A o H;I%‘gIER
Photosynthesis

CHLOROFLASTS

S TRUC TURE -

@Ct!rcular DNA (D Ouler membrane

@ Jnner
éb' @ e < \ nmambn:ne,
N 7/bosorn .
’® Inker
Tergraral membrane
lame [lae Jfre,
@ Slroma”
ﬂvlatmd B Shen
@ ' i ?ﬂ?}'ﬁ
eraﬂu-m j _
ﬁ,; {?mna) @ Jr‘af}:edfmfrde
wx HQhE depenent Aeacﬁﬁﬂc
* Ight inde
( Ccrfvm (:y(‘k-_)

With

Mohammad Hussham Arshad, MD

Page 1



Code: A2B- Photosynthesis
Mohammad Hussham Arshad ,MD

HEUSER

ADVANCED LEVEL
BIOLOGY 9700
UNIT 13: Photosynthesis

Learning Objectives:

¢ Introduction To Photosynthesis
e Palisade mesophyll and Chloroplasts
e Photosystems and pigments 1

Video Lecture 1 Shides
Mohammad Hussham Arshad, MD
Biology Department

Page2



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

P/)o iésznb&&.sfs

Fhoib.ynfhe.#o Waam'fm ] oA fant

mefé.t}m/ﬁcﬁc arian — i /

ho a;yn/fnehc frasue — o Dilsade

mesop y/
PhoTos nthelic  cele —> Palcade
7 me.sofﬁ / Nl cells

=

E

Aofar/nfﬁeﬁc oﬁam’le: — C/'l/am/b/ﬂ/‘

Page3



]

HEUSER

=%

q deotyledonous

oF

Es

QS
=
—
3
O

Epidermis

Palisade

mesophyll

Epidermis

.ﬂwowmm



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

* TS (plom aﬁtymm)efa dicot kaf-

— cubicle,
> yper.,
o /-2 /ayefs a?c‘ c‘/osey packed celj ,o?dﬂm(s
’ :/ 3 pali de
mall alv .;,mas mesoph
Py
. 17 ayuiar armyy\gd oelle
—  ptfgor
o /a;je atv g/acnzc e SfMﬂ
: mesop hy/
?
E — Jower
v cplaermis
Stormata

Page 5



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

ammqa

HEUSER

falizade _mego bhyll cefl
" Main, )9‘10/05_5(/)%2 cells ?

@ H fﬁf' Cﬁfamffﬂ.(' f

. / dem."'/y

4y, 0

enﬁ'a/ r@ % ) @ Choroplasts
Vacuole vacuole are mobike

"@7/ indvica { cell
=0
\
O thin Necteus

cell wall

Page6



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

S ’WC_’WQ / earures 1ga
mesphyl &, tneir /—‘u ctoral adaplan¥s

0, :_]i'ﬂ_cf// ol —> minimi3es d%:ugfan
df&farre/w excrange f @, (0,, 40, ek

&) Loe cenht] yacdle — pushes Chioroplesis
A fowards fpe edges o q cell Th3 rorasg
o e EPeny cyﬁ a_g:;(' oésaY/Mbﬂ
5p) High chlewpasc dorslhy — fo maximbe
i /it absorption
[;.) Chioyoplasts are mebitie —

sChioroplasts can move TOWARDS Aﬁm—
fo qecord maximum IRIHE
* Cheevoplos€ can rmove AWAY from hlgk

light itensities fo awld damage o plgments
@ S viindveal ol — /proda es small a%y
SPaces petween cells which serve s o
AeSeYVO'r ?c @,

Page 7



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

Stomatal cavity

Stomata

=]

HEUSER

Cuticle

« Epidermis

Palisade
mesophyll

Vein

Lower
Epidermis

] Epidermis
Palisade

mesophyll

Spongy
mesophyill

}- Epidermis

Page8



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Stuclurg/ faﬁsa
mesphgl ¢ /mr' /v braa/ adaplavE ...

c —> fo (féso::b more (e (Ght

—— —— T
mwv Incse /@m‘ 70/eyae,bb?m
< = /b Ae(fdf‘e e ey ?c Q'SW

: absom"@ eQeills

Page9



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

CHLOROFPLASTS

S 7RUC TURE -

@) Cyeular DNA () Ouler membrane

0 ﬂvlatmd

4

®
C;'ranum () stalked /Jarhz;le

Gl

X /jﬁf e ent acarns
(Calvin t;yds)

Page 1 O



Code: A2B- Photosynthesis

G

ola] - o

=]

HEUSER

Thako® and cranum
v i

Page 1 1



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Choroplast — Shuctural defaile

i Qbo/b/asz% are. beonyex dic-(Pee
¥ 3-/0/nm h ddmejer

ty

|

07‘"’(”3 «SV"UW”/CJ é/ a double membvane
on? foum/ mfhofas\‘ynlf)c#c cellc .

Within The mner membrane. liec The slroma.

Slvoma. containc ; a) 70s +ibosomec
b) circular HNA
c) Starch grains
d) Grona

210

Page 1 2



Code: A2B- Photosynthesis
Mohammad Hussham Arshad ,MD

HEUSER

-

E( A 73'0"“"") is q<lack Jf /v/qkofdc.
Ejﬁjlaka;y_; /pww?:/c A /ar/e .rwfare oréa

ifor efg/me reactions -

Shalked /Oarﬁ&/t’r contarn The enpyme ATP
E{/ﬂfﬁw& f"f‘ Wnlimz’s of AIP-

Page 1 3



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

pf/OfOS YNTHES!S — .Summog

600 +6Mh0 —s (4,0, + <O,

ADP

L/MDH\L
3 = (i
AN Dt

NADPH .0

Lalvih
k_—) I- Light d¢'

A Chons

Page 1 4‘



Code: A2B- Photosynthesis

7|

ola] - o

/2"9/\45/\/73

g

Puorosystsms

=]

HEUSER

Page 1 5



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

P,"ﬁmgnﬁ i_{fﬁ/ j:g 8/1075 S iﬂf/)é’ﬂk

Page 1 6



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

g/': Where are Thece /J;;mmf molecules
lacaled wi'thin c’/:/oro/)/ac/s' >

Ans: 7}7 are localed on /ﬁifal’afb/ membranes

wt//'nm Slruclures Emown ac PHOTOSYCTERYs .

/fa kod/ membranec /orow'a’c a lo 7: Jwﬁre
area o accomodale fhese /Mafﬁsl/:ﬁ'mr

@E”W}

(/Vf What /s a /Déofbg/sfrm;
Ars: # pho lésyrfrm /S a cam/o/@x

ombinafion af /01"0/(:;?: anc/ /o;;vmm/

molecd/es -

Page 1 7



Code: A2B- Photosynthesi:

&)

ool - o

]

HEUSER

Sruclire j o /Dbﬂﬁrzs/em

> ﬁ'frht M/wsbi'y

] cluskey
\ . . — 404 [}é "
f"/
. » Cenfe

Page 1 8



Mohammad Hussham Arshad, MD H E U S E R
SYruclave j o /D/wgis ferm

) A P/lafarydc’m CO)?SI.S'E J f A /?ﬂ('//bﬂ
cenlre whith contasne /bnlmry /D‘ymm/'

T 0’((!1/@; .
& "

e J’ummn%}% We reaction cenlve ave /?/u"
<> Aaﬂ/(.cfzky cluslere W/h'tb contain accar.rori

Fz:imenk :
iﬁf Aaw«"ﬁ
acce!w? & ¢ locler
. pigmen
olecules
chl-b and Yimay }> ment
(amhﬂﬂ'ldf MO/EC!I/

(chi-a)

Page 1 9



]

HEUSER

Photogynthesis

Sile B = #by/akora’ Space
T 1A

:
B PsIc RST Nx,eAdB(P/o«.
4

P—— .
e ot

O}

With

Mohammad Hussham Arshad, MD

Page 1



Code: A2B- Photosynthesis

=]

HEUSER

ADVANCED LEVEL
BIOLOGY 9700
UNIT 13: Photosynthesis

L_earning ODbjectives:

e Photosystems and Pigments 2
e Coenzyme NADP+
e Role of Thylakoid and Light

Video Lecture 2 Slides
Mohammad Hussham Arshad, MD
Biology Department

Pagez



=]

HEUSER

SYraclure j o f)hvﬁzs/em

£ A P/mf&l‘ydfm consisk a f A reacfion
cenlre whith containe /bﬂ:'”ﬂ? /D?mm/'

. mﬂlt.'(u/pc .

A cﬂxﬂaun%}? We reaction cenlve ave /?/n"
O ha f""""’?y cluslere which contain acccr.rary

<

, | pt:imenk :

) ﬁhi hawm‘r
= - ¢ lvgTer
- accf!.faz g an /Eﬂ m
/ men (Omﬂfx
olecules
Z‘M’" and Yimay /D ment
catofenoids molecu

ﬁhi—a)

Page3



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Photosystem

Light Light-harvesting Reaction-center

complexes complex

Primary electron
acceptor

Pigment

Pair of
Transfer molecules

chlorophyll a molecules

of energy

Page4‘



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

¥ Jhe quresso /o?mmt- absorb wovelenglty
O [@ht pof aberribd 9: fhe /pn‘ma;
ferenfs.

f; The a(cetra;g /m;,mcﬂﬁ absorb /:;th{FhoMs)
O ne and Fransfer it 1o primary piament
i/ e Vs

. nolecules within fhe reaction cenlre -

)
= /ﬁ't(r.rafy P ﬁmcﬂﬁ alko /Dra/?rf/Zé

Frfma#ﬁ ,o?mmzs‘ ﬁam exceccrve. /?/)t'

( f'ﬁl)/& /ara tection )

Page 5



]

HEUSER

the Wakofd membrares  pro vide
a lorge surface Greg /o accomocare

% stalked  partfdfes and

E * the Pﬁgﬁoﬂd/ems
55
<
< S7romgq
> \
o 7 |
@ @fgg
p/)a foyjk’mj

6 Stalked /Uff?%?/e

Page6



]

HEUSER

oo [ots Paye a 00k af the

o’lﬁ@em‘ ybss v /Dbofcﬁlslem;

0~ ~ 0 oNE

Page 7



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

g There are Two g’ es af /Dfrafb.r']:/em:
Phob:{;{:fcm 1 ( PS I)

’)J/)c frrmafi /)’fjmmlc in BL oabsorb at an

g Olah}num wave/(vﬂ a/ 700 nm -

i @ PSI /s /ﬁerfﬁfz ako fermed asc P700.

D'@ L oloes NoT condatn The waler .V/Mf.;y
@ cenlre .

Page8



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

) Pho/&sy.rﬂ'-;n aZ (Pff)

& 0 e /Dﬂ)wmy /Jﬁmmﬁ in PCIT absorb

74
5 al an alﬂh'ma/ a/ave/cni# 0 f 6§80 nm -

Sy PSIL s Merrﬁre, olso  fermed ac Feeo.

<

@ PSEL  containg Tﬁc waler ..?loff#'ni cenjre

( an ewmﬂ Camﬁ’ex ns/xﬂffél/ﬁ /0” Jﬂ"ﬁ?;y

waler )

PST s 700nm
PJI — 680 nm

5"’6‘-—.?_

Page9



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Q- gﬁfeﬂnbaaf;m :Srjﬂv:en ,D/mlﬁsffemr

20~ ~0 o5

Page 1 O



Z4
&

0~ ~0

=]

HEUSER

itble it ¢ colour of the rmen

LVLE - Q) victble /ﬁ/)f has o mrye af
Nave/en/ﬁc fram Hoo— 700 nm -
For sim /r?::f o we can dividle visible /ﬁé/

in »@ r’cyr'm: :

Page 1 1



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

# chlomfhy/g ﬁenemlﬁr absorh in The blue

.nd Eﬁ‘;{_ /yjan_c 0 f fhe ,('/)edmm-

” # /omr 3)'«;9 n Colowr
S =2 us a/J ( ;

<
<X carolenoids absorb in The b/uc and green

’(pmns af The .f'/;edmm

O => /hw cyfcar é)’own, orawje arrzq/

in colour.

Page 1 2



0~ ~0 oS8

]

HEUSER

Lote of fhy Jato membranec
- / <7 —
ond

s

%@/g Riz /obo/ovsgn/ﬂesé

Page 1 3



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Role ff /Az/olwb/ membrane ¢

£ ﬁ//ol’m‘a/ membranes /row‘a'c a /a7e.

Surfate atea o acomodble ;

. O Pholes /:/tm:

2 & Stalked /)0"'//5/"

% &) Efeclion 770 76, /oor‘f chain (£ TC
O

<

>

0 | 7h M'ol Vi
Q J ace

X [H*

/akmf
parfrcle

s/zZ;m

v(Hd

Page 1 4‘



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Site B = ibyhto(a/ ﬁ/mce

TH1
B Ps] x.educ:‘oce—
2
i IT
O I v B Y
< y
) = ?
o ETC ETC
Q Stalked
PartCe

Site A = Sthorma
L1

Page 1 5



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

| HEUSER
Kok o f /f'iﬁf m fﬁaféwzn/ﬁa/r
[ LW o
i Y
I’ﬂﬂqﬁgﬁfﬂbﬂ PHoToLyele
OF PIGMENT oF
WATEE

MOLECULES

A Aecesso ls ¥ occure in e Presence
. 7f) 7"( )] f The waléy plithn
2 absorb /.27/# me7 4 P g

g and /ﬂmtf(r it cenfre. within Psﬁ p
. : Using energy 11 Ihe formy
[ primey pgment )
s Molecules .
, K occurs [n Jwo sleps
m) "pﬂhﬂfy /ﬁymmf
@ molecules umﬁyo
excifalioy and (ose
eleclzons (oxidatle ry)

& 7hic s }é'r/)m;/ ar
PhoToactivatiar, o
p?mmf molecules

Page 1 6



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Pholackokon

3‘% Cﬁ/eroggz// a mlecules

A&esso_?( F“’gmﬂﬁ qbsorb e(/j/)f ener

(phoronsy of different wav ;57’”‘ 7

light erergy fransterred fo primo
/%&mm&j):b the’ yaachdn c;?/ze 4

ﬂ;fm;y P@meS obsorb crelgy
whfch couses extfobpn cy elecirons

0~ ~0oNE

Electyons (oSt From
primary f{"j;rmenls

Page 1 7



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

P//OTD(,?/S{.% OF W06

e 88 of peblyeis of sl

S7€P I

ol waler /¢ brofen aéwn To /bfm Pya/o'm
.and h‘yafmm'ale 1075 5

< NaoPT I ba/ft:gﬂ abun

>
oY 0ff are fﬂf/xcr broken down 1o yelease

D electrons 5 0O: /) and some waler;
M —> /20, +#H,0+ Qe

QVEfﬂu:
HO — 20, + 28" +2

Page 1 8



=]

HEUSER

shad, MD

-—Mg

fofo

CCQ'? me Used 15

By20o-v~04d@

@ H ade(d



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

NADP? € nfettom®de. adentae
Qinudedts’de /béogbaﬁ: )

oy

s 2

* NADP™ R a aemsgme

t Je OQept's Pr0tors and elalons

e presence of NADP teluctase /o 7]
NADPH ( xedac/;d NADP) ﬁ

NADPt N+ = NADPH + #1*
A NADPH % used fo «edfuce @, n fe

Calvén 9/0’@ fo /orm sugars.

P01~ ~ &)° S

PageZ O



Sunmry of Phofesynphest
HOo O
&, . .
. /3;} W) r
& f/ (4]
& ~ Keachdns
»ADP
O NADDY
®
‘\
Zgﬁf 1720k benant
Keachons
7

=]

HEUSER

ATP
INADPH

Pagez 1



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

(@,
fAY
453U

=]

HEUSER

Pagez 2



=]

HEUSER




Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

T

.

. l (a) Describe how these cells are arranged in the leaf.

X.uppey half of fhe (@af benealth. the upper.

¥ chaely st gt ongls o of s

(b) With reference to Fig. 1.1, explain how the structure of this cell is related to its function
in photosynthesis.

e (= (MR- e S

= A:zrya.zmzéqs.,a  CHE
*/ayccmﬁ'af 2187,0), < S

Pagez 4



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Fig. 1.1 shows the arrangement of photosystems, protein complexes containing chlorophyll
molecules, on the thylakoid membrane of a plant chloroplast.
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(d) A palisade mesophyll cell is adapted to carry out photosynthesis. The table below lists
some of the adaptations of a palisade mesophyli cell.

Complete the table to show how these adaptations help the cell to carry out
photosynthesis.
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(d) Fig. 8.3 shows the relationship between the light-dependent and light-independent
reactions in a chloroplast.
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Quesé"%n i

st Cyclic and non-cyclic photophosphorylation take place in the light-dependent stage of

@:;

f (i) Describe the role of accessory pigments in photophosphorylation

o _absrb h@W( enengy.
Facs hah’r e.ner% To Immm
Om(ﬂ[ﬁ

Write a balanced equation that summarises photolysis

Ho —>M* +d¢ + o0

ili) State precisely the location of photosynthetic pigments within a chloroplast.

H\U lakoid wmembrane
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Oﬂes{fon A

Q35 (N13/43/q7)

The light-dependent stage of photosynthesis takes place on the thylakoids of the chloroplast.

Fig. 7.1 shows some of the components involved in the light-dependent stage

reduced
2NADP
IS

LIGHT-INDEPENDENT
STAGE

stroma

electron
transport
chain

thylakoid
Pi membrane

2e
thylakoid
space

Fig. 7.1

(a) With reference to Fig. 7.1, identify structures A and B
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In a photosystem, several hundred accessory pigment molecules surroundcj primary pigment

la koi

Light energy is absorbed by the accessory pigments and passed on to the primary
pigment. Electrons are excited to a higher energy level. They are emitted from the

primary pigment and are captured by electron acceptors and eventually pass along the

.1tproducing ATP.
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UNIT 13: Photosynthesis

Learning Objectives:

e Calvin Cycle (light independent
reaction)

Video Lecture 4 Slides
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Biology Department
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Q1 : Outline the structure of photosystems?

Ans : Photosystem is the complex combination of
proteins and pigment molecules . Photosynthetic
pigment are subdivided into primary and accessory
pigments. Primary pigment ( chlorophyll a) are present
within the reaction centre and the accessory pigments
are located in the light harvesting clusters of a
photosystem. The accessory pigment absorbs light
energy and pass it onto the primary pigment molecules
which thereafter undergo photo activation.

There are two types of photosystems . Photosystem |
( PSI) and Photosystem I (PS Il). The primary

. pigments in PSI absorb light at an optimal wavelength

of 700nm. The primary pigment within PSIl absorb light
at an optimal wavelength of 680 nm. PSlI also contain
an enzyme known as the water splitting centre.

Page5



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Q2: Outline how the non cyclic
photophosphorylation leads to production of ATP
and NADPH ?

Ans : Non cyclic photo phosphorylation involves non cyclic
flow of electrons through a chain of electron carriers to
. produce ATP and NADPH . Both PSI and PSIl are involved in
the process. The accessory pigments in light harvesting
¢ clusters absorb light energy and transfer it to primary
/> pigments in the reaction centre. Chlorophyll-a molecules are
the primary pigment molecules. The electrons in these
O pigment molecules are excited to a higher energy level and
< emitted. These electrons are picked up by electron
acceptors and passed to a chain of electron carriers. ATP is
' produced via chemiosmosis. Photolysis of water occurs in
(J PSllin the presence of water splitting centre to produce
1 oxygen, protons and electrons. These electrons replace the
Q electrons lost by PSII. The electrons lost by PSI are replaced
by electrons of PSIl. Reduced NADP is produced by
accepting protons and electrons in the presence of NADP
reductase. The products of non cyclic photophosphorylation
are ATP, NADPH and O2.

>
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Q3: Outline the process of photolysis of water ?

Ans : Photolysis of water refers to the breakdown of
water molecules using energy in the form of light . The
process occurs within PSIl in the presence of the enzyme
the water splitting centre . Photolysis of water is a two
step process . The first step involves the breakdown of
water molecules to form protons and hydroxide ions;

4H,0 —> 4H" 40H

In the second step hydroxide ions are further broken
down to form molecular oxygen, water and electrons;

4O0H —> 0, +2H0 + 2¢
The overall yield of photolysis of water is therefore;
I =
H,0 —> 50, + 2H" + 2

The electrons replace the electron lost by Photosystem |I.
The proton are used to reduce NADP, molecular oxygen
can either escape via stomata or can be used for aerobic
respiration.
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Q4: Outline the process of cyclic photo
phosphorylation?

Ans : Cyclic photophosphorylation leads to
production of ATP as the electrons pass through a
chain of electron carriers. It only involve PSI which
serve as the first electron donor and the last electron
acceptor.

Accessory pigments (chl-b & carotenoids) absorb
light energy and pass it to primary pigments in the
reaction centre. Photo activation of primary pigment
(chlorophyll a) in Photosystem | leads to emission of
high energy electrons which are picked up by a
primary electron acceptor ( Ferredoxin) . The
electrons lose energy as they travel through the
electron transport chain. This energy is used to
transport protons from the stroma into the thylakoid
space creating the proton motive force. The protons
re enter the stroma via stalked particles which rotate
combining ADP and inorganic phosphate to form ATP
in the presence of the enzyme ATP synthase.
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QS5: Differentiate between cyclic and non cyclic

photophosphorylation ?
Non-cyclic photo Cyclic photo
. phosphorylation phosphorylation
Z ' .
1) Non cyclic flow of 1) Cyclic flow of electrons.
& electrons. . 2) First electron donor is PSI
& 2) First electron donor is 3) Last electron acceptor is
) water. _ PSI. (thus cyclic)
3) Last electron acceptoris | = 4) Uses only PSI.
> | PSL. 5) Does not involve
=) 4) Uses both PSI and. PSII. ohotolysis of water.
' 5) Involves photolysis of 6) Products : ATP only
® Wwater.
6) Products : O, ATP and
NADPH
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Queston’ :

Q49 (J18/41/q7)

7 (& Fig. 7.1 oullines the process ol non-cyclic photophosphorylation in the chloroplast of a leaf
mesophyll cell.

“Teleciron
carriers

. ~., 26"
electron ey,

. carriers . NA.DLF’

light 2p - < _wireductase

energy process NADP— / \

B photosystem )

1 ! /

ATP 4
hotosyste

photosystem j ; / reduced

I1 1 - i >
>0 light NADF

r

2

., / energy

2e \\J,—“R

process h
A

H,0 F’_fC/?ﬁﬂ'}Q

¥

light
energy

Fig. 7.1

(b Slale pret,ibelv where nurl-u,rLI:'L, pholophosphorylalion occurs in the chloroplasl.

(iix With reference to Fig. 7.1, ndmr processes A and B.

A P/D"b’ Yff.s ________________ /'_/Z

//owo/mefmybfqiﬂ

State what happens 1o the oxygerf produced by Dl’ﬂ( ess A

(1]

Name the pl’ll’ladl",-' pigment in photosystem 1 and photosystemn 11

______________ ¢ /dra,bhy Z/ A
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Q56 (N19/43/q6)

a=menMINING may result in the release of heavy metal ions, causing pollution of lakes and rivers
= ligh concentrations of these heavy metal ions, such as cadmium (Cd?*) and copper (Cu?*),
lecrease the rate of photosynthesis in plants.

%

a) Cadmium ions disrupt the function of photosystem Il in chloroplasts

(i) Name the part of the chloroplast where photosystem Il is located.

&
5y - ihylakoid membvane

(i Describe the role of photosystem Il in the absorption of light.
L7

<
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(b) Describe the roles of the following substances in the light-independent stage of
photosynthesis

(i) RuBP

COL mah’aw

(if) reduced NADP

evedudion o

(i) ATP

,Su\ F‘!C( ene
J° 10 Cmveﬂ“ 6;
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(=]
Q/cshon v

(a) Fig. 8.1 shows some of the reactions that take place inside a palisade mesophyll cell.

rubisco

glycerol — lipid
hexose
sugars

& amino
cellulose

acids
sucrose \

protein
() Identify %anc?k B and C.

starch --—

() Name recnsel the process that produces reduced NADP.

oo oyeke... pholophespholaton. ...
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) Complete the following paragraph by naming the most suitable compounds to fill in the gaps.
Rubisco is involved in the fixation of ................ 60} ......................... by RuBP (ribulose

bisphosphate) in the Calvin cycle. The resulting six carbon compound immediately

splits to give two molecules of glyce%hosphate (GP). GP is converted to triose

phosphate (TP) using .............
(ed({cfd/\m ...... produced in the light-dependent stage. Some of the
TP produced is used to regenerate ribulose bisphosphate so that the Calvin cycle

can continue. The remaining TP may be used to synthesise other compounds

Page 1 2
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W) Describe the role of rubisco in the Calvin cycle.

* aifdlyses. e reachtn berween Li8Pand @,
m_an_unsfaste 6C inrrmedkak.
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i @ yrarxr/')

Many compounds and slructures involved in photosynthesis are located in a chloroplast.

Using the labels A, B or C, complete Table 7.1 to show the location of four of these compounds
or structures.

You may use each of the letters A, B and C once, more than once, or not at all.

Table 7.1
compound or structure location
ATP synthase

rubisco

b

starch grain

‘ phospholipid bilayer

Page 1 5
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rg ot shos e seaweed Laminaria hyperborea. This is a photosynthetic protoctist tound
in the coaslal waters around Norway.

The seaweed is grown commercially to obtain the glucose polysaccharide called alginate.
This is used in certain food produclts

L. hyperborea
plants growing ~_
underwater

in limited

light

An Increase In carbon dioxide concentration in the atmosphere has resulled in higher
concentrations of carbon dioxide in the ocean. This has caused a decrease in the pH of the
ocean and has resulted in ocean acidification.

Scientists are studying seaweeds such as L. hyperborea because they absorb a large quantity
of carbon dioxide during photosynthesis. This may help o increase the pH of the ocean and
reverse ocean acidification.

(h State wn(*r(' nqm absorption occurs in the chloroplasts of L. hyperborea.

(i Name one product of the light dependent stage of photosynthesis.

Yedueed NADP o

jii) Outline the reactions occurring in the stroma that lead to the production of a
polysaccharide, such as alginate.

The first sentence has been completed for you.

Carbon dioxide binds to RuBP.

'fr'r_’f' |
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QUPSh‘bn @ :

Fig. 7.1 outlines some of the events in the process of photosynthesis in a chloroplast.

site 1
light dependent ———» A

stage 2

Nappn® ATP

site 2
light independent ——— triose phosphate
stage

Fig. 7.1

(2]

Page 1 7



Code: A2B- Photosynthesis ‘ | I \

Mohammad Hussham Arshad, MD
HEUSER

(c) Most of the triose phosphate produced in the light independent stage is used to regenerate
RuBP so that the Calvin cycle can continue. Some of the triose phosphate is used to make

other organic compounds with a range of functions.

tate three different functions of these other organic compounds in a plant cell and give one
xample of an organic compound for each function.

Page 1 8
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’ veskon 10:

9 In the majority of photosynthetic organisms, fixation of carbon dioxide occurs in the Calvin
cycle.

Fig. 9.1 is an outline of this cycle.

co,

2 x glycerate phosphate (GP)

ribulose bisphosphate
(RuBP)

2 x triose phosphate (TP or GALP)

Fig. 9.1

(a) State,

)

the name of another compound that is produced in the light-dependent stage of
photosynthesis that is used in the Calvin cycle.

Page 1 9
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(b) Fig. 9.2 shows the changes in the relative concentrations of RuBP and GP produced in
the Calvin cycle before and after a light source is switched off. All other conditions are
constant.

light switched off

b light ———— dark

|

I

|

I

_ I
concentrations I
and RuBP '
|

|

l

Fig. 9.2

Explain the changes in the relative concentrations of RuBP and GP after the light source
is switched off.
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Q11: Outline Calvin cycle ?

Ans: Calvin cycle is a cyclic enzyme controlled process
which involves reduction of carbon dioxide in the presence
of ATP and NADPH to form sugars. The process occurs in
the stroma of the chloroplast .

A molecule of RuBP accepts CO, in the presence of the

enzyme Rubisco to form an unstable 6 carbon intermediate
which splits to form 2 molecules of phosphoglycerate (GP).
The combination of RuBP with CO, is known as carbon

fixation . Each phosphoglycerate molecule undergoes
reduction using ATP and NADPH to form triose-
phosphate . Most triose phosphate molecules use energy in
the form of ATP to regenerate RuBP . Other triose
phosphate molecules are used in making hexose sugars,
fatty acids, glycerol and amino acids. For every triose
phosphate molecule produced in the Calvin cycle,
6NADPH and 2ATPs are required.

Pagez 1
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Q12: Briefly outline the role of a) ATP, b) NADPH, c)
CO, , d) RubisCO, e) RuBP during Calvin cycle ?

Ans:

A) ATP serves as a donor of energy and phosphate groups. It provides
energy to convert GP to TP and to regenerate RuBP from TP.

B)NADPH is responsible for reducing GP to TP, regenerating
oxidised NADP in the process.

C) CO, serves as a substrate for the enzyme RubisCO . It combines

with RuBP in the presence of the enzyme RubisCO to form an
unstable 6 carbon compound. CO, eventually undergoes reduction to

form sugars.

' D) Rubisco catalyses the reaction between RuBP and CO2 to form an

. unstable intermediate. This is known as carbon fixation. The

intermediate splits to form two molecules of GP.

E) RuBP accepts CO2 in Calvin cycle to form an unstable
intermediate. This is known as carbon fixation. The reaction is

catalysed by Rubisco. The intermediate splits to form two molecules
of GP.

PageZ 2



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Jadrs Sffecting the soke
%f Mynfbesis

&
Z
&
o
<
>

2] 0L

Pagez 3



]

HEUSER

ii@s "'?2“/'”7 u@: rale iﬁoﬂagfﬂhﬁk

. &km/ Jnlevnal
fdﬂ&n M‘f‘

°/0 Wafwe 0, «.G'r/bre area a/"

i @ GG, concentration(co,] leaves
D @ /(&/5(" I?erns?zy @J/ﬂwf/ﬂf olepst /9

0, Wavelengh of g ht O Stomatal clensily

Pagez 4‘



Niharat Husshar Arad, MD HEUSER
Photospnthesis

© LGHT INTENSITY

Rale df
. /hofésyn Thesis 1 : i
V4 r_/—\r—"”_“
&
O
¢
>
D ]
® 4 > l’l'gm %
h'ﬂh‘f ml‘cmlfv
safuration
Por’nf'

With

Mohammad Hussham Arshad, MD

Page 1



Code: A2B- Photosynthesis
Mohammad Hussham Arshad ,MD

HEUSER

ADVANCED LEVEL
BIOLOGY 9700
UNIT 13: Photosynthesis

Learning Objectives:

e Factors affecting photosynthesis
e Photorespiration
e Absorption & action spectrum

Video Lecture 6 Slides
Mohammad Hussham Arshad, MD
Biology Department
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Descaiption .
/

 of ﬁnc rease n 7h€ fcny)- increages The m75
.)f /ofm fwynfﬁ(ris until if reachee Vopax at
&

Z-’)_c a/afr}num /Emfemfwc (7).

> 5 Jhe male o f /b/m If:.fyn/ﬁerf; decreases

UJ

Glbelom, he 0/0/me fcm/bc.rn/ure. (&L ).
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= yan ﬁ sarura atrtfo
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(c) Fig. 8.3 shows the absorption spectra of the photosynthetic pigments of a flowering plant

absorbance

wavelength of light/nm

(1) Name the accessory pigment(s) shown in Fig. 8.3.

chkb ond mrofenozd;

(1) Outline lhe role me acuess p.gmems in photosynthasns
+ absovb i ¢ner 2{ wovelenalhe
0 V\O’f veaéﬂ l\‘ awoi d bv ano:r
menls. .
s {& 55 cmvz& ﬂma'r
F ? in_ved&lion cenﬁ'c

(1) Very little light of wavelength 550 nm is absorbed by the photosynthetic pigments.

State what happens to most of this light

A graph can also be drawn to show the relationship between the wavelength of light and
the rate of photosynthesis.

State the name of this type of graph
T aen s spedyum

HEUSER
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Q39 (N15/41/q7)

(a) One way to estimate the rate of photosynthesis is to measure the rate of uptake of carbon
dioxide

Fig. 7.1 shows the relationship between light intensity and relative carbon dioxide uptake and
production in a dicotyledonous plant.

carbon dioxide
uptake

0

0
{E} carbon dioxlde\ /

light intensity

7
’

’

produced JOX
Fig. 7.1

(i) State one physical factor that may limit the rate of photosynthesis at Y.
.......................... € comaenitaiitn. / /emkm:u
(ii) State two features of a dicotyledonous leaf that can affect the rate of photosynthesis.
#_suiface
e X CHPAOPRASC

(iii) Explain the shape of the curve as light intensity increases from 0 to X.

. Tespivation  Aale avealer fhon phol

-overal) et produchion. of W . ..
oint 5 So Pho
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Q40 (N15/43/q7)

7 (a) Fig. 7.1 shows the absorption spectra of chlorophyll a and chlorophyll b and a corresponding
action spectrum.

100

90

80

AR ehiorophyll b AR Y RO »
rate of 8 T e PR T T percentage
photosynthesis H-HHHHH U HEAHH N light
IBEN EENE NS V| ! ! absorption
-+ 50

= 40

+ 30

20

10

0
wavelength of light/nm

Fig. 7.1

(i) Explain why peak X of the action spectrum is higher than peak Y.

o more. i

(ii) Explain why most plants appear green.

e Coriain ch\ovophyll
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Outline the role played by accessory pigments in the light-dependent stage of
photosynthesis.

eabsorly h‘g}hf n wavdewgihs ______ not alxserbed

Timary.. igmenls
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The concentration of carbon dioxide in the atmosphere and the light intensity often limit the rate of
photosynthesis

(a) Expl.jln what is meant by a hm.rnnq hdor in relation to photosynthesis.

o in_ Shortest s‘uﬂ?j

ma ﬂ
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Queston 5

Q42 (J16/42/q2)

(a) Fig. 2.1 shows the effect of temperature on the rate of photosynthesis of a plant at low light
intensity and at high light intensity.

4

rate of high light intensity
photosynthesis

low light intensity

e e

10 15

temperature/°C

Fig. 2.1

With reference to Fig. 2.1, describe and explain the effect of temperature on the rate of
photosynthesis.

o increaced 1Emp neveaces The rale at hl’ak
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(b) Fig. 2.2 shows an absorption spectrum for chloroplast pigments and a photosynthetic action
spectrum for the same plant.

|

_absorption spectrum

absorbance
or
rate of

hotosynthesi
P y il action spectrum

500 600
wavelength of light/nm

Fig. 2.2

[
%
&
©
<

(i) Distinguish between an absorption spectrum and an action spectrum.

>

7 s g o JEUS O

(2]
(ii) Explain why the two curves shown in Fig. 2.2 have |m|Iar shapes

o \t?&hr eney ab«o'r e M ........................................

Vlﬁ'\eﬂs o\‘f‘
............ W .a\.t(e.lenq.ihswab orbed wosk .




Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

Q estion €

(b) The active sites of rubisco accept ribulose bisphosphate (RuBP) and either carbon dioxide

&
©
<

or oxygen and can catalyse the two reactions shown below.

either

RuBP + CO, — unstable intermediate compound — 2GP (PGA)

or

RuBP + 20, —> unstable intermediate compound — GP (PGA) +2CO,

Explain the consequences to the plant of the reaction involving oxygen.
0.2 AiReA e
decreased
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Biochemical differences

C3 plant

1) The primary acceptor of
CO, is RuBP.

2) The first stable product in
C3 process is a 3 carbon
> compound
- phosphoglycerate.
O 3) C3 photosynthesis occurs
¢ onlyinthe mesophyll cells
of the leaves.
4) In C3 pathway the light
] dependent reactions and
. the carbon fixation occur in
the same cell.

C4 plant
1) The primary acceptor of
CO, is phosphoenol pyruvate

2) The first stable product in
C4 process is a4 carbon
compound oxaloacetate.

3) C4 photosynthesis occurs
in the mesophyll cells and
bundle sheath cells of the
leaves.

4) In C4 pathway the initial
carbon fixation is spatially
separated from the light
dependent reactions.

Page 1 5



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

/DO’.S ¢ /w gues “ONs

0~ ~0oNB

Page 1 6



Code: A2B- Photosynthesis
Mohammad Hussham Arshad, MD

HEUSER

guesﬁﬁo ]:

Grass crops such as maize, sorghum and sugarcane are C4 plants. They are common grass
crops of tropical regions.

Oats and wheat, commonly grown in temperate regions, are C3 plants. Most plants are C3 plants.
They are termed ‘C3’ because the first product of photosynthesis is a three carbon compound.

(a) Outlin _how the biochemistry of C4 plants differs from that of C3 plants
o Jivst product of pholotynthecic is 4 carbon
e oRdloaeldle .

,o,,f(y;é o accep[u—-)PEP e [2]

The C4 pathway for fixing carbon dioxide was worked out in 1966 by Hatch and Slack. During
their investigation they measured the rates of fixation of carbon dioxide at high light intensities
in leaves removed from both temperate and tropical grasses

They also measured the rates of activity of two carboxylase enzymes in the leaves,
ribulose bisphosphate carboxylase (rubisco) and PEP carboxylase

All rates were measured at 30 °C
Some of their results are shown in Table 2.1

Table 2.1

rate of fixation of rate of activity rate of activity of
grass crop carbon dioxide / of rubisco/ PEP carboxylase
arbitrary units arbitrary units / arbitrary units

maize 35 0.62 17.50

sorghum 3.1 0.35 15.80

sugarcane 29 0.30 18.50

oats )l 16 ' 450 ' 0.33

wheat | |7~ 17 4.70 ‘ 0.29
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(i) With reference to Table 2.1, compare the rates of fixation of carbon dioxide in C3 and C4
grasses.

i) With reference to Table 2.1, suggest reasons for the differences in activity of the two
carboxylase enzymes in C3 and C4 grasses.

* PEP carborylace  has higher rafe of
o\c;{’\.\/”— '

Cu_"planks can live in_high Emps
e qubisco hac higher vale - activilc
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Fig. 7.1 shows part of a section through the leaf of a C4 plant such as maize. The letters A, B and
C show three types of cell found in the leaf.

stoma

Fig. 7.1

(@) Complete Table 7.1 by using the letters A, B or C from Fig. 7.1 to show the location of several
compounds associated with photosynthesis in C4 plants.

You may use A, B and C once, more than once, or not at all.

Table 7.1

compound location

PEP carboxylase

RuBP

rubisco

(3]

(b) Explain why the cells in C form a tight ring arnunrho celisinB

SEI oxYqen om&? ng To cells B
so vubisco W doeen't caled
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Ribulose 1,5-bisphosphate carboxylase/oxygenase (rubisco) is an important enzyme involved in
the light independent stage (Calvin cycle) of photosynthesis. It fixes carbon by combining carbon
dioxide with RuBP.

In certain situations, the active site of rubisco becomes occupied by a sugar phosphate, making
the enzyme inactive. Rubisco can become active again in the presence of another enzyme,

rubisco actlivase.

(a) Name all the bonds that are likely to hold a molecule of rubisco in shape.

(b) Suggest how rubisco activase can activate rubisco.
Y. The. supl phogphak
¢
/$m7 e _atve site. 7

> (c) C4 plants such as maize have adaptations that allow them to have high rates of carbon
fixation at high temperatures. Without these adaptations, some plants (C3 plants) are affected
at high temperatures by a process known as photorespiration.

5| e SOE, honds
1%

o

{

)
O]

In photorespiration, rubisco combines oxygen with RuBP. This leads to a decrease in the rate
of photosynthesis.

(i) Describe and explain how the anatomy of the leaves of C4 plants such as maize allows
them to have high rates of carbon fixation at high temperatures.

# RuBP and rubico. are . 1The bundle

" e e e
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(ii) In C3 plants, the rate of photorespiration increases at high light intensities as well as at
high temperatures

Suggest why the rate of photorespiration increases at high light intensities in C3 plants.

¥ high LI — hi
né vake. of
.The valo. o [O,,J LG  favouy

(iii) Explain why the rate of photosynthesis decreases as a result of photorespiration in
C3 plants.

¥ tess. RuBP awllable..fo.om Lhe.
A fess GP.
A Aedluch¥n..ih. 1he.rok. OfF Qatvin. Cycle

[Total: 10]
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Most plants are C3 plants and are so-called because their first photosynthetic product is a three
carbon compound

The enzyme ribulose bisphosphate carboxylase/oxygenase (rubisco) catalyses the fixation of
carbon dioxide in the Calvin cycle and is used by both C3 and C4 plants.

Each molecule is made up of eight large polypeptides and eight small polypeptides. Fig. 2.1 shows
a side view of the molecule.

small polypeptide

large polypeptide

Fig. 2.1

(a) (i) Outline how the biochemistry of C4 plants differs from that of C3 plants

cxth. oym

&
Z
(o
©
¢

(i) State why rubisco is said to have quaternary structure.

. I fas nore. 1ran. one

(iii) Explain what makes a molecule such as rubisco soluble.

l"h dvobhobic. . ﬂ- )
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(b) The active sites of rubisco accept ribulose bisphosphate (RuBP) and either carbon dioxide
or oxygen and can catalyse the two reactions shown below

either

RuBP + CO, — unstable intermediate compound — 2GP (PGA)

or

m RuBP + 20, —> unstable intermediate compound — GP (PGA) + 2CO,
<

Explain the consequences to the plant of the reaction involving oxygen

s PP aifalble. for Carkon. fERldn
. less QP ard 5. TP produced ...
A heh. Aeuces . fhe. valk. .0 008 fbes;

.[2]
(c) Inthe absence of light, rubisco changes shape from an active form to an inactive form

Explain why rubisco does not need to be in an active form in the absence of light

X 00_kabt .. 2770 Ught dekrdent . wachrg
.00 @/wiogo’e e

..[3]

[Total: 10]
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(b) Explain how the leaves of maize or sorghum are able to maximise carbon dioxide fixation at

high temperatures. [9]

»2uBP in bundle sheath cells
o nwad ‘fvom OX\MCV)

o [0 FYeven{' F\nO"ﬁre.cPim%'oV\
. Lo, combines with PEP

t
4
&
O
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>
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o To ‘:wm o xalvacelale
o oxaloacefate conwverfed o malaTe

& malo\"'é ,w\;.ces fS louvdle, Skeaﬂ\ cells

* malale relences Co,
o RWPP combines with Co,
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The light dependent stage of photosynthesis in a suspension of isolated chloroplasts can be
investigated using the Hill reaction.

Dichlorophenolindophenol (DCPIP) can be used to follow the process. DCPIP is a blue dye which
turns colourless when it is reduced by accepting hydrogen and electrons.

oxidised DCPIP — reduced DCPIP
blue . colourless

(a) (i) DCPIP is an artificial hydrogen acceptor that can be used in the Hill reaction.

Name the natural hydrogen acceptor found in chloroplasts that is replaced by DCPIP in
the Hill reaction.

Outline the way in which hydrogen is made available to reduce the hydrogen acceptor in
the light dependent stage of photosynthesis.

— A YD1

(b) A suspension of isolated chloroplasts for measuring the rate of the Hill reaction can be
prepared by carrying out the following steps:

prepare buffer solution with the same water potential as the stroma of chloroplasts
liquidise (homogenise) spinach leaves in ice cold buffer solution

filter the liquid aNa Bbtain the filtrate

centrifuge the filtrate to obtain a pellet of chloroplasts

asa fhe chloroplast pellet to fresh buffer solution in a beaker and mix to obtain a
suspension. ——

Explain the reason for:

(i) keeping the temperature very low
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(c) An experiment was carried out to measure the time taken for decolourisation of DCPIP mixed
with a suspension of chloroplasts.

The results are shown in Table 2.1

Table 2.1

replicate time taken for DCPIP to
decolourise/s

38
43

__________ -

Complete Table 2.1 by calculating:
(i) for the three replicates, the mean time taken for the DCPIP to decolourise

(i) the mean rate using the formula

rate = 10100 where t=time in seconds.
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(iii)r\ The time taken to decolourise DCPIP was measured at a range of light intensities.

State and explain the expected relationship between light intensity and time taken to
decolourise DCPIP.

expected relationship A /?é' 2’9/@/)-;1 Lo SR 8 G tvbern. 2 Y B
Ihe. fire. @t

aleche@ee....

explanation ... m‘j(f éfyb/- 7/7/?”§17i9

o m%c’,bﬁne;gy (0 ffw/aym%

7‘ ux/e <7¢ /b/)ofaﬁ/ﬂ?

.-[4]

[Total: 15

fra/tf 5 Fo """"'/Idﬂ
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Calvin did experiments on a series of reactions which is now called the light independent
stage of photosynthesis. The diagram shows one such experiment. The apparatus was set up
as shown and brightly illuminated. The clock was started on the introduction of radioactive
hydrogen carbonate ions.

Mineral

Solution Glass
JIASS

‘lollipop’
= \C\\Cl
Ay

Syringe Algae in mineral
containing solution
NaH"CO,

=% Samples taken at

5 second intervals

Sample

Extract e —— Hot methanol
SAUACY: — concentrated by

evaporation
| Extract Compounds
spotted on separated

to origin " and spots ..

Solvent 1| dried Paper Solvent 2| o ®
I

rotated
+ - 1 90° +

X ray sensitive
plate placed on

chromatogram

Two way

chromatogram

Autoradiogram. Left in dark for
Compounds two weeks
containing “*C show -
up as dark spots

®cC
@ - ® se
[ [ J oA
+ + £

After 5 seconds After 10 seconds After 30 seconds
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What is the main difference between these three autoradiograms?

sy 1Ae
aumradf‘dymm 7 W g

(b) To identify the substances represented by the dark spots, Calvin made autoradiograms
of known substances. He then compared their positions with those of the dark spots
The results of some of these are shown below.

Glycine Glucose Triose
phosphate

+ - -

Glyceraldehyde-3- | | Malic acid Ribulose
phosphate (GP) bisphosphate
(RuBP)

+ + £

Use these autoradiograms and the ones shown in part (a) to identify compounds
represented by spots A-C. (1]

Spot Name of compound

A 0 V4
|l gefd
q Zycﬂ’)f

Use the autoradiograms to determine which were the first and second substances
formed (2]

First 6/9
seond 117 (brise /0/}05/7)44/:7

Glycine is an amino acid. Which chemical element would have been needed in the
mineral solution in order for the algae to have made this compound? (1]

nPMfm
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Calvin worked out that the ribulose bisphosphate is regenerated so that the reactions are
in the form of a cycle, which is summarised below

Carbon dioxide (CO,)

Ribulose bisphosphate (RuBP)

ADf
ATP

Glyceraldehyde-3-phosphate (GP)

INADPH

NADPY

Iriose phosphate (TP)

Glucose

Compound X is a hydrogen carrier and compound Y is the universal energy currency in

cells

(i) Complete the diagram to show how compounds X and Y change during the cycle

(2]

(1)  Which series of reactions provides the compounds X and Y in chloroplasts?  [1]

dight deperdent 4eadsons

(i11)  State precisely where ll? production of X occurs in chloroplasts

ﬁy/a pia._membranes

How many molecules of triose phosphate would be needed to synthesise three molecules
of glucose? (1]

(Total 10 marks)
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To investigate the sequence of events in the Calvin cycle, the following experiment was carried
out

The alga Chlorella was exposed to *CO.,,

After time intervals of 5 seconds and 30 seconds a sample of algae was added to hot ethanol
to stop enzyme reactions in the cells.

The radioactive compounds were separated by paper chromatography

Autoradiographs of the results are shown below.

The darker, more intense the spots, the more of that compound is present.

Chromatography
paper showing
radioactively
labelled compounds
extracted from

: - Chlorella after 5
Iriose (1)};1.1.1[\. 3 .\L'L‘(‘Ilds

phosphate phosphate . .
photosynthesis with
LY 2 N
radioactive CO,

Sugar phosphates .

Sugar diphosphates
s !

(a) Using your knowledge of the Calvin cycle explain the quantitative results of the
autoradiograph after 5 seconds. [2]

* dark oot o M phasphake ind@alih
a bt has ?;m sy’i;mgm * f/'ysé /o»oduo"?j;.
Y .

Citric acid
Alanine Glutamic acid Chromatography

b Glycine - Aspartic acid P‘lP‘L'r \h‘”“ Ing

radioactively

Serine labelled compounds

» extracted from

Sucrose Triose phosphate Glveerate 3 Chlorella after 30

phosphate seconds
photosynthesis with

Sugar radioactive CO,
. phosphates .

Sugar
diphosphates

From Basham TA (1965) “Photosynthesis: The path of carbon.” In Plant Biochemistry, 2nd ed.,

J Bonner & E Varner, eds. Academic Press NY pp. 875-902
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(b)  What further information can be determined from the autoradiograph after 30 seconds? [3]
£ More sugar /a‘x§b‘>a/zx PmJZKd
X maore edse /Jn;m‘q Muad
* Sdcrose /é'rr.sm(
¥ presence ¢ amino ack

(¢) What further compounds would you expect to see after 300 seconds?
* Saroh o+ 0’/0&1’(
¥ Aoreans ¥ aelfulose

The Calvin cycle depends on products of the light dependent stage of photosynthesis.

Name these two products. [1]

YADAE
A7P

The light dependent stage involves both cyclic and non-cyclic photophosphorylation.

Explain what is meant by

(1)  Cyclic photophosphorylation (2]

Qghors —» Elecivon el
o ST
# ATP procuced a:@ proron. morw /brce

(1)  Non-cyclic photophosphorylation (4]

T bt aborbed 9 Jon A
¥ Clectvors fave EJC

,G»a‘a(gwp JZ; wajer aeplaces Cle0fOns

X
ot ”j
¥ ST 4@% lages efechors (st by PST
X M-D a’?d Nﬂﬂp”. PYOC/ X (Total 14 marks)
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QUC.S('v%f) 1.

1

Large trees produce sun leaves on the outside of the canopy and shade leaves inside the

canopy. Fig. 1.1 shows the rate of carbon dioxide uptake or production of a sun leaf and a
shade leaf when exposed to increasing light intensity.

sun leaf

arbon dioxide
ptake/
rbitrary

> nits

shade leaf

0O

light intensity/
carbon dioxide arbitrary units
production/
arbitrary
units
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(a) With reference to Fig. 1.1, describe three ways in which the sun and shade leaf differ in

%

their response to increasing light intensity.

sun \eaves Teach com

. .Jole_of _phofusy
1o {dld W SUN leaves

Explain why the carbon dioxide uptake levels off in the shade leaf as the light intensity
increases.

£ [iaht no longer limitin

t <o
such as

r~ The results shown in Fig. 1.1 were taken at a temperature of 20 °C.

Describe briefly how increasing the temperature to 25 °C would affect the results in the

sun leaf.
iV‘\"@ﬂQ\-Lj 9 NO
inlensil

[Total : 9]
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