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Gene Regulation in Prokaryotes..

And the wonders of the Lac operon

RNA polymerase is a key protein, and regulation of gene
expression occurs frequently at INITIATION.
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Lac operon S76

Phenomenon:

Bacteria grow fine on glucose--yum yum

Bacteria don’t grow, then grow on lactose as well
because they induce an enzyme that breaks lactose
down into glucose

B-galactosidase

3. No B-galactosidase if cells are fed lactose AND
glucose!
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How the Lac operon works..
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A closer look..
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Special guest: “inducer’= lactose or “IPTG”



Molecular interpretations of special alleles... S79
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S81
Use of F’ and bacterial genetics to figure out the lac operon
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Table 1 Figuring Out the Lac Operon using Genetics

Phenotypes

: alactosidase (Z ermease (Y) Conclusions
Strain Genotype Pg idase (2) P ()

No inducer inducer No inducer inducer

la agzv - + - + wildtype

1b O+Z-Y- - - - -

2a O Z*YHF O*Z*Y+ - + - +

2b O Z Y /F O Z*Y+ - + - +Z+& Y+

dominant

2c O Z*YYF O*ZY+ - + - + Z+ dom.

3. CVARA + + + + Ocis
constitutive

4. OZ Y*IFOZ*Y- + + - + O°acts

in cis



Figuring out the Lac Operon using Genetics

Investigating |, the Repressor

Strain  Genotype

1
2

3

4

FZrY+*
(VAR 4

tZ-Y*F 1-Z*Y+

tZ-YHF 1 Z2YY-

Phenotypes

[ galactosidase (2)
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permease (Y) Conclusions

No inducer inducer No inducer inducer

+ wildtype

+ I-is
constitutive

+_+

dominant
to I-
+ |+ acts
in trans.

Figuring out the Lac Operon using Genetics

Investigating 4, an allele of the Repressor

Strain Genotype

1
2

3

VAR G
[SZ+ Y+

FZrY*F I+

Phenotypes

B galactosidase (2)
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permease (Y) Conclusions

No inducer inducer No inducer inducer

+ wildtype
— ISalways
represses
~ s
dominant

toF
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An extra Test ofYand O.
An extra Test ofSand G.

Phenotypes Phenotypes

B galactosidase (Z) permease (Y) Conclusions B galactosidase (Z) permease (Y) Conclusions

Strain Genotype Strain Genotype

No inducer inducer No inducer inducer No inducer inducer No inducer inducer
1 PBOCZ*Y-IF I-O*ZY+ 1 PBOCZ*YIF I-O'ZY* + + - -
2 PBO*Z*Y-/F I-OCZY+ 2 PBO*Z*Y-/F I-OCZY*r — - + +
*  What of each experiment says the repressor acts in trans? *  What of each experiment says the repressor acts in trans?
*  What of each experiment says the operator acts in cis, *  What of each experiment says the operator acts in cis,
and not in trans? and not in trans?
*  What of each experiment says thaisldominant to- *  What of each experiment says thaisldominant to-?
*  What of each experiment says the operator is epistatic to *  What of each experiment says the operator is epistatic to

the repressor? the repressor?
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Phenomenon:
. Bacteria grow fine on glucose--yum yum

. acteria don't .mq w, then w8<< on lactose as well
ecause t 4«. uce an enzyme that breaks lactose
own Into gldcose

B-galactosidase

3.  No B-galactosidase if cells are fed lactose
AND glucose!
Dual Regulation of the Lac Operon...

(a concept applicable to essentially all regulation)
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Inducer is bound to
repressor; doesn't
inhibit expression of

lac genes, but high-
level expression also
needs positive regulator
complex, CRP-cAMP.

can bind to DNA and
promate expression of
lac structural genes.

QO
CRP //

monomers = =~
cAMP =

Fasitive regulation:
= CRP bound to cAMP

ATP Catabolite repression:
Glucose decreases
availability of adenyl
cyclase and reduces
availability of cAMP
for binding to CRP.

Lets use bars and arrows to make this more clear

Adenyl cyclase

e S87
Protein Binding Sites in the Lac Control Region

Fig 16.17, modified
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2 ways to remember the Lac operon

 See fig 16.10, S77

e Bars and Arrows

Adenyl
glucose—cyclase™® CAMP —»cRrp+
(ADC1+) ~a
lacZ+
Lactose I+ \/
(IPTG) |_
(Inducer)

Both pathways must be “satisfied” to permit lacZ expression



