BIOL 4640 Mol Micro
Lecture 16 9/30/26
Cell Structures Part 2

Assignment 10 due on 9/28/26
Exam 1 on Monday, October 5

— A study guide and an old exam is posted

Assignment 11 — due on 10/7/26
Assignment 12 due on 10/9/26



Unit 3. Features and Structures
of Microbial Cells and Viruses B

A. Size and Shape of bacteria

C. Cell envelope of bacteria

D. Internal structures of bacteria
E. Cell Division in Bacteria

F. Viruses — Chapter 6

G. Atypical bacteria and viruses
Mostly Chapter 3 1in book



B. Specialized External Structures

* Protein filaments that project out from cell
(Not enclosed by cell membrane or cell

wall)

* Two main types
1. Flagella — motility

e Section 3.6 in
2. Pili and fimbriae — adherence
* Section 3.6 and 25.2 (6 edition)

3. Others

e section 3.5 6t edition



B. Specialized External Structures - 2
2. Pili and fimbriae

— Protein filament tube that extend from cell

— Thinner, shorter and more numerous than
flagella

— Several different types

— Form 3 types of structures, each with a
different role

— More commonly
observed in Gram
negative bacteria
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a. Types of pili

Major functions

Important features / examples

Adhesion to host cells and
surfaces; biofilms

Forms fimbriae. Chaperone—usher assembled; includes type 1
fimbriae of E. coli, which bind mannose-containing receptors

Adhesion, especially in urinary
tract infections

Forms fimbriae; also called P fimbriae. Chaperone—usher
assembled; E. coli P fimbriae bind receptors on urinary tract
cells

Type IV pili

Twitching motility, adhesion,
biofilm formation, DNA uptake

Generally called pili rather than fimbriae. Can rapidly extend
and retract; important in Pseudomonas aeruginosa and Neisseria

Type V pili

Adhesion and aggregation

Often called Type V fimbriae. Typically form relatively short
surface fibers involved in adhesion

Curli

Surface attachment, cell
aggregation, biofilm formation

Often called curli fimbriae. Amyloid fibers produced by
organisms such as E. coli and Salmonella

Conjugative (sex)
pili

DNA transfer between bacterial
cells

Not generally called fimbriae. Produced by conjugative
plasmids; the F pilus of E. coli is the classic example

Type IV secretion
pili

DNA/protein transfer; interaction
with host cells

Generally called pili rather than fimbriae. Associated with some
type I'V secretion and conjugation systems

Competence pili

DNA uptake during
transformation

Generally called pili rather than fimbriae. Often related to Type
IV pili and facilitate uptake of extracellular DNA

Tad pili

Strong surface attachment and
colonization

Can be called pili or fimbriae. “Tight adherence” structures
important for persistent attachment

Type I'V-like pili
in Gram-positive
bacteria

Adhesion, motility, DNA uptake

Generally called pili. Functionally and structurally related to
Type 1V pili




b. Pi1l1 Structures and Role

1) Common Pili1 or Fimbriae
* Thinner and shorter than flagella (3-10 nm 1n
diameter vs 14-20 nm for flagellum)
e Numerous (100s per cell)
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1) Common Pil1 or Fimbriae - 2

* Made from several types of pilin proteins

— What types are used to form fimbriae structures?
— Type I, P, V, curli, Tad
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1) Common Pil1 or Fimbriae - 3

* Role: Adherence to surfaces
— Adhesin protein at tip of filament binds to specific
molecules (usually sugars)
— Adhesins are important virulence factors

— Also, can be important for formation of biofilm




b. Pi1l1 Structures and Roles - 2

2) Type IV Pili
— Mediates twitching motility
— Several pili extend, attaches to surfaces and
then shortens moving the bacterial cell in
direction of attachment site

Bacterial
cell body




b. Pil1 Structures and Roles - 3

3) Conjugative, Sex or F pil1
— Longer and wider than common pil1
— Only a few per cell (<10)
— Plays a role in DNA transfer via conjugation

Diameter:

* Sex pili:~7 nm

e Common Pil1: 3-10
nm

* Flagellum: 14-20

nm




3) Conjugative, sex or F pil1 - 3

« Pi1l1 attaches to another bacterial cell and then
shortens to bring cells close together

* DNA 1s then transferred to recipient cell

B
Chromosome F plasmid

Replication fork




c. Pil1 Composition

E. coli i B.
Type | pili is |cereus

. Major Major Tama [551 GBSBOPL1 [l 61]
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c. Pil1 Composition - 2
1) Filament

— Mostly composed of multiple copies of a single
type of protein called a pilin

— May have a second minor protein
2) Tip
 Composed of 1-2 proteins different from
filament



c. Pil1 Composition - 3
Cells may have multiple different pilin genes

Can change which pili protein is made

Tip protein mediates adhesion to surface

— Tip or adhesion protein binds to specific
molecules (sugars)

Assembly varies (generally subunits added
to base of filament causing tip to extend)



d. Pili Assembly

* Assembly varies by type

* Assembly of the pili filament differ from
flagella. How? Look at the next two slides

* Pili subunits generally added to



1) Assembly of Type I Pili

Proteins secreted into
periplasm by Sec
system

Bound by chaperone
(PapD) and enters
usher channel (PapC)
Pili 1s assembled on
outer membrane

Starts with adhesions
on tip and then adds
pilin proteins to base of
shaft to extend filament

Figure 25.11B
6" edition

Inner Outer

) membrane membrane
Subunits

synthesigy 1 ’\ 1. Proteins from the cytoplasm are

secreted by the Sec system to the
periplasm, where they are chaperoned
General by PapD to the site of assembly.

secretion,

2. PapC, also called the usher,
assembles the individual proteins in
the proper order. Assembly starts with
the tip protein, PapG, marked at the
far right, which ultimately binds to
carbohydrates on host membranes.

"1 3. PapH is the anchor of
the PapA filament and can

terminate PapA assembly.



2) Assembly of Type IV pili

Pilin protein (P1lA
in figure) 1s
assembled into a
filament in 1nner
membrane

_ Assembled pilus 1s
pushed through a
channel 1n outer
membrane

Shorten by
disassembling pilin
proteins from base

Figure 25.12A 6™ edition

1. Pilin PilA is made as a
preprotein and inserted
into inner membrane.

2. PilD is a peptidase that
removes a leader sequence
from PIilA preproteins prior
to pilus assembly.

PilF
NTP
3. RilT and PilF

are NTP-binding
proteins that

provide energy for
retraction and PilT (

assembly.

<’L

Q

A 4

D|sassembly/
degradatlon f

4. The secretin PilQ
Inner J is required for the

type IV pilus to cross
the outer membrane.

membrane D

\

Quter
membrane

MODIFIED FROM BARDY ET AL. 2003.

MICROBIOLOGY 149:295-304.




1 Mringinserts 2 Sring added 3 Rod added and 4 Pring added 5 Lring added
in membrane capped

e —
.ooooooooo‘_’.?‘ Be00000ee0eee

P
000000000000000 .‘....0......0......

@
Q)
mRNA

| prie
7 Hook finished 8 Flagellar filament 9 Motility-enabling /\/‘\\ Y, /\ /\/

added proteins added

Figure 2.18 Microbe (A) The process begins with the insertion
of rings of the basal body into the cell membrane (1 and 2). A
rod 1s added (3), followed by two outer membrane rings (4 ad 5).
The hook (6 and7) and the filament (8) are added. The last step
is the addition of the motility proteins in the cell membrane (9).
(B) Growth of the flagellar filament by extrusion of flagellin
subunits through the core of the flagellum.




c. Pili Assembly - 2

* Assembly varies by type

* Assembly of the pili filament differ from
flagella. How? Look at the next two slides

* Pili subunits generally added to
—  base and cause filament to extend

— Flagellum subunits are added to the tip



B. Specialized External Structures — 3a
3. Others

a) Stalks seen in Caulobauter and other bacteria
— Used for adhesion

Flagellum is lost; @ Podl (flagellum)
stalk grows. @ DivJ (stalk)
O TipN (new pole)

Stalked cell
Holdfast @ PodJ) moves
Stalk to opposite
pole with TipN.
DivJ

TipN concentrates

at both new poles.

Figure 3 . 3 2 ot Hlosakas Flagellum grows

0, Pre_ : Omen at pole with Pod).
6™ edition e




B. Specialized External Structures — 3b

3. Others
b) Nanotubes — (section 3.5 6 ed.)

* Extension of cytoplasm or
periplasm between 2 different
cells

* Can be between different
species

 What components are

shared in Figure
3.35?

Figure 3.35
6™ edition

—— catmRNA @ Cat protein
=—=ermmRNA @ Erm protein




B. Specialized External Structures — 3b2

3. Others
b) Nanotubes — (section 3.5 6 ed.)

* Extension of cytoplasm or
periplasm between 2 different
cells

* Can be between different
species

 What components are
shared in Figure

3.357
* Protein and nucleic
acids |
Figure 3.35
6th edition ——catmRNA @ Cat protein

=—=ermmRNA @ Erm protein



Unit 3. Features and Structures
of Microbial Cells - C

A. Size and Shape of bacteria
B. Specialized External Structures of bacteria

D. Internal structures of bacteria
E. Cell Division in Bacteria

F. Viruses — Chapter 6

G. Atypical bacteria and viruses
Mostly Chapter 3 1in book



Unait 3. Structures of Bacterial Cells

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Prokaryotic cell —

External

Cell envelope —

Appendages
Flagella
Pili
| Fimbriae
[ Glycocalyx
Capsule, slime layer

(Outer membrane)
Cell wall
B Cell membrane

B Cytoplasm
Ribosomes

Internal

Inclusions
Nucleoid/chromosome
Actin cytoskeleton
Endospore




C. Cell Envelope of Bacteria

Includes cell membrane, cell wall, outer
membrane and glycocalyx/capsule

Different styles are observed 1n bacteria

— Gram positive, Gram negative, Mycobacteria,
etc

— Each style has different layers and components

Major way to group bacterial species
Detectable by staining techniques and
microscopy (Gram stain and acid fast)



Importance of Envelope Structure

* Major feature used to classify bacteria

— Staining techniques detect differences
« Affects transport of material into cell

« Affects sensitivity of bacterium to
antibiotics and disinfectants

— Drug ands chemical will need to pass through
it to enter the cell



C. Cell Envelopes

1. Major Styles/Configurations Observed

a. Gram-positive (section 3.3)

b. Mycobacterial (Gm+ actinomycete) - Acid-
fast (section 3.3)

c. Gram-negative (section 3.3)

d. Mollicutes — Mycoplasma — no cell wall (pp.
734-735 6¢)

e. Archaeal (section 19.1)

2. Layers and Components
3. Antibacterial Chemicals and resistance



C. Cell Envelopes

a. Gram-positive b. Gram-negative

Electron microscope
1mages




Assignment 12

1. What layers are found 1n envelope of each
of the following types of bacteria?

What type of molecules are found 1n each
layer?

a. QGram positive

Mycobacterial

Gram-negative

Mollicutes - Mycoplasma

Archaeal

O



a. Gram-Positive Cell Envelope

Layers and
Components Present

Glycosyl
chains

Teichoic

Peptidoglycan

:I:--i: -:!:' membrane
'\ Membrane

SN Figure 3.15 6 edition




Mycobacterial envelope structure.

b. Mycobacteral Lo

glycolipid

‘ i The capsule consists
¢ PhOSP/h‘-"'p'd of glycolipids and

sugar mycolates.

* Gram positive | |

actinomycete U
Layers and e ? %g
Components present L T Y e b

Capsule

Mycolic acids
(attached to
arabinan)

Arabinan
Ethambutol blocks
synthesis.

ﬁd} Galactan

Figure 3.21A
6t edition

membrane

Microbiology: An Evolving Science, 4/e Figure 3.22
Copyright © 2017 W. W. Norton & Company, Inc.




c. Gram-Negative Envelope

Gram-negative envelop (C. crescentus)

---.---'

il

o3 > &K

; membrane

Joooooboo

—\—L Lipoproteins

O
mmem M }O

Periplasm

)
Inner
membrane
L )OO0 3

Membrane

proteins

Layers and Components
present

Figure 3.15
6" edition



d. Envelopes of Mollicutes - Mycoplasma

Layers and Components

— Oligosaccharide —
repeat

Repetitive
amino acid
sequence

Figure Legend: LG = lipid-glycans?, LPPs
= lipoproteins, PM = plasma membrane,
IMP= intermembrane protein, PMP =
peripheral membrane protein, Mycoplasma




e. Envelopes of Archaea

Layers and Components Observed

Envelopes of archaea
A. Sulfolobus B. Methanothermus

S-layer

Figure
19.3 3
edition

I
141% 12 AT 8L
rii1q .

Microbiology: An Evolving Science, Third Edition Figure 19.3
Copyright © 2014 W. W. Norton & Company, Inc.




Assignment 12 Question 2

2. The color observed in a Gram stained does not always
match their actual envelope style. List two other
methods one could use to determine or predict the
nature of the envelope of a newly 1solated bacterium.

* Discuss with your neighbor



C. Cell Envelope of Bacteria - 2

2. Layers and Components
a. Glycocalyx — capsule
b. S layer -

c. Outer membrane
 LPS and phospholipids
d. Cell wall -
e Peptidoglycan, Pseudopeptidoglycan, Teichoic
acid, Mycolic acids, Arabinogalactan, Periplasm
¢. Periplasm
f.  Cell membrane
* Phospholipids, Isoprenoids and hopanoids



a. Glycocalyx or Capsule

1) Features

- Extracellular material s
beyond the cell wall Coll vl

 Composition varies N :,tm;) L]
between different |
species

'
(/
\\ R4

Bacterial Cell

Figure 2.24C 4% edition
Darkfield microscopy image




a. Glycocalyx or capsule - 2
2) Types

a) Slime layer — loosely attached
b) Capsule — more firmly attached

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Slime Layer
Inner (cell) membrane

Outer membrane

7.7 T1—Capsule

Capsule

(b)



A
00 D11 O 10
. Capsule Structural
Bacterium e .
composition subunits
Gram-positive Bacteria
Bacillus anthracis polypeptide D-glutamic acid
(polyglutamic acid)
Bacillus megaterium polypeptide and D-glutamic acid, amino
polysaccharide sugars, sugars
Streptococcus mutans | polysaccharide (dextran) glucose
Streptococcus polysaccharides sugars, amino sugars,
pneumoniae uronic acids
Streptococcus polysaccharide N-acetyl-glucosamine
pyogenes (hyaluronic acid) and glucuronic acid

Gram-negative Bacteria

Acetobacter xylinum

polysaccharide

(cellulose) glucose

Escherichia coli

polysaccharide (colonic
acid)

glucose, galactose,
fucose glucuronic acid

Pseudomonas polysaccharide mannuronic acid

aeruginosa

Azotobacter vinelandii | polysaccharide glucuronic acid
Agrobacterium polysaccharide (glucan) glucose

tumefaciens




a. Glycocalyx — capsule - 3

3) Composition

Usually polysaccharides —

May be peptides (more common 1n Gm+7?)

May also contain DNA

Composition varies between species, strains of a

species, and during the life of an organism

* ~80 different capsular polysaccharides have
been observed in E. coli (K antigen)

Usually short chains of a homopolymer or

heteropolymer of sugars and are called

extracellular polysaccharide (EPS)

Peptides are short chains of amino acids



a. Glycocalyx — capsule - 4

4) Role
« Attachment (biofilms) — Section 4.5 6™ edition
* Protection from phagocytosis
* Protection from desiccation




b. S or surface Layer - 1

1) Features

* Found on most (?) bacteria especially Archaea
— Usually lost in lab cultured strains

* On outside of cell wall or membrane

e Layer of proteins or glycoproteins

* Composed of a complex of a few proteins

« Makes crystalline, porous matrix Fig 3.17 31 edition

Figure 2.11
Microbe




b. S-layer - 2

)
f S-layer

) .
Cytoplasmic
| membrane
288888 8)

D Ty S-layer
' _/ (glyco)-

A = protein

m Peptidoglycan or
=& other polymers

1
_ §  Lipopoly-
[lF’orm |:|'=| saccharide

S-layer

Peptidoglycan
and/or other
polymers
Cytoplasmic
membrane

Membrane
protein

-."T'I_'_'l
| | Membrane lipids
e

Lipo-
| protein

(a) Archaea with no cell wall just S-layer
(b) Gm pos with S-layer
(c) Gm neg. bacteria with S-layer

Not found on all bacteria

in Microbiology

Trenas

Sleytr and
Beveridge 1999
Trends in
Microbiology



b. S-layer - 3

2) Hypothesized Roles - not totally understood
— Protection — osmotic stress
— Structural — shape (Archaea)
— Protection from viruses
— Barrier to large molecules
— Attachment to surfaces
— Site for attachment of proteins
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