
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

evolutionthethemesofBiologyandscientificinquiry

keyconcepts

corethemesevolutionaccountsforunityanddiversityoflife1.21
hypothesis observations 1.3

on

mmmm

sciencebenefitsfromcoopapproachdiverseviewpoints11.47

concept1I
5underlyingthemesofBio
organization

information

energymatter

Interactions

organization

reductionismzoomingthroughlevelsofbiologicalheirarchyReducescomplexsystemsintosimplercomponents

Émmeigenftpi.isnewpropertiesthatarisewieachstepupwardsinthehierarchyoflifeowingtothearrangementand
interactionsofpartsascomplexityincreases

systemsbiologyexplorationofabiologicalsystembyanalysingtheinteractionsofitsparts
structureandfunction
thereslotofcorrelationbetweenstructureandfunction
hummingbird'swingsrotateattheshoulder meanshummingbirdsgottheabilitytoflybackwardsorhoverinplace

thecellanorganismsbasicunitofstructureandfunctions
instructuralhierarchycellissmallestunitthatcanpreformallactivitiesrequiredforlife
levelsofbiologicalorganization
1thebiospherealllifeonearthandalltheplaceswhereitexistsmostregionsoflandmostbodiesofwateratmosphereuntil

altitudeof7kmsedimentbelowoceanfloor
2ecosystemsalllivingthingsinaparticulararea includingnonlivingcomponentssoilwaterlightatmosphericgases
3communitiesthearrayoforganisms inanecosystemPlantsanimalsfungimicroorganisms
4populationalltheindividualswinaspecificarea
5organismeachindividualorganism
6organsbodypartmadeofmultipletissueswidistinctarrangementandfunction
7Tissuesgroupofcellsthatworktogether specializedfunctions
8cellsfundamentalUnitofstructureandfunction
a organelles functionalcomponentsofthecell
10moleculeschemicalstructureconsisting of2atoms

information

withinthecell chromosomescontainthegeneticmaterialDNA
DNAthegeneticmaterial
beforecelldividesDNA'sreplicatedorcopiedeachchromosomecontains averylongDNAmolecule wlookgenes
DNAmoleculeismadeupof2longchains strandsarrangedinadoublehelix
eachchainismadeupof at CG cytosineadenineGuaninethymine nucleotides

nucleotidesarea4letteralphabet
manygenesitsasequenceprovidestheblueprintforproteinsynthesisenzymeantibodies

proteinsynthesis

Transcription Translation Proteinfolding

DIA MRNA chainofAA protein

Geonomics

allthegeneticinfooforganismiscalledthegenome
genomicsthestudyofawholesetofgenesandtheirinteractionswiin aspeciesaswellasgenome comparisons

betweenspecies



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

proteome theentiresetofproteinsexpressedbyagivencellorgroupofcells
proteomicsthesystematicstudyofthefullproteinsetsproteome encodedbygenomes

energyandmatter
anyformofworkmovinggrowingreproducingtakesenergy
inputofenergy isusuallybythesun
thereareproducersandconsumersproducersphotosynthesizesonandconsumerseatthem
energyusuallyflowsthroughanecosystem in1directionInaslightandoutasneat

interactions

betweencomponentsofanecosystem
Moleculesinteractionswithinorganisms

thekeyistheabilityofmanybiologicalprocessestoselfregulatebyamechanismcalledfeedback
feedbackregulationtheregulationofaprocessbyitsoutputorendproduct
mostcommonfeedbackregulationisnegativefeedback exinsulinsignaling
thereisalsopositive theendproductspeedsuptheprocessLexPlateletproduction

ecosystemsanorganismsinteractionswiotherorganismspysicalenvironment
ecosystemlevel allorganismsreactwiotherorganisms

interactionsamongorganismshelpregulatethefunctioningoftheecosystemasawhole
organismsalsointeractw physicalenvironmentenvironment isthenaffectedbytheorganismslivingthere
onaglobalscaleplantsotherphotosyntheticorganismsgeneratedalltheo intheatmosphere
thishasalsoaffectedclimatechange tic since1900

concept1.2
evolution

evolutionDescentwithmodificationtheideathalivingspeciesaredecendentsof ancestral speciesthatwere
differentfromthepresentdayonesalsodefinedmorenarrowlyasthechangeinthegeneticcompositionofa
populationfromgenerationtogeneration

classifyingthediversityoflife
Discovered1.8Billionspeciesoforganisms
todate100,000fungi

290000Plants

57,000vertebrate

1,000,000insects

thethreeDomainsoflife
Bacterial
Archaea

Prokaryotes

EuKaryaPlantae
Fungi
anamalia
protists

plantsproducetheirownsugarfoodmoleculeswiphotosynthesis
fungiabsorbdissolvednutrientsfromtheirsurroundings
animalsobtainfoodbyeatingingestingotherorganisms
Therearethemostprotistsmostlysinglecelledtherearemultiplegroupsofprotistssomearemoreclosingrelatedtoplantsfungi
animalsthantootherprotists
CharlesDarwinandthetheoryofnaturalselection
Decentwimodifications
naturalselectionisprimarycause
Darwin's3observations

individualswinapopulationvarytraitsaremostlyheritable
populationcanproducemoveoffspringthancansurvivetomaketheirown
speciesareadaptedtotheirenvironment



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

naturalselection aprocessinwhichindividualsthathavecertaininheritedtraits tendtosurviveandreproduceathigher
ratesthanotherindividualsbecauseofthosetraits

thetreeoflife
oneancestralorganismcangiverisetomultipledifferentspecies

concept1.3
Formandtesthypothesis
scienceisaformofinquirythatincludesmakingobservationsforminglogicaltestableexplanationsandtestingthem
explorationandobservation
recordedobservationsarecalleddata
therearequalitativeandquantitativedataQualitativeisdescriptionandquantitativeisnumericalmeasurements
Quantitativedataisgenerallyexpressedasnumericalmeasurements tablesandgrains
scientistsusemathcalledstatistics
inductivereasoning atypeoflogicinwhichgeneralizationsarebasedonlargenumberofscientificobservations
Deductivereasoningatypeoflogicinwhichspecificresultsarepredictedfromageneralpremise itthen
Questionsthatcanandcannotbeadressedbyscience
ascientifichypothesismustbetestableconservationexpirament
notallhypothesesmeetcriteriaofscience
experimentalvariablescontrols

controlledexperimentanexperimentinwhichanexperimentalgroupiscomparedw acontrolgroupthatvariesonlyinthefactorbeingtested
variablesafactorthatvariesinanexperimentorothertest
dependentvariablesavariablewhosvalueismeasuredduringanexperimenttesttoseewhetheritisinfuencedbychangesinother

variables

independentvariablesavariablewhosevalueismanipulatedorchangedduringanexpiramenttesttorevealpossibleeffectsonanother
variables

researchersusuallycontrolunwantedvariablesnotbyeliminatingthemthroughenvironmentalregulationbutbycancellingouttheir
effectsbyusingcontrolgroups
theoriesinscience
scientifictheoriesaremuchbroaderinscope
theoriesaregeneralenouchthatitspossibletohavemultiplehypothesesabout it
theoryissupportedbymoreevidence

concept1.4
cooperativeapproachanddiverseviewpoints
scienceandtechnology
Goalofscienceistounderstandnaturalphenomenawhiletechnologyistoapplyscientificknowledgeforaspecificpurpose
Questionismoreshouldwedoit notcanwedoit
ethicalquestionshavetodowipoliticsreligioneconomycultures

valueofadiverseviewpoint
diffculturesisnightnewideas
womenandminoritygroupsarestillunderrepresented



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thechemicalcontextoflife

keyconcepts
matterconsistsofchemicalelementsinpureformandincombinationscalledcompounds2.1
anelementspropertiesdependonthestructureofitsatoms12.21
theformationandfunctionofmoleculesdependsonChembondingbtwatoms12.3
ChemreactionsmakeBreakChembonds12.4

concept2.1
matteranythingthattakesupspaceandhasamassexistsinmanyforms
elements cannotbebrokendownintoanyothersubstancebychemicalreactions
compoundasubstancemadeupofaelementscombinedinafixedratiolexnachacompoundhascharacteristicsdifferentthanitselements
theelementsoflife
20251ofelementsareessentialelementsthesearenecessaryfororganismstoliveandreproduce
oxygennitrogenHydrogenandcarbonmakeupofai oflivingmatter
traceelementsrequiredbyorganismintracequantities

table2.1elementsofthehumanbody
element symbol percentofBodymasslolro
oxygen o

ccarbon 18.51
Hydrogen H 9.51iiNitrogen 3.31
calcium

phosphorus P lot
Potassium k out
sulphur s Ost
sodium na 0.21
chlorine a 0.21
magnesium Ms o.it

concept2.2
atomisthesmallestunitofmatterthatstillretainsitspropertyoftheelement
subatomicparticles

therearemorethantootypes
3matter
neutron

electron

proton
neutronelectricallyneutralhasnocharge
protonpositivechargedsamesizeasneutron
electronnegativeschargedsmallerthanprotonneutron
protonneutronarepackedtogetherinnuclearcoreatomicnucleus
weuseDaltonstomeasureatomssubatomicparticles
DaltonAmeasureofmassforatomsandsubatomicparticlesthesameastheatomicmassunitAmo
neutronsprotonshaveniamuelectronis112000thoftheweight ignoreitwhencalculatingmassofatom

isotopes

isotopeoneofseveralatomicformsofanelementeachwithesamenumberofprotonsbutadifferentnumberofneutronsthus
differinginatomicmass

someisotopesarestableisotopesmeaningthattheirnucleidonothaveatenancytolosesubatomicparticlesdecayexitor C
someisotopesHcarenotstableradioactive
radioactiveisotopeanisotopecanatomicformofachemicalelementthatisunstablethenucleusdecaysspontaneouslygivingoff

detectableparticles energy

iftheradioactivedecayleadstoachangeinprotontheelementchanges cdecaysitlosesaprotonbecominganatomof14N



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Radioactivetracers

usefulinmedicineRadioactiveisotopesincorporatedintoBiologicallyactivemoleculeswhichareusedastrackerstotrackatomsduringmetabolism
alsogoodfordiagnosingdiscoveringdiseasesAlsousedw techpetscanstomonitorgrowthmetabolismofcancers
Radiometricdating
measuringradioactivedecayoffossilsrelicsparentisotopedecaysintodaughterisotopeatfixedrateexpressedasthehalflifeoftheisotope
timeittakesforsotofparentisotopestodecayeachradioactiveisotopehasacharacteristichalflifenotaffectedbytemppressureorother
envvariableRadiometricdatingcalculateshowmanyhalflivessince

theenergylevelofelectrons
atomsaremostlyemptyspaceonlyelectronsareinvolvedinChemreactions
energythecapacitytocausechangeespeciallytodoworkmoremateragainstanopposingforce
potentialenergytheenergythatmatterpossessesasaresultofitslocationorspatialarrangementstructure
matterhasnaturaltendencytogotowardsloweststateofpotentialenergy
Anelectron'senergyleveliscorrelatedwithitsaveragedistancefromthenucleus
electronsfoundindietelectronshellsfurtherfromnucleusmorepotentialenergywhenelectronabsorbsenergyitmovesshellfurtherWhenit
losesenergyitmovesshellcloser
chemicalbehaviourofatomdependsonoutershellouterelectronsarecalledvalenceelectronsoutermostshellvalenceshell

electronorbitals

orbitalthe3Dspacewhereanelectronisfoundgotofthetime
nomorethan2electrons Iorbital

concept2.3
interactionsusuallyresultinatomsstayingclosethisiscalledachemicalbondstrongestbondsarecovalentbondsandionicbondsindry
ioniccompound
covalentbond
covalentbondsatypeofstrongchemicalbondinwhichtwoatomsshareoneormorepairsofvalenceelectrons
twomoleculesheldtogetherbyacovalentbondformmoleculeHacanbewrittenas H Hshowsitsasinglebond0 0isdoublebond

figure2.0covalentbonding
nameofmolecularformula electrondistributiondiagram Lewisdotstructurestructuralformula spacefillingmolecule

Hydrogen

H H
H H

Hz H H

oxygen if i ji o
Oz

water
Ho

9 G

µ

H

H

in
mm

H

bondingcapacityiscalledvalenceisusuallynumberofunpairedelectronsinoutershelllefttocomplete
once3rdrowofperiodictablesomehavemultiplevalence phosphorususually3 unpairedelectronsbutsometimesforms3singlebonds
Idoublebondvalenceof5
theattractionofaparticularatomforelectronofcovalentbondiscalledelectronegativityThemoreelectronsthestrongeritpullselectrons



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

towardsitself
covalentbondwizsameelementattraction o callednonpolarcovalentbond
whenIatomstrongerthanothermorenegativepolarcovalentbondH2o electronsgotowardsoxygenmoreThesebonds
varyinpolarity
oxygenisoneofthemostelectronegativeelementswaterisverypolar
writtenass delta s deltaminusnegativechargemoreelectrons st ldeltaplusmorepositivelesselectrons
electronegativityof o3.44 N304 c2.55H2.20
usefulwhenidentifyingbehaviourofaminoacids

Ionicbonds
ionicbond achemicalbondresultingfromtheattractionbetweenoppositlychargedions
cationpositingchargedion
anionnegativeschargedion
Na co Nacl Nat CD
sodiumgaveanelectrontochlorineNahaschargeof It Clhaschargeof1

compoundsformedbyionsarecalledioniccompoundsorsalts
saltsoftenfoundinnatureascrystals
unlikecovalentbondswhicconsistofmoleculeshavingadefinitesizenumberofatomsanioniccompounddoesnotconsist
ofmoleculesformulaforioniccompoundsNaclindicateonlytheratioofelementsinthecrystalofsalt
notalwaysequalnumberofcationsanionsMach Mga 2Cly
ionalsoappliestoentiremoleculesthatareelectricallycharged NHaCD CI NHI
environmenteffectsstrengthofionicbond
weakchemicalinteractions
Hydrogenbonds

AtypeofweakchemicalbondthatisformedwhentheslightlypositivehydrogenatomofapolarcovalentbondH2o inone
moleculeisattractedtotheslightlynegativeatomofapolarcovalentbondinanothermolecule ito orinanotherregion
ofthesamemoleculesomeaminoacids
vanderwaalsinteractions
weakattractionsbetweenmoleculesorpartsofmoleculesthatresultfromtransientlocalpartialcharges
moleculeregionschangeintensityareaof Itchargeswhenaccumulatedareasaremorepolarthisallowsatomsmolecules
tosticktogetherVanderwaalsinteractionsonlyoccurwhenatomsmoleculesareveryclosetogether
whenoccuringsymoultaneouslycanbepowerfulallowgeckotowalkstraightupawall

molecularshapeandfunction
amoleculehascharacteristicsizeshapekeytofunctionoflivingcell
moleculew 2atomsisalwayslinearcozHi
shapedeterminedbypositionoforbitals
molecularshareiscrucialDeterminesnowbiomoleculesrecognizerespondtooneanotherwispecificityBiomoleculesoftenbindtemporarily
toeachotherbyformingweakbondscanonlyhappenifsharesarecomplimentary

concept2.4
chemicalreactionsthemakingandbreakingofchemicalbondsleadingtochangeinthecompositionofmatter
inchemicalreactionsthereisreactantsandproductsanreactantsmustbeaccountedforintheproducts
chemicalequilibrium inachemicalreactionthestateinwhichtherateoftheforwardreactionequalstherateofthereversereactionso

thattherelativeconcentrationofthereactantsProductdoesn'tchangeovertime



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

waterandlife

keyconcepts

polarcovalentbondsinwaterresultinhydrogenbondingis1
fouremergentpropertiesofwatercontributetoearth'ssuitabilityforlife13.21
acidicBasicconditionsaffectlivingorganisms3.3

concept3.1
watermoleculesforma vshape o connectedbysinglecovalentbondstheoxygenismoreelectronegative o s H st
thismakesapolarcovalentbond
propertyofwaterattractiontootherwatermolecules

concept3.2
fouremergentpropertiesofwater
cohesivebehaviour

abilitytomoderatetemperature
expansionuponfreezing
versatilityassolvent

cohesiveofwatermolecules
watermoleculesstaycloseduetohydrogenbonds
collectiveshydrogenbondsholddrinktogetherbyphenomenoncohesion
cohesioncontributestotransportofnutrientsagainstgravityinplants
adhesiontheclingingofonesubstancetoanotherwatertoplantcellwallsbymeansofhydrogenbonds
surfacetensionAmeasureofhowdifficultitistostretchbreakthesurfaceofaliquidwaterhashighsurfacetensionbecauseof

thehydrogenbondingofsurfacemolecules

moderationoftemperaturebywater
moderatestemponabsorbingheatfromair releasingwhenairiscooler
tempHeat
everythingthatmoveshaskineticenergy
kineticenergytheenergyassociatedwtherelativemotionofobjectsmovingmattercanperformworkbyimparting

motiontoothermatter
thefasteramoleculethemorekineticenergy

kineticenergyacosiatedwtherandommovementofmoleculesiscalledthermalenergy
thermalenergykineticenergyduetotherandommotionofatomsmoleculesenergyinitsmostrandomformheat
tempaveragekineticenergyofthemoleculesinabodyofmatter
Althoughtempofhotwaterishigherthanapoolpoolhashigherkineticenergy

Heatthermalenergy intransferfrom1bodyofmattertoanotherMeasuredinJouis151
kilocalorieKcaltooocaramountofenergyneededtoraise1kgofwaterbyIoc
1cal4.1845
1Joule0.238cal

water'shighspecificneat
specificneatamountofheatthatmustbeabsorbedlostforIgofthesubstancetochangeitstempby 11IocHowwellsubstance

specificteatofhate41851cgc waterhasunusuallyhighspecificneat
becauseofhighspecificheatitchangeslesstempwhenabsorbingreleasingheat
waterthatcoversearthkeepstempsfluctuatingwinlimitsthatpermitlife
evaporativecooling

evenwhenwatertempsarelowtherearestillmoleculesthatescapevaporizeevaporate
heatofvaporizationthequantityofheataliquidmustabsorbfor19ofittobeconvertedfromliquidtogas
waterneatofvaporizationiswaterat25cneeds24275
helpsregulateearth'sclimate

evaporativecoolingtheprocessinwhichthesurfaceofanobjectbecomescoolerduringevaporationaresultofthemoleculeswGreatestkineticenergy
changingformsliquidtogas



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

floatingoficeonliquidwater
lessdenseassolid
aboveyawaterbehaveslikeotherliquids
btwoc ucstartstofreeze
belowocfreezeseachwatermoleculewamoleculesHydrogenkeepsdistancemakingitlotlessdense

waterthesolventoflife
solutionaliquidthatisahomogenousmixtureofthe2substances
solventthedisolvingagentofasolutionwatersmostversatile
solute asubstancethatsdissolvedinasoution
aqueoussolutiononewherethethesoluteiswater
hydrationshellthespherofwatermoleculesaroundadisowed
Hydrophilichydrophobicsubstances

Hydrophilicaffinitytowaterlikeswaterusuallypolarsometimesdon'tdisone
HydrophobicDontlikewater
soluteconcentrationinaqueoussolutions
molecularmassthesumofalltheatomsinamoleculesometimescalledmolecularweight
whenfiguringoutconcentrationneedtoknowmolecularmass
ex

Einar
massofsucroseColton

Cir
HI

12121 122 1611
144 22 176 342daltons

moles6.021023 Avogadro'snumber Theres6.0210daltonsin19
3429torepresent6.021023
imosucrose 3429
HowtomakeILsolutionofImosucrose
measure3429sucrose

addIlwater
IMsolutionofsucrose

Molaritycommonmeasureofsoluteconcentrationreferringtothenumberofmolesofsoluteperlitreofsolution

concept3.3
Acidicandbasicconditionseffectlivingorganisms
sometimes ahydrogenatomparticipatinginahydrogenbondbtwzwatermoleculesshiftsfromHotheotherHydrogenleavesbehindits
electronandhydrogenioncityiswhatstransferredsingleionwichargeit watermoleculeisnowhydrogenoxideCon charge
of1 Protonbindstoanotherwatermoleculemakingit ahydroniumion ito
2ito HotOH
water Hydroniumion Hydroxideion
itdoesnotexistonitsowninanaqueoussolutionalwaysassociatedwnomoleculeinformofHot
inpureHeotmolecule554millionisdissociated1254oooootrillionLofpureno
concentrationofitandonareequalinpurewaterbutchangewadditionofacidsandbases

AcidsBases

whenacidsdisolvetheydonateit
acidasubstancethatincreasesthehydrogenionconcentrationofasolutionexHcicityarocoricacidHer it act
whenbasesdisolvetheyreduceitbyacceptingitorbyaddinghydroxideions
BaseasubstancethatreducesthehydrogenionconcentrationofasolutionexnitcamoniaNit it NHutammoniumions
exnaoitsodiumhydroxide Naoit Nattoit

doublearrowreactionindicateweakacidbase

exHzcos Heo Ht
carbonicacid BicarbonateionHydrogenion



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thepitscale
inanyaqueoussolutionat25Cproductofit onconcentrationisconstantat1014
Ht OH 1014

neutralatt lo Colt 10 104
acidiccityosconstoa 1014
pHpitofasolutionisthenegative109baselotofthehydrogenionconcentrationpit logCity
neutral logco L717

Busters

humanbloodispit7,4cantsurviveat2.0or7.8
0.01moistrongacidtoILwater7.02.0
0.01moistrongacidtokblood7.4a73
BustersubstancethatminimizeschangesinconcentrationofHiottinasolutionacceptsHtwheninexcessanddonatingthemwhennotenough

Acidificationathreattoouroceans
251Offossilfuelburnedsoisabsorbedbytheocean
toomuchabsorptionisharmfultooceans
whencozdissolvesinseawaterit reactstocausecarbonicacidlowerstheocean'spHlevelscalledoceanacidification
oceanpitisonpitonitslowernowthanpast420000years
drop0.30.5pitunitsbyendofcentury

i

ayy

carbondioxidedissolvesinwatertoformcarbonicacid

2carbonicaciddissociatestohydrogenionandbicarbonateions

tf Hoo 3addedit combinesw carbonateionsformingmoreitcos

4lesscosavaliableforcalcification formationofcalciumcarbonatebymarineorgcorals
oceanacidificationwillcausecarbonateionstodecrease401by2100



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

carbonandthemoleculardiversityoflife

keyconcepts
organicchemistryisthestudyofcarboncompounds14.1
carbonatomscanformdiversemoleculesbybondingto4otheratoms14.21
afewchemicalgroupsarekeytomolecularfunction4.3

carbonthebackboneoflife
concept4.1
organicchemistrythestudyofcarboncompoundsorganiccompounds

organicmoleculesandoriginoflifeonearth
overallt ofthemajorelementsccHONSp areuniforminallorganisms
difforghavedittiombinationsoftheelements

concept4.2
carbonatomsformdiversemoleculesbybondingtonatoms
moleculemoleculeshape molecularformula structuralformula Ballstickmodel spacefillingmodel
methanewhencatomhas n

Lishmm

g

I

iiiiethaneamoleculemayhave
morethantetrahedralgroup

ofsinglebondedatom1201 ftp.g.y

H H

n
etheneethylenewhen2or

badanatom WHto f 388.0801

theeareinthesameplane
andmoleculeisflat
inorganicmoleculescformsdoubleorsinglebonds
valencethebondingcapacityofagivenatomusuallyequalsnoof unpairedelectronsrequiredtocompleteatom's

outermostshell

moleculardiversityarisingfromvariationincarbonskeleton
canbestraightbranchedringcanbedoublesinglebond
hydrocarbons

hydrocarbonanorganicmoleculeconsistingonlyof carbonsandhydrogens
notpreventinmostorgmanycell'sorgmoleculeshaveregionsofonlyHtcfats
wayscarbonchainsdiffer

alength

I g
2Branching

I
tigH

H



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3Doublebondposition

c I c n

fg
4presenceofrings

a H HÉ c
fH c

c

c n e
ng gHH H

isomers

isomersoneofseveralcompoundswithesamemolecularformulabutdiffstructuresatherforeditpropertiesthe3typesof
isomersarestructuralisomerscistransisomersandenantiomer

structuralisomersoneofseveralcompoundsthathavesamemolecularformulabutdifferincovalentarrangementoftheir
atoms

cistransisomersoneofseveralcompoundswisamemolecularformulaandcovalentbondsbetweenatomsbutdifferinspacial
arrangementsofatomsowingtotheflexibilityofdoublebonds geometricisomerst

enantiomersisomersthataremirrorimagesofeachotherduetoanasymmetricalcarbon theydifferinshape
3typesofisomers
structuralisomers

it i I it a of I
cis
transisomers ti

a e
x

H H x H
xareonthesameside xontheotherside

enantiomersmirrorimages

i
Lisomer Disomer

concept4.3
Thechemicalgroupsmostimportanttotheprocessoflife
functionalgroupsa specificconfigurationofatomsmorecommonlyattachedtothecarbonskeletonofanorganicmoleculeand

involvedinchemicalreactions
mostimportantfunctionalgroups
hydroxyl Kk chemicallyreactive

carbonyl hydrophilic

carboxylKk
aminoR
sulfhydrulk
PhosphateKk
methyl

ATPimportantsourceofenergyforcellularprocess
complexorganicphosphateAdenosinetriphosphatelate

adenosine 0 o f o f o
o o o



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biologicallyimportantchemicalgroups

chemicalgroup wa
Hydroxylgroup c onto

Drawn Properties compoundname

OH Polarelectronego.Hbonds alcoholspecificnames

Wiltonelpaisonecompounds endin 01
carbonylgroup JC o o c sugarswketonegroupsketosesketonelwineskeletons

waldehydescalledaldoses aldenydecendoreskeleton

carboxylgroup Coon o c acididonatent covalentbond carboxylacidor
OH btwotitispolar organicacid

aminogroup Nita n
t basepickup fromsolution amine
H waterlivingorganisms

sulfhydraigrout SH

g

stabilizeprotein

Phosphategroup I 01032 ogo tachargeinchainattend organicphosphate

a
reactswinoreleaseenergy

methylgroup geneexpressionwnenonDNAmethylatedcompound
changeshapeetunctotsexnormon



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thestructureandfunctionoflargebiologicalmolecules

keyconcepts
macromoleculesarepolymersbuiltfrommonomers5.11
carbohydratesserveasfuelandbuildingmaterial5.21
lipidsareadiversegroupofhydrophobicmolecules15.31
proteinsincludeadiversityofstructuresresultinginawiderangeoffunctions5.41
nucleicacidsstoretransmitandhelpexpresshereditaryinformation15.51
Genomicsproteomicshavetransformedbiologicalinquiryapplication56

Themoleculesoflife
macromolecules agiantmoleculeformedbyjoiningofsmallermoleculesusuallybyadehydrationreactionPolysaccharidesproteinsnucleicacids

aremacromolecules

concept5.1
carbohydrates polymers

proteins

nucleicacid
lipids

synthesisBreakdownofpolymers
polymers alongmoleculeconsistingofmanysimilaridenticalmonomerslinkedtogetherbycovalentbonds
monomersthesubunitthatservesasthebuildingblockofa polymer
enzymesAmacromoleculeservingasacatalyst achemicalagentthatincreasestherateofreactionwoutbeingconsumedby

thereactionMostenzymeareproteins
dehydrationreactionachemicalreactioninwhich2moleculesbecomecovalentlybondedtoeachotherwtheremovalofaH2omolecule
hydrolysisachemicalreactionthatbreaksthebondsbtwzmoleculesbytheadditionofwaterfunctionsindisassemblyofpolymersto

monomers

inadehydrationreactiononemonomerprovidesahydroxygroupc oitandtheotherprovidesahydrogengroupCHthiscontinues
creatingapolymerpolymerization

thediversityofpolymers
polymersmadeofcommon4050monomers

concept5.2
carbohydratessugarspolymersofsugars

sugars

monosaccharideshavemolecularformulaofsomemultipleofintro attxox
mostcommonmonosacchariaiscultno Glucose

eitheraldehydesugarorketonealdehyde
Glucoseisanaldose
Fructoseisomerisaketose

Petitefignationfor
sugarisnumberofcarbonsisy

triose3carbons
pentosescarbons
spacialarrangement ofpartsaroundasymetricalcarbon
GlucoseGalactose

sugarsusedforcellularrespirationenergysourcecarbonsattousedforbuilding
DisaccharidsAdoublesugarconsistingof2monosaccharidesjoinedbyglycosidiclinkageformedbyadehydration reaction
glycosidiclinkageacovalentbondformedbtw2monosaccharidebyadehydrationreaction
Lactoseisadisaccharide



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pityinflictsApolymerofmanymonosaccharidesformedbydehydrationreaction
serveasbuildingmaterialforstructuresthatprotectcellorwholeorganis
storagepolysaccharides

bothplantanimalsuse
plantsstorestarchglucosemonomers I 4linkage
simplestformisamyloseunbranched
amylopectinismorecomplexbranchedwit6linkage

animalsstoreglycogenpolymerofglucoselikeamylopectinbutmuchmorebranced
mainlyinlivermusclecells
usuallylasts12daysLowcarbdietscauseweaknessfatigue

structuralpolysaccharides

cellulosemajorcomponentsofcellwalls
Globallyplantsproduce ionkgofcelluloseyear
mostabundantorganicmoleculeonearth
14linkageofcelluloseislikestarchDietisaslightlydietringsforglucoseattachedtocaeitheraboveorbelow
starchisa configuration
celluloseisBconfiguration

celluloseisstraightneverbranched
somehydroxygroupsarefreetoitbondwhydroxylofothercellulosemolecules
inplantcellwallparallelcellulosegroupedintounitscalledmicrofibrils
weneedcellarsbutcantdigestitcowscaninsolublefiberisusuallycellulose
chitincarbusedbyarthropodsinsectsspiderstaceanstobuildexoskeletonexoskeletonchitinproteinalsofoundinfungi
chitinhasalinkageglucosemonomerofchitinhasanitrogencontainingattachment

concept5.3
Lipidsmixpoorlylitatall w water
Hydrophobicbasedonmolecularstructure
mostlyhavehydrocarbonregionsIhavetraits

Fats
notapolymerbutlargemoleculefromsmallmoleculebydehydrationreaction
FatsAlipidconsistingof3fattyacidslinkedtoaglycerolmorecuealsocalledatriglyceridetriglycerol
Fattyacidalipitconsistingof3fallyacidslinkedto tothermoleculealsocalledatriacylglyceroltricyceride

Triglycerolaglycerol 3fattyacids
concert s a saturatedfatsinglebonds

cistats
EE

transtats
mostanimalfatissaturatedcanedfats
mostplantfatisunsaturatedlandfishcalledoils

ÉfÉt maiorfunctionoffatisenergystorage
I

aatapemeasurephospholipidAlipidmadeupofglyceroljoinedto2fattyacidsandaphosphategroupthehydrocarbonchainsofthefattyacidsactasanonpolar

steroids

steroidsatypeoflipidcharacterizedbyacarbonskeletonconsistingof4fusedringswivariouschemicalgroupsattached
cholesteroltypeofsteroidessentialinanimals

invertebratescholesterolissynthesizedintheliver



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

concept5.4
proteinsincludediversityofstructuresresultingresultinginawiderangeoffunctions
proteinsarenotofdrymassofcell
Roles

speedupchemicalreactions
defence

storage

transport

cellularcommunication

movement

structuralsupport

catalystAchemicalagentthatselectivelyincreasestherateofareactionwoutbeingconsumedbythereaction
Humanhas10,000differentproteins
Bondbetweenaminoacidiscalledpeptidebond
polypeptidepolymerofaminoacid
proteinbiologicallyfunctionalmoleculemadeupofapolypeptideseachfoldedcoiledintoaspecific3Dstructure

aminoacidmonomers

aminoacidanorganicmoleculepossesingbothacarboxygroupandanaminogroupaminoacidsserveasthemonomerofpolypeptides

I oncarbon
I it on

thepysicalchemicalpropertiesofasidechaindeterminethecharacteristicsofaparticularaminoacid
groupednonpolarhydrophobic

polarhydrophilic
electricallychargedhydrophilic

polypeptides

peptidebondthecovalentbondbtwthecarboxylgroupof1aminoacidandtheaminoacidofanotherformedbyadehydrationreaction
polypeptidesrangefromafewtonooo
oneendalwayshasfreeaminogrouponesidetreecarboxylgroup

proteinstructurefunctions

whencellssynthesiseapolypeptidethechainmaytoldspontaneously
proteinsmaybesphericalglobularproteinsorlongfiberfibrousproteins

4levelsofproteinstructures
primarystructurethelevelofproteinstructurereferingtothespecificlinearsequenceofaminoacid
secondarystructureregionsofcoilingfoldingofthepolypeptidebackboneofaproteinduetohydrogenbondingbetween

constitutesofthebackbonenotsidechains
tertiarystructuretheoverallshapeofaproteinmoleculeduetointeractionsofaminoacidsidechainsincludinghydrophobic

interactionsiconicbondshydrogenbondsanddisputablebridges
Quaiternarystructuretheparticularshapeofacomplexaggregateproteindefinedbythecharacteristic3Darrangementofits

constitutionalsubunitseachapolypeptide
secondarystructureshave ahelixesandBsheets
hydrophobicinteractionsatypeofweakchemicalinteractioncausedwhenmoleculesthatdonotmixwwatercoalescetoexclude

water
disulfidebridgesformwhen2cystinemonomerswhichhavesurgerygroupsL SHontheirsidechainsarebroughtclosetogetherby

thefoldingoftheproteindisulfidebridge s s trivetspartofproteintogether
whatdeterminesproteinstructure
denaturationinproteinsaprocessinwhichaproteinlosesitsnativeshapeduetodisruptionofweakChembondsinteractionstherebybecomingbio

inactiveinDNAtheseparationofthezstrandsofthedoublehelixDenaturationoccursunderextremeconditionspitsalttemp



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

concept5.5
nucleicacidstoretransmitandhelpexpresshereditaryinfo
geneAdiscreteunitofhereditaryinformationconsistingofaspecificnucleotidesequenceinDracorRNAinsomeviruses
nucleicacidApolymerPolynucleotidesconsistingofmanynucleotidemonomersservesasablueprintforproteinsandthroughtheactionsof

proteinsforancellularactivitiesthetwotypesofDNAtRNA

Theroleofnucleicacid
2typesDeoxyribonucleicacidDNA

ribonucleicacidDNA
GeneexpressiontheprocessbywhichinformationencodedinDnadirectsthesynthesisofproteinsorinsomecasesRnathatarenottranslated

intoproteinsandinsteadfunctionsasRNAs
eachchromosomecontains1longDnamoleculecarryinglootgenes
eachgenealongaDnamoleculedirectssynthesisofatypeofRnacalledmessengerRNAmRNAthemrnamoleculeinteractswthecell's
proteinsynthesizingmachinerytodirectproductionofapolypeptidewhichfoldsintoallpartofaprotein

DNAResidesinthenucleus

thecomponentsofnucleicacids
nucleicacidsaremacromoleculesthatexistsaspolymerscalledPolynucleotideseachpoignuiceotideconsistsofnucleotides
nucleotidecomposedof3partsnitrogenousBasenitrogenbase a 5carbonsugarpentoseandIormorephosphategroup
portionofanucleotidewoutaphosphategroupnucleoside
eachnitrogenousbasehas1 2ringsthatincludenitrogenatoms
callednitrogenousbasesbecausenitrogenatomstendtotakeupatfromsolution
2familiesofnitrogenousbasespyrimidinesandpurines
pyrimidinesoneof2typesofnitrogenousbasesfoundinnucleotidescharacterizedbya6membranearingcytosinethymine

anduracil
Purineoneof 2typesofnitrogenousbasesfoundinnucleotidescharacterizedbya6membraneattachedtoa5membranering

Adenineandguanine
thesugarinanaisDeoxyribose inRNAisriboseDna lacksoxygenatomonthe2ndcarbonring
attachphosphategrouptothescarbon

n
ii a I o i a É

cytosinecc thymine t uracilcos adeninecat guanineg

Nucleotidepolymers

linkageofnucleotidesintopolynucleotideinvolvesadehydrationreaction
sugarphosphatebackbonenitrogenousbasesarenotpartofthebackbone
phosphategroupattachedtoscendandhydroxylgroupon3cend
sequenceofbasesalongDnaunique

structureofDnaRnamolecules
DNAmoleculeshaveapolynucleotidesistrandsformingadoublehelix
thetwosugarphosphatebackbonesruninoppositedirections antiparallel
sugarphosphatebackboneisonoutsideofdoublehelix
2strandsheldtogetherbyhydrogenbonds
2strandsarecomplementary
basepairswinRnaallowittotakeon3DshapeneededforitsfunctionextRNAtransferRNA

I
RNAusuallysinglestrandProbablyprecededDNAascarrierofgeneticinfoinearlyformsoflife



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

concept5.6
Genomicsandproteomicshavetransformedbiologicalinquiryandapplication
firsttechniquesforDnasequencingdevelopedinthenano's
Humangenomeprotect

i aso2000s
arapiddevelopmentlessexpensivemethodsofsequencing
costofsequencingIMBasepairs20015000

20160.02
bioinformaticstheuseofcomputerssoftwareandmathmaticmodelstoprocessandintegratebiologicalinfofromlargedatasets
economicsthestudyofwholesetsofgenesandtheirinteractionswinaspeciesaswellasgeneomecomparisonsbtwspecies
proteomicsthesystematicstudyofthefullproteinsetsproteomeencodedbygenomes


