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A Detailed Analysis of the Regulatory Mechanism of the Tryptophan Operon
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Abstract The tryptophan (irp) operon is one of the earliest study models applied to the regulation of
bacterial bio-synthetic and gene expression. And the molecular mechanisms, including the inhibitory
action of repressor on transcription initiation, the role of irp as a corepressor and the attenuation revealed
by site-directed mutation, have been largely elucidated. Moreover, it has been demonstrated that the
regulatory proteins, including the trp RNA-binding attenuation protein (TRAP), NusA, NusG, TrpY,
have attenuating effects on the ¢rp operon, and the attenuation mechanisms have been uncovered recently.
Notably, the irp operon in Bacillus subtilis is mainly regulated by the transcription attenuation mechanism.
TRAP firstly binds to the nascent transcripts to form the intrinsic terminator and causes termination in the
5’ untranslated region (5" UTR). Afterwards, NusA and NusG stimulate the RNA polymerase to pause
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and release at U107 and U144 sites in 5 UTR, which eventually results in transcription termination.

However, there are some differences in NusA- and NusG-stimulated RNA polymerase pausing

mechanisms. The transcription attenuation mechanism regulated by NusA at U144 depends on the hairpin

structure, and the interaction between NusA and the RNA polymerase promotes the binding of TRAP to

the nascent transcripts and the transcription termination. NusG, on the other hand, touches a T-rich

sequence in the non-template DNA ( ntDNA) strand and RNA polymerase at the same time, which

prevents forward movement of the RNA polymerase and causes dramatic RNA polymerase pausing.

However, in the bacterial &rp operon, up to half of the transcription termination events rely on the p

factor. Here we summarize new concepts about the regulation mechanism of the ¢rp operon with the

development of related disciplines, and provide more in-depth details about the regulation mechanism of

the tryptophan operon transcription.
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Fig.1 The organization of the #rp operon in E. coli
regulatory gene, a regulatory region, and structural genes. The regulatory gene irpR is an independent operon and is not linked to

The trp operon of E.coli is a single transcriptional unit. It consists of a

structural genes. The trp operon regulatory region in E. coli contains a promoter-operator and an attenuator. The structural genes are
made up of five genes, and they encode anthranilate synthase, anthranilate-phosphoribosyl transferase, indole-3-glycerol phosphate
synthase, tryptophan synthase (8 subunit) , and tryptophan synthase ( a subunit), respectively, which catalyze the synthesis of
L-tryptophan
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Fig.2 The organization of the #rp operon in Bacillus subtilis

The ¢rp operon of B. subtilis is a segment of a supraoperon,

and one of the structural genes, trpG, is in a separate transcriptional unit, the folate operon. In B. subtilis, the trp operon contains

two promoters and seven structural genes. Two promoters drive transcription of the #rp operon segment of the aro supraoperon of

B. subtilis
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Fig.3 Regulation of the frp operon transcription by repressors in E. coli

Trp

In the E. coli trp operon, tryptophan can activate

the trp aporepressor. Under limited tryptophan conditions, the repressor is inactivated. RNAP binds to the promoter and occupy the

operator region, and the irp operon is transcribed. Under excessive tryptophan conditions. The trp repressor is activated by irp. The

repressor binds the trp operon operator region and inhibits transcription initiation at the trp operon promoter
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Fig.4 Transcription attenuation regulation of the trp operon of E. coli The leader transcript segment extending from the

start site to trpE, is 162 nucleotide long. This transcript forms three alternative RNA secondary structures: 1:2, the pause or anti-
antiterminator structure; 2:3, the antiterminator structure; and 3 :4, the terminator structure. The resultant RNA structure type
depends on the ribosome position on the message and ribosome release from the leader peptide-coding region. The termination
decision is based on ¢rp. When the cell is limited in trp, the ribosome synthesizing the leader peptide stalls at a trp codon. This
enables the antiterminator, which prevents the formation of terminators, so that transcription continues into the structural genes of the
operon. When the cell has excessive levels of #rp, the translating ribosome reaches the leader peptide stop codon and is released. The
terminator then forms, and transcription is terminated

Transcription regulation
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Fig.5 Model of the B.subtilis trp operon transcription attenuation mechanism In the trp operon of B. subtilis, the
transcription termination events occurring in the leader region depend on whether TRAP is activated by tryptophan. Each RNA
polymerase molecule entering the leader region of the trp operon segment of the supraoperon pauses following formation of a pause
structure. If there is sufficient tryptophan to activate TRAP, TRAP binds to leader RNA and prevents or disrupts formation of the
antiterminator. This enables the formation of the terminator, and terminate transcription. During transcription, NusA and NusG
stimulate RNAP pausing at U107 and U144. When a cell is starved of tryptophan, TRAP is inactivated and does not bind to the
nascent transcript. RNAP eventually overcomes the pause and resumes transcription, resulting in the formation of the antiterminator
and transcription readthrough into the trp operon structural genes
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