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Asamatteroffact,proteinsarekeymolecular"buildingblocks"foreveryorganism on
Earth!
Howaretheseproteinsmadeinacell?Forstarters,theinstructionsformakingproteins
are"written"inacell’sDNAintheform ofgenes.Ifthatideaisnewtoyou,youmay
wanttocheckoutthesectiononDNAtoRNAtoprotein(centraldogma)beforegetting
intothenitty-grittyofbuildingproteins.
Basically,ageneisusedtobuildaproteininatwo-stepprocess:

 Step1:transcription!Here,theDNAsequenceofageneis"rewritten"intheform
ofRNA.Ineukaryoteslikeyouandme,theRNAisprocessed(andoftenhasa
fewbitssnippedoutofit)tomakethefinalproduct,calledamessengerRNAor
mRNA.

Step2:translation!Inthisstage,themRNAis"decoded"tobuildaprotein(ora

chunk/subunitofaprotein)thatcontainsaspecificseriesofaminoacids.Inthisarticle,

we'llzoom inontranslation,gettinganoverviewoftheprocessandthemoleculesthat

carryitout.

Thegeneticcode

Duringtranslation,acell“reads”theinformationinamessengerRNA(mRNA)andusesitto
buildaprotein.Actually,tobealittlemoretechical,anmRNAdoesn’talwaysencode—provide
instructionsfor—awholeprotein.Instead,whatwecanconfidentlysayisthatitalwaysencodes
apolypeptide,orchainofaminoacids.
InanmRNA,theinstructionsforbuildingapolypeptideareRNAnucleotides(As,Us,Cs,andGs)

readingroupsofthree.Thesegroupsofthreearecalledcodons.

Thereare61616161codonsforaminoacids,andeachofthem is"read"tospecifyacertain

aminoacidoutofthe20202020commonlyfoundinproteins.Onecodon,AUG,specifiesthe

aminoacidmethionineandalsoactsasastartcodontosignalthestartofproteinconstruction.

Therearethreemorecodonsthatdonotspecifyaminoacids.Thesestopcodons,UAA,UAG,

andUGA,tellthecellwhenapolypeptideiscomplete.Alltogether,thiscollectionofcodon-

aminoacidrelationshipsiscalledthegeneticcode,becauseitletscells“decode”anmRNAinto



achainofaminoacids.

EachmRNAcontainsaseriesofcodons(nucleotidetriplets)thateachspecifiesanaminoacid.

ThecorrespondencebetweenmRNAcodonsandaminoacidsiscalledthegeneticcode.

5'AUG-MethionineACG-ThreonineGAG-GlutamateCUU-LeucineCGG-ArginineAGC-

SerineUAG-Stop3'

Imagemodifiedfrom "RNA-codons-aminoacids,"byThomasSplettstoesser(CCBY-SA4.0).The

modifiedimageislicensedunderaCCBY-SA4.0license.

Overviewoftranslation

HowisanmRNA"read"tomakeapolypeptide?Twotypesofmoleculeswithkeyrolesin

translationaretRNAsandribosomes.

TransferRNAs(tRNAs)

TransferRNAs,ortRNAs,aremolecular"bridges"thatconnectmRNAcodonstotheamino

acidstheyencode.OneendofeachtRNAhasasequenceofthreenucleotidescalledan

anticodon,whichcanbindtospecificmRNAcodons.TheotherendofthetRNAcarriesthe

aminoacidspecifiedbythecodons.

TherearemanydifferenttypesoftRNAs.Eachtypereadsoneorafewcodonsandbringsthe

rightaminoacidmatchingthosecodons.



Ribosomes

Ribosomesarethestructureswherepolypeptides(proteins)arebuilt.Theyaremadeupof

proteinandRNA(ribosomalRNA,orrRNA).Eachribosomehastwosubunits,alargeoneanda

smallone,whichcometogetheraroundanmRNA—kindoflikethetwohalvesofahamburger

buncomingtogetheraroundthepatty.

TheribosomeprovidesasetofhandyslotswheretRNAscanfindtheirmatchingcodonsonthe

mRNAtemplateanddelivertheiraminoacids.TheseslotsarecalledtheA,P,andEsites.Not

onlythat,buttheribosomealsoactsasanenzyme,catalyzingthechemicalreactionthatlinks

aminoacidstogethertomakeachain.

Stepsoftranslation

Yourcellsaremakingnewproteinseverysecondoftheday.Andeachofthoseproteinsmust

containtherightsetofaminoacids,linkedtogetherinjusttherightorder.Thatmaysoundlikea

challengingtask,butluckily,yourcells(alongwiththoseofotheranimals,plants,andbacteria)

areuptothejob.

Toseehowcellsmakeproteins,let'sdividetranslationintothreestages:initiation(startingoff),

elongation(addingontotheproteinchain),andtermination(finishingup).

Gettingstarted:Initiation

Ininitiation,theribosomeassemblesaroundthemRNAtobereadandthefirsttRNA(carrying

theaminoacidmethionine,whichmatchesthestartcodon,AUG).Thissetup,calledthe

initiationcomplex,isneededinorderfortranslationtogetstarted.

Extendingthechain:Elongation

Elongationisthestagewheretheaminoacidchaingetslonger.Inelongation,themRNAisread

onecodonatatime,andtheaminoacidmatchingeachcodonisaddedtoagrowingprotein



chain.

Eachtimeanewcodonisexposed:

 AmatchingtRNAbindstothecodon
 Theexistingaminoacidchain(polypeptide)islinkedontotheaminoacidofthetRNAvia

achemicalreaction
 ThemRNAisshiftedonecodonoverintheribosome,exposinganewcodonforreading

Duringelongation,tRNAsmovethroughtheA,P,andEsitesoftheribosome,asshownabove.

Thisprocessrepeatsmanytimesasnewcodonsarereadandnewaminoacidsareaddedto

thechain.

Formoredetailsonthestepsofelongation,seethestagesoftranslationarticle.

Finishingup:Termination

Terminationisthestageinwhichthefinishedpolypeptidechainisreleased.Itbeginswhena

stopcodon(UAG,UAA,orUGA)enterstheribosome,triggeringaseriesofeventsthatseparate

thechainfrom itstRNAandallowittodriftoutoftheribosome.

Aftertermination,thepolypeptidemaystillneedtofoldintotheright3Dshape,undergo

processing(suchastheremovalofaminoacids),getshippedtotherightplaceinthecell,or

combinewithotherpolypeptidesbeforeitcandoitsjobasafunctionalprotein.


