About Science Prof Online

PowerPoint Resources

* Science Prof Online (SPO) is a free science education website that provides fully-developed Virtual Science Classrooms,
science-related PowerPoints, articles and images. The site is designed fo be a helpful resource for students, educators, and
anyone inferested in learning about science.

» The SPO Virtual Classrooms of fer many educational resources, including practice test questions, review questions, lecture
PowerPoints, video tutorials, sample assignments and course syllabi. New materials are continually being developed, so check
back frequently, or follow us on Facebook (Science Prof Online) or Twitter (ScienceProf SPO) for updates.

* Many SPO PowerPoints are available in a variety of formats, such as fully editable PowerPoint files, as well as uneditable
versionhs in smaller file sizes, such as PowerPoint Shows and Portable Document Format (.pdf), for ease of printing.

* Images used on this resource, and on the SPO website are, wherever possible, credited and linked to their source. Any
words underlined and appearing in blue are links that can be clicked on for more information. PowerPoints must be viewed in
slide show mode to use the hyperlinks directly.

+ Several helpful links to fun and interactive learning tools are included throughout the PPT and on the Smart Links slide,

near the end of each presentation. You must be in s%a’e show mode to utilize hyperlinks and animations.

- This digital resource is licensed under Creative Commons Attribution-ShareAlike 3.0:
http://creativecommons.org/licenses/by-sa/3.0/

Tami Port, MS
Alicia Cepaitis, MS Creator of Science Prof Online
Chief Creative Nerd Chief Executive Nerd
Science Prof Online Science Prof Online
Online Education Resources, LLC Online Education Resources, LLC
alicia@scienceprofonline.com info@scienceprofonline.com

From the Virtual Microbiology Classroom on ScienceProfOnline.com Image: Compound microscope objectives, T. Port



http://www.scienceprofonline.org/
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/
mailto:alicia@scienceprofonline.com
http://www.scienceprofonline.com/virtual-micro-main.html
http://www.scienceprofonline.com/
mailto:info@scienceprofonline.com

Immune System II:
Acquired Immunity

T-cell
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Images: Neutrophil bacterial phagocytosis, Uwe Thormann

In play when pathogens penetrate the skin or
mucous membranes.

Composed of cells, antimicrobial chemicals, and
processes but no physical barriers.

Many of these components are contained or
originate in the blood.

Includes:

1. Leukocytes involved in nonspecific immune defense
usually do one of two thing:

a.
b.

2. Nonspecific defenses.

3.
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* The body's ability to recognize and defend itself " ~iggy AN
against distinct invaders.

- Isa'smart” system.
- Also called specific and adaptive immunity.

- "Memory" allows it to respond rapidly to additional
encounters with a pathogen.

- If nonspecific immune system has warriors, then
acquired immunity has more sophisticated special agents
and assassins.

- Two types of specificimmunity:

Third Line of Defense

- Naturally acquired = immune response against antigens
encountered in daily life.

- Artificially acquired = response to antigens introduced
via vaccine.

«  Q: How does the body recognize invaders?

Images: Child getting immunized, PHIL #9423 From the Virtual Microbiology Classroom on ScienceProfOnline.com
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HELLO

my name is

- Body does not direct immune

response against whole bacteria, Antigens Are Like Name Tags

fungi, protozoa or viruses. Antigenic particles are often
associated with a specific

- Foreign molecules Tr‘igger‘a characteristic of an organism,
specific immune response. so are detected as foreign

when they get inside another
organism that doesn’t have
that characteristic.

*  Include components of bacterial
cell walls, capsules, pili, and
flagella, as well as proteins of
viruses, fungi and protozoa.

Third Line of Defense

- Food and dust can also contain
antigenic particles.

- Enter the body by various
methods:

- Through breaks in skin & mucous membranes
- Direct injection, as with a bite or needle
- Through organ transplants and skin grafts

Can | see
your
1.D.?

Images: Blood cells, National Cancer Institute From the Virtual Microbiology Classroom on ScienceProfOnline.com
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The body recognizes antigens by
three dimensional shapeson

the antigen called :

Types of antigens:

: Toxins and

other secretions and components of
microbial cell walls, membranes,
flagella and pili.

: Microbes that

reproduce inside infected cells
roduce endogenous antigens. Can only
e seen by the immune system if
incorporated into the host cell's plasma
membrane.

. aka "self-

antigens”. Antigen molecules found on
an individuals normal, uninfected cells.
(i.e. nametags saying "I am part of the body.")
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Third Line of Defense
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» Also called immunoglobulins (Tg).

- Proteinaceous molecules that
bind at the antigen-
binding site.

*  Considered part of the humoral
immune response since bodily
fluids such as lymph and blood
were once called humors.

Images: Antibody, Fvasconcellos
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Some act as opsonins, [ W receptor
to identify antigens for :
phagocytes and stimulate ‘ \ antlbody
phagoctosis. acrophage | /

m-—< antigen
Some work as (.. ‘ e
they neutralize toxins for e.g. those causing )
diphtheria and tetanus). bacterium

Some attach to bacterial flagella
making them less active and easier
for phagocytes to engulf.

\ Light Chain
Some cause « Heavy chains

(clumping together) of bacteria making
o5

Third Line of Defense

them less likely to spread
Antigens

Q: But where do antibodies come from?

Image: Antigen antibody complex, Dr. Sanderson
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Tonsil

* Screens tissues of the body for
foreign antigens.

Thymus Gland
*  Composed of lymphatic vessels and
lymphatic cells.
‘—-———— Spleen g
*  One-way system that conducts lymph , S
from local tissues and returns it to _ G ymen 8
the circulatory system. , AR Nodes ~
: Q
- Lymph is a liquid with similar composition LA N ohese S
to blood plasma. L Vessels ~
b,
R
- Comes from fluid leaked from blood Tg

vessels into surrounding tissues.

 Lymph nodes house white blood cells

called ____that recognize
and attack foreign antigens present
in lymph.

Image: Lymphatic _system ; The Emirr From the Virtual Microbiology Classroom on ScienceProfOnline.com
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+  WABCs of specific immunity. The smallest
leukocytes. Have huge nucleus surrounded
by thin rim of cytoplasm.

- Produced from blood stem cells in

the red bone marrow. g

. 3

Two main types: S
NS

. . Q

. mature in bone marrow, then concentrate in lymph nodes & spleen. Q
N

. mature in thymus. N
S

B and T cells mature then circulate in the blood and lymph.

Circulation ensures they come into contact with pathogens and each other.

B cells are a type of Antigen Presenting Cell.

Image: Lymphocyte SEM; Dr. Triche National Cancer
Institute; Lymphocyte, Nicolas Grand jean From the Virtual Microbiology Classroom on ScienceProfOnline.com
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Image: Antigen presentation, Sjef

Consider your WBCs as a security force for -
your body and any non-self antigens as pictures  cosreig
of a bad guy.

Antigen

Antigen
Presenting
Cell

The larger the force, the more likely one of the
officers will run into a "bad guy” and so that
the body will be able to apprehend ift.

00000
coa' Ada®
But sometimes different branches of law
enforcement need to work cooperatively in
order to catch a criminal. (Think about the FBI putting N e
a picture of a wanted criminal on INTERPOL ... the (Th1 orTh2)

International Criminal Police Organization).

Any WBC that can grab and present an antigen to another, is called an
(APC).

APCs include B cells, macrophages and dendritic cells.

Immature
CDE'T cell

Antigen

Lo MHCI

Mature cytotoxic
T Cell
(T)

Antigen
Presentini
Cell

Third Line of Defense
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+  Collection of genes on chromosome 6,

which code for major histocompatibility

glycoproteins.
. proteins are in the plasma membrane of
all your nucleated cells (non-professional APCs) T T
CD4'T cell Antigen COE'T cell Antigen
Presenting Presentini
. proteins are found only in the plasma . - m -
M M . MHCII MHCI
membrane B cells and special antigen presenting
cells (professional APCs, such as macrophages & dendritic cells.) |
*  MHC glycoproteins function to hold and position 08
. . . coa' cog’
antigenic determinants for presentation to other .
cells. (Think of them as antigen holders.) o
8®
. . . M“t‘l"e llllelper Mature cytotoxic
+  Some lymphocytes only recognize antigenic (T o) o
determinants that are bound to MHC ‘molecules.
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Produced in red bone marrow and
mature in thymus.

Circulate in the lymph and blood

and migrate to the lymph nodes
(and other areas of the lymph system).

Part of the cellular immune
response (aka cell-mediated immune
response) because these cells act
directly against various antigens

- Endogenous invaders (intracellular
pathogens inside the body's cells)

- Abnormal body cells such as
cancer cells

Types
- or T cells (1)
- T cells (1)

Image: Antigen presentation, Sjef
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Third Line of Defense: Cell-mediated Immune Response

From the Virtual Microbiology Classroom on ScienceProfOnline.com



http://bcs.whfreeman.com/thelifewire/content/chp18/1802003.html
http://bcs.whfreeman.com/thelifewire/content/chp18/1802003.html
http://en.wikipedia.org/wiki/File:Antigen_presentation.svg
http://www.scienceprofonline.com/virtual-micro-main.html
http://www.scienceprofonline.com/

(TCRs)

- Molecules found on surface of T

lymphocytes that recognize antigens

bound to major histocompatibility
complex (MHC) molecules.

 Interaction of the TCR with antigen
and MHC molecules results in
activation of the T lymphocyte.

+  The T-cell releases cytokines. The
cell reproduces and differentiate

into T cells (1c) and T cells (7.)

Image: T cell activation, NIH

O T-cells are mobilized

o when they encounter a cell such as a dendritic
) cell or a B-cell that has digested an antigen

~ and Is displaying antigen fragments
bound to its MHC molecules.

S Cytokines help
the T cell mature.

The MHC-antigen
complex activates
the T cell receptor
and the T cell
secretes cytokines.

o

()
o° “
=Ny

Some T cells become

helper cells and Some cytokines
secrete some cytokines spur the

that attract fresh growth of
macrophages, more T cells

neutrophils and other
lymphocytes, and other
cytokines to direct the
recruits once they
arrive on the scene

Some T cells become
cytotoxic cells and track down
cells Infected with viruses

Third Line of Defense: Cell-mediated Immune Response
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(,_3 T-cells are mobilized
when they encounter a cell such as a dendritic
% cell or a B-cell that has digested an antigen
\‘ and Is displaying antigen fragments
@ bound to its MHC molecules.

Cytokines help
the T cell mature.

The MHC-antigen
complex activates
the T cell receptor
and the T cell

secretes cytokines.
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Some T cells become

helper cells and Some cytokines
J spur the

secrete some cytokines et

that attract fresh gro 3 o s

macrophages, more | ce

neutrophils and other
lymphocytes, and other

cytokines to direct the Some T cells become
recruits once they cytotoxic cells and track down
arrive on the scene cells infected with viruses

Image: T cell activation, NIH

(T Cells)

Also called Killer T cells.

Involved in

Directly kill cells of the body that
are abnormal or infected with
viruses and other intracellular

pathogens.

(T, cells)

Function to “help” regulate the
activities of B cells and T, cells
during an immune response.

Secrete various profein messengers,
called , that

determine which immune response
will be activated.

Third Line of Defense: Cell-mediated Immune Response
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*  Regulatory proteins that act as intracellular signals
and are released by certain cells in your body.

+ B cells and Cytotoxic T cells do not respond to
antigens unless first signaled by cytokines.

- Cytokines include:

- (ILs): 'inter' = between & 'leukin’ = leukocytes. Signal among
leukocytes.

- (IFNs): Antiviral proteins.

- : Stimulate stem cells to divide.

- (TNFs): Macrophages and T cells secrete TNFs to kill fumor
cells and regulate immune responses.

- . ___: Signal leukocytes to rush to the site of inflammation or
infection, and activate other leukocytes.

Images: Cytokine network, KUGI, Mouse Clone Database From the Virtual Microbiology Classroom on ScienceProfOnline.com
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Third Line of Defense: Humoral Immune Response
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Image: B cell receptors, Source unknown

Some antibodies are secreted by plasma cells, others
are attached to B cell membranes.

If attached to the B cell membrane, the antibody is
called a (BCR).

Surface of each -cell is covered by ~ 500,000
identical B cell receptors.

Each BCR is complements a specific
that the body may or may not ever
encounter (ex. rattlesnake venom proteins).

Your body has billions of B cells, each with BCRs for a
different antigenic determinant.

Q: How are B cells turned on to begin producing
memory cells and plasma cells?

Third Line of Defense: Humoral Immune Response

From the Virtual Microbiology Classroom onh ScienceProfOnline.com
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Steps of the humoral immune response
include:

Antigen presentation: Antigen
presenting cells encounter compatible T
cells that have receptors for those same
antigenic determinants.

Helpers mul‘riplﬁ: Those Ty cells
proliferate and bind to B cells.

B cells activated: Activated Ty cell
secretes interleukin, activating the B
cell so that it quickly multiplies and
differentiates.

Antibodies produced: Plasma B cells
rapidly produce large numbers of
antibodies. This high level of activity
means that these cells are short-lived.

Memory B cells can survive for years,
ready to initiate antibody production of
that particular antigen is encountered
again.

Image: B cell activation, NIH

A B cell is triggered when it encounters its
matching antigen.

\ The B-cell engulfs the antigen and

an digests it,

\ then it displays antigen fragments
bound to its unique MHC

molecules.

% This combination of antigen
\and MHC attracts the help
of a mature,

Cytokines secreted
by the T cell help the
B cell to multiply and
mature into antibody
producing plasma
cells.

Released into the blood,
antibodies lock onto matching A
antigens. The antigen-antibody complexes are
then cleared by the complement cascade or by
the liver and spleen,

matching T cell.

Third Line of Defense: Humoral Immune Response
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Confused? @%

Here are links to fun resources that further explain ﬁ‘? 0

acquired immunity: /%%
W

. Acquired ImmuniTy Main Page on the Virtual Cell Biology Classroom of Science Prof Online.

- Immune SysTem animation and quiz by McGraw-Hill

« Cellular Immune Response narrated animation and quiz from W. H. Freeman.

Humoral Immune Response narrated animation and quiz from W. H. Freeman.

. PhGgOCYTOSiS animation and quiz by McGraw-Hill.

- Immune System "Who Wants to Be a Millionaire” game.

+ "“Assassin” song by John Mayer

- Immune Sys‘rem Defender, online game from the Nobel Prize website. Use your force of white blood cells
to destroy invading bacteria, before they overpopulate and cause disease.

- Immune SysTem Game, a collection of online fun and educational games about immunology.

(You must be in PPT slideshow view to click on links.) From the Virtual Microbiology Classroom on ScienceProfOnline.com
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Are microbes intimidating you?

Virtual Microbiology
Classroom ) !

The VMC is full of resources to help you succeed,
including:

practice test questions

review questions

study guides and learning objectives

You can access the VMC by going to the Science Prof Online website
www . ScienceProfOnline.com
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