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8.3.1Light-dependent Reactions

Locationof the Light-dependent Reactions

= Photosynthesis takes place intwo distinctstages:
= Thelight-dependent reaction, whichrelies onlight directly
= Thelight-independent reaction,whichdoesnotuselightdirectly
= Boththesereactions take place withinthe chloroplast
= Thelight-dependentreactiontakes placeinthe thylakoid intermembrane space and across
the thylakoid membrane
= Thylakoids are disc like structures which make up the granainstacks of upto 100.They
containthe photosynthesis pigment chlorophyll. Some mayhave tubularextensions
(intergranal lamellae) whichjoin up with thylakoids inadjacent grana
= The thylakoid membrane contains atransferchainwhere electrons are passed alonga
numberof electroncarriersinaseries of oxidation-reductionreactions

O ExamTip

The thylakoid intermembrane space is also referred to as the thylakoid lumen.
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Products of the Light-dependent Reactions

= Duringthe light-dependentreactionlight energyis converted into chemical energyinthe formof
ATP and reduced NADP
= ATP andreduced NADP are produced fromthe photolysis of waterbylight energy:
= Wateris splitinto protons, electrons and oxygen
= The protons are picked up bythe hydrogenacceptorNADP*therebyreducingit (NADPH, also
called reduced NADP)
= ATPis generated fromthe phosphorylationof ADP
= Theusefulproducts of the light-dependentreactionare transferred to the light-independent
reactionwithinthe chloroplast
= Oxygenis givenoff as awaste product of the light-dependentreaction

The two stages of photosynthesis

Q Exam Tip

NADP is anelectroncarrierthatis importantinphotosynthesis. Whenit takes up protons the
NADP becomes reduced and canbe writtenas NADPH.NADP can also be written as NADP-.
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Excitation of Electrons

= Chloroplasts contains the pigment chlorophyll, plus otheraccessorypigments
= These are grouped togetheras structures called photosystems whichare located inthe
thylakoids
= Photosystems containmanychlorophyllmolecules and areactioncentre
= Two types of photosystems exist:
= Photosysteml-containsthereactioncentre P700 (asitis activated by awavelength of light
of 700nm)
= Photosystemll-contains thereactioncentre P680 (as itis activated byawavelength of light
of 680nm)
= Chlorophyllmolecules withinPhotosystemllabsorblight energy,inthe formof photons,and
passitto thereactioncentre P680
= Electrons withinthe reactioncentre of Photosystem/llare then excited to a higher energy level
bythe photons of light
= The chlorophylls withinthe reaction centre are said to be photoactivated
= Excited electrons are able to be donated to anelectronacceptorinareductionreaction
= [nthelight-dependentreactionthe electronacceptoris called plastoquinone
= Plastoquinone accepts two electrons fromPhotosystemlland is reduced
= |tthenmoves to anotherpositioninthe thylakoid membrane
= This processisrepeated withanotherplastoquinone molecule
= |ntotaltwo plastoquinone molecules are reduced and fourelectrons are lost fromthe
reactioncentre

A photosystemused in the light-dependent reaction to excite electrons
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O Exam Tip

Ratherconfusingly, the first photosystemto be activated inthe light-dependentreactionis
Photosystemll. Laterinthe reaction,Photosystemlis involved.This is because Photosystem|
was the first to be discovered and therefore was named first.

Photolysis

Photolysis occursinPhotosystemllduringthe light-dependent reactionof photosynthesis
This occurs following the reductionof plastoquinone inPhotosystemll:

= Thereactioncentre acts as an oxidisingagent and causes watermolecules (that have been

moved into the leaf by transport up the xylemvessels) to split during photolysis

Water splitsinto protons, electrons and oxygen

= The oxygendiffuses out of the leaf throughstomata

= Theelectrons are passed into the electrontransport chain

= The protons are picked up bythe carriermolecules NADP formingreduced NADP
Thereactioncanbe summarised as 2H,0 — O, +4H+ + 4e-
The photolysis of watergenerates the electrons needed for:

= Replacement of the electronslostfromthereactioncentrein Photosystemll

= Subsequent reactions of the light-dependentreaction
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8.3.2Photophosphorylation

The ElectronTransport Chainin Photosynthesis

= Photophosphorylationis the termforthe overall process of usinglight energy and the electron
transport chainto generate ATP from ADP

= Duringphotophosphorylationexcited electrons (fromPhotosystemll) are passed downaseries
of electroncarriers thatformthe electrontransport chain

= Theelectrontransportchainoccurs onthe thylakoid membranes withinthe chloroplast

= Thylakoid membranes containthe following structures:
= Photosystemll
= ATP synthase
= Aseriesofelectroncarriers
= Photosysteml

= Thereduced plastoquinone (anelectronacceptorforming part of the electrontransport chain)
carries apairofexcited electrons fromPhotosystemll

= Plastoquinone carries the electrons to the start of achainof electroncarriers

= Theelectroncarriers undergo aseries of redoxreactions as electrons are gained and lostfrom
eachcarrier

= Excited electrons graduallyrelease theirenergyas theypass through the electron carriers which
isused to generate aprotongradient

= The excitationof the electrons falls and they are eventually picked up by the reactioncentre in
Photosysteml|

= Finallythe pairofelectrons are used to reduce NADP (along with protons from the photolysis of
water) whichis thenpassed into the light-independent reaction

= The pathwayofelectronsis linear,photophosphorylationis referred to as non-cyclic
photophosphorylation

= ATPandreduced NADP are the mainproducts of photophosphorylationand are immediately
passedto the light-independentreaction
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3 || PHOTOACTIVATION — ELECTRONS IN THE PRIMARY PIGMENT MOLECULE
OF EACH PHOTOSYSTEM ARE EXCITED TO A HIGHER ENERGY LEVEL

4 || EXCITED ELECTRONS FROM PHOTOSYSTEM II ARE PASSED TO
PHOTOSYSTEM | VIA AN ELECTRON TRANSPORT CHAIN, RELEASING
SUFFICIENT ENERGY TO SYNTHESISE ATP

W&z ELECTRONS |

NADPH | AQP + R
o Mo

ATP

Non cyclic phosphorylation involving the electron transport chain and the production of ATP and reduced
NADP
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O Exam Tip

Rememberaredoxreactionis one where reductionreactions (gainof electrons orhydrogen,
loss of oxygen) and oxidationreactions (loss of electrons orhydrogen, gain of oxygen) happen
alternately. This happens alongthe series of electron carriers in the thylakoid membrane as part
of the electrontransport chain.

Forming the Proton Gradient

= Electrons are passed fromcarrierto carrierinthe electrontransport chain

= Astheydo so theyrelease energy whichis used to pump protons fromthe stromaacross the
thylakoid membrane and into the intermembrane space (also known as the the thylakoid lumen)

= The protons move viaaprotonpump

= Ahighconcentrationof protons builds inside the intermembrane space creatinga
concentrationgradient

= Photolysis of water contributes to the proton gradient
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Chemiosmosis in Photosynthesis

= The protongradient withinthe intermembrane space of the thylakoid powers the synthesis of
ATP
= The protons traveldown theirconcentration gradient through the membrane protein ATP
synthase
= Energyisreleased bythe movement of protons and is used to make ATP from the
phosphorylationof ADP
= Thisprocessis called chemiosmosis
= The ATP producedisusedinthelight-independentreaction

Photophosphorylation and chemiosmosis
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Reductionof NADP

= Photosystemlisinvolved inthereductionof NADP whichis akeymolecule usedinthe light-
independentreaction

Chlorophyllmolecules inthereactioncentre absorb photons of light energy
Electrons withinthe reactioncentre are photoactivated to a higherenergylevel
Theyare passed to aproteinonthe outside of the thylakoid membrane called ferredoxin
andreduceit
Thereduced ferredoxin,alongwith protons that have passed through ATP synthase during
chemiosmosis,are used to reduce NADP to NADPH (reduced NADP)

= NADP + 2H+ + 2e-—NADPH
The ferredoxinis now oxidised and free to be reused in this reaction again
Reduced NADP now carries a pairof electrons and can be passed into the light-independent
reactions of photosynthesis

Reduction of NADP in Photosystem/
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8.3.3Light-independent Reactions

Locationof the Light-independent Reactions

= Thelight-independentreactions of photosynthesis take place inthe stromaof the chloroplasts
= The stromais within the double membrane and is a thick proteinrich environment containing the
enzymes needed forthe light-independentreactions

CarbonFixation

= Thelight-independentreactions of photosynthesis are also known as the Calvincycle
= There are three main steps within the Calvin cycle:
1.Carbonfixation:The enzyme rubisco catalyses the fixationof carbondioxide by
combinationwithamolecule of ribulose bisphosphate (RuBP),a5C compound, to yield two
molecules of glycerate 3-phosphate (GP),a 3C compound
2.Reduction: GPisreduced to triose phosphate (TP)inareactioninvolvingreduced NADP and
ATP
3.Regeneration: RuBPis regenerated fromTPinreactions thatuse ATP
= Carbondioxideis converted into carbohydrates,namelyglucose,duringthe cycleinaseries of
anabolic reactions
= Anabolic reactions require energyinorderto build large complexmolecules from smaller
simplerones
= The Calvincyclerelies onthe products of the light-dependent reactions namely ATP and
reduced NADP
= Duringthe cycle endergonic reactions take place thatinvolve the hydrolysis of ATP and oxidation
ofreduced NADP
= Anendergonic reactionrequires energyto be absorbed before the reactioncanproceed
Carbon fixation details

= Carbondioxideis the source of carbonforallorganisms that carryout photosynthesis

= Carbonfixationinvolves carbondioxide (IC) beingremoved from the external environment and
becomingpart of the plant,and is then said to be “fixed”

= |tistransformed into athree-carboncompound (3C) called glycerate-3-phosphate
(sometimes shortened to as GP)

= During the fixationstep of the Calvincycle carbondioxide is combined with a five-carbon
compound (5C) called ribulose bisphosphate (RuBP)to make anunstable six-carbon (6C)
compound that splits into two molecules of glycerate-3-phosphate

= Thisreactionis catalysed bythe enzyme rubisco

= Glycerate-3-phosphateis thenusedinthe nextstepofthe cycle
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Role of Reduced NADP and ATP

Energy fromATP and hydrogenfromreduced NADP (from the light-dependentreactions) are
used toreduceglycerate-3-phosphate to aphosphorylated three-carbonmolecule called
triose phosphate (sometimes shortened to TP)
Afterthereductionstepone sixthof the triose phosphateis converted into usable products
forthe plant:

= Hexose phosphates whichcanbe used to produce carbohydrates suchstarch,sucrose or

cellulose

= Glyceroland fatty acids whichjointo formcellmembranes

= Productionofamino acids forproteinsynthesis
Itisimportant thatnot all the triose phosphate is converted to alternative compounds forthe
plant, orthe supplies of ribulose bisphosphate would run out
The remaining triose phosphate is used to regenerate RuBP

Q Exam Tip

Forthe Calvincycle to continue itneeds aconstant supplyof RuBP and carbondioxide.As much
RuBP must be produced asis consumed. If three RuUBP molecules are used then this generates
sixtriose phosphates.Five of the triose phosphate molecules are needed to regenerate the
three RuBPs molecules.So there would onlybe one left overto convertinto otherusable
molecules forthe plant (such as starch).To produce just one molecule of glucose, sixturns of
the Calvincycle are needed.

Regeneration of RuBP

The remaining five sixths of triose phosphate are used to regenerate the four-carboncompound
ribulose bisphosphate (RuBP)

This process requires ATP (from the light-dependentreaction)

Once RuBP beenhasregenerateditcango onto fixfurthercarbondioxide and the cycle can
beginagain
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The Calvin cycle of the light-independent reactions showing the regeneration of RuBP
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8.3.4 Investigating Carbon Fixationin Photosynthesis

Investigating CarbonFixationin Photosynthesis

NOS: Developmentsinscientificresearch followimprovementsin apparatus: sources
of ¥Candautoradiographyenabled Calvintoelucidate the pathwaysof carbon
fixation

= The Calvincycle was named after American biochemist Melvin Calvinforhis work in mapping the
complete conversionof carbondioxide to glucose

= Thetechniquesused at the time were novel and showed developments inscientific research

= Calvindeveloped methods forgrowingalgae inan apparatus he named "the lollipop" due to its
shape

= This apparatus enabled Calvinto introduce radioactive carbondioxide to the algae inorderto
studyphotosynthesis

= Healso used paperchromatographyand production of x-raychromatograms to enable Calvinto
identifycompounds usinginreactions during photosynthesis

= His approaches and methods were novel at the time and were onlypossible because of
advancements inapparatus and technologies

= The experiments performed by Calvinshow process of usingradioactive carbondioxide and
autoradiography in explaining the reactions of the Calvin Cycle:
= Radioactivelylabeled carbon-14 (C)was introduced to the algae Chlorellain an apparatus
called alollipop (the experiments are sometimes referred to as the “lollipop experiment” due
to the shape of the apparatus)
= Light was shone onthelollipopvesselcontainingthe Chlorellato induce photosynthesis
and carbon-14 was incorporated into the algae
= Aftervarying time periods the algae was killed by heated alcohol which denatures proteins
and enzymes withinthe cells and stops metabolic processes
= The pathway of the radioactive carbonwas mapped and analysed throughout the algae
usingtwo-dimensional paper chromatography
= Chromatographyseparated out the different carboncompounds that had beenmade by the
algae
= Anyradioactive carbon-14 atoms (that had beenincorporated into eitherintermediates or
products of photosynthesis) were identified usingautoradiography (x-ray)
= Bycomparing the different time periods inwhichthe carboncompounds formed Calvinwas
able to map the orderinwhich theywere generated
= Theresults of the experiments showed that carbonwas converted to carbohydrates during the
light-independent reactions of photosynthesis
= Today,the method Calvinused is called “feeding experiments”
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Calvin'’s lollipop experiments for determining the reactions in the light-independent reaction
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8.3.5Chloroplast

Chloroplast Structure & Function
Structure

= Chloroplasts are the organelles inplant cells where photosynthesis occurs
= Theseorganelles areroughly2 -10 pmindiameter(theyare largerthan mitochondria)
= Eachchloroplastis surrounded byadouble-membrane envelope
= Fachofthe envelope membranesis aphospholipid bilayer
= The outermembraneis permeable to arange ofions and smallmolecules
= Theinnermembrane contains transport proteins that onlyallow certainmolecules orions to
enterorleave the chloroplast
= Chloroplasts are filled with acytosol-like fluid known as the stroma
= CO,,sugars,enzymes and othermolecules are dissolved inthe stroma
= |[fthe chloroplasthas beenphotosynthesising there maybe starchgrains orlipid dropletsin
the stroma
= Aseparate systemofmembranesis foundinthe stroma
= This membrane systemconsists of aseries of flattened fluid-filled sacs known as thylakoids
= The thylakoid membranes contain pigments, enzymes and electron carriers
= These thylakoids stack upto formstructures known as grana(singular - granum)
= Granaare connected by membranous channels called stromalamellae, which ensure the
stacks of sacs are connected but distanced fromeach other
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Chloroplast structure

= The membrane system provides alarge numberof pigment molecules that ensure as muchlight
as necessaryis absorbed
= The pigment molecules are arranged inlight-harvesting clusters known as photosystems
= |naphotosystem,the different pigment molecules are arranged in funnel-like structures in
the thylakoid membrane
= Fachpigmentmolecule passes energydown to the next pigment molecule inthe clusteruntil
itreaches the primary pigmentreactioncentre

Adaptationsof chloroplaststophotosynthesis

= Stroma:
= The gel-like fluid contains enzymes that catalyse the reactions of the light-independent
stage
= Thestromasurrounds the granaand membranes, making the transport of products fromthe
light-dependent stage into the stromarapid
= Grana:
= The granalstacks create alarge surface areaforthe presence of manyphotosystems which
allows forthe maximumabsorptionoflight
= |talso provides more membrane space forelectroncarriers and ATP synthase enzymes
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= DNA:
= The chloroplast DNA contains genes thatcode forsome of the proteins and enzymes used
inphotosynthesis
= Ribosomes:
= The presence ofribosomes allows forthe translationof proteins coded bythe chloroplast
DNA
= |nner membrane of chloroplast envelope:
= The selective transport proteins presentinthe innermembrane controlthe flow of
molecules betweenthe stromaand cytosol(the cytoplasm of the plant cell)
= Thylakoid space:
= Thisis where aprotongradient develops (to generate ATP)
= The spacehas averysmallvolume so aprotongradientcandevelop veryquickly

8.3.6 Skills: Photosynthesis

Skills: Annotating Chloroplasts

= Electronmicrographs maydifferinshape and size dependingonwhere the cross sectionof the
organelle was taken
= Usuallythe following features should be notable and visible:
= Roundinshape
= Adouble membrane exterior
= Flattened discs, the thylakoids, arrangedin stacks, the grana,connected by thintubes, the
lamellae
= Ribosomesand DNA are not usually visible
= Starchgranules maybe visible as dark spots withinthe stroma

Page 18 of 19
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Page 19 of 19
For more help visit our website www.exampaperspractice.co.uk



