plasmid
a)A'P)' PO v wi X'yt 2

b)A*P, P'O* v wx'y' 2



Each codon of an mRNA represents an amino acid or a stop codon as shown by the Codon
Chart below.

Second Pasitian

u oo A G

UUU =g | UCU UAU UGU - U

| e - Phe | uec |5 | uac ™ | oG- | ¢

Uua = | UCA UAA Stop | UGA Stop | A

yuG - UCG - UAG Shop | UGG Tp | G
- CUE . CCU CAU 7 His CGU -~ Uil
S |e| CUC o | €€ |po | CAC CGC [arg [ €| &
N cua CCA CAA |Gln CGA 1A T
- CUG - CCG - CAG - CGG - G| &
2 o
b AUY = ACU - YR AGU " Ul
& | K AUC e ACC | 1hy BAC J #sn AGC - e Cl @
i AUG Met | ACG AAG AT | aGG-" L G| &

GUU - GCU - GAU | pqp | GGY ™ Ar
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©laua Y | Gca |M° | oaaqg, | GGA OV | A
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2012 7.012 Problem Set 3

Please print out this prublem set and answer the questions on the printout. Answers to this roblem set are to
be turned in at the box outside 68-120 before 4:00 PM, Thursday Octm@

Question 1
Briefly describe the experiments performed by each of the followings researchers, and ih one sentence

summarize the important findings of each experiment.
a) Frederick Griffith, 1928:
: o |

E“ JC(LK \ﬂ/vl&,ﬁ- b.; f}’_ f_p’{ ‘:I;... j“:f{)‘: /(/) V‘NLJ'T,:
0Vl badsin il T

g—‘-,x,. L a

‘) {0 ¢
- [ | I
5 q{\- AE}Q"H' ﬂ}\‘({(lf‘(/&, ’ {({f’ (O/rq " Jl ()//{"“-‘.T‘FJCJ 1‘

b) Oswald Avery, et. al, 1943-44
Ave V] “351’10\1"* f?i‘ TM On f,r )% 60 was  uble P( {ve ’”’
44 /') 5 \\
BT { '( qdiA 'ﬂﬁl [ /J 0( W'((J ‘l\}{ V{(f/ (. é’ﬁ" r_“,{ .'.f‘,'::',,_:“u p, 7(, LA | /
o : ’ " ! v e
c) Alfred Hergheynm%ﬁarha @ix;se 1952 * /jﬂfﬁ '
HMR , (’ b ¢ (o M& ﬁ P‘W o % 1 [/V/? (4
gm X p,u«\, 5 and Gl T AR fff/ stk
/ s
Question2 (. ﬂa!f ‘('\ " f{\L{f{ d @ﬁf{;: / { ,-i{(} (et " DA/ A,

Shown below is a schematic of replicating DNA in a bacterial cell
,Site A J

\Q(MS‘" 5! AACG 3
6! M N_”s{
ottom stran 79,0V |
3 ‘I 2 A’Aclc’(g/w §

e

Origin
> < Region 2 =

< Region 1

a) On the diagram, label the 5 and the 3" ends of the parental DNA strands.  /

b) Which parental DNA strand (top or bottom) serves as a template for the synthesis of the leading

strand in Region 2?
& h 9+ fﬁfq
) To which site (A, B, or both) can the primer 5’ UUGC 3’ bind?

MLk T
Témlook{ at J/Vdf% 1

ol




Name Section TA
Question 2, continued

d) The replication of which strand (top, bottom, or both) in Region 2 would be affected in the absence of
RNA primase? Assume that replication has not yet initiated on either strand. Explain.

bﬁ“\»“‘ﬁ{ N poimig fo qfd chal4

e) You perform DNA replication in a test tube (in vitro) using a single-stranded linear DNA as the
template and the appropriate DNA primer. From the list below, circle the proteins that are required
for one round of replication.

—\ Primase DNerase Ribo/l&uclease Topgisomerase Ligase B {
| wl T Sage ot =y hyliy

f) Why does the DNA of a eukaryotic cell require multiple origins of replication when some
prokaryotic cell genomes have only one origin of replication?

Mulbide  Gads/ (hanaorss

| I
Mut/ lonanys
VA GARDf

factor of 100. You suspect that this is due to a mutation in the DNA polymerase enzyme. What
enzymatic activity of the DNA polymerase allows it to proofread the newly replicated DNA molecute?
{ \ / 1 \

n(J{'ﬂ‘-.{{”\.l ‘: (eds Ty OV - /1(- 7\ M;&{ML {{ (4n fudf Y

d o bakawtds . .
Question3 ‘Jp HEHES ?"——)5{ e)wm/(/iw )00&}”.:9 ggr gﬂft(!(,( ¢ qns

Below is an electron micrograph of a single gene being transcribed. The DNA strand runs horizontally
with RNA transcripts extending vertically outward.
—

g) While studying replication you find a mutant in which the fidelity of replication has decreased by a
@em%xc ~N
s

\\\ w ket

R AT e Y Lk
3 A ¢ T
Lj'/\f A
ot (long LdTJw’m,

a) Draw an arrow indicating the direction that the RNA polymerases are moving along the DNA

strand. Why did you choose this direction? ;
Al \ 5 i
‘ Lo Tk e s alyy,
ly

place w1 e, an (:@H 2 ll\, [00)"5 (

b) Below is a partial sequence of the above gene. Its orientation is the same as pictured above. Which

strand is the template strand, the top or the bottom strand? Explain your choice. " (vJ oY
‘ilgp 5" ACTCGATGCTAGY € "'C’rﬂp( ate
' TGAGCTACGATC®

S{ALQ L\/g 6 0 3 ll ‘5 5 ! A !0/':) (’11; *1 ‘iw"p l)('f:["ff W/ l/ﬁ If W

Vo iy RNy
P{ o(Ce (\{;',H ¢l = 4
c) What would be'the mRNA sequence transcribed from the above sequence? Be sure to label the 5" and

SECORGCAUCony 3 )
U1 =
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Question 3 continued

ak

d) Complete the diagram below by... |/ g ,rpf (0N

Labeling 5" and 3’ on the mRNA.
L eh the arrow with either the N or the C to indicate the terminus of the protein.
the 3 bases encoding the first amino acid of the protein being made.

L_ab the template strand for transcription.
Circling he part of the schematic where tRNAs would bind.

ol
4 [ *'-‘%-;.fﬁ.-;x;-.; Y

Question 4 S”"f@ L amiro g :‘d) ' s @ﬂ{ﬁadhf
ops O T 3d

a) Below is a diagram of two tRNAs and an mRNA in the active site of the ribosome during translation
of the mRNA into protein. Three nucleoﬁife}sﬁr_cin the sequence of each tRNA are shown for you.
[

A 76ly )

Ty s
7

e o o o o

Wﬂw é’fl{(/'f/

— Z |
e & & I{r-ﬁf{[i“f\/ J
ATCGGTCTCGGCTACTACATAA ATATATCGATATCTAGCTTGCTATCGGT GCTACTAC[™
TAGCCAGAGCCGATGATGTATTIGEECGCGYATATAGCTATAGATCGAACGATAGCCA CGATGATG -“"'nmer
( OL | A polymerasr:

5'/\/_\—/\
L,J;WM e Tk W il U&

* In the diagram above, label the 5 and 3’ ends of each tRNA

( {fv(\ ?[PI{L
 In the diagram above, fill in the boxels in the mRNA with the 6 nucleotides that would be

present there.

* In the diagram above, fill in the box attached to one end of each tRNA with the name of the
amino acid that would be attached there.

el af méng”

e Which tRNA is about to transfer its attached amino acid over to the other tRNA: the tRNA on
the left or the tRNA on the right?

TLQ O M p ‘i’[uﬁ'ﬁfﬁ 61[/04{ *,}0 ﬁ
T Ofy

3
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Question 4, continued

A tRNA molecule is composed of an RNA chain that folds into a 3-D shape like that shown below. At
one end it has an anti-codon that base pairs with the appropriate codon on the mRNA and at the other
end it has an amino acid arm that binds to a specific amino acid.

b) Below are three anti-codon sequences for three tRNAs, fill in the corresponding amino acid on the

blanks.
b anticodon found amino acid attached
I on tRNA to tRNA

‘ (@ sagu ¥ AU m )

thows w2 _,U[Aa. (/(/
fod 543! JAC e

ke Gl

¢) Give the anticodon uged in the tRNA encoding trp. Be sure to label the 5" and 3'.
5 15 pli A
3 AL o e~

d) Would a substitution within a codon for trp always change the resulting protein sequence? Explain

your answer. '\ | ‘ . ] g \
\\\ fos Gue only | Codn cotes fa Q) / Vel )

e) Would a substitution within a codon for thr always change the resulting protein sequence? Explain
your answer. I

N ( 4N 7 " Al ( _r ‘,‘ ) k1
\\\ O\/ e ( S The g my I ple ald Wors
{O( M diing and 2 CCC v (CA
f) An aminoacyl tRNA synthetase is an enzyme that attaches a specific amino acid to the appropriate
tRNAs to form an aminoacyl-tRNA. This is sometimes called “charging” the tRNA with the amino acid.
Assume you have a cell with a mutation in the gene for the tryptophan aminoacyl tRNA synthetase.
This mutant enzyme attaches tryptophan to tRNAs with the anticodons 5 CCA 3’ and 5'GCA 3'.
Explain how protein production in this cell will be altered and estimate how many different types of
proteins would be affected inthis cell. Choose from: >10, 10-100, 100-1000, all or the proteins in the

cell.
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Name Section TA
Question 5

Below is a partial sequence of a@ir}\_g region, base pairs 61-102 (read left to right) of a 600 base pair
open reading frame. The underlined codon indicates the correct reading frame of this gene.

5 ATdTGG{GCT{AA chCCAACTATATAAACAcCCACATTTCG 37
3’ TAGACCCGATTATGGCGGTTGATATATTTGTGGGTGTARAGC 5°

a) What is the mRNA sequence encoded by base pairs 61-71?
U006 cu A
b) What is the amino acid sequence of the peptide encoded by base pairs 61-69?

T !‘? _T(f /1 fifl

¢) How does the resu! ting peptide change if the sequence is altered as shown below? Also identify the
type of mutation, choose from missense, nonsense, silent, frame-shift, or deletion.

i) original: 51 ATqTGGbCﬂAAT'ACCGCCAACTATATAAACACCCACATTTCG 3
altered: 5/ ATCTGGGCTAACACCGCCAACTATATAAACACCCACATTTCG 3’
R MT<fn
g . A 4.\ . \ I
AAC = fon ot eat
ii)  original: 5' ATGTGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3
altered: 5" ATCTGGGCTAATACCGCCAACTA'I"}‘ NAACACCCACATTTCG 3’
{\‘f‘/{::;!',l I 100
VAR - rop Non f_c/(()
iii)  original: 57 ATcrrGG}sct[fAAT}qcCGCCAACTATATAAACACCCACATTTCG 37
altered: 5/ ATCTGGGCTAARACCGCCAACTATATAAACACCCACATTTCG 3
4 ([ ~ ]
/‘- A M(L}LJ{)/‘(G
[' /- - (\/’(} d
iv)  original: 5 ATC'['I‘GGFCTF\AT!ACCFCCP.AC{TATATAAACACCCACATTTCG B
altered: 5/ ATCTGGGCTAATACC------ TATATAAACACCCACATTTCC 3’

(delete 6 base pairs)
. [ (
Wﬁé”ﬂ Ao Aen Jc‘.{ﬁ{u‘n

v) original: 5’ ATC--TGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3’

altered: 5’ ATCATTGGGCTAATACCGCCAACTATATAAACACCCACATTTCC 3’
(insert 2 base pairs) X q{

\] \ (Cdo (ot gs nol & Povr OV 5 - Mdjer Coayy
G {": / ‘f 4 .{.:'-'.

SndTT

d) Of the various mutations given above, which the one(s) would most dramatically affect the function
of the protein encoded by this gene? Explain your answer.

1
| v | 5 :
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Name Section TA

Question 6

Shown below is a double-stranded bacterial (E. coli) DNA sequence coding for a hypothetical protein.
Both strands are shown; the top strand reads 5 to 3’ left to right, while the bottom strand reads 5 to 3’
right to left. The nucleotides are numbered from 1 to 100. For this problem, transcription begins with
and includes the underlined A/T base-pair (indicated with an "a") and proceeds left to right.

p A e

(Otl Iy 3" GTGTCCGTM@ATATTGTGA@TTAFAT{:CC]GCC);TCFL\A(#ACC]AT1&-\A L

m. ___________________________________ :
ATTATAACACTCTACAATATAGGGCGGCAGTTGTGGTAGTT-5
JWN 3 CACAGGCA@ CACTCTAC

60 so ’71'6'0

3 Bt AFAGFA_FXATFGCFTGtTG}EGGFAAP%GGFGGF[‘GA#%GG@AGGTGTTGCC 3

3'-TGTCCTATTAGCGGACGACCCCGTTTCCGCCACTTCCATTTCCACAACGG-5"

a) Which strand is used as a template for transcription, the top or the bottom?
J” p % P
: i \f\’f ! " : / 1 .I‘_V‘ /’, | ’- i E,-‘ /

ince Tl

U o Jlgy T Ml

b) Where would the promoter be relative to basé palr #1? v

(\b(‘:/} V Pgl;,r " + ’f“\ﬁ ﬁ M f ﬁe 5

c) What are the first 10 nucleotides of the resulting mRNA? In te the 5' and 3' ends of the mRNA

<R BTG guts ad slat —dndb A0
d) What are the first 5-amino- atrds'ﬁ’anslated from the resull:mg mRNA? Indicate the amino (NH,")
and carboxy COO‘) termini of the tem

fat Lot g s o 1 ’ﬁ
e) Do the underlined nucleoﬁ)&.&\ ‘(lndlcated w1th_the.letter"f" encode a stop codon for this

protein? Briefly explain your answer.

WQ B ;"\ I“i‘} 7, pc\,...f q( j/ A KO,{J; 7[) ﬂ

Consider the situations in parts (f-h) independently.

N\
L2

f) A mutation occurs which results in the insertion of an extra G/C (top strand /bottom strand) base-
pair immediately after base pair 11 (shown in bold). What effect will this insertion mutation have on
transcription and translation?

fo

oy ﬁ{ g 1ot Oh~< {w.,, g Wiows
! {
]LM(“ o~ (i ﬂn{ 5, - & f(oi(«{’ :/w e tﬁdZW?Lg ﬁ%

g) A different mutation results in the substitution of the T/ A base pair at position 30 (shown in bold
and underlined) with a G/C base palr How would this mutation affect the sequence of the protein ( J )'W ){(

that is produced? ]{H 3 \G 7\/[ = QOP\/Q dfﬂ(r\o ﬂﬂ,,r{ CLUI/‘ | @I@;’
Lol oly  be )’\u[l Pm O ~ [l / 2’3}

h) A third mutation occurs which results in the subshtuhon of the C/G base pair at position IZ (sfxown
in bold italics) to a T/ A base pair. How would this mutation affect the sequence of the protein that is

produced? AbC s AT

on - el \/

Thial ﬁ‘*? ‘I’q,‘,q/ ]Lm Muh a(( boro



Name Section TA

Each codon of an mRNA represents an amino acid or a stop codon as shown by the Codon
Chart below.

Second Fosition
(B e e T G

Uuu - ucy UAU UGy - U

u | e =P uee | fuac I | ose e | e

= UU"*'"Leu UCAa UAA  Stop | UGA Sfop | A

UUG - UCG - UAG Stop UGG Tp | G
S |e| CUC oy | CEC |pp | CAC- CGC | \Arg = I3
o | CUA | CCA CAA TGl | €GA | Al ®
= UG - CCG CAG CGG - £
Q [a]
- AUU 1 ALCLS AAL AGU U: >
€ [ 4| AUC lle | ACC |y, | AAC JAsn AGC - Sef = K=
' AUA - ACA AAA AGA T ar Al 2
i AUG Met | ACG - AAG - | AGG~ G| &

GUU cal B GAU 7 pgp | GGY 1 u

GUA GCA AA T, GGA A

GUG - GCG - GAG GGG G




Solutions for 2012 7.012 Problem Set 3

Question 1

Briefly describe the experiments performed by each of the followings researchers, and in one sentence
summarize the important findings of each experiment.

a) Frederick Griffith, 1928:

Griffith used two strains of S. pnewmoniae: A smooth and virulent strain and a rough and non-virulent strain.
When he injected the smooth strain alone into mice, the mice got pneumonia and died. When he injected the rough
strain alone into mice, the mice lived. When he injected heat killed smooth bacteria, the mice lived. However, when
he injected heat killed smooth bacteria and live rough bacteria together into the mice, the mice died of prneumonia!
The dead mice were found to contain live smooth bacteria.

Important finding: There is some non-protein genetic material that can transform the rough bacteria into the
smooth bacteria.

b) Oswald Avery, et. al, 1943-44

Avery found that when he put heat killed smooth bacteria and live rough bacteria on the same petri dish, he was
able to get smooth colonies. He also found that when he made extract from the dead smooth bacteria and separated
the extract into fractions, it was the DNA fraction that was able to transform the live rough bacteria into smooth
bacteria.

Important finding: DNA is the genetic material that transforms the rough bacteria into the smooth bacteria.

c) Alfred Hershey and Martha Chase, 1952

Hershey and Chase grew two batches of T2 bacteriophage, one with radioactive sulfur and one with radioactive
phosphate. They used these two batches of phage to infect E. coli separately. The separate batches were then
agitated in a kitchen blender to separate any viral parts that were not inside the E. coli from the bacteria. The
mixtures were centrifuged and the sulfur labeled batch only showed radioactivity in the supernatant while the
phosphate labeled batch only showed radioactivity in the pellet.

Important finding: It was the DNA that went into the bacteria and is the transforming principal.

Question 2

Shown below is a schematic of replicating DNA in a bacterial cell.

Site A
AACG

A = N 5
3’

oftom stran \A

AACG
1te

Origin
4 Region 1 » Region 2 >

a) On the diagram, label the 5" and the 3’ ends of the parental DNA strands.

b) Which parental DNA strand (fop or bottom) serves as a template for the synthesis of the leading
strand in Region 2?
The Bottom strand.

c) To which site (A, B, or both) can the primer 5 UUGC 3’ bind?
Only site B.



Question 2, continued

d) The replication of which strand (top, bottom, or both) in Region 2 would be affected in the absence of
RNA primase? Assume that replication has not yet initiated on either strand. Explain.

Both strands will be affected, as primers are needed to initiate replication of both the leading and the lagging
strands.

e) You perform DNA replication in a test tube (in vitro) using a single-stranded linear DNA as the
template and the appropriate DNA primer. From the list below, circle the proteins that are required
for one round of replication.

Primase (DNA polymerase) Ribonuclease  Topoisomerase Ligase

f) Why does the DNA of a eukaryotic cell require multiple origins of replication when some
prokaryotic cell genomes have only one origin of replication?

Prokaryotic genomes are often a single circular chromosome, and as such, a single ORI is sufficient. Eukaryotic
genomes tend to be much bigger, and are often divided into multiple chromosomes. Every chromosome would
require at least one ORI, and generally each chromosome has many ORIs, which decreases the time it takes to
copy the genome.

g) While studying replication you find a mutant in which the fidelity of replication has decreased by a
factor of 100. You suspect that this is due to a mutation in the DNA polymerase enzyme. What specific
enzymatic activity of the DNA polymerase allows it to proofread the newly replicated DNA molecule?
The 3" = 5" exonuclease.

Question 3

Below is an electron micrograph of a single gene being transcribed. The DNA strand runs horizontally
with RNA transcripts extending vertically outward.

b
-,

1% b
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a) Draw an arrow indicating the direction that the RNA polymerases are moving along the DNA
strand. Why did you choose this direction?
The longest mRNA will be associated with the polymerases that have been transcribing the longest time.

3 &

b) Below is a partial sequence of the above gene. Its orientation is the same as pictured above. Which
strand is the template strand, the top or the bottom strand? Explain your choice.

> ACTCGATGCTAG®’

* TGAGCTACGATC®’
The top strand is the template strand. We know from part a) that the RNA polymerase has to go from right to left,
and we also know that mRNA synthesis has to happen from 5'—3’. Thus, the template strand should go 3'—5’
from right to left. The top strand satisfies this requirement.

c) What would be the mRNA sequence transcribed from the above sequence? Be sure to label the 5" and
3" ends.
5-CUAGCAUCGUCGAGU-3’



Question 3 continued

d) Complete the diagram below by...

Labeling 5" and 3’ on the mRNA.

Labeling the arrow with either the N or the C to indicate the terminus of the protein.
Boxing the 3 bases encoding the first amino acid of the protein being made.

Labeling the template strand for transcription.

Circling the part of the schematic where tRNAs would bind.

ATCGGTCTCGGCTACTACATAR
TAGCCAGAGCCGATGATGTATTRGL

RNA poi)rrn.ra.se
The top strand is the template strand.

Question 4

51

ATATCGATATCTAGCTTGCTATCGGTCATGGCTACTAC
Promoter

ATATAGCTATAGATCGAACGATAGCCAGTAICCGATGAT]

a) Below is a diagram of two tRNAs and an mRNA in the active site of the ribosome during translation
of the mRNA into protein. Three nucleotides from the sequence of each tRNA are shown for you.

_/—\_/3’

Pro .
Met
5
AC GGA
51 "—‘—“_"‘—-h—\‘_—_‘_daﬂ“_——_qh\“\mh“‘“\
AUG A EHB)

In the diagram above, label the 5" and 3’ ends of each tRNA.

In the diagram above, fill in the boxes in the mRNA with the 6 nucleotides that would be

present there.

In the diagram above, fill in the box attached to one end of each tRNA with the name of the

amino acid that would be attached there.

Which tRNA is about to transfer its attached amino acid over to the other tRNA: the tRNA on

the left or the tRNA on the right?

The tRNA on the left. This allows the tRNA to the left, to leave the ribosome and the peptide to continue

being synthesized on the ribosome.



Question 4, continued

A tRNA molecule is composed of an RNA chain that folds into a 3-D shape like that shown below. At
one end it has an anti-codon that base pairs with the appropriate codon on the mRNA and at the other
end it has an amino acid arm that binds to a specific amino acid.

b) Below are three anti-codon sequences for three tRNAs, fill in the corresponding amino acid on the
blanks.

aciinne anticodon found amino acid attached
! on tRNA to tRNA
0
/\
YAGU” Threonine
= 5 e
o, AUG Histidine
%
e
— YCUG? Glutamine

c) Give the anticodon used in the tRNA encoding trp. Be sure to label the 5" and 3".
5-CCA-3’

d) Would a substitution within a codon for trp always change the resulting protein sequence? Explain
your answer.

Yes because there is only one codon that encodes Trp, a base substitution in either the 1,2, or 3 position of the
codon would result in either a different amino acid or a stop codon.

e) Would a substitution within a codon for thr always change the resulting protein sequence? Explain
your answer.

No, because there are four codons that encode for Thr, all four codons have the same base in the 1 and 2 position,
however, they all have a different base in the 3 position. Therefore a substitution of a base at the 3 postion will not
change the protein sequence because the codon will still encode for Thr.

f) An aminoacyl tRNA synthetase is an enzyme that attaches a specific amino acid to the appropriate
tRNAs to form an aminoacyl-tRNA. This is sometimes called "charging" the tRNA with the amino acid.
Assume you have a cell with a mutation in the gene for the tryptophan aminoacyl tRNA synthetase.
This mutant enzyme attaches tryptophan to tRNAs with the anticodons 5 CCA 3’ and 5'GCA 3'.
Explain how protein production in this cell will be altered and estimate how many different types of
proteins would be affected in this cell. Choose from: >10, 10-100, 100-1000, or all the proteins in the
cell.

In this cell, a tRNA with the anticodon 5’GCA 3" will be charged with either the normal cys or with trp.
Therefore any protein in the cell that has a codon recognized by the tRNA with the anticodon 5'GCA 3’ could
have a trp in place of a cysteine. Thus any protein containing cysteine will be affected.



Question 5

Below is a partial sequence of a coding region, base pairs 61-102 (read left to right) of a 600 base pair
open reading frame. The underlined codon indicates the correct reading frame of this gene.

5" ATCTGGGCTAATACCGCCAACTATATAARACACCCACATTTCG 3’
3" TAGACCCGATTATGGCGGTTGATATATTTGTGGGTGTAARAGC 5’

a) What is the mRNA sequence encoded by base pairs 61-71?
57 AUCUGGGCUAA 3*

b) What is the amino acid sequence of the peptide encoded by base pairs 61-697
lle-trp-ala

c) How does the resulting peptide change if the sequence is altered as shown below? Also identify the
type of mutation, choose from missense, nonsense, silent, frame-shift, or deletion.

i) original: 5’ ATCTGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3
altered: 5' ATCTGGGCTAACACCGCCAACTATATAAACACCCACATTTCG 3

In this case both AAT and AAC will encode asn, so the resulting peptide is the same. This is a
silent mutation.

ii) original: 5’ ATCTGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3
altered: 5’ ATCTGGGCTAATACCGCCAACTATTAAAACACCCACATTTCG 3’

In this case ATA (ile) has been changed to TAA, which encodes a stop codon. The resulting
peptide will terminate after amino acid 28. This is a nonsense mutation.

iii) original: 5’ ATCTGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3
altered: 5’ ATCTGGGCTAAAACCGCCAACTATATAAACACCCACATTTCG 3

In this case both AAT (asn) has been changed to AAA (Lys). The resulting peptide will be
different by one amino acid at amino acid position 24. This is a missense mutation

iv) original: 5’ ATCTGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3’

altered: 5’ ATCTGGGCTAATACC------ TATATAAACACCCACATTTCC 37
(delete 6 base pairs)

In this case two codons have been deleted CGG (ala) and AAC (asn). The resulting peptide will be
shorter by two amino acids. This is a deletion mutation, however the reading frame remains the
same. The last codon has also been changed from UCG to UCC, but this does not change the

protein.
v) original: 5’ ATC--TGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3’
altered: 5’ ATCATTGGGCTAATACCGCCAACTATATAAACACCCACATTTCC 3

(insert 2 base pairs)
In this case two base pairs have been deleted and the reading frame of the protein has been shifted.
The resulting peptide will be normal through amino acid 20, but will have a different amino acid
sequence from that point on. This frame shift introduces a stop codon at amino acid 29.

5



d) Of the various mutations given above, which the one(s) would most dramatically affect the function
of the protein encoded by this gene? Explain your answer.

Mutations ii) and v) both cause greatly shortened polypeptides, neither of which would likely function.
Introduction of a stop codon will cause the protein to be truncated wherever the stop codon is introduced.
Introduction of a frameshift will result in every amino acid after the insertion or deletion to be different than what
it is supposed to be. Furthermore, frameshift mutations often result in an introduction of a stop codon as we saw
in the above example. Silent, missence, and even small deletion that keep frame, are usually tolerated better than
nonsence and frameshift mutations.

Question 6

Shown below is a double-stranded bacterial (E. coli) DNA sequence coding for a hypothetical protein.

Both strands are shown; the top strand reads 5 to 3’ left to right, while the bottom strand reads 5’ to 3’
right to left. The nucleotides are numbered from 1 to 100. For this problem, transcription begins with
and includes the underlined A /T base-pair (indicated with an "a") and proceeds left to right.

1 20 40

| a I |
5'-GTGTCCGTATAATATTGTGAGATGTTATATCCCGCCGTCAACACCATCAA-3"

————————— e i et

3'-CACAGGCATATTATAACACTCTACAATATAGGGCGGCAGTTGTGGTAGTT-5"

60 80 100

| c I I
5'-ACAGGATAATCGCCTGCTGGGGCAAAGGCGGTGAAGGTAAAGGTGTTGCC-3"

————————— B —

3'-TGTCCTATTAGCGGACGACCCCGTTTCCGCCACTTCCATTTCCACAACGG-5"

a) Which strand is used as a template for transcription, the top or the bottom?
The bottom strand. Because the question tells us that transcription proceeds left to right and RNA Polymerase
8oes 5" to 3’ the bottom strand must be the template.

b) Where would the promoter be relative to base pair #17?
The promoter would be to the left of basepair #1. Promoters are always 5’ to the start of transcription.

c) What are the first 10 nucleotides of the resulting mRNA? Indicate the 5' and 3' ends of the mRNA.
5" AUAAUAUUGU 3°

d) What are the first 5 amino acids translated from the resulting mRNA? Indicate the amino (NH;*)

and carboxy (COO") termini of the protein.
N- Met-leu-tyr-pro-ala-C

e) Do the underlined nucleotides TAA (indicated with the letter "¢") encode a stop codon for this

protein? Briefly explain your answer.
No, these codons are read (GAT) (AAT), so the TAA is out of frame.



Consider the situations in parts (f-h) independently.

f) A mutation occurs which results in the insertion of an extra G/ C (top strand /bottom strand) base-
pair immediately after base pair 11 (shown in bold). What effect will this insertion mutation have on
transcription and translation?

The mRNA transcript will be longer by 1 nucleotide, but the resulting protein from this mRNA transcript will be
the same, this is because the insertion is before the ATG on the mRNA transcript and translation does not start
until the first ATG. Therefore this one base pair insertion will not effect the protein sequence because it is
considered to be in the 5’ untranslated region of the mRNA

g) A different mutation results in the substitution of the T/ A base pair at position 30 (shown in bold
and underlined) with a G/C base pair. How would this mutation affect the sequence of the protein
that is produced?

This results in a premature stop codon, so the protein will be shorter. Insertion of this stop codon causes the

protein to be truncated because translation of the mRNA will terminate at this stop codon.

h) A third mutation occurs which results in the substitution of the C/G base pair at position 42 (shown
in bold italics) to a T/ A base pair. How would this mutation affect the sequence of the protein that is
produced?

This is a conservative substitution, both AAC and AAU code for asn, so the resulting protein will be the same.
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Fig. 17-3a-2

7.012 2012
Control of Transcription

(a) Bacterial_call

Fig. 17-3a-1

Fig. 17-3b-1

(a) Bacterial cell

@ Eukaryotic cell
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! Independent of the detailed mechanisms of transcription, it is important
DNA” =~ Gene 2 to realize that the spectrum of proteins in a cell is determined by whether
molecule( - 1 ~ # N or not a gene is transcribed. e.g., here Gene 1 is transcribed while Genes

1/ j G, 2 & 3 are not.
Gy Gene 3,
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Fig. 17-7

Promotor  Transcription unit In more detail (prokaryotic
R g or eukaryotic)
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Let’ s see how a bacterium manages control of transcription, in this case
the enzymes that enable it to make its own tryptophan (i.e., an amino
acid). In the absence of externally provided tryptophan, the bacterium
makes a series of enzymes that in aggregate enable the multiple steps of
tryptophan biosynthesis to occur. Not only are these enzymes linked
functionally (as part of a common biosynthetic pathway), but cleverly the
genes encoding them are linked in a larger genetic unit termed an
“operon”.

oR oReron
Promoter o
e Genes of pneron
f /m U GRE Tt
/ Operator

Siarl qqdpn S

Polypeptide subunits that make up
enzymes for tryptaphan synthesls

Fig. 18-3a
The tryptophan operon
trp operon
I
3 Y
Promoter Promoter
Genes of operon
DNAZ Y/ /)‘\E [ #pE [ #pD [ &pC [ B | t ”p{‘/‘y" N
Regulatory Operator e
gene 3 Start codon
5 polymerase
B, s
Protein Inactive Polypeptide subunits that make up
repressor enzymes for tryptophan synthesis

(a) Tryptophan absent, repressor Iinactive, operon on
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Let' s see how a bacterium manages control of transcription, in this case the enzymes that
enable it to make its own tryptophan (i.e., an amino acid). In the absence of externally
provided tryptophan, the bacterium makes a series of enzymes that in aggregate enable the
multiple steps of tryptophan biosynthesis to occur. Not only are these enzymes linked
functionally (as part of a common biosynthetic pathway), but cleverly the genes encoding
them are linked in a larger genetic unit termed an “operon”.

Moreover, the genes constituting and operon are co-transcribed, being
represented in a single mRNA transcript.

tm epgron

Genesofopgron .

—
Promoter

Polypeptide subunits that make up
enzymes for tryptophan synthesis



Let' s see how a bacterium manages control of transcription, in this case the enzymes that enable it to
make its own tryptophan (i.e., an amino acid). In the absence of externally provided tryptophan, the
bacterium makes a series of enzymes that in aggregate enable the multiple steps of tryptophan
biosynthesis to occur. Not only are these enzymes linked functionally (as part of a common biosynthetic
pathway), but cleverly the genes encoding them are linked in a larger genetic unit termed an “operon”.

Moreover, the genes constituting and operon are go-transcribed, being represented in a
single mRNA transcript.

The control of transcription is mediated by a gene segment termed the
promoter , on which the RNA polymerase sits in anticipation of
initiating transcription. An operator represents a gene segment within
the promoter that has regulatory powers. ,

t0 operon

—
Promoter

r?_\
—= Genes of operon ﬁw.,f”'-

Polypeptide subunits that make up
enzymes for tryptophan synthesis

What happens when there is abundant tryptophan in the
environment? The bacterium no longer needs to waste energy and
metabolites to makes its own tryptophan. Hence, the expression (i.e.,
the transcription) of this operon should be shut down.

Indhe absence of external {ryntophan this biosynthetic pathway must
activ to ensur quate supply of tryptophan. Here we se
BNA polymerase mokcule fthat has traversed the entire gpen

generated a Ion@‘«ansa oding all the biosyntheti

Promoter

Polypeptide subunits that make up
enzymes for tryptophan synthesis

Let’ s see how a bacterium manages control of transcription, in this case the enzymes that enable it to
make its own tryptophan (i.e., an amino acid). In the absence of externally provided tryptophan, the
bacterium makes a series of enzymes that in aggregate enable the multiple steps of tryptophan
biosynthesis to occur. Not only are these enzymes linked functionally (as part of a common biosynthetic
pathway), but cleverly the genes encoding them are linked in a larger genetic unit termed an “operon”.

Moreover, the genes constituting and operon are go-transcribed, being represented in a single mRNA
transcript.

The control of transcription is mediated by a gene segment termed the promoter , on
which the RNA polymerase sits in anticipation of initiating transcription. An operator
represents a gene segment within the promoter that has regulatory powers. ,

In the absence of external tryptophan this biosynthetic pathway must be
quate supply of tryptophan. Here we see an
I RNA polymerase moleculefthat has traversed the entire operon and has
generated a long transcrl‘drsq%ie biosynthetic enzymes.
trp, OBy

g— T
Promoter
Genes ol'm;n\
/ /m( /n,;w_@f_umg_lm:( AN

polymerase

Polypaplide subunits that make up
enzymes for tryptophan synthesis

Fig. 18-3b-1

The bacterium accomplishes this shutdown by making a protein
Encoded by an unlinked gene. The protein is termed a repressor.

YYNE NV

mRNA W
In the absence of tryptophan, this
__—repressor is made but is functionally

Protein “ : :
i 1nactive.



Fig. 18-3b-1

The bacterium accomplishes this shutdown by making a protein
Encoded by an unlinked gene. The protein is termed a repressor.

However, in the presence of tryptophan, a molecule of this amino
will bind directly to the repressor, changing the configuration of

the latter. py a7« ./

’

Protein “ —- Active
-y repressor
%}Tryptophan
(corepressor)

(b) Tryptophan present, repressor active, operon off
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mRNA

Fig. 18-3b-2

By binding to the operator, the repressor (activated by having
bound a molecule of tryptophan)prevents RNA polymerase from
transcribing the tryptophan operon operator

DNAZ ‘f // = o No RNA made
| Q,/%

mRNA f ' /

Protein ——

WTryptophan
(corepressor)

(b) Tryptophan present, repressor active, operon off

Crorgn e L psanrg o Pe. )

Active
repressor

(note that the gene encoding the
repressor is unlinked to the tryp
operon)

Fig. 18-3

Fig. 18-3b-1

The bacterium accomplishes this shutdown by making a protein
Encoded by an unlinked gene. The protein is termed a repressor.

However, in the presence of tryptophan, a molecule of this amino
will bind directly to the repressor, changing the configuration of

the latter. DNAR‘[-x\(/ /)\\Q [FgF——operator
No RNA made

The repressor will bind to
the operator of the
tryptophan operon,

Protein “ e —— @ }gg%kmg transcription
repressor
%/Tryptophan
(corepressor)

(b) Tryptophan present, repressor active, operon off
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Genes of operon
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Protein “ Inactive Polypeptide subunits that make up
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(a) Tryptophan absent, repressor inactive, operon on

To summarize, by
going from a state
where tryptophan is
not available to one
Protein “ e— % Active where it available in
LT FRRERESS abundar.lce inactivates

%’ (cofepressor) expression of the tryp

(b) Tryptophan present, repressor active, operon off operon.
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Researchers have found the first direct evidence il

that early Europeans were unable to digest milk: the gene that controls our ability to digest milk {=
ili i i lactase gene) was

the gene that controls our ability to digest milk (= 1 missing from Neolithic skeletons dating to between

lactase gene) was actose 840 and 5000 BC.

missing from Neolithic skeletons dating to between

5840 and 5000 BC.

However, through exposure to milk, lactose tolerance
evolved ext ly rapidly, in evolutionary terms.

However, through exposure to milk, lactose tolerance
evolved extremely rapidly, in evolutionary terms.

Today, it is present in over ninety per cent of the
population of northern Europe and is also found in

some African and Middle Eastern populations but is
missing from the majority of the adult population globally.

Today, it is present in over ninety per cent of the

papulation of northern Europe and is alse found in More specifically, the version of the lactase

some African and Middle Eastern populations but is gene that permits the continued production

missing from the majority of the adult population globally. of this enzyme in adults (rather than shutting
it down early in life after weaning).

More specifically, the version of the lactase Remember this? (Lactose-intolerant humans generate lots of gas, etc

gene that permits the continued production Etc in their lower GI tract if they drink milk because they lack the lactase in their upper GI
of this enzyme in adults (rather than shutting tract that would otherwise be able to intercept ingested lactose and break it down to glucose
it down early in life after weaning). (which is rapidly absorbed into the circulation) long before the bacteria in the lower GI tract

can get to it.
Remember this? (Lactose-intolerant humans generate lots of gas, etc

Etc in their lower GI tract if they drink milk because they lack the lactase in their Two differences between lactose tolerant humans &

upper GI tract that would otherwise be able to intercept ingested lactose and break bacteria that need to digest lactose:

it down to glucose (which is rapidly absorbed into the circulation) long before the 1. Enzyme called lactase in us is called p -galactosidase in bacteria
bacteria in the lower GI tract can get to it. 2. Enzyme is made constitutively (all the time) by lactose-tolerant humans;

however, bacteria cannot afford to make p -gal all the time if they only
rarely encounter lactose.

Fig. 18-4 Regulatory Promoter
A very different situation operates in the “lac operon”. e Oporator
1. In this case, the bacterial cell is reacting to the presence of a nutrient of DNA 7, = ' lacZ
exogenous origin -- lactose, to whose presence it must respond. l g / f RRA
2. Normally the operon is shut off by a repressor that must be removed ¥ i made
when the inducer -- lactose, becomes available mRNA 5? o -
v

Active —-"/
Protein repressor

(a) Lactose absent, repressor active, operon off

lac operon
e, — e f”.——“":\—-‘_
7y N S " A N 1 B9 AN/ 4N

\ e
\L RNA
3 polymerase

OHATR m 7 .u. il BT ; mRHA C mRNA 5’ e
e B " | L L
y  Polymense 2
mRNA 1 RNA §4
Protein H —

e iy g

vo Allolactose Inactive

m:;" :';fuu (inducaer) e repressor

) Lacioas present. represser inactive, opapng on

(b) Lactose present, repressor inactive, operon on
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Fig. 18-4a

Normally, the repressor, made by the lacl gene, blocks
RNA polymerase. (lactose is not available)

Regulatory

gene Promoter ?perator

\ e - T lacZ

DNA 70

Protein

(a) Lactose absent, repressor active, operon off

S B0 Pawricn Eucman Yol SRS s P Bariassns Corment G

What about eukaryotic genes and their transcription? (us)

Pol I works in the nucleolus cranking out enormous amounts of ribosomal RNA

TABLE 7-2 <Classes of RNA Transcribed by the Three Eukaryotic Nuclear RNA Polymerases and Their Functions

POLYMERASE RNA TRANSCRIBED RNA FUNCTION
RNA polymerase | Pre r-RNA (285, 185, 5.85 rRNAs) Rib, p ts, protein synth
RNA polymerase Il ~ mRNA Encodes protein
snRNAs RNA Splicing
miRNAs Post iptional gene cc
RNA polymerase lll tRNAs Protein synthesis
S5rRNA Rib p tp in synthesl
snRNA U6 RNA Splicing
7SRNA Signal-recognition particle for insertion of
polypeptides Into the endoplasmic reticulum
Other stable short RNAs Varlous functions, unknown for many
Tble7-2
Rotecuiar Cell Blology
_<d 2008 W H Frerman and Cdnpany

Pol Il works in the nucleoplasm making the pre-mRNA of protein-coding
genes. (nucleoplasm = nuclear space outside of nucleolus

Pol Il works in the nucleoplasm making small RNAs

Fig. 18-4b

However, is lactose is present, it binds to the repressor
and causes the repressor to lose its grip on the operator
DNA

P
RNA
polymerase

¥ ]
mRNA M g

Protein # — “ (proteins)
Allolactose Inactive
(Inducer) e repressor function obscurre

(b) Lactose present, repressor Inactive, operon on
Cor gt 5 D008 Fearbor EAXRLA, Wi (200G ot Peenidn Persamn Lomoegh

n

Now, the progress of the RNA polymergse 15 unimpeded,

RNA pol advances and makes a “polygistronts,’ mRNA ILe.,an mRNA
that encodes multiple distinct proteins, each with itf own reading frame.

The resulting proteins help to import and degrade lactose.




You can actually
see here the RNA
molecules being

elongated.

A single rRNA
gene

proximal distal

direction of
transcription

\ > @

«=*“chromatin ="~
locp

Figure 4-43 part 2 of 2. Molecular Biology of the Call, 4th Edition.

Pol | works in the nucleolus cranking out

enormous amounts of ribosomal RNA

Direction of
transcription

Here's afamous electron micrograph of ribosomal RNA

being transcribed in a (eukaryotic) nucleolus. There are dozens

of rRNA genes located in tandem along the chromosome. (The RNA
Polymerase molecules responsible for transcription are not visible here.) Each
rRNA gene has several dozen RNA polymerase molecules that are moving down
the gene, one after another, elongating their rRNA products.

What about the protein-coding genes being transcribed by RNA Pol 11
in the nucleoplasm? They probably look the same, except that at any
point in time there may only be a small number of pol II molecules
moving along a gene, not dozens. (Some pol II genes may only be transcribed

once every hour or two.)

(a)

(b)
hnRNP

b
\

N
Template @ mRNP
DNA

© 2008 WM. Freeman and Company

Pol I works in the nucleolus cranking out enormous amounts of ribosomal RNA

5 'g' 3
WOt
SATT

Y

7
o

Figure 6-9. Molecular Biology of the Cell, 4th Edition.

The rRNA genes in the nucleolus are an exception however because

(i) There are several hundred rRNA genes largely arranged in tandem arrays
rather than the single-copy genes that encode most proteins (ii) they are
transcribe by RNA pol I rather than the pol II for most single-copy genes; (iii)
no splicing and polyadenylation; (iv) the nascent RNA molecules are coated
with ribosomal proteins in order to assemble ribosome subunits; (v) a single
rRNA gene may have several dozen RNA pol I molecules advancing, one
after another, down the gene, leading to these “feathers”.

Fig. 16-21a

What about packaging of eukaryotic genes? (us)

LT A N A
R
22t {;g Nucleosome

(10 nm in diameter)

DNA

~ Histone tail

H!sf..'dh__e.s'
DNA, the double helix Histones Nucleosomes, or “beads
on a string” (10-nm fiber)
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Loops Scaffold

300-nm fiber §

Replicated
chromosome

(1,400 nm)
30-nm fiber Looped domains Metaphase
(300-nm fiber) chromosome
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The situation in

eukaryotic cells

Is more complicated because:

1. nuclear/cytoplasmic segregation

2. Splicing

3. Post-translational protein modification

4. Post-translational diversion to specific
target sites within the cell
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Note that the first step in this
complex cascade is the
modification of chromatin to
make it susceptible/available to
transcription

300-nm fiber

Let’ s focus in greater

detail on the chromatin

Replicated :
chromosome
(1,400 nm)

This image focuses on the products i 30-nm fiber Looped domains Metaphase
of RNA Pol II, which makes pre- LA

\ W cnrrreren . (300-nm fiber) chromosome
mRNAs in the nucleoplasm = i
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Stretches of local

decompaction

associated with
nucleosomes transcription

Unwind

30nM

fiber to get the
beadson a
string
assembly of (B)
DNAand =™
nucleosomes

Individual nucleosomes |
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Figure 4-23. Molecular Biology of the Cell, 4th Edition. Increasmg compactlon

Ultimate
DNA is packaged into chromatin, which enormously compacts cc{rtnp?cuon during
it. (DNA + chromosomal proteins + chromosomal RNA = chromatin) AEGEE:



Core of eight
histone molecules

2x H2A T 2 x H2A
2 x H2B core 2 x H2B core
2x H3 nucleosome 2xH3 nucleosome
2x H4 2xH4
core of eight
histone molecules

Life, the Science ofLiologY. by Purves,
Orians, & Heller, 5th ed., 1997

Y Miucleosome

8 core histone molecules
per nucleosome plus a 9th
(H1) holding things together
allowing compactions

Core of 8 Histone Molecules

Nucleosome (“H" = histone)

http:/ /www.bio.davidson.edu/courses/Molbio/MolStudents/spring2000/lamar/nucleosome.gif

4 Proteins
(histones)

core of eight
histone molecules

core of eight
histone molecules

core of eight
histone molecules

The length of
a gene

histone |

etc

B f

e
O

+ Individual nucleosomes

AL S A

An individual core
nucleosome

Figure 4-25. Molecular Biology of the Cell, 4th Edition.

Figure 4-23. Molecular Biology of the Cell, 4th Edition.

DNA is packaged into chromatin, which enormously compacts
it. (DNA + chromosomal proteins + chromosomal RNA = chromatin)

Side view



Fig. 18-7

In fact, hanging out
from the core
nucleosome are the
tails of histones,
which are available
for chemical S
modification by DhA—ti
histone-modifying 2
enzymes. The
modification of

available
for chemical
modification

histones affects the (a) Histone tails protrude outward from a
nucleosome

accessibility of the
chromatin to RNA
polymerases and
thus regulates

transcription.
Unacetylated histones Acetylated histones
(b) Acetylation of histone tails promotes loose
chromatin structure that permits transcription
e ptinirg o e
S S—— g~
oo Eler bl 3 =

To summarize:
modifications of thelt ore
of the histone molecules
affect the configuration
of the chromatin,
allowing or disallowing

transcription.
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Y

n.n...._ 1.r_a uu

Decondensed
chromatin

transcription polymerase

factors

Here' s a preliminary listing
of the modifications of the
N-terminal tails of the

core nucleosomes (the
C=termini are buried in the core
nucleosome).

e.g., some of the methylations
repress transcription, some of the
acetylations induce transcription
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Figure 4-39b Molecular Biology of the Cell (© Garland Science 2008)

Let’ s revisit the histone modifications
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N-terminal tails globular
domains
¢ methylation \j:, phosphorylation Q acetylation @ ubiquitylation



me3 me3 me3

ART@QTAR@STGGKAPRKQLATKAAR*SAPA . s

Q = writer Q = reader

me3 = trimethylation

Histone H3

Let’s find all the

2 x H2A @

2x H2B core ‘ nucleosomes with
2 x H3 nucleosome this H3K4me3
2 x H4 \ Ko
T3 +—> @; modification
f eight
medtefl ArTHO
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core of eight I
histone molecules
core of eight

histone molecules

core of eight
histone molecules
Use an antibody that

Specifically binds and precipitates

This“.” modification. Isolate nucleosomes
And extract their DNA and use sequence-specific
Probes to determine what DNA sequences are

In the precipitated nucleosomes.

2 x H2A

2 x H2B core
2x H3 nucleosome
2x H4

core of eight

histone molecules

core of eight
histone molecules

core of eight
histone molecules

core of eight
histone molecules

The length of
a gene g\

etc
2x H2A @ Let's find all the
2x H2B core P ; nucleosomes with
2x H3 nucleosome m this H3K4me3
2x H4 N e e &
T modification
lc'l?srteozger:\%hlzcules ARTEKOQ
A
core of eight In more detail, shear the DNA into

histone molecules | small segments with the nucleosomes

still attached, immunoprecipitate with
g an antibody that recognizes (in this

| case H3K4me3 protein, extract the
DNA from the immunoprecipitate,
and use probes to find out where the
DNA is located in the genome -- the
Use an antibody that procedure of chromatin

Specifically binds and precipitates immunoprecipitation -- ChIP!

This~” modification. Isolate nucleosomes v
And extract their DNA and use sequence-specific
Probes to determine what DNA sequences are

In the precipitated nucleosomes.
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E R (H3K36me3 not
@ @ @ Illustrated here)
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me3 me3 me
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H3K4me3 -- enriched in control regions of actively transcribed genes
H3K36me3 -- enriched in regions of actively transcribed gene

Fig. 18-8-2
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Fig. 18-8-1

The structure of a eukaryotic gene transcribed by pol II
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—— Downstream
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Fig. 18-8-3

Let’ s focus on the control elements of the DNA itself. Directly
or indirectly they inﬂuer{ce the structure of the histones and thus
the process of transcrip/ion
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sequence
Enhancer Proximal %

(distal control elements)  control elements
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DNA R e _
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Primary RNA g Exon Intron Exon Intron Exon Cleaved 3' end
transcript of primary

RNA processing transcript

“splicing™————— intron RNA@‘ Poly-A
signal

Coding segment

mRNA 6 ARA-AAR] 3
— Start Stop’ T‘ ey
5Cap 5UTR codon codon 3 UTR Poly-A
tail
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What do nctivé{tors actually look like? Here is a pair of transcription factors (NFAT

& AP1), each specialized to recognize a specific nucleotide sequence (enhancer) in
the DNAhinding cooperatively* to adjacent enhancer sequences.

These enhancer
sequences may be
many kilobases
upstream of the
promoter

Transcription starts here

These activator
proteins bind to the
enhancer sequences
and regulate the use of

the promoter by RNA

PolyFr)nerase Il J *In this case, cooperative \ J
binding means that the two i\ . prﬁm‘
can bind the DNA tightly, | 184*" ] :
\\thlle either on its own can ke WekA Cooperative binding
bind only weakly. binding site binding site of NFAT and AP1

Figure 7.38
Malacuiar Coll Blolagy. Siath FdTtiaa
R © 2008 W HLFreeman and Comoany
Covp it 0200 i, vt Gomiminga

Fig. 18-UN7
strongly activatin
a%svembiy 9 neutral assembly of

There are hundreds, perhaps more, of distinct enhancer sequences. Each of regulatory proteins

these is recognized and bound by one or several DNA sequence-specific if\g?b?gimyg % =

proteins (activators) that function combinatorially to govern gene protein ‘

transcription. Enhancer Promoter spacer _p \
, DNA \

PROBABILITY OF

weakly INITIATING
activating TRANSCRIPTION
protein
aSSmely TATA

Figure 7-57. Molecul3r Biology of the Cell, 4th Edition.

In fact, some of these
This was one example of such 3\ ASHNalor | profEins Iy
combinatorial action 2/, actually function
negatively to repress
transcription

Cooperative binding
of NFAT and APY
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These enhancer
sequences may be
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upstream of the

Transcription starts here
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and regulate the use of
the promoter by RNA
polymerase |l.
- If they' re so far away, how can these —
activators influence transcription?
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Fig. 18-9-3
)3Actlvators Promoter ——
DNA ¥ S [
Enhancer Distal control -;-}H-’A
element box
General
i » transcription
The "mediators™ form a factors

complex that creates a
bridge between the
activators and the general
transcription factors

"9

Group of
mediator proteins

> RNA
i K i polymerase II

The “general
transcription
factors” allow pol Il to
initiate transcription at
many genes -- they' re
part of the standard

Transcription

initiation hardware. Initiation complex RNA synthesis

< o a3 -

RNA
polymerase II

Fig. 18-9-2
Promoter
A iActIvators G ene
DNA =AY i

Enha ncer\Dlstal control T‘K;A
element box
General
; - transcription
gEse factors
DNA-bending , _ @

protein

Group of
mediator proteins

These enhancer
sequences may be many
kilobases upstream of the
promoter

If thex’ re so far away, how can they influence
tragscription?
Bend the DNA!

- Edaion, b pblaneg samin G

PSUISIPIE, U ——

Condensed
chromatin

Now we can depict the
activators (and [ ] o
repressors) as agents that
affect in complex ways
histone modifications,
and in turn the
configuration of the > . il
chromatin, allowing or : D5 -
disallowing General
transcription. factors

ORI
'. OO, t"t D

Decondensed
chromatin

polymerase



Different cell types makes different complex mixtures of proteins

{A) human brain

{B) human liver
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Figure 7-4. Molecular Biology of the Cell, 4th Edition

Why is it important to be able to control thousands of genes in
different ways? (Remember: protein-coding genes are transcribed by

Pol II)

unknown

leukemia stomach
. 1 v

prostate llung brain_[renal| ovarian

{ T T T T

breast

liver
!

Here is an example of an attempt to
survey the expression of several
hundred genes from a diverse array

Figure 7-3. Molecular Biology of the Cell, 4th Edition.

+—— Several hundred tissue samples ———

of human cell types (in this case the
tumors arising in each of the

indicated tissues).
mmmmmm Hgh expression

I Average expression
Low expression

High expression

unknown  leukemia stomach

breast

liver
1 )

Here is an example of an
attempt to survey the

prostate 5Iung brain Jranal| ovariarl's
! 1 T o i e

Figure 7-3. Molecular Biology of the Cell, 4th Edition.

Imagine

expression of several
hundred genes from a
diverse array of human

cell types (in this case the
tumors arising in each of the
indicated tissues).
enes Color key:

s High expression
I Average expression

g Low expression

1. That 3-5 thousand genes are expressed at comparable levels in all cells
because they are commonly used “housekeeping genes”

2. That there are ~15 thousand genes that are expressed at different levels in
different cell types throughout the body (non-housekeeping genes).

3. That there are several hundred distinct cell types in the body, each with its
own distinct pattern of expression of “non-housekeeping” genes.

4. Now you can appreciate why/how the combinatorial actions of activators and
repressors can regulate different levels of gene expression in different cell

ty

pes throughout the body.

<— Seveml hundred tissue samples ——p

Sevenl|
hundred

genes

<— This gene expression array only

measures the expression levels of

" . "
several hundred “non-housekeeping
genes.
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Samin Houshyar
R27 & R28
Recitation 9 & 10

1. Gene Expression - How do we get different cell types if all of our cells have the same

DNA?

a. Acetylation
b. Methylation

2. Gene Regulation:
a. lacoperon

i. What s the signal?
ii. What is the response?
iii. Schematic of the lac operon

iv. Components of the lac operon

v. Mutations in the lac operon. The WT lac operon is

1. Constitutive

2. Non-inducible

vi. Genetic tool: X-gal



Samin Houshyar
R27 & R28
Recitation 9 & 10

b. Trp operon
i. What is the signal?
ii. Whatis the response?

3. Recombinant DNA
a. Cloning
i. Restriction enzymes and sites
1. Origin
2. Specificity

3. Sticky and blunt ends

ii. Vectors
1. Properties of a vector
a.
b.
&
2. Types of vectors

d.

C.
iii. Steps of cloning:
1. Cut

2. Ligate



Samin Houshyar
R27 & R28
Recitation 9 & 10
3. Transform

iv. Ensuring that the cloning process worked:

1. Did the cell take up the plasmid?

2. Did plasmid take up the gene?

3. Did the gene enter in the right orientation?

b. Gel Electrophoresis (can be used for RNA and Protein as well)
i. Principles

il. What is the gel measuring?

iii. How many bands would you see?
1. Linear DNA cut once unevenly:
2. Linear DNA cut once in the middle:
3. Circular DNA cut once:

c. PCR-What is the basic principle?



Samin Houshyar
R27 & R28
Recitation 9 & 10

i. What are the basic components?

ii. Cycles of PCR

1. Denature

2. Anneal

3. Extend

d. Sequencing (Sanger Method) - What is the basic principle?

i. What are the basic components?



Samin Houshyar
R27 & R28
Recitation 9 & 10

4. Genomes
a. Libraries
i. Genomic

ii. cDNA

b. Reading the library: Cloning by complementation



Samin Houshyar
R27 & R28
Recitation 9 & 10

c. SNP analyses
i. What are SNPs?

ii. How do we use them to predict inheritance of a disease?

d. Microarrays

i. What are they trying to measure?

ii. Why is this useful?
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2012 7.012 Recitation 9

Summary of Lectures 14 & 15:

Recombinant DNA is DNA that contains fragments of DNA from two different organisms. The
standard reagents necessary for recombinant DNA technology are restriction enzymes, the enzyme
DNA ligase, and vectors. Restriction enzymes have been co-opted by scientists from bacteria, which
use these enzymes as a form of their immune system. These enzymes cut up DNA so that one can
isolate any piece of DNA from a genome that one wants. DNA ligase is the enzyme used by cells in
DNA replication to join together the fragments that get replicated on the lagging strand. In
recombinant DNA technology, DNA ligase is used to join together pieces of DNA that have been cut by
the same restriction enzymes. Vectors are pieces of DNA that contain qualities that allow any piece of
DNA to be taken up by cells and replicated. The most well-known example of a vector is a plasmid,
which is a small circular double-stranded DNA molecule that bacteria are capable of taking up and
replicating.

Plasmids used as vectors to get DNA into bacteria have three important features - restriction enzyme
cut sites, an origin of replication, and a gene that encodes a protein that makes a bacterium resistant to
a certain antibiotic. The restriction enzyme cut sites are present such that you can cut the plasmid open
and insert in the piece of DNA in which you are interested. The origin of replication is present so that
the plasmid can actually be replicated once it is in the bacterial cell. The antibiotic resistance gene is
there so that you know that the bacterial cell took up the plasmid from the environment.

Once you have your gene of interest inserted into your plasmid, you transform the plasmid into the
bacteria (i.e. change the growth conditions to encourage the bacteria to take up DNA from the
environment). You then grow the transformed bacteria on plates that contain the specific antibiotic to
which the gene on the plasmid confers resistance. Any cell that took up the plasmid will grow on
medium containing this antibiotic compound, and any cell that did not take in a plasmid will die on
this medium.

Recombinant DNA technology can be used to make a “library”. A library is a collection of different
recombinant DNA molecules (often stored in bacterial cells or phage), the set of which represents all of
the genetic material of an organism. A mouse genomic library, for example, would be a population of
host bacteria, each of which carries a piece of mouse DNA that was inserted into a cloning vector, such
that the collection of cloned DNA molecules represents the entire genome of the mouse. An alternative
to a genomic library would be a cDNA library. A cDNA library represents, not the entire genome, but
only the DNA that is transcribed. ¢cDNA is complementary DNA, which is DNA that was made in the
laboratory by isolating total mMRNA from the host organism and copying each mRNA molecule into a
double-stranded DNA molecule. Each cDNA is then cloned into an appropriate vector, and the set of
recombinant molecules is referred to as the cDNA library.

Gels are slabs of materials such as agarose and acrylamide that form gelatinous matrices when
polymerized. DNA, RNA, and proteins can be inserted into such gels, the gels can be immersed in
liquid, and then a current can be applied to the gel such that these macromolecules move towards the
pole to which they are attracted. Very long macromolecules will move slowly as they attempt to weave
their way through the pores in the gel. Smaller macromolecules will move faster. This technique of gel
electrophoresis allows macromolecules to be separated by size



Questions:

1) You want to insert a specific yeast gene into a specific bacterial plasmid such that the yeast
gene will be transcribed in the bacterial cell. Below is a restriction map of a portion of the yeast
chromosome that contains the yeast gene in which yoy are interested. The box

indicates the open reading frame of the gene. The r& represents the promoter

H1—

X K E 5 N

Below are the enzymes you can use, with their specific cut sites shown as 5’ -XXXXXX-3"
37 -XXXXXX-5'

Nde 1: Sal T: EcoR I: Xho I Kpn 1.
ca¥rate rceac L Frccac GGTAC+C
GTATAC cAGCrS CTTARS GAGCTC cpATee
Nde |
Below is the map of the plasmid / Bactsearjilal promoter
Xho'l
Kpn |
EcoR |

a) Your task is to design a strategy to insert the yeast gene into the bacterial plasmid. With which one
set of enzymes would you choose to cut the yeast genomic DNA and the plasmid, out of the following
choices?

1. Ndel and Xhol

2. Sall and Kpnl

J. Sall and Xhol

4. Xhol and EcoRI

[§S]



b) For each of the pairs you didn’t choose, explain why you didn’t choose them.
1. Ndel and Xhol

2. Sall and Kpnl

J. Sall and Xhol

4. Xhol and EcoRI

¢) If you did the digestion and ligation with the two enzymes you chose above, in how many ways
could the insert be inserted into the vector?

d) If the insert was inserted backwards, what would the DNA sequences be at the two sites where
ligation happened?

e) Could the above sequence be cleaved by any of the 5 enzymes listed above?

f) Draw a map of the two different plasmids that would result from cutting the yeast genomic DNA
and the plasmid and ligating them together. Indicate all promoters, restriction enzyme sites, and open
reading frames in your map. Star the one you want.



2) You transform a plasmid that contains a gene that confers resistance to ampicillin into bacteria that
are not resistant to any antibiotic. You then divide the transformation into thirds and plate it on three
different kinds of plates. You also divide a control tube of bacteria that have not been transformed into
thirds and plate it on the three kinds of plates you used. You incubate the plates overnight and come
back the next morning to find the following results. Grey indicates bacterial growth.

TRANSFORMATION CONTROL

Plate Kind #1

Plate Kind #2

Plate Kind #3

®
@

a) Which set of plates is which? Your choices are: plates with no antibiotic added, plates with
ampicillin added, plates with kanamycin (another antibiotic) added.

Plate Kind #1 =
Plate Kind #2 =

Plate Kind #3 =

b) What is an antibiotic?

c) Where do antibiotics come from?

d) How do antibiotics work?

e) How might a gene confer resistance to an antibiotic?
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2012 7.012 Recitation 10
Summary of Lectures 15 & 16:

@5_@: This is a way to identify the gene that is mutated in a mutant you have
isolated- For example, you might start with a mutant yeast that is an Arg mutant (i.e. can’t make its
own arginine). You allow this yeast to grow and divide into 6000 identical mutant yeasts, none of
which can grow on medium lacking arginine. You transform these yeast with a wild-type yeast
genomic library, which is a collection of 6000 plasmids, each one of which contains the wild-type
version of a different one of the 6000 genes in yeast. You do the transformation such that each cell

receives one plasmid. Only one of the cells will receive the plasmid that had the wild-type version of
the gene that was mutated. Only this one cell will now be able to grow on plates lacking arginine.

Recombinant DNA technology Application: This technology allows biologists to change the genome
of any organism (microbe, plant, or animal) in any way. Such technology allows us to add any gene to
a genome or delete any gene from a genome. For instance, we can add the gene for human insulin to a
bacterium, such that it will produce insulin for us that we can give to diabetic patients. We can remove
the gene encoding Epo from mice to make a mouse that is anemic because it cannot make enough red
blood cells. This genetically engineered mouse can then be used as a model for human anemia that can
be studied in the lab and can be used to test new potential therapies. Adding a gene to the genome of
bacteria or yeast involves putting it on a plasmid. Adding a gene to the genome of mice involves
injecting the transgene DNA into a fertilized egg; the transgene DNA will then insert into the genome
at a random location. Removing a gene from a genome involves targeting that gene with a piece of
engineered DNA that will recombine with the normal gene and replace that gene with a non-functional
version of the gene.

Questions:

1) You purify a protein from a plant cell that can act as a potential appetite suppressant. Owing to its
possible commercial application you decide to clone the gene, Gene A, that encodes this protein. You
isolate this gene from the plant cell, clone it into a plasmid vector and amplify it in the bacterial cells.

a) List three features that a plasmid must have to allow the cloning and amplification of Gene A in
bacterial cells.

b) You decide to use the following plasmid to clone Gene A. To achieve this you digest both the
genomic DNA and plasmid DNA using a restriction enzyme. You then ligate the Gene A DNA into the
cut plasmids. Finally, you transform the E. coli bacterial cells with the ligation mix (the recombinant
plasmids). Note: The recognition sites for Kpn 1 and Sall on plasmid are 1 kb apart.

Sal1

Xho1 Xho1

Hindlll
Kpn1 | promoter Sal1 Kpn1

1.5kb

Bacterial ORI

*  Which restriction enzyme (Kpn I, Hind 111, Sal T or Xho 1) did you use to digest Gene A for
insertion in to the plasmid?

*  Which restriction enzyme (Kpn 1, Hind 111, Sal I or Xho 1) did you use to digest the plasmid
before insertion of Gene A? Briefly explain why.



¢) You then plate these transformed bacterial cells onto media that will allow you to distinguish between bacterial
cells that obtained the plasmid and those that did not. Onto what type of growth medium will you plate your
transformation mix? Explain your answer.

After plating the transformation mix onto selective media, you find several different colonies. You
isolate the recombinant plasmids from two colonies, perform a restriction digestion using either Kpn 1
or Sal 1, resolve the digested fragments by gel electrophoresis, and obtain the profile as shown in the

Colony B @

following schematic.

Size
(kb)

4kb

1kb

0.5kb

Colonyv A
Kpnl Sal 1 Kpnl Sal |
— Direction of
— [P migration of
— samples

©

d) Complete a sketch of each recombinant plasmid below. Be sure to include Gene A, the Gene A
promoter, and all the Kpn I, Hind 111, Sal I and Xho I restriction enzyme sites found within the

recombinant plasmid.

Sal1

Xho1

Kpn1

Recombinant plasmid
from colony A

Bacterial ORI

Sal1
Xho1

Bacterial ORI

Kpn1

Recombinant plasmid
from colony B



2) You are interested in what makes a certain bacterial species that lives in the deep sea produce light.
You mutagenize cells and perform a genetic screen for mutants that don't produce light. You find two
mutant colonies, mutl and mut2. You transform the mutl cells with a plasmid library (which is made
up of 5000 plasmids, each of which contain one gene from the wild-type bacterial genome), so that

every cell gets one plasmid. You screen the transformed cells and find one colony that now can
produce light.

a) Explain why this colony of mut1 cells can produce light.

b) How would you identify your gene of interest (which you name "lyeT") now that you have this
colony?

¢) Why couldn’t you just determine the sequence the whole genome of mutl and find the one base-pair
that differs between its genome and the wild-type bacterial genome in order to find the mutation?

d) You try to identify the gene mutated in “mut2” by complementation and it doesn't work, but you
know that your library contains every gene in the genome. You sequence the IyeT gene in mut2 cells
and find that it contains a mutation. Propose two possible explanations for your inability to identify
that there was a mutation in [lyeT in the mut2 bacterium using this strategy.

J) Three restriction enzymes have recognition sites in a plasmid: EcoRI (“E”), HindIII (“H"”), and Xbal
(“X”). You digest the plasmid with each of the following combinations of enzymes and see the
following gel.

Eonly Honly Xonly E+H E+X H+X

[ | 1 ] 1 | ] 1 | | |

—_— — 2.8kb
— | 2.5kb

— 2.0 kb

— | LB KB

— —_— 1.5 kb
— 1.0 kb

— 0.8 kb

—_— 0.5 kb

Complete the map of the plasmid indicating where each restriction enzyme cut site is, which restriction
enzyme cuts at each site, and how far apart each cut site is.
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2012 7.012 Recitation 11

Summary of Lectures 17 & 18:

PCR: This is the technique of Polymerase Chain Reaction, which is used to make lots of copies of a chosen piece
of DNA. PCR is simply the process of doing about 30 rounds of DNA replication in a row. This technique
requires you to combine in a test tube: the original DNA, nucleotides, thermostable DNA polymerase, and
primers. Then, one puts the reaction in a machine that performs 30 cycles in a row of three temperatures. The
first temperature denatures the double-stranded DNA molecule, the second allows the primers to base-pair with
the template, and the third allows the DNA polymerase to generate the newly synthesized strand 5 ¥ starting
from the ¥OH of the primer.

DNA sequencing: DNA sequencing is the technique by which the nucleotide sequence of DNA is determined.
DNA sequencing is simply the process of doing DNA replication in the presence of all four normal nucleotides,
and a small percentage of some “bad” nucleotides that do not allow for replication to proceed any farther. This
technique simply requires you to combine in a test tube: the original template DNA, the four good nucleotides,
DNA polymerase, a primer, and then a small concentration of “bad A” (colored red), “bad T” (colored blue), “bad
C” (colored yellow), and “bad G” (colored green). Most of the time, the good nucleotides will be added and the
template will be extended normally. Occasionally, a bad C (for example) will be put in across from a G in the
template. This will stop replication and label the fragment yellow. You allow the reaction to proceed and then
load all of the replication products onto a gel that separates them by size. The sequence can then be read from the
result of that gel.

The way that genomes are sequenced is that many copies of the genome are randomly broken into pieces, and
then those pieces are sequenced by sequencing machines. A computer then analyzes those sequences and
reassembles them into one long continuous piece (for a bacterium with a single circular chromosome) or several
linear pieces (for a eukaryote with multiple chromosomes). This technique is called shotgun sequencing. Once
the genome is sequenced, one can predict where the genes are in the genome by looking for the signatures of
genes, like start codons and stop codons, long open reading frames, promoters, and splice sites (if applicable).
Each gene in the genome can then be compared to all other sequences that have ever been determined using the
program BLAST. If a new gene shows a large amount of homology to a previously studied gene, the most likely
possibility is that the new gene encodes a protein with a similar function to the protein encoded by the previously
studied gene.

SNPs: A single nucleotide polymorphism (SNP) is a DNA sequence variation occurring when a single nucleotide
in the genome differs between members of a species or between paired chromosomes in an individual. SNPs are
found throughout the genome. A SNP can result in different alleles of a gene, where one of those alleles may be
associated with a disease or trait. SNPs are also found in non-coding regions of genes or intergenic regions
between genes. SNP mapping is used in forensics and a genetic tool / marker for a trait or disease.

Microarrays: Not all cancers respond equally well to all treatments, so knowing the specific type or subtype of
cancer is important to successful treatment. Some cancers can be identified by histological tools, but other are best
characterized by determining the gene expression profile. A DNA microarray is a multiplex technology that
allows comparison of cells based upon the expression of many different genes. A DNA microarray consists of an
arrayed series of thousands of microscopic spots of DNA, each spot representing a gene. When a DNA
microarray is probed with mRNA isolated from cells, individual mRNA molecules will hybridize to the
appropriate DNA spot. If a gene is highly expressed, more mRNA will be made from that gene, so more mRNA
will hybridize to the corresponding DNA spot, and the signal from that spot will be greater.



Questions:

1
) NH, NH, NH,
N x N x N x
N N N
¢ ¢ ¢
§ B 3 v e 2 3 e g s
0-P-0-P-0-P-0 0-P-0-P-0-P-0 0O-P-0-P-0-P-0
1= i ) - (o] | - b | - [o] 1 - - - (o]
Q o} 0 e} (o] o} o] o] o}
HO OH OH
#1 #2 #3

a) Which of the above molecules is non-physiological and is only used in DNA sequencing?
b) Which one of the above molecules is used in RNA?
c) Which one of the above molecules is used in DNA?

d) Which one of the above molecules is used as the major source of energy in cells?

2) You are interested in making many copies of a specific DNA sequence. The sequence that you want
to amplify is flanked by regions with the sequence given below:

Primer 1 should bind in this region Primer 2 should bind in this region
L CGCGCEAATTCGATCGﬁ HTAATACGTAQTAG 3+
3" GCGCGCTTAAGCTAGC LP&Z—\TT?—\TGCAT ATC 57
Circle the set(s) of primers that will amplify this region.
Primer 1 Primer 2
Set A: 5'TCGATCGAATTC 3’ AND 5" TAATACGTACTA 3'

Set B: 5’'GCTTAAGCTAGC 3’ AND 5/ GATCATGCATAA 3’
" Set C:-% GAATTCGATCGA 3’ AND 5/ CTAGTACGTATT 3’

J) a) Salmonella is a bacterial genus that is highly related to E. coli. You study a Salmonella protein that is
100% identical to an E. coli protein. At the nucleotide level, the Salmonella gene and the E. coli gene are
only 87% identical. Explain how this is possible.

b) Less than 5% of the human genome is made up of genes. What is the other 95% made of?

c) If you had the entire sequence of a genome of a new bacterium, how would you predict where the
genes were in the genome?

d) Why would the same strategy for predicted the genes you proposed for part (c) be more difficult if
you had the sequence of a genome of a eukaryote?



4) You identify a hypothetical Gene R in humans that encodes for protein “R” which is involved in maintaining
low blood cholesterol level. This gene shows an autosomal dominant mode of inheritance and the affected
individuals are at a higher risk of developing a cardiac disorder (CD). You come across a SNP (Single nucleotide
polymorphism) that is tightly linked to Gene R. You decide to use this SNP as a marker for CD. The two alleles of
SNP (C and G) are shown for each individual in the following pedigree. Individuals affected by CD are shaded in
black.

1 2
BO
CIG | CIG

COmMEML O @

G/C C/C G/IC G/IC G/IC GIG G/IC C/C

c/c CciIC GIC

G

a) Assuming no recombination between this SNP and Gene R, which allele of the SNP is linked to the disease
associated R allele in individual #1?

b) Assuming no recombination between this SNP and Gene R, what is the probability that the offspring of
individual #¥and individual #4 has the disease?

5) The adjacent image is a microarray. Assume that the microarray contains all
of the genes in a eukaryotic genome, and that it was probed with mRNA from
liver tissue.

a) What do the bright spots indicate?

b) How might the pattern be different if the same microarray was probed
with mRNA from a different tissue?




Michael E Plasmeier

From: Samin Houshyar <samin@MIT.EDU>

Sent: Tuesday, October 23, 2012 3:20 PM

To: Samin Houshyar

Subject: r27 announcement: Methylation & Acetylation

Note: This mail was sent to all students in the stellar class Introductory Biology Section 27

Methylation & Acetylation

Hi Everyone -
I didn't get a chance to finish the discussion on Q1 of the pset today. To summarize:
1. Acetylation adds acetyl groups which are negatively charged and therefore bind the positive residues (Lys,

Arg) of the histones. The negative charges will repel the negative charge on DNA and DNA unwraps making it
available for transcription.

2. Methylation

if methylation is on the DNA it will cause DNA to wrap around the histones and reduce gene expression.

if methylation is on the histones, it will cause the DNA to unwrap from the histones (by occluding the positive
charges) and therefore gene expression is increased.

If you still have questions, fee free to shoot me an email or ask about it in O or next recitation.

Best,
Samin

This announcement was made in Stellar on 2012 October 23 by Samin Houshyar

The announcement is also posted on the class website:
https://stellar.mit.edu/S/course/7/fal2/7.012/127/
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2012 7.012 Problem Set 4

Please print out this problem set and answer the questions on the printout.
Answers to this problem set are to be turned in at the box outside 68-120 before 4:00 PM, Thursday
October 25™.

Question 1

The following is a diagram of an inducible operon in E. coli and its regulatory region. Enzymes A and B
are both required for the breakdown of the sugar maltose. The wild-type operon is regulated by
protein X, whlch is continuously produced at [ow levels.

|:I-):-[ X [ |-;:A|:-:g-:-:-[ A ] B |

~

promoter for the regulatory protein

gene for the regulatory protein of the AB operon

P

{2}

promoter for the A and B genes

sequence shown to be important for transcnptlonal regulation by X
structural gene for enzyme A

@ > 0O

structural gene for enzyme B

You have three different mutants (m1, m2, and m3), each one is the result of a loss-of-function
mutation in a single component shown in the diagram. The mutants m1, m2, and m3 exhibit the
following phenotypes when grown with or wuhout maltose in the medium,

without maltose with maltose
Cell Amount of Enzyme A Amount of Enzyme B Amount of Enzyme A Amount of Enzyme B
WT low L. ) low high high
ml high high high high
m2 low | low low low
m3 high high high high

a) Given the data from the table, label the expression in each cell type as mduuble umnducnble_ or
constitutive.

e
e i

WT: f[ , (/ ml: { ' F ad >

L Y { &4 y \/
/ & 7
{ IS . gl e
A 5ol TR i

m2: {/p A m3: {;

2t ?
AP

b) Based on the dah qhown above, does the regulatory protein X act as a repressor or an activator of {GP@W

the maltose 0perun7 Explain your reasoning. 1, seiers A malipie i’»'_,
) A single loss- of-funchon mutation in Wh](_h component(s) [Pb X I’l, O A or B] cou{d produce the s
phcnotype seen in the m2 mutant? Why? E F

d) A smg]o loss- of~func!10n mu%:stion in whuh componcnl(s) [Py, X, Pe, O, A or B] could produce the r‘\0+ /10“‘6
phenotype seeft in m1 and m3 Explain. ; )

L y % p Asnl

t ; -y i A £ d, ] f EH L fr VR

CER .. g i N
Wowing 1, rrealiee g0 A £, e 1
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Question 1, continued

Chromatin is a term used to describe a combination of DNA and protein. Chromatin functions to

[ iy
package DNA into a small volume, to prevent DNA damage, and to control gene expression. Proteins
generally called histones are an important part of chromatin.

Given that histones have an important rolL in chromatin, explain why they are usually basic

roteins), | j
h P ]i\ j (3 / H!J}/ / {/ ,,f ;} ; by // f" fiesd 5
N Qi E p reed T b
(/\uﬂl When examining the hls@)rms 1ssogmed with the DNA at the promoter of active genes, you

find that histone H3 is trimethylated on the fourth lysine. Given this observation, describe how
might histone IIS be involved in gene rcgulatlon

l lir‘ A-. {4 074 ; Ll i ’/ drdy {; !.f ‘7{ ;l 2 N by ’f‘_

{

Jf,qudwn J/l (’{{“h .‘[yéfr& (l[ ['[3 (([

A schematic of the vector p7012 is shown. The restriction enzymes listed cut only where indicated; they
do not cut anywhere else in the vector or insert.

Question 2

Nde I: Sal I: EcoRI:
5 CATATG 5 dreeac 5 dhaTTC Nide
3 GTAThc ¥ CAGCTG 3 CTTARG EcoR |
4 ) ori [B Sal |
Kpn |
BamHI: Kpn L: Xho I: Bamil |
BamH 1
g cf'gmr:c 5 doTACC 5 d‘rccs\c;
¥ CCTAGE y CCATGS y GA(‘CTC
ampR

a) A schematic of gene W is below. You want to clone all of gene W into the vector p7.012. There are
three different strategies that you could use to clone gene W into p7012.

EcoR 1
Kpnl
Kpnl Xho |
B Blf nH 1 BamH |
Y
I8 Gene W i | N\
+ Strategy 1 uses the restriction enzyme \Lf__ to cut the vector and restrict{tf( enzyme
{Nna  tocutGene W.
7' 1 l ) -
»  Strategy 2 uses 1he restriction enzyme(s) & [ (/ [\ and L~ ' ' to cut the vector and restriction tCO ng/
enzymc(s) e and__bax !l to cut Gene W.

(AW

* Strategy 3 1‘15{% tfhc restriction enzyme(s) U171 and L7 to cut the vector and restriction ECO Kh
enzyme(s) BRUCH  and AL L | to cut Gene W. u
. Flol
b) Which strategies would allow for directional cloning? L( n E /\
\ 1! ] H Mo \ ) p Cﬂ

\/

_li { | iV F PP .
WO (rg s vy s A/ Mg Tiled]
14 i b’ ‘



Name

Question 2, continued

Section

TA

¢) You are given the plasmid pSET. In order to map this plasmid you set up a series of restriction
digests and obtain the following results using agarose gel electrophoresis. Assume that all restriction
digests were complete, i.e., each site for each restriction enzyme on each molecule of DNA was cut.

Stamidard size

Standard size

Markers 2 3 4 5 6 Markers
42Kb—m—=
35K b —
o —
R T— s ik i
1] -8 R— —_—— 1 so0bp
—L_700bp
e —1— 600 b p
— —— L 500bp
| ()0
e {—300bp
e+ —200bp
| 100bp
Lane Digest Size of fragments in bp
1 Bam/// and Sma/ M7k, Yia
2 Sma/ and Kpn/ 22k Lsk 0¥/
3 Kpn/ and Bgl// {4 101 .
4 Bam/// and Kpn/ v 400
5 Kpn/ 5
6 Beglll and Bam/#/

» Fill in the table above, using the information from the agarose gel to determine the approximate
sizes of the fragments produced in digests 1-6.

+ Use your answers to determine the approximate size of pSET. pSET = _

fony =

__base pairs

* Use your answers to add the Smual, Kpnl, BgllI sites to plasmid map of pSET. On your map give
the distances between each of the restriction sites.

o\, BomHl
A U ’p
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Question 3

You have isolated two different yeast strains, strain 1 and strain 2. Each strain has a single mulation in
a different gene such that neither strain 1 or strain 2 can grow in the absence of arginine. You want to
clone the wild type copy of the gene or genes-thatare mutated in'strain 1 and strain 2. To do so you
plan to:

1) Obtain fragments of the entire yeast genomic DNA

2) Cut chosen vector and ligate cach fragment into a vector

3) Use this pool of vectors and recombinant plasmids to transform E. coli cells

4) Select for E. coli cells that have obtained any vector or plasmid

5) Screen for E. coli transformed with a recombinant plasmid

6) Obtain recombinant plasmids from the library

7) transform yeast ' :

8) Plate transformation mix ontp media and select for cells that are arginine prototrophs.

a) To construct a yeast genomic library in E. coli that will allow you to successfully complete the steps
outlined above, what would be the phenotype of the yeast you would choose as the donor for the

genomic DNA? T

b) You choose the vector pBluescript II, shown below. Note that the cloning site lies within lacZ, the
coding region of the gene that encodes p-galactosidase. A cell that expresses p-galactosidase can take a
substrate called X-gal and cleave the f3-1,6 linkage to form a product that is bright blue. For each of the
following sequences found on pBluescript 11, list the step.or steps (1-8 above) for which that sequence is
needed and explain the role that sequence_plays.

by Ori
R & } G } (J - £ 7 WLJ T Yo {yeast) A
’ 4 'E;',« ' Ay { / ol

{ir

/ .,})\-‘i‘ b ' ' g
| I f‘;ﬂ\w
Amp©: ( f/ Vo lo. B } I_,{.if g £ /
A 1 { ‘; f

VY T Plag 1D "Il pBluescript I SK+
" (2961 bp)

: lucZ

Cloning site
E. coli ori:

i}
i
/ |

I - P
- (A b

44 N
Ori (E. coli)

¢) You digest both the yeast genomic DNA and many copies of the vector with the BamH]1 restriction
enzyme. You mix the genomic fragments with the cut vectors and add DNA ligase. You then
transform E. coli cells with the ligation mix and plate on solid agar medium.

1) If one of the many vector molecules is NOT cut with BamH1, or religates witi_mut an insert,
the lacZ gene remain intact. A cell that carries this plasmid will always express the tacZ gene at
high levels, independent of glucose and lactose levels. Do you expect the promoter and
regulatory regions associated with this copy of the lacZ gene is the same as the promoter and
regulatory regions associated with the lacZ gene in the lac operon? Explain your thoughts.

o 1

(e {oles O{/\ a@-f‘u/zﬁ/a/ |

I Moy Piad 4 ot Al i ocbose
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Question 3, continued

c) ii) Describe what medium you could use to distinguish the bacterial colonies that carry a non-
recombinant vector from the ones that carry a new recombinant plasmid. Explain how this
media would allow you to distinguish the bacterial colonies that carry a non-recombinant
vector fron} the ones that carry a new recombinant plasmid.

fi | o Vot A H . {7
0 al { / il ] 7 - Pl I, pod I
i [ AT YA (TR wivy o L [La (£ faadiga SRRIET LR BN

d) You successfully create a yeast genomic library in E. coli cells, and obtam a pool that represents a
complete set of recombinant plasmids from the library. Briefly describe how you would use this
complete set of recombinant plasmids to clone by compiemenhtlon the gene that can restore the yeaet
of strain 1 to arginine prototrophy _ ; |

/ i | 1 i3l ! :
[#41 I ;@ i

e) Would it be possible to use the same library to clone by complementation the gene that can restore
the yeast of strain 2 to arginine prototrophy? Explain.
\/ = ;
¥ N |

f) You successfully identify a recombinant vector that restores yeast strain 1 to arginine prototrophy

(clone 1). You are curious as to whether this gene can also rescue a bacterial cell that is arg— (i.e., it is

also an arginine auxotroph) Give 2 reasons why clone 1 may not work to rescue the arg- bacterial cell.
[ A -

\
J‘ Vgt ‘ "IWJ['L'I‘v'i,‘i # d) far, 1(1‘ |

-i{r”,-' T

g) Your friend suggests that you use her yeast cDNA library to attempt to restore an arg— bacterial cell
to arginine prototrophy.

i) Briefly des't_:r,ibi; how a cDNA library is different from a genomic library. e
M £ Lirare b b (odnent fdid oo i JINH
{ l{f{ AT g, YR, iYiegd  Yassuggd vl U £ r{‘"{!/’f;

R Ty [ 0 ¢
if) You transform arg- baclerml CLH‘S w1th your fr1end s yeabt cDNA library and find a clone,
clone 2, that restores the cells to arginine prototrophy. What sequence NOT found on
pBluescript I would have been pl@senl on the vector that your friend used to create this
library? Explain why this soquumo is required.

ul
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Question 4

a) Design primers, cach 16 nucleotides long, which would allow o to amplify the 80 base pairs of

bequence below ubmg PCR Label the 5" and 3’ ends. . ok
-I‘GCTCCGGGCTGTTTC}\TGACTTGTCAGGTGGGATG}\CTTGGATGGI};\MGTAGMGGTCATG g
i s i i e o o o i et s +---'----_--+-.--—-r=r-.—-~=-—-\ ! )
=i CCTCGCGCCCCGgsr:r:TAACG;\GGCCCCACAAAGTACTGAACAGTCCALCC’L‘ACTGAAL(.TACC@?MCATCTTCCAGTA ' ¥ inge 1¢ Tle
ot ot TR 4 it
1! / ( ' i ( l.' ’
Primer 1: 4 j 7 D (f 750
. - W i 14
, ' b)) ( 0 wo( I
Primer 2: (! f‘f/ ‘.' TR y 1y 4 MC/ 9 hé
} VL it

b) PCR consists of a series of 20-40 repeated temperature changes, called cycles. Each cycle of PCR
involves three different steps.

*  To begin, the reaction mixture is prepared. List the components that must be present in the

reaction mixture for successful PCR to occur. .
T R, | w\/ |
g \ )

In'the first of the regular cycling events, the reaction is heated to 94-98 °C for 20-30 seconds.
What occurs during this step?

\{f‘(,l,"r : ()n:’f Vg iy )( fi’ef'f/" ’ /. bes l) 9 k:) }[ é‘md
* The reaction temperature is then lowered to 50-65 °C for 20-40 seconds. What occurs during
this step? When choosing the appropriate temperature for this step, what should you be

considering? /'{ J‘/ { L Pl

{ {} | (ad .'_f" i :‘l'f g A 14 ARy \U /'ﬁ }gm"ﬂ
*  The reaction temperature is then raised to a temperature of 68 BO 2, Wh'}t occurs during this OIC

step? When choosing thes pptopmle tenmemture for this step, what should you be

considering? gy - !/,f { Tl f,f

[ . g . A~ 57
' { A I i\
[ N A | (} o & t/f s

t
+ Ifyou started with a double <;tr:mded template molecule, al"lhe completion of your PCR
reaction, you will still have the original double stranded template molecule and many copies of
the target DNA molecule. Will there be any other lv[‘n_'% of DNA molecules in your PCR tube.
f:xpiam \ / [ ‘ P e 7 ; ’ . !
Yoo il Wegg Purls T Tu Ul VB s0q, -besds 1

i n Al

¢) DNA sequencing using the Sanger method once required four different reaction mixes, but can now:
be carried out as single reaction.

* List the com ponents needed for DNA soquvnmnp using lho Sanger molhod

I 7 ()Wﬁ b

V1 and  ddViTs it du fPitp
| Prives

* Assume you are sequencing a single-stranded template that is 800 bp long, and your primer is

20 nucleotides long (i.e., your primer binds to nucleotides 1-20 of your template). How many
different sized DNA nw]cculea will you ]mve when your successful :-.equencmg reaction is

complete? fi
/w’ L ¢ polus
ahikay  (lef 7. 6

! A@«)aj j?f( M:CI c{t{
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Answers to this problem set are to be turned in at the box outside 6

Question 1

2012 7.012 Problem Set 4

L

7 TAH ol/fjj\ i

Please print out this problem set and answer the questions on the printout.

October 25™.

before 4:00 PM, Thursday

The following is a diagram of an 1ndJqull:le_nggn in E. coli and its regulatory reglon Enzymes A and B

are both re required for t the breakdown of the sugar maltose. The wild-type operon is regulated by
protein X, which is continuously produced at low levels.

X l

—_—

g

wd R

@ > O

B |

Px

promoter for the regulatory protein

gene for the regulatory protein of the AB operon
promoter for the A and B genes

sequence shown to be important for transcnptlonal regulation by X

structural gene for enzyme B

You have three different mutants (m1, m2, and m3), each one is the result of a loss-of-function
mutation in a single component shown in the diagram. The mutants m1, m2, and m3 exhibit the

following phenotypes when grown with or without Whe medium.

without maltose with maltose
Cell Amount of Enzyme A Amount of Enzyme B Amount of Enzyme A Amount of Enzyme B
WT low (’5 low high high
ml high high high high
m2 low low low low
m3 high high high high

a) Given the data from the table, label the expression in each cell type as mdumble uninducible or

constitutive.

e = o) .

oF B (ﬂd/(ﬂ.kﬂ’.@
[

\/f\ : /‘; & A

/)

U

ml:

m3:

Consti
(0n b I

ARTL 8

i o
by T

?

—_—

)

{

b) Based on the data shown above, does the regulatory protem X act as a repressor or an activator of

\

c) A single loss-of- funchon mutation in which component(s) [Py,

J

tha [J £

'{
T O én

phenotype seen in the m2 mutant? Why7

gf ri/ (?/rri all f; Lt (o
) A single loss-of-function mutation in which component(s) [Py, X, Pg, O, A or B] could produce the
phenotype seen in m1 and m3. Explam

Of

AV

‘the maltose operOn’? Explam your reasoning.
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Question 1, continued

Chromatin is a term used to describe a combination of DNA and protein. Chromatin functions to
package DNA into a small volume, to prevent DNA damage, and to control gene expression. Proteins
generally called histones are an important part of chromatin.

Given that histones have an important role in chromatm explain why they are usually basic

OIn P ey e sl pob Dk 1 uid p OVA =10 reed o bt fancy,

When examining the histones associated with the DNA at the promoter of active genes, you

find that histone H3 is trimethylated on the fourth lysine. Given this observation, describe how
might histone H3 be involved in gene regulation.

mc‘n\ul%u o Q4 lﬂr L}G‘ﬁ (f _v' p, [/I/I( ’9 un -f,ffg/fj

Question 2 ’Xh(”"“"”"} é"/ ”; e 0¥ Lt 4"’

A schematic of the vector p7012 is shown. The restriction enzymes listed cut only where indicated; they
do not cut anywhere else in the vector or insert.

Nde 1: Sal I: EcoR I:
ATG 5 GTCGAC TT Nde 1
3 GTATAC 3 CAGC 3 CIT. c; EcoR 1
; Sal 1
ori Ko 1
BamHI: Kpn I: Xho I BamH [
BamH 1
5 GGATCC 5 dcTace 5 drceac
3' CCTA 5 CCAT 4 GAGC
i ampR

a) A schematic of gene W is below. You want to clone all of gene W into the vector p7.012. There are
three different strategies that you could use to clone gene W into p7012.

EcoR 1
Kpn1
Xhol
kel BamH 1 BamH{
| ' _ Gene W e | \

. S{trategy 1 uses the restriction enzyme W I.rgn to cut the vector and restriction enzyme

4 Q.Q to cut Gene W.

(:(}7 / \ N Strategy 2 usesolge restriction enzyme(s) 1;( GQ and E o to cut the vector and restriction
enzyme(s) — and Ej to cut Gene W.

:)( Strategy 3 SFS the restrlctlon enzyme(s) BI M and MP i \ to cut the vector and restriction
enzyme(s)T MH and b{\ | to cut Gene W.

b) Which strategies would allow for directional cloning?

\

{l i\
\ / \ \H.U\U\ff\g b{ é—);b{.z (de) b"(’ A =5 ;«’f‘?!ﬂ“:’!/

ook Gy 1 e

\, i
u\}l(& I 3 [ ﬁ COf, ket
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Question 2, continued

c) You are given the plasmid pSET. In order to map this plasmid you set up a series of restriction
digests and obtain the following results using agarose gel electrophoresis. Assume that all restriction
digests were complete, i.e., each site for each restriction enzyme on each molecule of DNA was cut.

Standard size Standard size
Markers 1 2 3 4 5 6  Markers
42Kb———— —
3.5Kb—— s
£ 2 —— E—
LORD — s, e —{—800bp
— ! 700bp
—_— m———500bp
s 400bp
— w———300bp
=——_{ 100bp
Lane Digest Size of fragments in bp
1 BamH/ and Smal Ll, 7]( L XU N
2 Smal and Kpn/ ¢k, |64 I00 \ }\
3 Kpn/ and Bgll] 2.0k g L% !
4 BamH/ and Kpn/ $.64 (6l 500
5 Kpn] l 5 ', ’:F”l‘."{\
6 Bgl// and BamHI (5, 73

» Fill in the table above, using the information from the agarose gel to determine the approximate
sizes of the fragments produced in digests 1-6.
T A

* Use your answers to determine the approximate size of pSET. pSET = @X) base pairs \ l \

* Use your answers to add the Smal, Kpnl, BgIII sites to plasmid map of pSET. On your map give
the distances between each of the restriction sites.

5

A\ HI
\LQ{‘ £ CIB;am
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Question 3

You have isolated two different yeast strains, strain 1 and strain 2. Each strain has a single mutation in
a different gene such that neither strain 1 or strain 2 can grow in the absence of arginine. You want to

clone the wild type copy of the gene orgenes that-are mutated ir strain 1 and strain 2. To do so you
plan to:

1) Obtain fragments of the entire yeast genomic DNA
2) Cut chosen vector and ligate each fragment into a vector

3) Use this pool of vectors and recombinant plasmids to transform E. coli cells
4) Select for E. coli cells that have obtained any vector or plasmid

5) Screen for E. coli transformed with a %mwlm

6) Obtain recombinant plasmids from the library

7) transform yeast ST e

8) Plate transformation mix ontp media and select for cells that are arginine prototrophs.

a) To construct a yeast genomic library in E. coli that will allow you to successfully complete the steps
outlined above, what would be the phenotype of the yeast you would choose as the donor for the

’\ / Igenomic DNA? L\/, l 4 T\.[(J(?.

b) You choose the vector pBluescript II, shown below. Note that the cloning site lies within lacZ, the
coding region of the gene that encodes p-galactosidase. A cell that expresses B-galactosidase can take a
substrate called X-gal and cleave the p-1,6 linkage to form a product that is bright blue. For each of the

following sequences found on pBluescript II, list the step or steps (1-8 above) for which that sequence is
needed and explain the role that sequence plays.

Yeast ori: 7u a“OW (c( /U;j\i (‘f’; }_“Jf'ﬂ
Amp": Ll

Ori
(yeast

(jﬂ GN,, (cr (,‘f,,,,- -"?..r{fml’r

>

lacZ

pBluescript II SK+
(2961 bp)

E. coli ori:

‘ Cloning site
/Z/ . /h” vecktrs

Ori (E. coli)

c) You digest both the yeast genomic DNA and many copies of the vector with the BamH1 restriction
enzyme. You mix the genomic fragments with the cut vectors and add DNA ligase. You then
transform E. coli cells with the ligation mix and plate on solid agar medium.

i) If one of the many vector molecules is NOT cut with BamH], or religates without an insert,
the lacZ gene remain intact. A cell that carries this plasmid will always express the TacZ gene at
high levels, independent of glucose and lactose levels. Do you expect the promoter and
regulatory regions associated with this copy of the lacZ gene is the same as the promoter and
regulatory regions associated with the lacZ gene in the lac operon? Explain your thoughts.

, .

NQ W ( v N ‘V_]/ b( G0t !'u? Cf { r[ff';-"'-fﬂ?' PelywsC

r‘ O\'ll-”‘;! v P(L’{ {‘]':j; o yl-" Lan ” v " A Y ¢ 1 f.'.: ' v (g Lf‘ ; ’-'i( .
o e VM Y)Y \ "\’[ VYA KARES & Mo 4 '-,
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Question 3, continued

) ii) Describe what medium you could use to distinguish the bacterial colonies that carry a non-
recombinant vector from the ones that carry a new recombinant plasmid. Explain how this
media would allow you to distinguish the bacterial colonies that carry a non-recombinant
vector from the ones that carry a new recombinant plasmid.

rromi [ L/Wr“ ony ) 9{ ow m (4 uu, fd Ffbi:fﬂ:. (f' \NW ﬁ/ﬂu -

\ LI
/'jf//’u\ \f\im Ij V-f” p,, §ow f lac? N?) @f.m;;

2 @ K library? Explain why this sequence is required.
o

d) You successfully create a yeast genomic library in E. coli cells, and obtain a pool that represents a
complete set of recombinant plasmids from the library. Briefly describe how you would use this
complete set of recombinant plasmids to clone by comp]ementahon the gene that can restore the yeast
of strain 1 to arginine rototrophy y y . L i , 4
Ore A %0;0. in Do Spf will Jact 1 H ‘} F’ Ot | for V‘Ad{. b
| l‘ i r.

mdded  The wold 14 b fnu o5 D gl CESperore  fo-

|‘..-

e) Would it be possible to use the same library to clone by complementation the gene that can restore
the yeast of strain 2 to argmme prototrophy? Explain.

O/ %-,/ ¥ Ti “y ke d ”f”% 09 (o [y

f) You successfully identify a recombinant vector that restores yeast strain 1 to arginine prototrophy
(clone 1). You are curious as to whether this gene can also rescue a bacterial cell that is arg- (i.e., it is
also an arginine auxotroph). Give 2 reasons why clone 1 may not work to rescue the arg— bacterial cell.

o~ v & diftgont gl Qr A(J ' domesrt

g) Your friend suggests that you use her yeast cDNA library to attempt to restore an arg— bacterial cell
to arginine prototrophy.

, 1) Briefly describe how a cDNA library is dlfferent from a genomic lib

O " Ty o b el Vgl bk e QA

)

(emaviag Ty el0s Oad J:.Hu'wi.

clone 2, that restores the cells to arginine prototrophy. What sequence NOT found on
pBluescript IT would have been present on the vector that your friend used to create this

7 /X/J/ ii) You transform afrg— bacterlal cells with your friend’s yeast cDNA hbragr and find a clone,

) I Ol(ﬂov(ﬂ "9 0{”0'-» 0 {(@ O;,’ 5 Ond
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Question 4

a) Design primers, each 16 nucleotides long, which would allow you to amplify the 80 base pairs of
sequence below using PCR. Label the 5" and 3’ ends.

5° GEACCGCGGGGCAGQ A ‘I‘GCTCCGGGCTGTTTCATGACTTGTCAGGTGGGATGACTTGGA’.E‘GG}{}\MGTAGAAGGT'CATG 3’
Fo——=== ; =ty 6 IY ok el e sl — o S -

= mmmmm
3’ CCIGGCGCCCC CTAACGAGGCGCGACAAAGTACTGAACAGTCCACCCTACTGAACCTACCi %TTCATCTTCCAGTAC ) 5t 6)

Primer 1: g" ﬂ_[ ( {WWCCHK/)TAC

b) PCR consists of a series of 20-40 repeated temperature changes, called cycles. Each cycle of PCR
involves three different steps.

* To begin, the reaction mixture is prepared. List the components that must be present in the
reaction mixture for successful PCR to occur.

/\ﬂ.gd i ) {P(W} { ]% polyrirag y /g(,;}:fﬂ (_tJ/VTPx)

* In the first of the regular cycling events, the reaction is heated to 94-98 °C for 20-30 seconds.
What occurs during this step?

]/l d@ﬂu\{ui;ﬂﬂ - D%b’(’ (rax_ly 0-( [Jh/ﬂ é,.f..{j-‘,'g;é’.j;

* The reaction temperature is then lowered to 50-65 °C for 2040 seconds. What occurs during
this step? When choosl;ing the appropriate temperature for this step, what should you be

] ]l considering? ‘qf\({a“n‘ﬂ o f)‘/ s Will nd v ol i P,
(0 nagh oo V| bod agrq 5067

* The reaction temperature is then raised to a temperature of 68-80 °C. What occurs during this

step? When choosing the appropriate temperature for this step, what should you be
COnSideriﬁg? i v L,f - Dlvg P(Jl '(i'!‘[’;’.;_* { ¢ ki}’/ {5 [’l{.’/ !j 76 . _5 J(
. e L ‘ y o
Luad (de| torp fo Digp pnins :

* If you started with a double stranded template molecule, at'the completion of your PCR

r:f-{( ;c ﬁ(, :
Opewille

reaction, you will still have the original double stranded template molecule and many copies of

the target DNA molecule. Will there be any other types of DNA molecules in your PCR tube.

e \@ LM_ {Onﬂér P wle o T VR 20 i bescy T f it seq

¢) DNA sequencing using the Sanger method once required four different reaction mixes, but can now:=

be carried out as single reaction.
* List the components needed for DNA sequencing using the Sanger method.

T gad b Lt dy

* Assume you are sequencing a single-stranded template that is 800 bp long, and your primer is
: ; 7 20 nucleotides long (i.e., your primer binds to nucleotides 1-20 of your template). How many
\ ‘ \ different sized DNA molecules will you have when your successful sequencing reaction is

complete?
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Solutions to 2012 7.012 Problem Set 4

Question 1

The following is a diagram of an inducible operon in E. coli and its regulatory region. Enzymes A and B

are both required for the breakdown of the sugar maltose. The wild-type operon is regulated by
protein X, which is continuously produced at low levels.

] X l Focligr] A ] B |
Py Pg

g

=

promoter for the regulatory protein
gene for the regulatory protein of the AB operon

g X

m

promoter for the A and B genes

sequence shown to be important for transcriptional regulation by X
structural gene for enzyme A

structural gene for enzyme B

=@ > O

You have three different mutants (m1, m2, and m3), each one is the result of a loss-of-function
mutation in a single component shown in the diagram. The mutants m1, m2, and m3 exhibit the
following phenotypes when grown with or without maltose in the medium.

without maltose with maltose
Cell Amount of Enzyme A | Amount of Enzyme B Amount of Enzyme A Amount of Enzyme B
WT low low high high
m1l high high high high
m2 low low low low
m3 high high high high

a) Given the data from the table, label the expression in each cell type as inducible, uninducible or
constitutive.

WT: inducible ml: constitutive
m2: uninducible m3: constitutive

b) Based on the data shown above, does the regulatory protein X act as a repressor or an activator of
the maltose operon? Explain your reasoning.

Protein X is acting as a repressor. If it were an activator, there would not be any loss-of-function
mutations that caused constitutive expression.

c) A single loss-of-function mutation in which component(s) [Py, X, Pg, O, A or B] could produce the
phenotype seen in the m2 mutant? Why?

A loss-of-function mutation in Py could cause weaker expression of A and B even in the presence of
maltose. It is also possible that X is mutated in a way that disrupts its ability to bind maltose.

d) A single loss-of-function mutation in which component(s) [Py, X, Pg, O, A or B] could produce the
phenotype seen in m1 and m3. Explain.
Loss-of-function in P, or X that prevented X from being expressed or being able to bind O could

prevent A and B from ever being repressed by X. A mutation in O that prevented it from being bound by

X would also result in this phenotype.



Chromatin is a term used to describe a combination of DNA and protein. Chromatin functions to
package DNA into a small volume, to prevent DNA damage, and to control gene expression. Proteins
generally called histones are an important part of chromatin.

Given that histones have an important role in chromatin, explain why they are usually basic
proteins.
Histones must interact with DNA, which is acidic and negatively charged. Therefore, basic,

positively-charged proteins will be able to interact favorably with DNA and allow for its
compaction.

*  When examining the histones associated with the DNA at the promoter of active genes, you
find that histone H3 is trimethylated on the fourth lysine. Given this observation, describe how
might histone H3 be involved in gene regulation.

Trimethylation on the fourth lysine of H3 must cause DNA to be less tightly wrapped. By

opening up the chromatin, the promoters of genes in this area are more accessible to RNA
polymerase.

Question 2

A schematic of the vector p7012 is shown. The restriction enzymes listed cut only where indicated; they
do not cut anywhere else in the vector or insert.

Nde I: Sal I: EcoR 1:
1 | |
5 CATATG 5 STCGAC 5' GAATTC Nde 1
3 GTATAC 3 CAGCTG 3 CTTAAG EcoR I
ry A
; ! ori Sal 1
Kpn 1
BamHI: Kpn I: Xho I BamH I
BamH 1
5 (,*GAch 5 deTACe 5 F0CGAG
3 cc'mci‘e 5 CCATG+G % GAch;c

ampR

a) A schematic of gene W is below. You want to clone all of gene W into the vector p7.012. There are
three different strategies that you could use to clone gene W into p7012.

EcoR 1
Kpnl
. Xhol
P BIamHl BamH 1
\
\l I : L Gerle 4 : I \

Strategy 1 uses the restriction enzyme Kpn1 to cut the vector and restriction enzyme Kpnl to
cut Gene W.

Strategy 2 uses the restriction enzyme(s) EcoRI and Sall to cut the vector and restriction
enzyme(s) EcoRI and Xhol to cut Gene W.

Strategy 3 uses the restriction enzyme(s) Kpnl and EcoRI to cut the vector and restriction
enzyme(s) Kpnl and EcoRI to cut Gene W.

b) Which strategies would allow for directional cloning?
Both Strategy 2 and Strategy 3 would allow for directional cloning, because the two ends of
Gene W fragment will have different overhangs left by the different restriction enzymes. The
overhangs on the ends of the linearized plasmid will also be different from one another, and so
there will be only one way for the Gene W fragment to fit into the plasmid.



c) You are given the plasmid pSET. In order to map this plasmid you set up a series of restriction
digests and obtain the following results using agarose gel electrophoresis. Assume that all restriction
digests were complete, i.e., each site for each restriction enzyme on each molecule of DNA was cut.

Standard size Standard size
Markers 2 3 4 5 6  Markers

1
4.2Kb- —_—
3.5Kb-

3.2Kh—— —_—
— —

3kb

1.0Kb—

|
|
|

—_— ————800bp
—_700bp
——1600bp
— s—_L_500bp
— 400bp
_— —1300bp
——1—200bp
—100bp
Lane Digest Size of fragments in bp
1 BamH[ and Smal 4200, 800
2 Smal and Kpn/ 3200, 1500, 300
3 Kpn/ and Bgl// 2500, 1500, 1000
4 BamH/ and Kpn/ 3500, 1000, 500
5 Kpn/ 3500, 1500
6 Bgl/l and BamH]/ 3500, 1500

* Fillin the table above, using the information from the agarose gel to determine the approximate
sizes of the fragments produced in digests 1-6.

* Use your answers to determine the approximate size of pSET. pSET = _5,000 base pairs

* Use your answers to add the Smal, Kpnl, BgIII sites to plasmid map of pSET. On your map give
the distances between each of the restriction sites.

BamHI




Question 3

You have isolated two different yeast strains, strain 1 and strain 2. Each strain has a single mutation in
a different gene such that neither strain 1 or strain 2 can grow in the absence of arginine. You want to
clone the wild type copy of the gene or genes that are mutated in strain 1 and strain 2. To do so you
lan to:

J 1) Obtain fragments of the entire yeast genomic DNA

2) Cut chosen vector and ligate each fragment into a vector

3) Use this pool of vectors and recombinant plasmids to transform E. coli cells

4) Select for E. coli cells that have obtained any vector or plasmid

5) Screen for E. coli transformed with a recombinant plasmid

6) Obtain recombinant plasmids from the library

7) Transform yeast

8) Plate transformation mix onto media and select for cells that are arginine prototrophs.

a) To construct a yeast genomic library in E. coli that will allow you to successfully complete the steps
outlined above, what would be the phenotype of the yeast you would choose as the donor for the
genomic DNA?

The donor should be wild type (arginine prototroph).

b) You choose the vector pBluescript II, shown below. Note that the cloning site lies within lacZ, the
coding region of the gene that encodes B-galactosidase. A cell that expresses p-galactosidase can take a
substrate called X-gal and cleave the $-1,6 linkage to form a product that is bright blue. For each of the
following sequences found on pBluescript II, list the step or steps (1-8 above) for which that sequence is
needed and explain the role that sequence plays.

Yeast ori: Ori
The yeast ori is needed for step 7 and 8. Once the (yeast
yeast are growing and dividing, they need to
copy the plasmid so that each cell has a plasmid.

Amp": D jacZ
Amp' is needed for step 4. E. coli cells that obtain

a plasmid will grow on media with ampicillin, r

those that did not will die. amp pBluescript IT SK+ Cloning site
(2961 bp)

E. coli ori:

The E.coli ori is needed for steps 4 - 6. E. coli cells

that obtain a plasmid will grow on media with

ampicillin. As they grow and divide, they need to
~copy the plasmid so thateach cell has a plasmid.

Ori (E. coli)

c) You digest both the yeast genomic DNA and many copies of the vector with the BamHI restriction
enzyme. You mix the genomic fragments with the cut vectors and add DNA ligase. You then
transform E. coli cells with the ligation mix and plate on solid agar medium.

i) If one of the many vector molecules is NOT cut with BamH1, or religates without an insert,
the lacZ gene remains intact. A cell that carries this plasmid will always express the lacZ gene
at high levels, independent of glucose and lactose levels. Do you expect the promoter and
regulatory regions associated with this copy of the lacZ gene are the same as the promoter and
regulatory regions associated with the lacZ gene in the lac operon? Explain your thoughts.
No, the LacZ operon promoter is weak and requires an activator. So the fact that lacZ is
always expressed from this plasmid wom:zmnt promoter/regulatory
regions have been chosen for use on this vector. Furthermore, expression from the endogenous
lac operon is conditional (i.e., dependent upon the presence of lactose) and the expression of
lacZ from the vector is independent of lactose, thus there mus%iﬁemnt promoter in the

vector. fldf ﬁ&;:é‘ W@é;/j
JC nm fM}M‘"ﬂq
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ii) Describe what medium you could use to distinguish the bacterial colonies that carry a non-
recombinant vector from the ones that carry a new recombinant plasmid. Explain how-tHis~
media would allow you to distinguish the bacterial colonies that carry a non-recombinant
vector from the ones that carry a new recombinant plasmid.
e W\\ You would ta the growth medium. Cells that expresse B-galactosidase (from the

,{(0(4 LacZ gene) can take X-gal and form a blue product, so these cells will be blue. Blue cells have
an intact gene for B —galactosidase, so they carry the non-recombinant vector. White cells
carry a recombinant vector because the LacZ gene is disrupted by the inserted gene.

d) You successfully create a yeast genomic library in E. coli cells, and obtain a pool that represents a
complete set of recombinant plasmids from the library. Briefly describe how you would use this
complete set of recombinant plasmids to clone by complementation the gene that can restore the yeast
of strain 1 to arginine prototrophy.

You would grow strain 1 yeast cells and then transform them with the pool of recombinant plasmids
such that some yeast cell obtain one plasmid, and others don't get a plasmid. You would plate the
transformed yeast cells on media that lacks arginine. Strain 1 yeast cells that received a recombinant
plasmid that carried the wild-type copy of the mutated gene are restored to arginine prototrophy and
will now grow without surplemental arginine. Anything else will not grow without supplemental

arginine. (:C ‘M'yﬁ 6} CMﬂk"hﬂﬂ

e) Would it be possible to use the same [ibrary to clone by complementation the gene that can restore
the yeast of strain 2 to arginine prototrophy? Explain.

Yes, the yeast from which you made your library were wild-type and thus the pool of plasmids in the
library should also contain the wild-type copy of the gene mutated in strain 2.

f) You successfully identify a recombinant vector that restores yeast strain 1 to arginine prototrophy
(clone 1). You are curious as to whether this gene can also rescue a bacterial cell that is arg- (i.e., it is
also an arginine auxotroph). Give 2 reasons why clone 1 may not work to rescue the arg— bacterial cell.
You used yeast genomic DNA which means that the recombinant plasmid has a yeast promoter driving
expression of the arg gene, but E. coli will not recognize the yeast promoter. Genomic DNA from
eukaryotes may have introns, but bacteria cannot splice a eukaryotic gene. It is also possible that the
arg- bacterial cells are lacking a different gene (maybe there are many enzymes involved in the
synthesis of arginine and the arg- bacterial cell is missing a different gene in the pathway). Finally,
bacterial cells may synthesize arginine using a completely different pathway so the recombinant
vector found will not complement the defect.

g) Your friend suggests that you use her yeast cDNA library to attempt to restore an arg— bacterial cell
to arginine prototrophy.

i) Briefly describe how a cDNA library is different from a genomic library.

A cDNA library is made of DNA fragments that represent the mature mRNA’s of a cell. As such,
the yeast DNA fragments in this library will not have an endog%ﬂs—pmmoter and will not
have introns.

ii) You transform arg— bacterial cells with your friend’s yeast cDNA library and find a clone,
clone 2, that restores the cells to arginine prototrophy. What sequence NOT found on
pBluescript II would have been present on the vector that your friend used to create this
library? Explain why this sequence is required.

The yeast cDNA fragments in this library will not have promoters. Because you are looking to
express the gene in E. coli, your plasmid must contain an E. coli promoter adjacent to the
cloning site.



Question 4

a) Design primers, each 16 nucleotides long, which would allow you to amplify the 80 base pairs of
sequence below using PCR. Label the 5" and 3’ ends.

5’ GGACCGCGGGGCAGGATTGCTCCGGGCTGTTTCATGACTTGTCAGGTGGGATGACTTGGATGGAARAGTAGAAGGTCATG 3
Fe——————— Fm———— + + o o e e o o e e e e F————————— Fem———————

3’ CCTGGCGCCCCGTCCTAACGAGGCCCGACAAAGTACTGAACAGTCCACCCTACTGAACCTACCTTTTCATCTTCCAGTAC 5

Primer 1: 5’-GGACCGCGGGGCAGGA-3’

Primer 2: 5-CATGACCTTCTACTTT-3’

b) PCR consists of a series of 20-40 repeated temperature changes, called cycles. Each cycle of PCR
involves three different steps.

*  To begin, the reaction mixture is prepared. List the components that must be present in the
reaction mixture for successful PCR to occur.
Template DNA, a pair of DNA primers, dNTPs (nucleotides), and DNA polymerase are the
critical components. Appropriate buffers and divalent cations are also needed.

* In the first of the regular cycling events, the reaction is heated to 94-98 °C for 20-30 seconds.
What occurs during this step?
The double-stranded template DNA is denatured into single strands — the heat breaks the
hydrogen bonds between the two strands.

* The reaction temperature is then lowered to 50-65 °C for 2040 seconds. What occurs during
this step? When choosing the appropriate temperature for this step, what should you be
considering?

The primers anneal to the single stranded template DNA. The melting temperature of the
primers (a function of their GC content) is a key factor to consider when determining the
appropriate temperature for this PCR step.

* The reaction temperature is then raised to a temperature of 68-80 °C. What occurs during this
step? When choosing the appropriate temperature for this step, what should you be
considering?

This is the extension or elongation step. DNA polymerase adds nucleotides to synthesize new
DNA strands. Considerations include the specific DNA polymerase enzyme you are using (they
each have different optimal temperatures), and the primer melting temperature (you don’t want
to be too high above this temperature, or your primers will leave the template before you can
begin replication).

+ If you started with a double stranded template molecule, at the completion of your PCR
reaction, you will still have the original double stranded template molecule and many copies of
the target DNA molecule. Will there be any other types of DNA molecules in your PCR tube.
Explain.

Yes, there will be other fragments. Any reaction that uses the original template molecule as its
template could extend past the binding site of the other primer and create a longer DNA
molecule. There will be excess DNA primers left over at the end of the PCR as well.



c) DNA sequencing using the Sanger method once required four different reaction mixes, but can now
be carried out as single reaction.

List the components needed for DNA sequencing using the Sanger method.

DNA polymerase, a primer, and all four types of dNTPs/deoxyribonucleotides are necessary in
all cases (along with buffer, divalent cations, etc.) Each separate “lane” in a Sanger sequencing
experiment will also require one of the four types of ddNTPs (dideoxyribonucleotides) — ddATP,
ddCTP, ddGTP, OR ddTTP. This was later updated to utilize fluorescently tagged
dideoxyribonucleotides and laser-based monitoring of chain termination, allowing the
procedure to be automated and done in a single reaction instead of four separate ones.

Assume you are sequencing a single-stranded template that is 800 bp long, and your primer is
20 nucleotides long (i.e., your primer binds to nucleotides 1-20 of your template). How many
different sized DNA molecules will you have when your successful sequencing reaction is
complete?

780. The primers will always bind the first twenty nucleotides, but then the reaction could be
stopped at any (and in reality, will be stopped at each) subsequent nucleotide. For example,
there will be a 21 bp molecule, a 22 bp molecule, etc.
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Read [0/3

Samin Houshyar
R27 & R28

Review session: Tuesday 10-12 in regular recitation meeting room. Bring questions. Additional office
hours Tuesday 12-2 36-372. (_b
¢

[ cannot emphasize the importance of doing many many many PROBLEMS in order to do well in this
exam. Go back and redo your psets, old exams, 0CW material, recitation problems, etc. Once you are done
with those take the practice test timed. | have also posted additional practice problems under section
materials.

L. DNA Replication
A. Enzymes
1) Helicase
2) DNA Polymerase
3) Ligase
4) Topoisomerases
5) Nucleases
6) Telomerases
In what direction does DNA polymerase work and WHY?
What is the substrate for DNA polymerase?
Leading vs. Lagging strands (continuous vs. discontinuous)
Okazaki fragments
Proof-reading
IL. Transcription
A. What are the components required for transcription?
1y B
2) R
3) Transcription F
4)
Where does transcription start?
Where does transcription stop?
How is transcription controlled?
In which direction does transcription go?
mRNA processing
1) What happens to introns and exons?
2) What are other types of modifications?
3) In what organisms do these modification take place?
11, Translation
A. What are the components necessary for translation?
1)
2)
3)
4)
B. What is the genetic code? What is a major property of the genetic code?
C. Where do the products of translation go?
1) Secreted. How?
2) Membrane. How? Where are the N and C termini?
3) Cytosol. How?
4) Organelles

MmO O W

MmO O



Samin Houshyar
R27 & R28

Iv. Gene Regulation
A. Operons
1) What organisms?
2) Components, know the functions of each
a. Promoters
b. Repressors
c. Activators
d. Operators
e. Structural genes
3) For these two operons know the following: signal, response, protein
components, regulation, positive/negative feedback
a. Lacoperon
b. Trop operon
B. Transcription Regulation
1) Acetylation
2) Methylation
a. DNA
b. Histones
V. Recombinant DNA
A. Basic principles of cloning. What are we trying to achieve? Cut, Ligate, Transform & Select
1) Restriction enzymes - where do they come from? What is their specificity?
a. What are sticky ends?
2) Restriction sites
3) What are vectors? What are properties of vectors?
a. Know antibiotic resistances: AmpR, KanR, etc. NOTE: neomycin is a
mammalian antibiotic, not a bacterial one.
a. B-galactosidase
b. Lactose
c. X-gal
B. Gel electrophoresis - Know how to read and analyze gels
1) Linear DNA cut once in the middle. How many bands do you see?
2) Circular DNA cut once
3) Linear DNA cut unequally
C. PCR-What are the components? What is the basic principle?
1) NTPs, dNTPs, ddNTPs. Which is which? Which ones do you use for PCR? Why?
2) Cycles of PCR
a. Denature
b. Anneal
c. Extend
3) What special enzyme do we use in PCR? Why?
4) What are the primers we use in PCR? DNA or RNA?
5) How do you pick your primer sets?
6) How many strands are produced from one piece of DNA after n cycles?
D. Sequencing - What are the components? Basic principle?
1) Know how to read sequencing gels
2) Know where to put 5’ and 3’ ends
VL. Genomes
A. Libraries. How do we make them? How do we read them?



Samin Houshyar

R27 & R28
1) Genomic

2) cDNA
B. Cloning by complementation
1) What are you trying to accomplish in such an experiment?
2) What is the experimental setup?
3) When would you use a mutant or wild type organism?
4) How do you establish the phenotype?



g{o )Ewm L ]()/3()

Gy

s L1 10

Fndtlar

GQ&*‘@/ \

[How

Q{,o Cl@m
Pt

T/o( O/MEAﬂ \Df \(/Wiﬂ le
= WWL (avaas L%(,uj
Dl v hane DV

% v W"fwémlw t dend Gpdlhe wdtn!
M(A ),ml\wtdf/%l"{ 'L\Vm[w)
bt hanb) gt
Gostbe mat o e fou

§ed ‘(ﬁn



{,jr/ﬁ(t/ft al( DN A

v.

A C
W) ¢

/ \ \
/Z CL(DX‘[ ﬂb@b@

e ol ¢ Bus
'
2 'L‘\

OH ¥

Titheade = qol W wegy
%W H\WML@ LMW@
”31 5 Sl



O

ga,&asz \/;/V’a@) 7 %m%rz’« Phage

@DM

Hade, 009 > Gl labled oach

SN e

m‘d @ g'lp ., 795
l)dk(/{@‘lk (A Iogﬂ%
0[0 Mce

See e whid o L
})GUJHJLGL mdza ﬂl/‘l(Ma

DWMQ M% 5%2 (QWWW{% /GNLML({/{/’ON taad from

Wd/é(bw\ +(/\l(/\\ Clch et
M%fx‘b@/\ T 5%00[4)




4/

C@njrﬂv\ IDOQVM J/fwbu\ M”

Tarsjbée - Yancbtod l
/I]WL | \J%“ WA — Patie

Q{p\‘mf \( in

DI\)A PO\\(WMB “561}\%&5 po/:we/ 40’]—/;,,}

\W‘L fro0 WC‘@?*(‘/J@ ]Dpp/q pre |
ppC  perd
. L) 0!%@5 0{{ [ PhoﬁpM‘@ . 61/\&4 ” 5/93]

/l%,mp\u)rq, % (Oél‘l/‘g 617aﬂ(1 o

Todke S, of OV ced

(ud s e mlA e da
- D\OQM& s Mi

f'fL%gl
7 O

[
i



DNA Strands

4l

hllp://wwx-v.sci.sdsu.cdu/~smaloy/MicmbialGcnclics/topics/chroms-gc...

Template vs Coding Strands

[t is often useful to distinguish the two strands of DNA -- the strand that is copied into mRNA and
subsequently translated has the complementary sequence to the mRNA, while the base sequence of the
opposite strand directly corresponds to the codons in the mRNA.

The terms template strand, sense strand, and coding strand are commonly used to describe one of the two
strands of DNA, however the nomenclature is quite confusing because different authors have used these
terms to describe both strands -- one school argues that the strand copied into mRNA should be
considered the template strand, but the other school argues that the opposite strand which reflects the
sequence in the mRNA should be considered the template because the corresponding codons are copied
into protein. The first definition is used in the figures below, however, to avoid confusion, when using the
words template, sense, or coding, it is essential to explicitly define how you are using the terms. I believe

that these terms are best defined as described below.

The term 1@&:1‘8 to the sequence of DNA that is co!aicd during the synthesis of mRNA.

The opposite strand (that is, the strand with a base sequence directly corresponding to the mRNA

sequence) is called the
the codons that are translz

Ing stre r th
into protei

strand because the sequence corresponds to

i
3

. coding or
i A mRNA-like"
-35 -10 +1 ATC e Jt TTTT #* straid
5 4:)—{:::—4—_44—— 3
5
nflale ¥
_ template
strand

Although RNA polymerase must recognize sequences on the template strand, by convention we draw the
DNA sequence and regulatory signals on the "mBNA:like" strand. (This makes it simpler to directly
determine the sequence of the resulting RNA.) The following cartoon shows this concept for a

hypothetical gene.
+1 ATG Tad T
S 3
3 5¢
[ !
\ / e 7 "
Promoter Coding region Transcription N
Terminator
Mote that features of BMA are encoded in the template strond but
usually shown on the corresponding position on the "mRNA-like" strand.

lof2

@QWL%(M 3 =8 4 '}M
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DNA Strands ; htlp://www.sci.sdsu.cdu/~smaloy/Microbiachnctics/lopics/chroms-gc.,.

+1 ATG Tas 4 il
5 O —— -l '
3 =
SRV ATeFa Ve P AV TR T Tal W |
>
N

~ RIA polymemse reads the template strand. Thus,
mRMN4 is complementary copy of the template strand.

It may be useful to consider a real gene as well. The DNA sequence of the phage P22 arc gene and some
important regulatory sites is shown below. The upper strand of DNA is the "mRNA-like" strand. The
lower strand is the strand that is complementary to the mRNA. The -35 region (TTGACA) and -10 region
(TATATT) of the promoter sequence and the transcriptional start site (the A) is indicated on the coding
strand. Also note that the DNA sequence of the coding strand corresponding to the RNA codons is shown
in bold (of course, the T is a U in the RNA) -- the first codon is ATG the translational start site (fMet) and
the last codon is TAA (Ochre) the translational stop codon.
- = ¥
5' AAGTTAGTGT ATTGACATGA TAGAAGCACT CTACTATATT CTCAATAGGT CCACGGTGGA
3' TTCAATCACA TAACTGTACT ATCTTCGTGA GATGATATAA GAGTTATCCA GGTGCCACCT

T() CCTGTATTGT GAGGTGAATA TGAAAGGAAT GAGCAAAATG CCGCAGTTCA ATTTGCGGTG
m GEACATAACA CTCCACTTAT ACTTTCCTTA CTCGTTTTAC GGCGTTAAGT TAAACGCCAC

GCCTAGAGAA GTATTGGATT TGGTACGCAA GGTAGCGGAA GAGAATGGTC GGTCTGTTAA
v\ C&\/V\ﬂ CGGATCTCTT CATAACCTAA ACCATGCGTT CCATCGCCTT CTCTTACCAG CCAGACAATT

TTCTGAGATT TATCAGCGAG TAATGGAAAG CTTTAAGAAG GAAGGGCGCA TTGGCGCGTA
6,{@ AAGACTCTAL ATAGTCGCTC ATTACCTTTC GAAATTCTTC CTTCCCGCGT AACCGCGCAT
AAGTTGAAGC =

Gt i o piln b

References:

¢ Arc DNA sequence from Genbank
e King, R., and W. Stansfield. 1985. A dictionary of genetics. Oxford University Press, NY.

Return to Microbial Genetics supplement.

Please send comments, suggestions, or questions to smaloy@sciences.sdsu.edu
Last modified July 12, 2002

10/30/2012 1:33 PM



e

N ag’ np e
p .
L
|
\l /
Clo gwf%
n Te
Za)(@
\Q + (SW
] d% (ot

U4
vy
I
/gv/m‘
5 l(g nals
o MR
ox
[l
5t
7l

il ——
\ (g
v“‘”f/g:f\_]
ae
3 “”
53\
(



: 450 ]
. T AN S B LML el
mt FEERE RS m"ﬁ i “H““” oAl
gl iEd iR RBR Rl RRILTES R
‘ {vi ik
- S < i T ol

\JPOU/C &W"l 1[: on ha, dfou//]
ltq hﬁk’&

O T habe That ! '

gy 22\ leadhn

3 ,ﬁﬂ\g( ‘
2 )
}ump'mg LI / (VH / bﬂhm 5;&@
E(jéff

Ozl Gugnends < 1000 =000 nevleothle



ﬁ@@%%'W$ M\WA Open
+C\o§e> bl VP

J eah i d- |
Tkl heliy

%Wﬁw

Py
m(@lwh @J‘(”fj w ’
b by o Lot
need 2 }J& C(/H& {7’ {‘X

P(o@i\ﬁ (an (i b(/U/Ll/VW&é t Tk al/f

bast)

o Swe Oy oty (lak 7%5
P A
% @ wa R0l



O,

(Qrou plr

W~ WA
)

gL
L]/Oﬂwa
Oi gx@%
ﬁ (%([:; s

W
i

cha,
At

4 0G4
fe 4,1

ple .

-6/ 0\ Porﬁi wﬂ

W# has

Tha

55
MLO;W
i+ of
vv/ 4 O{ m}{@/{
onds ) :
CO(/%'O y :wm

e
Mieg

, M
”reﬁ &}v /Y;/ \5‘

bort)
di’ym‘y/c'b’%[/j GH

| -0

Y Ze 61\(%[@

. /f:ye an

CJhor N |

ﬂ o M 1

RN g

(M
oM



dna v

4

1 ofl

pa.gif (GIF Image, 178 x 210 pixels)

BN A

HOCH, 0

; { Nn«:
Iw-l

i i
OH OH

DNA

HOCH. O

/ \DH

Hoo

http://biology.unm.edw/ccouncil/Biology 124/Images/dna vs rna.gif

H = Lwdfﬂﬁﬂ

10/30/2012 1:54 PM



¥ (aly 6/@ gl
PIA P
ball.  duectuns pwﬂﬂ[e

Lr T

—

(410

e

fM 0/1]7 [ ML A f/‘r(

T*’HwL ‘m; s a/v)tw(/ll] ‘\/LW wl[‘/kd/ )lpm}o[%(
) Sl mattes

Lo ey o b wel’

\/\Q/\\LL%Q *OP% DNIQ @Jf 0’/‘(@\0: (){ feplz(uf((ﬂff
AT gy L by §, hreak



| e @/ﬁ) .y f
O 00/019 %LE )0@1«”7 d,D‘Hﬁuﬁ g[ Vhd«)ﬁwd{/y
DO jr 1o g@aL (@(,”Z é/%dp
O( /5\:? Chn P/o}ﬂ)gm 90[.,9 /

(f }0,)
6’04, ’l[ ey
- eded

A5 )

—

T@% \b Cf‘tolufs [@ﬂL i erb[ﬁ
(AL

red 5138
v %&/M e

M 3/6&
6\

/V‘% (iinino ou,[gd
LAVA

{ tble b oS
( '\)Q fw{ole IM&{ %
Ay |




[

6@5{7 Calld o HM

fio

. 0
JM‘%P %

VA {

1005008

(aﬂ MQ /MLM(’, n i

ghof

VO\I H(a/ﬁ
EU Lt(m}g %

7 J‘[W IWE vaie Faed
b% ﬂ/“ ”nu/ %

ond 3 Ywe (ITH (G0),,

’f’ dow,rmse @Jé& }h JW[@W o ﬁlva
— ot A afend

WM le a/lc/ \,




©

A_@j S nehd ldore rocmlewz 4 b, echily

rRVA S KiVA- |
(Ombl[u@j w/ P/Osf}ﬂc, éﬁ/”ﬁ /*b%"’“@

Codf\tr\ﬁ 6%@@ &m %WLQ@ P Q_ﬁ Vg@é !{4 1@/ 71%60//;0}/'%

E@/@i@/ ﬁgp@tﬂ{c acen ot Wi whe (W Al b |

fosihe fas bl 4o oo

) , e sokls £ -0

(T g il v 0 b sl Y

Cfe

ety of W € vddoss of | TPy
Lﬁwéﬂ roé @%7

c il P
150 /@f}/{@ 64732// |



@
] f ‘ ( '3 ‘DWW"’
T TT ﬁD AF/ Ff wl M)l d{o (0/0 /%mwz@

_36~ — s +| 7_30

Dih TATA ba s pdt @ bock & T, 14
ok spdflal,  THIA
Oaally <" TRIAME 3
@b b g i
25

O\ it ()H (UG (7[0/ émﬁtq)

O g m)mt €f€d1@
ma,, l bmd

Phospiste 5y @ WM 5 Tt

H L net 700(4/
T
MH LOO!W



%
;ON(’c’. pOKW wl M‘V -
M@/Wﬁ P‘L/ wf polar Chaged o g

H omet be tlafn e

[0 ol el 5 bk fo- T

—

l
ew  Jr Cz\'/a/[c,/

/de hoe  MVA i

~oabe Complawdyy  stand
- \h\m maly JF(@L(/L( élfw@

(s 15 n0n o ol pob ship)

U{f U5y (U ]06

Q@b@ %aMdLPW pusk, DIVA fom. LA

e Wi
T 0

L Je s v DU



by .
P@]\( ik @‘M%o——m ob Tun

Conttwes b, dplied ol

% PW}} 4 @fd/[(ﬂé
‘m@ Wt% 6P]M 2

O——Slngle—gbr—mm-

Jﬂw\ WL/W/Q;{ Wh4o 9@/\(/ i ﬁfpﬂ(ﬂd
\/\Wﬁﬁ Con bt it (&MJ\(/Lg E ttaes

—

[o% Can yo Wirond
ONK- rep

/—-_—-_—__

DWA POL‘{ rdse. /Qa)q.ﬂi% LR/EWL i C[Lﬂ/f/}




)
CML[«)\ m( ’Dcwdé,oﬁ !
ik () s luad — on /()(YC

g
(Rplesibly.  0pvaons )
/WL\Q bound. lﬂZ Mo lacde
S depanne of Tip Whils 4

Ciation ()\( Mo,

J oV

=
Ly e,

CUpressid whin repressir Yok band
7L° Gpovctic mo/@wl{




prokaryotic_gene_regulation_art 02 1 2.jpg (JPEG Image, 626 x 375 ... http://www.nature.com/principles/content/ne0000/ne0000/ne0000/ne0...

CLIrsEd

Feedback . irpE gene
inhibition

Enzyme 1

N

7
F |
| .
e s a1 Regulation of
CIZYITIG & e, E..l@l-‘z'.‘.‘ - )
F gene expression
2 o
trpB gere
nzyme * |
" o
trpA gene 8 -
’

1ofl 10/30/2012 2:51 PM



520_prokaryotic_gene_regulation art 03 2 1.jpg (JPEG Image, 335 ... hup://www.nature.conv/principles/content/ne0000/ne0000/ne0000/nc0...

|/

a) Absence of lactose

|
Lacl oD LacZilacY LacA
MmENA
Binds opearatorn

£ Leon lo{t L

oy i e TR A
rrafNA mEHNA
™ oo oo ran vl 1 o ohe o
Conformational
" change
i " a
i

’ :,. A

Allolactose

lofl 10/30/2012 2:51 PM



Mo ls ha @ukash opsat Denself
TMA l\(mf }\L{Q 5/6(14
E@MUM;"L\ » W (st

v comtlly, — Jimesod
Win @znﬂ 7L/6(45(/&()7V/({

. Q{)\ 1uo/Lj 'm hovoltoss (/aﬂl(‘/zﬂ of (olg O[%WMA'
AMF polyrvae |

LN e

Colls Wl Chimatl

0 W(L/w’ N 666”%

Ind
(B lode wes Ld)




Co(,(; a0l /\(/GI%W%
9 (e hislwe reloles @ 9N

=]

Yl e higharp

% HA
pdleose | o H2g
2y HY

s

+0’: JF L’d-% I,W/[g\(/zﬂ gL/)L

N’ ]L Q/M WLM V%(cf
Sore. gl disalo Jr/msum/m

Mﬂ\ MM Tbm& o Ww
s %o VA

Wil M/a&wvz £ OV Gor fams gt



Several gene expression mechanisms involve chromatin structure.

When eukaryotic cells aren’t dividing, chromosomes exist in an uncondensed state called
chromatin. Chromatin consists of DNA wrapped around a histone protein core. The wrapped
DNA isn’t as available for transcription as the DNA of prokaryotes, and as we’ll discuss,
mechanisms exist to relieve this repression. Also in cukaryotes, the RNA polymcrmc doesn’t
bind directly to the DNA, but instead binds via a set of proteins: the uansc iption initiation
complex.

Two different types of chromatin can be seen during interphase: euchromatin and
heterochromatin. Euchromatin, which is a lightly packed form, contaips_arcas of DNA that are
undergoing active gene transcription. Not all of the euchromatin is undergoing gene
transcription, however. Heterochromatin, in contrast, is mostly inactive DNA that is being
actively inhibited or repressed in a region-specific manner. The chromatin state can change in
response to cellularsignals and genc activity. This is facilitated by enzymes that modify histones
by adding methyl and acetyl groups to their N-terminal tails. Acetylation reduces the net
positive charge of the his 3 sening their affinity for DNA, and increasing transcription
factor binding. Mcthylatwonhast leads to increased binding of histones to DNA, and
decreases the availability of DNA for transcription. Figure 2 shows an example of how
accTytation and methylation ol histoncs may affect transcriptional activity in a normal cell
compared to a cancer cell.

MNormal cell

£ 0, o Gl o T Bl % — Gl o
i, WD s, Wi Vg , o
¥ _ K37 . : . 5
= a . # r #
da(& 0
it
Cancer cell
K £t O .
F p "‘J\_{ : }:“‘t 1 {‘;n_
2 _"‘ S_."x \‘ “
¥ 3 %
i 1 i (. Y 1y
ol ol - . 2 i £

Figure 2: Modifications of methyl and acetyl groups in histones affect transcriptional activity.

The grey cylinders represent histone octamers. Acetylation (b Q‘ﬁ} ircles) and methylation (gr een l’ /\
circles) of histone subunits are shown. In normal cells, the pr t"ms of tumor-suppressor genes @
show acetylation-of histone-subunits, iated with active transcription. In contrast, i

cells, thepromoters of tumor-suppressor ggngy are not acctylated, and they are not active

transcribed. Tn normal cells, the Reterochromatic regions at the ends of the chromosomes do not

show acetylation, and the genes are not actively transcribed. In cancer cells, the heterochromatic
regions at chromosome ends are ucclylzﬂcdmulﬁanscw.
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Bio 7.012

FALL 2012

EXAM 2 REVIEW

Material taken from MIT OCW

Question 1
Transcription

v "3
1. is the process that transfers information from 0/\/4 to/ ({N /4

1. in eukaryotic oyanisms, transcription occurs in the

(@us Ribosome Membrane

i
Translation \/f

- @ fm ol i
1. is the process that transfers information from _' to f[?[ L)

ii. in eukaryotic organisms, translation occurs in the
Nucleus l}i{gs‘o e Membrane

Question 2

The following sequence of DNA encodes a hypothetical polypeptide called Playdo in a

hypothetical bacteria E. hypotiieticus. Transcription starts at and includes the C/G base pair in
bold. The underlined T/ A base pair indicates the terminator.

TTW TdATg\rAdGmbcc*cchg;\ ﬂAAp[GC’J"’r -3¢
- AAGGCGATACCTACCAGTAGATGCTACGGGEETACTE

ATTTCGAA =57
—_—) (P ﬂl@

c) What are the first 6 bases of the transcribed RNA? Be sure to label the 5" and 3’ ends.

o ccCAif g
o

d) What are the first 3 amino acids of the subsequent polypeptide? Be sure to label the N- and [
t

WL & tem“m V0 | nt 40 = Tyl wah
T Q(/ C_, whi]
@U T ' (:@m : mg ﬁ)

Aab® ¢) How many total drmzo 48 sarQ e{ L tedin his polypeptide? ()l\ 6’}0(/ {j W‘L AT(}
b i, 8
TC
T{M\J(@ i

Aug
Mot Ao

T@g (Mb No (/\t/z, Wlfvy Vg



You identify a strain of bacteria containing a mutant t{RNA that is capable of adding a
tophan residue when it recognizes the codo@'\mﬁe mRNA.

ends.

(3 ALt

- [

() H L ﬁ longer
g) The Playdo polypeptide would be tmn the presence of the mutant tRNA.

shorter
WA Qncanles (|G

Intrigued by Playdo, you search for a similar protein in mice by looking for similar DNA
sequences in the mouse genome. You find a gene that matches bacterial Playdo almost
perfectly but contains a 36 DNA base pair insertion in the center of it.

—_— e r

f) Whatis tﬁe sequericej the anticodon of the mutant tRNA? Be sure to label the 5" and 3’

When you purify the Playdo polypetide from mouse cells you are shocked to learn that
mouse Playdo is the same length in amino acids as bacterial Playdo.

j) Explain how is it possible that mouse Playdo and bacterial Playdo are the same
polypeptide length even though they have substantially different gene lengths.

CXns A vfff‘“/

Question 3 . M
C famo 0 y

A scientist has discovered a bacterium that can metabolize alcohgl to pyruvate when
stimulated by the presence of ethanol. Hoping to use this bacteria to eliminate the harmful
effects of excessive alcohol consumption, he finds that this bacterium produces the enzymes C

and D which catalyze the ethanol = py ruvat reTghons The genes for enzymes C and D are

-
/

part of an ope?on as diagrammed below. 3 v d (9% DP\/{ ,
(e e
X Fo O
a) You find two mutants, mutant’l/zxud-mut‘ nt 2 that each carry ¢ -Gs"s-ol’aguncg'on mutation in
one of the components of the operon. These mutants constitutively-preduce enzymes D.
Given this information; Ts Y-an-activator or repressor? Explaifi- L T——

| (G p/cw/

{056 0“[ C"”‘f’omh (T *O) @Héw (ffa/wcf,bf/fﬂﬂ
veber o dl @Ww/ (s Jrew M‘“M‘“

9 \( A (0N aFY =
«LM o s d T ﬁm ( prabehi



You want to determine what component is missing in each of the mutants. You examine
production of enzymes C and D in wild-type, mutant 1 and mutant 2 in the presence and
absence of ethanol. You also create partial diploids and measure production of the enzymes.

No ethanol + ethanol
cllype | [T || ey
Wild type low high
Mutant 1 high high
Mutant 2 high high
Mutant 1 + fiigh high
/ l \_; Y*Py* me\ fo ks
Mutant 2 + T high if[ é (
Y Pt O -
- gatar () ~(ghett GunT hinl

b) Mutant 1 has a loss-of function mutation in which component of the ope: oQ xplain. | I,’i' g L

TR ttpresthe Lo Y, () Aduplly A4 o can ash
[ ©)Mutant 2 has a loss-of function mutation in whic componenlt of the operon? Explain. 66 pg /‘} [
;‘”“*“““ﬁ""‘ ( O(J, (~ Y Wgr (s ’(fj \ O 7

Question 4 ' _ /
Cor (0presor Y o fmmdvp o tpresor

a) The genes needed to synthesize tryptophan are found in the trp operon. The presence
tryptophan controls the tranngenes. y
il
Y & na
Made

1) Assume that the regulatory protein for this operon is a tepressor. When do you
expect the repressor to be associated with the operator? Cirlce oné.

When tf@n is low. When concentmtion is hi
Explain your choice. :

jfr\ ‘\llﬁ”’ Q/‘-?V‘j/l{,'omd«@ﬁ""] ;IC Ql‘ﬂ/{jh ff lg

| vesnt
ii) Assume that the regulatory protein for this operon is a@ en do you Wé
expect the activator to be associated with the operator? Cirlce one.

When tryptentmtion is low. When w@on is high. j‘
Explain yourthoice. 40¢ Mo

Question 5 (/\/OJH, PKO d/ﬁl enz +o malle Z[/Z -
"( ’f/P )ub low

é& —mlfb ‘Lﬁ 57%‘(4” '6//'/9'/{

ot ((’p/e%l{lo/(, /’méoéééf

Geoe w0 T 009 B fins b0 opdr
[Oprosear



] Nl '1\;1 A "be 0 -

On your trip to the Amazon you were introduced to a new plant that the indigenous people
use as an anti-viral treatment. You took samples home to your lab and you found that this
plant makes a protein (the PV protein) that pIEVEMSﬂIALQQliE‘ihOH Excited by the possible
anti-AIDS applications, you construct a genomic DNA library from this plant in the hope of
cloning the PV gene.

a) What is a genomic DNA library?  / / | S o r | WA L sl
0 Coltden gt fageoits Gt of O VR of ploct in oo

b) You get a DNA sample from cells, digest it with a restriction enzyme, and clone it into a § ﬂéb
vector. List 3 features of the vector that are absolutely required for vm/u- library construction.

(t er f‘ on (ﬁ{/},{ bﬁd(ﬂﬂ r.,][f {f’( J/{u{&J

a‘;‘f;!m*/ A ‘!‘ :‘f“"““ ong 5ﬁ[€ /éﬂ[ﬁ’&f‘@w& W/é’

¢) Circle on the following lists ALL you wou}d need in order to construct the genomic DNA
library. Assume you start with intact plant genomic DNA.

Enzymes Reagents
Resl;tic/tio\ nzyme Size separation gel
Q;@ Okasakl fragments
DNA Polymerase ATP,TTP,'CIP, GTP
A Polynerase ddATP, ddTTP, ddCTP, ddGTP
Transcriptase P hets
Reverse Transcriptase Repli n fork
3tod exonucleise EI@.@ Mﬁ& oo & LWML
Clo?iﬁ vector Human cells M /E(/f“@} ﬂ“d'{m&
j Virus
Briefly describe the function of each item circled. qQ (bf" J o (4‘ T I
No W@ ADY VU 7A

Question 6 f) ") L ©

(Oh %"'f-’j"j’ ’h\ Y| /(,
ok nL ’Poa Fcf\/ ‘} ﬁ’f/

LM 'P—hlln}u —}: Am CM&’/&@Q{ on G,/[ ﬁe
5
frabny le h S if
VA C[m@ by ¢ Wl&ﬁ“"



Restriction enzymes are extensively used in molecular biology. Below are the recognition sites
of two of these enzymes, BamHI and Bcll.
3 A T1 and e

a) BamHI, cleaves after the first G:

5 GGATCC 3
3" CCTAGG &

Does cleavage by BamHI result in a 5’ or 3’ overhang? What is the sequence of this overhang?

|'-‘j ZI6ATC 31 o
? CTh @ a W Yhiey

b) Bcll cleaves after the first T:

. . 4
5 TBATOAD it bats T ot § )7 4o
Does cleavage by Bcll resultdn a 5’ or 3’ overhang? What is the sequence of this overhang? |
4 6 A ’(C 31 ) /f Apw
—\ ~ |
or L (TAGDI

¢) Given the DNA shown below ...
57 AT‘I\GAG ATCCGTAAT]GTGTCC GATCACGCTCCACG 3
3’ TAACTCCTAGGCATTACACAGGACTA TGCGAG}G{TGC 5°¢

1) If this DNA was cut with BamHI, how many DNA EMMexpect?
Write out the sequence of these double-stranded DNA fragments.

T 6Al
oy PITEAGEALL

c) ii) If the DNA shown on the previous page in (c) wx Bell, how many
fragment would yvou expect? Write out the sequence of these double-stranded DNA

fragments.
L S




Bio 7.012

FALL 2012

EXAM 2 REVIEW - KEY
Material taken from MIT OCW

Question 1

Transcription

1. is the process that transfers information from ___DNA to RNA

1. in eukaryotic organisms, transcription occurs in the

Ribosome Membrane

Translation

1. is the process that transfers information from RNA___ to__protein .

ii. in eukaryotic organisms, translation occurs in the

Nucleus Membrane

Question 2

The following sequence of DNA encodes a hypothetical polypeptide called Playdo in a
hypothetical bacteria E. liypotheticus. Transcription starts at and includes the C/G base pair in
bold. The underlined T/ A base pair indicates the terminator.

5/ -TTCCCCTATGGATGGTCATCTACGATGCCCCCATCACTAAAGCTTG-3"
3/ -AAGGGGATACCTACCAGTAGATGCTACGGGGGTAGTGATTTCGAAC-5"

¢) What are the first 6 bases of the transcribed RNA? Be sure to label the 5" and 3" ends.
5-CCCCUA-3’

d) What are the first 3 amino acids of the subsequent polypeptide? Be sure to label the N- and
C- termini.

N-Met-Asp-Gly-C

e) How many total amino acids are encoded in this polypeptide?
The gene encodes 10 amino acids. The 11% in-frame codon is the stop codon UAA.



You identify a strain of bacteria containing a mutant tRNA that is capable of adding a
tryptophan residue when it recognizes the codon UAG in the mRNA.

f) What is the sequence of the anticodon of the mutant tRNA? Be sure to label the 5" and 3’

ends.
3-AUC-5 or 5"-CUA-3’

longer
g) The Playdo polypeptide would bn the presence of the mutant tRNA.

shorter

Why?
The length of Playdo would be the same in the presense of the mutant tRNA because the Playdo gene
sequence does not include the TAG, so the mutant tRNA would never be used in translating Playdo

When you purify the Playdo polypetide from mouse cells you are shocked to learn that
mouse Playdo is the same length in amino acids as bacterial Playdo.

i) Explain how is it possible that mouse Playdo and bacterial Playdo are the same
polypeptide length even though they have substantially different gene lengths.

Mouse genes have introns — regions of DNA within the coding sequence of a gene that do not get

franslated. These regions are spliced out of the initial transcript when mRNA is prepared. The 36 extra

base pairs in the mouse gene are such an intron.

Question 3

A scientist has discovered a bacterium that can metabolize alcohol to pyruvate when
stimulated by the presence of ethanol. Hoping to use this bacteria to eliminate the harmful
effects of excessive alcohol consumption, he finds that this bacterium produces the enzymes C
and D which catalyze the ethanol - pyruvate reactions. The genes for enzymes C and D are
part of an operon as diagrammed below.

...... I
===II11111| N R T REE
s ©

a) You find two mutants, mutant 1 and mutant 2 that each carry a loss-of-function mutation in
one of the components of the operon. These mutants constitutively produce enzymes C and D.
Given this information, Is Y an activator or repressor? Explain.

Loss of these components, likely Y and O, allotws transcription of C and D whether or not ethanol is
present. Thus Y is a repressor.



You want to determine what component is missing in each of the mutants. You examine
production of enzymes C and D in wild-type, mutant 1 and mutant 2 in the presence and
absence of ethanol. You also create partial diploids and measure production of the enzymes.

No ethanol + ethanol
cell type Production of Production of
i CandD Cand D
Wild type low high
Mutant 1 high high
Mutant 2 high high
Mutant 1 + high kigh
yE PY+ PCD+ O+
Mutant 2 + Yo High
Y' Py Pyt OF

b) Mutant 1 has a loss-of function mutation in which component of the operon? Explain.
Mutant 1 has lost the function of the operator, O, such that repressor cannot bind. Operators act at the
level of DNA and can only control the genes to which they are plysically attached. Even when a wild
type copy of all components is added, the O operon will alteays produce C and D.

¢) Mutant 2 has a loss-of function mutation in which component of the operon? Explain.
Mutant 2 has lost the function of the repressor (Y) or the promoler of the repressor (Py) such Hut the Y
protein is not made, or if it is made it can 1ot bind to the operator. When a wild type copy of all
components is added, the Y repressor is made and appropriately regulates transcription of C and D.

Question 4

a) The genes needed to synthesize tryptophan are found in the trp operon. The presence of
tryptophan controls the transciption of these genes.

i) Assume that the regulatory protein for this operon is a repressor. When do you
expect the repressor to be associated with the operator? Cirlce one.

When tryptophan concentration is low. When tryptophan concentration is high.

Explain vour choice. _
You would inhibit the prodution of the enzynes needed to make tryptophan if enough
tryptophan is present.

ii) Assume that the regulatory protein for this operon is an activator. When do you
expect the activator to be associated with the operator? Cirlce one.

When tryptophan concentration is low. When tryptophan concentration is high.

Explain your choice. _ .
You would produce the enzymes needed to make tryptophan if tryptophan is low.



Question 5
On your trip to the Amazon you were introduced to a new plant that the indigenous peopl:
use as an anti-viral treatment. You took samples home to your lab and you found that this
plant makes a protein (the PV protein) that prevents viral replication. Excited by the possit
anti-AIDS applications, you construct a genomic DNA library from this plant in the hope o
cloning the PV gene.

a) What is a genomic DNA library? . _
A collection of bacterial cells (or phage particles) each of which contain a different small piece of the
genomic DNA that you are interested in.

b) You get a DNA sample from cells, digest it with a restriction enzyme, and clone it into a
vector. List 3 features of the vector that are absolutely required for your library constructio
An origin of replication (ori)
A cloning site
A selectable marker

¢) Circle on the following lists ALL you would need in order to construct the genomic DN 2
library. Assume you start with intact plant genomic DNA.

Enzvmes Reagents
Size separation gel
Okasaki fragments

DNA Polymerase ATP, TTP, CTP, GTP
RNA Polymerase ddATP, ddTTP, ddCTP, ddGTP
Transcriptase Primers
Reverse Transcriptase Replication fork

3'to 5' exonuclease
Human cells

Virus

Briefly describe the function of each item circled.

Restriction enzyme: cut the vetor and the genonic DNA

Ligase: join together the cut DNA fragments

Cloning vector: receives the cut genomic DNA and allows propagation in the bacterial cell host.
E. coli: Acts us a host that receives the recombiant plasmids and replicated this new DNA



Question 6

Restriction enzymes are extensively used in molecular biology. Below are the recognition si
\ V. sit
of two of these enzymes, BamHI and Bcll. : = -

a) BamHI, cleaves after the first G:
5" GGATCC 3
3" CCTA <)
Does cleavage by BamHI result in a 5’ or 3’ overhang? What is the sequence of this overhang

5 G 3 Cleavage by BamH| leaves a 5’ overhang
3" CCTAG &’

b) Bcll cleaves after the first T:
5 TIGATCA 3’
3 ACTAGIT &
Does cleavage by Bell result in a 5 or 3" overhang? What is the sequence of this overhang?
5T 3 Cleavage by Bcll leaves a 5’ overhang
3 ACTAG &’

¢) Given the DNA shown below ...

5’ ATTGAGGATCCGTAATGTGTCCTGATCACGCTCCACG 3°
3’ TAACTCCTAGGCATTACACAGGACTAGTGCGAGGTGC 5°

i) If this DNA was cut with BamHI, how many DNA fragments would you expect?
Write out the sequence of these double-stranded DNA fragments.

2 fragments:

A B
5+ ATTGAG 3- 5+ GATCCGTAATGTGTCCTGATCACGCTCCACG 3¢
3+ TAACTCCTAG s 3+ GCATTACACAGGACTAGTGCGAGGTGC 5+

<) ii) If the DNA shown on the previous page in (c) was cut with Bcll, how many DNA
fragment would you expect? Write out the sequence of these double-stranded DNA

fragments.
2 fragments.
C D
5. ATTGAGGATCCGTAATGTGTCCT 3- 5+ GATCACGCTCCACG 3-

3+ TAACTCCTAGGCATTACACAGGACTAG s’ 3+ TGCGAGGTGC s-
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Practice for 7.102 Quiz II
Question 1
For the following questions, answer each in the space provided.

a) All DNA polymerases can make a new DNA strand in the 5’ to 3’ direction. To accomplish this,
DNA polymerases require what three non-protein components?

Nev ol ides ’{W(O { O1p ¢ *

b) The type of genomes found in viruses can vary. Some viruses have single (ss) or double-stranded
(ds) DNA genomes, others have single (ss) or double-stranded (ds) RNA genomes.
Given the data below, identify all possible types of genomes for each virus.

\
[(@}}@& l/\t(’\ Virus [% A[%T[%U[%C][%G [ Type of genome, i.e., ds-DNA s
(O el [T T8 [15 [0 [ 3 [m [ o, DI dr-00g Vo QM) &k doch stron
W@{,_j 2 |25 [0 |25 [25[2 | £ cQRd s bV o

3 |35 |15] 0 | 15 35  ONB -~ no AV

c) When a virus infects a cell with its single-stranded (ss) RNA genome, the host cell does not have the
ability to replicate the viral genome.

*  Explain why the host cell can’t replicate the viral (ss) RNA genome.

N s sl rot (pluatef Pogds @P/Wr Jy i MV“{

* What approach can a (ss) RNA virus use to replicate its genome in a host cell?

LUV i
d) In the first step of a PCR cycle, the mix is heated to denature the template DNA. Which template
DNA would require a higher temperature for this first step, a 1000 base pair template with 35%
cytosine or a 1000 base pair template with 25% cytosine? Explain your choice. [

. I -‘J p [ f j
(1{5 /Mo é‘f‘\‘/ g pond E-Hﬁ-“jﬁ/g Vo'l I/T {

7 |
e) Below is a schematic of an origin of replication. ( 69/1@ ', j//pp g

O s(\ %E\l

Y

Region 1 . l7 Region 2

*  Would replication of the top strand in region 1 be c?_ﬁhu}us or discontinuous?

f

*  Would replication of the bottom strand in region 2 be co@s or discontinuous?

* Explain why replication of the genome would fail in a cell that lacks DNA ligase?

( A ; |
(_ hN -)L PV{ h( O{ 0/ U/,C ’{/f/l',:'u‘)’ r\/J‘/‘. E/ é};ﬁ: 7':-,;/\1{;::@/
i



{(G.r-f Wdrs

Question 2

The following is a partial sequence of a double stranded bacterial DNA that encodes a short peptide.
The promoter sequence is shown as XK)“(_E(/X Assume transcription begins at the first C/G base pair
after the promoter. =

Wlld -type DNA sequence:
9 xxxxxxxxxxxc'rGCTTCAATbT({uckAG,‘rG GT&C(‘MAIAA?ATC{I‘G GHAACETCRCGGAATCTCTAGACTGCTTCAAT
RC:

XXXXXXXXGACGAAGTTATACTTGGTCACCTCACGGAATTT AGAC GCTTTGCAGTGCCTTAGAGATCTGACGAAGTTA _

{

J o e )
a) For the sequence above, A 6 6'05 f;’mﬂf@ |

* Circle the template st'rand for transcription.
» Label the 5’ and the 3’ ends of ﬁ%‘hd.
* Indicate the direction of transcription by an arrow@@}, - H "o ﬁti"ﬁ Y

b) Give the sequence of the first 10 nucleotides of the mRNA transcript and label its 5" and 3’ ends.

51 CUCLVULAA JATG 8
¢) The peptide produced from this mRNA transcript and label its N and\'C ends, G)— (
hel f, Gl Tp G-k (@ (% il Sy GO g,

c) Give the base sequence of the antl-codon that inserts the fourth ammo acid into the peptide and label
its 5" and the 3’ ends. - AC(‘\') f

66 >’
d) The following are two mutant versions of the wild-type DNA sequence that is shown above. The
mutated base pair in both versions is bold and underlined.

Mutant 1:

CTGCTTCAATE AGIGGAGTGCCTTAAAGATCTGACGARACGTCACGGAATCTCTAGACTGCTTCAAT
GACGAAGTTA! TCACCTCACGGAATTTCTAGACTGCTTTGCAGTGCCTTAGAGATCTGACGAAGTTA

Mutant 2:
CTGCTTCAATQTG?\AT AGTGGAGTGCCTTAAAGATCTGACGAAACGTCACGGAATCTCTAGACTGCTTCAAT
GACGAAGTT ACFTA TCACCTCACGGAATTTCTAGACTGCTTTGCAGTGCCTTAGAGATCTGACGAAGTTA

For each mutant version,
i) Write the sequence of the peptide that is produced. Label N and C termini.

Mutant 1: N ”ﬁl/’ # /

(-m
Mutant 2: ||/
| Nof Agr\G\/\ .o (I /
ii) Identify the type of point mutation. Choose from silent/ missense/ nonsense/ fmmeshift.(/ dl / ‘) U” [
Mutant 1: J"Or’\“’}’” ( \_/
Mutant 2: /
utan 5 | l e / vﬁ



Question 2 continued

e) Would the substitution of a base that is a part of the 4" codon in the given wild-type DNA sequence
always change the resulting peptide sequence? Explain your answer.

Neg -omee UL s e gly Ge for ]fzf/

f) Would the substitution of a base that is a part of the 3" codon in the given wild-type DNA se
always change the resulting peptide sequence? Explain your answer.

NO MV ” ﬁ"() ¢ .r( N %O( 6//'{ \/

uence

Question 3

After agarose gel electrophoresis and staining, state how many bands you would see in a lane in which
you loaded the following. Considereach independently. o

(
a) A circular plasmid that was cleaved with a restriction enzyme that cuts at one. Assume every
—t

molecule is cut. -
|
E } .
! 4% \/

b) A circular plasmid of 5000 base pairs that was cleaved with a restriction enzyme that cuts at two
sites, at position 1 and position 2500. Assume every molecule is cut. . \ /
— bt 9 220 vkl W, 'l

c) A linear piece of DNA that was cleaved with a restriction enzyme that cuts at one site in the center of
the molecule. Assume every molecule is cut.



Question 3, continued

You want to clone gene W into the vector shown below and transform the resulting recombinant

plasmid into E. coli cells suc e protein encoded by gene W will be expr -the host bacterial
Lo

cells. Note the fragment of gene W in the he figure doeg'not have a promoter.

e I\~ r
—_—

{ / f I [ ¢/ )
Yewvnd] & 9 {0 .// /

* indicates the cleavage site

EcoORI: BamHI: HindIII: SmaTl
G¥AATTC G*GATCC A*AGCTT CCC*GGG
) CT G CCTAG*G TTCGA*A GGG*CCC
bacterial by
Ba&HI Smal
Smal
EcoRI F F\*Y\ldIII BA'QHI EcoRI Hind11I
ATG
N l ,J.L.m_tl,_
w :
. A
orl GTA

AmpR

BamHI

d) There are at least two options for cloning gene W into the vector.

Option #1:
What restriction enzyme(s) would you use to cut the vector?

What restriction enzyme(s) woiglg%fou use to j.lt gene W DNA?

FOLL
Option #2:
What restriction enzyme(s) would you use to cut the vector?

od n Ll

C’H%‘? b]lw‘? g,;d -é/dﬂ,(

that will express the gene W protein?
227 Ib’l{’/

O hou
What restriction egzyrne s)ivou cf'\ you use to cut gene W DNA?

Feold #5,.%(4

e) Which option is better for creating a recombinant plasmi
Explain your answer.

m IW R ol )
0 lagp po ol 040
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You are interested jn purifying and characterizing a specific plant protein (PKA) that acts as a potent
anti-depressant. You staﬁBﬂﬁ’singth@‘DNﬂ:ﬁ:’oﬂﬁ%Tﬁm protein) to the DNA
encoding the C terminus of PKA gene. See below. o

e — S

| Gene for PKA |
E Gene for GFP
v

I Gene for PKA | Gene for GFP |

Direction of transcription

The following is the partial cDNA sequence encoding the C terminus of the PKA protein. The
sequence encoding the stop codon is shown in bold. The bars above the sequence show festriction
enzyme recognition sites. S

z Y
5’ _-TCAAGA Gﬁ' CC'FCGFTAFJCG',AA'_‘I‘;T-C(Z{thTTATAG;CAAGCTCGGAATTAACCCTCAC—3'
3’ -AGTTCTCCTAGGGGCCATGGCTTAAGGTACAATATCGTTCGAGCCTTAATTGGGAGTG-5 *

The following is the partial cDNA sequence encoding the N terminus of GFP. The codons are
underlined. The bars above the sequence show the restriction enzyme recognition sites.

.{‘xﬂ ot

z V' Y
5’-TCTAGAGGTACCEGG T CTF@ECC ATG CCA AGC GGC-3°
3'-AGATCTCCATGGCCCTAGGACTTAAGG TAC GGT TCG CCG-5°

The recognition sequences and the cleavage sites (indicated by /) for each enzyme are given below.

3’ C CTAG/G 5'

a) Choose the restriction enzyme that you will use to cut the two genes before ligating them to make a
fusion gene. Explain why you chose this restriction enzyme.

Wil ot Y dne oli e Tt

Ol/\ MM e ht /&SWM 02 qué;fj 6}!:;9



Question 4, continued

You successfully create a DNA fragment that encodes the PKA-GFP fusion protein as shown below.
(Note: recognition sites for two new restriction enzymes, enzyme A and H are labeled in the schematic below).
——‘___-—”_-—"_‘—\_

Enzyme H site

Enzyme A site Enzyme H site
Gene for PKA Gene for GFP
0.5 kb
1.5 kb

b) You plan to clone this PKA-GFP gene into a vector that will allow you to amplify and express PKA -
GFP fusion gene in bacterial as well as mammalian cells. You have the choice of 4 vectors each with the

general features shown in the diagram. Each vector has addition features that are listed below.
Site for enzyme A

. Site for promoter(s) listed below

1. Site for enzyme H

Vector 1 contains: 1) ampicillin Agsistence gene, 2) bacterial oxigin of replication and 3) bac\t_gi'zil)plqg}gter

Vector 2 contains: 1) ampicillin resistence gene, 2) bacterial origin of replication, and 3) mammalian origin of
replication, 4) bacterial promoter and 5) a mammalian promoter

Vector 3 contains: 1) ampicillin resistence gene, 2) bacterial origin of replication, and 3) mammalian origin of

replication, 4) a mammalian promoter (\O"‘l (k

U ga wtﬂrz.'sJ W /\QOQ'F

Which of the above vectors would allow you to clone and express the fusion gene in both bacterial cells
and mammalian cells? Explain why you selected this vector.

Only vector 2 will allow expression of the fusion gene in both bacterial cells and mammalian cells because onl
vector 2 has both types of ORIs and both types of promoters.

1

A [
( ]M q 2 Y,

c) Based on the plasmid that you selected, what should be the phenotype of the bacterial cells prior to

transformation?

The cells prior to transformation must be sensitive to ampicillin. . b/
AMAU l

1
Vi ‘ L
d) Following bacterial transformation, j?ok{lmgﬁjE to idirgltify the/bag:k

rial cells that received a plasmid.

Onto what type of media would you plate your transformation mix?
You would plate the cells on media containing ampicillin.

/(Z V‘J
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Question 5

In bacterial cells, the genes encoding the enzymes for tyrosine production organized into an operon.
You find that enzyme productiomnis influenced by the preserceo ine; and you know that fyrosine
binds to the regulatory protein. A diagram of this operon is shown below. P

: - et
EReg genel 2 I RSOORSSS senes for enzymes 14|
* Preg Penz1-4 0

= Regulatory

jprotein

g 0 NP5

& v p{ L 55

a) You make a mutant that lacks the regulatory protein and find that these cells always produce
tyrosine. Does the gene for the regulatory protein encode an activator or a repressor?

(P presir

b) Complete the following table.

Strain Genotype Enzyme 1-4 Activity
reg Peg | O | Pepsiy | Enzl-4 - Tyrosine + Tyrosine
WT + + + + + + = -
A - + | + + + + + Mo (el 1o
B + + | - + + L el No gpeetos
C + + | + - + —— o
D + + | + + - — —

o Opyutar L gos I Sl males ¥

M @Mﬁ ihz })N Dy V&@Mu

by



!

&l\w hoet 15 gupreat
Question 6 i
Below is the pedigree of a family with a disease that shows 100%\]3%1e\trance. All the individuals that
show the disease phenotype are shaded. The two letters identify the two alleles of SNP that is tightly linked to
Gene Z, the gene that i$ associated with this disease. For example G, A indicates that on one of the chromosomes
yoir would find a G (a G/C base pair) and on other chromosome you would find an A (an A/T base pair). Please
note that some of the individuals marrying into this familyGnay be carriers. Also assume that no recombination
occurs between the SNP and gene Z in the members of this family.

(3]

o~
| I -
i) What is the most likely mode of J( (b‘{vf)z qv 5‘-{‘ v &311' L\*““clm Bn'ré P\({Ppm f

inheritance (autosomal dominant/ autosomal recessive/ X linked dominant/ X linked recessive) of this
disease? + |
Miogma] ey

ii) What allele of the SNP is tightly linlie:/d with the disease allele in individuals 1,2,4,5,and 72

d) List all possible genotypes at the Z locus of following individuals in this pedigree? Note: Use the
symbol X®, X*, D or d where appropriate. In each case, use the letter “D” to represent the allele associated with i Cp

the dominant phenotype and ‘d” to represent the allele associated with the recessive phenotype. l, ‘U ef F on lash
——— o642l i
Individuals Genotype at the Z locus
3 L o

#5 L= Bi) i ke
79 otk DD met nat hay of

e) What is the probability of Individual #22 bein% affected?

\»J“ nes @ T! Ir_',i"ﬁfl dr*(’ ( =y \/

| [ 3
l(’ [’A‘.‘ “45 ,Oéqh Cj
f) Assume that individual #21 is.not a carrier of the disease allele. What is the chance that individual

#23 is acartier of the disease al?e\k:ﬁﬁw our work.
e " ol Pl (-t
0 (’/6 H s /‘&l ( ;/» éfj{;f-‘;,._; 0 U}
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Answers for Practice for 7.102 Quiz II
Question 1
For the following questions, answer each in the space provided.

a) All DNA polymerases can make a new DNA strand in the 5" to 3’ direction. To accomplish this,
DNA polymerases require what three non-protein components?
Template DNA, dNTPs, primer

b) The type of genomes found in viruses can vary. Some viruses have single (ss) or double-stranded
(ds) DNA genomes, others have single (ss) or double-stranded (ds) RNA genomes.
Given the data below, identify all possible types of genomes for each virus.

Virus [ A | % T | % U |%C| %G | Type of genome, i.e., ds-DNA
1 | 18| 18] 0 |33 ds or ss DNA
2 | 25| 0| 25|25 25 ds or ssPNA~ p )/ Om@;/ﬂd( \10&,,{@
3 |3 |15 0 | 15| 3 ss DNA '

c) When a virus infects a cell with its single-stranded (ss) RNA genome, the host cell does not have the
ability to replicate the viral genome.

* Explain why the host cell can’t replicate the viral (ss) RNA genome.
The host cell does not have an RNA dependent RNA polymerase.

*  What approach can a (ss) RNA virus use to replicate its genome in a host cell?
The virus must either deliver the RNA dependent RNA polymerase when it infects the host cell or the
virus must encode the RNA dependent RNA polymerase on the RNA such that the host cell can translate
it into the needed protein

d) In the first step of a PCR cycle, the mix is heated to denature the template DNA. Which template
DNA would require a higher temperature for this first step, a 1000 base pair template with 35%
cytosine or a 1000 base pair template with 25% cytosine? Explain your choice.

The greater the G-C content the higher the melting temperature, therefore the 1000 base pair template with 35%
cytosine would require a higher melting temperature. This is because the C-G base pair forms three hydrogen
bands as compared to two for an A-T base pair.

e) Below is a schematic of an origin of replication.

Region 1 Region 2
e e

*  Would replication of the top strand in region 1 be continuous or discontinuous?
Continuous

*  Would replication of the bottom strand in region 2 be continuous or discontinuous?
Continuous

* Explain why replication of the genome would fail in a cell that lacks DNA ligase?
Without DNA ligase, the Okazaki fragments could not be joined together.



Question 2

The following is a partial sequence of a double stranded bacterial DNA that encodes a short peptide.
The promoter sequence is shown as XXXXX. Assume transcription begins at the first C/G base pair
after the promoter.

Wild-type DNA sequence:
5/ XXXXXXXXXXXXCTGCTTCAATATGAACCAGTGGAGTGCCTTAAAGATCTGACGAAACGTCACGGAATCTCTAGACTGCTTCAAT 3’

37 XXXXXXXXXXXXGACGAAGTTATACTTGGTCACCTCACGGAATTTCTAGACTGCTTTGCAGTGCCTTAGAGATCTGACGAAGTTA 57

a) For the sequence above,
* Circle the template strand for transcription.
* Label the 5 and the 3’ ends of each strand.
* Indicate the direction of transcription by an arrow.

b) Give the sequence of the first 10 nucleotides of the mRNA transcript and label its 5" and 3’ ends.
5’CUGCUUCAAUAUG 3’

c) The peptide produced from this mRNA transcript and label its N and C ends.
N-met-asn-gln-trp-ser-ala-leu-lys-ile-C

c) Give the base sequence of the anti-codon that inserts the fourth amino acid into the peptide and label
its 5’ and the 3’ ends.
3’ACC5’

d) The following are two mutant versions of the wild-type DNA sequence that is shown above. The
mutated base pair in both versions is bold and underlined.

Mutant 1:
CTGCTTCAATATGAACTAGTGGAGTGCCTTAAAGATCTGACGAAACGTCACGGAATCTCTAGACTGCTTCAAT
GACGAAGTTATACTTGATCACCTCACGGAATTTCTAGACTGCTTTGCAGTGCCTTAGAGATCTGACGAAGTTA
Mutant 2:
CTGCTTCAATATGAATCAGTGGAGTGCCTTARAGATCTGACGAAACGTCACGGAATCTCTAGACTGCTTCAAT
GACGAAGTTATACTTAGTCACCTCACGGAATTTCTAGACTGCTTTGCAGTGCCTTAGAGATCTGACGAAGTTA

For each mutant version,
i) Write the sequence of the peptide that is produced. Label N and C termini.

Mutant 1: N-met-asn-C

Mutant 2: N-met-asn-gln-trp-ser-ala-leu-lys-ile-C

i) Identify the type of point mutation. Choose from silent/ missense/ nonsense/ frameshift.
Mutant 1: Nonsense mutation since a premature stop codon is inserted.

Mutant 2: Silent mutation, since the peptide sequence is not changed by this mutation.



Question 2 continued

e) Would the substitution of a base that is a part of the 4" codon in the given wild-type DNA sequence
always change the resulting peptide sequence? Explain your answer.

There is only one codon for amino acid tryptophan. Therefore any substitution in this codon will change the
amino acid and the resulting protein sequence.

f) Would the substitution of a base that is a part of the 3" codon in the given wild-type DNA sequence
always change the resulting peptide sequence? Explain your answer.

There are two codons for asn —5’AAU3’ (codon 1) and 5’AAC3’ (codon 2). If the 3" base of codon 2 is changed to
“T" you will see the insertion of asn at the same position in the peptide. However if you change the third base of
codon 1 to any other base, the asn at this position in the protein will be replaced by another amino acid. Hence the
protein structure and function may change.

Question 3

After agarose gel electrophoresis and staining, state how many bands you would see in a lane in which
you loaded the following. Consider each independently.

a) A circular plasmid that was cleaved with a restriction enzyme that cuts at one. Assume every
molecule is cut.
One

b) A circular plasmid of 5000 base pairs that was cleaved with a restriction enzyme that cuts at two
sites, at position 1 and position 2500. Assume every molecule is cut.
One

c) A linear piece of DNA that was cleaved with a restriction enzyme that cuts at one site in the center of
the molecule. Assume every molecule is cut.
One



Question 3, continued
You want to clone gene W into the vector shown below and transform the resulting recombinant

plasmid into E. coli cells such that the protein encoded by gene W will be expressed in the host bacterial
cells. Note the fragment of gene W in the figure does not have a promoter.

* indicates the cleavage site

EcoRI: BamHI : HindIII: Smal
G*AATTC G*GATCC A*AGCTT CCC*GGG
P CTTAA*G CCTAG*G TTCGA*A GGG*CCC
acterlia
promoter By Smal
Smal
EcoRI fumHI HindIII BamHIEcoRI HindIII
ATG
I S ! NN
- W [ =
: JAN
ori GTA

AmpR

BamHI

d) There are at least two options for cloning gene W into the vector.

Option #1:
What restriction enzyme(s) would you use to cut the vector? EcoRI

What restriction enzyme(s) would you use to cut gene W DNA? EcoRI

Option #2:
What restriction enzyme(s) would you use to cut the vector? EcoRI and Smal

What restriction enzyme(s) would you use to cut gene W DNA? EcoRI and Smal

e) Which option is better for creating a recombinant plasmid that will express the gene W protein?
Explain your answer.
EcoRI only. This option gives both possible orientations of the insert with respect to the bacterial promoter. Since

we do not know where the endogenous promoter for gene W would be (to the left or right as diagramed above), we
need to keep both options available.



Question 4

You are interested in purifying and characterizing a specific plant protein (PKA) that acts as a potent
anti-depressant. You start by fusing the DNA encoding GFP (green fluorescent protein) to the DNA
encoding the C terminus of PKA gene. See below.

I Gene for PKA |
Gene for GFP
A\
l Gene for PKA | Gene for GFP |

Direction of transcription

The following is the partial cDNA sequence encoding the C terminus of the PKA protein. The
sequence encoding the stop codon is shown in bold. The bars above the sequence show restriction
enzyme recognition sites.

Z Y
5"-TCAAGAGGATCCCCGGTACCGAATTCCATGTTATAGCAAGCTCGGAATTAACCCTCAC-3"
3'-AGTTCTCCTAGGGGCCATGGCTTAAGGTACAATATCGTTCGAGCCTTAATTGGGAGTG-5"

The following is the partial cDNA sequence encoding the N terminus of GFP. The codons are
underlined. The bars above the sequence show the restriction enzyme recognition sites.

Z Y
5'"-TCTAGAGGTACCGGGATCCTGAATTCC ATG CCA AGC GGC-3’
3'-AGATCTCCATGGCCCTAGGACTTAAGG TAC GGT TCG CCG-5"

The recognition sequences and the cleavage sites (indicated by /) for each enzyme are given below.

Enzyme Z Enzyme Y
5’ G/GATC C 3’ 5' G/AATT C 3°
3’ C CTAG/G 5’ 3’ C TTAA/G 57’

a) Choose the restriction enzyme that you will use to cut the two genes before ligating them to make a
fusion gene. Explain why you chose this restriction enzyme.

You would cut with restriction enzyme Y, because it is the only one that maintains the reading frame needed to
express GFP.



You successfully create a DNA fragment that encodes the PKA-GFP fusion protein as shown below.
(Note: recognition sites for two new restriction enzymes, enzyme A and H are labeled in the schematic below).

Enzyme H site Enzyme A site Enzyme H site
Gene for PKA Gene for GFP
0.5 kb
1.5 kb

b) You plan to clone this PKA-GFP gene into a vector that will allow you to amplify and express PKA -
GFP fusion gene in bacterial as well as mammalian cells. You have the choice of 4 vectors each with the

general features shown in the diagram. Each vector has addition features that are listed below.
Site for enzyme A

Site for promoter(s) listed below

3000 bp Site for enzyme H

Vector 1 contains: 1) ampicillin resistence gene, 2) bacterial origin of replication and 3) bacterial promoter

Vector 2 contains: 1) ampicillin resistence gene, 2) bacterial origin of replication, and 3) mammalian origin of
replication, 4) bacterial promoter and 5) a mammalian promoter

Vector 3 contains: 1) ampicillin resistence gene, 2) bacterial origin of replication, and 3) mammalian origin of
replication, 4) a mammalian promoter

Which of the above vectors would allow you to clone and express the fusion gene in both bacterial cells
and mammalian cells? Explain why you selected this vector.

Only vector 2 will allow expression of the fusion gene in both bacterial cells and mammalian cells because only
vector 2 has both types of ORIs and both types of promoters.

c) Based on the plasmid that you selected, what should be the phenotype of the bacterial cells prior to
transformation?
The cells prior to transformation must be sensitive to ampicillin.

d) Following bacterial transformation, you want to identify the bacterial cells that received a plasmid.
Onto what type of media would you plate your transformation mix?
You would plate the cells on media containing ampicillin.



Question 5

In bacterial cells, the genes encoding the enzymes for tyrosine production organized into an operon.
You find that enzyme production is influenced by the presence of tyrosine, and you know that tyrosine
binds to the regulatory protein. A diagram of this operon is shown below.

] >
E{Reg gene ' [ S SSSY  genes Tor enzymes 14|
‘ Preg Penzl-4 0
- Regulatory

A protein

a) You make a mutant that lacks the regulatory protein and find that these cells always produce
tyrosine. Does the gene for the regulatory protein encode an activator or a repressor?
Repressor

b) Complete the following table.

Strain Genotype Enzyme 1-4 Activity
reg Prgg O | Pypg | Enzl4 - Tyrosine + Tyrosine

WT + + + + ¥ + ' -

A + | + + + + +

B + + - + + + +

C + + = + - =

D + + B + - = =




Question 6

Below is the pedigree of a family with a disease that shows 100% penetrance. All the individuals that
show the disease phenotype are shaded. The two letters identify the two alleles of a SNP that is tightly linked to
Gene Z, the gene that is associated with this disease. For example G, A indicates that on one of the chromosomes
you would find a G (a G/C base pair) and on other chromosome you would find an A (an A|T base pair). Please
note that some of the individuals marrying into this family may be carriers. Also assume that no recombination
occurs between the SNP and gene Z in the members of this family.

CG C A
. [
CH® [+

C.C G,C

ENCRENC

i) What is the most likely mode of -
inheritance (autosomal dominant| autosomal recessive/ X linked dominant/ X linked recessive) of this
disease? Autosomal recessive.

22?7

ii) What allele of the SNP is tightly linked with the disease allele in individuals 1,2,4,5,and 7?
C allele.
d) List all possible genotypes at the Z locus of following individuals in this pedigree? Note: Use the
symbol X, X*, D or d where appropriate. In each case, use the letter “D" to represent the allele associated with
the dominant phenotype and ‘d” to represent the allele associated with the recessive phenotype.

Individuals Genotype at the Z locus
#2 Dd
#5 Dd
#9 DD

e) What is the probability of Individual #22 being affected?
50%. P= P(inheritance d from #16) * P(inheritance d from #17) =1* 0.5 = 0.5 = 50%

f) Assume that individual #21 is not a carrier of the disease allele. What is the chance that individual
#23 is a carrier of the disease allele? Show your work.

0%. For #23 to be a carrier, #20 or #21 must be a carrier. We know that #21 is not a carrier. We also know that
#20 is not affected, so it must have received the C allele from #11 and the G allele from #10. These two alleles are
not linked to the disease allele, therefore individual #20 is not a carrier.
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7.012 Quiz II, Version A
10/31/12
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Write your name on this page and your initials on all the other pages in the space provided.

This exam has 9 pages including this coversheet. Check that you have pages 1-9. Page 9 contains the
structures of the amino acids and a codon chart.

Question Value Score

i 17 |\
9 16 &

3 13 Z

T
4 12 /
5 14 1O
6 28 7B

TOTAL: 100 L)
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Name or initials AL

Question 1 (17 points)

Consider the following segment of DNA (that is a part of a much larger molecule constituting a

chromosome).
e
77
|- e |
Region 1
57 GCCATG 3' J'r’f 1 );:_M: }/vlw,u(ﬂ (

a) The DNA sequence in region 1 is : ol

3’ CGGTAC 5'

7]

s 1 fﬂ//a{{

N/oce ;oo f
7 /’},/ 5 {~ O d!‘\
Give the sequence of a 6 nucleotide RNA @e,r that would occur at region 1 during replication and be
elongated to form the(leading strand.

= C AV 6 ¢ s +3

g
( b) If primase activity is absent, you would expect which of the following? Put a check next to the Best’

answer.{ : o p
A A decrease mRNA production. ) il W ;C(a " o
___ A decrease tRNA production./</« | O { 4 of
A decrease in both lagging and leading strand production. £ Gh—r _;/ ,
S (28

___A decrease in lagging strand production.@ﬁ P
___A decrease in leading strand production. + »

c) If DNA polymerase lost its 3’ > 5’ exonucle?se activity, you would expect which of the following? Put a
check next to the best answer. € polr

___Anincrease in the fidelity of both lagging and leading strand production.

XA decrease in the fidelity of both lagging and leading strand production. _
___A decrease in the speed of both lagging and leading strand production. _*/ L(
___ A decrease in the fidelity of lagging strand production. ) ‘

___A decrease in the fidelity of leading strand production.

d) Consider the following schematic of a chromosome. Imagine the replication fork expanding to the right
and approaching the end of the chromosome. To generate a complete copy of the original chromosome in the

boxed region, which of the following statements is correct? Checl@l hat apply. i
e g P
- A R
)" \‘\ (PE Shaded region indicates telomere
AN

___DNA polymerase but not telomerase is needed when using the top strand as a template

A[I[))NA polymerase but not telomerase is needed when using the bottom strand as a template

___The enzyme telomerase bu%chﬁNA polymerase is needed when using the top strand as a template
__ The enzyme telomerase bu{f)!NA polymerase is needed when using the bottom strand as a template

X_ Both DNA polymerase and the enzyme telomerase are needed when using the top strand as a

template
L Both DNA polymerase and the enzyme telomerase are needed when using the bottom strand as a
template
(\L“‘.“‘jj }F L/ \ / 2 I"(? i / N .‘ 2 A a‘h'- ( 7, 'l.f I ¥
\ ( ’]r;l\r’x %VOJ -WL!J(P . }/ . C a W A lf’ ‘j : { © /”QC “[":‘; ( ’ /
Yoo ff 8 C— : (



Name or initials ,VH: d

Shown below is a double-stranded bacterial (E. coli) DNA sequence coding for the beginning of a
~ hypothetical protein. Both strands are shown. The nucleotides are arbitrarily numbered from 1 to 90. The
\& promoter sequence is italicized and underlined. For this problem, transcription beglns at the 10% base

pair after the end of the promoter (i.e., at EIther base pair 20 or base pair 70, shown in bold).
10 20 30 40 50 60 70 = 80 90

| | | I | I l i )

GTGTCG\_AAACATPT'”GTGGGAT‘CTTATn’T'TGACA}\CGTCA3'GGCACCAT'C'Z\AA'T'ATGATCD&GCA”Cl\TA"‘T’"TCCTCJCCCATACLCC"... 1 :7',.,{‘ g 1

Question 2 (16 points)

2

"{RC QFC ET *L\HCACCCTECHAMPTA ACTGTTGCAGTTCCG AG ATACTAGTCCTAG LHTAnGACCACCCCGTATCCGCC. l/ (_ /
Ei , vy $

_ a) The mRNA transcribed from this sequence encodes the first few amino acids of the protein. Which
( }( strand is used as a template for transcription, the top or the bottom? q0p -
-

9, ) - _F .
k- l b) What are the first 10 nucleotides of the resulting mRNA? (% ds 38 : J’ Ty f

Y A Y WY A by &5

c) Give the first three amino acids of the peptide encoded by this gene. Label the N and C termini.

o5 N-1et P b (

The normal protein encoded by a different gene is 500 amino acids long. Below is sequence of the coding
region of this new gene beginning at amino acid 100. The bottom strand is used as the temEIate for
transcription, and the underlined nucleotides represent the codon for amino acid 1007

51 GCT&AqPCCFGdAAjTATATAAACACCCAC 37
3’ CGATTATGGACGTTGATATATTTGTGGGTG 5'
d) What is the primary sequence of amino acids 100-103?

100 101 102 A03

6} /ﬁ Amino acid: ala | f} 40 ']h ( il 5

e) You have discovered mutant 1 that carries a mutation within this region as shown below in bold.
original: L GCT{KATFQCC’T CRACTATATAAACACCCAC 3’
Mutant 1: 5/ GCTAATACCTGHAACTATATAAACACCCAC 3’

Would mutant 1 produce a protem that functions like the normal protein? Explain why you made this

choice. ) '
NOf J (A A -;J!JP (o C'Jén r 7}4‘ (5 r /ﬂ m

r J ) L7 ol - .5' O » ,

Q/ 2 o ( ".rsz f""f'géi d D proitl plolucla. = WHAY | /

f) You have discovered a different mutant mutant 2, that carries a different mutation that deletes three

base-pairs, as shown below. i b~
original: GC AAT c G ACTATATAAACACCCAC 3’
Mutant 2: g |— —]c TGchACTATATAAACACCCAc 3’

Mutant 2 produces a protein that functlons like the normal protein. Explain why this mutation does not
alter protein functi
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Question 3 (13 points)

Below is a

ematic of a ribosome actively translating an mRNA. The vertical line represents the mRNA,
mall horizontal line represents a ribonucleoside, and two tRNA molecules are labeled.

a) Label the 3’ and 5’ ends of the mRNA. O l 3

Indicate a sequence that co

b)
g{/ﬁff‘(aﬁlf)w 5 A

e the anticodon of tRNA A.

c) Below is a schematic of gene Y, which encodes protein Y. The promoter region is indicated by the
dotted box. Transcription begins immediately following the promoter.
= i e -

Promoter Transcriptional terminator
5! >
¥ -+ J] Exonl Intron 1 Exon 2 Intron 2 Exon 3
1 200 2200 4200 6000 8700 10,700 base pairs
Postitions 401-403 = start codon

Postitions 9601-9603 = stop codon

The pre-mRNA produced by this gene would be approximately how many nucleotides long?
h700 ~000 = 10500 2|0,

Two mature mRNAs of different lengths are produced from this gene. Name or describe the

process by which this gene could produce two different mature mRNAs each that encode a
different protein.

i

0 4( 01 ) 0yon plEsS [ L

( v vl OV 1 jore (4m9ds G W&Cay W

\ - J f {:f 3 P [‘ fﬁ“,_r. . 'r“,z L ' ey }.’,./‘ /
j}) 5 / @ Sv f Y o (¢ r ”( ‘f;x;;;:. s /-f v LY ;-’g/@ ‘



Name or initials “( l

You design a summer class where you recreate experiments studying th@operon in E. coli (see
schematic below). Mutants missing one of the enzymes A-E are tryptophan alg(gt_rgph\s F

<

Question 4 (12 points)

Gene encoding R O (TR i
ol e I &AL B w i ; :
repressor protein b (0] : Genes encoding tryptophan synthesis enzymes A-E

/]

rep
Promoter for Repressm

—_——

irp
Promoter for

enzymes A-E Opemtor

a) When would you expect the production of enzymes A-E in a wild-type cell. Check all that apply.
___When the levels of tryptophan in the cell are high
2 When the levels of tryptophan in the cell are low [ : fD‘ [/ 7/ SR Wa

{ / —B 2X_When the cell is grown on minimal media. } -
I ""] fb u’"—/

b) To which of the following would the trp repressor bind? Check all that apply.
Lactose

!'

I'Ep

/’]7 &_Operator P{{; W /‘J) ”( il f Vi ) W r{},?’i« : ‘lf n %;!;{!n {, /;

ATryptophan ]|
___glucose \[)go{,, f/~ y’;

c) A loss of which component or comp ments would produce a cell unable to grow on minimal media?
Check all that apply. loss, 6 /) w’“
{ pegy Vi ﬂb} % F(OC A {{f &17/ ﬂ’///

Gene for repressor | .0,
1y

perator

5/6 Ptrp
gene for enzyme A

gene for enzyme E




i Vo9 4 Bglll %_ EcoRI
f
. l - ..TTATﬁEM‘CATFAT}CAT{CATjW_TC TR CWFT#AAG‘RTC’C

Name or initials M E ZU

You have discovered a human gene.Col, encoding the COL protein and associated with a colon disease.
You plan to create a reMA sequence, by ligating a DNA sequence that encodes 5 histidines
followed by a few additional amino acids in front of the protein-coding sequence for the Col gene. This
will produce a slightly IOEEg_mteln (see diagram below). You want to be_f.ure\the;t the combined

sequence beginning with'the five histidines maintains the corregtreading frame tovallow proper
translation of the Col protein. =~

Question 5 (14 points)

I Col Gene I

His tag DNA

v

Direction of transcription
—
His tag DNA Col Gene |

Below is the sequence that encodes the histidine tag. The bars above the sequence show the restriction enzyme
recognition sites. The sequence encoding the start codon is shown in bold.

Sy AATACGW‘AGTAGLAGTAGlATQTACAACCATGGCTTAAGAATTCTAGG i B

rr. n' ;"

[ 5

Below is part of the cDNA sequence that encodes the Col gene. The sequence encoding the start codon is shown
in bold. The bars above the sequence show the restriction enzyme recognition sites.

Bglll
5 TCFAPHATqTCCtGCCIST}‘CCP{AWG@AT#&TG‘&TAITAC{CAP}GCTE C%AAT 37
3/ .. AGTTCTAGAGGCGCCATGGTTCTTAAGCCTAGTACAATATCGTTCGAGCCTTA.. 5/

‘lfn tuJ r
The recognition sequences and the cllavage sites (md1cated by /) for each enzyme are given below.

ECORI: KpnI BglI{:
5’ GYAATT C 3’ 4G c 3 5 A{GATC T 3'
3’ C TTAAJG 5’ 3’ C CATG/G 5° 3* T CTAGJA 5’

a) You want to ligate these two pieces of DNA together to create a version of the COL protein that has 5
histidines attached to the N terminus in a manner that maintains the reading frame. Which enzyme or
enzymes can you use to..

* cut the DNA encodmg the Histidine tag. List all that apply

* cut the Col ggn 7 LIS l|that apply Cll /; ,‘/]'!0 {(O}f}‘z? "b/

?

b) Give the DNA sequence 61‘11%@ top strand (as seen in diagram above) that can be found at the junction

site between the His tag and the Co gene
s (LT i1 1) LT » e

6 nucleotides of HIS tag 6 nucleotides of the 6 nucleatides of Col gene
before RE site restriction enzyme (RE) site |, after RE site

(U= Pol & (o [
¢) In the sequence of part (b) draw vertical lines between each codon that corresponds to the amino acids

of the His tag-COL fusion protein.




 — Wl
Name or initials MI P

Question 6 (28 points)

You successfully create a DNA fragment that encodes the histidine-tagged human COL protein. You plan
to clone this fragment into a vector that will allow you to express it in bacterial cells.

Your plan is to:
1) Cut an appropriate vector and the DNA fragment with Xba I.
2) Ligate the cut vector and the fragment together.
3) Transform E. coli cells with the ligation mix.
4) Select for E. coli cells that have a plasmid.

5) Identify the E. coli cells carrying a recombinant plasmid containing the inserted fragment by
screening.

The following is a partial schematic of vector 1 that will allow you to complete the plan outlined above.

Bam HI
Hind Il

. . Xba |
The Kan® gene confers resistance to the drug kanamycin.

The Amp® gene confers resistance to the drug ampicillin.

5000 base pairs

a) To allow selection for E. coli cells that have any plasmid (step 4), and screening for E. coli cells with the
recombinant plasmid containing the inserted fragment (step 5), you will transform a particular strain of E.

coli cells. What will be the phenotype of this strain prior to transformation?
o (il b lgwmp amd gppil
Dt 1 Ygagmycn G0 gpop iglin
(4 A “ I ,{/‘( |
b) To allow selection for E. coli cells that have either vector 101 4 recombinant plasmid, you will plate the
2 /\77 transformation mix on media that contains which the following drugs?

Ampicillin @ Both ampicillin and kanamycin Neither ampicillin or kanamycin

| i " \ . :
j_{ m Lo her &L‘! 3();21 f g d(u ~v0 oew, Am &. (Ocidt,
¢) After selection you need to distinguish the colonies that contain cells with a recombinant plasmid fro T

the colonies that contain cells with the original vector 1. To do this, you would replica plate from your
selection plate onto media that contained ___(] 'MP

e/ i
Colonies that contain cells with a recombinant plasmid will (¢ on this media. (Live or Die)

1. A7
Colonies that contain cells with the original vector 1 will L'V/M on this media. (Live or Die)



Name or initials T /

Question 6, continued

You plan to insert he histidine-tagged COL gene into vector 1 as an Xba I fragment (See diagram below).
You will obtain two different recombinant plasmids.

]

{om 00/)}s

Bam HI
Hind 1l

Bacterial
Promoter
Xbal [ f-ﬁ?d i Absl
His fag DNA Col Gene
1 kb
0.7 kb \

d) To differentiate between the two possible recombinant plasmids, you can cutboth with restriction
enzyme(s) and separate the resulting fragments by gel elec resis.

*  What restriction enzyme or enzymes would you use to differentiate between the two possible

6 /(p recombinant plasmids? H ;/I J m

* Given your answer above, what sized DNA fragments should you see from the restriction enzyme
digestion of the two plasmids?

one recombinant plasmid would give: ) [f( 1 1'7 lL | 15’ ,i f ) Ik . J‘ 7 }K/ éi;lr;
a B i
the other recombinant plasmid would give: H\ t l [;\ y g l‘( 1 ﬁ?d( . ?Z\ ) J( 74

4y

‘ / *  Which of these recombinant plasmids would allow expression of the histidine-tagged COL protein
V[ in bacterial cells? Explain your answer. T e

%J» | )WT’{ wodd  Paus The Lﬁ (1 ik P( omal b
N

\

| \ | - ‘ |
l‘qé@f{’@‘{ - w;“ > nsated " ol

4

lo



Name or initials
STRUCTURES OF AMINO ACIDS at pH 7.0

A

&\/.'5 Z

~:-ICI O\\CIO. H o\\clo- (\(l:/
I-{--(I}—CH_‘ H—é‘—CHECH:CHZ -~ = C‘_Nl 1, H—(:_‘—CH: -cf’ H—?—CH: -C’.f
NH, NH, i NH, NH, NTH o
+ + NH, g +
ALANINE ARGININE * ASPARAGINE ASPARTIC ACID
(ala) (arg) (asn) (asp)
\\f’ o\\I o . 0\\?‘,0’ . o\\c,o‘
H—C—CH, ~5H H—C—CH,CH, —7 H—C—CH,CH, —c’\’ H—C—H

NH, NH, Q7 NH, NH; A{H‘

+ + + +
CYSTEINE GLUTAMIC ACID GLUTAMINE GLYCINE
(cys) (glu) (gln) \ (gly)

. H 3 ¥ o_ O
S M ! 0“c'ou O“C’O H i

C N H [ 1 | !

! H—C—C—CH,CH H—C—CH, —C—CH H—C—CH,CH,CH,CH, —NH,*
1.|_(lj_CH: l P 7ty i 2 ] 3 \|:H

N, ’C/ - NH; CH, NH, CH, NH,

H
ISOLEUCINE LEUCINE LYSINE
HISTIDINE (le) (leu) (lys)
(his)
) H H - )
0\\|C’O‘ O§C/O OQ?/O O“'\C ,O
H—C—CH,CH, —S—CH, H—&—CH, - He—CH: H—t—CH, —OH

NH, tu, H_ | CH, R,

! o H vy A ~cu + \
METHIONINE H 3 i A
inet) f[—l{E)NYLALAN[NE PROLINE (SSES[NE WL

phe (ora)
0,0 L a
Os \| 0.~ H H Sy
\?l [][ H—C—CH, —C b |C (I: CH,
e s N, 3 i S

A ® NH, K, H

NHy H q + u T
THREONINE TRYPTOPHAN ] = VALINE
(thr) (trp) TYROSINE (val)
(tyr)
UuUu Phe UCuU Ser UAU Tyr UGU Cys
U | UUC Phe UCC Ser UAC Tyr UGG Cys
UUA Leu UCA Ser UAA Stop UGA Stop
UUG Leu UCG Ser UAG Stop | UGG Trp
CUU Leu CCU Pro CAU His CGU Arg
c CUC Leu CCC Pro CAC His CGC Arg
CUA Leu CCA Pro CAA Gin CGA Arg
CUG Leu CCG Pro | CAG GIn | CGG Arg
AUU lle ACU Thr AAU Asn AGU Ser
A AUC lle ACC Thr AAC Asn AGC Ser
AUA lle ACA Thr AAA Lys AGA Arg
AUG Met ACG Thr . AAG Lys ! AGG Arg
GUU Val GCU Ala GAU Asp GGU Gly
G GUC Val GCC Ala GAC Asp = GGC Gly
GUA Val GCA Ala GAA Glu | GGA Gly
GUG Val GCG Ala GAG Glu GGG Gly




’D\l : I 0}\

ML (e C({ meA LQH@/ CL\( ﬁﬂ}j
wﬁ;ng P/ Q{('Le FVOH(?@ }\L'f(“ﬁ{ a [d}
f 9\1&( 0w gt dal Yo
tedilin 30 B

o i b oy, (debr T Bsy
Didﬂl}l ‘(lé’% 0 631/&(‘/9

B\J&' N\ML I({/Q ghm T CA ({9 ;/.\

)3

P



Ny Tl

7.012 Quiz I1

Class Average = 69
Median = 18 (i

Score on Approximate letter | % of class with
exam grade this grade
85-100 A 23
67-84 B 37
50-66 & 22
35-49 D 14.8
0-34 F 3.2

7 Proms
uch low/



Solutions to 7.012 Quiz II, Version A

Class Average = 69

SD =18
Score on Approximate letter | % of class with

exam grade this grade
85-100 A 23
67-84 B 37

50-66 C 22

35-49 D 14.8

0-34 E 32




Question 1 (17 points)

Consider the following segment of DNA (that is a part of a much larger molecule constituting a

chromosome). r—_l_\
5 g

ori
P

| -~
Region 1
: : C 5¢ GCCATG 3'
a) The DNA sequence in region 1 is : ¥ ceonan

Give the sequence of a 6 nucleotide RNA primer that would occur at region 1 during replication and be

elongated to form the leading strand.
5C A UG G C 3

b) If primase activity is absent,
you would expect which of the following? Put a check next to the best answer.
___A decrease mRNA production.

__ A decrease tRNA production.
_V_A decrease in both lagging and leading strand production.
___A decrease in lagging strand production.

___A decrease in leading strand production.

c) If DNA polymerase lost its 3’ - 5’ exonuclease activity, you would expect which of the following? Put a
check next to the best answer.

___Anincrease in the fidelity of both lagging and leading strand production.
_V_A decrease in the fidelity of both lagging and leading strand production.
___A decrease in the speed of both lagging and leading strand production.
___A decrease in the fidelity of lagging strand production.

___A decrease in the fidelity of leading strand production.

d) Consider the following schematic of a chromosome. Imagine the replication fork expanding to the right
and approaching the end of the chromosome. To generate a complete copy of the original chromosome in the
boxed region, which of the following statements is correct? Check all that apply.

/’/__x\—’
v

5
3

AA

Shaded region indicates telomere

___DNA polymerase but not telomerase is needed when using the top strand as a template
_V_DNA polymerase but not telomerase is needed when using the bottom strand as a template
___The enzyme telomerase but not DNA polymerase is needed when using the top strand as a template

___The enzyme telomerase but not DNA polymerase is needed when using the bottom strand as a
template

_V_Both DNA polymerase and the enzyme telomerase are needed when using the top strand as a
template

___Both DNA polymerase and the enzyme telomerase are needed when using the bottom strand as a
template



Question 2 (16 points)

Shown below is a double-stranded bacterial (E. coli) DNA sequence coding for the beginning of a
hypothetical protein. Both strands are shown. The nucleotides are arbitrarily numbered from 1 to 90. The
promoter sequence is italicized and underlined. For this problem, transcription begins at the 10™ base

pair after the end of the promoter (i.e., at either base pair 20 or base pair 70, shown in bold).
10 20 30 40 50 60 70 80 90

5' ..GTGTCGGAAACATATTGTGGGATGTTATATTGACAACGTCAAGGCACCATCAAATATGATCAGGATCATATTCTGC TGGGGCATAGGCGE..,
--------- o 1 Y
3' ..CACAGCCTTTGTATAACACCCTACAATATAACTGTTGCAGTTCCGTGGTAGTTTATACTAGTCCTAGTATAAGACGACCCCGTATCCGCC. ..

a) The mRNA transcribed from this sequence encodes the first few amino acids of the protein. Which
strand is used as a template for transcription, the top or the bottom? TOP

b) What are the first 10 nucleotides of the resulting mRNA?
S CCACAAUAUGYS

c) Give the first three amino acids of the peptide encoded by this gene. Label the N and C termini.
N- Met — phe —pro - C

The normal protein encoded by a different gene is 500 amino acids long. Below is sequence of the coding
region of this new gene beginning at amino acid 100. The bottom strand is used as the template for
transcription, and the underlined nucleotides represent the codon for amino acid 100.

5" GCTAATACCTGCAACTATATAAACACCCAC 3'
3" CGATTATGGACGTTGATATATTTGTGGGTG 5’

d) What is the primary sequence of amino acids 100-103?

100 101 102 103
Amino acid: | ala asn thr cys

e) You have discovered mutant 1 that carries a mutation within this region as shown below in bold.
original: 5’ GCTAATACCTGCAACTATATAAACACCCAC 3
Mutant 1: 5’ GCTAATACCTGAAACTATATAAACACCCAC 3’

Would mutant 1 produce a protein that functions like the normal protein? Explain why you made this
choice.

No, the substitution UGC = UGA replaces a cys with a stop codon. The protein will only be 102 amino acids long
instead of the normal 500 amino acids long. This shorte vesion of the protein will not have the structure to support
the normal function of the protein.

f) You have discovered a different mutant, mutant 2, that carries a different mutation that deletes three
base-pairs, as shown below.

original: 5" GCTAATACCTGCAACTATATAAACACCCAC 3f

Mutant 2: 5’ GCTA---CCTGCAACTATATAAACACCCAC 3’

Mutant 2 produces a protein that functions like the normal protein. Explain why this mutation does not
alter protein function.

This three nucleotide deletion removes only 1 of the 500 amino acids, but because we have removed 3, the deletion
does not change the reading frame, so the remaining amino acids remain the same. The single missing amino acid
must not play a crucial role in the overall structure of the protein and thus does not change the function of the
protein.



Question 3 (13 points)

Below is a schematic of a ribosome actively translating an mRNA. The vertical line represents the mRNA,
and each small horizontal line represents a ribonucleoside, and two tRNA molecules are labeled.

5 2
mRNA

N

a) Label the 3’ and 5’ ends of the mRNA.

b) Indicate a sequence that could be the anticodon of tRNA A.

[THTTTTT

5 CCAY¥

=

37

c) Below is a schematic of gene Y, which encodes protein Y. The promoter region is indicated by the
dotted box. Transcription begins immediately following the promoter.

Promoter Transcriptional terminator
S =
3 "Exonl [ Intronl | Exon2 = TnronZ | BExon 3|
1 200 2200 4200 6000 8700 10,700 base pairs
Postitions 401-403 = start codon Postitions 9601-9603 = stop codon

* The pre-mRNA produced by this gene would be approximately how many nucleotides long?
10,500

¢ Two mature mRNAs of different lengths are produced from this gene. Name or describe the
process by which this gene could produce two different mature mRNAs each that encode a
different protein.

In generating the mature mRNA, the pre-mRNA could be spliced to include all three exons or alternatively,
it could be spliced to include only exons 1 and 3.



Question 4 (12 points)

You design a summer class where you recreate experiments studying the trp operon in E. coli (see
schematic below). Mutants missing one of the enzymes A-E are tryptophan auxotrophs.

-

9 : D I AL
Ge,m,cncodlng ri A PR | )
repressor protein LI if B s A
P, /
Promoter for Repressor Pn'p

Promoter for
enzymes A-E

Genes encoding tryptophan synthesis enzymes A-E

Operator

a) When would you expect the production of enzymes A-E in a wild-type cell. Check all that apply.
___ When the levels of tryptophan in the cell are high
_V_When the levels of tryptophan in the cell are low
_V_When the cell is grown on minimal media.

b) To which of the following would the trp repressor bind? Check all that apply.
__ Lactose

Prp

_V_ Operator

_V_Tryptophan

__glucose

c) A loss of which component or components would produce a cell unable to grow on minimal media?
Check all that apply.

___Gene for repressor
__ Operator

N Py

_V_gene for enzyme A
_V_gene for enzyme E



Question 5 (14 points)

You have discovered a human gene Col, encoding the COL protein and associated with a colon disease.
You plan to create a recombinant DNA sequence, by ligating a DNA sequence that encodes 5 histidines
followed by a few additional amino acids in front of the protein-coding sequence for the Col gene. This
will produce a slightly longer protein (see diagram below). You want to be sure that the combined
sequence beginning with the five histidines maintains the correct reading frame to allow proper
translation of the Col protein.

| Col Gene

His tag DNA |
A\ 4

Direction of transcription

>
His tag DNA | Col Gene I

Below is the sequence that encodes the histidine tag. The bars above the sequence show the restriction enzyme
recognition sites. The sequence encoding the start codon is shown in bold.

Bgill Kpnl EcoRI
Eocoli .TTATGCATCATCATCATCATAGATCTTGGTACCGAATTCTTAAGATCC .. 3’
I B fmm——————— N . e ——
Promoter | » nqaACGTAGTAGTAGTAGTATCTAGAACCATGGCTTAAGAATTCTAGG ... 5'

Below is part of the cDNA sequence that encodes the Col gene. The sequence encoding the start codon is shown
in bold. The bars above the sequence show the restriction enzyme recognition sites.

Bglll Kpnl EcoRl!
57 .. TCAAGATCTCCGCGGTACCAAGAATTCGGATCATGTTATAGCAAGCTCGGAAT.. 3
Fmm—————— Fm——————— F———————— o ————= Fomm—— e
3" .. AGTTCTAGAGGCGCCATGGTTCTTAAGCCTAGTACAATATCGTTCGAGCCTTA.. 5’

The recognition sequences and the cleavage sites (indicated by /) for each enzyme are given below.

EcoRI: KpnI: BglII:
5 G/AATT C 3’ 5‘ G/GTAC C 3’ 5' A/GATC T 3’
3 C TTAA/G 5° 3’ C CATG/G 5’ 3* T CTAG/A 5°

a) You want to ligate these two pieces of DNA together to create a version of the COL protein that has 5
histidines attached to the N terminus in a manner that maintains the reading frame. Which enzyme or
enzymes can you use fo...

* cut the DNA encoding the Histidine tag. List all that apply. Eco RI
* cut the Col gene? List all that apply. Eco RI

b) Give the DNA sequence of the top strand (as seen in diagram above) that can be found at the junction
site between the His tag and the Col gene.

s galraclc caarzc aglarclas

6 nucleotides of HIS tag

6 nucleotides of the 6 nucleotides of Col gene
before RE site

restriction enzyme (RE) site after RE site

c) In the sequence of part (b) draw vertical lines between each codon that corresponds to the amino acids
of the His tag-COL fusion protein.



Question 6 (28 points)

You successfully create a DNA fragment that encodes the histidine-tagged human COL protein. You plan
to clone this fragment into a vector that will allow you to express it in bacterial cells.

Your plan is to:
1) Cut an appropriate vector and the DNA fragment with Xba I.
2) Ligate the cut vector and the fragment together.
3) Transform E. coli cells with the ligation mix.
4) Select for E. coli cells that have a plasmid.
5) Identify the E. coli cells carrying a recombinant plasmid containing the inserted fragment by
screening.

The following is a partial schematic of vector 1 that will allow you to complete the plan outlined above.

Bam‘HI
% Hind 1Nl

The Kan® gene confers resistance to the drug kanamycin.

The Amp® gene confers resistance to the drug ampicillin.

Vector 1
5000 base pairs

a) To allow selection for E. coli cells that have any plasmid (step 4), and screening for E. coli cells with the
recombinant plasmid containing the inserted fragment (step 5), you will transform a particular strain of E.
coli cells. What will be the phenotype of this strain prior to transformation?

The phenotype of this strain prior to transformation should be sensitive to both ampicillin and kanamycin.

b) To allow selection for E. coli cells that have either vector 1 or a recombinant plasmid, you will plate the
transformation mix on media that contains which the following drugs?

Ampicillin Both ampicillin and kanamycin Neither ampicillin or kanamycin
c) After selection you need to distinguish the colonies that contain cells with a recombinant plasmid from
the colonies that contain cells with the original vector 1. To do this, you would replica plate from your
selection plate onto media that contained ~ Ampicillin.

Colonies that contain cells with a recombinant plasmid will die on this media. (Live or Die)

Colonies that contain cells with the original vector 1 will live on this media. (Live or Die)



Question 6, continued

You plan to insert he histidine-tagged COL gene into vector 1 as an Xba I fragment (See diagram below).

You will obtain two different recombinant plasmids. B Hi
am

' Hind 1l
i 1kb

Bacterial
Promoter

xbal > Hind 111 Al

| [ Xba |
T,
=
<
1kb

uey|
Lt

His tag DNA Col Gene

0.7 kb

d) To differentiate between the two possible recombinant plasmids, you can cut both with restriction
enzyme(s) and separate the resulting fragments by gel electrophoresis.

* What restriction enzyme or enzymes would you use to differentiate between the two possible
recombinant plasmids? Hind III

* Given your answer above, what sized DNA fragments should you see from the restriction enzyme
digestion of the two plasmids?

one recombinant plasmid would give: 1.7 + 5

the other recombinant plasmid would give: 2 + 4.7

*  Which of these recombinant plasmids would allow expression of the histidine-tagged COL protein
in bacterial cells? Explain your answer.
Either of these recombinant plasmids would allow expression of the histidine-tagged COL protein in
bacterial cells because the inserted fusion gene carries an appropriate promoter.



