W UNIVERSITY OF

PN THESSALY

Mary Allen, Professor of Biology
Hartwick College
Oneonta, NY, USA
I
f

HARTWICK
COLLEGE



CHEMISTRY & CELL STRUCTURE




ASSESSMENT

Answers to questions about the microbiology.

Answers to questions about learning during the activity.

Active participation and contribution during the activity.



Microbes have occupied Earth much longer than most eukaryotes

Plants and animals

l Horriinids

Multicellular eukaryotes

Eukaryotes

Unicellular eukaryotes

Aerobic bacteria

02 in atmosphere

Prokaryotes

Cyanobacteria

Anaerobic bacteria and archaea

Earth history (eons) Proterozoic Phanerozoic
T =
Billions of years ago 5 4 3 2 1 Now

But humans only ‘discovered’

microbes about 350 years ago



During their long
time on Earth
Bacteria have
become very
diverse.
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There is more

difference among
bacteria, than

among eukaryotes
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Microbes are also small so A LOT of
them can fill relatively small spaces

Macroscopic

Microscopic
A

E. coli cells

Yeast Epulopiscium Sentence
period

Average volume

Sugar
cube

And all those microbes can have
big effects on their environment

Human genome

. - 23,000 genes
Human microbiome .

1,000,000+ genes



Living cells can be separated into two large groups: prokaryotic
and eukaryotic. We mostly define prokaryotic cells by what they
do not have - but | will ask you to do the opposite ©

Body plan

Prokaryotes Eukaryotes
(Bacteria and Archaea) (Fungi and protists)




The cell membrane plus '/

any other outer layers are
together called the cell
envelope.

Gram positive cell

All microbes have a cell
membrane. Most have a
cell wall. Some have
additional layers in their
cell envelopes.
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Gram negative cell



CELL MEMBRANE




Polar hydrophilic head

Phospholipid bilayer

Non-polar hydrophobic tail

Phospholipid liposome

The same as in all living
organisms, the cell
membranes of Bacteria are
made from two layers of
phospholipids (a bilayer)

Lipid
phase



Polar hydrophilic head

Phospholipid bilayer

o

Non-polar hydrophobic tail

The inner and outer sides

of the cell membrane are
~._exposed to water.
S . Phospholipid liposome

The inside of the et shass
membrane ‘hates’ water - '
(is hydrophobic).



Polar hydrophilic head

Phospholipid bilayer

Non-polar hydrophobic tail

Phospholipid liposome

The structure of the
membrane changes under
different environmental

conditions. e

phase
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High
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Figure 6-16 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.

© 2013 John Wiley & Sons, Inc. All rights reserved.



Rate of Microbe Growth

Microbes have evolved membrane structures that
function best at the temperatures where they live.

Hyperthermophiles

Mesophiles

Psychrotophs
Psychrophiles

P Optimal Temperature

Temperature Range (Celsius)

\

Minimum Temperature

Maximum Temperature



So microbes can live in many different environments.

SEA ICE, PERMAFROST  COLD SEEPS AND SHALLOW-WATER HOT-SPRINGS, HYPERACIDIC LAKES DESERTS AND ACID MINE
AND POLAR REGIONS MUD VOLCANOES HYDROTHERMAL FUMAROLES AND AND VOLCANOES ARID ENVIRONMENTS DRAINAGE

VENTS MUD VOLCANOES

’
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DEEP-SEA ANOXIC DEEP-SEA SERPETINIZING
LAKES AND BRINES  HYDROTHERMAL ENVIRONMENTS

DEEP-SEA MARINE AND SODA LAKES NUCLEAR OPHIOLITES AND
SEDIMENTS CONTINENTAL AND HYPERSALINE CONTAMINATED CONTINENTAL
VENTS AND TRENCHES SUBSURFACE LAKES SITES SERPENTINIZATION

Front. Microbiol., 15 April 2019 | https://doi.org/10.3389/fmicb.2019.00780


https://doi.org/10.3389/fmicb.2019.00780

Attached to, or inside of, all cell membranes are many proteins,
which are important because most molecules cannot pass

through the water ‘hating’ (hydrophobic) inside of the membrane.
More than 70% of the weight of the membrane is protein.

Transporter |

Anchor

Receptor



CELL WALL

Most Bacteria and Archaea have cell walls that
wrap around the outside of the cell membrane




Cell envelope structure separates
many microbes into two large groups

Both have a Gram positive cell

membrane made

from a phospholipid
bilayer wlassociated
proteins

Both have a cell wall - but the
they are of different thicknesses

Gram negative cell

G- cells also have an outer
membrane (more on this soon)




Sheets of stiff cell wall material are
stacked on top of each other (like
boards) to form the cell wall.

Lipoteichoic
acid Peptidog?rcan-teichoic acid
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The cell wall protects a cell from osmotic changes in the
surrounding environment and determines shape of a cell.

Membrane Higher solute Higher solute
| concentration concentration
| | e :
8 3 inside cell outside cell
) CC ) e e < R Y
P e Lln H,O flows
‘ }_ —_ iion l H,0 flows l out of cell
(a) Water flow into cell
' Cytoplasmic
Cytoplasmic membrane
membrane is pulls away
forced against from cell wall

(b) cell wall



Damaging the cell wall of bacterial cells causes

|

@ Lysozyme cuts @ In hypotonic

idogl ‘
peptiduglycan Isotonic conditions,
Peptidoal Rod-shaped REIGHEGHS : water rushes in. Ruptured
epridogiycan bacterium = = protoplast
Plasma membrane

@ Without an intact %

cell wall, the rod @ Internal pressure

shape is lost. Loss Of Shape causes cell lysis.
Cell lysis

Effects of lysozyme on cell
Copyright © 2013 John Wiley & Sons, Inc. All rights reserved.



Any chemical that breaks the apart the cell wall layers
causes the cell wall to fall apart and kills the cell. One of
these is lysozyme, found in human saliva & tears.

@ Lysozyme cuts

9\ @ In hypotonic {.

tidogl ; ;
peptidoglycan / Isotonic conditions, \
Peptidoal Rod-shaped RIS water rushes in. \ Ruptured \
Sphaggiycan bacterium o= = protoplast
Plasma membrane \N ‘/
@ Without an intact % e Va

cell wall, the rod (@) Internal pressure
shape is lost. causes cell lysis.

Effects of lysozyme on cell

Copyright © 2013 John Wiley & Sons, Inc. All rights reserved.

The antibiotic penicillin also damages the cell
wall - that is how it fights against an infection.



Summary

Teichoic acid
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2 cell types: Gram + and Gram -
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Summary * Both have a cell membrane
* 2 cell types: Gram + and Gram - * Both have a cell wall but
thicknesses are different

Teichoic acid Lipoteichoic acid . .
. What about this layer in G- cells?
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Both G+ and G-
have a membrane
made from a
phospholipid bilayer
wl/associated
proteins

Gram positive cell

Both have a cell wall: thin in
Gram - & thick in Gram +
bacteria

Gram negative cell

G- cells also have an outer
membrane



The outer membrane is
made from a lipid bilayer,
like to the cell membrane
but with different
chemistry.

Gram negative cell

Gram positive cell

Outer membrane contains LPS, a
chemical compound that causes

inflammation, fever, diarrhea, vomiting,
and in large doses hemorrhagic shock &
tissue necrosis.




Individual bacterial cells may also form
a capsule (also called a slime layer)
that surrounds the cell wall or outer
membrane

Inner (cell) membrane

= Peptidoglycan

L Quter membrane

Protects against drying

e St G RN, | out, destruction from
I~ 1 1 .
ik immune system cells,
FIGURE 2.14 Bacterial capsule. The o
capsule is the fuzzy material surround- dangero us Ch em,ca’s, and
ing the cell enyelopg in this electroh . .
i e losing nutrients to the
Craly icker capasdes Counosy of environment

T.J. Beveridge.
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Pili are stiff brush-like structures
formed by some bacteria




Cells use pili for all sorts of functions

particle

o _l__-hf e binding,

etc.

Trends in Microbiology
Trends in Microbiology 2020 28340-348DOI: (10.1016/j.tim.2020.02.003)



The other
structure some
bacteria use for
movement are
flagella

Kateryna Kon / Shutterstock




Microbe
Table 12.2

Movement towards a +
stimulus or away from a -
stimulus is called =taxis.

Tactic response

Description

Chemotaxis

Aerotaxis

pH taxis

Magnetotaxis

Thermotaxis

Phototaxis

Tumble

Run

Directed movement in response to chemicals (chemoeffectors), which
can be either attractants (positive chemotaxis) or repellents (negative
chemotaxis); widespread property of prokaryotes

Directed movement in response to oxygen; widespread property

Movement either toward or away from acid or alkaline conditions;
E. colimoves from either acid or alkali to reach a neutral pH

Directed movement along geomagnetic lines of force; believed to
function in guidance up or down rather than north or south and useful
in moving toward microaerophilic environments

Directed movement toward a range of temperatures usually optimal
for the bacterium’s growth; widespread property

Directed movement toward wavelengths of light, usually related to
photopigments and their function in the metabolism of the bacterium;
property associated with virtually all photosynthetic bacteria

Random Walk
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