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Chapter 18: Regulation of Gene Expression

Overview

The overview for Chapter 18 introduces the idea that while all cells of an organism have all genes in
the genome, not all genes are expressed in every cell. What regulates gene expression? Gene
expression in prokaryotic cells differs from that in eukaryotic cells. How do disruptions in gene
regulation lead to cancer? This chapter gives you a look at how genes are expressed and modulated.

Concept 18.1 Bacteria often respond to environmental change by regulating transcription

1. All genes are not “on” all the time. Using the metabolic needs of E. coli, explain why not.
Tf €-c0li has enaugh tnyptophan avatlable |i+does NO+
have f© Make any, so +he gene for its synthesis is “OFF".
The gene tunson whhen Hrere s Not encugn h’\jpf()PhOﬂ.

2. What are the two main ways of controlling metabolism in bacterial cells?
Achvahion of metaboli ¢ parhway (achin Y ofFenzymcs )

Adyustment of poduchaD ¢ achn N of enZymes

3. Feedback inhibition is a recurring mechanism throughout biological systems. In the case of E.
coli regulating tryptophan synthesis, is it positive or negative inhibition? Explain your choice.

I+ i> negahve NhibibhoN because +HNe syh+Hhesis
oF tryptophan decreases as +he product inCreayes

4. What is a promoter?
A Promoter (> a region e DNA Hhat bindls fo
poly merase and inihotes hanscriphon

. What is the operator? What does it do?
Segment o DNA within promoter +Hha+

nholS access oFRNA po| to +he gencesd
6. What is an operon?
Spcrator, promofcy , and gene s +h("&j caonho |
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7. List the three components of an operon, and explain the role of each one.
operator — cntwols access of RNA- pOlymerase

Promdter — binds to RNA polymerase
Genets - give gene hc info,serve as femplotc

8. How does a repressor protein work?

Binds fo eperator ¢ blocks atachment of RNA
pol © promOtel, prevenhing hanscnphon

9. What are regulatory genes?

Code for repressor prokin ,ea(r)rt’SS(—"d

conhnuevsly a+ (aw rate

10.  Distinguish between inducible and repressible operons, and describe one example of each type.

TNDUCIBLE:

-shmulated uhen wolecde interacts

wi regulatery profeins  lac repressor aehve by itsclf § binds fo
opeiater o switch itoff (indwer inachvates vepressar)
REPRESSIBLE ! achvated iy a corepressor and can +hen bind
to operatar & olock hanscnphen ,namally o FF

11.  Label this sketch of the lac operon with the terms at right. Know the function of each structure.
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12.  Compare and contrast the lac operon and the trp operon. (Remember that compare means “to

tell how they are similar,” and contrast means “to tell how they are different.”)

tac 4 Hrp operoNs ave both inhibited by repressas and
make cnzymes Hhat metabolice o synthesizc od. Lac opecn
isd A a recpréessible OPﬁgCﬂ an h"P opeon is an

B o, IR el achile uf corepreasor

T+ blocles RNA polymerase fRom binding
and startng hanscnphan.

13.

14.  What is CAP? How does CAP work?
CAP i's aregulaterny profein +hat+ achvates ﬁsz(znrgghphm
by binding+o DNA when glucose (+eAHi) (> e
iNnCreas e s c&ﬁmg for KA pol For promroter ¢, direcHy
shmulate s gene 2xprcssion

15.  Explain why CAP binding and stimulation of gene expression is positive regulation.
™is IS posi hve regulahon becuse Hhe more =

CAMP +herc i35 and +he (€55 QluCOS¢, Hhe more of
Fhe gere will be taNstnbed

16.  Describe the relationship between glucose supply, cAMP, and CAP.
when glucose suvpply i> law, cAMP concentation
increases and binds Yo CAP more often, uhich

shmulote s _rRNVA pol binding 40 promoter.
17.  How can both repressible and inducible operons be negative regulators?
wWhen Hhey bind +hey stop gene expPressidn, which

happens b/c +re product cocenhohon increase s.
Concept 18.2 Eukaryotic gene expression can be regulated at any stage

18.  Even though all cells of an organism have the same genes, there is differential gene expression.
What does this mean?

Expressian of different genes by cells wm+h
e same genome

19.  What percentage of the genes of a typical human cell is expressed at any given time?
20"l
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20.

21.

23.
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What is the common control point of gene expression for all organisms?

Transcriphon

Gene expression can be regulated by modifications of the chromatin. Distinguish between
heterochromatin and euchromatin as to their structure and activity.

Heferochroma hin is highly candensed and is No+ transcnieed
as casily . euchromahn 1> a lightly packaged ferm,
mos+ achve region innuclevs (hansorpbon!).
What occurs in histone acetylation? How does it affect gene expression?

Atchyl graups are added fo histane tails of
nucleosgnes uhich stops their binding . Chvaomah n
hes looser styuchu €.
What is DNA methylation? What role may it play in gene expression?

Bases in DNA are methylated  which
inachvate s Hhe genes (usuq\(\j for an

exttnded penod of Hme) .

The inactive mammalian X chromosome is heavily methylated. What is the result of this
methylation?

Tnachvahon of +Hhe genes

What is genomic imprinting, and how is it maintained? Give an example discussed earlier in
human genetics. :
GenomicC IMmpnNnthiNg > when +ne gent isanly
exOressed i 1+ comed FoM acer fain parent
Hetnylahon regulates expressicn of maternal of

LJakemal allele. (size in mice)
plain what is meant by epigenetic inheritance, and give an example of epigenetic changes
discussed in the text or in class.

Tnhe ntance of haits by mednanisms not
directly conbolled loy nucleohide sequence.

Like me+h:alc}®on of chromo>ame S 4
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27.

30.

Use the sketch below to explain how enhancers and activators interact with transcription factors
to affect gene expression. Label the following elements: FATA-box; prometer; gene, enhancer,
S : e : lex-RNA Dol ok

DNA. Then place your explanation to the right of the figure.

EXPLANATION
achvaters pomater Achvaters bind 10 cento |

e —Sloe,  elements in enhancer.
N~

e
enhancey l ngf DN/ bending protein bnrgs

= nanscriphon achvaters close fo pomaoter.
s 000 bacirs Transcnphon facters, poteins,
med?aw pkeins and RVA pymeraise are
Nearby) -

l gp A pol I Achvatrs bind fo med iatars
and tanscrphon facters

(R

(Q‘)\?\ which helps faym an |
& | achve inihahon camplcx
TYOm(n‘pHc; —sZ NA WSS on promo ter.

iniBak on complex
In prokaryotes, functionally related genes are usually clustered in a single operon. What has
been found to be the case in eukaryotes?

Relate d genNes are dcspem’ed -H’wwthv‘\'
chromosames bu+ can be achvated togetNer

Ihrough +he same enharcers Hhat bind o idenbial

achvates.
Operons have not been found in eukaryotic cells, and the genes coding for the enzymes of a
particular metabolic pathway are often scattered over different chromosomes. What is a
plausible mechanism for the coordination of gene expression?

Tdenbca) enharcers and achvatch
(specifc wombo of cantiol elements uf every gence )

How can alternative RNA splicing result in different proteins derived from the same initial
RNA transcript?

Depends an which §e<3rn€ﬂh are treatred as
inhans and spliced away and  which are
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31.  Posttranscriptional control includes regulation of mRNA degradation. Explain how this affects

translation.
This affects hanslahon by determining hav 1ang
MRNA will be availablc for ptein synthesis.
Less e, less pokein.
32.  How can proteins be activated, processed, and degraded? Give an example or describe each

Hang poteins undergo modi Hcahons befere +Hhey

can be achve or be trans pa+c d (addihan of sugars,
phospnee graps: shape charmge, eke. ). Aslo, proteins are
marked fexr desfrvcehan by vbiqu hn, which shcw3
pofeasanes Hhat théy necd fo be degraded,

33.  Anarticle in Scientific American about proteasomes was entitled “Little Chamber of Horrors.”
. Explain how proteins are targeted for degradation, and give a specific example of when this
might occur. .
They are targeted by vbiquhn, which sig nal s

potcasames fo deyhuct them. This might happen o
cyclins dunng +he cell eycle pecavse +hey need to
be shat -\ived fer appropriate furchon.

34.  How do these “little chambers of horrors” function? Annotate the sketch below to describe their
action. Then explain their role in regulation of gene expression.

vbiqu hin

Q P scme + vbiguhn
oo Prokcasomes, - (YD f Ccyc'}cdf_»
b X N
& & | RS
Pokein Tagged protein Prokein fragments (pephdes)

& Ty \awer +he amant 6§ a certenn prokin that had been
eXpressed. Sae mukahions make ce(l oycle proteins immunt —
Concept 18.3 Noncoding RNAs play multiple roles in controlling gene expression cancey.

35.  Itis now known that much of the RNA that is transcribed is not translated into protein. these

RNAs are called noncoding RNAs. Read carefully to discern a crucial role played by these
RNAs. What is this role?

Regulate expression o+ hanslahar and chremahin
nod (k' caihon and move . Can deqradc or block
MENA and tirin o4 expression.
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36.  One of the noncoding RNAs that regulate gene expression is microRNA. On the sketch below,
follow an RNA loop, called a “hairpin,” from its creation. Explain the two modes of action of
microRNAs.

Be sure to label the location of hydrogembonds and Dicer-.

3 l ;adﬁ?‘w\ HictRNAs can form @
; olea
mmm®—gdiker  Canplex Hhad block S
i ansia han ‘?L) o Nbo Sane
m|2N<_/!,> or Of‘gradﬁs MENA -
} |
1’\:__ W
CYaraBahfn plock nbosgng

Concept 184 A program of differential gene expression leads to the different cell types in a
multicellular organism

This concept deals with the regulation of gene expression in development. Animal development is also
discussed in Chapter 47.

37.  What three processes lead to the transformation of a zygote into the organism?
cell drnsicn
Cell differenthatt an
Naphogenesis
38.  Explain what occurs in cell differentiation and morphogenesis.
In differenhatian, cells become specictlized 1N
shvehuweand funchon. 2n merphogenesis,
the shape of+he oganism s created.
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39. Differential gene expression results from different activators in different cells. How do
different sets of activators come to be present in two cells? Explain how each of these occurs:

a. distribution of cytoplasmic determinants -
Early din siaN S disthn bute Y ff‘(f)/C? S 1NTO ‘\31‘,).!7(7 e
cells, cankaining different nolecules .
b. different inductive signals
Signals fFram other embryanic cells In+he
ViciniYy cause changes in farget cells
40.  What is meant by determination? Explain what this means within an empryonic cell.
event Hhat lead to cbservable A FrerenhabiaN
of a cell. Afler determinahan, cell i3
(reeversibl Yy canm)++¢ & it Anal Fate.

L

41.  What process ensures that all the tissues and organs of an organism are in their characteristic
places? Where do the molecular cues that control this process arise?

Pattern fermah an
Anse in +he ¢y roplGa o @ ide the cel ‘
( determinants gngd induchve %\'gr\c(fs \
42.  What is controlled by homeotic genes? _ . o
Homeoti¢c genes conhol 1"-’)C‘A+‘C" N fmanon
Concept 18.5 Cancer results from genetic changes that affect cell cycle control

43.  What mechanism is involved in the beginning of tumor growth? Discuss oncogenes and proto-
oncogenes.

44.  What are three mechanisms for converting a proto-oncogene to éﬂ’bneoggne?
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