Gene
Expression




Objectives

Describe the concept of gene
expression.

Explain the structure and
function of an inducible
operon.

Describe how glucose

influences lac operon function.

Describe how prokaryotic gene
regulation occurs atthe level
of transcription.

Describe how an inducer
(allolactose) and the lac
repressor ensurethe
expression of the lac operon
only at appropriate times.

Analyzethe effectofinducers
and repressorson lacgene
expression.
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What is Gene

Expression?

When the information
stored in our DNAis
converted into
instructions for
making proteins or
other molecules, it is
called gene
expression.

It acts as both an
on/off switch to
control when proteins
are made and also a
volume control that
increases or
decreases the amount
of proteins made.

Gene expressionis a
tightly reqgulated
process that allows a
cell torespond toits
changing
environment.

There are two key
steps involved in
making a protein,
transcription and
translation.




=| L . . .
"= =) The DNA of prokaryotes (bacteria) is organized into a circular
chromosome, supercoiled within the nucleoid region of the cell

cytoplasm.

Ope rons = Proteins that are involved in the same biochemical pathway,
are encoded together in blocks called operons.

=|
= For example, all of the genes needed to use lactose as an
energy source are coded next to each other in the lactose (or lac)
operon, and transcribed into a single mRNA.
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RNA polymerase- needed to start
transcription and produce mRNA

Promoter-sequence of DNA that the
polymerase binds The Lac oPerOn

You did it}

Operator-part of the DNA that repressor you made the thing!
can bind to (on/off switch)

Repressor-binding of the repressor blocks
RNA polymerase and prevents the
production of mMRNA and so no production
of proteins.

3 lactose utilizations genes (lacZ, lacY,
lacA).



* The lac operon: regulated synthesis of inducible enzymes

https://www.youtube.com/watch2v=AVuj0g4mKa8
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(a) Lactose absent, repressor active, operon off. The lac repressor is innately active, and in
the absence of lactose it switches off the operon by binding to the operator.



https://www.youtube.com/watch?v=AVuj0q4mKa8
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®) Lactose present, repressor inactive, operon on. Allolactose, an isomer of lactose, derepresses
the operon by inactivating the repressor. In this way, the enzymes for lactose utilization are induced.




In E. coli, when
glucose, a

preferred food | : : ,
source, is scarce W\ ' m lacZ

The lac operon is 4 \O
activated by the RNA perator

binding of active A\ EZLYS}?‘LGSC
CAP (CAP- v and transcribe

cAMP), which helps
RNA polymerase
bind

Inactive lac
repressor

Lactose present, glucose scarce (cAMP level high): abundant lac mRNA
synthesized.



When glucose levels
in E. coli are high

CAP detaches from
the lac operon,
turning it down,
even if lactose is
present

Promoter

A
o W FLr_lacZ
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CAP-binding sit RNA Operator
polymerase

can't bind well

Inactive

CAP Inactive lac

repressor

(b)

Lactose present, glucose present (cAMP level low): little lac mRNA
synthesized.



Our System

B-Galactosidase (B-Gal) is an -

enzyme produced by Escherichia Be*aﬂa'amS'dasee"zvme i N o,
coli (E. coli) that catalyzes the +
hydrolysis of the disaccharide L L

lactose to the monosaccharides_ Lactose Galsoteis  Clucose
galactose and glucose (metabolized (colorless) (colorless)  (colorless)

by cells). Fig 1a.
Although lactose is the natural
substrate for B-gal, B-gal will

hydrolyze other molecules that have Seingiliachilliseenzme  wl
the relevant bond in the same place @
as lactose (other B-galactosides). {

Ortho-nitrophenyl-B-galactoside o-nitrophenyl- B«Jalactosme H,0 Galactose o-nitrc:lphenol
ONPG), is cleaved by B-gal into (colorless) (colorless) (vellow)

alactose and o-nitrophenol Fig 1b.

ONPG and galactose are colorless,

but ortho-nitrophenol is a bright
yellow with an absorption
wavelength of 420 nm.
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What are we

Activity 1: Determining Activity 2: What are the Checking
the optimal growth effects of >
conditions for LacZ adding sugars to the B- tOday-

expression. galactosidase assay




How to label tubes for Activity 1 and 2

Activity 1 .
Activity 2

One set of plastic Plastic tubes: Cuvettes:

tubes, one set of OR -~

cuvettes (sample xnail ®*Rxn 1

labels) ORxn 1T2 ® Rxn 2
ORxn 2T1 .

1a, 1b, 1c ORxn 2T2 Rxn 3

2a,2b, 2c ORxn 3T1 *Rxn 4

3a,3b,3c ORxXn 3T2

4a, 4b, 4¢C ORxn 4T1

Blank ORxn 4T2




Activity 1

&Ff‘ W 12 tubes
200ul E.coli + 200ul wat Lysis \v

—

. 4 _ (lysis tubes)
i v

13 cufettes

| | (Z buffer)




Dilute the four E. coli culture
conditions (200uL of E. coli +
200Ul of distilled water) in
microcentrifuge tubes. Close
cap and mix well.

e Add appropriate vol of E coli (or TSB for the blank), then add
Label 13 microcentrifuge lysis reagent.

tubesiperreactionsintablea el Ny [Metlf -t

* Incubate at room temp for 10 min, then place on ice

Lab 13 cuvettes per reactions

. e Add Z buffer to each cuvette (as calculated in table 1)
in table 1

e Add vol of ONPG per table 1, START TIMER COUNTING UP,
Veleleel il et ol i b5 e record time that ONPG was added to each tube.

cuvettes e Stop reaction when color matches post-it note yellow. Add
amL of 1M sodium carbonate, record stop time







Activity 1 continued. ...

Take absorbance measuresatA ,,
Be sure to blank instrument first

for each sample.

Ca ICU Iate B- g a | a CtiVity, Refer to canvas “Lab activity: Calculating

enzyme activity” forinfo on calculations

record in table 2 (Absorbance/Elapsed Time)x1000



Table 1

Culture Lysis E. coli Unused media for Z Buffer to bring the total Vol. ONPG
I Culture . : (4 mg/mL) for 0.8
Conditions Reagent differences in enzyme to ImL
Volume mg
No sugars la 10 pL 10 pL 90 pL
E. coli culture 690uL 200uL
1b 10 pL 20 pL 80 uL
690uL 200uL
1c 10 pL 100 pL 0
690uL 200uL
Lactose E. coli culture 2a 10 pL 10 pL 90 pL
690uL 200uL
2b 10 pL 20 pL 80 uL
690uL 200uL
2c 10 pL 100 pL 0
690uL 200uL
Glucose E. coli culture 3a 10 pL 10 pL 90 uL
690uL 200uL
3b 10 pL 20 pL 80 pL
690uL 200uL
3c 10 pL 100 pL 0
690uL 200uL
Glucose + Lactose E. coli 4a 10 pL 10 pL 90 pL
culture 690uL 200uL
4b 10 pL 20 pL 80 pL
690uL 200uL
4c 10 pL 100 pL 0 690uL
200uL
BLANK Blank 10 pL O pL 100 pL
690uL 200uL
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Label 8

microcentrifuge * InTube 1 of rxn, add TSB & lysis reagent.
tubes according to * InTube 2 of rxn, add culture & sugar.
table 3.1 (2 tubes/rxn)

Take 10uL of Tube 2
Content & add that e Incubate for 10 min. At room temp. After 10 min., place the tubes

inice.
to Tube 1

* Add Z buffer as calculated in Table 3.1, add contents of lysis tubes
e Add vol of ONPG per Table 3.1, STARTTIMER COUNTING UP,
Label 4 Cuvettes record time that ONPG was added to each tube.

accordi ng to table 3:1 Stop reaction when color matches post-it note yellow. Add 21mL of
1M sodium carbonate, record stop time




Activity 2 continued ...

Take absorbance measuresatA ,,
Be sure to blank instrument first

for each sample.

Ca ICU Iate B- g a | a CtiVity, Refer to canvas “Lab activity: Calculating

enzyme activity” forinfo on calculations

record in table 2 (Absorbance/Elapsed Time)x1000



Table 3.1

Tube 1
Culture Rxn Fresh TSBE Lysis E. coli Z buffer to Vol. ONPG
Conditions # - for | Reagent | volume [bringto 1 mL|(4 mg/mL) for 0.8

differences in from total mg
enzyme vol. Tube 2

No sugars E. coli

culture 1 40 pL 5 uL 10 pL 745uL 200uL

+ 20% Lactose

Glucose E. coli

culture 2 40 pL 5 pL 10 puL 745uL 200pL

+ 20% Lactose

No sugars E. coli

culture 3 40 pL 5 uL 10 pL 745uL 200puL

+ 20% Glucose

Lactose E. coli

culture 4 40 pL 5 puL 10 pL 745uL 200puL

+ 20% Glucose

BLANK 50uL Sul 7450l 200uL
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