Phagoeytes: Origin & Mode of Action
Phagoeytes are white blood celle that are produced continuougly in the bone

marrow
Primary [mmune Regponge (Advanced)

Lymphociytes are another type of white blood cell the blood
They play an important part in the gpecific immune responge
They are smaller than phagocytes
They have a large nucleus that fils most of the cell
They are produced in the bone marrow before birth
There are two typeg of lymphoeytes (with different modeg of action).
The two types of lymphocytes are;
© B-lymphocytes (B celle)
® T-lymphocytes (T celle)

two types are:
o Neutrophile
* Macrophages

Antigeng, Self & Non-Self

Every cell in the human body hag markers that identify it
Microorganiems (both pathogenic and non-pathogenic),
such ag bacteria and virugeg, aleo have their own unique
markerg

Thege markere are called antigens (which are
macromoleculeg) and they allow cell-to-cell recognition
Antigeng are found on cell surface membraneg, bacterial
cell wallg, or the eurfaces of viruges

Some glycolipide and glycoproteing on the outer surface
of cell surface membraneg act ag antigeng

Antigeng can be either gelf antigens or non-gelf antigens:
Antigene produced by the organiem's own body celle
(thoge that the immune system doeg not recognise ag ¥

foreign antigeng) are knoun ag gelf antigeng | V\e, ‘mm“m Svs-ke m
Self antigene do not stimulate an immune responge

Antigeng not produced by the organiem’s own body cells
(thoge that the immune system recogniges ag being
foreign eg. the antigens found on pathogenic bacteria and
virugeg or if a percon receives a different blood type
during a trangfugion) are known ag non-gelf antigeng
Non-gelf antigene stimulate an immune regponge

Macrophages

Macrophages are larger than neutrophile and are long-lived celle

Rather than remaining in the blood, they move into organg including the lungs, liver, epleen, kidney
and lymph nodes

After being produced in the bone marrow, macrophages travel in the blood ag monocytes, which
then develop into macrophages once they leave the blood to settle in the varioug organg listed
above

Mode of action:

Macrophages play a very important role in initiating an immune regponge

Although they etill carry out phagoeytosis in a similar way to neutrophils, they do not destroy
pathogeng completely

They cut the pathogene up <o that they can digplay the antigens of the pathogene on their
aurface (through a structure called the major histocompatibility complex)

Thege digplayed antigeng (the cell ie now called an antigen-pregenting cell) can then be
recogniced by lymphocytes (another type of white blood cell)

They are stored in the bone marrow before being distributed around the body in

They are regpongible for removing dead celle and invagive microorganisms
They carry out what is known ag a non-gpecific immune regponge
There are two main types of phagoeyte, each with a epecific mode. of action. The

Neutrophilg

Chemicale released by pathogens, ag well as chemicals released
by the body celle under attack (eg. histamine), attract
neutrophile to the site where the pathogens are located (this
regponge to chemical etimuli ie known ag chemotaxie)
Neutrophils move towards pathogeng (which may be covered in
antibodieg)

The antibodies are another trigger to stimulate neutrophile to
attack the pathogeng (neutrophile have receptor proteing on
their surfaces that recognige antibody molecules and attach to
them)

Once attached to a pathogen, the cell surface membrane of a
neutrophil extends out and around the pathogen, engulfing it
and trapping the pathogen within a phagoeytic vacuole

Thig part of the process is known ag endocytosie

The neutrophil then secretes digestive enzymes info the vacuole
(the enzymeg are releaged from lyeogomeg which fuge with the
phagoeytic vacuole)

Thege digestive enzymeg degstroy the pathogen

After killing and digesting the pathogen, the neutrophile die
Pug ig a sign of dead neutrophile
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T-lymphoeytes are activated when they encounter (and bind to) their specific antigen that is being

pregented by one of the hogt’s cells (host celle being the human’s own celle) B-lymphocytes
Thig antigen-presenting host cell might be a macrophage or a body cell that hag been invaded by a B-lymphocytes (B cellg) remain in the bone marrou until they are mature and
pathogen and is displaying the antigen on ite cell surface membrane then spread through the body, concentrating in lymph nodes and the gpleen
These activated T-lymphocytes (thoge that have receptore specific to the antigen) divide by mitosic to Miliong of types of B-lymphocyte celle are produced within ug because a¢
increage in number (gimilar o the clonal gelection and clonal expangion of B-lymphocytes) they mature the geneg coding for antibodieg are changed o code for
Thege T-lymphoeytes differentiate into two main types of T cell: different antibodieg
© helper T celle Once mature, each type of B-lymphoeyte cell can make one type of antibody
o killer T celle molecule
Helper T cellg releage cytokineg (hormone-like signals) that stimulate B-lymphocytes to divide and develop At this ctage, the antibody molecules do not leave the B-lymphocyte cell but
into antibody-gecreting plagma celle. Some helper T celle secrete eytokines that stimulate macrophages to remain in the cell eurface membrane
increage their rates of phagoceytosie Part of each antibody molecule forme a glycoprotein receptor that can
Killer T celle attach to the antigeng on the cell surface membraneg of infected celle and secrete toxic corbine specifically with one type of antigen

aubstances that kill the body celle, along with the pathogen inside
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When an antigen enters the body for the firgt time, the small numberg of
T-lymphocytes B-lymphoeytes with receptors complementary to that antigen are

[mmature T-lymphocytes leave the bone marrow to mature in the thymus atimulated to divide by mitogie
Mature T-lymphoeytes have gpecific cell surface receptors called T cell Thig ie known ag clonal gelection
receptore Ag thege cloneg divide repeatedly by mitosis (the clonal expangion stage)
These receptors have a similar structure to antibodies and are each gpecific to the reqult g large numbere of identical B-lymphocytes being produced
one antigen over a few weeke

During an immune regponge, these B-lymphoeyteg then form two types

of cell

Some of thege B-lymphocytes become plagma cells that secrete lote of
antibody molecules (specific to the antigen) into the blood, lymph or
liningg of the lungg and the gut
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Thege plagma celle are short-lived (their numbers drop off after several

weeke) but the antibodieg they have gecreted stay in the blood for a
f longer time
0
The other B-lymphocytes become memory cells that remain circulating in
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Structure
Antibodiee are globular glycoproteing called immunoglobuling

Antibodieg have a quaternary etructure (which ie represented ag Y-shaped), with two ‘heavy’ (long) polypeptide chaing

bonded by disulfide bonds to two ‘light” (short) polypeptide chaing
Each polypeptide chain hag a constant region and variable region

The congtant regiong do not vary within a clage (iotype) of antibodie but do vary between the clagses. The congtant

region determineg the mechaniem uged to destroy the antigeng

There are 5 clageeg of mammalian antibodies each with different roleg

Memory Celle & Long-Term [mmunity

During an immune regponge, B-lymphoeytes form two types of cell: plagma celle
and memory cells

Memory cells form the bagig of immunological memory ~ the cells can lagt for
many years and often a lifetime

There are two typeg of immune regponge:

Primary immune regponge (regponding to a newly encountered antigen)
Secondary immune regponge (regponding to-a previously encountered antigen)

Primary immune responce
When an antigen enters the body for the firet time, the
armall numbers of B-lymphocytes with receptore

The amino acid sequence in the variable regiong of the antibodieg (the tipg|of the "Y") are different for each antibody. The cormplementary to that antigen are stimulated to divide
variable region is where the antibody attacheg to the antigen to form an antigen-antibody complex by mitogis
At the end of the variable region i¢ a site called the antigen-binding site. Each antigen-binding site ig generally composed Thig i known ag clonal selection

of 10 1o 130 amino acide and includes both the ends of the light and heauy chaing
The antigen-binding sites vary greatly giving the antibody ite specificity for binding to antigene. The gites are specific to

the epitope (the part of the antigen that binds to the antibody)

A pathogen or virug may therefore present multiple antigens different antibodies need o be produced

Ag thege clones divide repeatedly by mitosis (the clonal
expangion etage) the regult ig large numbere of identical
B-lymphocytes being produced over a few weeke

Some of these B-lymphocytes become plagma cells that

The ‘hinge’ region (where the dieulfide bonds join the heauy chaing) gives flexibility to the antibody molecule which allows gecrete lote of antibody moleculeg (specific to the

the antigen-binding site to be placed at different angles when binding to antigeng

Thig region ie not present in all clagses of antibodies

antigen) into the blood, lymph or liningg of the lunge and
the gut

Thege plagma cell are short-lived (their numbers drop
off after geveral weeke) but the antibodies they have

The other B-lymphocytes become memory celle that

' m ‘mm“m SVS*Q m gecreted stay in the blood for a longer time
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T-lymphocytes aleo play a part in the secondary immune regponge DIVIDES 5Y MITOSIS.
They differentiate into memory cells, producing two main types: el %}@ .
® Memory helper T celle
® Memory killer T cells
Just like the memory celle formed from B-lymphocytes, these
memory T celle remain in the body for a long time
If the eame antigen i¢ found in the body a second time, thege
memory T celle become active very quickly

remain circulating in the blood for a long time
Thig regponge to a newly encountered pathogen ig
relatively slow

Secondary immune responge
[f the same antigen i found in the body a second time, the memory
celle recognige the antigen, divide very quickly and differentiate into
plagma cels (to produce antibodies) and more memory celle

This responge ig very quick, meaning that the infection can be
degtroyed and removed befare the pathogen population increages too
much and symptome of the diceage develop

Thig responge to a previougly encountered pathogen ig, relative fo the
primary immune responge, extremely fast
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Feature Active Passive

Production of Are produced by Not produced by the body
antibodies the body

Time before antibodies | 1-2 weeks immediate

appear in blood

Presence of memory yes no
cells
Induced by:
Natural Exposure to Antibodies received from
pathogen another organism (e.g. via
the placenta or colostrum /
breast mitk}
Artificial Vaccination Antibodies manufactured and

injected or transfused into
organism (e.g. monoclonal
antibodies delivered by blood
transfusion)

Tre MMu System

Paggive immunity

Pageive immunity ie acquired without an immune regponge. Antibodies are not produced
by the infected person

Ag the person’s immune system hag not been activated then there are no memory cells
that can produce antibodieg in-a secondary responge. If a person-ig reinfected they
would need another infugion of antibodies

Depending on the digeage a person ig infected with (eg. tetanug) they may not have time
10 actively acquire the immunity, that i, there ie no time for active immunity. So passive
immunity oceurs either artificially or naturally

Artificial paggive immunity occurs when people are given an injection / trangfugion of
the antibodies. In the cage of tetanug thig i an antitoxin. The antibodies were collected
from people whoge immune system had been triggered by a vaccination to produce
tetanug antibodies

Natural paseive immunity oceure when:

Foetuses receive antibodieg acrose the placenta from their mothers

Babieg receive the initial breagt milk from mothers (the cologtrum) which delivers a
certain isotype of antibody (IgA)

Function

Antibodies are produced by B-lymphocytes

Antibodies bind to specific antigene that trigger the specific immune regponse: Every antigen hag one antibody
Antigeng include pathogene and their toxing, pollen, blood cell eurface molecules and the surface proteing found on
trangplanted tissues

Antibodies are divided into five major classes (isotypes), each with a different role

The function of antibodies differ:

Antibodies can combine with viruges and toxing of pathogens (e.g. bacteria) o block them from entering or damaging
celle

Antibodies can act ag anti-toxing by binding to toxing produced by pathogeng (e.q. the bacteria that cause diphtheria
and tetanug) which neutralices them making them harmlegg

Antibodies can attach to bacteria making them readily identifiable to phagocytes, this is called opsonisation. Once
identified, the phagocyte hag receptor proteing for the heavy polypeptide chaing of the antibodies, which enables
phagoeytosis to oceur

Antibodies can attach to the flagella of bacteria making them lesg active, which makes it eagier for phagocytes to do
phagocytosie

Antibodies act ag agglutining causing pathogeng carrying antigen-antibody complexeg to clump together (agglutination).
Thig reduceg the chance that the pathogene will spread through the body and makes it poseible for phagocytes to engulf
a number of pathogeng at one time

Antibodies (together with other moleculeg) can create holeg in the cell walls of pathogens causing them to burat (lysie)
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ANTIBODY

Active immunity

Active immunity ie acquired when an antigen enters the body triggering a gpecific
immune regponge (antibodieg are produced)

Active immunity ie naturally acquired through exposure to microbes or artificially
acquired through vaccinatione

PRIMARY AND SECONDARY RESPONSE TO ANTlGENSJ

The body produces memory celle, along with plaema cells, in both types of active

FIRST ANTIGEN
INJECTION

immunity giving the pereon long-term immunity

ey n active immunity, during the primary regponge to a pathogen (natural) or to a
RESPONSE vaccination (artificiall, the antibody concentration in the blood takeg one to two
weeks to increage.

[f the body ig invaded by the same pathogen again or by the pathogen that the
person wag vaccinated againet then, during the secondary responge, the antibody
concentration in the blood takes a much shorter periad of time to increage and ie

higher than after the vaccination or first infection
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A vaceine ig a suspengion of antigeng that are intentionally put into the body to
induce artificial active immunity. A epecific immune regponge where antibodies are
releaged by plagma celle
There are two main types of vaccines:

o Live attenuated

o INactivated
Vaccineg are adminigtered either by injection or orally (by mouth). When a pergon ie
given a vaccine they have been given a vaccination
The vaccinationg given by injection can be into a vein or muscle
Vaceinationg produce long-term immunity ag they cause memory cells o be
created. The immune ystem rememberg the antigen when reencountered and
produces antibodies fo it, in what i¢ a fagter, stronger secondary response

T-lymphocytes are activated when they encounter (and bind to) their
gpecific antigen that ie being presented by one of the host’s celle (hogt
celle being the human’e own celle)

Thig antigen-presenting host cell might be a macrophage or a body cell
that hag been invaded by a pathogen and i displaying the antigen on ite

Vaceineg can be:
Highly effective with one vaceination giving a
lifetime’s protection (although less effective oneg will

require booster / subgequent injectiong)
cell surface membrane

Thege activated T-lymphocytes (those that have receptors gpecific to
the antigen) divide by mitogie to increage in number (gimilar to the clonal
gelection and clonal expangion of B-lymphocytes)

These T-lymphocytes differentiate into two main types of T cell:

helper T celle

eytotoxic T cellelaleo known ag killer T celle)

Benerally harmlesg ag they do not cauge the diseage
they protect againet becauge the pathogen ig killed
by the primary immune responge

T-lymphocytes and the cellular immune regponge
[mmature T-lymphocytes leave the bone marrow
to mature in the thymug

Mature T-lymphoeytes have specific cell surface
receptore called T cell receptors

Thege receptore have a cimilar structure to

Tre 'WMMune System

L o . Unfortunately there can be probleme with vaccines:
antibodieg and are each specific to one antigen )
People can have a poor responge (eg. they are malnourighed and cannot

r produce the antibodieg ~ proteing or their immune system may be defective)

®
e o !®/ \@D A live pathogen may be trangmitted (e.g. through faeceg) to otherg in the
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A DIFFERENT T CELL RECEPTOR

The T Lymphocyte Regponge

Lymphocytes are another type of white blood cell

They play an important part in the gpecific immune responge
They are gmaller than phagocytes

They have a large nucleug that fille mogt of the cell

They are produced in the bone marrow before birth

There are two typeg of lymphocytes (with different modeg of
action). The two types of [ymphocytes are:

® T-lymphocytes (T celle)
@ B-lymphocytes (B celle)

population (ideally enough number of people are vaccinated at the eame
time to give herd immunity)

Antigenic variation ~ the variation (due to major changeg) in the antigeng of
pathogens cauges the vaccines to not trigger an immune regponge or
diceages caused by eukaryotes (eg. malaria) have too many antigeng on
their cell surface membranes making it difficult to produce vaccines that
would prompt the immune system quickly enough

Antigenic concealment ~ thie occurs when the pathogen ‘hideg” from the
immune eystem by living ingide celle or when the pathogen coate their
bodieg in host proteing or by paragitising immune celle such a¢ macrophages
and T cellg (eg. HIV) or by remaining in parte of the body that are difficult
for vaccineg to reach



