Introduction, Bacterial
Classification & Immunology
Review



Different from parasites
and fungl (eukaryotic)

A Prokaryotic organisms
o0 Simple (different)  unicellular organisms
d no nuclear membrane
0 no mitochondria
0 no Golgi bodies
d no endoplastic reticulum

A Complex cell wall
0 Gram- positive
0 Gram- negative



Microbial Disease

A The relationship between many organisms
and their diseases Is not simple.

A Most organisms do not cause a single,
well- defined disease, although some do
e.qg., Treponema pallidum -- syphilis.

A More common for infections result in
many different manifestations of disease
e.qg., S. aureus -- endocarditis,
pneumonia, skin infections, bone
Infections, sepsis, food poisoning.



Bacterial Classification

A Phenotypic
A Analytic
A Genotypic



Phenotypic Classification

A Microscopic morphology

0 Gram stain, shape /.e., rods (bacillus), spheres
(coccil), curved or spiral, size

A Macroscopic

0 Hemolytic properties on agar containing blood,
pigmentation of the colonies, size and shape of
colonies, smell and color.

A Serotyping

d Antibody reactivity to specific antigens

A Antibiogram patterns
0 Susceptibility to antibiotics
A Phage typing

0 Susceptibility to viruses that infect bacteria --
bacteriophages
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Antibiogram patterns




Phenotypic Classification
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Analytic Classification

A Chromatographic pattern of cell wall
mycolic acids

A Lipid analysis
A Proteomic analysis

0 These techniques are labor intensive
0 Require expensive equipment

0 Used primarily in reference
laboratories



Genotypic Analysis

A Most precise method for bacterial
classification.

0 Ratio of guanine to cytosine
0 DNA hybridization

0 Nucleic acid sequence analysis

APCR
d Chromosomal DNA
d Ribotyping
d Plasmid analysis



Genotypic Analysis

Parameter Characteristic for the Genus

Staphylococcus Micrococcus Planococcus  Stomatococcus
GC content of DNA 30- 35 70 - 75 40 -51 56 - 60
Cell wall composition + - - -
More than 2 mol of
glycine per
Mol of glutamic acit in
Peptidoglycan
Type of fructose | [l ND [l

1,6 - diphsphate Aldolase

Cytochrome C - + ND +

Lysostaphin Sensitivity —+ - - -

Furazolidon Sensitivity - + ND ND



Genotypic Analysis

A Most precise method for bacterial
classification.

0 Ratio of guanine to cytosine
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Why Is PCR So Sensitive?

4n



Why Is PCR So Sensitive?

4n

Adenine
Guanine
Cytosine
Thymine




Bacterial Morphology and
Cell Wall Structure and
Synthesis



Differences between
eukaryotes and prokaryotes

Prokaryote Cell wall ‘ ouss
Peptidoglycan [ Single, supercoiled
| : circular chromosome

A Eukaryotes - Greek I . W
for true nucleus. : (N — |

0 80S Ribosome ragonm M Q<
A 608 + 408 Cytoplasm -

rich in 708 (site of cellular

Plasmid Cell membrane

ribosomes respiration)
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for primitive Y e e oo
nucleus.
d 70S Ribosome

A 50S + 30S (16S +
23S rRNA).

A Peptidoglycan cell SRR ] e
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Golgi apparatus



Characteristic
Major Groups

Size (approximate)

Nuclear structures
-Nucleus
-Chromosomes

Cytoplasmic
Structures

Mitochondria

Golgi bodies and ER
Ribosomes
Cytoplasmic membrane

Cell wall

Reproduction

Movement

Respiration

Eukaryote

Algae, fungi, protozoa, plants,
animals

<Sum

Classic membrane
Strands of DNA diploid genes

Present
Present
80S (60S +40S)
Contains sterols

Present for fungi, otherwise
absent

Sexual and asexual

Complex flagellum, if present

Via mitochondria

Prokaryote
Bacteria

0.5-3.5 um

No nuclear membrane
Single, circular DNA
haploid gene, plasmids

Absent

Absent

70S (50S+30S)
No sterols

Complex, proteins, lipids,
peptidoglycans

Asexual (binary fission)

Simple flagellum, if
present

Via cytoplasmic membrane



Bacterial Ultrastructure -
Cytoplasmic Structures

Division septum

Outer membrane
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- Bacterial
chromosome Is a
single, double -
stranded circle.

- Ribosomes

- Plasmids present in
most bacteria.

o0 confer virulence

0 antibiotic resistance
- Cytoplasmic
membrane



Bacterial Ultrastructure -
Cell Wall

Division septum

Outer membrane
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Differences Between
Prokaryotes --
The Gram Stain



Gram- Positive Cell wall

S-layer proteins
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Gram- Negative Cell wall
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The Gram Stain

Il n the | ate 18000s, Chr i
that some genera of bacteria retained an

lodine- dye complex when rinsed with alcohol,
while other genera were easily decolorized
with alcohol and could be then visualized by a
contrasting counterstain . :




The Gram Stain

This staining procedure defines two bacterial
groups: those which retain the primary dyes
(OPosihyi @Geamdvwset ho ddo oGram-
Positive6 ) and those which are easily
decolorized ( 0 Ne g allyi Girea mBet h oat O
oGram- Negative 0 .)

This IS the starting point for bacterial
identification procedures .




The Gram Stain

The difference In dye retention is dependent on such
physical properties as thickness, density, porosity,
and integrity of the bacterial cell wall, as well as,
to some extent, the chemical composition.

Gram- Positive bacteria have thick, dense, relatively
non-porous walls, while Gram- Negative bacteria
have thin walls surrounded by lipid -rich
membranes.

Some non-bacterial organisms with thick cell walls
(e.g., some yeasts) also stain Gram- Positive.

Gram- Positive bacteria which have lost wall integrity
through aging or physical or chemical damage may
stain Gram- Negative .



The Gram Stain Procedure

AStep 1-Prepare a Smear

Suspend some of the material to be stained in a
drop of water on a microscope slide, spread the
drop to about the size of a nickel.

Allow to air dry. Heat fix by gently warming
above a flame or other heat source.

Watch what happens to the

NBact €

Q nBacteria(‘)
Q oS




The Gram Stain Procedure
AStep 2 -Apply the Primary Stain

Flood the Smear with Crystal Violet

Allow to stand 30 sec to 1 min

Rinse with water to remove excess stain




The Gram Stain Procedure
AStep 3 -Apply the Fixing Agent

Flood the Smear with lodine solution

Allow to stand 30 sec to 1 min




The Gram Stain Procedure
AStep 4 -Rinse

MRinse with water to remove excess lodine




The Gram Stain Procedure
AStep 5 -Decolorize

Drip 95% Alcohol across the slide about 5 sec.

The effluent should appear pale or clear.

‘0‘0 Lﬁ 4




The Gram Stain Procedure
AStep 6 -Rinse

Rinse with water to remove excess alcohol




The Gram Stain Procedure
AStep 7 -Counterstain

Flood the slide with Safranin solution.

Let stand 30 sec.




The Gram Stain

AStep 8 -Rinse, Dry and Observe

Rinse with water to remove excess
stain.

Blot dry.

Observe under oil iImmersion.

Gram-Positive Gram-Negative




Examples of Gram Stains

Gram- Positive Rods Gram- Negative Rods
and Cocci and Cocci

#




GRAM-POSITIVE
Growth on Blood Agar and
Chocolate agar; NO growth

on MacConkey Agar

Budding Yeasts
Growth on
Sabouraud dextrose
Agar with chloramphenicol
Candida albicans

RODS C Ci

ACID-FAST(+) ACID-FAST(-) CATALASE CATALASE
Slow growers ) (+)
Growth on Streptococci Staphylococci
Lowenstein
Jensen Media

Mycobacteria Mannitol Salt
philei A r
Large Boxy Slender rods

rods “snapping fission”

Bacillus when grown on Fermentation Fermentation
subtilis Loeffler's Agar (+) )

stain unevenly
Corynebacterium
diptheriae

Staphylococcus Staphylococcus
aureus epidermidis

Hemolysis on
Blood Agar

i D

Alpha Gamma Beta
\ Enterococcus /\
faecalis A disc A disc

P disc P disc Sensitive Resistant
Sensitive Resistant Streptococcus Streptococcus
Streptococcus Streptococcus pyogenes agalactiae

pneumoniae mitis



GRAM-NEGATIVE

AN

NO growth on
MacConkey agar
good growth on
Choclolate agar

COCCI OR COCCOBACILLI

/\

Niesseria sicca Haemophilus
NO growth on influenzae
Haemophilus Growth on
Isolation Agar Haemophilus

Isolation Agar

Good growth

on Blood,
Chocolate and
McConkey agars

RODS

LACTOSE FERMENTATION (+)

ol

Urease(~) Urease(~)
Citrate(-) Citrate(+)
Escherichia Enterobacter
coli aerogenes

Urease(+)
Citrate(+)
Klebsiella

pneumonia

LACTOSE FERMENTATION
(=)

A

Oxidase(+) Oxidase(-)

SIM (=) SIM (+)
Pseudomonas Proteus
aeruginosa vulgaris



Gram- Positive Cell Wall

A Thick,
multilayered cell
wall consisting
mainly of
peptidoglycan
(150 - 500 A).

A Similar to the
exoskeleton of an
Insect except it is
POrous.

S-layer proteins
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Gram- Positive Cell Wall

Peptidoglycan — Lipoteichoic
' e | acid
Teichoic acid =y  Cell wall
AN -
B } C lasmic
A ¥ membraone

Structural and enzymatic profeins
© Elsevier. Murray: Medical Microbiology 5e - www.studentconsult.com

A Peptidoglycan essential for structure,
replication and survival.

A Can interfere with phagocytosis and stimulate
Innate immune responses.

A Pyrogenic.



Gram- Positive Cell Wall

A Teichoic acids are water
soluble, anionic polymers
covalently linked to the
peptidoglycan.

A Lipoteichoic acids have
a fatty acid
modification and are
anchored to the
cytoplamic membrane.

A Both are common
surface antigens that
distinguish bacterial
serotypes and promote
attachment to other
bacteria and to specific
receptors on mammalian
cell surfaces.

Extracellular milien

Lipoteichoic acid :
Polysaccharide

S Layer
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Structure and Biosynthesis
of the Major Components
of the Bacterial Cell Wall

Cell wall components are
prefabricated precursors and
subunits of the final structure

are assembled on the inside and
then brought to the surface.



PEPTIDOGLYCAN

Lysozyme
cleavage

A Peptidoglycan is a rigid

N etyl = s ‘\*
mesh made up of A i 78 \_% o A

ropelike linear

polysaccharide chains i

made up of repeating GLUCOSAMINE
disaccharides of N- {
acetylglucosamine R s =
(GIcNAc, NAG, G) S Bt
and N- acetylmuramic ;B bl

acid (MurNAc, NAM, kg L

M) . | Releasad on D-ALANINE
. cross-linking

A Tetrapeptlde attaChed © Elsevier. Murray: Medical Microbiology 5e - www.studentconsult.com
to MurNAc.



PEPTIDOGLYCAN
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PEPTIDOGLYCAN SYNTHESIS

Peptidoglycan Synthesis

(1) INSIDE: (2) MEMBRANE: (3) OUTSIDE:

Soluble substrates are Activated units are attached The peptidoglycan units
activated and peptidoglycan and assembled on the are attached to, and

units are built. undecaprenol phosphate cross-linked into, the

membrane plvot peptidoglycan polysaccharide.
371““ ® GleNAc-MumAc-Ppm
AA 3
7 (AA), P MurNAo-GlcNA

‘)\) pentagyclne
UDP‘G'ENAC 1(Gly tRNA)S G.y)
(® GlcNAo-MurNAo—PPm
P-enolpyruvate
P« Ac-MurN

FI (AA)S Mu Ac-GlcNAc {r Ac

@UDP-MurNAC / \ ?A)\
: Ala — 1UDP-GIcNAc D-Ala (Gly), D-Ala(Gly), + D-Ala
Glu —~ i

1Lys —~ MurNAc-PP . \
(AA), (AA),

Murbk&GlcNAc-Mu Ac

D-Ala-D-Ala =~ @ (AI\)5

! 1

(3 [uDP-MurNAc-(AA),
LP

© Elsevier. Murray: Medical Microbiology 5e - www.studentconsult.com




PEPTIDOGLYCAN SYNTHESIS

Transpeptidation Reaction

— GICNAC — MurNACc — — GIcNAC—MurNAc —
L-Ala L-Ala
| o-Ala |
Glu N:> Glu
I - | | -
LyS - coveenns N =0 - Lys ------- N—C=0
| - | A
o-ﬂl\la D-Ala D-T\la D-Ala
| |
D-Ala Lys D-Ala L)(s
I
Gllu Glu
|
L-IAIa L-Ala
|
B — MurNAc — GlcNAc— — MurNAc — GIcNAc—

© Elsevier. Murray: Medical Microbiology 5e - www.studentconsult.com



N-Acetylglucosamin N-Acetyimuraminsaure Oligopeptid

Peptidoglykan der Baktenien-Zellwand

The number of cross - links
and the length of the cross
links determine the rigidity
of the peptidoglycan mesh.

NAM NAG

! pentapeptide

peptidoglycan
monomer

cross-links between
tetrapeptide chains




Gram- Negative Cell Wall

A More complex than ipopolscchorc

Gram- positive cell e 1
Wa”_ A A s pro?eins)

A 2 layers external .
to the cytoplasmic - QQ.,M. &
membrane membm"e{ 0| | RNy 0% Y9 VYV
d thin peptidoglycan e r‘ '

spoce 4 S
the cell wall by Cﬁm{;’; D Wuhu M,Mn 1L
Welght) 11l| WL |||‘| T IIM\\!
0 external to the e b

peptidoglycan layer i e I

. B
IS the OUter © Elsevier. Murray: Medical Microbiology 5e - www.studentconsult.com
membrane.

Lipoprotein



Gram- Negative Cell Walll

A Periplasmic space -

0 The area between the
external surface of the
cytoplasmic membrane
and the internal surface
of the outer membrane.

d Contains hydrolytic
enzymes important to
the cell for breakdown
of large macromolecules
for metabolism.

d Also contains enzymes
associated with
pathology e.g.,
proteases,
hyaluronidase,
collagenases and b-
lactamase.

OQuter

membrone

Lipopolysaccharide
puw 9l | ey

il |||

Cytoplasmic | [} Muuhul' DOl DR mﬂ‘l i
membmne{ "“l” 000 “ 00D DY %‘x || ]

Lipoprotein

Periplasmic
spoce

Nutrient-binding
protein Carrier protein
Peptidoglycan
B
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Gram- Negative Cell Wall

A Outer membrane -

d unique to gram negative
bacteria.

d has similar roll as
peptidoglycan does in
Gram- positive bacteria.

A ie. , it maintains the
bacterial structure and
IS a permeability
barrier to large
molecules.

0 Asymmetric.

A bilayer structure unique
among biologic
membranes.

o inner leaflet -
phospholipids

0 outer leaflet
which is
amphipathic.

o0 Only place where
LPS is found.

0 LPS=endotoxin

- LPS

I 1 )
{ ﬁ ﬂ4_0-amigen
A , repeat
| _T*J 0 QJJ
| 7 <N YN /I.l ’k— n
LPS J\ ‘D )J X | x—{] :leptose | ot
| "rl l‘,J \ x -« ucose e
| “-‘ B{? ' [j“. ~—— Galactose ’
| — ‘
’ D Heptose -
g " it
[~ 00
Outer J L)
membrane | J{]( ) |[)f
DT
Lipoprotein
I"
Periplasm j
{ C.)—(')—-’)\.‘»{_/( xc‘;}’:g — MDO
N -
( R'/\\(\'H"!W,F,! 2 \ -
ner HM[ ',‘ lhﬂmim '.H!}"u' 'xﬂ] I '.[ j.}:. e
membrane l|‘w‘”|' ;II'I[”][]W “-‘“- ‘,f”. Il" I| i | 'i' |
\ MR w(u' |
\ ) Cyloplasm \¥> Protein



Gram- Negatlve CeII wall

O-antigen
repeat
P{]n
—~—— Heptose
| Outer
Glucose

" core
~— Galactos J

g{] ~— Heptose }

.Porin 0 .
l l |l<—LlpldA
o Hiflel
A g

» — Peptidoglycan

Inner
core

Outer
membrane

Lipoprotein ———

Periplasm \)'( chgs - :
| S8F8 PP w0
:::;rbfane j RQF{OOFJI ﬁ Q' ] j[' ﬂﬁ n HWB ﬂﬂf‘!{ﬁ' n}n& Phospholipid
IS NI Y
Q Cwtoplasm Q e

The outer membrane is connected to the cytoplasmic membrane
at adhesion sites and is tied to the peptidoglycan by lipoprotein.



Gram Negatlve CeII wall

O-antigen
repeat
>—{] - Heptose

LB Gitias \ Outer
[ core
Galactos J
D —~— Heptose -
Porl Inner
arnn
| I Kdo core
O >
-~ Lipid A
Outer |
membrane Nne L{ ”qu

Lipoprotein

> Peptidoglycan

( i
Pernplasm ;' D DD B oo o o=
J( )

-«—— Protein
Cwtoplasm

~ .
Inner nﬁ ‘ {HM] ﬂ U ﬁ Fﬂﬂ <—Phospholpd
membrane - UQ JUUQH(- | ’

Porins allow the diffusion of hydrophilic molecules:
metabolites and hydrophylic antibiotics.



LPS

A Consists of three
structural sections:

O Lipid A
0 Core polysaccharide
0 O- antigen

A Lipid A is responsible for
the endotoxin activity of
LPS.

0 Phosphorylated
glucosamine
disaccharide backbone

0 Phosphates connect LPS
molecules into
aggregates.

~ O antigen
Core
polysaccharide
b Lipid A
|
Repeat unit: O antigen Mcnlnose—Abequose
Exomple: {repected up to 40 times) Rhnrlnnose
B Goklxtose
|
o S}lu-GlcNAc KDO = Keto-deoxy-octonoate
Gol Hep = 1-Glycero-D-manncheptose
! HM = Beta-Hydroxymyristic ocid (Cy 4)
lv-Gal 4
C}; u-Ga M auroxymyristic acid
Hep MM = Myristoxymyristic ocid
1 3
.-P-P-Eth-N Eth-N = Ethanolamine
P;iep Z Glu = Glucose
'sDO GlcNAc = N-Acetyglucosomine
C KDC-KDO-P-Eth-N | Gal = Golactose
' P = Phosphote
—-CORE
Lipid A (P
CIHZ ro ?H?
i o B0,
V4 \ h N
\H 'F'/C' Hé\';‘ '?/ O—POH
— i =
| mor N A
- | |o HN\ ? Hth
e e
CH, CH, Fi2 b
| ! CHOH CHOH
= ¥ (CHho (CHs)
" o 7 ieHao e e
(I:—O CH4 Cl—O CH4 3 3
(CHzh2 (CHzho
CHy CH3
D (MM} {Lm) (HM]  (HM)
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A Core

0 Polysacc
prancheo

LPS

naride Is a

polysaccharide of 9 -

12 sugars.

0 Essential
structure

A O- Antigen
0 Attached

for LPS

to core

0 Long, linear
polysaccharide
consisting of 50 - 100
repeating saccharide

units of 4

per unit.

- / sugars

LPS
Repeot units
§ (up fo 40} ¢ O antigen
¢ Core
polysaccharide
Disaccharide-
Ko JEER
> Lipid A
Fatty acids
A
|
Repeat unit: O antige Mmlnose—Abequose
Exomple: {repeoted up to 40 times) Rh“';ﬂ"OSe
Galact
B e
|
Glu-GleNAc
Cort ]
Gol l
| 1
Glu-Gal -
Hep
Hep-P-P-EhN ‘
o = Glue
ll(DO GlcNAc = N-Acetyglucosamine
C KDO-KDO-P-Eth.N | Gal = Galoctose
' P = Phosphote
Lipid A
(I_-Hz ro CIIH?
c—oO H$ O
N Ve o N
N i AV v/ S
=5 | | =
H,04P—O C H (IC)—Cl 3Hy
HN
O HN , |
' =i —
CI=O \(E:o (Ij o] (‘Z o
CH, CH, I
] ! CHOH CHOH
— W (CHaho (CHy)
¢ (THzho ¢ {CHa)io (|:H2m ICH“G
c=0 CH (I:-:O CHs 3 3
(CHzh 2 (CHzho
D () {Lm) (HM)]  (HM)
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LPS

LPS structure used to
classify bacteria.

and
similar for all Gram -
negative
Enterobacteriaceae.

The core region is the
same for a species of
bacteria.

The O antigen
distinguishes serotypes
(stains) of a bacterial
species e.qg., E. coli
O157:H7.

14(3;“'5 } O antigen
. Core
polysaccharide
i
S Lipid A
|
Repeat unit: O antigen Mcmlnose—Abequose
Exomple: {repected up to 40 times) Rhnr;nnose
B Galactose
]
|
Co Glu-GleNAc KDO = Keto-deoxy-octonol
(I;O| Hep = 1-Glycero D'mnnnoheprosr—.
! HM = Beta- Hyd myristic ocid (Cy 4)
?IU Gal LM = la ymy c acid
Hep MM = Iv\yrxsr yrnynsh'c ocid
: Eth-N = Ethanclamine
sp-P-P-Efh-N
f]"PP Glu = Glucosu
',<Do GlcNAc = N-Acetyglucosamine
C KDO-KDO-P-Eth-N Gal —Gulucfose
; P = Phosphot
Lipid A K=
l
——— O H H
H < \ / i \
HyOaP— o\c C'/ H Ho\c —c/ O—PO3H;
O  HN ° ”N
(|: - \C=O (l: =0 (IZ =0
| i
CHy CH, G o
ClH (l:H |CHOH Cl.fHOH
| ] H H
(g © (gHao ey Ao
=0 CH4 =0 CH; 3 3
(CHzh 2 (CHzho
CHa CHs
D (M) {Lm) (HM]  (HM)
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LPS

A Powerful nonspecific
stimulator of the
Immune system.

A Activate B cells (non
specifically) and induce
macrophages, dendritic,
and other cells to
releaselL -1,IL -6, and
TNF - a.

A Induce shock if reaches
blood stream at
elevated levels.

d Disseminated
Intravascular Coagulation.




Summaryn Gram-positive vs.
Gram-negative (membrane
characteristics)

Characteristic Gram- positive Gram- negative
Outer Membrane - +

LPS _ +

Cell wall Thicker Thinner
Teichoic acid Often present

Lysozyme Sensitive Resistant

Penicillin susceptibility More susceptible More resistant



Immunology
Overview/Review



Infection Dynamics

Innate & Acquired
Immunity

Pathogen



OBJECTIVES

A 1. The general natureof immune
responsiveness.
I Memory
I Specificity
Alnnate immunity
AAcquired Immunity

A 2 Infection and Immunity

A 3. The anatomic basis of immune
responsiveness.




Definitions

A Innate =macrophages, dendritic cells, eosionophils,
basophils, neutrophils.

A Acquired =T cells; B cells.

A Humoral=antibody -mediated

A Cellular =dendritic cells, macrophages
A APC=antigen presenting cells

A Antigen =Any protein, carbohydrate, lipid etc.
against which an immune response can be made

(Under the right conditions ).

A Cytokines =proteins (like hormones) used by
Immune cells to communicate.



Specificity and Memory

—————— Anti-A Igh
— Ann-A Igc Hecorndary
Bt Anti-BIgh  COEZTE
E = ——— Anti-B IgC
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Specific & Anamestic Immune Recognition:
(Antibodies or Cells other immune

components)

Cell-mediated
immunity
(attack on
infected cells)

MHC Class || protein

CD4 protein

Interleukin 2
and other
cytokines

Humoral
immunity
{secretion of
antibodies by
plasma cells)

Interleukin 1
and other
cytokines

(@)
Copyright © 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.

Mor e

Activated B cell ==
|
= MHC |l
Helper T o receplor
cell CD4 of B cel
protein displaying
. processed

Interleukin 2 — antigen
released by TCR
helper T cell
Activated helper
T cell

Sensitized

lymphocytes

| at er é



What cells are the main
players of the Immune system
and of an Immune response?

Where to the arise?



Self-renewing
stem cell

Lymphoid
progenitor

Myeloid
progenitor

Pluripotent
stem cell

Thymus

Natural killer
(NK) cell

Blymphocytes T lymphocytes

®
Y o , o -
Erythroid CFU Megakaryocyte Basophil CFU  Eosinophil CFU Granulocyte-monocyte CFU

o b bbb =
®e ©

Erythrocytes Platelets Basophils Eosinophils Neutrophils Monocytes
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Dendritic -T cell Interaction




Epithelial cell-
induced DC
activation

Direct DC
activation

DC maturation
1 Phagocytosis
T Antigen processing
T Antigen prasentation
T Migratory properties
T T cell differentiation activity

TRENDS i Micratislogy




Old vs. New

A Innate - intrinsic e.g. , macrophages,
neutrophils , DC, NK cells

o0 Ancient
0 Recognize general patterns on
pathogens ( e.g. , LPS,
carbohydrates).
A Acquired - adaptive, learned e.g., T
and B cells

0 Recognize specific protein sequences or
structures.



Innate Immune Cells &
Defense Mechanisms



Brief History of Complement

., Hans Buchner -

| | demonstrated that

| heating serum
Inactivated its  Iytic

Y A | properties; alexin
Jules Bordet (Nobel

0 ‘q 1919) - serum

e m?kﬁ contained heat - stable

& (Antibodies) and a

Bordet Ehrlic heat labile component
t hat Ocompl e me
antibody

A Paul Ehrlich (1899) -
coined the name
ocompl ement O



Complement

A The complement system comprises
more than 30 plasma ( 1/2 for
regulation ).

A The liver produces ~90% of the
nlasma complement components,
nowever...

A Production of virtually all

components has been documented In
monocytes/macrophages and in
astrocytes .




What is complement and
why Is this important?

A Complement serves as a primitive
surveillance system against microbes.

A Independent from antibodies or T cells.

A During evolution it became intertwined
with humoral immunity and now
represents a major effector system for
antibodies.

A Alternative pathway is 500 million years
old. Found in most vertebrates and
primitive C3 analogs are present in non
vertebrates.



Complement Pathways

Antigen -Antibody Complex Classical Pathway
(IgG or IgV)

C1 —®» Activated C1 Cda C2a

c4 Mub —jb C4b2b C4b2b3b
Mannosej ﬁ \l, C3a \l/ C5a ce6 (s

Binding C2
Lectin
C5 ——» C5b C5b-9
T (Membrane
Attack
C7 c9 Complex)
C3 7,» C3b 7» 'C3bBb C3bBb3b
Lipopoly- Factor B T
_ saccharides Factor D
\,:/'urﬁgfs 1.4 mg/ml Alternate Pathway



Alternative

Classical

C3

C3

Complement Activation

Complement Activation

e ————
- -~

-
~ -
e

Bacterial Cell Lysis

e ————
- -~

-
~ -
e



Complement-Mediated Lysis

A
Inrushing . ’\"?\
i : =Yas
fluids Complement 2 e
proteins
.-! f
-“.‘% ?
- ';
3 -'-g._,,.,v"
Sy g
.'-4 o o -
n L oy ?
” .’.' ' 4
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Biological Functions

| ole ‘ Opsonins
A Cytolysis C3b

A Immune complexes ~,_
‘ Anaphylatoxins

C4a

A Mediate Coa
Inflammation

A Chemotaxis




Complement Deficiency States

A Component (Cases)
C1 (50-100)

C4 (20:50)
C2 (>100)

' C3(2050)

B (None)
D (3)

P (50100)
H (20-50)
C5 (2050)
C6 (>100)
C7 (>100)
C8 (>100)
C9 (>100)

A Dlsease associations

SLE, bacterial infections
SLE, bacterial infections
SLE, bacterial infections
Bacterial infections
Incompatible with life?
Bacterial infections?
Meningococcal infections
n O / gl omeru
Bacterial infections
Meningococcal infections
Meningococcal infections
Meningococcal infections

Meningococcal infections



Because complement is a
critical defense against most
Infectious agents, It IS not
surprising many
pathogens have developed

strategies to circumvent
the complement cascade.



Cells of the Innate
Immune System



Macrophages Doing Their Thing

©James A. Sullivan www.cellsalive.com

But wh at makes them O0eat



The Activated Macrophage

A Professional APCs posses a myriad of receptors
recognizing molecular structures on microbial
pathogens.

A Bacterial attachment to macrophages via
receptors can lead to survival or death.

EJames A. Sullivan www.cellsalive.com



Toll Receptors

Gram+ bacteria G'am- bacteria (LPS) Flagellin

(peptidoglycan, % X
Lipﬂaﬂdﬂ TLR4
. @J TR2)

Mycoplasma TLR1./ L |
(lipopeptide) ' :

K I v
Y6+ TLRETTLRIOY)
"1 ¢
LR'E‘ RMA virus

- |..|-' . ‘
RMNA virus (dsRNA,

N X F,..\T'-Rﬂ (ssRNA)  polyl:C)

|,. _ afi‘-ﬁfﬂiﬂtEl‘iE @
'_1_-,,.,‘;_;.& % DNA virus (CpG DNA) ‘




Macrophage Receptors
Pattern Recognition

A Scavenger
receptors

A Complement
receptors

A Cytokine \
receptors J




M@ surface structures mediate
cell function

Antigen presentation

CD40

Co-stimulators

B7

MHC 1l

Complement
receptor for C3b

(CR1)

Cell activation

Facilitated uptake

TNF-ox Tolllike -

receptor -
| receptor.
, Interferon-~ plor

~

Fc receptors
for IgG

-~
-
-~

Bacterial adhesion

LPS receptor

Mannose receptor
CD14

Scavenger receptor

Glycan receptor
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Opsonophagocytosis




Antibacterial Capacities of Activated Macrophages

Macrophageeffector capacity
Defensins

Phagosomeacidification

Phagosomeélysosomefusion

Lysosomalenzymes

Intraphagolysosomalkilling

ROI

RNI

Iron starvation

Tryptophan starvation

Microbial evasion mechanism
Unknown

Phagosomeneutralization

Inhibition of
phagosomélysosomefusion

Resistance against enzymes

Evasion into cytosol
Robust cell wall

CR-mediated uptake,
ROI detoxifiers, ROI scavengers

Unknown (ROI detoxifiers probably
interfere with RNI)

Microbial iron scavengers
(e.g.,siderophoreg

Unknown

ROI, reactive oxygen intermediates; RNI, reactive nitrogen intermediates.



Other cells of the Innate
Immune System
(The Large Granular
Lymphocytes)



The Polymorphonuclear
Monocyt eseée

A Basophiles
0 Bind IgE and some
IgG
0 1% of leukocyte

0 Release histamine
and seratonin

o Initiate allergy and
anaphylactic - type
responses




The Polymorphonuclear
Monocytese

A Eosinophils
0 2- 5% leukocytes
0 IL - 5- induced
0 Helminth infections
0 Mucosal epithelia




The Polymorphonuclear
Monocyt eseée

A Neutrophils
d >40- 50% leukocytes
0 1x10 8/day

0 Mediate wide range of
Inflammatory reactions

d Primary line of
defense

o Extracellular bacteria




NK cells -- Lymphocytes

A Natural Killer cells

0 Hybrid between
acquired and innate.

0 Acts like CTL
(cytotoxic T
lymphocyte).

0 Presentin unimmunized

Individuals (opposite of
CTLSs).

d These cel l s
MHC | density of
ot her whgd | s é







