Collect ideas from the students and write them on the board. Then ask the following question:

*  Given the answers to the previous questions, what types of control might exist in
cells to deal with the longer-term versus shorter-term responses?

Doing this exercise before assigning Activity 19.1 serves two purposes:

e It teaches students the types of questions they should be asking themselves as

they study.

¢ It helps students understand how to put what they learn into a logical context that
makes learning (and remembering what they learn) easier.

Activity 18.4

Many students are unaware of how complex the cell cycle controls are. 1t is often
counterintuitive to many that some of the controls actually function to disable or kill cells
with damaged control systems.

Answers

Fill in the chart to organize what we know about the lac

Activity 18.1 How is gene expression controlled in bacteria?

and 17p operons.

Operon:

lac

irp

Is the metabolic

Catabolic

Anabolic

pathway Hydrolyzes or breaks down Synthesizes tryptophan from
anabolic or lactose(a disaccharide) into Precursors
catabolic? glucose and galactose (two six-

carbon surgars)
What Genes Functions: Genes: Functions:
regulatory lacl focd produces rpR produces an

genes are
associated with
the operon and
what functions
does each

protein that binds

to the operator

the absence ol
i gt e UL
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foctose. The

A

gperatoy

mactive Fepressor

oiein that binds 1o

operator

serve?
phan is not iy CLeess.
o ey
(Continued on next page)
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Operon: tp
7 lactose dip
are produced only
ceded and
noglucose s
not present
What structural | Genes: Pmducts: Genes: Products:

ezzch operon
and what does
each produce?

Is the operon
inducible or
repressible?

Is the repressor
protein
produced in
active or

mnactive from?

The repressor
protein

becomes active
when it

mnteracts with: [hi yOnressor,
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Activity 18.2 Modeling the lac and trp operon systems: How can
gene expression be controlled in prokaryotes?

Using the information in Activity 18.1 and in Chapter 18 of Biology, 8th edition.
construct a model or diagram of the normal operation of both the lac and 1rp operon

systems.

In your models or diagrams, be sure to include these considerations:

regulatory and structural genes

inducible versus repressible control

anabolic versus catabolic enzyme activity

negative versus positive controls

Use your model to answer the questions.

I, Under what circumstances would the /ae operon be “on™ versus “off™? The 1rp operon?
The lue operon would be off when there is no lactose in the i
o—-“-" -

i und ;E ere s little orno g
(o1 é%gété‘&%%i%

luctose 1s present if \fcg“ 2lucose is simultancously |
The trp operon
it would be on at all ¢

2. How are the /ac and trp operons similar (in structure, function, or both)?
Both have regulatory genes that produce repressor prowins that can in with tf
operator and shut down transeription of the structural genes.

3. What are the key differences between the /ac and np operons?

o0 % E‘i;g*;;x:ase;%és: s

1ot ;‘s’ii;’;gh flective
polymerase witl
glucose is present
second conro! keeps production of the e
levels if glucose is also
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4. What advantages are gained by having genes organized into operons?

o

As they L %"séé%% sysicms are sef up to simuliancously trn ontor ot alf o

i} rore offi

5. Swrain X of E. coli contains a mutated [ac regulatory gene on its bacterial genome.
As a result, the gene produces a nonfunctional luc repressor protein. You add a

o
plasmid (an extra circular piece of double-stranded DNA) to these cells. The plasmid
contains a normal regulatory gene and a normal /ac operon.

o

Build a model or diagram of what one of these modified E. coli cells would look like.
Then answer the questions and use your model or diagram to explain your answers.

a. Before the addition of the plasmid, would the E. coli strain X cells be able to
produce the enzymes for lactose digestion? Explain.

v Fois S imamn [ T, L H
> feed vene ordinarily produ

“{;i“é?‘séﬁ{iciéiéié ol the genes |

b. After the addition of the plasmid, would the plasmid’s lac operon produce the
enzymes for lactose digestion constitutively (all the time) or only when lactose
was the available sugar source? Explain.

al revula coand a normal Juc operon. As a

duce the genes for factose digestion

eron should p

WS THC Aviliidoic SUSHE SOl

¢. After the addition of the plasmid. would the bacterial genome’s lac operon
produce the enzymes for lactose digestion constitutively or only when lactose
was the available energy source? Explain.

1 the ‘;EQ\”E i could i

GPCron ang

yidd. the hacte

CHCTEY Source.

d. If equal amounts of lactose and glucose were present in the cell, would the /ac
operon in the bacterial DNA be off or on? Would the lac operon on the
introduced piasmtd be off or on? E\pmn
i com s

‘éi”;‘zﬁssu‘gg}%éuzs m; I?ia,

srelore, even if

thesized from either the F
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