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Enemy Within! 2
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Vertebrate closed circulatory system

» Called a cardiovascular system

= Length of human vessels = 2x earth’s circumference
-100,000km

¢ Chambered heart
= atrium (plural atria) = receive blood of heart

= ventricle = pump blood out of heart
+ O, content is not relevant to the name of the chamber!

¢ Blood vessels
= arteries = carry blood away from heart to capillaries

¢ In organs arteries branch into smaller diameter arterioles
= Arterioles deliver blood to capillaries

= veins = return blood to heart from capillaries
¢ Capillaries converge into larger diameter venules

= capillaries = thin wall, porous walls

+ exchange / diffusion between blood &
"' interstitial fluids

= .

'? 4

= capillary beds = networks of capillaries
that infiltrate each tissue passing blood
within small distance of every cell




Anterior

Mammalian venacav
circulation rumonar

artery
X 7 » Capillaries
i of right lung
pulmonary
N3 77
\ &Y
N
Pulmonary
vein

i

Right ventricle—

Right atrium

Posterior

systemic

I

Capillaries of
head and
forelimbs

Pulmonary
artery

Capillaries
of left lung

)

Pulmonary
\ vein

Left atrium

\Left ventricle

vena cava

Aorta

Capillaries of
abdominal organs
and hind limbs
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Measurement of blood pressure

Blood pressure
reading: 120/70
ﬁ - | Pressure ﬁ .| Pressure ﬁ [ T Pressure
1 in cuff . (1L in cuff - | in cuff

—>'<— | " above 120 < || below 120 i!; below 70
Rubbercuff ==~ | & 120 120 1t

inflated J*"‘j J ' |
with air L - Ak :

g

[
-.l-
11

I 70

Sounds

“ Sounds -
N ' stop

audible in
{1y, stethoscope
k

= High Blood Pressure (hypertension)

¢ if top number (systolic pumping - ventricle
contracting) > 150

¢ if bottom number (diastolic filling - atria and
AP ventricle relaxed) > 90



_
Lung capillaries
Blood vessels

N
GV

arteries

N

arterioles

N

capillaries

N

venules

Systemic capillaries

AP Biology




Blood pressure is the measurement
of force applied to artery walls

Arteries: Built for high
~ pressure flow

= Both walls of arteries and veins have 2
layers of tissue surrounding endothelium

¢ Outer layer of connective tissue with elastic
fibers

= Allow for stretch and recoil
+ Middle layer of smooth muscle with elastic

N

fibers
. Arte ries Endothelium
+ thicker walls (3x veins) &_ L
= Provide strength for hi?h u oo L R ot
pressure pumping of blood t ) mece () e

¢ narrower diameter
EIaStiCit! Artery 7 /-© _ Vein ﬂ

n = elastic recoil helps &
. maintain blood
pressure even ~N
»" 7 when heart is relaxed AN - \
¢ Nervous system and b Arteriole ~» Venule
hormones act on smooth
muscles

AP Biology * Control amount of blood flow to capillaries

= Connective : el
S z Connective —
tissue Sliniin == 4



Capillaries: Built for exchange

All blood vessels contain a central lumen or cavity
+ Lined with a single layer of endothelial cells

= Minimizes resistance

m Capillaries

¢ very thin walls

= Lack 2 outer wall layers of
arteries & veins Endothelium

Basement
N/ membrane

| Van
A%

?boéﬁnsfeen cell=)
e + Have only endothelium &-—Endothehum

- \ _ Endothelium i) Ul
cor e attached to basal lamina & -—Smoc;th /\\i oo VD
o = enhances exchange t = q, e _ Capillary ~ muscle | =
across capillary i Connective —
¢ Diffusion through membrane @ aey EREN Vein
- exchange O, & CO, ST\ @

between blood & Se== |
interstitial fluid QAN

<l » W o :_ \

¢ Diffusion through openings Mlﬁo.e T Venule
¥ = Sugars, salts, urea
N l ¢ Some substances carried across endothelium by

) enhdocytosis and exocytosis



Veins: Built for low
pressure flow

N
U

N

= Veins

¢ Also has connective tissue and
smooth muscle layers

¢ thinner-walled

¢ wider diameter

= blood travels back to heart

at low velocity & pressure
¢ distant from heart

¢ blood must flow by skeletal muscle
contractions when we move

= Skeletal muscles squeeze blood
through veins

¢ valves

= in larger veins one-way valves A\ \
allow blood to flow only toward W
heart (unidisrectional flow) Closed valv

AP Biology



In circulation... = What needs to be transported

*

red blood cells

platelets

*

*

*

*

nutrients & fuels
= Absorbed from digestive
system

respiratory gases
- 0, & CO, from & to gas
exchange systems
¢ Lungs & gills
intracellular waste
= waste products from cells

+ water, salts, nitrogenous
wastes (urea in humans)

protective agents
* immune defenses

+ white blood cells &
antibodies

= blood clotting agents

regulatory molecules
= hormones



CeIIuIar Elements in Blood
= | eukocytes

= Five major typs of white
blood cells

¢ Function in fighting
infections

= Some are phagocytic

== = Some like T and B cells
Neutrophil mount iImmune responses
against foreign substances

¢ Leukocytes, unlike erythrocytes,

White Blood Cells

Red blood i
“oolls Platslets  White Blood patrol interstitial fluid and lymph
> -~ fluid as well as the blood
= Platelets

¢ Pinched-off cytoplasmlc
fragments of
special bone
marrow cells

= Lack nuclei :
¢ Function in blood cIottlng

AP

vessel




Avenues of attack

U

N

Respiratory
system

= Pathogens

= Points of entry

digestive system
respiratory system

L 4

* Circulatory
¢ urogenital tract

L 4

L 4

system

Interstitial

eye ducts Digestive
7 fluid

system

break in skin
m Routes of attack

¢ may remain localized

¢ circulatory system
¢ lymph system

Excretory
system

Unabsorbed Metabolic waste
AP Biology matter (feces) products (urine)



Why an immune system?

= Attack from outside
+ lots of organisms want you for lunch!
¢ animals are a tasty nutrient- & vitamin-packed meal
+ animals must defend themselves against invaders (pathogens)

= viruses
+ HIV, flu, cold, measles, chicken pox

= bacteria

¢ pneumonia, meningitis, tuberculosis
Lyme disease

= fungi
Mmmmm,
¢ yeast (“Athlete’s foot”...) { What's in your °
= protists lunchbox?

¢ amoeba, malaria’s plasmodium

m Attack from inside
¢ cancers

" Immune system = a system used by animals to try to
AP avoid or limit infections



Lymphatic system

The Immune System
€

Tonsils

Thoracic Duct

N

U

= Parallel circulatory system

¢ collects interstitial fluid &
proteins lost from capillaries

= Returns “lymph” to blood

¢ Empties into vena cava
(cardiovascular vein in base
of neck)

= Maintains volume & protein
concentration of blood
¢ transports white blood cells
= defend against infection

¢ Vessels have valves like veins

= Small contractions of
vessels & movement of
skeletal muscles helps

lymph flow
AP Biology

Lymph flow
disruption
can cause edema,
swelling due to
accumulation of
liquid in tissues ’.f

& i
Lo
b
Al
? L
[ i
:
k




Lymphatic System Overview

= The lymphatic system is an extensive drainage
network that helps...

1. keep bodily fluid levels in balance

2. defends the body against infections

= |t is made up of a network of

¢ Filled with lymph, a clear, watery fluid
that contains protein molecules, salts,
glucose, urea, and immune system

cells throughout the body.

When lymph surrounds cells and is outside the
lymphatic vessels we call it INTERSTITIAL FLUID.

AP Biology



Lymphatic System Jobs in more Depth

1. To collect extra lymph fluid from body tissues and return
it to the blood.

*

EDEMA

Elephantiasis is a condition of
extreme edema that occurs
when lymph vessels become

blocked by filarial worms.

tem



Lymphatic
capillaries

Lymph
node

Lymphatic
vessels

Tissue fluid

(@

Pulmonary
) circulation

Lymph

. Flaplike

| % minivake

Fibroblas! in lorse g —
connective tesue K1

)

Blood plasma

Lymphokinetic Motion and Pressure Gradient

Blood Interstitial
capillaries » Fluid P
Highest

pressure

Lymph
apillaries

Lymph
-y P

V1S

-

Lymph

ducts

-

Cervical nodes

Axillary nodes

Lymph vessels

Lymph nodes

Lymphatic capillaries J

Filamants
anchored 1o
connaclive
lissue

Large cire.

Veins

Lowest
pressure

Thymus gland

Mediastinal nodes

1 l - Diaphragm

Spleen
\

Inguinal node:
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Lymphatic System Jobs in more Depth

Lymph node

2. The lymphatic system also helps defend the
body against germs like viruses, bacteria,
and fungi that can cause illnesses.

¢ Lymph nodes = small masses of tissue
located along the network of lymph

vessels that out germs.

*= The nodes house lymphocytes, a
of white blood cell (WBC).

~ Some of those lymphocytes make antibodies, special proteins

that fight fight infections -
m Thymus :: (g |
- The spleen Sone marmon \&;- e
and and =1 \ L Spleen
(another WBC type) Liver

that engulf and destroy foreign
bodies from the bloodstream.

AP Biology



Lymph system

= Traps foreign invader, distributes body
fluid, & filters out dead RBC

Lymph vessels collect the interstitial fluid and then return it to the bloodstream by
emptying though the LYMPHATIC DUCTS it into large

chest, near the neck.

in the upper

. _ Adenoid

Tonsil

Lymph nodes

Right lymphatic —= Y ‘T Thoracic duct,
duct, entering Y. TR — entering vein
vein (L ¢ 1‘:;:\'.‘?\"';&4_\
\g a8 -
> LL ‘ Gy \Sy: Thymus
Thoracic {4 AR
duct T ¥ & Spleen
Peyer's A de v MG
patch (small |/’ 77 34 I
intestine) [/ [/ | A \
1/11/ ‘ e .
4/ I/ ' Y ) ‘
Appendix 7—4\\\" o
i1y &K RS ML |
: 1] -\vt‘yi (-.‘ \‘.' 7 ’L'“ \ AL
\ / \’:, L & LA Y ' ]
| {741\ &Y, I
U AN |
\ \\ ‘I’ ’ | hY Al : | :
,.\. ‘l"n M | Y ‘. L1\
Bone /’ | ,I || === Lymphatic
marrow \[ R/|1/ Y\ vessels
.;.‘L‘ | V' \ \
Pink = Where WBC mature & travel

Lymphatic
vessel

Tissue cells

Blood

- Interstitial
capillary

fluid

Lymphatic
capillary

lymph vessels
(intertwined amongst blood vessels)

Masses of
lymphocytes

and
/ macrophages

{ \

MYAUY D,
3 /: l.) /_/”\
:/ oo & ) \ - y
i AN //4
- \ -

X ——— ) Y '
= ! ) - J \\‘..' -
// ~ I

o ymph node

& where we traps foreign “invaders.” -



When you have an infection, nodes swell.

Swollen
lymph node

N

= When a person has an infection,
pathogens collect in the lymph
nodes.

¢

Normal
lymph node

white blood cells start
multiplying

= That's why doctors check for swollen
lymph nodes ("glands”) in the neck

Most of the lymph nodes are found in
clusters in the neck, armpit, and groin area.

¢ Nodes are also located along the lymphatic
pathways in the chest, abdomen, and pelvis

¢ Lymphatic tissue is also found around major
organs and in and around the gastrointestinal

tract.
AP Biolog)E/lct




Development of Red & White blood cells
stem cells
®

White blood

cells include

Lymphocytes
&

Leukocytes

B cells T cells
1\ J
'

Lymphocytes

AP Biology

phagocytotic
macrophages

~

Monocytes
develop into

Pluripotent stem cells
(in bone marrow)

Myeloid
. stem cells

¥ inflammatory
¥ response

Basophils

Leukocytes]

60-70% WBC



‘ Lines of Defense |/! N

4 ¢ Non-specific barriers
= Broad & external defense
. “walls & moats”

= skin & mucous membranes

|
+* Non-specific patrols

= Broad & internal defense
. “patrolling soldiers”

= leukocytes = phagocytic WBC
. Macrophages & neutrophils

= Inflammatory response

= Natural Killer Cells

= Specialized proteins
4 Compliment system & interferon
H

Bacteria &

_ Specific immune system insects inherit
. N\ * Specific & acquired immunity resistance.

Vertebrates

“elite trained units”

* lymphocytes & antibodies _ acquire
B cells & T cells immunity.




Official Terminology

0 - in almost all animals

¢ Recognition of traits shared by broad ranges of pathogens
= Uses a small set or receptors for particles only present on foreign
microbes and not in the body

¢ Rapid Response

¢ Same response whether pathogen encountered for the first
time or the third or fifth or tenth....

1. External Barrier denfenses
* Physical Barriers stop or trap microbes:
Skin or shell
W Mucous membranes
& | * Chemical Barriers may kill microbes:
Enzymes
Secretions
‘ oH
2. Internal Defenses
* Phagocytotic cells
* Antimicrobial peptides
* Inflammatory Response
AP Biology * Natural Killer cells

N




S
Official Terminology

N
U

= |Acquired Immunity (3rd Line) - Unique to vertebrates

¢ Recognition by lymphocytes (certain WBCs) of traits
specific to particular pathogens """

N

= Using a vast array of receptors

¢+ Slower Response than 1st & 2nd
line

Foreign particle
binding site

Foreign particle
binding site

¢ Can be “active” or “passive”

= Humoral Response

+ Secretion of antibodies - defend against infectious particles in
body fluids and on the outside of the animal’s body cells

= active passive

= Cell-mediated Response

+ Cytotoxic lymphocyte cells defend against infections inside the
AP Biology animal’s body cells themselves
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/N

= Barriers
= Skin epithelial tissue blocks e Tl o e
entry ciliated cells & mucus
secreting cells
= Traps N 7 —
= Some mucous membranes produce i
mucus = b

= Some mucous membranes like in the
trachea contain cilia

= Hair & earwax

= Salvia & tears

AF




[1st Iine:]Non-specific External defense

® Elimination Events

coughing. sneezing. urination,
diarrhea

= Unfavorable pH

stomach acid, sweat, oil. urine

= | ysozyme enzyme

Found in tears, saliva & sweat




[ 2nd Iine:] Non-specific Internal Patrols/Defenses

= | Patrolling bacteria

¢ attack pathogens, but don’t “remember”
the pathogen to help with future

infections
1. Leukocytes
+ phagocytic white blood cells

*

2. Interferon

= Proteins released by cells infected
with viruses that help non-infected
cells avoid infection

3. complement system
+ proteins that destroy foreign cells

4. inflammatory response
¢ increase in body temp.

¢+ increase capillary permeability
+ attract macrophages

Let’s take a look at these in detalil.... | | | east

AP Biology



Cellular Innate defenses

N
GV

(Types of white Blood Cells)

¢ Cells recognize microbes
using receptors = Toll-Like
Receptors or TLR

= Recognize fragments of
molecules (often on outer
surface of microbes) that
are characteristic of sets
of pathogens

+ Enter infected tissue and
engulf & ingest microbes

= Vacuole with particle
fuses with lysosome to be

digested
AP Biology

Microbes

MACROPHAGE 4

_—

7 o) /—
\ °{//

vacuole”

/ Pseudopodia

R

AN

\ / !
-/
o 7 ]

Lysosome
containing




Phagocytotic Leukocytes (WBC)

.Neutrophils
= Attracted by chemical signals released by damaged cells

= most abundant WBC (~70%) in mammals
= ~ 3 day lifespan
L 2

LF

= | Macrophages

= “Big Eater”, long-lived

= Very effective in phagocytotic defense
¢+ May migrate throughout body, many in interstitial fluid

¢ Others permanently reside in organs like spleen, lymph
nodes etc..

Leukocytes
e,

Phagocytes

£ A}

Granulocytes

Macrophage Lymphocyte
(T cell and B cell)

Basophil Neutrophil Eosinophil



Secreting Leukocytes - Destroying cells gone bad!

N

' Natural Killer Cells

¢ Destroy virus-infected cells
& cancer cells
= Body cells have surface proteins
called Class | MHC’s

+ After viral infection or
cancerous state, cells stop

A
N

expressing this proteins i membrane

= NK recognize this abnormality & ) )

destroy these ce" VIrUS-InfeCtEd Ce"
= NKC'’s perforate cells!!! Cell lysis
¢ release protein gﬁ:fﬁes

= Inserts itself into membrane of cell membra
target cell

= Forms pore allowing fluid to S
flow in & out of cell o

AP Biology Cell ruptures = lyses




Anti-microbial peptides and proteins

= Complement system

¢ attack bacterial & fungal cells
= ~30 proteins circulating in blood plasma

*
*

= | Complement Proteins:

1. Coat microbes and identifying intruder for phagocytotic cells
2. Activate mast cells leading to inflammation reaction

3.  Form a membrane attack complex

=  Protein pore formation in .
microbial membrane that extracellular fluid
perforates target cell '

¢+ Leads to microbial cell lysis

N

complement proteins
form cellular lesion

: plasma membrane of : Al
AP Biology invading microbe complement proteins bagtee" a




Opsonization:
Enhnnc:ement of
gy coating with C3b

Compliment
Activation &
Results

AP Biology

&

Microbial plasma

Cytolysis:
Loss of cellular
contents through
transmembrane
channel formed
by membrane attack
complex C5-C9

see also
igure 16.11)

Histamine

;I-'l'; r
fz%:g—:i, ® -

- F
=
& =

Inflammation:
Increase of blood
vessel permeability
and chemotactic
attraction of
phagocytes
(see also
Figure 16.12)




Anti-viral proteins - Interferon

N

= A family of proteins produced by cells in response
to becoming infected by a virus.

+ The infected cell may die. Interferon reaches healthy
cells in the area, stimulating them to produce proteins
that interfere with virus reproduction

Virus 5@

o Virus infects Mew viruses
Cell 1, stimulates produced eﬁ.nliviral proteins

prqdu:tﬁﬂ-n % block viral
of interferon Antiviral - feproduction
'&"<:: % - proteins
%

Haost
-e Intarfe stimulates
production of
an al proteins

N

cell

Effective \

against flu and s

the common Host Cell 1 erteron Host Cell 2

cold . Makas interferon; Protected against
iz killed by virus. virus by interferon

fram Cell 1.



Damage to tissue triggers local non-specmc

Inflammatom response

1 Damaged tissues release chemical
signals = histamines & prostaglandins

= Mast cells found in connective tissue
¢ Store histamine in granules for secretion

F\

¢ Causes more blood to flow to
tissue, delivering macrophages,
RBC'’s, platelets, clotting factors

- to help fight pathogens
- aid in clot formation
¢ increases temperature
- decreases bacterial growth
- stimulates phagocytosis
- speeds up repair of tissues

AP Biology




e
Inflammatory response

» Reaction to tissue damage that causes redness,
swelling, pain, heat, and sometimes body-wide fever.

Pin or sp/linter

Bacteria

%ﬁh}&aﬂl °¢o'.: -
alarm signals \". [fiv -

secreted by \'- .
Mast Cells ...°

A Blood vessel

Blood vessels dilate
(expand) & become leaky



Fever

L 3
Hypothalamus ' %5

= When a local response is not enough

il
¢ Produce a system-wide response to infection

¢ Activated macrophages release a special cytokine
(hormone) called interleukin-1. aka endogenous

pyrogen

= Triggers blood vessels in the brain to produce

N

¢ Triggers hypothalamus in brain to readjust body
thermostat to raise body temperature

¢ higher temperature helps defense

= inhibits bacterial growth
= stimulates phagocytosis
= speeds up repair of tissues

= causes liver & spleen to store
iron, reducing blood iron levels

*

AP Biology



Innate (born with) vs Acquired Immunity
1 (developed over lifetime)

] IMMUNITY
il g
Innate / \ Acquired m ACQUIRED

Genetic factors

( The Immune System

physical barriers
natural killer cells / \
macrophages acTvE PASSNE
Cell-mediated Humoral / \ / \
T & B cells antibody-mediated NATURAL NATURAL | ARTIFICIAL
X ) Exposure to Im&ﬂ Maternal Antibodies from
infectious agent anfibodies other sources

Figure 1. Classifications of immunity.

:[l Passive (maternal) ]

e <

[ Immunity ]<

|Illlltl lmn.nll:y]

AP



- @ @ @ @ @ @@ @ @@ @ @@
3rd line:| Acquired (active) Immunity

= Specific defense with memory
¢ Cells: Lymphocyvtes (WBC

¢+ Produced from stem cells in bone marrow
+ Mature in Bone marrow

¢ Produced from stem cells in bone marrow
+ Mature in thymus (“T”)

= Lymphocytes respond to...  thymus giand
¢ antigens in adult £\

+ specific pathogens
+ specific toxins
AP Biology + abnormal body cells (cancer)



Lvmphocyvtes of the acquired immune svstem

= Undergo “Maturation” & Self-Tolerance  ene marrow

+ Lymphocytes distinguish “self” S
from “non-self” —

= Body monitors if lymphocytes form with
antigen receptors that recognize body’s
own cells/antigens as foreign Thymus

= These lymphocytes cells are
destroyed as they mature...

Pluripotent
stem cell

autoimmune

disorders
= B cells Lymphoxcyte J/
¢ Part of humoral immune response l
= identify antigens in the “humors”

= body fluids
L 2
in blood & lymph Q \ /\/

¢ Some produce antibodies

B cell T cell
= Tcells
¢ Make up the_cell-mediated immune
response Lymphoid tissue (lymph nodes,

= attack invaded and infected body cells spleen, blood, and lymph)



[
Overview

N

x JAcquired Immunity:

¢ B and T cells have receptor proteins on their surface
that bind a particular foreign molecule (antigen)

¢+ Each person makes millions of different lymphocytes that differ in
the version of receptor type they make and thus the specific
antigen or antigen region they recognize

¢ When an invader is detected, B & T cells are activated

¢+ Some T and B cells are set aside to fight any future infection of
that same invader (KEEP MEMORY OF INVADER)

¢ Some T cells (Theiper cells) help activate other lymphocytes
¢ Some T cells (Txiier cells) kill infected host cells

+ Some B cells secrete soluble receptor proteins (antibodies) that
mark foreign molecules for destruction by other white blood cell

AP Biology



How are invaders recognized: antigens

U

| e

B and T cells recognize antigens with their specific antigen
receptors on their plasma membrane

= One cell has up to 100,000 copies of one and only one type
of antigen receptor on it

» Lymphocytes thus exhibit

+ Some B cells develop into Plasma Cells that secrete a
soluble form of their antigen receptor called an antibody

(immunoglobulin - 1g) _
Antibody 1

= Antigen receptors and
antibodies recognize a small
portion of an antigen known

as the epitope or antigenic
determinant

Antibody 2

Epitopes

Antigen-binding sites

Antibody 4

AP Biology

Antibody 3



B cell receptors & antibodies

N

= B cell receptors and antibodies for antigens are
Y-shaped molecules
¢+ Two identical heavy chains and two identical
light chains held by
= Constant (C) region

¢+ Amino acid sequences vary little among receptors
made on different B cells

= Variable (V) region

¢+ Amino acid sequence varies
extensively from one B cell
to another

¢ Each B cell produces only
1 type of receptor

m identical

N

light chain

heavy chain

AP Biology



NAY

N

/8

B cell

Antigen- Antigen-

binding binding site
site / ’\

Disulfide
bridge

Variable
regions

Constant
regions

Transmembrane
}/ region

"~ Plasma
membrane

chain

Heavy chains

Cytoplasm of B cell



Receptor variation means an ability for
the cell to interact with varying epitopes
of varying antigens.

S

Antigen | Marker molecule O Antibody

AP Biology



N —
T cell receptors

N
GV

= T cell receptors consist of one alpha chain
and one beta chains held by

= Constant (C) region

+ Amino acid sequences vary little
among receptors made on
different B cells

= Variable (V) region

¢+ Amino acid sequence varies
extensively from one B cell
to another

¢ Each T cell produces only
1 type of receptor

AP Biology



T cell antigenic

receptors Antigen-
¥ binding
site
I_H

Variable
regions

Constant
regions

Transmembrane

region -
Plasma /

membrane

T cell

AP Biology



How are invaders recognized: antigens

= B cells & T cells respond to different antigens
+ B cells recognize intact antigens

N
GV

= pathogens in blood & lymph

¢ T cells recognize antigen fragments displayed on body
cell surfaces

= pathogens which have already infected cells
+ Major M. MHC molecule

histocompatibility T
complex (MHC)

cell

antigen
AP Biology \.



How is any cell tagged with antigens?

= Major histocompatibility (MHC) proteins

¢ proteins which constantly carry bits of cellular
material from the cytosol to the cell surface

¢ “snapshot” of what is going on inside cell
¢

MHC protein
Who goes there?
Self or foreign?

A Y
&

<&
MHC proteinsf ,

displaying self-antigens




Major Histocompatibility Complexes & T cell recognition

N
U

= Class | MHC molecules can be found on almost all cells

+ If any body cell becomes infected or cancerous, they can
display antigen fragments though class | MHC molecules

CYTOTOXIC T CELLS CD8

N

m Class Il MHC molecules can be found on ANTIGEN
PRESENTING CELLS

1.Dendritic cells

2.Macrophages M. MHC molecule
3.B cells ————
. HELPER T CELLS
CD4
Class I MHC
molecule \

ﬂ- Antigen
Plasma cell

4) membrane of antigen
AP infected cell \l




Antigen presentation to T cells through MHC complexes

Infected cell Microbe Antigen-

@ Antigen 2;?Isent|ng
associates
with MHC
Antigen molecule _
fragment “~-Antigen
fragment
Class 1 MHC— Class I1 MHC
molecule molecule
T cell
Ief:z::)tor DT cell receptor
recognizes
combination Q
I N
Cytotoxic T cell Helper T cell

AP Biology



Clonal Selection

N
GV

= Antigen receptor bind to antigen causing a series of
actions that lead to activation of B or T cells
¢ B and T cells amplify their response by undergoing rapid mitosis

= Two clones of the cells selected for

Antigen X form (CLONAL SELECTION

Short lived

Attack the antigen and any
pathogens producing antigen

Long-lived

Have specific receptors for that
antigen on its surface

Ready to respond immediately if this
antigen ever enter the body in the
future again

Basis for immunological memory

- ACQUIRED IMMUNITY



Acquired Immunity

N
\J

= | Two parts ﬁ ¢

Influenza

1. Humoral immune (anti-body
mediated) response . }

Humaoral immune response Cellular immune response

B ymphocyie

E r
B Cel |S : = i genf\-'nus Nqijmc call
+ o ——
- =
k

-
&
H

l-ﬁ ntibody-secreing

2, Cell-mediated immune

plasma call

response 1 ﬂeﬁﬁnh]m l ?fqnﬁ?cdnauicm

cytotoxic T cells /(5 @)

e/
T CTLeffector call

Viral alimination = : = ﬁggtgeg'm”
= Both are aided by helper T oress -
cells! Sl

AP Biology



How do T cells know a cell is infected?

= |nfected cells or cells that digest some pathogens
have MHC proteins on their surface
4

foreign antigens now on cell membrane

. Antigen Presenting Cell (APC)
Ex: macrophages can also serve as APC

tested by Helper T cells or Cytotoxic T cells

4
infected Q 4 — MHC proteins displaying
cell © Vy ¢« [foreign antigens
|

VYV <
Al v
WANTED) - S @
>
' 4 e, T cell with
4 A y o e 4 antigen receptors




Helper T cells

N
GV

*

® N o

9.

Respond to nearly all antigens
= Activate B and cytotoxic T cells

1.
2.

How?
T, cells have antigen receptors on surface

T, cell encounters an antigen-presenting cell displaying an
antigen fragment on their surface class Il MHC complex

T, cell’s receptor variable region matches antigen fragment

Additional T, cell membrane protein CD4 helps join antigen-
presenting cells and T, cell

Cytokines are released by both antigen-presenting cells and
bound T cell

T, cell activated

T, cell proliferates by mitosis

Clones differentiate into active T,, cells and memory T, cells
Activated T, cells secrete cytokines -

AP Biology 10. Stimulate activation of B cells and cytotoxic T cells



Helper T Cell Activation & Effects

U

N

Antigen-
presenting
cell

Peptide antigen
Bacterium

Class II MHC molecule

g CD4
’: %~ TCR (T cell receptor)
Humoral _
immunity Cell-mediated
(secretion of - immunity
antibodies by MR : _ (attack on
plasma cells) YT Cytotoxic Tcell  infected cells)

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Helper T Cells are critical:

N

N
U

Without them Cytotoxic T cells and B
cells cannot clone themselves and

fight infection!

Cell-mediated
i rmrmLmity
(attack on
infected calls)

Cytotoxic
T cell

Activatles othar
T cells and B cells

L .
LA T e
.' T e
: ®
) = Humoral
h'!ac-r-:qhag-a immunity
digplaying ﬁ"f {secration of

antigens Activates antibodies by
helper T eell B cell plasma cells)

AP Biology



T, cell response

helper
T cell

activate
Killer T cells

A A interleukin 1
g y Q . (type of cytokines)
stimulate
B cells &

antibodies




Fungi & bacterial live outside our cells, but what
if the attacker (virus) gets past the B cells &
innate blockades in the blood & actually infects
(hides in) some of your cells?

You need trained assassins to recognize
& kill off these infected cells!

Attack
of the

Killer T' cells!

But how do T cells
know someone is
hiding in there?
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Cytotoxic T cells - Destroy infected cells

N
U

N

Cell-Mediated Immunity:
1. T, cells recognize antigen fragments held in class | MHC
molecules on the surface of antigen-presenting cells

2. T, cell’s receptor variable region matches antigen fragment

3. I.cell’s surface protein CD8 helps keep antigen presenting cell
and T cell in contact

Tc cell

3. T cell undergoes rapid mitosis to produce /F\\

memory T, cells and active T cells f

"|I

6. Activated T, cells destroys infected cell ‘“}e:f ]
displaying antigen fragment r
- ’j Felease of
= T, cells releases perforin = forms pore in .\ destructive

and causing cell lysis

= T, cells release granzymes = enter infected

membrane allowing water and ions to enter l"’“; Janz'grmes
ceII by endocytosis and initiate apoptosis \

et
“"L Abnormal
= or virus-
infected

AP Biology cell



Cytotoxic T cells - Destroy infected cells

N

N
\J

= By killing infected body cell....

Released cytotoxic T cell
Cytotoxic T cell

CD8 Dying target cell
Class I MH = 77
molecule C Ll
> O~
r’ (.
Target Peptide 3 L*—Z N
cell antigen A o - »

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

AP Biology



_
B Cells- Respond to extracellular pathogens

d A\
UV

Humoral immune response:

=  Produce antibodies that disable and mark antigens for
destruction

= How?
¢ A B cell with coated in receptors binds an antigen
¢ Bcells and display fragments with

class Il MHC proteins on their surface

fragment on surface specific for this T cells receptor

¢ T, cell released cytokines

¢+ B cell is activated
¢ Activated B cell proliferates through mitosis
= One group of clones becomes memory B cells

= One group of clones becomes plasma cells

¢+ Secrete antibodies specific for antigen fragment that

initiated response
AP Biology



B Cells- Respond to extracellular pathogens

d A\
UV

=  Each plasma B cell produced secreted 2000
antibodies for a specific antigen per second!

Antigen-presenting cell Bacterium
N\ @/Peptide B cell
A ‘ antigen ‘

Class I1 MHC
molecule

\A

Secreted
antibody
molecules

Activated
Helper T cell helper T cell Clone of memory
B cells

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

AP Biology



When the B cell with the right membrane receptor

recognize a foreign antigen.... It undergoes mitosis
——

Antigen mmenulaﬁ-(: "l- ¥ - y‘:’ i Ve # -
Antigens activate only ™ { ""- - & 11.,
those B cells with . > ‘ ‘
receptors that fit. - e 7 \ : e )‘
Activated B cells grow, 'k' e
divide, and develop into . — ’
plasma cells. 7 1{

colls scrotes antibodcs r?". q?"; riff".‘* @
-.\

Specific antibody
molecules s&:r&taﬁ- T —-< 'k

by plazsma cells

= All the clones of that one B cell now can recognize the
same antigen found on all the pathogens of the same type.

+ Now there are many cells that can help SPECIFICALLY
destroy just THAT pathogen!
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How are invaders recognized?

U

N

= Antigens
¢+ Foreign molecules are specifically recognized by
lymphocytes and produce a response in them

= “self” recognition involves the immune system NOT
responding to any surface molecules on your own cells
L 2

= “foreign’” antigens come in many forms
+ Toxins secreted by bacteria

+ Large molecules on surface of pathogens: viruses, bacteria,
protozoa, parasitic worms, fungi, toxins

* Large molecules on surface of non-pathogens: cancer cells,
transplanted tissue, pollen

‘Uf
D
=h

“foreign”



Structure of antibodies Secreted by B Cells

& 1
T antigen-binding site
VZan X A o Y >
Y, W iable regi
Qe /. | \?ﬁ. (Z/ variable region 4 =<
(L 4 ’6\\//
light F

light chains

B cel & &
membrane e &

AP Biology

heavy chains
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Antibodies - %i%—f:

Proteins that bind to a specific antigen

XY
epitope >
¢+ multi-chain proteins

¢ binding region matches molecular shape of antigens

¢ each antibody is unique & specific

= millions of antibodies respond to millions of
foreign antigens

¢ tagging = “handcuffs” antigen-  anti

%

gen ,{

= antibodies ID which particle bindil‘;gbs:e A Y
needs destroying on antibody determinant) A g
variable =~
binding
region \ A
Aptigen- _
binding site D=
Each B cell

contains ~50,000
antibodies
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What do antibodies do to invaders?

Binding of antibodies to antigens

inactivates antigens by Activation of

r : ' . complement
neutralization capture precipitation  _ asgggar)ns .
(blocks viral bindingdl sites; antigen-bearing Prletl:)ilpitatlclm of (activation
ts bacteri i t
e :pson;ra':i::) o parh:‘Iiecsr,ost;csh as soluble antigens of complement)
~ Bacteria /—\Complement
Virus\@( ' /“ Lesion
< | TR sownie | W
Bacterium ‘{ antigens '.Fb.r‘elgn cell
pathogens tagged L | J
with antibodies = - h' Lonhs to
Opsonization nances
Phagocytosis Cell lysis
A
Y %
macrophage | ’ °
eating tagged invaders I Q o |

Macrophage -



10 to 17 days for full response

B cell immune response

@ “~ tested by

B cells
invader (in blood & lymph)
foreign antigen)

N

L—

memory cells
“reserves’”

captured
invaders

clones
1000s of clone cells

plasma cells
release antibodies




B cell —
D \
( This one Fits! ) bacteria
1 2

The B cell finds an antigen
which matches its receptors,

helper T cell

_
N ——

It waits until it is activated
by a helper T cell.

antibodies
-"{"_‘.‘ i, "ﬂ" —_—
~ _r:h
plasma cell That one looks
bacteria delicious!
4 S

Plasma cells produce antibodies
that attach to the current type
of invader.

“Eater cells,” prefer intruders
marked with antibodies, and
“eat” loads of them.

A7 plasma cell
’ 0

memory cell

31

Then the B cell divides
to produce plasma and
rnermory cells.

I remember this
one'! Red alert!

memory cell

&.
If the sarfme intruder in-
vades again, memory cells
help the immune system
to activate much faster.




Though B and T Cells can recognize antigens,
T, are needed for them to form clones

MHC pathogen antigen-MHC
marker : complex
. a‘-‘:‘: _\ =
W e —
macrophage s '“lf
N
antigen-MHC éa- @%
receptor on j., .o f/ \‘{
helperT cell
\__' : S 1_ g&_rj‘
wrgln or memory
cytotoxic T cell
mitosis and diﬁerentiation
infected |
body cell |
' eﬁeotor
o cytotoxic

T cgll

»{" ;}_f; :ﬁtigen
“~— " "macrophage
MHC 1 antigen-MHC
arke;,r \Qinmplex

Cemdim ?F}’; helper  memory B
i 'T\CE" cell )
%;- %'-5 -:'i‘“-»rf

mitosis and diffgrentiatian

populations of Leffector
and memory B cells

"
- "-"‘r si? b

circulatifi” effector memory

aj\t owes B cell B cell
J?* LD




Passive immunity

N

' Active immunity

¢ When you make your own antibodies
and memory cells

Passive immunity

¢+ when antibodies are provided from an outside source
= No memory cells form though!

<Excus5 youll




Vaccinations

= Immune system exposed

to harmless version of pathogen L e
or some of a pathogen’s surface molecules

¢ stimulates B cell system to produce
antibodies to pathogen

¢+ Now you will have a
rapid response on
future exposure

Creates immunity
without getting
disease!

= Most successful

against viruses

Antibody concentration
(arbitrary units)

— First exposure
to antigen A

Antibodies
to A

Second exposure
to antigen A,
first exposure
to antigen B

toB

. 1 YOUR
Bk A L

is the

IPHTHERIA
is deadly-

IMMUNISATION
‘.

!
\ s
®

| gt @ \

"« safequard

Antibodies

immune

Secondary

response to
antigen A

Primary

immune
response

to antigen B

28 35
Time (days)

I

42

49

56
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1914 — 1995

Jonas Salk

= Developed first vaccine
. polio

attacks motor neurons

Albert Sabin
1962




1994
Americas polio free

I

. i, .
. ‘.._-»~. gt ,_I
- g ~

! ’l-" “.L

.eﬁ‘

|ron Iungs create negatlve
< pressure;to help breathlng \.

TN




AP

1° vs. 2° response to disease

= Memory B cells allow a rapid, amplified response
with future exposure to pathogen

¢+ Primary immune response = 10 - 17 days after exposure
¢ Secondary immune response = 2-7 days after expsure

Antibody concentration
(arbitrary units)

104 - Secondary
Second exposu
to antigen A, ponse to
first exposurg \

103 4 to antigen B

- First exposure
to antigen A
102 -
tibodies
to A
10" 4
100 Y :
0 7 21 28 35 9 56

Time (days)
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AP

= Some vaccines are made from just
the antigens (parts of external
molecules) of the pathogen.

¢+ The antigens in the vaccine stimulate the immune response

= Other vaccines are created by grinding up or heating
the dangerous pathogen so that it is no longer
functional. We call this an attenuated pathogen.

= Some vaccines consist of a slightly different version
of the pathogen that "fools" the body into reacting
as if exposed to the real antigen.

+ For example, the vaccine for the virus that causes smallpox
(a deadly disease) is actually made from a closely related
virus that causes cowpox (a mild disease).



N, Stag €S in
Vaccine-Induced

Stage 1 &

e o by Immunity

\l} * Y Y
Y ~\ }' . LArF ATE AN
e a A A
er Ve Booster Stage d A~ .’: »(.i .’i ,(.:
: : e & 1% i i iy
h Some vaccines R e <k . 1Y <y
réquire a ,—‘ : ¥ : ’}: s : Fa
‘{ " booster shot. ,{ k A 9 "1‘: 'ﬂ* ‘*
Stage 2 " Stage 3 Stage 4
Antigens in vaccine L . Memory cells are _ Later exposure to same
stimulate primary > formed that match > wvirus stimulates rapid
IMMUNE response. 4 the antigens in the . gecondary immune
vaccine. response.

AP Biology



Acquired
immunity

Artificially
acquired

Active Passive Active Passive
Antigens enter the = Antibodies pass Antigens are Preformed
body naturally; from mother to introduced in antibodies in
body produces fetus via vaccines; body immune serum
antibodies and placenta or produces introduced into
specialized to infant in the antibodies and body by injection
lymphocytes mother's milk specialized

AP Bio lymphocytes



“Acquired Immune System” --
REMEMBER o or el

First exposure o antigen

:

.l- Primary immune response g
; i

= |f you ever get the same

N

pathogens in you in the w » hsllie
future, the many memory w @ o
Pathogen-fighting cells Memory celis

cells left behind since your |

Second exposure

to same antigan

last infection can now |
undergo mitosis and § Secondary immune response |

Ky iFF Rt

produce more quickly a selels Bl o o
new even bigger army of C £ ol ol et 3

Mew pathogen-fighting cells Maore memory cells

fighting cells helping

prevent the pathogen from

. 0= . Second Sacondary
successfully surviving in B
your body for long. :
E Prima
%
AP ‘ = 1] T 14 | 2B 15 41 49 56 £




Acquired Immune Response

pathogen invasion].\,_skin

antigen exposure =

skin

\

—
antigens on infected cells

1

cellular response

free antiglens in blood

humoral response

@ alert

(Bl ) <
/\ B cells cannot /\
even produce
antibodies
without signal -
B cells B cells thhat-irf T cells
elper T'’s
>Y>AyY >Y>AyY )
Yantibo_gles>- Yantlbo_gles destroyed?
<> X< <> <<




HIV & AIDS

= Human Immunodeficiency Virus
¢ virus infects helper T cells

(and macrophages)
helper T cells don’t activate rest of immune system:

. Eventually destroys all helper T cells

= AIDS: Acquired ImmunoDeficiency Syndrome

¢ infections by opportunistic diseases

normally body would be able to fight
these microbes or cancer cells

¢ death occurs usually from

Pneumonia (bacteria), cancers g

i, - g 1)
HIV infected T cell



T, Cells help stimulate B and T, (killer T) Cells
| do clone themselves

HIV is deadly because it destroys the immune system,
leaving the body unable to defend itself against
pathogens and certain cancers.

HIV infects especially helper T cells so the immune
system cannot activate other T cells or B cells.

* Natural Course of HIV Infection

B
—

= HIV concentration
—T call count

= Death usually occurs
from another infection,
such as pneumonia, or
from certain types of
cancer.

¢+ When we cannot
fight infections,
we say AIDS 1 2 3 4 5 6 7 & 9 10 1
has developed.

T cells per mm? of blood

= =

=
HIV RNA copies per mL of plasma

Time since infection (years)



How to protect yourself...

Don’t share
body fluids:
Blood,
semen,
vaginal
secretions

D\O ﬁ ;T 8 E what's the point of trying to look coel..

siame . IF YOU'RE DEAD!
BE GAME

USE CO
=
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Immune system malfunctions

B Auto-immune diseases
L 2

lupus

+ antibodies against many molecules released by normal
breakdown of cells

rheumatoid arthritis

+ antibodies causing damage to cartilage & bone
diabetes

+ beta-islet cells of pancreas attacked & destroyed

multiple sclerosis
+ T cells attack myelin sheath of brain & spinal cord nerves

= Allergies

¢

= proteins on pollen, dust mites, in animal
saliva

AP Biology + stimulates release of histamine



*Allergies

= The pollen grains have allergens on their surface that trigger

B cells to produce a class of antibodies different from those
that protect against pathogens.

¢ These "allergic antibodies" attach to receptor proteins on the
surface of cells called

= Mast cells produce histamine.

+ Histamine triggers the inflammatory response which causes
watery eyes & a runny nose due to dilating local blood vessels.

First exposure to allergen

Later exposure to same allergen
oy = . I Mast cell
= Antihistamine ~f _ B cell
- {plasma cell) | R 2
'I - " = . A e 3 Y
I" ! ‘| b oA .:l: "*'! -i. l‘llu - ..-!. l‘*!-
IF ® e e
A [ . i -
Pollan grain Allergans
with allergens activate B cells, Antibodies Allergen Binds Mast cell releases
on surface, Plasma calls attach to to antlbodies histamine, causing
make antibodies. miast cell, on mast call, allargy symptoms,



Key attributes of vertebrate immune system

d A\
UV

= 4 attributes that characterize the
iImmune system as a whole
+ specificity ¥ o
= antigen-antibody specificity p
¢ diversity
" react to millions of antigens
¢ memory
" rapid 2° response
¢ ability to distinquish self vs. non-sel

= maturation & training process reduces chances
of auto-immune disease or self-recognition and
AP Biologydestruction

R

-
—
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It’s safe
to Ask Questions!
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