Boost your performance and confidence
F E with these topic-based exam questions
Practice questions created by actual
. examiners and assessment experts
Exam Papers Practice .
Detailed mark schemes

Suitable for all boards

Designed to test your ability and
thoroughly prepare you

11.1 Antibody Production & Vaccination

IB Biology - Revision Notes

www.exampaperspractice.co.uk



E=l

Exam Papers Practice

11.1.1 Antigens

Antigens

= Everyorganismhas cells withunique molecules onthe cell surface membrane whichactas
markers to identify it
= These unique markers are macromolecules and theyallow cell-to-cellrecognition
= Theimmune systemhas the abilityto distinguishbetween'self'and 'non-self'based onthese
molecules
= Microorganisms (both pathogenic and non-pathogenic),suchas bacteriaand viruses,
triggeranimmune response as the immune systemrecognises theirmarkers as beingnon-
self
= Molecules that triggeranimmune response inthis way are named antigens
= Antigens are found oncellsurface membranes of cancercells,bacterial cell walls, the
envelopes of viruses and even pollen grains
= Some glycolipids and glycoproteins onthe outersurface of cell surface membranes act as
antigens
= Allergies are the result of animmune response triggered byantigens on the surface of an
allergen, suchas pollen

O ExamTip

The differenttypes of pathogeninclude viruses, bacteria, fungi and protozoans.

Page 1 of 17
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Blood Transfusions & Antigens

Antigensonredbloodcells

Red blood cells have specific markers ontheirsurface known as antigens which determine the
blood group of anindividual
If atransfusionis givento anindividual with mismatched blood group, the antigens onthered
blood cell surface will triggeranimmune response
There are two antigenmarkers that must be considered:

= The ABO marker - this determines whetherthe individual is blood group A,B,ABorO

= The Rhesus (Rh)marker - this determines whetherthe individualis rhesus positive orrhesus

negative

Determining ABO blood types

Blood type Ahas atype Aantigenconsistingofaninitial 'H markerwhichis modified with
anothermolecule called N-acetylgalactosamine

Blood type B has atype B antigenconsistingofaninitial 'H' markerwhichis modified with
anothermolecule called galactose

Blood type AB has type A and B antigens consistingof two 'H'markers one of whichis modified
with N-acetylgalactosamine and the otherwith galactose'

Inblood type O, the 'H' markeris not modified and so there are no AorB antigens
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Blood typeis determined by the presence orabsence of specific antigen markers on the surface of the red
blood cells

= [fatransfusionis givento someone of anincompatible blood type, animmune response will
occurdue to the presence of antibodies inthe recipient's blood that bind to blood cells with
non-self antigens
= Animmune response mayresultinagglutinationof the blood inthe blood vessels and could be
fatal
= Agglutinationis whenred blood cells clump togetherdue to the binding of antigens and
antibodies
= Compatible blood types means not usingblood that has adifferent type of antigento the
patients blood
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11.1.2 Specific Immune Response

Specific Immune Response

= T-Helpercells (atype of ymphocyte thatresponds to specific antigens) and mature B cells
(anothertype of lymphocyte) have specific receptorslocated ontheircell surface membranes
= Thesereceptors have asimilar structure to antibodies and are each specific to one antigen
= Note thatlymphocytes are atype of white blood cellinvolved inthe specific immune
response;there are several different types of lymphocyte
= Whenphagocytes engulf pathogens, theypresent the pathogenantigens ontheirowncell
surface membrane
= Acellwithnon-self antigens onits surface membrane is known as an antigen presentingcell
= TheT-helpercellwiththe complementary receptor proteins to the antigenwill bind to the
antigenand become activated by the phagocyte
= Activated T-helper cells thenbind with complementary receptors on the surface membrane of
specific B-lymphocytes
= Onbinding,the T-helpercells releases signalling proteins and activate these B-cells

PlasmaCells

= Duringanimmune response, B-lymphocytes mature to formtwo types of cell:plasmacells and
memory cells

= Plasmacells produce large volumes of antibodies specific to the single type of antigenthat
triggered the immune response

= The cells are specialised withlarge amounts of rough endoplasmic reticulumwhich promotes
proteinsynthesis to make the required antibodies

= AsB-cellsonlyproduce one type of antibody,onlyasmallproportionof the genes are
expressed inthe nucleus
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Clonal Selection & Expansion

= Clonalselectioninvolvesidentifying and activatingaB-cellwiththe complementary receptor
to the target antigen
= Clonalexpansioncanthenoccur
= The activated B-celldivides by mitosis to create manyclones ofitself
= Eachclone willproduce the exact same antibody, complementaryto the targetantigen
= Some of these mature B-lymphocytes differentiate into plasmacells
= The otherB-lymphocytes become memory cells that remainand circulate inthe blood
= Whilst the antibodies produced bythe plasmacells are only present foramatterof weeks or
months,memorycells formthe basis of immunologicalmemory - the cells canlast formany
years and oftenalifetime

The primaryand secondaryimmune response

= Aprimary immuneresponse occursinresponse to anewly encountered antigen
= Thisis arelativelyslowresponse as the immune system takes time identifying the
complementaryantibodyforeachnew antigenitencounters
= Theinfectionmayresultinsymptoms being presented whilst the immune system
identifies and manufactures the correct antibodies
= Secondary immuneresponseinresponse to apreviously encountered antigen
= The memorycells withthe correct antibody, are already circulatingin the blood so
theresponseis morerapid, producing more antibodies than the primaryresponse,ina
much shortertime frame
= Symptoms do notdevelop as the pathogencanbe destroyed before significant cell
damage occurs
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11.1.3 Antibodies, Vaccines & Immunity

Antibodies: Function

= The functionof antibodies produced byB-cellsis to destroy pathogens withinthe body
= This canbe done eitherdirectly, orbyrecruiting otherimmune cells
= Antibodies aid the destructionof pathogens inseveral ways:
= Agglutination
= Antibodies act as agglutinins causing pathogens carrying antigen-antibody complexes
to clump together (agglutination)
= Thisreduces the chance that the pathogens willspread throughthe bodyortakeninto
cells,instead the clumps are removed by the lymphatic systemand digested by
phagocytes
= Opsonisation
= Antibodies attachto bacteriamakingthemreadilyidentifiable to phagocytes, thisis
called opsonisation
= Onceidentified, the phagocyte hasreceptorproteins forthe heavypolypeptide chains
of the antibodies, which enables phagocytosis to occur
= Neutralisationof viruses and bacteria
= Antibodies cancombine withviruses and toxins of pathogens (e.g.bacteria) to block
themfromenteringordamaging cells
= Activity reduction
= Antibodies canattachto the flagellaof bacteriamaking themless active, whichmakes
iteasierforphagocytes to do phagocytosis
= Neutralisationof toxins
= Antibodies canactas anti-toxins by binding to toxins produced by pathogens (e.g.the
bacteriathat cause diphtheria and tetanus) which neutralises them making themharmless
= Complement activation
= Antibodies cantrigger proteins,called complement proteins,whichcreate holesinthe
cellwalls of pathogens causingthemto burst (celllysis) whenions are absorbed and
watermovesinbyosmosis
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The functions of antibodies vary according to which type of antigen they act on
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Immunity

= |mmunityis initiated whenexposure to aspecific antigenresults inthe productionof
complementary antibodies and memory cells
= This firstexposure to anantigen triggers the primary immune response
= The primary immuneresponse leads to the development of immunity if memorycells and
antibodies which persistinthe bloodstream afterthe pathogenhas beeneliminated
= The secondary immune response occurs whenthe same antigenis found inthebody asecond
time
= The memory cells recognise the antigen, divide very quickly and differentiate into
antibody-producing plasma cells and more memorycells
= Theresponseto apreviouslyencountered pathogenis,relative to the primaryimmune
response, extremely fast
= This means that the infectioncanbe destroyed and removed before the pathogen
populationincreases too muchand symptoms of the disease develop

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

Avaccineis asource of antigens that are intentionally putinto the bodyto induce immunity
Vaccines cause aspecificimmune response where antibodies are released by plasmacells
There are different types of vaccine,including

= Live attenuated - these are weakened versions of the pathogen

= |nactivated - these are killed, non-livingcomponents of pathogens orevenjustthe

antigens alone

Vaccines are administered eitherbyinjectionororally (by mouth)

= Thevaccinations givenbyinjectioncanbeinto aveinormuscle
Vaccinations produce long-termimmunity as theycause memorycells to be created
The memorycells recognise the antigenwhenre-encountered and produces antibodies,inwhat
is afaster,stronger,secondary response
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11.1.4 Smallpox Vaccine & Eradication

Jenner's Ethics
Introduction

= The principles underpinningvaccinations were discovered by Edward Jenner in the 1700s when
he developed the first smallpox vaccine
= Smallpoxwas ahighlyinfectious disease caused by the variolavirus which first emerged
thousands of years ago
= Notable symptoms of smallpoxincluded fever and an extensive rashwith pus filled
pustules
= |longtermeffectsincluded scarringand blindness
= Therewas a30% deathrate inthose who contracted the disease
= Variolationwas amethod used to tryand protect people fromthe most serious symptoms
= Variolationinvolved scratching material from smallpox pustules into the arms of patients
= Symptoms resultingtended to beless serious thanthose of naturallyinfected patients
= The pustules tended to containpus,asubstance that contains dead white blood cells
and destroyed pathogens
= Sometimes the pus contained functional pathogens so variolation could stillcause
disease and death.
= Edward Jennerobserved that milkmaids who had beenexposed to cowpoxwere showing alevel
ofimmunityto smallpox
= He hypothesised that theywere protected due to theirexposure to the cowpoxyvirus which
was similarbut less serious
= Jennercombined his observations and the method of variolationto develop acowpox
inoculationwhichhe tested ona9 yearold boy
= Hetookpus fromthe skinlesions caused bycowpoxand scratched itinto the skinofa
patient
= Theinoculationproved successful; whenJennerlaterattempted to infect the boywiththe
variolavirus no illness developed

NOS: Consider ethicalimplicationsof research;Jennertestedhisvaccinefor
smallpoxona child

= There are manytopics of interestinscientific fields which have significant ethicalimplications

= |Inthe modern-daythere are procedures inplace that set the criteriato ensure that ethical
decisions are made and ethicalprocedures are followed whilst working within controversial
and sensitive scientific topic areas

= Thisconsiderationofethicsinscience has beendeveloped overtime and with the
establishment of working groups such as the World Health Organisation
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Edward Jennercarried out primitive investigations into vaccinations in 1790 when there was no
existence of aResearchEthics Committee as thereis now
= Hedid his first tests without anyinitial laboratory researchor animal testing
= His first patient was asmallboy who he exposed to the deadly smallpox virus inthe hope
that his vaccinationwould work
Undercurrentlegislation,Jenner's methods would not be approved orevenconsidered byan
ethicalreview committee
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Eradication of Smallpox

= Herd immunity is one approachto protecting populations fromdiseases
= Herd immunityarises when a sufficiently large proportionof the populationhas been
vaccinated (and are therefore immune) which makes it difficult forapathogento spread
withinthat population
= Those who are notimmunised are protected and unlikelyto contractit as the levels of the
disease are so low
= Smallpoxemerged thousands of years ago but outbreaks occurred periodicallyformanyyears
afterwards and was stillwidespread as late as 1966 in South Africa, Africa and Asia.
= The WHO began an eradicationprogramme against Smallpoxin1967,stating theirintentionto
eradicate the virus withintenyears
= The WHO did notdeclare smallpoxeradicated until 1980
= The programme focused on:
= Vaccination
= The aimwas to vaccinate more than80% of populations atrisk
= |facaseofsmallpoxwasreported,ringvaccinationwould occur
= Thisis where everyoneinthe household with the reported case, the surrounding 30
households,relatives and anyone else who had contact would getvaccinated
= Surveillance
= The success of the programwas attributed to the following factors:
= Thevirus was stable - it did notmutate thereforeits surface antigens did not change,
therefore the same vaccine could be used worldwide whichmade it cheap to produce the
vaccine
= Thevaccine was a‘live attenuated’version,beingproduced fromaharmless strainofa
similarvirus
= Thevaccine could be transported without becomingunviable, as it could be freeze-dried
and kept at hightemperatures forup to 6 months, thus it was suitable for the tropics
= The smallpox variolavirus only infects humans so was easilytraced and monitored
(compared to otherdiseases whichre-emerged afterbeing masked within animal
populations)
= Symptoms were obvious and developed quicklyso vaccinationof close contacts was
effective in preventinghuman to human transmission
= Vaccinationgave longlastingimmunity so reinfectionwas unlikely
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11.1.5Zoonosis

Zoonosis

= Somediseases are species specific whilst others cancross species barriers to infect multiple
different species
= Species-specific disease maybe unable to cross the species barrier formanyreasons:
= |faspeciesdoesnotpossessthe necessaryreceptorsto beatriskofinfection
= |fthebody temperature of the organismdoesn'treachtemperatures required forthe
developmentofthe disease
= Zoonotic diseases are those whichcancross the species barrier fromanimalto human
= Thisisagrowingglobalconcerndue to the close relationships betweenhumans and animals
meaning the disease maybe difficult to controland eradicate
= This maypotentiallylead to pandemics such as that caused by COVID-19
= Animal products mayalso be affected byzoonotic disease whichposes afurtherissue
= Somezoonotic diseases caninitiallyemerge fromanimalpopulations before developinginto
humanonlystrains e.g. HIV
Table to show some examples of humanonly and zoonotic diseases

11.1.6 Histamines

Production of Histamines

= Histamines are chemicals created by the bodyinresponse to allergens such as pollen, pet
dander,food substances ordust
= Allergens are antigens and so theyare encountered byB-cells (a type of white blood cell) which
respond by producing antibodies (called IgEantibodies)
= ThelgEantibodies stimulate histamine productionbyimmune cells:
= One type are mast cells, which are found inthe connective tissue
= Anothertype are basophils which are atype of white blood cellthat circulate inthe blood
= Release of histaminesinto the bloodstreamleads to dilationof blood vesselsincreasingblood
flow to the affected areas
= |ncreased permeabilityofblood vesselsincreases the amount of fluid leaving the vessels
leading to inflammationand triggering both specific and non-specific responses byother
immune components found inthe blood
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Effects of Histamines

= Histamines also bind to receptors elsewhere inthe bodycausingothersymptoms associated
with allergic reactions
= Minorsymptoms mayinclude arunnynose,itchyskinand eyes orsneezing
= More serious symptoms mayinclude extensive bodyrashes, hives orswellingwhich can
resultinanaphylaxis
= Aserious allergic reactioncould be life-threatening
= |norderto relieve the symptoms and reduce the effect of anallergic reaction, antihistamines can
be takenwhichbind to histamine receptors onbodycells and act as aninhibitor to prevent
histamine binding

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

Creating Hybridoma Cells

Introduction

Monoclonal antibodies (Mabs) are artificially produced antibodies produced fromasingle B
cellclone

The hybridomamethod is used to make monoclonal antibodies

The method enables large quantities of identical antibodies to be produced

The hybridomamethod solved the problem of having B cells that could divide by mitosis butnot
produce antibodies and plasma cells that could produce antibodies but notdivide

This method was established inthe 1970s

Monoclonalantibodies bind antigens, inthe same way naturally produced antibodies

Creating Hybridoma cells

Hybridoma cells are created by combining specific antibody producing B cells withmyeloma
(tumour)cells

Plasma cells producing the required antibodies are created by injecting mice withthe target
antigento triggeranimmune response

This results inplasma cells producing the required antibodies to complement the target
antigen

These plasmacells are removed fromthe spleenof the mouse before being fused withimmortal
myelomacells cultured inthe lab to make hybridoma cells

Hybridoma cells producing the required monoclonal antibodycanthenbe isolated and used in
large scale monoclonalantibody production

Producing Monoclonal Antibodies

The hybrid cells produced using the hybridoma method above, are growninaselective growth
medium

Amixofhybridomacells producing several different types of antibodycanthenbe screened to
identify and isolate the hybridoma producing the desired antibody

Aculture of these hybridoma cells canthenbe encouraged to divide by mitosis inoptimum
conditionsinafermenterto produceidentical clones all producingidentical antibodies -
monoclonalantibodies

Monoclonalantibodies are complementary to the original antigeninjected into the mouse
initially

Monoclonal antibodies have multiple applications to include the diagnosis of many different
diseases such as HIV, malaria, COVID-19,oreventhe treatment of diseases such as rabies
Additionally,theymaybe used infood safetytestingand pregnancytesting
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Pregnancy Test Kits

= Urine samples canbe used inpregnancy testing
= Pregnancytestingsticks containmonoclonalantibody molecules that are specificto a
hormone produced during pregnancy (that therefore becomes presentinthe mother's urine)
= This hormone is humanchorionic gonadotropin(hCG),whichis secreted by the earlyembryo
afterit has implanted inthe uterus
= The antibodiesinthe testingsticks all originate fromasingle clone of Blymphocyte cells
that allproduce the same antibodyspecific to hCG
= This minimises the chances of false testresults
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