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Q What are these comics made of?

Eukaryotic Prokaryotic
cell cell

Ribosome
Rough endoplasmic reticulum Capsule
Cell wall

Plasma membrane

Mitochondrion

Plasma membrane

Cytoplasm Cefl coat Cytoplasm

Ribosomes

Lysosome

e N B Nucleus
St i = ' Nucleolus
mooth endoplasmic Chromatin
reticulum Nuclear pore Bacterial Flagellum

Nuclear envelope
Golgi body

Free ribosome Nucleoid (circular DNA)

Centriole
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Q Lipid bilayer cell
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What’s a cell made of:

- Lipids

- DNA

- RNA

— Proteins

- Metabolites
- lons

Mitochondria

Intermediate
filament Plasma
membrane
Ribosomes -
Rough endoplasmic % " Microtubule
reticulum
Nucleus R — Centrosome
Nucleolus Microfilament
Chromatin
"2 Lysosome
Golgi
apparatus ﬁx\ / Smooth endoplasmic
< O reticulum
o / - \
= Q @ Secretory vesicle
Golgi vesicle Peroxisome
Cytoplasm Vacuole
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Q DNA Molecule

© Hydrogen
© Oxygen

@ Nitrogen

© Carbon

© Phosphorus

Minor groove

Major groove

Purines

Pyrimidines
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Q Discovery of the double helix

James D.

Watson

[IMELE
DOUBLE
HELIX

A PERSONAL
ACCOUNT
OF THE
DISCOVERY
OF THE
STRUCTURE
OF DNA




Q Alternative structures: DNA knitting




() 5.000 vs 25,000 genes
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@ Genome size compared

Mycoplasma .
Gram positive bacteria -

Gram negative bacteria
Fungi / Moulds
Algae

Worms
Crustaceans
Echinoderms
Insects

Mollusks

Birds

Bony fish
Cartilaginous fish
Reptiles
Mammals
Amphibians

Flowering Plants
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@ “Central Dogma”

replication
(DNA -> DNA)
DNA Polymerase

DPOTVDAODA ONA

transcription
(DNA -> RNA)

RNA Polymerase

WA RNA

translation
(RNA -> Protein)
Ribosome

O-0-0-0-0-0-0O rrotein
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Q “Central Dogma”

DNA replication
(DNA -> DNA)

DNA Polymerase

reverse : transcription RNA replication
transcription (DNA -> RNA) (NA'> RNA)
Rev.Transcriptase RNA Polymerase %@% E

M (+) Sense RNA (-) Sense RNA W

T\
translation RNA Dependent
(RNA -> Protein) RNA Polymerase
Ribosomes

O-0-0-0-0-0-O Protein
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@ “Central Dogma” in the cell
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Nucleus
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protein synthesis (translation)

Public Domain



0 waag society

institute for art, science and technology

Proteins









Q Some proteins are enzymes

Substrates Product detaches
and process can
repeat

Substrates form
a product

Active
sites

(a) (b)

(d)
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Q Amino acids, the building blocks

Dalibor Bosits CC-BY-SA 3.0
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Amino acid groups
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Amino acid rosetta stone

Phe/Leu

U A Ser

3
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Growing peptide chain

Incoming tRNA

bound to Amino Acid
Outgoing
empty tRNA
TRNAHTRNA %
v U Uj|IC U £
GGAAAGA ’
- MessengerRNA

Peptide Synthesis
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Q Peptide bond formation

Amino acid (1) Amino acid (2)
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@ “Central Dogma” in the cell

DNA
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Q Process in more or less 3D

newly born protein A I

amino acids

-

large subunit

ubunit
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Protein folding

(a) Primary structure Chain of amino acids

Alpha-helix

(c) Tertiary structure

(d) Quaternary structure Hemoglobin
(globular protein) OpenStax College CC-BY-SA 3.0



Q Snapshot of the process in 3D

L7/L12

Copyright Nature
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PDB 1IGT, PMID 9048542



Q Structural proteins: Actin

Thomas Splettstoesser CC-BY-SA 3.0



Q Receptor proteins
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Q Photosystem ||
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@ Svynchrotron EMBL Grenoble




Q Lysozyme crystal




Q Protein crystal diffration
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Q Energy from the environment
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Q First law of thermodynamics

Energy
transformation

Energy »
before

Waag Society - CC-BY-SA 4.0
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Second law of
thermodynamics
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Mitochondria

Outer membrane

Inner membrane

Cristae
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Q Chloroplasts

Intermembrane space
{Viridiplantaean chloroplasts and rhodoplasts)

Carboxysome
{also in muroplasts)

Granum

(higher plants) Outer membrane

nner membrane
Nucleoid

Thylakoids

Lipid droplet
Ribosomes

Peptidoglycan wall
{also in muroplasts)

Mucoid sheath

L Capsule

Slime coat

Kelvinsong - CC-BY-SA 3.0



Q Diversity in Metabolism

All Organisms

Self feeding Other feeding

Nitrifying Green non sulfur Fungi

Algae Bacteria bacteria Animals



Q Diversity in growth conditions

Nutrients
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Temperature
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Q Elements of Life

® 00

Carbon Nitrogen Phosphorus

Hydrogen Oxygen Sulfur



Q Non selective

e Plate count agar
e Nutrient agar




Q Slightly selective

e Malt agar
e MRS agar

e Kombucha medium




@ Selective

e Spirulina medium

HomeSpot HQ - CC-BY 2.0



0 Diversity in Atmosphere

Term Property

VALY

Example

Strict aerobe Requires oxygen

Does not tolerate
oxygen

Stric anaerobe

Aerobe, but can also

Facultative anaerobe .
grow anaerobically

Anaerobe, but can

Aerotolerant
tolerate oxygen

Prefers reduced level

Micro-aerophilic
of oxygen

Prefers increase level

Capnophilic Y —

Pseudomonas
aeruginosa

Bacteroides fragilis

Escherichia col

Clostridium
perfringens

Helicobacter spp.

Neisseria spp.




0 Diversity in Temperature

Term Property Example
Psychrophilic Temp < 10C Flavobacterium spp
Thermophilic Temp > 60 C B. stearothermophilus

Mesophilic @ 4@ Most pathogens




Q Bacterial growth curve
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Conclusions

e Life is made out of cells
e Cells are envelopes made out of lipids
e Cells create specialised structures to conduct chemical reactions
e Structures are made out of standardised blocks
e DNA out of nucleotides (A, T, C or G)
e Proteins out of amino acids (20 types)
e The combination (sequence) of building blocks results in a
specific 3D shape
e Shape = function
e Shapes interact by docking
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