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OPERON

In genetics, an operon is a functioning unit of genomic
DNA containing a cluster of genes under the control of a

single promoter

Promoter sequences - DNA sequences that define where
transcription of a gene by RNA polymerase begins

Operator - a segment of DNA to which a
transcription factor binds to regulate gene
expression by repressing it

Structural genes - genes that codes for any
RNA or protein product other than a regulatory

factor

operon
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needed to digest lactose)




HISTORY

Discovered in 1953 by Jacques Monod and
colleagues

The trp operon in E. coli was the first
repressible operon to be discovered

Negative regulatory operon

A totally blind process can by
definition lead to anything; it can
even lead to vision itself.

- Jacths(Mefwd —

Jacques Lucien Monod



trp OPERON

group of genes that transcribed, together&codes
for the components for production of tryptophan

regulatory region structural genes
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tryptophan (transcription termination)
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trp OPERON - structure

trp Operon Gene

Gene Function

P/O Promoter; operator sequence is found in the promoter
Leader sequence; attenuator (A) sequence is found in

trp L
the leader

trp E Gene for anthranilate synthetase subunitl

trp D Gene for anthranilate synthetase subunit2

trp C Gene for glycerolphosphate synthetase

trp B Gene for tryptophan synthetase subunitl

trp A

Gene for tryptophan synthetase subunit
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trp-repressible operon

The binding of the effector molecule to the repressor greatly
increases the affinity of repressor for the operator and the
repressor binds and stops transcription.

trp operon
: Promoter :
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Inactive Polypeptides that make up

Protein epies et ol
repressor enzymes ior tryptophan synthesis

A regulator gene, regulator, or regulatory gene is a gene encodes repressor
protein




Corepressor

Corepressor is a substance that inhibits the expression of
genes

pna SN >
mRNA &f

Protein a - % Active
repressor
Q}Z Tryptophan
(corepressor)

No RNA made

Repressor proteins can be DNA- or RNA-binding: DNA-binding repressors - block
the binding of RNA polymerase to the promoter



Inducible operon(lac)
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repressible operon(trp)

Corepressor

REPRESSIBLE OPERON (e.8., tryptophan)

Inactive
repressor

Active
repressor

Transcripbion i blocked

REPRESSED STATE

Its biosynthesis halted, tryptophan's

cou«ntmlon falls as itis utilized.
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Regulation — trp operon

The trp operon is controlled by both

* repressor protein binding to the operator region

ona SR
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Inacti eo Enzymes for lactose uuuzalion

Lactose O repressor

*translation-induced transcriptional attenuation

Pause Antitermination Termination



Repression

tryptophan is absent in the environment

tryptophan is present in the environment



Attenuation

Transcriptional attenuation is a regulatory mechanism that causes
premature termination of transcription under certain conditions

Domain 1 Domain? Domain3 Domaind
A — I — — '
irp leader region
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Low Tryptophan L evels

-Slow translation of Domain 1 High Tryptophan Levels

peptide -Fasttranslation of domain 1 peptide
-Domain 2-3 pairing occurs -Dormain 2 hlocked by ribosorme
-Moarmal full gene transcription -Diomain 3-4 pairing occurs

Attentuation of transcription occurs
Ok 10% of normal mEMAS made



Attenuation loops

anti-termination hairpin

(b) When tryptophan Is scarce the ribosome stalls, allowing
n 2-3 "antiterminator” hairpin to form. The ribosome stalls
when It encounters the two tryptophan (Trp) codons due to a
shortage of tryptophan-carrying tANA molecules, The stalled
ribosome blocks reglon 1, 8o a 1-2 halrpin eannot form,

Instead an alternative 2-3 hairpin is created, which prevents
formation of the 3-4 termination halrpin. Therefore RNA
polymerase can move on to transcribe the entire operon,

Partial leader Stalled
peptide ribosome

trpE mRANA
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Adjacent Trp
codons

DNA

RNA polymerase

termination hairpin

(c) When tryptophan is plentiful the ribosome continues, allowing the 3-4 transcription termination signal to
form. The moving ribosome completes translation of the leader peptide and pauses at the stop codon, blocking
region 2. As a result, the 3-4 structure forms and terminates transcription near the end of the leader sequence.

Leader

1
peptide RNA polymerase )

mRNA

Stop codon DNA




TRAP

tryptophan mediates transcription and
translation of the genes responsible for its
biosynthesis. Tryptophan accomplishes this
through interactions with a regulatory protein
known as tryptophan-activated RNA binding
attenuation protein (TRAP).




Trp-repressor dimer Trp -repressor binding to operator DNA

Thank you.



