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Question:Discussindetailstheaspectofmedicalbiotechnology

MEDICALBIOTECHNOLOGY

Medicalbiotechnologyisabranchofmedicinethatuseslivingcellsandcellmaterials

toresearch,andthenproducepharmaceuticalanddiagnosingproducts.These

productshelptreatandpreventdiseases.From theEbolavaccinetomappinghuman

DNAtoagriculturalimpacts,medialbiotechnologyismakinghugeadvancementsand

helpingmillionsofpeople.

Someofthemostrecentusesofbiologicaltechisworkingenetictesting,drug

treatments,andartificialtissuegrowth.Tissueengineeringisatopscientificbranch,

whichisoftennamedas“regenerativemedicine”mistakenly,whichusesthe

combinationofengineeringprinciplesandtheknowledgeofcellbiologyandmaterials

sciencestoimproveorreplacethefunctionsoftissuesandorgans.Thisfieldprovidesa

varietyofoptionsfrom repairingthedamagedtissuesthroughbuildingneworgansfor

transplantsurgeries.Apartfrom theregenerativemedicine,tissueengineering,

additionaltotheuseofstem cellculturinganddifferentiationtechniques,istakingthe

advantageofusingbiodegradableandbiosafematerialssuchaspolyestersand

collagentoform versatilestructurescalled“scaffolds.”Recently,bythedevelopments

ofstem celltechnology,itbecamepossibletogenerateatissueoranorganfrom the

patienthimself/herselfwithoutusingthesematerialsthatposeagreatopportunityto

tackletheproblemswefacetoday,likethecancellationofthetransplant.Inthefuture,

bymeansofimprovementsintissueengineeringindustry,itisforeseentoestablish

theirorganbanksfrom thehealthycitizensandtotesttheeffectsofdrugsontissues

andmultiorgansystems,whichendupwiththepersonalizedmedicine.



WONDERSOFMEDICALBIOTECHNOLOGY

1)GeneticallyEngineeredInsulin

Earlier,diabeteswastreatedusinginsulinfrom thepancreasofslaughteredpigsand

cattle.Andthisinsulinhaditssideeffect.Insulinfrom animalsourcesinducesallergies

andotherunwantedimmunereactionsinhumans.Thisiswhytherewasaneedto

isolatehumaninsulin.Notonlycanwegrowbacteriainlargeamounts,butwecanalso

mass-producehumaninsulin!

Insulinconsistsoftwoshort,polypeptidechains–chainAandB,linkedviadisulfide

bridges.Insulinisproducedasa‘prohormone’inmammals(includinghumans).This

prohormonehasanextrapeptide,theCpeptide,whichneedstoberemovedtogiverise

tomatureinsulin.

BiotechnologyapplicationswastheMaturationofInsulin.

Themajorchallengewhilegeneratinghumaninsulinistoassembleinsulinintoits

matureform.AnAmericancompanycalled‘EliLilly’overcamethishurdlein1983.They

preparedtwoDNAsequencesthatcorrespondtotheAandBchainsofhumaninsulin.

TheythenincorporatedthesesequencesintoplasmidsofE.Colitogenerateinsulin

chains.Further,theyproducedthechainsseparately,extractedandcombinedthem by

creatingdisulfidebondstogiverisetohumaninsulin.

2)GeneTherapy

Genetherapy,ortheuseofgeneticentitiesaftermanipulationfordiseasemanagement,

isderivedfrom advancesingenetics,molecularbiology,clinicalmedicine,andhuman

genomics.Molecularmedicine,theapplicationofmolecularbiologicaltechniquesto

diseasetreatmentanddiagnosis,isderivedfrom thedevelopmentofhumanorgan

transplantation,pharmacotherapy,andelucidationofthehumangenome.Thepromise

ofgenetherapy,permanentreversalorameliorationofdiseasesymptomswithout

dependenceonalong-lastingintakeofdrugs,hascomewithinreachbecauseofthese

conceptualandtechnicaladvancesinmolecularbiology.Theincidentscameatatime

whentechnicaladvancesinthemanipulationofDNAhadledtowidespreadtestingof

gene-basedtherapies.

Genetherapyisgenerallycategorizedaseitherinvivo,inwhichthegeneisdelivered



directlyintorecipientcellsinthesiteoftarget,orexvivo,inwhichthegeneofinterestis

insertedinvitrointoatargetedcellpopulation(usuallystem cellsorfibroblasts)andthe

cellsaredeliveredtothedesiredsiteinvivo.Thesetwogenedeliverystrategiesare

usuallytermed“invivogenedelivery”and“cell-mediatedgenedelivery,”respectively.

Sincethebeginningofthefirstgenetherapy(clinicaltrial),i.e.,approximately25years

ago,thefieldofhumangenetherapyhasgonethroughnumeroussuccessionsofups

anddowns.Genetherapyhasmadeaprofoundimpactnotonlyinthetreatmentof

geneticdiseasesuchassicklecellanemiaassinglegenedisorderbutalsoopennew

vistasinneurologicaldiseases,cardiovasculardiseases,andcancer;hence,wehave

startedlookingathumandiseasesasawhole.

In1990,thefirstclinicalgenetherapywasappliedtotreata4-yearoldgirlwitha

deficiencyintheenzymeadenosinedeaminase(ADA).Thisdisorderisduetothelack

ofthegeneforADA,whichisanenzymeimportantforthefunctionoftheimmune

system.Bonemarrowtransplantationhelpscurethisdisorderinsomecases.Enzyme

replacementtherapy,whichinvolvesinjectingthepatientwithfunctionalADA,isalso

effectiveinsomecases.However,boththeseproceduresarenotcompletelycurative.

Ingenetherapy,bloodlymphocytesofthepatientaregrowninacultureoutsidethe

body.Subsequently,afunctionalADAcDNAisincorporatedintotheselymphocytesand

re-introducedintothepatient.Thisalleviatesthesymptomsofthedisorder.However,

thepatientrequiresperiodicinfusionsofthesegenetically-engineeredlymphocytes,

sincethesecellsarenotimmortal.Apermanentcureforthiscouldbetointroducethe

geneproducingADAfrom marrowcellsintocellsatearlyembryonicstagesoflife.

3)MolecularDiagnosis

Weallknowthatearlydiagnosisofadiseaseisimportanttoeffectivelytreatthe

disease.Earlydetectionisnotpossibleusingconventionalmethodslikeserum and

urineanalysis.Let’slookatsomebiotechnologyapplicationsthathelpinearlydiagnosis

ofdiseases.

i)PolymeraseChainReaction(PCR)

Normally,wecandetectapathogen(bacteria,virusetc.)onlywhenthedisease

symptomsstarttoappear.However,bythistime,thepathogenconcentrationinthe



bodyisveryhigh!Isthereawaytodetectpathogensatinitialstagesofthedisease

whentheirconcentrationsarelow?

Yes,usingatechniquecalledPCR.PCRinvolvesamplificationofthenucleicacidinthe

pathogenallowingustodetectthepathogenatverylowconcentration.Today,weuse

PCRroutinelytodetectHIVinsuspectedAIDSpatientsandtodetectgenemutationsin

suspectedcancerpatients.

Biotechnologyapplications

StepsinPolymeraseChainReaction(PCR)[Source:thebalance]

ii)Enzyme-LinkedImmunosorbentAssay(ELISA)

ThebasicprincipleofELISAisantigen-antibodyreactions.ELISAcandiagnose

infectionsbydetectingthepresenceofantigens(proteinsofthepathogen)inthe

patientserum orbydetectingtheantibodiesproducedagainstthepathogen.

iii)InSituHybridisation

Thistechniqueinvolvestaggingasingle-strandedDNAorRNAwitharadioactive

molecule(probe).ThisthenhybridizeswithitscomplementaryDNAinacloneofcells.

Ondetectionusingautoradiography,theclonewiththemutatedgenewillnotappearon

thephotographicfilm becausetheprobeisnotcomplementarytothemutatedgene.

4.Pharmacogenomics

Pharmacogenomicsisthetechniquethatleveragestheperson’sheredityinformationto

choosethebestbiotechnologicalmedicinefortheirillness.Thisstudiesthebody

system’sresponsetocertainmedications.Toputitsimply,thisisthecombinationof

advancesinpharmaceuticalsalongwithgenomics.Theendgoalofthisapplicationisto

improvemedicinesthatarespecificallytargetedtoapersoninlieuwithhisgenetic

makeuptoensureeffectivetreatmentofillness.Theendgoalofthisbranchofmedical

scienceistoeffectivelyproducebiotechnologicalmedicineswhichareplacedinthe

patient’sbodyinaccordancewithhisgeneticalmakeup.



Withtheuseofpharmacogenomics,medicalcompaniescanproducemedicinesthat

dependontheproteins,compounds,andRNAparticlesbasedonthechosenqualities

andinfectionsapplicable.Synthesizedmedicinesarealmostguaranteedtoimprove

remedialeffects,inadditiontodiminishingharm toothernearbycells.Withthe

knowledgeoftheperson’shereditaryinclinations,specialistscanascertainhowwellthe

patient’sbodycanprepareandprocessamedicationanddecidethecorrectamountof

medicationdoses.Asaresult,anaccurateprescriptionwillbegiven,andthechanceof

overdoseismitigated.

5.Rapiddevelopmentofvaccines

Aglobalpandemicisarealissueandhasalwaysprovenitspowerfulgriponhumanity.

ThroughBiotechnology,scientistsandresearcherscanquicklypinpointprecursorsor

markersthatcancausesevereillnessesanddiseases.Asaresult,theycansynthesize

vaccinesquicklyagainstanydangerouspandemicsickness.Inastudyonvaccinesand

biotechnology,researchersfoundagreatdeclineinillnesseswhenpatientswere

administeredwithavaccineproducedthroughbiotechnology.


