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performs crucial tasks in enzymatic processes, 
protein structure formation, and transcriptional 
control (2,3). When zinc concentrations become 

microbial communities, leading to detrimental health 

microorganisms have evolved sophisticated molecular 

surroundings while simultaneously expelling surplus 
amounts to avoid cellular damage. Bacterial cells 
control these export mechanisms by regulating the 
production of transport proteins through metal-sensitive 
transcriptional controllers. These regulatory elements 
monitor intracellular metal ion concentrations, directing 
cellular processes toward optimal metal balance. This 
research aims to investigate and measure zinc ion 
(Zn²+) management within microbial communities, 
illuminating how single bacterial cells contribute to 
maintaining metal equilibrium across entire populations. 
We selected Escherichia coli as our experimental model 
to examine the intricate mechanisms of community-
based zinc regulation. The inherent mobility of E. 
coli and its weak surface adhesion properties create 
obstacles for extended microscopic observation studies. 

elegant solution by creating controlled experimental 

nutrient delivery and have proven successful in long-

cultivation chambers. The depth of these cultivation 

E. coli cell diameter (approximately 1 micrometer),
enabling effective bacterial colony containment.
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Abstract:
Bacterial organisms have developed sophisticated 
biochemical mechanisms to absorb vital nutrients from 
their surroundings while expelling surplus materials 
to avoid toxic accumulation. This research seeks to 
understand how single microbial units contribute to 
maintaining metal equilibrium within larger bacterial 
populations. To accomplish this objective, we created 

cultivation of Escherichia coli colonies in carefully 
designed microscopic compartments. The size of these 
compartments was deliberately calibrated to match 
E. coli cell dimensions, creating controlled spatial
restrictions that serve as a fundamental component

platforms utilized in this work provide sophisticated
environmental regulation  capabilities, offering
exceptional opportunities to examine and comprehend
microbial behavior. Through this technology, we
could examine in detail how these microscopic
bacterial communities maintain equilibrium in their
zinc metabolism processes. We utilized cutting-edge
genetic engineering methods to develop E. coli variants
containing luminescent protein indicators. This
specialized genetic alteration enabled the observation
and measurement of the activity of genes associated
with complex ion transport systems, particularly

comprehension of microbial communities and their
environmental relationships.

Summary of Research:
As an essential trace element, zinc plays a critical role 
in the survival of all life forms (1). This micronutrient 
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with FOTS for easy PDMS removal. Completed devices 
are bonded to coverslips, loaded with bacterial cells, and 
imaged using appropriate microscopy equipment.
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In Figure 1, we can observe a single layer of E. coli 

marking indicates the chamber boundary, within which 
support pillars are positioned to prevent structural 
collapse while serving as reference points for distance 

measurements from the pillar to the chamber opening. 

concentration. The resulting curve displays initial 
S-shaped kinetics followed by sharp increases in later
time periods (Figure 2). By utilizing spatial coordinates
from the reference markers, we can organize our data
according to distance from the channel entrance,
providing insights into how gene expression varies
with spatial position. This visualization is achieved
through a two-dimensional histogram plotting distance
(y-axis) versus time (x-axis) with concentration values

enables comprehensive spatial-temporal analysis of

establishing a foundation for understanding metal
homeostasis mechanisms and developing therapeutic
strategies that target bacterial metal regulation systems.

nanofabrication. Silicon wafers are cleaned with 
piranha solution, coated with photoresist, and patterned 

Oxford Cobra ICP Etcher. Channels are formed via 


