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DESCRIPTION
Peptidoglycan is a defining molecular feature that distinguishes
bacteria from other forms of life and allows them to survive in
environments that range from gentle aquatic systems to hostile
host tissues. This polymer forms a supportive shell around the
bacterial cell, giving shape, mechanical strength and protection
against osmotic stress. Without this material, most bacteria
would fail to maintain their form or resist changes in
surrounding pressure. Peptidoglycan is not a static or decorative
layer; it is dynamic, continuously synthesized, modified and
recycled as the cell grows and divides. Its presence offers insight
into bacterial identity, classification and interaction with other
organisms. Chemically, peptidoglycan is composed of repeating
sugar units connected to short peptide chains. The sugars consist
of N-acetyl glucosamine and N-acetylmuramic acid arranged in
alternating order. These sugars form long chains, while the
peptides act as connectors between adjacent chains. This
interlinked network produces a rigid yet flexible matrix that
encloses the cell membrane. The exact composition of the
peptides can vary among bacterial groups and these differences
influence cell shape, thickness of the wall and sensitivity to
external agents. Gram-positive bacteria usually possess a thick
peptidoglycan layer, whereas Gram-negative bacteria contain a
thinner layer located between two membranes [1-3].

The biological role of peptidoglycan extends beyond physical
support. It plays a direct role in cell division by guiding the
formation of the septum that separates daughter cells.
Specialized enzymes cut and reconnect peptidoglycan strands
during growth, ensuring that the wall expands without losing
integrity. These enzymes must act in a coordinated manner;
excessive cutting could lead to cell rupture, while insufficient
modification would restrict growth [4]. The balance between
synthesis and degradation allows bacteria to adapt their form in
response to environmental cues such as nutrient availability or
surface attachment. Peptidoglycan also serves as a point of
interaction between bacteria and their surroundings. In host
organisms, fragments of this polymer can be recognized by
immune receptors. Such recognition helps the host detect

bacterial presence and activate defensive responses. Small pieces
released during growth or cell death can stimulate inflammation
or immune signaling pathways. This interaction illustrates how a
structural component of bacteria can influence host physiology.
At the same time, some bacteria modify their peptidoglycan to
reduce detection, altering chemical groups on the sugars or
peptides to avoid immune recognition [5,6].

The synthesis of peptidoglycan requires a complex set of enzymes
and precursor molecules. The process begins in the cytoplasm
with the formation of sugar-peptide units, which are then
transported across the cell membrane. Once outside, enzymes
link these units into the existing wall. Antibiotics such as beta-
lactams interfere with this process by blocking enzymes
responsible for cross-linking peptides. When cross-linking is
impaired, the wall weakens and the cell may burst due to
internal pressure [7]. This vulnerability has made peptidoglycan
synthesis a major focus of antibacterial therapy for decades.
Resistance to antibiotics often involves changes in peptidoglycan-
related pathways. Some bacteria produce altered enzymes that
are less affected by drugs, while others increase the production of
enzymes that degrade antibiotics. Certain species can even alter
the structure of their peptidoglycan to reduce drug binding.
These adaptations highlight the flexibility of peptidoglycan
systems and their role in bacterial survival. Studying these
changes provides valuable information for the development of
new antimicrobial strategies [8].

From an evolutionary perspective, peptidoglycan is ancient. Its
basic design is conserved across most bacterial lineages,
indicating that it arose early and provided a strong selective
advantage. Yet, variations exist that reflect adaptation to specific
lifestyles [9,10]. For example, bacteria living inside host cells may
have reduced or modified peptidoglycan layers, while free-living
species exposed to harsh conditions often possess thicker walls.
These variations help microbiologists trace evolutionary
relationships and ecological strategies.
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CONCLUSION
Peptidoglycan is far more than a passive shell. It is an active,
adaptable structure that influences bacterial shape, survival and
interaction with hosts and environments. Its study continues to
inform microbiology, immunology and medicine, offering a
deeper understanding of bacterial life and its impact on broader
biological systems. In laboratory research, peptidoglycan serves
as a useful marker for identifying bacteria and studying their
physiology. Staining methods that differentiate bacteria based
on wall thickness rely on interactions with this polymer.
Enzymes that digest peptidoglycan are used to create protoplasts
for genetic studies. By observing how cells respond to wall-
targeting agents, researchers gain insight into cellular processes
that are otherwise difficult to observe.

REFERENCES
1. Lin Q, He G, Rui J, Fang X, Tao Y, Li J, et al. Microorganism-

regulated mechanisms of temperature effects on the performance of 
anaerobic digestion. Microb Cell Fact. 2016;15:96.

2. Lin Q, De Vrieze J, Li C, Li J, Yao M, Hedenec P, et al. 
Temperature regulates deterministic processes and the succession of 
microbial interactions in anaerobic digestion process. Water Res. 
2017;123:134-143. 

3. Kim E, Lee J, Han G, Hwang S. Comprehensive analysis of 
microbial communities in full-scale mesophilic and thermophilic

anaerobic digesters treating food waste-recycling wastewater. Bioresour 
Technol. 2018;259:442-450. 

4. Cazaudehore G, Monlau F, Gassie C, Lallement A, Guyoneaud R. 
Methane production and active microbial communities during 
anaerobic digestion of three commercial biodegradable coffee capsules 
under mesophilic and thermophilic conditions. Sci Total Environ. 
2021;784:146972.

5. Lu B, Jiang C, Chen Z, Li A, Wang W, Zhang S, et al. Fate of 
polylactic acid microplastics during anaerobic digestion of kitchen 
waste: Insights on property changes, released dissolved organic matters 
and biofilm formation. Sci Total Environ. 2022;834:155108.

6. Ewing B, Green P. Base-calling of automated sequencer traces using 
phred. II. Error probabilities. Genome Res. 1998;8(3):186-194.

7. Martin M. Cutadapt removes adapter sequences from high-
throughput sequencing reads. EMBnet J 2011;17(1):10-12. 

8. Boetzer M, Pirovano W. Toward almost closed genomes with 
GapFiller. Genome Biol. 2012;13(6):R56. 

9. Tanizawa Y, Fujisawa T, Nakamura Y. DFAST: A flexible prokaryotic 
genome annotation pipeline for faster genome publication. 
Bioinformatics. 2018;34(6):1037-1039. 

10. Yoon SH, min Ha S, Lim J, Kwon S, Chun J. A large-scale 
evaluation of algorithms to calculate average nucleotide identity. 
Antonie Van Leeuwenhoek. 2017;110(10):1281-1286. 

Malhotra A

JBP, Vol.16 Iss.04 No:1000564 2

https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-016-0491-x
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-016-0491-x
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-016-0491-x
https://www.sciencedirect.com/science/article/abs/pii/S0043135417305274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0043135417305274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852418304309?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852418304309?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852418304309?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969721020428?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969721020428?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969721020428?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S004896972202201X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S004896972202201X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S004896972202201X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S004896972202201X?via%3Dihub
https://genome.cshlp.org/content/8/3/186?keytype2=tf_ipsecsha&ijkey=f9fcb9fb4cd3cd0ff58d9aed8e3b8e8c8da6e3d2&cited-by=yes&legid=genome;8/3/186
https://genome.cshlp.org/content/8/3/186?keytype2=tf_ipsecsha&ijkey=f9fcb9fb4cd3cd0ff58d9aed8e3b8e8c8da6e3d2&cited-by=yes&legid=genome;8/3/186
https://journal.embnet.org/index.php/embnetjournal/article/view/200
https://journal.embnet.org/index.php/embnetjournal/article/view/200
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2012-13-6-r56
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2012-13-6-r56
https://academic.oup.com/bioinformatics/article/34/6/1037/4587587
https://academic.oup.com/bioinformatics/article/34/6/1037/4587587
https://link.springer.com/article/10.1007/s10482-017-0844-4
https://link.springer.com/article/10.1007/s10482-017-0844-4

	Contents
	Peptidoglycan as a Structural and Biological Signature of Bacterial Life
	DESCRIPTION
	CONCLUSION
	REFERENCES




