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walaria is a serious and often fatal infectious disease caused by Plasmedium. Drugs such as
chiorogquine are widaly used to decrease the risk of gatting malaria and also to treat people
who have become infected. However, in  many parts of the WH F.annmﬁum pepulalu:‘ns have
become resistant to chlorogline. -

SBaguencing the genome of Plasmodium and the application of bloi:ﬂormatl::s has provided several
new largabs for Iha dawalnpment af anti-malarial drugs. )

I {a} (i) Derlna tha term bioinformatics.
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{li] Dullrnn how snmancng the genome of Plasmodiurn and the use of hlalnhrrnahns can
suggest new largets for anti-malarial drugs. .
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3(a(i)

3(a(ii)

3(b)(i)

3(b)(ii)

Select
page

Your
Mark

)

MIDDLE Low

(0] Mark scheme
(a)(i) database(s) ;
computer (programs) / software ;
analysis of, data / biological information / sequences ;
A compare, genes / genomes [max 1]
(a)(ii) 1 identify / recognise, gene(s) ; A find where genes are
2 predict, primary structure / amino acid sequences, of
proteins ;
3 predict 3D structure of proteins ; A tertiary
4 identify / predict, functions of proteins (from 3D structure) ;
5 ref. to drug to, bind with / block activity of / disrupt structure
of, protein / enzyme ; A drug specific to protein | denature,
protein / enzyme
6 drug prevents, transcription / expression, (of gene) ; | gene
editing [max 3]
(b)(i) cheaper ; A more economic(al)
faster / can try many different drugs in a short period of time ;
A time-saving
can try out changes to, model / drug structure, to see if more
effective ;
no need for, laboratories / equipment ; | uses less labour
(initially) no need for tests on, animals / humans ; A fewer
ethical issues [max 3]
(b)(ii) functionality / to test that drug, actually works / is effective ;

A cannot assume predictions are correct | efficiency
safety ; A ref. to clinical trials / side effects
dosage ; A theoretical modelling will not give information on
doses

[max 2]
[Total: 10]
EXAMINER MARK
COMMENTS SCHEME
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(b) In parts of the world where Plasmodivm is resistant fo chloroguine, ona of the most affective
anti-malarial drugs currantly in use is arternisinin. Arterniginin works by binding to an anzyme
in Flasmodium called PIATPS, acting as an inhibitaor. Your
Q3 Mark scheme
A substance called curcumin, which hias'longbeen used as a spice and yellow food cofouring Mark ;
il India and other- l:-a:l.lntnea. is.2lso’kiiown 1o ach agalrlsl chloroguing-resistant Plasmodium, (a)(i) database(s) ;
A group of regearchers predicted that curcumin acls b:.r binding to the same enzyme as 3(a)(i) computer (programs) / software ;
artgmisiin. analysis of, data / biological information / sequences ;
In-order'to tést this hypothesis, and o try-te find -similar substances'shat might work even A compare, genes / genomes [max 1]
better than curcimin, the rasearchers used theoretical modaling to: (a)(ii) 1 identify / recognise, gene(s) ; A find where genes are
ook at the chemical structures of various molecules with a slm]lér sil.'uciur& o 2 predl(?t, anary structure / amino acid sequences, of
vgurcumin {curcurin anakogues) proteins ; , ,
3(a)(ii) 3 predict 3D structure of proteins ; A tertiary
generate a three-difensierial model of the Struclure of the. enzyme PIATPS 4 identify / predict, functions of proteins (from 3D structure) ;
o da S ) _ 5 ref. to drug to, bind with / block activity of / disrupt structure
- investigate whether each curcumin analogue could bind to-PIATPS. . - of, protein / enzyme ; A drug specific to protein | denature,
“The resedichers prédicied that several of the curcumin.analogues would bind more strongly protein / enzyme . .
than curcumin to-PIATPE. 6 drug prevents, transcription / expression, (of gene) ; | gene
R . editing [max 3]
i} Suggest advantages of using theoretical models in this research, rather than testin - -
o pﬂ;ﬁm drugs In ?r';; |abﬂ,am?.ﬁ, 9 (b)) cheaper ; A more economic(al)
3(b)(i) faster / can try many different drugs in a short period of time ;
A time-saving
can try out changes to, model / drug structure, to see if more
effective ;
no need for, laboratories / equipment ; | uses less labour
(initially) no need for tests on, animals / humans ; A fewer
ethical issues [max 3]
(b)(ii) functionality / to test that drug, actually works / is effective ;
- A cannot assume predictions are correct | efficiency
. B&.Lﬁ%ﬁﬂ.q .................................................................................... R 3(b)(") safety ; A ref. to clinical trials / side effects
3 dosage ; A theoretical modelling will not give information on
............................................................................................ ] doses
(i) Suggest why theoretical modelling cannot completely replace laboratory trials in the [max 2]
search for new drugs. [Total: 10]
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Malaria is a serlous and often falal infectious disease caused by Plasmodium. Drugs such as
chiaroquing are widely used to decrease the risk of gefting malaria and also o treat paople
who have become infecfed, However, In many parts of the world, Plasmodium populations have
become resistant to chloroquine,

Sequencing the genome of Plasmodivwm and the application of bioinformatics has provided several
new targets for the development of anti-malarial drugs.

{a} (I} Define the term biolnformatics.

_____ The. .........ﬂ.e‘.‘ﬂd‘mil{-.r_:lf}...?....P(ﬂ.ﬁ.f.iﬁ.hg?....Mfﬁﬂk]ﬂ_....@fp.‘...............

Loetecremica) o Butrealion of oa (LEPRALETIN v

(i) OCutline how sequencing the genome of Plasmodium and the use of bioinformatics-can
suggest new targets for anti-malarial droegs.
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MIDDLE Low

(0] Mark scheme
(a)(i) database(s) ;
computer (programs) / software ;
analysis of, data / biological information / sequences ;
A compare, genes / genomes [max 1]
(a)(ii) 1 identify / recognise, gene(s) ; A find where genes are
2 predict, primary structure / amino acid sequences, of
proteins ;
3 predict 3D structure of proteins ; A tertiary
4 identify / predict, functions of proteins (from 3D structure) ;
5 ref. to drug to, bind with / block activity of / disrupt structure
of, protein / enzyme ; A drug specific to protein | denature,
protein / enzyme
6 drug prevents, transcription / expression, (of gene) ; | gene
editing [max 3]
(b)(i) cheaper ; A more economic(al)
faster / can try many different drugs in a short period of time ;
A time-saving
can try out changes to, model / drug structure, to see if more
effective ;
no need for, laboratories / equipment ; | uses less labour
(initially) no need for tests on, animals / humans ; A fewer
ethical issues [max 3]
(b)(ii) functionality / to test that drug, actually works / is effective ;

A cannot assume predictions are correct | efficiency
safety ; A ref. to clinical trials / side effects
dosage ; A theoretical modelling will not give information on
doses

[max 2]
[Total: 10]
EXAMINER MARK
COMMENTS SCHEME




{b) In parts of the world where Flasmodium s resistant to chioroquine, one of the most effective
anti=malarial drugs currantly in use is arternisinin. Artemisinin works by binding to an enzyme
in ‘Piasmodium called PIATPE, acting as an inhibitor.

A substance called curcumin, which has long been used as a spice and yellow food colouring
in India and other countries, is.also known o act against chloroguine-resistant Plasmodium.
A group of researchers predicted that curcumin acls by binding to the same enzyme as
arlamésinin.

In order to test this hypothesis, and to try to find similar subsiances that might work even
better than curcumin, the researchers used theoratical modedling to:

+ look at the chemical structures of l.nanms molecules with a similar structure 1o
curcumin (curcumin analogues)

+ generate a three-dimensional model of the structure of the enzyme PIATPS
+  investigate whether each curcumin analogue could bind to PIATPS.

The researchers-predicted that several of the curcumin analogues would bind more strongly
than curcumin to PIATRE,

(i} Suggest advantages of using theoratical models in this rezearch, rather than testing
passible drugs in the laboratory.
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(i) Suggest why theorstical modeling cannot completely teplace laboratory trials in the
gearch for new drugs.

[Total: 10]
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(0] Mark scheme
(a)(i) database(s) ;
computer (programs) / software ;
analysis of, data / biological information / sequences ;
A compare, genes / genomes [max 1]
(a)(ii) 1 identify / recognise, gene(s) ; A find where genes are
2 predict, primary structure / amino acid sequences, of
proteins ;
3 predict 3D structure of proteins ; A tertiary
4 identify / predict, functions of proteins (from 3D structure) ;
5 ref. to drug to, bind with / block activity of / disrupt structure
of, protein / enzyme ; A drug specific to protein | denature,
protein / enzyme
6 drug prevents, transcription / expression, (of gene) ; | gene
editing [max 3]
(b)(i) cheaper ; A more economic(al)
faster / can try many different drugs in a short period of time ;
A time-saving
can try out changes to, model / drug structure, to see if more
effective ;
no need for, laboratories / equipment ; | uses less labour
(initially) no need for tests on, animals / humans ; A fewer
ethical issues [max 3]
(b)(ii) functionality / to test that drug, actually works / is effective ;

A cannot assume predictions are correct | efficiency
safety ; A ref. to clinical trials / side effects
dosage ; A theoretical modelling will not give information on
doses

[max 2]
[Total: 10]
EXAMINER MARK
COMMENTS SCHEME
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Malaria is a serious and often fatal infectious disease caused by Plasmodium. Drugs such as
chloraguine are widsly used to decrease the risk of getting malarla and also to treat people
who have become infected, However, in many parts of the world, Plasmodium populations have
betome resistant to chicroquine.

Sequencing the genome of Plasmodium and the application of bicinformatics has, provided several
new targets for the development of anti-malarlal drugs.

{a) (i) Define the term bioinformatics.
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{il} Oulline how sequencing the genome of Plasmodin and the use of bicinformatics can
suggest new targels for anti-malarial drugs.
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(0] Mark scheme
(a)(i) database(s) ;
computer (programs) / software ;
analysis of, data / biological information / sequences ;
A compare, genes / genomes [max 1]
(a)(ii) 1 identify / recognise, gene(s) ; A find where genes are
2 predict, primary structure / amino acid sequences, of
proteins ;
3 predict 3D structure of proteins ; A tertiary
4 identify / predict, functions of proteins (from 3D structure) ;
5 ref. to drug to, bind with / block activity of / disrupt structure
of, protein / enzyme ; A drug specific to protein | denature,
protein / enzyme
6 drug prevents, transcription / expression, (of gene) ; | gene
editing [max 3]
(b)(i) cheaper ; A more economic(al)
faster / can try many different drugs in a short period of time ;
A time-saving
can try out changes to, model / drug structure, to see if more
effective ;
no need for, laboratories / equipment ; | uses less labour
(initially) no need for tests on, animals / humans ; A fewer
ethical issues [max 3]
(b)(ii) functionality / to test that drug, actually works / is effective ;

A cannot assume predictions are correct | efficiency
safety ; A ref. to clinical trials / side effects
dosage ; A theoretical modelling will not give information on
doses

[max 2]
[Total: 10]
EXAMINER MARK
COMMENTS SCHEME




(b) In parts of the world where Plasmaodivm is resistant to chloroguing, one of the most effective
anti-malarial drugs currently in use is artemisinin. Artemisinin works by binding to an enzyme
In Plasmodivm called PIATPS, acling as an inhibitor,

A substance called curcumin, which has long been used as a spice and yellow food colouring
in India and other countries, is also known to act against chloroguine-resistant Plasmoaiurm.
A group of researchers predicted that curcumin acts by binding to tha same anzyme as
artemisinin.

In order to test this hypothesis, and to try to find similar substances that might work even
bettar than curcumin, the researchers used theoretical modeling to:

+* ook at the chemlcal structures of varlous molecules with a similar structure 1o
curcumin {curcumin analoguas)

*  generate a three-dimensional model of the structure of the enzyme PIATPE
*  nvesligate whether each curcumin analogue could bind to PIATPS.

The researchers predicted that several of the curcumin analogues would bind mare strangly
than curcumin to FIATPS.

{i) Sugoest advantages of using theoretical models in this ressarch, rather than testing
pessible drugs in the laboratory. '
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{iiy Suggest why thecretical modelling cannot completely replace laboratory irdals in the

saarch for new drugs.
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(0] Mark scheme
(a)(i) database(s) ;
computer (programs) / software ;
analysis of, data / biological information / sequences ;
A compare, genes / genomes [max 1]
(a)(ii) 1 identify / recognise, genel(s) ; A find where genes are

2 predict, primary structure / amino acid sequences, of
proteins ;

3 predict 3D structure of proteins ; A tertiary

4 identify / predict, functions of proteins (from 3D structure) ;

5 ref. to drug to, bind with / block activity of / disrupt structure
of, protein / enzyme ; A drug specific to protein | denature,
protein / enzyme

6 drug prevents, transcription / expression, (of gene) ;
editing

| gene
[max 3]

cheaper ; A more economic(al)

faster / can try many different drugs in a short period of time ;
A time-saving

can try out changes to, model / drug structure, to see if more
effective ;

no need for, laboratories / equipment ; | uses less labour

(initially) no need for tests on, animals / humans ; A fewer
ethical issues [max 3]

(b)(ii)

functionality / to test that drug, actually works / is effective ;
A cannot assume predictions are correct | efficiency

safety ; A ref. to clinical trials / side effects

dosage ; A theoretical modelling will not give information on
doses

[max 2]
[Total: 10]
EXAMINER MARK
COMMENTS SCHEME
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