4. Sigma Cycle - Science & Technology

Indian Scientists uncover evidence that transforms foundational understanding of bacterial
gene control mechanisms. A collaborative study between researchers from India and the US has
challenged the biological dogma known as the “sigma cycle”, which has been accepted for over five
decades. The study provides evidence that sigma factors can remain attached to the RNA polymerase
throughout the transcription process, rather than detaching shortly after initiation.

Understanding the "Sigma Cycle" (Traditional Model)

To understand the breakthrough, one must understand the traditional model that is being challenged.
Definition - The sigma cycle describes the process where sigma ($ \sigma$) factors bind to RNA
polymerase (RNAP) to initiate transcription and are believed to detach once RNA synthesis begins.
The Holoenzyme - Sigma factors bind to the core RNAP to form a complex called the holoenzyme. This
complex is responsible for directing the polymerase to the correct start sites (promoters) of genes.
Initiation Mechanism - Only the holoenzyme (RNAP + Sigma) can initiate transcription.

The "Release” Phase - Traditionally, it was believed that the sigma factor releases from the RNAP once
the RNA chain reaches a length of 8—9 nucleotides.

Reprogramming - The release of the sigma factor allows new sigma factors to bind to the core RNAP,
enabling the bacterium to switch gene expression based on environmental needs.

Key Findings of the New Research

The study utilized advanced tracking techniques to revise the understanding of gene regulation.
Continuous Sigma Attachment - In the bacterium Bacillus subtilis, the researchers found that the
principal sigma factor $ \ sigmaAA$ remains attached to the RNA polymerase during the entire
transcription process, contradicting the detachment theory.

Evidence Against Universal Rules - Experiments with a modified E. coli $ \ sigman{70}$ showed that it
similarly stayed bound to the RNAP. This indicates that sigma release after initiation is not a universal
rule across all bacterial species.

Methodology - The team monitored sigma factor behavior in real-time using advanced tracking
techniques, including -

1. Biochemical assays.

2. Chromatin immunoprecipitation.

3. Fluorescence imaging.

Implication - Different bacteria employ distinct transcription mechanisms, meaning textbook
explanations of bacterial gene regulation need to be reshaped to reflect this diversity.

Comparison - Traditional View vs. New Findings

Aspect Traditional "Sigma Cycle” Model New Research Findings

Sigma Sigma factor detaches after the RNA Sigma factor can remain attached

Behavior chain reaches 8—-9 nucleotides. throughout the entire transcription process.

Universality | Believed to be a universal mechanism Proves that distinct mechanisms exist (e.g.,
for all bacteria. in Bacillus subtilis vs. others).

RNAP State Transition occurs from Holoenzyme The Holoenzyme structure may persist
(initiation) to Core Enzyme (elongation). | during elongation in certain species.

Role of Sigma Factors in Bacteria

Sigma factors are subunits of bacterial RNA polymerase essential for recognizing promoter DNA
sequences. Their roles include -
Promoter Specificity - The specific type of sigma factor dictates which promoter the RNAP recognizes.
This enables the bacteria to trigger specific gene expression responses tailored to environmental
changes or stress.
Competition for RNAP - Multiple sigma factors exist within a cell and compete to bind to the single RNAP
core. The winner of this competition determines which sets of genes are transcribed at that moment.



Regulation via Anti-Sigma Factors - The access of sigma factors to RNAP is further regulated by anti-
sigma factors, which control transcription timing and prevent unnecessary gene expression.

Potential Applications & Significance

New Antibiotic Strategies - The discovery reveals previously unknown transcription mechanisms. These
specific binding behaviors can be targeted to develop new antibiotics that disrupt the transcription
process in harmful bacteria.

Synthetic Biology Innovations - The findings support the engineering of bacteria with altered
transcriptional control, allowing for more precise manipulation of bacterial behavior for industrial or
medical uses.

Evolutionary Insights - It improves the understanding of bacterial evolution and how different species
have adapted their stress response mechanisms over time.

Scientific Significance - The study fundamentally revises a five-decade-old biological model, offering a
deeper, more nuanced insight into bacterial gene regulation across different species.
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