Microbiology & Immunology 2500: Pandemic Relief Package Flowcharts for
Immunology

Purpose - This document contains content derived from the Microbiology & Immunology 2500
course and it specifically focuses on the immunology unit by providing simplified flowcharts to
help students follow the immunological process.

How to use this review - Before the exam, we recommend that you attempt to familiarize
yourself with all the content covered in the microbiology immunology unit. This document is a
supplementary resource used to help organize all the flow charts of the immunology unit.

We wish you the best of luck on your exams!

Disclaimer: These flowcharts assume that you have thoroughly reviewed your material. This
resource helps put all the flowcharts on in one shape

Stay up to date with what WebStraw has to offer. This resource was made by the resource
design team at WebStraw. We are a student operated non-profit organization dedicated to

providing open-access, high quality educational resources to university students.

To be notified when similar resources like this are released, subscribe to our email list here (we
promise we won’t spam you).
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https://docs.google.com/forms/d/e/1FAIpQLSc9EYt9hbo1o_vwuyHsV57dkTT54StR4WvBkbf_i2fCxs5_Rw/viewform
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Components of The Immune System
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Immune System

.

Adaptive immunity, cells are

Innate immunity, component
comprise of non-specific cells, such

as macrophages and barriers, like specific, the immunity is acquired
the epithelial cells of the Gl tract and over time.
the skin / \

B-cell immunity
(Humoral Immunity),
consist of B-cells,
plasma cells and Vaccines stimulate T and B
antibodies cell immunity
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Cellular Differentiation

Hematopoietic stem cells
differentiates into different
types of progenitor cells that
will become white blood cells

- \

Myeloid progenitor cell Lymphoid progenitor cell

|

Lymphocytes, (e.g T-cells, B-cells, NK

Phagocytes (e.g macrophage)
cells)

Hematopoietic stem cells are
located in the bone marrow and will
undergo differentiation

Red Blood Cells
Platelets

White Blood Cells

Innate Immunity
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Innate Immunity

- always ready and initiated
- sometimes ineffective

- responds immediately

- has no memory

Modes of Pathogen Entry
) | -skin

- Gl tract ——> Barriers
Y - respiratory tract

- urogenital tract
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Epithelial Cells
- form tight junctions

- rapidly divide T I
pathogens

- secrete the antimicrobial
peptide, defension

Mucin

- secreted by goblet cells

- turns into mucus when in contact
with water

Microbiota

- associated with epithelial cells
- compete with pathogens for
nutrients and attachment to
epithelial cells
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Innate Cells
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Phagocytes

- destroy extracellular
pathogens

- express PRR

Lymphocytes
- destroy intracellular
pathogens

Some pathogens evade
destruction by inhibiting
phagolysosome formation, or
resisting lysosomal enzymes
or escaping and live in

Neutrophils
cytoplasm

- circulate in blood

- exit and rapidly enter
infected tissue

- rapid differentiation
from myeloid progentior

/0@

cells
PRR-PAMP
Phagocytosis binding triggers
Macrophages phagocytosis and
- derived from blood cytokine secretion

monocytes that enter
tissues
- reside in tissues

Immature Dendritic Cells
- circulate in blood and reside
in tissue below/among
epithelial cells

Natural Killer Cells
- circulate in blood
- contain cytoplasmic Virus-infected cell

granules with toxic > expresses a
enzymes (perforin and
granzyme)

-*no effect on intracellular
bacteria, which require T
cell immunity

*\

Natural killer cells

— binds ligand and
releases granzyme and
perforin

stress-induced ligand

Perforin forms a pore
in cell membrane and
granzyme enters
through pore to
degrade nucleic acids,
triggering apoptosis

()

Phagosome fuses with
lysosome to form
phagolysosome and
releases enzymes to
destroy pathogen

Cell membrane
extends around

—— and internalizes

pathogen into a
phagosome

& o®
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® Cytokines

- secreted by activated nucleated
cells /

- how cells communicate with other
cells and itself

Proinflammatory cytokines
(TNF, IL-1, IL-6)

- activate endothelial cells to
vasodilate and increase vessel
permeability, so more immune
cells can enter the tissue

Chemokines

! X - attract circulating immune cells 0o
- act!vate or supp! cell behaviors - secreted by immune and non-immune Type 1 interferon (IFNa and IFNb) Natural killer cell has
-activate hypothalamus (fever early cells (epithelial cells) - important antiviral an inteferon receptor
response) - rapidly secreted by virus-infected which binds Type 1
cells IFN and kills virus
Trigger release of Prostaglandins cause a infected cell
Innate Proteins prostaglandin by ——— fever which kills most e
hypothalamus pathogens 933 maln!.alns . .
. inflammation by Interferon activates uninfected cells
activating endothelial to produce antiviral enzymes and
A cells and attracts protein to protect themselves from
circulating cells into viral infection and limit viral sprerad.

Complement Protein 3 is
an acute phase protein

infected tissue
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Cleaves into C3a,
. . C3b in the presence

released ,?y hep.atocylgs S — Enters infected tissue —— of pathogen C3b binds to the

into the circulation which is _ complement receptor 1
triggered by cytokines - \ on the surface of a

[ ' . . U pathogen and enhances
' phagocytosis
—_— ey
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. 1.Band T Cell Development

Haematopoietic
: $ stem-cell
(6\ Lymphoid Progenitor
_/ Cell
Bone marrow
Primary Lymphoid
Tissue
\‘
’ & N
Thymocyte (expresses
all receptors)
Thymus B e
Primary Lymphoid L
/ A
Tissue
Naive B Cell
Naive Helper T Naive Cytotoxic T
Circulation cells (CD4+) cell (CD8+)

2. Secondary Lymphoid Tissues

P

(

&

Lymph Nodes Spleen MALT

Interaction with
mucousal pathogens

Interaction with
blood pathogens

Interaction with
pathogens in lymph
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Adaptive Immunity

Magnitude of Inmune Response

Primary Inmune Response

Naive B/T cells encounter pathogen in SLT
Memory/effector B/T cells are produced

4. Immune Response

Memory Immune Response

Memory B/T cells respond
Further production of memory cells

Memory cells Remain

Time
First Exposure Second Exposure
To a Pathogen To identical Pathogen
3. Clonal Evolution T Helper cell

»(O

N
7 /

Effector Cells
(Eliminate Pathogen)

C""w
—=% I~
Mitosis
Y —
o= 3
k‘-

Mitosis
BN -~
@ .

Cytotoxic T cell

.
=)

Naive B and T cells
(Meet Pathogens)

Memory B cell

Memory Cells
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Dendritic cell (DC)
phagocytosing pathogen

Tfh cytokines

DC presents protein
antigen to receptor of T

cell via MHC-Il and
releases Tfh cytokines

.
R

Class switching: B cell
IgD/IgM heavy chain
constant regions
rearranged to IgG OR IgA
antibodies

Y-
Somatic hypermutation:
B cell variable regions

rearranged to have
higher affinity for epitope

Y —

“” IgD/IgM
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B Cell Immunity

_..;#4_

Epitope recognition and
endocytosis of pathogen

B cell presenting same
epitope as DC is
activated by Tfh cell

l

YA

Y
®
R -— >3
-— A *
By
B cells and Tfh cells IgD/IgM B cell clonal \
enter germinal centre for ~ expansion

Ig gene rearrangement

leferentlatlon |nto
long-lived high affinity
IgG or IgA plasma cells

Differentiation into high

affinity 1gG or IgA
memory B cells

IgD/IgM
co-expression
(same epitope)

— %@

naive B cell Lymphoid

progenitor cell

., =

Differentiation mto
short-lived IgM-secreting
plasma cells

.

Differentiation into
IgD/IgM memory B cells
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N=

Donor donates blood L
N=
N
Blood plasmais
purified to extract the
antibodies used for
humoral immunity

—
Blood plasma from
e ——
_ many people are
pooled together

Blood from donors are centrifuged Blood plasmais
to isolate the blood plasma isolated from
centrifugation

}/,
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Intracellular activation of CTLs (CD8+)

T-cell Immunity

Endogenous Pathogen

T Helper 1 Cell Activation and Effector Function

APC is infected and

Non-responsive T-cell

(ex Virus)

Cell is infected

'

.
HOR

APC

migrates

Mature APC presents
viral epitopes on
MHCCI

Signalling
Oytoki

nes
N
.

.
.
,

v

S

<

»

not activated

v 7
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Cell

Resident g '!

Memory Cell

v

Cell presents
viral epitopes on
MHCCI

Presentation of an epitope
to responsive naive T-cell

Memory T Cell Created

Effecotor CTL

recognizes
infected cell,
releases toxins

 —

..

Clonal
e
Expansion N,
of specific T-cells -
@
Effector CTL Cell
multiply

Extracellular
Pathogen APC

Phagocytosis /
Endocytosis
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Peptides

0o, °,
R eE—
P I
Production of

Exogenous

Enter via
Presented inflammation
to Th cell
Secondary Lymphoid

Tissue

Effector T
Helper 1 (Th1)

.

.

Apoptosis C 5@/\.\&
—> J. g Y
C’A‘. ‘r:{\
5 (>< S
+ Perforin 0
i N~
/' Granzyme
Infected Tissue

Activated infected
macrophage

Increased fusion
of lysosome and
phagosome

Effector Th1
surrounds infected
macrophages

Infected Tissue

" e/
g
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Vaccines

Microbe is grown in the
culture

@
Y -
)

Inject the
Antigens from the Microbe specficifc
microbe are shed and antigens are microbial
chemicals are used to purified antigens into
break the microbe to the body

release them

Antibodies to the
virus are developed,

body develops
. immunity
Attenuation
weakens the < }/’
virus | \
L ) 4 N
l Viral replication DS . }=
genes are )ﬁ S=
NN\ weakened, cannot \\
l replicate as well
;_\\ "
A *
\ — ¥ *
\@ Viral replication is slown T and B cells
down, but can express surface recognize the
Vaccine antigens surface antigens
injection
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