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Anatomy of Bacterial Cell: Exploring the Tiny yet Complex World

anatomy of bacterial cell reveals a fascinating glimpse into the microscopic
world that surrounds us. Despite their small size, bacterial cells boast
intricate structures and specialized components that allow them to thrive in
diverse environments—from the depths of the ocean to the human gut.
Understanding the anatomy of bacterial cell not only deepens our appreciation
of these microorganisms but also plays a crucial role in fields like
medicine, biotechnology, and environmental science.

In this article, we'll dive into the essential parts of a bacterial cell,
unpacking their functions and significance. Whether you’re a student, a
science enthusiast, or simply curious, this exploration provides a clear and
engaging overview of bacterial cell anatomy.

The Cell Envelope: The Protective Barrier

One of the defining features of bacterial cells is their cell envelope, a
multi-layered structure that acts as a shield and interface with the
surrounding world. The cell envelope's anatomy varies among different types
of bacteria, influencing their shape, survival strategies, and susceptibility
to antibiotics.

Cell Wall: The Rigid Framework

At the heart of the bacterial cell envelope lies the cell wall, a sturdy
structure that maintains the cell’s shape and prevents it from bursting due
to osmotic pressure. Unlike animal cells, bacteria possess a unique molecule
called peptidoglycan, forming a mesh-like layer that provides mechanical
strength.

Bacteria are broadly classified into Gram-positive and Gram-negative based on
their cell wall composition, a distinction that stems from the anatomy of
their cell walls:

- **Gram-positive bacteria** have a thick, multilayered peptidoglycan wall,
which retains the crystal violet stain during Gram staining.
- **Gram-negative bacteria** feature a thinner peptidoglycan layer sandwiched
between an inner cytoplasmic membrane and an outer membrane containing
lipopolysaccharides.

This difference in cell wall anatomy not only affects staining but also
impacts antibiotic sensitivity and immune system interactions.



Cell Membrane: The Selective Gatekeeper

Beneath the cell wall lies the cytoplasmic membrane, a phospholipid bilayer
embedded with proteins. This membrane regulates the movement of substances in
and out of the cell, maintaining homeostasis. It also plays a role in energy
generation through processes like the electron transport chain.

The bacterial cell membrane's fluidity and protein composition adapt to
environmental conditions, showcasing remarkable versatility. It serves as a
platform for nutrient transporters, sensory proteins, and enzymes critical to
bacterial survival.

Capsule and Slime Layer: The Outer Protective
Coating

Some bacteria have an additional outer layer known as the capsule or slime
layer. This gelatinous coating helps protect against desiccation, evasion of
the host immune system, and adherence to surfaces.

The capsule is typically well-organized and firmly attached, whereas the
slime layer is more loosely associated. Both contribute to biofilm formation,
a common bacterial survival strategy in hostile environments.

Internal Structures: The Command Center and
Machinery

Beyond the cell envelope, the internal anatomy of bacterial cells comprises
several key components that drive metabolism, reproduction, and adaptation.

Cytoplasm: The Gel-like Interior

The cytoplasm fills the inside of the bacterial cell and is composed mainly
of water, enzymes, nutrients, and various biomolecules. It serves as the site
for most metabolic activities, including protein synthesis and DNA
replication.

Unlike eukaryotic cells, bacteria lack membrane-bound organelles, so their
cytoplasm contains all the necessary machinery in a more diffused
arrangement.



Nucleoid: The Genetic Blueprint

At the core of the bacterial cytoplasm lies the nucleoid, a region where the
cell’s circular DNA chromosome is concentrated. This DNA contains all the
essential genes required for the cell’s functions and replication.

The bacterial chromosome is typically a single, circular molecule, though
some species may have additional plasmids—small, circular DNA fragments that
carry extra genetic information such as antibiotic resistance.

Ribosomes: Protein Factories

Scattered throughout the cytoplasm are ribosomes, the molecular machines
responsible for synthesizing proteins. Bacterial ribosomes are slightly
smaller than their eukaryotic counterparts but perform the same fundamental
role.

Since proteins govern nearly every cellular function, ribosomes are vital for
bacterial growth and adaptation.

Inclusions and Storage Granules

Bacteria often store excess nutrients or energy reserves in the form of
inclusions—specialized granules within the cytoplasm. These can include:

- Glycogen granules for carbohydrate storage
- Polyphosphate granules for phosphate reserves
- Lipid inclusions for energy storage

These inclusions help bacteria survive nutrient fluctuations in their
environment.

Motility and Attachment Structures

Many bacteria possess specialized appendages that aid in movement and
colonization, critical factors in their ability to infect hosts or explore
new niches.

Flagella: The Propellers

Flagella are long, whip-like structures that rotate to propel bacterial cells
through liquid environments. Their anatomy includes a basal body anchored in



the cell envelope, a hook, and a filament made of the protein flagellin.

Motile bacteria use flagella to move toward nutrients or away from harmful
substances—a behavior known as chemotaxis.

Pili and Fimbriae: The Adhesion Tools

Pili (or fimbriae) are shorter, hair-like projections that enable bacteria to
adhere to surfaces, host tissues, or other bacteria. This attachment is
crucial for colonization, biofilm formation, and genetic exchange through
processes like conjugation.

Some pili are specialized for DNA transfer, playing a role in bacterial
evolution and the spread of antibiotic resistance.

Unique Features in Some Bacteria

While the anatomy of bacterial cell shares many common elements, some
bacteria boast additional structures that provide specialized functions.

Endospores: The Survival Capsules

Certain bacteria, such as Bacillus and Clostridium species, can form
endospores—highly resistant, dormant structures that protect the genetic
material during extreme conditions like heat, desiccation, or chemical
exposure.

The anatomy of an endospore includes multiple protective layers, a tough
outer coat, and a dehydrated core, enabling it to withstand harsh
environments for years.

Gas Vesicles and Magnetosomes

Some aquatic bacteria produce gas vesicles—protein-bound structures that
provide buoyancy, allowing them to position themselves optimally in water
columns.

Magnetosomes, found in magnetotactic bacteria, contain magnetic crystals that
help the cells orient themselves along Earth's magnetic field, aiding in
navigation.



The Significance of Understanding Bacterial
Cell Anatomy

Peeling back the layers of bacterial anatomy allows scientists and healthcare
professionals to better understand how these organisms function, survive, and
sometimes cause disease. For example, targeting the unique components of the
bacterial cell wall or membrane has led to the development of antibiotics
like penicillin and polymyxins.

Moreover, recognizing structures involved in motility or adhesion helps in
designing strategies to prevent bacterial infections or biofilm formation. In
biotechnology, harnessing bacterial components like ribosomes and plasmids
underpins genetic engineering and recombinant protein production.

By appreciating the detailed anatomy of bacterial cell, we gain insight into
the microscopic world that has profound impacts on our health, industry, and
environment. This knowledge continues to inspire innovations and deepen our
understanding of life at its smallest scale.

Frequently Asked Questions

What are the main structural components of a
bacterial cell?
The main structural components of a bacterial cell include the cell wall,
plasma membrane, cytoplasm, ribosomes, nucleoid (containing DNA), and
sometimes external structures like flagella and pili.

How does the bacterial cell wall differ from the
eukaryotic cell wall?
Bacterial cell walls are primarily composed of peptidoglycan, which provides
rigidity and protection. In contrast, eukaryotic cell walls (found in plants
and fungi) are made of cellulose or chitin, respectively, and have different
structural properties.

What role do flagella play in the anatomy of a
bacterial cell?
Flagella are whip-like structures that enable bacterial motility, allowing
the cell to move toward favorable environments or away from harmful stimuli
through a process called chemotaxis.



Where is the genetic material located in a bacterial
cell?
The genetic material in a bacterial cell is located in the nucleoid region,
which is an irregularly shaped area within the cytoplasm that contains the
bacterial chromosome (a single circular DNA molecule).

What is the function of pili in bacterial cells?
Pili are hair-like structures on the surface of bacterial cells that
facilitate attachment to surfaces, other cells, and play a role in
conjugation, which is the transfer of genetic material between bacteria.

Additional Resources
Anatomy of Bacterial Cell: A Detailed Exploration of Microbial Structure

anatomy of bacterial cell presents a fascinating window into the microscopic
world that plays a pivotal role in ecosystems, human health, and
biotechnology. Understanding the intricate structure of bacterial cells is
essential for microbiologists, medical professionals, and researchers aiming
to combat infectious diseases or harness bacterial capabilities for
industrial applications. Unlike eukaryotic cells, bacterial cells are
prokaryotic, lacking membrane-bound organelles, yet they possess a highly
specialized set of components that enable survival, reproduction, and
adaptation in diverse environments.

Structural Overview of Bacterial Cells

The anatomy of bacterial cell reveals a relatively simple but remarkably
efficient organization. Typically ranging from 0.5 to 5 micrometers in size,
bacterial cells are enclosed by a cell envelope that defines their shape and
protects internal components. Inside, the cytoplasm houses the genetic
material and ribosomes necessary for protein synthesis. Despite their
simplicity, bacterial cells exhibit a range of structural variations that
influence their physiology and interaction with the environment.

Cell Envelope: Protecting and Defining the Cell

The cell envelope is a multilayered structure that includes the plasma
membrane, cell wall, and, in some species, an outer membrane and capsule.
This envelope is fundamental to the anatomy of bacterial cell, serving as a
barrier against physical and chemical stresses.



Plasma Membrane: A phospholipid bilayer embedded with proteins, the
plasma membrane regulates the movement of substances in and out of the
cell. It is also involved in energy generation and signal transduction.

Cell Wall: Composed primarily of peptidoglycan, the cell wall maintains
cell shape and prevents osmotic lysis. Bacteria are broadly classified
based on their cell wall structure into Gram-positive and Gram-negative,
which has critical implications for antibiotic susceptibility.

Outer Membrane: Present only in Gram-negative bacteria, this additional
lipid bilayer contains lipopolysaccharides that contribute to
pathogenicity and immune system evasion.

Capsule: An optional polysaccharide layer that enhances protection
against desiccation and phagocytosis, often contributing to bacterial
virulence.

Cytoplasm and Genetic Material

Within the cytoplasm lies a complex milieu of enzymes, nutrients, and genetic
elements that drive bacterial life processes.

- Nucleoid: Unlike eukaryotic cells, bacteria lack a membrane-bound nucleus.
Instead, their DNA is located in the nucleoid, a dense, irregularly shaped
region containing a single, circular chromosome. This genetic blueprint
governs all cellular functions.
- Plasmids: These small, circular DNA molecules exist independently of the
chromosome and often carry genes for antibiotic resistance or metabolic
capabilities, facilitating horizontal gene transfer.
- Ribosomes: The 70S ribosomes scattered throughout the cytoplasm are sites
of protein synthesis, differing structurally from eukaryotic ribosomes, which
makes them targets for certain antibiotics.

Specialized Structures: Mobility and Interaction

Many bacterial cells possess appendages that contribute to their interaction
with the environment and other organisms.

Flagella: These whip-like structures provide motility, allowing bacteria
to navigate toward favorable conditions or away from hostile
environments. The number and arrangement of flagella can vary widely
among species.

Pili and Fimbriae: Hair-like projections that facilitate attachment to
surfaces or other cells. Pili also play a role in conjugation, a form of



genetic exchange.

Endospores: Some bacteria can form highly resistant spores to survive
extreme conditions, representing a remarkable adaptive feature within
their anatomy.

Comparative Insights: Gram-Positive vs. Gram-
Negative Bacterial Cells

A critical aspect of bacterial anatomy lies in the differences between Gram-
positive and Gram-negative cells, first identified by the Gram stain
technique. This distinction is not merely academic but underpins clinical
approaches to infection control.

- Gram-Positive Bacteria: Characterized by a thick peptidoglycan layer, Gram-
positive cells lack an outer membrane. This thick wall retains the crystal
violet stain, making them appear purple under a microscope. The peptidoglycan
matrix provides rigidity but also makes them susceptible to antibiotics like
penicillin that target cell wall synthesis.

- Gram-Negative Bacteria: Possessing a thin peptidoglycan layer sandwiched
between the plasma membrane and an outer membrane, these bacteria do not
retain the crystal violet stain and appear pink after counterstaining. The
outer membrane’s lipopolysaccharides contribute to their defense mechanisms
but can trigger strong immune responses in hosts.

Understanding these structural differences is crucial for developing targeted
antimicrobial therapies and diagnostic tools.

Functional Implications of Bacterial Anatomy

The anatomy of bacterial cell directly influences its physiological
capabilities and role in ecosystems or pathogenesis. For example, the
presence of capsules can increase virulence by protecting bacteria from host
immune systems, while flagella enable colonization by facilitating movement
in fluid environments. Plasmids contribute significantly to bacterial
adaptability by encoding traits like antibiotic resistance, which poses
challenges in clinical settings.

Moreover, the bacterial cell wall’s composition makes it a prime target for
antibiotics, but also a point of vulnerability exploited by bacteriophages
and environmental stressors. The unique features of bacterial ribosomes
provide opportunities for selective drug targeting, minimizing harm to human
cells.



Advancements in Imaging and Molecular Analysis

Modern techniques such as electron microscopy and fluorescent tagging have
revolutionized the study of bacterial cell anatomy. High-resolution imaging
allows scientists to observe cell envelope architecture, flagellar motors,
and intracellular organization with unprecedented detail. Molecular methods,
including gene sequencing and proteomics, complement structural studies by
elucidating the functional roles of various components.

These advances have significant implications for medicine and biotechnology,
enabling the design of novel antibiotics, vaccines, and bacterial strains
engineered for environmental remediation or industrial biosynthesis.

The anatomy of bacterial cell remains a dynamic field of research, where
ongoing discoveries continue to reshape our understanding of these ubiquitous
and versatile organisms. As microscopic as they are, bacterial cells embody
complex systems that sustain life and impact human society in profound ways.
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bacterial growth and propagation, and thus has to be sufficiently rigid. Moreover, to accommodate
growth processes, the cell wall at the same time has to be a highly dynamic structure: During cell
enlargement, division, and differentiation, bacteria continuously remodel, degrade, and resynthesize
their cell wall, but pivotally need to assure cell integrity during these processes. Finally, the cell wall
is also adjusted according to both environmental constraints and metabolic requirements. However,
how exactly this is achieved is not fully understood. The major structural component of the bacterial
cell wall is peptidoglycan (PG), a mesh-like polymer of glycan chains interlinked by short-chain
peptides, constituting a net-like macromolecular structure that has historically also termed murein
or murein sacculus. Although the basic structure of PG is conserved among bacteria, considerable
variations occur regarding cross-bridging, modifications, and attachments. Moreover, different
structural arrangements of the cell envelope exist within bacteria: a thin PG layer sandwiched
between an inner and outer membrane is present in Gram-negative bacteria, and a thick PG layer
decorated with secondary glycopolymers including teichoic acids, is present in Gram-positive
bacteria. Furthermore, even more complex envelope structures exist, such as those found in
mycobacteria. Crucially, all bacteria possess a multitude of often redundant lytic enzymes, termed
“autolysins”, and other cell wall modifying and synthesizing enzymes, allowing to degrade and
rebuild the various structures covering the cells. However, how cell wall turnover and cell wall
biosynthesis are coordinated during different stages of bacterial growth is currently unclear. The
mechanisms that prevent cell lysis during these processes are also unclear. This Research Topic
focuses on the dynamics of the bacterial cell wall, its modifications, and structural rearrangements
during cell growth and differentiation. It pays particular attention to the turnover of PG, its
breakdown and recycling, as well as the regulation of these processes. Other structures, for
example, secondary polymers such as teichoic acids, which are dynamically changed during
bacterial growth and differentiation, are also covered. In recent years, our view on the bacterial cell
envelope has undergone a dramatic change that challenged old models of cell wall structure,
biosynthesis, and turnover. This collection of articles aims to contribute to new understandings of
bacterial cell wall structure and dynamics.
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strengthened links with good practice. The book provides a thorough review of anatomy and
physiology applicable to midwifery, from first principles through to current research, utilizing case
studies for reflection. A comprehensive and well-illustrated textbook that is an essential purchase for
all students of midwifery. •Learning outcomes and key points facilitate study•Extensively illustrated
with line diagrams for maximum clarity•Case studies and boxes illustrate application of principles to
clinical practice •One continuous case study illustrates various aspects of anatomy and physiology at
different stages of pregnancy•'Application to Practice' content•electronic access to text and
illustrations •animation depicting foetal development in the womb•'Good Practice Point' boxes
provide more links to midwifery practice•illustrations reflect modern midwifery presentation, not



just side-lying •accessible, woman-centred language
  anatomy of bacterial cell: The Bacteria: Structure Irwin Clyde Gunsalus, 1960
  anatomy of bacterial cell: Clinical Microbiology and Microbial Infections - I Mr. Rohit
Manglik, 2024-05-16 Introduces microbiological principles and major pathogenic organisms relevant
to clinical practice.
  anatomy of bacterial cell: Microbiology Anthony Strelkauskas, Jennifer Strelkauskas,
2010-01-01 Microbiology: A Clinical Approach is a new and unique microbiology textbook for
pre-nursing and allied health students. It is clinically-relevant and uses the theme of infection as its
foundation,covering all standard topics taught in a pre-nursing/allied health microbiology course.
The book follows a novel sequence and includes innovative chapters on emerging infectious
diseases, antibiotic resistance, and bioterrorism not seen in other textbooks. Microbiology is
student-friendly: its text, figures and electronic resources have been carefully designed to help
students understand difficult concepts and to keep them interested in the material. The textbook is
supported with a robust ancillary package for instructors which will easily allow them to incorporate
the book’s new approach into their lectures. Students working towards careers in the healthcare
professions will achieve success with Microbiology: A Clinical Approach.
  anatomy of bacterial cell: Essentials of Plant Anatomy Ameyatma Mahajan, 2025-02-20
Essentials of Plant Anatomy is a comprehensive guide to understanding the intricate structure and
organization of plant tissues and organs. This book delves into the fundamental principles of plant
anatomy, exploring diverse cell types, tissue systems, and anatomical adaptations that enable plants
to grow, develop, and thrive in various environments. We embark on a journey through the
microscopic world of plant cells, learning about the specialized functions and interactions of
different cell types within tissues such as epidermis, parenchyma, collenchyma, and sclerenchyma.
The book illuminates the role of these tissues in supporting plant growth, providing structural
support, storing nutrients, and facilitating essential metabolic processes like photosynthesis and gas
exchange. Furthermore, we delve into the complex organization of plant organs such as roots, stems,
leaves, and flowers, unraveling anatomical adaptations that enable plants to absorb water and
nutrients from the soil, transport fluids and nutrients throughout the plant, and engage in
reproductive processes like pollination and seed dispersal. Through detailed illustrations, diagrams,
and explanatory text, Essentials of Plant Anatomy provides readers with a deeper understanding of
the developmental processes that shape plant morphology and anatomy, from meristematic tissue
activity to the formation of specialized structures such as stomata, trichomes, and vascular bundles.
This book serves as an invaluable resource for students, educators, researchers, and plant
enthusiasts seeking to deepen their knowledge of plant structure and function. Whether used as a
textbook for academic courses or as a reference guide for botanical research, it offers a rich and
insightful exploration of the fascinating world of plant anatomy.
  anatomy of bacterial cell: Physiology and Anatomy for Nurses and Healthcare Practitioners
John Clancy, Andrew McVicar, 2017-08-02 An essential physiology and anatomy text, this book
guides readers through the basic structure and functions of the body systems to more complex
issues of clinical disorders and healthcare practice. Fully updated and revised to incorporate
advances in understanding, the book examines the cardiovascular, lymphatic, nervous, endocrine,
reproductive, and respiratory systems. It discusses the kidneys and urinary tract as well as skeletal
muscle, embryo development, and circadian rhythms. The last section of the book presents case
studies demonstrating the material in the text. Additional resources are available on an
accompanying website.
  anatomy of bacterial cell: Essentials of Anatomy and Physiology Valerie C Scanlon, Tina
Sanders, 2018-10-24 Tried and true - build A&P confidence every step of the way! Here’s the
approach that makes A&P easier to master. A student-friendly writing style, superb art program, and
learning opportunities in every chapter build a firm foundation in this must-know subject to ensure
success.
  anatomy of bacterial cell: Medical Microbiology William L. Irving, Dlawer A. A. Ala'Aldeen,



Tim Boswell, 2005 This text covers the basic concepts and terminology required to understand the
different kinds of micro-organisms; the spread of micro-organisms and the causes of disease; host
responses to infection and laboratory diagnosis techniques.
  anatomy of bacterial cell: Textbook of Microbiology Surinder Kumar, 2012-09-30
  anatomy of bacterial cell: Crystalline Bacterial Cell Surface Layers Uwe B. Sleytr, Paul
Messner, Dietmar Pum, Margit Sara, 2012-12-06 Crystalline surface layers (S-layers) represent an
almost universal feature of archaebacterial cell envelopes and can be found in gram-positive and
gram-negative eubacterial species from nearly all phylogenetic branches. S-layers consist of a single
protein- or glycoprotein species and thus can be considered as one of the most primitive membrane
structures developed during evolution. Prokaryotes carrying S-layers are ubiquitously found in every
part of the biosphere. This supports the concept of a general supramolecular porous crystalline
surface layer fulfilling a broad spectrum of functions which are strongly dependent on the particular
environmental and ecological conditions. Their structural simplicity makes S-layers a suitable model
for analyzing structure-function relationships as well as dynamic aspects of membrane
morphogenesis.
  anatomy of bacterial cell: CBSE CLASS XI SCIENCE (BIOLOGY) Study Notes | A Handbook
for Class IX EduGorilla Prep Experts, 2023-09-01 EduGorilla's CBSE XI Science - Biology Study
Notes are the best-selling notes for Class XI exams. Their content is well-researched and covers all
topics related to CBSE XI Science - Biology. The notes are designed to help students prepare
thoroughly for their exams, with topic-wise notes that are comprehensive and easy to understand.
The notes also include solved multiple-choice questions (MCQs) for self-evaluation, allowing students
to gauge their progress and identify areas that require further improvement. These notes include
Topics such as The Living World, Plant Kingdom, Morphology of Flowering Plants, Biomolecules,
Respiration in Plants, Body Fluids and Circulation. These notes are perfect for understanding the
pattern and type of questions asked by CBSE. These study notes are tailored to the latest syllabus of
CBSE XI Science - Biology exams, making them a valuable resource for exam preparation.
  anatomy of bacterial cell: Structure I.C. Gunsalus, 2014-05-14 The Bacteria: Volume I:
Structure deals with the structure of bacteria and covers topics ranging from the composition and
organization of the bacterial protoplasm to the movement of bacteria, morphology of bacterial
spores, and bacterial protoplasts. The internal structure and surface layers of the bacterial cell are
also discussed together with L-forms of bacteria, bacterial viruses, and localization of bacterial
enzymes. This volume is comprised of 10 chapters and begins with an overview of cell theory and the
theory of the unity of biochemistry, followed by an analysis of the composition and organization of
the bacterial protoplasm. The next chapter explores the internal structure of bacteria, focusing on
the cytoplasm and its surface as well as chromatin bodies. The surface layers of the bacterial cell is
then discussed, paying particular attention to the cell wall, along with the movement of bacteria
such as the spirochetes. Bacterial movements considered as tactic responses to external stimuli are
highlighted. The remaining chapters analyze the development and germination of bacterial spores;
the morphology and structure of bacterial protoplasts; L-forms of bacteria; and structure and
function of bacterial viruses. This book also presents an antigenic analysis of cell structure before
concluding with a chapter on the localization of enzymes in bacteria. This monograph will be a
valuable resource for microbiologists, bacteriologists, biochemists, and biologists.
  anatomy of bacterial cell: Essentials of Applied Microbiology Mr. Rohit Manglik, 2024-07-24
This book bridges theoretical microbiology with its real-world applications in medicine, environment,
and industry, providing students with practical insights into microbial technology and research.
  anatomy of bacterial cell: Library of Congress Subject Headings Library of Congress, 2011
  anatomy of bacterial cell: Microbiology for Nurses BS Nagoba, 2016-01-01 This book presents
a concise account of microbiology for nurses as per the guidelines of Nursing Council of India and
Health Universities across the country. It is specially designed to meet the needs of nursing
students. This book will also be useful to paramedical students. User friendly and easy to understand
format. Concise text written in a simple and lucid style. Meets comprehensively the requirements of



nursing students. Written by a highly experienced teacher.
  anatomy of bacterial cell: Bacterial Cell Wall J.-M. Ghuysen, R. Hakenbeck, 1994-02-09
Studies of the bacterial cell wall emerged as a new field of research in the early 1950s, and has
flourished in a multitude of directions. This excellent book provides an integrated collection of
contributions forming a fundamental reference for researchers and of general use to teachers,
advanced students in the life sciences, and all scientists in bacterial cell wall research. Chapters
include topics such as: Peptidoglycan, an essential constituent of bacterial endospores; Teichoic and
teichuronic acids, lipoteichoic acids, lipoglycans, neural complex polysaccharides and several
specialized proteins are frequently unique wall-associated components of Gram-positive bacteria;
Bacterial cells evolving signal transduction pathways; Underlying mechanisms of bacterial
resistance to antibiotics.
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