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the top of this page. Be sure to print your name at the top of each page. Notes of any kind are NOT
. permitted.

Confine your answers 1o the space provided. Only answers in the space provided will be graded. If
¥Ou Cross oul an entire answer, you may write your new answer in the same amount of space on the
back of the page. Be sure to clearly state in a box on the front of the page that the answer is on the
back of the page, or your answer will not be seen by the grader.
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Part L. TRUE-FALSE (30 points, 3 points each) Circle T for statements which are True
and F for statements which are false. (GRADED RIGHT MINUS WRONG; This means that if
you got B right and 1 wrong and left | blank you would get 8-1 =7 x 3 or 21 paints.)

T @ 1. RNA polymerase II is the least sensilive 10 a-amanilin of the eukaryotic RNA
polymerases. AR polymerase ITC is the MOST sensitive
£o gl=amihitin
T @ 2. Mutations which replaced three of the leucine residues in the leucine zipper
region of a protein with glycine would probably have NO effect on the ability of
two monomers of the protgin to dimerize. Tht&ﬂ mu:ﬁn-{ﬁdh-i would
obi

decrecase ihttFaction petweehn hydeo ‘e side chaiyg
. @ F 3. [For a constitutively expressed, non-regulated gene, mutations which change

the sequence of the =10 region so that it is more distant (more different) from the

-10 consensus sequence usuall rale of ic trafscription.
clepe B, Szencs htee DS oA
]
. Most mu 1I-|:II'LIEI::I§ o pl::.l?ﬁ which assemble after binding of a
regulatory protein 1o the DNA and result in activation of transeription of a gene
transcribed by eukaryotic RNA polymerase 11 contain an enzymatic activity which

acetylates histones. Chrometin -.:I-p.hjes oL ouh impoirtont
the précess

fort of ss of ewKaryotic
trahscription octivation, : .
T @ 5. In prokaryotic DNA binding proteins which contain the helix-tum-helix

maotif, one helix binds to nucleotides which protrude into the minor groove of the
DMNA, and the second strongly acidic helix stabilizes binding to the DNA by
interacting with the phosphate backbone of the ﬁﬁu. Folse sevarel
: _I'-.tg._x. deash it L%T ™ ni;u- ?'Hrﬂ:, is hot
T @ S Midone 111 16 hjgﬁﬁ‘&ﬂﬂ?ﬁd %ﬁm i j."&l tnﬂiﬁ%@ﬂ
because it is the first protein assembled into the histone octamer in the co )
nucleosome. Fe-lse : HI & hot hishly colserved, i Not ound i
Yeost ¢ &8 Not th the core histone octamer
@ F 7. Sigma factor is important for the correct initiation of transcription by
prokaryotic RNA polymerase, but sigma factor is not required for elongation of
previ;uﬁ inimf;m RNA chains. Siga. -F?-.c'f:uh ’ﬁgg.-;ia.m #mtha
olfmerase ow e ioh o Preceed ¢
at @ B 8 Mﬂﬁ%ﬁmﬁmﬂ&ﬁ m}mﬁnﬂ?’:hﬂc three elements,
v the TATA box, the initiator, or the downstream promoter ¢lement (DPE), 1s
usually sufficient to define a start site for a eukaryotic RNA polymerase I1
promoter. Few JEhE-S hove ol 3.

T @ 9. The length of the |inker DNA between core nucleosomes remains constant
between different species. T he [in Ke - d istadce vories wi dely
The length of DNA wrag ed oround the
@ F 10. In a chromatin immunoprecipitation (CHIP) assay the DNA is chemically
cross-linked to proteins bound to the DNA primarily (o prevent the proteins from
falling off the DNA during the immunoprecipitation and washes.
The ONA ¢ protein must pamain asSsociated
whtil the complex is phyicelly isolated.
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Part I1. (24 poinis)

1. (12 points 4 points each) A schematic diagram (not drawn 1o scale) of the domain structure of a
typical member of the steroid hormone receplor genc family is shown below. For each of the
indicated domains describe one function usually associated with the domain.

T T RN L L Y R X IOOOOO0OOCOO0OOXX

PHIEEEL I I A NN | OO0 XXX

FEERIEEEEE T EEE T NN | X IOOOOOCOOOOOO0OX XX
AB C D E F

Rhy oNE is accepted
E domain L‘.ﬂa.HJ hihd'ihL hormohe EFHJE&FJJ]MEP}M‘E‘E«GH ,
tianscripkion activation, hirclesr [ocolizatlon
[Fhaiphpﬂafinu ollowed bt hot eallt = Functiey,

C Domain pMA Ethl'hgr DNA se ce hition, LEHJEHJ hormone.
respense elément {’_HHE}J nwelear’ localization, dimerization

A/B domain (N-terminal domain) Tigunseription activation, thansoctivation
Fl‘\ﬁﬁrﬂﬂ'#—‘hiﬂh (‘.EEQFM‘I -Li-l‘b hﬂ-'E Feolly = -Fuhl:{:i!'ﬂh

2. (12 points, 3 points each) Use the steroid hormone receptor diagram shown above. You transfect
into cells which do not contain their own steroid receptor, DNA constructs coding for shortened
receptors containing the various steroid hormone receptor domains listed. Next to each domain
write ONE letter corresponding to the relative reporier gene activity you expect if the truncated
receptor is transfected into cells along with the corect hormone ligand for the receptor. (There may
be more than one correct answer, If so, any ONE of the correct answers is sufficient. (The mutant
receptor CONTAINS only the domains listed.)

A. No activity

B. Low activity

C. Moderate activity

D. High activity (about the same as the wild-type full length receptor)

H’D_?_B 1. C domain Mo ﬂ.i;‘f.i'l.ﬁ:l..{'_;nn -Fu.hi:‘bfﬂhﬁ, Nd‘ ol VY low

ﬂ-ﬁtﬂl’l‘hf .
A 2. A/Bdomain No ONA binding, ho activity
o 3. D,E, and F domains Ne ONA LEH“‘J! he “-'“-'E""H:T

C-,ELL_ 4, C,D.E, and F domains ﬂaJﬂi—ait 14 |aw a.-:t'ruH:;r hwsf
common; kFerely hi&hg_:{"lvit’f



MName__ KEY

Part I11. Short Answer ( 20 points, 4 points each) Provide a brief biochemical explanation for each
of the following observations or statements. Your answer should reflect the contents of this course,
Only answers in the space provided will be graded, so think before you write. If you cross out an
entire answer make a box indicating clearly that the answer is on the back, and use an equivalent
amount of space on the back of the page. You do not have to fill in the entire space. If you know the
answer. one or two short sentences or a simple diagram may be sufficient. If you keep writing and
write something which is incorrect, some credit will be deducted.

1. The wild type lac repressor and a mutant lac repressor which is unable to bind the inducer are
expressed in the same bacteria. High level expression of the lac operon genes is never seen in
these cells, even in the presence of inducer.

The lac repressor mutant binds to the operators and does not come off, because it

does not bind to the inducer. if the wild-type lac repressor is present, as soon as it

binds inducer and dissociates from the operators, the mutant repressor will bind,
blocking transcription

(not required: This is a dominant negative mutant. When the dominant negative

mutant is expressed in the same cells as the wild-type protein, the mutant

phenotype predominates and is dominant. )

2. The protein SRY (sex reversal Y chromosome) is the master switch for mammalian sex
determination. Insertion of the DNA sequence coding for SRY into an otherwise normal female
mouse embryo is sufficient to cause it to become a nearly normal looking male mouse. SRY is a
sequence-specific DNA binding protein. SRY mutants which have lost the ability to bind DNA
do not function. However in transient transfection experiments in which several copies of the
SRY binding site are linked to a test promoter and reporter and SRY is expressed in the cells,
there is no SRY-dependent activation of transcription of the reporter gene. Similarly, no SRY-
dependent transcription is observed in cell-frée transcription experiments when purified SRY is

used 1o activate a test gene containing several copies of the SRY DNA binding site. Based on

the contents of this course, what is ONE way in which SRY could work?

nar one ol tnese answers 15 a1 prapie

SRY could work by bending the DNA, thereby bringing other proteins bound to the
other DNA binding sites in its target genes into proximity. since SRAY only bends
DNA, it does not activate transcription when bound to a synthetic construct
containing only its DNA binding sequence

(this is its mechanism of action, and was mentioned in lecture)

also acceptable: SRY could work by forming heterodimers which stabilize binding of
other transcription regulatory proteins, (which contain activation functions), to their
recognition sequences on DNA. since the synthetic construction does not contain
the binding sites for these activators, it would show no activity.
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3. The enzyme f-galactosidase can convert a colorless substrate to a blue product. The enzyme
luciferase can produce light by breaking down ATP. The genes coding for these two proteins are
widely used as reporter genes in transient transfection assays of mammalian cells, What are
TWO properties (2 points each) possessed by the [-galactosidase and luciferase systems which
make them good reporter genes in transfections?

Any two of these several answers is acceptable:

a. There are sensitive assays for detection of low levels of these proteins.

b. The assays for these proteins are simple and rapid.

¢. These enzymes are not present in most vertebrate cells, so there Is a very low
assay background.

d. The enzyme activity and stability of these proteins is NOT changed in the
presence of regulatory proteins. Protein activity is therefore proportional to the
rate of transcription of their genes

@. The processing and/or cytoplasmic mRNA stability and/or translational efficiency
of these mRNAs is not regulatory by hormones or regulatory proteins. The
enzyme activity of the proteins is proportional to the amount of their mR NAs,
which is proportional to the rates at which their genes are transcribed. (only one
LT WL 21 7 - - B o < -

5 n

4. Because eukaryotic cell-free transcription reactions contain a greal many proteins, a first year

graduate student was worried that the TATA box binding protein (TBF) in the reaction might

become degraded. To determine how much TATA box binding protein was in the reaction, the
student added an excess of a polyclonal antibody to TATA box binding protein pror to the start of
the reaction. (Note: A polyclonal antibody is a mixture of individual antibodies raised against all of
the different antigenic determinants on a protein.) Why were their no specific transcripts from the

promoter.

Either of these answers is acceptable '

The antibodies to the TATA binding protein were added before the protein had a
chance to bind to the TATA box. These antibodies will bind to the several potential
antibody binding sites on the protein, occupy sites needed for TBP to bind to the
TATA box and prevent TBP from binding to the DNA.

(remember that a similar sequestration mechanism carried out by a TBP binding
protein in the basal transcription apparatus regulates TBP acitvity)

Also acceptable: Binding of the antibodies to their antigenic determinants on TBP
blocks sites of protein:protein interaction between TBP and other components of
the basal transcription apparatus, thereby preventing formation of a transcription
complex at the start site.
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5. In early Drosophila Embryos the cells divide very rapidly. To identify proteins important in this
process, you immobilize Histone H3:H4 dimers on an affinity column. In extracts from
Drosophila early embryos you find that a substantial amount of a protein with the properties
listed below binds to the histones on the affinity column. (i) the protein binds to all of the
histones except histone H1. (ii) The protein docs not carry out any enzyme reaction in DNA
replication. (iii) The protein is strongly negatively charged. (iv) The protein is much more
abundant in cells carrying out rapid DNA synthesis than in cells which are not replicating their
DNA. What is the most likely function of this protein?

The protein is most likely involved in the pre-assembly of nucleosome core
particles. Thus, the protein will bind all of the histones, except for H1, which is not
in the core particle. Since fewer nucleosomes need to be laid down, the leve of the
protein would be expected to be lower in proteins now carrying out rapid synthesis
of new DNA. Since histones interact with the negatively charged phosphate
backbone of DNA, the protein would be expected to to carry a negative charge to
simulate a phosphate backbone on DNA

(not required: proteins with these properties do exist in rapidly dividing cells.)

(DO not write below this point)
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Part IV (24 points) Matching ( 3 points each; there is NO PENALTY FOR GUESSING)

MNext to each of the statements write the NUMBER of the item on the list which best carries out
this reaction or process, or completes the phrase. If none of the items in the list is an appropriate
answer, write in 10. You may use a given answer more than once, or not at all.

1. CTD, C terminal domain of RNA polymerase 11
2. Histone deacetylase (HDAC)

3. RNA polymerase |

4. RNA polymerase 111

5. Enhancer

6. Micrococcal Nuclease

7. Histone H3

8. Magnesium

9. TBPF (TATA box binding protein)

10. None of the above

i a. Carries out the transcription of genes encoding 55 RNA. R MNA pnl'}rrnamse,.ﬂ

i b. Activates transcription in a largely position-independent and orientation independent
fashion. Jefihes an ehn hawnce

Lc A histone not found in the core nucleosome Hi;;{-_;. ne H i.. hot ”Eﬁﬂd’
H3 is in the core hucleosome

A 4. Ashont repeated mﬂn“ﬂ&[u::me which is essential for transcription and is thought to
become Fﬂlmphnrylaw%'. Many copies, ph osr!mrr!ﬂ-g ok, Mmay help
RNR pefymerase IC initiate ¢ begin elongating, TP
Lc. This metal is coordinated by multiple cysteine or cysteine and histidine residues in the
“finger” structures of many eukarytoic DNA hindil:lg tragsa:ﬁpti factors. Z jne
Zine Finger, Mot lis
2_._?_ f. Often found in complexes which repress ranscription Hisds he Jgﬂ_:._{;r {ase
is the a.ppropriafe ahswer. Siuce Hiw o core histones
o-Fe AasSsociate with Hfrﬂﬂ:{' ﬂ ; T will c.ccep 7 ﬂ-.r-Eﬂ
g. Cuts chromatin, and at low mnn:nlmtijmﬂ referentially digests the linker region
between nucleosomes. (L sed £o defihe [inKer gnd core QAH

| h. Binds one of the proteins involved in adding the 5°-cap (m’-Gppp) to newly synthesized
mRNA transcripts. ¢ TD cooples +rehsctiption and processin
Tte obility o bind the LT“‘L“F! Lo hsferase |mportdnt
B cepceile is in Lewin's book
This was inentioned in the |lecture ¢ 1S 1w






