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Bacteria-Archaea-Eukarya Comparison 

Bacteria Archaea Eukarya

Prokaryotic cell structure + + -

Chromosomal DNA in closed 
circle

+ + -

Histone proteins with DNA - + +

Nucleus - - +

Mitochondria/chloroplast 
organelles

- - +

Cell wall with muramic acid + - -

Membrane lipids Ester-linked Ether-linked Ester-linked

Ribosome mass 70S 70S 80S

Intons - - +

Initiator tRNA FormylMet Met Met

RNA polymerase One Several Three

Genes as operons + + -

mRNA tailed polyA - - +

Sensitivity to antibiotics + - -

Growth above 70oC + + -

Growth above 100oC - + -

Chemolithotrophy + + -

N2-fixation + + -

Nitrogen fixation + + -

Denitrification + + -

Dissimilatory reduction + + -

Methanogenesis - + -

…and still evolving
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16S rRNA gene 18S rRNA gene



What is a cell? 
What are the fundamental features of 

a cell?
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In a microbial cell, the structure determines 
the function 

The structures have evolved since the 
beginning to adapt to the environment and 

thrive
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Understanding structure and function



Cell structure and function
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As result of thermodynamic constrains, evolution and genomic information
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Microscale exploration inside 

a microbial cell

• Cell wall- Peptidoglycan

• Gram positive- Gram 
negative membranes 

• Flagella & Pili

• Capsule & slime layer & 
Inclusions & Vesicles

• Cytoplasm & components

• Diffusion (active/passive)
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Cell Shape and Size

• 6 broad categories for cell morphologies, 
not very informative for identify 

• Highly diverse microbes share same shape 
(convergence as adaptive strategy) 
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cell diameter =1.5 μm cell diameter =1 μm cell diameter =1 μm

cell diameter =0.25 μm cell diameter =1.2 μm cell diameter =0.8 μm

16S rRNA gene phylogenetic analysis8



Cell Shape

• Microbes maximize surface to volume ratio thus more efficient nutrient uptake 
and waste expulsion (Swimming speed >> Diffusion)

• Motility increase nutrient uptake and maximize waste expulsion, but not motile 
cells how do they do it?
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Sphere 
Ellipsoid V = 4/3⋅π⋅a⋅b⋅c 

2 µm3 Escherichia coli
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Life at Low Reynolds Number, EM Purcell 1973.
Life at Low Reynolds Number
E.M. Purcell  
Lyman Laboratory, Harvard University, Cambridge, Mass 02138 June 1976 

Molecular diffusion is the 
random motion of fluid 
molecules, so diffusion of 
solutes is a function of the 
fluid (solvent and solute)

Low Reynolds Number 
where viscous forces are 
more important than 
inertial forces

Humans live in high 
Reynolds Number
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Temporal Dimension of Diffusion
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Cell Biology by the Numbers, 2015
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Busy busy at the molecular scale



Cell Size (small or big)

A change in cell volume affects metabolite 
concentrations in the cytoplasm
Higher metabolism can be achieved by a 
reduction in the molecular traffic time inside of 
the cell, by increasing its volume (lower mass-to-
volume ratio)

Gallet et al. 2017

External diffusion’ theory (EDC) predicting that cell size should have evolved 
toward smaller cell 

Internal diffusion-constraint’ (IDC) but Lenski’s LTEE (long-term evolution experiment, 
started 1988) E. coli adapts to a simple glucose medium increase over time 
growth rate, fitness (reproductive success) and its cell size

http://myxo.css.msu.edu/ecoli/index.html
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http://myxo.css.msu.edu/ecoli/index.html


Cytoplasm
• Properties of glass-forming 

liquids and changes from liquid-
like to solid-like in a component 
size- dependent fashion

• Motion of cytoplasmic 
components becomes 
disproportionally constrained 
with increasing size

• Cellular metabolism fluidizes 
the cytoplasm, allowing larger 
components to escape their 
local environment and explore 
larger regions of the cytoplasm

• Cytoplasmic fluidity and 
dynamics change as cells shift 
between metabolically active 
and dormant states in response 
to fluctuating environments 

Parry et al. 2014
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Yu et al. 2016

Biological macromolecules function in highly crowded cellular 
environments 
Molecules are competing to diffuse away according to the metabolic state 
GroEL, chaperon protein for correct folding of other proteins

Cytoplasm, molecular modelling 
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High cellular resolution: molecular modelling —> 
for cell prediction of behaviour/gene expression
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Whole-cell Martini model of JCVI-syn3A. The four stages of cell building are shown on the side. The final system contains 
60,887 soluble proteins (light blue), 2,200 membrane proteins (blue), 503 ribosomes (orange), a single 500 kbp 
circular dsDNA (yellow), 1.3 million lipids (green), 1.7 million metabolites (dark blue), 14 million ions (not shown) and 
447 million water beads (not shown) for a total of 561 million beads representing more than six billion atoms.
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8–10 nanometers wide, bilayer  
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Structure of cytoplasmic membrane

• It is fluid structure that changes, 

• How fast and what %?

• It can cope with temperature, pH and pressure 

• H+ can’t cross freely

• H2O can move freely

Bacteria
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Structure of cytoplasmic membrane
Archaea

• It is fluid structure that changes, 

• How fast and what %?

• It can cope with temperature, pH and pressure 



Siliakus et al. 2017
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Siliakus et al. 2017

20

Archaea



21

Functions of cytoplasmic 
membrane
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• Selective chemical barrier 

• Defines cell shape

• Allow cell to sustain large mechanical loads (turgor pressure) 

• Stiffness and strength of E. coli cells due to the outer membrane (Rojas 
et al. 2018, not only cell wall)

• Respiratory chain 

• Sensing the environment and metabolic hotspot (enzymes)
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Distinct membrane vesicle types 
and formation mechanisms

hydrophobic molecules
peptidoglycan

phage produced

degradation pepidoglycan

• Outer-membrane vesicles (OMVs) 
• Outer-inner membrane vesicles (OIMVs) 

22

• Explosive outer-membrane vesicles (EOMVs) 
• Cytoplasmic membrane vesicles (CMVs)
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 Influence lipid 
homeostasis

Different triggers inducing 
membrane vesicle formation
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SOS response

β-lactam antibiotics



• Spherical portions (~ 20–250 nm in diameter) of the outer membrane of Gram-negative bacteria
• Containing outer-membrane lipids and proteins, and soluble periplasmic content
• OMVs are not the products of cell lysis
• Diverse strategies from defense/offense to nutrient acquisition and scavenging

24

Joffe et al., 2016

Extracellular vesicle
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Schwechheimer and Meta J. Kuehn, 2016 

Gram Negative Outer-Membrane Vesicles Spherical portions (~ 20–250 nm in diameter) of the outer 
membrane of Gram-negative bacteria, containing outer-
membrane lipids and proteins, and soluble periplasmic 
content. OMVs are not the products of cell lysis. 
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Gram Negative Outer-Membrane Vesicles 

Schwechheimer and Meta J. Kuehn, 2016 



Diderm vs Monoderm 

Bacillus subtilis (Firmicutes)Escherichia coli (Proteobacteria)

Benyahia et al., 2024
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The current phylogenetic Tree of Bacteria based on genomic data sets delineates two subdomains: 
A. the Terrabacteria (including well-known phyla such as Cyanobacteria, Firmicutes and Actinobacteria, and many lesser 
known lineages, which are mostly uncultured) 
B. the Gracilicutes (including Proteobacteria, Spirochaetes, Fusobacteria, Planctomycetes, Chlamydia, among other taxa)

LBCA indicates the
last bacterial common ancestor. 

FCB (Fibrobacteria, Chlorobi and 
Bacteroidetes),the PVC (Planctomycetes, 
Verrucomicrobia and Chlamydia) PANNAM
(Proteobacteria, Acidobacteria, Nitrospirae, 
Nitrospinae, Aquificae and
Methylomirabilis)

DST (Deinococcota, Synergistetes and 
Thermotogae)

AA (Armatimonadetes and Abditibacteria),

PCD (Patescibacteria, Chloroflexota and 
Dormibacteraeota) 

CBMM
(Cyanobacteria, Blackallbacteria, 
Melainabacteria and Margulisbacteria).
Supported Gracilicutes superphyla were 
collapsed: FCB, PVC and

Benyahia et al., 2024

PA
NN

AM

LBCA
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Benyahia et al., 2024
29

Diversity of cell envelopes, I
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Diversity of cell envelopes, II

Benyahia et al., 2024
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Gram Staining: defining diversity based on 
structural differences, monoderm vs diderm 

Cell Wall

Madigan et al. 2018 
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Peptidoglycan is  composed of alternating repeats of two 
modified glucose residues called N-acetylglucosamine and 
N-acetylmuramic acid along with the amino acids l-alanine, 
d-alanine, d-glutamic acid, and either l-lysine or 
diaminopimelic acid (DAP)

These constituents are connected in an ordered way to form 
the glycan tetrapeptide and long chains of this basic unit 
form peptidoglycan

Cell Wall, 1

Madigan et al. 2018 

Brown et al. 2015



Cell Wall, 2

Peptidoglycan can be destroyed by 
lysozyme, an enzyme that cleaves the 
glycosidic bond between N-
acetylglucosamine and N-acetylmuramic acid

Madigan et al. 2018 
33
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Cell Wall, 3

Lipopolysaccharide, LPS

ketodeoxyoctonate

LPS replaces much of the phospholipid in the outer half of the outer  
membrane, and although the outer membrane is technically a lipid 
bilayer, its many unique components distinguish it from the  
cytoplasmic membrane.
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Cell Wall, 4-Archaea

Polymers of glucose,  glucuronic acid, 
galactosamine uronic acid, and acetate

S-layer: interlocking molecules of protein or glycoprotein

Pseudomurein



LUCA, structural diversity in cellular membrane 

Jain et al. 2014 36



https://www.creative-proteomics.com/services/peptidoglycan-structure-analysis.htm

Peptidoglycan interaction site with lysozyme

37
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The importance of being 1-4
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The 10 “early” amino acids: 
Ala, Asp, Glu, Gly, Ile, Leu, Pro, Ser, Thr, and Val

Makarov et al. 2023

(i) Why were the 10 early cAAs selected from the prebiotic environment and (ii) what factors drove the 
selection of the additional residues in the following era? Has protein evolution been successful as a 
consequence of the selected cAAs, or could similar structural and functional spaces be formed with 
alternative alphabets?



• Today proteins are composed of L-amino acids except for glycine, which 

bears no asymmetric carbon atom 

• D-enantiomers

• D-serine and D-aspartate act as neurotransmitters and hormone-like 

substances in humans 

• Some D-amino acids act as a biofilm disassembly factor in bacteria 

• D-amino acids can be used as C-source in ocean water 

• D/L increase with depth and also utilization (source peptidoglycan)

Kobayashi, 2019; Perez et al., 2003

D-amino acids

40
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The external layer of Phormidium is composed of an S-layer and oscillin fibrils creating a serrated surface 
topography. 
CM, cytoplasmic membrane; EL, serrated external layer; OM, outer membrane; P, peptidoglycan 
layer. Bars, 100 nm.

Authors: Egbert Hoiczyk, Alfred Hansel 20000

Cell Wall, 5-Cyanobacteria

https://journals.asm.org/doi/10.1128/jb.182.5.1191-1199.2000#con1
https://journals.asm.org/doi/10.1128/jb.182.5.1191-1199.2000#con2


Brown et al. 2015
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Cell Wall, 6-Mycobacteria & Fungi
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Something in the middle

Brown et al. 2015

Erth et al. 2018



Fungal cell wall structure

Erwin & Gow, 2016

• Polysaccharides and other components of the cell wall are usually arranged in distinct layers and 
carry out specific architectural and physiological roles at different locations in the cell wall

• The layered nature of the fungal cell wall is highly relevant to immune detection 44


