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~ QUESTION ONE: PHOTOSYNTHESIS
All plants require specific reactants to start the process of photosynthesis.

Source: https‘wawwdochnr}nmefnauve-p!mtsl

(a) Describe the reactants required for photosynthesis AND how they enter the plant.
The veactants veauived fr the process of phoogywthusic ave
- water and carbon chonde-  Wafers enters 4 gart through te wot
v calls by osmoss. Tk M%‘m,m plants cels Wty ave
Ingperic b the ol The B cells ¥an \gecomn Wypotonic to otiwr
alls.  Osmegis oceurs lstwein! pant cell uwwhl werer veaelg thae
(Movgplass Tn leaf cells  wiwne PASTORYULSS  octus:
Cavion cliokidle anters by diffising tarough t Somata wirtn
ogerv 1€ Hu concontvathon of cop is lower W M leal dran—eglls
Ay outside jn Hae  emvironmehs
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(b)  Photosynthesis takes place inside the chloroplasts. The main structures involved in photosynthesis
are: the outer membrane, inner membrane, stroma, thylakoid membrane, and grana.

et

T e

NN Bk

Adapted from: www.mcgbiology.com/2013/04/multiple-choice-questions-on-chloroplast.htm!

Discuss how specific reactants in the light-dependent and light-independent reactions affect the
amounts of the products of photosynthesis:

In your answer:
. describe the function of TWO named structures from the chloroplast diagram
. explain how the structures of the chloroplast are built to help them carry out their function

. discuss how the structures of the chloroplast work together to carry out the process of
photosynthesis.

- Phwtosyvithesis is e sevies of  emzyive  contvoled veachons thet,
- when lignt s absedoed oy the  chlorophyl, convexts (0, and
W0 o ouase With 0y as a by-precuck.  Phetosyatiaesic ours
in te ditovoplests of plant cells. Tue ae cell ovganelles that ave
ovular in Shape and have odaytations ke a double membrane,

PR

T e R T T e N

,}’(hylato'lds,kavmn%ed e qyava, ond Sroma. The thjakoids are

’ ~avvanged info lacks of grana 4o cavvy ot tuiv fundion in Hhe light
dependent stage of photosyntiasis. T aglaboids ave Shuped  \ikeflattened
~disks which oives Yw o greater Suface area i compayison o AL

;5 velume - The 1513!&%\‘0!5:. ave ovvanged in grand o furthev inveuse their

urface avea. The Wigh surface Qréa is impo YO 7rore 1s more space for
’“ becaug A \ight deyendent reactins O | " onthe fofowing poges.
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e Ahylaoid membrang. A \arge Surfoce aved do volume vao
increases the rate of readion leecause tre & a \avaer suvfde s
meve yeachens can octuy Simuﬁaﬂeomlq wirve  water (¢ Q\olﬁ

to puduce HE and 0y. The chlovophyil wite light encvgy is alxe vled
and anvertedto fwe enevgy cavviers AP and NADPR are alo
[ocated bn the fwylacoid Mambiones. A qrealdr surkae ore allows
More  chlovophyh, which Wens more light ey Can & Qoreed.
As wife lignt s obsoviged the rle of photosyrthusic wil be high
duving  hows withh high ight availaloitty (daglght W) wnless et
b 0y ov woter avalability g low W concentration and Lo
limtings The chrucural addptation of A dvoma s alows Hhu futte
of photosyntiusis # +o ke max mited - The stromu isa clear, enzymy
vidn Auid wrinin e chlovoplast. T i dear Ap ollow Wgdo
easly pass thvough to the chlovopyd whare & s absorbed winich
kaps the vate of veactin high- Tw Shvoma has o Wigh  conaurvaton
of ewujmes Veraue Hao photosuntiusis precss is cortralled by i
emynes Hadr catilyse each reaction. T Ahue were less ey mu,
fewer reacipvs ould oaur at one , witich woud timitthe vatt o}
readion ancl thretore e vate of photospdhesis. T Secend staag, the
lig independent shage. oaws (n Ahe stuoma. Here, using e envay
covviers produced in i light dopendent stage, carpon dioxide &
fixed into guwse, Hu fnal produst. Tf e stoma did ot have
e within ity o Al preduet  could not e produced leecau
enes Codalyse Hu uassany reackons foy s production .
Twerefive, by fwe stroma having - many envymes and g
tronsparent , fe amount of light dvsoeed ond the vate of
M acivity § Wokimised Wit - marmigs the fate of
photosy hesic.

Howedev , . vete of pho’f“SqﬂWSi‘&‘ can \& limrted if e
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avalavility or cona@ntvaton 0f veattgnte s low. Both weder and
(O ave vequred v photosyllasic t occur becduse iy ore
e 4we veactaMs-  If e oncentvahion of warer s low,
the amount of water et can e oWt in Har light dependant
stage Yo ypvoduce HY fov e enwgy Carnews Haat ave ued in
e light independunt stage will elso lge low - Twis will atfer
e amount of  cavioon dioxide that can o fixed inte qlunse
because, enen if Huve 5a high cinentvothon o (0, e
gy carners ove reguived  for thee eadtions + oocur.
Ule wise, if thue 5 a high conantvaton of  wetter Ll 4
lw @ngnt votion of (O, Hawe will et le gptival am aunts
of Wy b i) een i Theve are many gy Cavviers:
Twis duveass Hu amount of glucok Ht i lgmduced as
a  result .
Twefive, W factor in Hae lowest conceptvation dlr@cﬂg
ImIts the  veactions of photsyrtiusic. TF Hw vote of veaction
% limrted by o oc Wione factor, the amount of qlucose ard
Op Al is produted Wil olso \ee limited. For opfimal /
moanmMum  glucose  produdhion, Huce needs e high
ahwrtvahons of voth reattants co Pt weither are
l{m‘ma\c} and instead , o fadoy lila enymeL o cuttvation or
light q,uullalaﬂmd 13 HW\lﬁMj»
Fov e reachios 4o octur, Mo Strudtoares of the calovoplast
mwi work together. Thais is-ekeav clear becaus the
cheama is dvarsparent 1o allow  \igh 4o veach the clilovoply)
and 0 entyme-vich o catalyse both A ligw dgpendpnt
and - indapendent veactions. Additiondly, e nner m&mv;rm
5 Al and sy pevmeable hooallow W40 and (0 4o vapialy
mm‘gn ﬁﬁés%%"ﬁmﬁg“%&i- Rapid ~ diffusion ngreues 11}58 i

Conantyation o veatalidS, AMAAL 0t A covoriast, Which (0 Juin
Maxim$esTWe Vi of veadtow and amoum of ooy Mt s procliuod.
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QUESTION TWO: ENZYMES

Conditions of the water in a small pond can change throughout the day, and over a year. A change in pH
can affect the rate of photosynthesis reactions. The presence of pollutants in the water can affect certain
nutrients that are needed as co-factors for the enzymes involved in photosynthesis.

In an experiment to test the effect of pH on enzyme activity in Elodea cells, the following results were
produced.

Rate of Elodea enzyme rections as a result of changing pH

[
w
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[

Enzyme reactions per second
g

=]

1 2 3 4 5 6 7 8 9 10 11 12 13 14
pH of pond water

Adapted from: https://pubmed.ncbi.nlm.nih.gov/20118304/

(a) Discuss the effects of pH and co-factors on enzyme activity in Elodea plants.
In your answer you should refer to the graph above and:
. describe the function of enzymes and their structure
. explain how co-factors affect enzyme activity

«  discuss how and why pH affects enzyme activity in Elodea.
Enwmes are giooulav profeins vt dve wade from chaingot amino
adds that are $rlded o 62D Strudurt: Bowgnes have an
adtive ate widh s wiute Hay catalyce reactions 4o bowld up or \reak
down substarces- Ty ave 0f specfic Shapes So At only one Aype
of substrate 15 intiu athve die o fovm an enwme -ulostroit
aomyplx and  @n Hugdre e curtaly sed. Thov speufic shape
i due o hydvoqun bondS and disulfide lovidges holding e enym
i shage - Tee bonds ave \erwen pahadlar awine adds. Bruwes
cotalpge T veactions i Hae bghd e dopendentt and
indd pend et stages of pm-iﬂgv\’r\’\m‘s UF e elodea plant
cells.  Co-fachrs are wnwnents Or LSS hat
ave vequwired lefwe covtain readkions win otuir With  enaywes
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Tais 15 because cofachrs Lind to i ackive Site, partully dlwﬂ%inaﬂ\f
chive Site's Shape . TS allows the abstvate 4 Y und the ctachen
b \ae cmguwd- I+ pollutants iw\h@,i\mmev ;“}?&"gs“‘ﬁ nithviens

parhlar

m%o%qﬁ as co-factors, emaned. vafactm?gwiﬂﬁm NS
twy bind 0 will Wave a reduced verte or could Sop if all
of t autrient canmt act ag o cofactr. H any Stage of
ptwmljmlﬁ'sf N unake 4o cecly ot o fask vote cause of a
lack of 7co-ﬁadvvs‘, Hu vatt of the ettive process will e
Ngaﬁve(g affecied o5 dll veachwx st occur sucastfully
produc queos (and 0y). Twis means Hhat ey activityin
Elodear  wall reduce f e co-Afactors —eamor- are not
available cly reathng with volludamts. This redues the
ratt of photosymias, wiich reducesthe produthon of glucos-
This means [ fodec muy N0t qrow a5 quickly Vecause giuole
i5 used L ia veSpiration 1 preglna ey for life processes
{ilee %yw\fh tn plantr- pH is am ther  factor tal affects emyw
acfi vty EWAJWS Vave an ppimum ph vange whre dhg funetion
Vet . Ps shewn on ANis qraph, tho ophraum pH is $ becaus
T st eyt veauhions oCCur ger secol ot this pH.
Ourde of syt rocte of e enagie achivity vegins o
Slow. Wi emuynes expenen@ pH eyels oudside Yy navvew
opTIMum vange  (whidh is avound 75 4o §-S pH) Huy-lsegin-
A Wgdrogen bowdS ok difulfde londiys 1oiding A eneuym in
e spedific snape begin fo bveak The emymve Yegins Jo unhild
Gug, © caidd b be dencttuved . A W Shage of e adiye se s
changed, WY cannpt ft T susteates do farm an envut -
Sub btk compa: Dy o s, Fuy camnot cataliyse Auie

reactors So Hu vate of entyme aa{ I o it s fOfD

r answer to this questio

ip ngV\itd . gl\(}\/\'ﬂ,lﬂ Omdi 0""“/\1 O‘ﬂ'\ mum P ‘ on the following pages.
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ranog , T vouds evly slighily loredk. Tl envyn veturg
b e ophimum range, e bonlds can nofrm WA aning s
dacvease in entyul achvity s reverads.  Howedey ,tve-
extrame  hdnger in it break The bonds o muds
fov i 4o vebom, Waaning e WS owt permanntly
active - Tl peryiaganty ofHfectrte vatp of entyme
achvty 3£ o onditions are changing in apond, s
umlilcehd thage oW clhanges will ge extwdme, So enme
dctviy will be veduced  0v not ophmal, lut it il

wot haw owiplettly phopped - For tas —enegmes—uve
dhe pH has b leo (5 than & or grearer Than lo,
whith  art src\mF‘-ccm’r changes. However; euen wril
Slight chunges £t rade of enyme achivird in Elodua

& cely s slowed, this means de rode of A enume
cotvelled  pvoass of phoﬁmmhuu wilt alse ke shuwey.
Due 4y Hhis | W produetion ot o)L (o3¢ and D) asa Vlﬂ‘pwduq
will ke L%, muaning thime Wl loe s qiucog 4o be used
as #rac o veadtant By pespication. Thuehe, Ao Clodua
will qow% P%fffy 4,7'0/@1.&,97 for lite processes if

He pHTis nel at its opfimu (el of £plt

Thnetrre, with the changing pH ondihoas nhe

pond, and with te presence of pollutants, enzyme
achurty andthus the vate of phot syilaesis jn fhe Ehdea
plantc s yarely lept ot oph mum, meaning tat
reSpiraton will alsq rarely be ai al ofhmum ritt
dug B less  glucose winch vs a recttanit of
respirahon .
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QUESTION THREE: CELLULAR RESPIRATION

Mosquito larvae come to the surface of the water and absorb oxygen through a breathing tube. When
threatened, the larvae retreat to the bottom of the pond where they can absorb dissolved oxygen from the
water.

Mosquito larvae are transparent, and it is possible to observe their hearts beating under a microscope. The
number of heart beats per minute can be used as a way to measure the cell respiration rate of the heart
cells, and to study the factors that affect it.

Source: https://en.wikipedia.org/wiki/File:Culex_sp_larvae.png

(a) Describe the purpose of cellular respiration.

To prodwe ATP/enavgy from guce /feolso that # i+

can be vsed He cellular Anchiors Lke mdabilsm,
Movena ) qrowth, digesion and  exandhion -

(b) As oxygen levels in the water decrease, respiration rate, and therefore heart rate decreases. Even
when the water has NO oxygen left, the mosquito larvae’s hearts could continue to beat.

Heart beats per minute with changing dissolved
oxygen concentrations in pond water

Dissolved oxygen

concentration (% saturation) o 4 3 W L Hio

Nslior a1 beats Insle poc 20 | 40 50 60 120

minute (bpm) : : i

cell g&pi rahon

Discuss the observations above in relation to aerobi¢ and anaerobic respiration, and their effect on
the mosquito larvae’s heart rates.

In your answer, refer to the data table and include:
«  adescription of where aerobic and anaerobic respiration take place in the cell

. an explanation of BOTH respiration processes that includes the materials required for each
and their products

. elaborate on the possible effects on larval heart rate and type of respiration when exposed to
0% oxygen for more than a few hours.

Biology 91156, 2022 09799
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Respirarhionis- Cellular vesp' oton 55 Ky onyme ontrolledp
proless et pelte— b/‘(’q\fS dOVUY) q[u((}ge +o \?(&OU.LUJ AP.
Twe process of vespiration IS Separated b e stages.
Fustly, the gl%cel‘jm Stage ocurs in e oyoplew of Ahe il
Glucke © boken dewn to two purdvate wiecules . TS
releages 4we ATP,  Twit is the only Stage that ocawrs for
anaiobrc respirchon i e pxygen awarlability is very low.
I e omygen is availaky, pyruvate bewomes ladic acid
winth can act as an enwym inhibitor i 1P much Gulds up
in cells: TE 0 xjgen is avatlable, oerolic respication will occur
which (nveles all Tiwee §tages of repivation - Tor s, fhe
pyrwate moleules will loe transportect +1 The mitychtondpier wbrih
s an owgandlt adapted B parimse fe vate oF awobic
respiration - In tu witechondvia, the madrix is a flud with

many _eimymes- Tis s wiave +he keebs gy cle will oceur.
Pyruvate is converted inh  acetyl GA whtl is chw‘
i%u%%o rc%qb:;?nﬂ% e‘u‘a“l C%”}\‘gfanrke Nébf‘\glfggg as H odum‘
O»qapm 1S req,wr\tc&% fo oCwly . wxq Fimen
ave pa jsed dlmL,g o genel of pum‘emr on Hu tistae 04
f wrfy chw wilria, whae U ATP wre poduceol - Thys
stage 1y clled the €Ll ctontransmrt clun: Heve,

C%Chf@ﬁn( ¢ oxidas jorns Hf and @h‘h forrm Water wwdj ,0” el releaed uso by- pyw‘uc{
ﬂmﬁre N Ha  equahom v anaevobic N}plﬂ‘/ﬁl i 18"

%Hmlob‘ ""’2(23“60?5 + LAT0.
Wit os Hw  equahon fov auwe bic refypivahon (§ -
L’&HQO() + &Dc) — (7(0_/1, t 6[‘\7/0 + % ATP -

This shows et aevdbic respieation produas e move ATP from,
e omplete breat- dowp of quicose G Jﬁi’fﬁﬂﬁﬁﬁ%ﬁﬁéﬂ
compar o4 o aevelac reSpirdfio wiich

on the following pages.
Biology 91156, 2022 09799




1/11/23, 1:31 PM Print Script
12

Produw A gmal ampuunt of ATP by ony parhiay brealdi ng down
w g(ucepﬁ : 'wamh anaerobic veSpication does 0T veqiure
oggen Which 5 a litaher of e aerobic rf’fpfmman Ystem.

Wiin wusquite layvae ave ot i curfae of e watey |
Hay ue q breatinag tule t abQrl Wigh Wiels of osyqun
Jo_That iy can carvy Ot QfvobiIC respitafon. fs lavae grow
vapidly, Tty require large amounrts of enarqly o fealitak
thix a/emﬂ with ot lfe wocesser Such o g oveiment  and
metabelson - .
Wiun treatened | Huy retreat +0 the boHfom of T pond
wiwne Ty rely on disolved  orggen Hor  atvobic refrathion.,
T+ Huere (¢ 1007, dissolved OWC}M, /ﬂrva{ will mwg outf
idbr' e refpitation becadle Hre (s a h;‘qlfr congntrahin of
'XY Gein bor s process . Tt allows Hem+ have g hart
vafe of 120 bpm, Showing that the mesquh larvae-trare
’;’;&%4@# oxygn s have o ligh cdl vefpiretion rorfe.
As i &brcmfaﬁ—e of oxgen in The water décreagps,
[arvae heart rate decease” wWhich Shows a reduthion
in The ameunt of ATP being prooluad . This is lpecaus
Hure (s it magh oxygaun Ar marmum rofes of
agkobic refpidtion , o the lariae alss use Anacrolic
rtgpivation to produw Jorhe AP becaust it does ot requive oaygen -
Wiy +here s ho 01y efest available (n tlw water (o7 |
Saturchvh) e lardae gart vafe corthnucs o loeat
W s eadh winade.  This is significantly sr Than The
o bpm  when ture was high 2y gen Qua/'!cfb/‘//%;
T reason  larvae can  tovhnug ém#racﬁﬂg muscles in T s
Warts it pocause « spall amount of anLrgy JAIP 13 producd -
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Lom angerobic veSpiration. This /s emuqh v Kedp S
Qe as i1 provides o Dpar! mudle efls with seeme
simall  amewurts of ATP ) but? only evoug Hr a Shw
hiart vate Of 20 Lﬂfm which would it allow by
0w proceiser hlee  CAwIfive movematt:
T problem  with 4is ¢ fhat  anaewbic fp1rdhom
pr oduas lachc acd as o Ly-product . Thir can be
toxic v cells £ i+ lLwids up becaugt /t can aet as
an_enwyme  inbibito. Bfter soveral hpurs of
only cd’rgng el analllbic respi-atin, tThe (actl
QG would Almulatl in . lls  potentaty
e gy cell death - 34 would also impadt  digeshor
and etaehon dov eamps e coule Wit procedses vequie
enshgy , whictr s only gd 1y e layvere atie
whan theyy ave under Tareat -
Thureore, 11 5 mt ideal + n{y ¢n anabiybiC

resPiratr'en Pr mure han a short amaunt-of time

ae a —defemstmeckeniSm—+ Sakty neted  due fo
fhe puilel up of lachc—aa cld anel that M@
U dmrteol anunt of ATPx produced.-
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Q Grade score Annotation
This is an example of a thorough discussion linking the products
and reactants of the light-dependent and light independent
phases of photosynthesis, linked to chloroplast structures and
functions.
Pg3
High surface area of thylakoids linked to light dependent
reaction, linked to increased rate of reaction on the thylakoid

1 E8 membranes, linked to water being split into hydrogen and
oxygen and purpose of chlorophyll.

Pga

Role of stroma as a clear, enzyme-rich fluid explained linked to
light passing through to the chlorophyll, linked to the products
of the light dependent reaction used to allow carbon dioxide to
be fixed into glucose.

This is an example of a full discussion of pH effects on enzyme
activity and the role of co-factors.

Pg7

Discussion of the role of co-factors binding to the active site,
allowing the substrate to fit and the reaction to be effectively
catalysed.

2 E8 Optimum range of activity and peak of pH 8 correctly identified.
Denaturing explaining in terms of changes to the active site and
no longer being able to fit the substrate.

Pg 8

Explains high and low points at which denaturing happens and
enzyme activity happens, linked to the context and example
give.

This is an example of a full discussion of respiration processes
and effects, with multiple links to the resource material
provided.

3 E8 Pg 11

Aerobic respiration and anaerobic respiration explained fully.

Pg 12




Aerobic respiration discussed in terms of ATP produced, lack of
toxic by-products and linked to numbers from data table
provided.

Pg 13

Effects of prolonged exposure to 0% oxygen linked to sustained
use of anaerobic respiration linked to build up of lactic acid and
limited supply of ATP.






