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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box ¢ and then mark your new answer with a cross <.

Very little of the light energy falling on a field of plants is absorbed by the plants and
transferred to higher trophic levels.

(a) Suggest two reasons why very little of the light energy is absorbed by plants.
(2)

Leaves can't absorb all forms of
_wave /cn gth.
Leaves 're,ﬂle.c}* ? reen /fgh*

(b) In an American study, the light energy falling on one square metre of a field in
one year was recorded as 1700000 kilocalories.

(i) Only one fifteenth of this light energy was converted into plant biomass.

Calculate the number of kilocalories of light energy converted into
plant biomass.

Give your answer in

(1)
|700000 X |
IS5
ANSWET ..o . KilOCRIOTIES
13 X10

OO0 S0 O mm
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(ii)

(iii)

Only 6 kilocalories became animal biomass.
Calculate the number of kilojoules (kJ) of energy that became biomass.
1 kilocalorie = 4.2 kJ.

Give your answer to two significant figures.
(1)

| Kflocqlorfb = H-2 KJ

(£ Kilocalorie = 6 X 42
& 252

Answer 25 kJ

In another field 154 000 kilocalories of energy was converted into
plant biomass.

Only 25 kilocalories of this energy was passed onto the highest trophic level in
a food chain.

Calculate the percentage of energy that was passed onto the highest
trophic level.
(1)

25 X 100
15~ DoO

= 0-0l6 '/,

Answer 0.0,6 %

(Total for Question 1 = 5 marks)
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2 Broccoliis a vegetable plant that is grown as a crop in many parts of the world.
Broccoli is susceptible to a disease called clubroot.
Genetic engineering can be used to produce clubroot-resistant varieties of broccoli.

Genetic engineering involves inserting resistance genes into the cells of the
broccoli plants.

The resistance genes were obtained from linseed plants.

Scientists can use DNA profiling to identify the broccoli plants that have been
successfully genetically engineered.

(a) Samples of DNA were extracted from the plants and subjected to a polymerase
chain reaction (PCR) before analysis.

(i) Explain why PCR was used on the DNA samples.
(2)

_PCR is wvseod fo. am}Dth DNA

-sam,ble,

This Is 10 encure theve ic subffrcient

....................... sample o analyse for ...})ro,ﬁ[z'.n 2.

(i) Taq (DNA) polymerase is used in PCR.

Describe the role of Tag (DNA) polymerase.
(2)

Ta.?, DNA Polymevate hnes up the

mmuclwhate.c ba,sed, on comp/emen}'ar?
_base pairi ng. o
Ta.?/ DNA Poly. meyase orms
................ pb .os..bhagtwsnr bord  bekwveen +he

" nucleo Hdes .

J/
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(b) After PCR, gel electrophoresis was used to separate the DNA fragments.

(i) Which type of enzyme is used to produce DNA fragments?
(1)

integrase
restriction enzyme

reverse transcriptase

O O X O
O N w >

RUBISCO

(ii) The results of the gel electrophoresis were used to identify the plants that
contained the resistance genes.

Deduce the types of plants that would have supplied the DNA samples for
this analysis.

Give reasons for your answer.

Use the information in the question to support your answer.

_Llinseed . plank. fo. zdmhﬂy the
_resistance gene bands. .

(3)

The._mon- rhodiFied Broccol plan/::__.,,___.........

f‘omlenh
The  modi #
. folen H #:f _retiglance. . genes..

(Total for Question 2 = 8 marks)

Brocecoli DPNA. bands.... .
el Broccol plank fo.

" o
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3 A person'simmune response to viral infections involves T killer cells.

TY VY VY. TTITCALTTANSTITV . WIST l\

Cells infected with viruses present viral antigens to the T killer cells.

(a) Peptide fragments bind to MHC molecules to form an antigen-MHC complex.
This takes place in the rough endoplasmic reticulum (rER).

The complex is then transported to the surface of the infected cell.
Describe how the antigen-MHC complex is transported from the rER onto the
outside of the surface membrane of the infected cell. o)
Anhg,e.n - MHC com plex are. Fransported
to. gol [ appavahes ina vesicle. ..
_From appara Fus 1k is packed in
..._.....-tm.n.s z vesicle to cell mem brane.
__......Vwi.a.Ze..........ﬁz&.x.z.,s ............. with cell mem brane .. .

lobed:spla?;donsurﬂaca

(b) An electron microscope with a resolution of 3.7 A can be used to study
antigen-MHC complexes.

Tum=1x10°A

(i) Calculate the resolution of this electron microscope in nanometres.

si_R A’ - ‘b.';
10 10

(1)

| nrn

Answer 0'51 . nm

(ii) State what is meant by a resolution of 3.7 A
(1)

Twoobdc,ohmbacha.re379°apar1*
canwe,we.da.s.sc,ba.m,l-eQbie.c’h
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(c) Explain why antigens need to be presented to T killer cells in a person’s immune
response to viral infections.
(2)

. To ackHvalte T Kiliey cells by cmhfen
________________________ p resentation..
Tkiller cells  Further alzsi'rog the
Virud - inPecked cells. bg rejea.s'zn?
cn,zymc,s

(d) Explain how the action of T killer cells results in a person recovering from a
viral infection.
(3)

_Tkiher cells dest ro? the infeclted
i mew VIiTus _ove. p?' acluneal. b#
. infecked cells.
_Pha go cytes en?u}..ﬁ ....... a na/ destro f% ..........................
Virws. }a.rholz-s

(Total for Question 3 = 9 marks)
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4 The time of death of a mammal can be determined by a number of
different methods.

(a) Insects can be used to determine the time of death of a mammal.

(i) Which is the term used to describe the use of insects in determining the time
and place of death of a mammal?

(1)

O O

L] A chromatography
L] B dendrochronology
X C forensic entomology
] D heterozygosity
(i) Which of the following factors provides information about the time of death
of a mammal?
1. species of insect
2. size of larvae, e.g. maggots
3. stages in development of insects
L] A 1lonly "
] B 1and3only
] € 2and3only
X D 1,2and3
(b) The body temperature of a human corpse can be used to determine the time
of death.
(i) Which is the most accurate method of measuring the body temperature of a
human corpse to determine time of death?
(1)
[] A placing a temperature-sensitive strip on the forehead
X B pushing a temperature probe into the liver
[J] € putting a thermometer under the tongue
L] D putting a temperature probe under the armpit
\.
8
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(ii) Time of death can be estimated by determining the fall in body temperature.

Which row of the table shows how more clothing and higher ambient

VY VY VY.TTTCALT TRV TV .. U IT‘

temperature would affect the estimated time of death?

Effect on estimated time since death of:
more clothing higher ambient temperature
® A increase increase
] B increase decrease
O ¢ decrease increase
L1 D decrease decrease

(1)

CINE.

AR S AR A
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(c) The extent of muscle contraction (rigor mortis) can be used to estimate the time
of death.

(i) The graph shows the changes in three characteristics of muscle with time
after the death of a mammal:

«+ ATP
- lactic acid

. pH

Changesinthe | ™ 7\
E : | Y o { | {1
characteristics of T
()
muscle

Time after death / hours

Explain the changes in each of the three characteristics shown in this graph.

Use your own knowledge to support your answer.
(3)

Laokop.

en cause anaerebhic

.,__.____xespixa,hfanff.___.....a,nd.___....in.c..rea..c.e...___.___:.'n.,__.._}_a.olz'_a___.aczbl__...
__lachc acid  cauce pH ‘o olecrease.
ATP odeeveases oue o lesc 0, for

_aeyobic n:»b:-mhonﬁ

J

0 0 O O
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(i) The graph shows the changes in the extent of muscle contraction with time
after death.

3

Extent of =] .
muscle contraction |/

T 1 T T T T —>

0 6 12 18 24 30 36 42

Time after death / hours

Explain why using the extent of muscle contraction by itself may give an
incorrect time of death.

Use the information in the graph to support your answer.
(3)

(Total for Question 4 = 10 marks)

“The exkert of muscle contrackon
increases and deereares  with Hme

 Two values oF Hme with same
exkent of contrachon.

o other facloys Such. as ATP aF the. ...
Hme of Oeath.

v
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5 Succession can result in the formation of different types of habitat.

(a) State the meaning of the term succession.

(1)
A _series of changes in Species
i o _habilaF ovextime. ... ... ... ...
(b) Which of the following describes a habitat?
(1)

L] A agroup of interacting organisms

™ B aplace that meets the environmental conditions an organism needs
to survive

] € the number of one species found in a particular place

] D the niche of an organism

J
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*(c) Succession takes place as a glacier retreats. As the ice melts, bare rock is exposed.

The graph shows the changes in the numbers of three different types of plant,
alder, spruce and hemlock, with time after a glacier has retreated.

Number of plants
per km?

20
Ol E=Ssnnsse nsannaety oen Hemlock
16 -FEE e

PSR SS4REaE A REP 150 B URRRRSEANE ERE

T e Y
2 4T e
B ]

0 20 40 60 80 100 120 140 160 180 200

Time after glacier retreated / years
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Explain the changes in the numbers of the three types of plant with time after the
glacier has retreated.

Use the information in the question and your own knowledge to support
your answer.
(6)

- seeols o grow.

and intreade in number.

oF Spruce due fto compet

Spruce - Giyows to increate in mum

gg,mhb:r:umwl%"anwmnmmr"

(Total for Question 5 = 8 marks)

\

_Alder - Fivsk speces b grow .so ik is
._ ..__...._.?.i..o.,n..e._a.,.r.__.spcc.i...(.s....,.g.n.d.... deatr of planks
__Crea ns,orja nic. matey fo cvealte .

__Suwitable onal:hon.rforo#)w,blan)'
Alder repréouces faster +han shruce
Starls b decrease in the presence

_lack of nubvien& in ses/.

bud~ oecreases oue fo odiseate.
TIhere mumber mever falls b zevo.
Hemlock - SFar)s o0 years later as sorl

conditions fo grow "are switable. and
increases Hll ' %0 yeare and SFaye in

Maximum__numbhbt r?ol’ml‘rwmwl

J
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6 Respiratory syncytial virus (RSV) usually causes mild, cold-like symptoms from which

most people recover.

Infection with RSV can be serious in young children and older people.

Currently, there are no approved vaccines against RSV, although there are some in

clinical trials.

(a) The graph shows the number of people who had to go to hospital in one country

in one year.

The graph also shows the number of deaths in children under five years old and

in older people in the same country in that year.

Number of people

% 109

() Which is the proportion of the children under five in hospital who are under

6 months old?

5
A_
E 11
o B &
11

5

O ¢ 2
6

o p &
5
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3.5
3.0t 1 S S W
[l “childrenunder T
2.54H b
~ R 6 monthsold
20—
151 E[*
B RCESHIST LdRiRRERRCRRcER:
1.0+ T i‘l—l N
n o Y N
os{ | =
0.0 . _____ 1]
Children Older Children Older
under five people under five people
years old years old
Number of people in hospital Number of deaths

(1)

U Rl

m ['B

-3

3D

¥
B
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(ii) Which would be a more appropriate scale to use on the y-axis so that the
range of values for the number of deaths can be seen clearly?
(1)
O linear
logarithmic

standard deviation

O 0O X
O N @ >

standard form

(b) In one trial, people received a new vaccine against RSV.
The results showed that this vaccine protected against two subtypes of RSV.

Give two reasons why one vaccine can protect against two subtypes of RSV.
(2)

_VNaccine containeo more than

+g.pu. of . q,nhge.n.c L
Some. anhgens Qe common

__.be,ho.cm__.._f.u.zo,,__..,,____,su..b,}.-#pc.c,,_.._,oﬁ._._RSV,..:__,

v

17
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(c) In another trial, pregnant women were given a vaccine against RSV.

This vaccine did not cross from the mother into the developing fetus.

(i) As aresult of passive immunity, the babies of these pregnant women were
born with high levels of antibodies against RSV.

Explain how passive immunity developed in these babies before they
were born.

“The vaccine has alenualed pa

and itk _has anh cn
Anhgen are ?m:eo/ b

~macro phages. wh:c,h represe nl—
Antigen 5 Bcells.

B s differentialte fo /Drootu ce .

__.,.__Rl_a_.s...m_a,....__...c,,,e/lJ.s which secredte .
antbodies com plem enl'awg fo

.an hg,cn "

Ant¥ boolies cross
Jo. 1he #’e,l-wx

Bn#ibodies pres enk in _the blood of

babluﬂorshoﬁ‘durahon

f_f_ffé;ﬁfﬁﬁﬁfﬁiﬁéﬁé&)&ﬁiffﬁffﬁﬁfﬁfﬁfﬁffﬁfﬁ

: §
q‘§
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(ii) The scientists running this trial claimed that the vaccine was 85 % successful at
protecting babies against RSV infections that required medical attention.

Describe how the data could have been collected to support this claim.
(3)

o were. chosery... ...

... Vaccinaton for RSY was given ... .
__APter the babiu wevre born’, +he

. babies were monikoyed for RLv
_IntecHions ..

The bahkies who _requl red nedical
........ attenton _or not.

(Total for Question 6 = 12 marks)
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7 Leafscald is a disease of sugarcane caused by bacteria.

These bacteria are found in the xylem and release chemicals, one of which is
called albicidin.

Some of these chemicals stimulate the xylem vessels to produce a sticky gum.
Albicidin inhibits chloroplast development.

The photograph shows the appearance of part of a sugarcane leaf infected with
these bacteria.

~white streaks on leaf

(Source: © Nigel Cattlin / Alamy Stock Photo)
(a) Explain how infection with these bacteria results in the death of the leaf cells and
eventually the whole plant.
(4)
_Albicidin is releated causes. Xy lem
vessels fo prooluce shok? vm.
NI"'YQ}'QIO’).( and waker will. ok
trans ported to +the leaver
Pho tolysis  will mot  occur.
__Albicidin _inhibiks  chlo roplas !‘
_..oevelop menk .
_.mo._light - Ole/:)&nd &n/* - znolcb&nd e,n/-
_reathions and. qluwse is nok. .. .
p.x,aat.u..c,.e..__d.‘,.,..___uz.bi._ h. causes cells fo. .

d.:&a&u&bno&n&r'ﬁag

O O RN O mm
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(b) Albicidin is an inhibitor of the enzyme DNA gyrase.
This enzyme is present in prokaryotic cells.

It binds to DNA and causes the DNA to supercoil, a process needed for cells to
function properly.

(i) Describe two differences in the structure of DNA found in prokaryotic cells
and the structure of DNA found in human cells. ”
prohargo He DNA is civewar
_and _has o free phospnaree..
E wkarg oFic. DNA is linear
...................... and has frce ph osphate g r ou..ba,

5'end.

(ii) Albicidin is being developed as an antibiotic to human pathogens.
Suggest why albicidin can be used as an antibiotic.

Use the information in the question to support your answer.
(3)

AJb:udmmb:b;h-fhc,pNﬁgyv’ e

_enzyme and bacterial cells  will
~mol funchon properly and die. .
Albvc,mt:n dounr't af c,/' human

w,_,,,,__ced_l.s,,,__a,.;,__,,._'r‘hud:,,,___,,_donﬁ,,_ha.y&_,PNﬂ-?j‘m“"

J
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(iii) Explain the importance of developing new antibiotics, such as albicidin.
(2)

_Bacteria develdp resickance bo
___antbiotic. conhinuouctly. R
..New anhHbiohct ave. u.cc.d /o h'e.a,l'...,,_....___..._.....
__infeeHons which ave retistanFk

kb other ankhbiokes.

(Total for Question 7 = 11 marks)
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plates of calcium carbonate
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Phytoplankton are single-celled eukaryotic organisms that can photosynthesise.
They live in the oceans.

A coccolithophore is a phytoplankton enclosed by plates of calcium carbonate.

The photograph shows one species of coccolithophore, E. huxleyi.

coccolithophore

(Source: @ The Natural History Museum / Alamy Stock Photo)

(a) In one drop of seawater there are between 1000 and 10000 E. huxl/eyi.

The diagram shows the dimensions of one E. huxleyi.

diameter of cell = 50 um

_:thickness of plate =12 pm

Calculate the total volume of this E. huxleyi.

| o S50um = 5um
Give your answer in mm?®, (d'l'a mbnf) L,radiué)

Use the formula:
4 . O 0 o?, 5mm

(3)

-5
Answer 6.5&X,O mm?

24

AR 0 A =
p 7 8 3 8 7 A @8 2 4 3 6

VIUY SIHL NI TLIHM LON OQ - VIHY SIHL NI 3LIYM LON OQ

Y3IHY SIHLNI J1LIHM ION OG-




\ALNADAZ mofh‘l’nwn'c com -

DO NOT WRITE IN THIS AREA DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

|
' 4 YYYY VY.TTTCALT TR T = WINST TN,

(b) Scientists think that E. hux/eyi may have an impact on global warming and
climate change.

E. huxleyi are continually producing the plates of calcium carbonate using the
carbon dioxide they have taken in from the water.

(i) One E. huxleyi can contain 12 plates.
It takes 75 minutes to produce one plate.
Calculate the number of hours it takes one E, huxleyi to produce 12 plates.

Assume only one plate at a time is made.

(1)
| Plale = #5 min 900
12 Plare = 5 X12 60
= Q00 min
Answer ... ,5 wsiasse TROTS

(i) Some of the plates produced by E. huxleyi are shed into the ocean water.

Scientists have discovered that plates shed into the water can attach to
other E. huxleyi.

Describe how scientists could show that plates shed into the water can attach
to other E. huxleyi cells.

. One lar ge .91 oup of €. hux.)c#; ce«l Ls ....................

__ave veleaded . ..

..Use a _co m/.u na ho n. oﬁ ai :"‘Fbrc,n I'
obga}osfa;nfhecdlsarﬂplafer

. Obscrve,fhe,dxpﬂc.re.nfp)m‘u
~altached mol malehing fo cels
v

J
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*(iii) The plates can carry viruses that infect the E. huxleyi.

Infected E. huxleyi produce a glue that sticks many cells and plates together to
form a‘marine snow’.

The marine snow is very dense and sinks to the bottom of the oceans.

Explain the possible impact that infected E. huxleyi could have on global
warming and the effects of climate change.

Use the information in the question and your own knowledge to support
your answer.
(6)

........... £ -hurleyi bhotosynihetize fo remove o,
and also use "CO o prooluce. plares .
..Mayxine snow can atec,v-e.a,.lc the light
______________i'eaching the a,qu,a He P/a nks. The z/anhr
__________________ olont be;rform lsho,‘oc&mfhuu so_ less
.y is vemoved. Prom waker.
..._...Marmc snow.. will__be. . dcwmpoxcd
_other decompa:e.n -}he?v will.
role.a,.tc. Lo, . _and _increase. -LO,.. .bz.
. Otcompositon.
. Lu.s COy.. will leﬂu.sc. frcm Cl)rl'o
Wwalby

J,nore,wuo! el oﬁ mFmre.d Ty T

_trapped bﬂ' co, resulhng in JNOTE......
............. reen howse effed- and more je

- Grerage temperature and. m&lhn? of
_olar “jee.

(Total for Question 8 = 13 marks)
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9 Light is essential for photosynthesis.

(a) Explain the role of light in the light-dependent reactions in photosynthesis.
(3)

ahi‘ is responsi ble. v excitation.

elechron

.&l.c,_c.t.'ro Ns Iin._ e l ec }' rYon carylers.

_cause Af P to be bormed.

Light _is. re..c/oon.svblc for /phololg.du

of walter.
f)'ro{-om proaluce.d n.

a,re,use.d:‘oform ouced. NADP..
Prom NADP.
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(b) The photograph shows thale cress, a small flowering plant found in Europe, Asia
and Africa.

(Source: © blickwinkel / Alamy Stock Photo)

The effect of wavelength of light on thale cress was investigated.
Three groups of plants were treated with a different wavelength of light.

One group of plants was treated with blue light, one group with amber light and
one group with red light.

The following were measured:
+ rate of photosynthesis

leaf biomass

« pigment content of the leaves
« changes in transcription of genes in the leaves.
Another group of these plants had a control light shone on them.

(i) Which would have been the most appropriate light to use as a
positive control?

L[] A green
] B mixture of green, blue and red light
1] € ultraviolet

® D sunlight

J

mem A HN O O

29
Turn over »




leaf biomass.

4

Mean rate of
photosynthesis 2
/a.u.

0.15 1%

0.10

Mean leaf
biomass / g

0.054

0.00 +—
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(ii) The graphs show the results for the mean rate of photosynthesis and mean

______

control

blue
Light shone on plants

amber

red

i

control

blue
Light shone on plants

amber

red
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Explain the results shown in these graphs.

Mean rate of photsynthesis is
_highest _in red . h(?_h Fland loweal in
] a__go,,b,e,x ....... lighF = R
More yale of photosynthesis meansmore
glucote is produced . .
l%re,glucorefs available to make
. biomass or nav slavch ,cellulose.
~ _Control has Jess ved or blue lighF
so!cssbiomas.sm/broduced
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Explain the results shown in these graphs.

_.Mean rare of photosynthesis is ..
hlgbui' inred . 1!3_}0)‘ and . towai in..
_amber lighF
_More vate onhofosynfhe,ws meansmore
 glucote it proouced .

_______M'o re. g/u.co:& s _avail fab/e, /o ma ée

. biomass or nav slavch ,cellulose.
 Control _has Jess ved or blue light
......... 80 less biomass  is. /Droduced
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(iii) The table shows the results for the pigment content of the leaves.

Mass of pigment / pug per g of leaf biomass

Pigment
Control light  Blue light = Amber light Red light

Chlorophyll a 382 412 315 441

Chlorophyll b 148 148 125 133

Anthocyanins 78 79 71 12

Describe three conclusions that can be made from these results.
(3)

Al _three *mbe,.c of pigmenks ave

bresent in all pu of lighF.

Ch}oroPhg/j___._.a,..______,.:.s_' zghes/' in‘all -tha

lighr” 7
EGffeck uF I:ﬁbi— was vcry hH'/c

w0 l"l‘
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(iv) Plants treated with blue light had an increase in photosynthesis caused by an
increase in the transcription of some genes in the leaves.

Suggest two genes whose transcription could be increased in the presence of
blue light.

Give a reason for suggesting each of these genes.
(3)

,,,_,,,,__H.fP,__..syn,Hoas&_a,nd__}?UBIS,Cc)__,,__,_
.zne,.___,wou/o[undcrﬁa}ram_.crz}b-
............................ topn. Y
.. RvRiIsco s _r&.s/mn,si...ble... oy
__carbon fieahon wher CO, reacls
...........  with RopP. in Calvin cycle.
~ ATP synthase in the +thylakoids

arercsfaon.s:blc,ﬁwﬁ P formation

. Fromm ADPt Vi in chemiosmosic.

~ (Total for Question 9 = 14 marks)

TOTAL FOR PAPER =90 MARKS
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