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11.1.1 Antigens

Antigens

Every o rganism has cells with unique mo lecules  o n the cell surface membrane which act as

markers  to  identif y it

These unique markers are macro mo lecules  and they allo w cell-to -cell reco gnitio n

The immune system has the ability to  distinguish between 'self' and 'no n-self' based o n these

mo lecules

Micro o rganisms (bo th patho genic and no n-patho genic), such as bacteria and  viruses,

trigger an immune respo nse as the immune system reco gnises their markers as being no n-

self  

Mo lecules that trigger an immune respo nse in this way are named antigens

Antigens  are fo und o n cell surface membranes o f cancer cells, bacterial cell walls, the

envelo pes o f viruses and even po llen grains

So me glyco lipids  and glyco pro teins  o n the o uter surface o f cell surface membranes act as

antigens

Allergies  are the result o f an immune respo nse triggered by antigens o n the surface o f an

allergen, such as po llen

Exam T ip

The different types o f  patho gen include viruses, bacteria, fungi and pro to z o ans.
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Blood Transfusions & Antigens

Ant igens on red blood cells

Red blo o d cells have specific markers  o n their surface kno wn as antigens  which determine the

blo o d gro up  o f an individual

If a transf usio n is given to  an individual with mismatched blo o d gro up, the antigens o n the red

blo o d cell surface will trigger an immune respo nse

There are two  antigen markers that must be co nsidered:

The ABO marker - this determines whether the individual is blo o d gro up A, B, AB o r O

The Rhesus (Rh) marker - this determines whether the individual is rhesus po sitive  o r rhesus

negative

Det ermining ABO blood t ypes

Blo o d type A has a type A antigen co nsisting o f an initial 'H' marker which is mo dified with

ano ther mo lecule called N-acetylgalacto samine

Blo o d type B  has a type B antigen co nsisting o f an initial 'H' marker which is mo dified with

ano ther mo lecule called galacto se

Blo o d type AB has  type A and B antigens co nsisting o f two  'H' markers o ne o f which is mo dified

with N-acetylgalacto samine and the o ther with galacto se'

In blo o d type O, the 'H' marker is no t mo dified and so  there are no  A o r B antigens
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Blood type is determined by the presence or absence of specific antigen markers on the surface of the red

blood cells

If a transfusio n is given to  so meo ne o f an inco mpatible blo o d type, an immune respo nse will

o ccur due to  the presence o f antibo dies in the recipient's blo o d that bind to  blo o d cells with

no n-self antigens

An immune respo nse may result in agglutinatio n o f the blo o d in the blo o d vessels and co uld be

f atal

Agglutinatio n is when red blo o d cells clump to gether due to  the binding o f antigens and

antibo dies

Co mpatible  blo o d types means no t  using blo o d that has a different type o f  antigen to  the

patients blo o d
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11.1.2 Specific Immune Response

Specific Immune Response

T-Helper cells (a type o f lympho cyte that respo nds to  specific antigens) and mature B cells

(ano ther type o f lympho cyte) have specific recepto rs lo cated o n their cell surface membranes

These recepto rs have a similar structure to  antibo dies  and are each specific to  o ne antigen

No te that lympho cytes are a type o f white blo o d cell invo lved in the specific immune

respo nse; there are several different types o f lympho cyte

When phago cytes engulf patho gens, they present the patho gen antigens  o n their o wn cell

surface membrane

A cell with no n-self antigens o n its surface membrane is kno wn as an antigen presenting cell

The T-helper cell with the co mplementary recepto r pro teins to  the antigen will bind to  the

antigen and beco me activated  by the phago cyte

Activated T -helper cells  then bind with co mplementary recepto rs o n the surface membrane o f

specific B-lympho cytes

On binding, the T -helper cells  releases signalling pro teins and activate these B-cells

Plasma Cells

During an immune respo nse, B-lympho cytes mature  to  fo rm two  types o f  cell: plasma cells  and

memo ry cells

Plasma cells pro duce large vo lumes o f antibo dies  speci�c to  the single type o f antigen that

triggered the immune respo nse

The cells are specialised with large amo unts o f ro ugh endo plasmic reticulum which pro mo tes

pro tein synthesis  to  make the required antibo dies

As B-cells o nly pro duce o ne type o f antibo dy, o nly a small pro po rtio n o f  the genes are

expressed  in the nucleus
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Clonal Selection & Expansion

Clo nal selectio n invo lves identif ying and activating a B-cell with the co mplementary recepto r

to  the target antigen

Clo nal expansio n can then o ccur

The activated B-cell divides by mito sis to  create many clo nes o f itself

Each clo ne will pro duce the exact same antibo dy, co mplementary to  the target antigen

So me o f these mature B-lympho cytes differentiate into  plasma cells

The o ther B-lympho cytes beco me memo ry cells that  remain and circulate in the blo o d

Whilst the antibo dies pro duced by the plasma cells are o nly present fo r a matter o f weeks o r

mo nths, memo ry cells fo rm the basis o f immuno lo gical memo ry  – the cells can last fo r many

years  and o ften a lifetime

T he primary and secondary immune response

A primary immune respo nse  o ccurs in respo nse to  a newly enco untered antigen

This is a relatively slo w respo nse as the immune system takes time identifying the

co mplementary antibo dy fo r each new antigen it enco unters

The infectio n may result in sympto ms being presented  whilst the immune system

identifies and manufactures the co rrect antibo dies

Seco ndary immune respo nse  in respo nse to  a previo usly enco untered antigen

The memo ry cells with the co rrect antibo dy, are already circulating in the blo o d so

the respo nse is mo re rapid, pro ducing mo re antibo dies than the primary respo nse, in a

much sho rter time frame

Sympto ms do  no t develo p  as the patho gen can be destro yed befo re significant cell

damage o ccurs
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11.1.3 Antibodies, Vaccines & Immunity

Antibodies: Function

The functio n o f antibo dies  pro duced by B-cells is to  destro y patho gens within the bo dy

This can be do ne either directly, o r by recruiting o ther immune cells

Antibo dies aid the destructio n o f patho gens in several ways:

Agglutinatio n

Antibo dies act as agglutinins  causing patho gens carrying antigen-antibo dy co mplexes

to  clump to gether (agglutinatio n)

This reduces the chance that the patho gens will spread thro ugh the bo dy o r taken into

cells, instead the clumps are remo ved by the lymphatic system and digested by

phago cytes

Opso nisatio n

Antibo dies attach to  bacteria making them readily identifiable to  phago cytes, this is

called o pso nisatio n

Once identified, the phago cyte has recepto r pro teins fo r the heavy po lypeptide chains

o f the antibo dies, which enables phago cyto sis  to  o ccur

Neutralisatio n o f viruses and bacteria

Antibo dies can co mbine with viruses and to xins o f  patho gens  (e.g. bacteria) to  blo ck

them fro m entering o r damaging cells

Activity reductio n

Antibo dies can attach to  the flagella o f  bacteria making them less active, which makes

it easier fo r phago cytes to  do  phago cyto sis

Neutralisatio n o f  to xins

Antibo dies can act as anti-to xins by binding to  to xins pro duced by patho gens (e.g. the

bacteria that cause diphtheria and tetanus) which neutralises them making them harmless

Co mplement activatio n

Antibo dies can trigger pro teins, called co mplement pro teins, which create ho les in the

cell walls o f  patho gens causing them to  burst  (cell lysis) when io ns are abso rbed and

water mo ves in by o smo sis
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The functions of antibodies vary according to which type of antigen they act on
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Immunity

Immunity is initiated when expo sure to  a specific antigen results in the pro ductio n o f

co mplementary antibo dies  and memo ry cells

This first expo sure to  an antigen triggers the primary immune respo nse

The primary immune respo nse  leads to  the develo pment o f  immunity  if memo ry cells and

antibo dies which persist in the blo o dstream after the patho gen has been eliminated

The seco ndary immune respo nse  o ccurs when the same antigen is f o und in the bo dy a seco nd

time

The memo ry cells reco gnise the antigen, divide very quickly  and differentiate into

antibo dy-pro ducing plasma cells and mo re memo ry cells

The respo nse to  a previo usly enco untered patho gen is, relative to  the primary immune

respo nse, extremely f ast

This means that the inf ectio n can be destro yed and remo ved bef o re the patho gen

po pulatio n increases  to o  much and sympto ms o f the disease develo p

The secondary response is much larger and more rapid than the primary response
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Vaccines & Immunity

A vaccine is a so urce o f antigens that are intentio nally put into  the bo dy to  induce immunity

Vaccines cause a specific immune respo nse  where antibo dies are released by plasma cells

There are different types o f vaccine, including

Live attenuated  - these are weakened versio ns o f  the patho gen

Inactivated  - these are killed, no n-living co mpo nents o f  patho gens  o r even just the

antigens  alo ne

Vaccines are administered either by injectio n o r o rally  (by mo uth)

The vaccinatio ns given by injectio n can be into  a vein o r muscle

Vaccinatio ns pro duce lo ng-term immunity  as they cause memo ry cells to  be created

The memo ry cells reco gnise the antigen when re-enco untered and pro duces antibo dies, in what

is a f aster, stro nger, seco ndary respo nse
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11.1.4 Smallpox Vaccine & Eradication

Jenner's Ethics

Int roduct ion

The principles underpinning vaccinatio ns were disco vered by Edward Jenner in the 1700s when

he develo ped the first smallpo x vaccine

Smallpo x was a highly infectio us disease caused by the vario la virus  which first emerged

tho usands o f years ago

No table sympto ms  o f smallpo x included f ever and an extensive rash with pus filled

pustules

Lo ng term effects included scarring and blindness

There was a 30% death rate  in tho se who  co ntracted the disease

Vario latio n was a metho d used to  try and pro tect peo ple fro m the mo st serio us sympto ms

Vario latio n invo lved scratching material fro m smallpo x pustules into  the arms o f patients

Sympto ms  resulting tended to  be less serio us than tho se o f naturally infected patients

The pustules tended to  co ntain pus, a substance that co ntains dead white blo o d cells

and destro yed patho gens

So metimes the pus co ntained functio nal patho gens so  vario latio n co uld still cause

disease and death.

Edward Jenner o bserved that milkmaids who  had been expo sed to  co wpo x were sho wing a level

o f immunity to  smallpo x

He hypo thesised  that they were pro tected due to  their expo sure to  the co wpo x virus  which

was similar but less serio us

Jenner co mbined his o bservatio ns and the metho d o f vario latio n to  develo p a co wpo x

ino culatio n which he tested o n a 9 year o ld bo y

He to o k pus fro m the skin lesio ns caused by co wpo x and scratched it into  the skin o f a

patient

The ino culatio n pro ved successf ul; when Jenner later attempted to  infect the bo y with the

vario la virus no  illness develo ped

NOS: Consider et hical implicat ions of  research; Jenner t est ed his vaccine f or

smallpox on a child

There are many to pics o f interest in scientific fields which have significant ethical implicatio ns

In the mo dern-day there are pro cedures in place that set the criteria to  ensure that ethical

decisio ns are made and ethical pro cedures are f o llo wed  whilst wo rking within co ntro versial

and sensitive scientific to pic areas

This co nsideratio n o f ethics in science has been develo ped o ver time and with the

establishment o f wo rking gro ups such as the Wo rld Health Organisatio n
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Edward Jenner carried o ut primitive investigatio ns into  vaccinatio ns in 1790 when there was no

existence o f a Research Ethics Co mmittee  as there is no w

He did his first tests witho ut  any initial labo rato ry research o r animal testing

His first patient was a small bo y who  he expo sed to  the deadly smallpo x virus  in the ho pe

that his vaccinatio n wo uld wo rk

Under current legislatio n, Jenner's metho ds wo uld  no t be appro ved  o r even co nsidered by an

ethical review co mmittee

Page 12 of 17
For more help visit our website www.exampaperspractice.co.uk



Eradication of Smallpox

Herd immunity  is o ne appro ach to  pro tecting po pulatio ns fro m diseases

Herd immunity arises when a sufficiently large pro po rtio n o f  the po pulatio n has been

vaccinated  (and are therefo re immune) which makes it difficult fo r a patho gen to  spread

within that po pulatio n

Tho se who  are no t immunised are pro tected  and unlikely to  co ntract it as the levels o f  the

disease are so  lo w

Smallpo x emerged tho usands o f years ago  but o utbreaks o ccurred perio dically fo r many years

afterwards and was still widespread as late as 1966 in So uth Africa, Africa and Asia.

The WHO began an eradicatio n pro gramme against Smallpo x in 1967, stating their intentio n to

eradicate the virus within ten years

The WHO did no t declare smallpo x eradicated until 1980

The pro gramme fo cused o n:

Vaccinatio n

The aim was to  vaccinate mo re than 80%  o f po pulatio ns at risk

If a case o f smallpo x was repo rted, ring vaccinatio n wo uld o ccur

This is where everyo ne in the ho useho ld with the repo rted case, the surro unding 30

ho useho lds, relatives and anyo ne else who  had co ntact wo uld get vaccinated

Surveillance

The success  o f the pro gram was attributed to  the fo llo wing facto rs:

The virus was stable  – it did no t mutate therefo re its surface antigens did no t change,

therefo re the same vaccine co uld be used wo rldwide which made it cheap to  pro duce the

vaccine

The vaccine was a ‘live attenuated’ versio n, being pro duced fro m a harmless strain o f a

similar virus

The vaccine co uld be transpo rted  witho ut beco ming unviable, as it co uld be freez e-dried

and kept at high temperatures fo r up to  6 mo nths, thus it was suitable fo r the tro pics

The smallpo x vario la virus o nly inf ects humans  so  was easily traced  and mo nito red

(co mpared to  o ther diseases which re-emerged after being masked within animal

po pulatio ns)

Sympto ms were o bvio us  and develo ped quickly so  vaccinatio n o f clo se co ntacts was

effective in preventing human to  human transmissio n

Vaccinatio n gave lo ng lasting immunity  so  reinfectio n was unlikely
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11.1.5 Zoonosis

Zoonosis

So me diseases are species specific  whilst o thers can cro ss species barriers  to  infect multiple

different species

Species-specific disease may be unable to  cro ss the species barrier fo r many reaso ns:

If a species do es no t po ssess the necessary recepto rs to  be at risk o f infectio n

If the bo dy temperature o f the o rganism do esn't reach temperatures required fo r the

develo pment o f the disease

Z o o no tic diseases are tho se which can cro ss the species barrier fro m animal to  human

This is a gro wing glo bal co ncern due to  the clo se relatio nships between humans and animals

meaning the disease may be difficult to  co ntro l and eradicate

This may po tentially lead to  pandemics  such as that caused by COVID-19

Animal pro ducts may also  be affected by z o o no tic disease which po ses a further issue

So me z o o no tic diseases  can initially emerge f ro m animal po pulatio ns befo re develo ping into

human o nly strains e.g. HIV

Table to  sho w so me examples o f   human o nly and z o o no tic diseases

11.1.6 Histamines

Production of Histamines

Histamines are chemicals  created by the bo dy in respo nse to  allergens  such as po llen, pet

dander, fo o d substances o r dust

Allergens are antigens  and so  they are enco untered by B-cells (a type o f white blo o d cell) which

respo nd by pro ducing antibo dies  (called IgE antibo dies)

The IgE antibo dies stimulate histamine pro ductio n by immune cells:

One type are mast cells, which are fo und in the co nnective tissue

Ano ther type are baso phils  which are a type o f white blo o d cell that circulate in the blo o d

Release o f histamines into  the blo o dstream leads to  dilatio n o f  blo o d vessels increasing blo o d

�o w to  the a�ected areas

Increased permeability o f blo o d vessels increases the amo unt o f �uid leaving the vessels

leading to  in�ammatio n and triggering bo th speci�c  and no n-speci�c respo nses by o ther

immune co mpo nents fo und in the blo o d
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Effects of Histamines

Histamines also  bind to  recepto rs  elsewhere in the bo dy causing o ther sympto ms asso ciated

with allergic reactio ns

Mino r sympto ms may include a runny no se, itchy skin and eyes o r sneez ing

Mo re serio us sympto ms  may include extensive bo dy rashes, hives o r swelling which can

result in anaphylaxis

A serio us allergic reactio n co uld be life-threatening

In o rder to  relieve the sympto ms and reduce the effect o f an allergic reactio n, antihistamines  can

be taken which bind to  histamine recepto rs o n bo dy cells and act as an inhibito r to  prevent

histamine binding

Antihistamines bind to the histamine receptors in the cell membrane blocking the histamine from binding
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11.1.7 Monoclonal Antibodies

Creating Hybridoma Cells

Int roduct ion

Mo no clo nal antibo dies (Mabs) are artificially pro duced antibo dies  pro duced fro m a single B

cell clo ne

The hybrido ma metho d  is used to  make mo no clo nal antibo dies

The metho d enables  large quantities o f  identical antibo dies to  be pro duced

The hybrido ma metho d so lved the pro blem o f having B cells that co uld divide by mito sis but no t

pro duce antibo dies and plasma cells that co uld pro duce antibo dies but no t divide

This metho d was established in the 1970s

Mo no clo nal antibo dies bind antigens, in the same way naturally pro duced antibo dies

Creat ing Hybridoma cells

Hybrido ma cells are created by co mbining specific antibo dy pro ducing B cells with myelo ma

(tumo ur) cells

Plasma cells pro ducing the required antibo dies are created by injecting mice with the target

antigen to  trigger an immune respo nse

This results in plasma cells pro ducing the required antibo dies  to  co mplement the target

antigen

These plasma cells are remo ved fro m the spleen o f the mo use befo re being f used with immo rtal

myelo ma cells  cultured in the lab to  make hybrido ma cells

Hybrido ma cells pro ducing the required mo no clo nal antibo dy can then be iso lated and used in

large scale mo no clo nal antibo dy pro ductio n

Producing Monoclonal Antibodies

The hybrid cells pro duced using the hybrido ma metho d abo ve, are gro wn in a selective gro wth

medium

A mix o f hybrido ma cells pro ducing several di�erent types o f antibo dy can then be screened to

identif y and iso late the hybrido ma pro ducing the desired antibo dy

A culture  o f these hybrido ma cells can then be enco uraged to  divide by mito sis in o ptimum

co nditio ns in a f ermenter to  pro duce identical clo nes all pro ducing identical antibo dies -

mo no clo nal antibo dies

Mo no clo nal antibo dies are co mplementary to  the o riginal antigen injected into  the mo use

initially

Mo no clo nal antibo dies have multiple applicatio ns to  include the diagno sis o f  many di�erent

diseases  such as HIV, malaria, COVID-19, o r even the treatment o f diseases such as rabies

Additio nally, they may be used in fo o d safety testing and pregnancy testing
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Pregnancy Test Kits

Urine samples can be used in pregnancy testing

Pregnancy testing sticks co ntain mo no clo nal antibo dy mo lecules that are specific to  a

ho rmo ne pro duced during pregnancy  (that therefo re beco mes present in the mo ther's urine)

This ho rmo ne is human cho rio nic go nado tro pin (hCG), which is secreted by the early embryo

after it has implanted in the uterus

The antibo dies  in the testing sticks all o riginate fro m a single clo ne o f  B lympho cyte cells

that all pro duce the same antibo dy specific to  hCG

This minimises the chances o f false test results
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