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Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question


Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.


Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.


Sticky Note
This is the maximum mark for a particular question


Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.


Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.


Answer all questions.

Nitrogenases are enzymes used by some organisms to fix atmospheric nitrogen gas (N,) into
a form of nitrogen available to plants.

The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing
bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relationship with legume species.
In some species of Rhizobium, the nif genes are located on plasmids.

(@) Name the form of nitrogen produced by Rhizobium that is ‘available to plants’. 1]
(b) Name another genus of nitrogen fixing bacteria. [1]
(c) State precisely where Rhizobium would be found in the legume. 1]

(d) Suggest how the relationship between Rhizobium and a legume species is beneficial to
both organisms. [2]
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Answer all questions.
Nitrogenases are enzymes used by some organisms to fix atmospheric nitrogen gas (N,) into
a form of nitrogen available to plants.

The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing
bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relatidnship with legume species.
In some species of Rhizobium, the nif genes are located on plasmids.

(a) Name the form of nitrogen produced by Rhizobium that is ‘available to plants’. 1]
............................................. N VA e s
(b) Name another genus of nitrogen fixing bacteria. 1]
.............................................. A ZONDXACKEN e
(c) State precisely where Rhizobium would be found in the legume. 1]
EVOINA VN N O SNV te < VU L S
(d)  Suggest how the relationship between Rhizobium and a legume species is beneficial to
both organisms. [2]
Wiz cloioua
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Answer all questions.
Nitrogenases are enzymes used by some organisms to fix atmospheric nitrogen gas (N,) into
a form of nitrogen available to plants.

The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing
bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relatidnship with legume species.
In some species of Rhizobium, the nif genes are located on plasmids.

(a) Name the form of nitrogen produced by Rhizobium that is ‘available to plants’. 1]
............................................. N\Q’W&CS@
(b) Name another genus of nitrogen fixing bacteria. 1]

(c) State precisely where Rhizobium would be found in the legume. 1]
EVANAIN NN = u@mﬂcs@ .........................................................................................
(d)  Suggest how the relationship between Rhizobium and a legume species is beneficial to
both organisms. [2]
Wiz cloioua
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Sticky Note
Question total = 2

Sticky Note
0 marks. Not acceptable. No reference to small or additional ring of DNA.

Sticky Note
0 marks. The term 'nutrients' is used frequently in weaker responses, as the candidate cannot give an actual example. It means nothing and rarely gains credit in A level answers.

Sticky Note
0 mark. This might have got the ecf allowance but it is clear from the response that this candidate is talking about uptake from the soil not from within the root nodule. Obvious confusion here about the role of Rhizobium in the mutualistic association.

Sticky Note
1 mark. Correct.

Sticky Note
1 mark. Correct spelling, with all syllables.

Sticky Note
0 marks. Typical response in many scripts.


Answer all questions.

Nitrogenases are enzymes used by some organisms to fix atmospheric nitrogen gas (N,) into
“a form of nitrogen available to plants.

The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing
bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relationship with legume species.
In some species of Rhizobium, the nif genes are located on plasmids.

(a) Name the form of nitrogen produced by Rhizobium that is ‘available to plants’. [1]
.................... O S =
(b) Name another genus of nitrogen fixing bacteria. [1]
............. 8 wca1eal Ve v A,
(c) State precisely where Rhizobjum would be found in the legume. 1]

(d) Suggest how the relationship between Rhizobium and a legume species is beneficial to

both organisms. [2]
N Y- & oI E s a %au\ ....... HASS... PO, PIONAKS
...... bsnAsh e RALANCD...... @taazna*arvrsupp\j
@\DnUCYQSQr\ ....... ",{ ......... n'utm%zm ...... ORI .._u.ci.(gam’\c, ................
........... MO A RUND. - DA
(e) What are plasmids? [1]
o Coeanay. ONA of | PRCECLUANY
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Answer all questions.

Nitrogenases are enzymes used by some organisms to fix atmospheric nitrogen gas (N,) into
“a form of nitrogen available to plants.

The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing
bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relationship with legume species.
In some species of Rhizobium, the nif genes are located on plasmids.

(a) Name the form of nitrogen produced by Rhizobium that is ‘available to plants’. [1]

(c) State precisely where Rhizobjum would be found in the legume. 1]

................. OON oS O

(d) Suggest how the relationship between Rhizobium and a legume species is beneficial to
both organisms.

(e) What are plasmids? 1]
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Sticky Note
Question total = 2 

Sticky Note
0 mark. Which DNA? Could be the bacterial genome. Needs reference to small or additional (ring of DNA).

Sticky Note
0 mark. The legume is not getting nitrogen from Rhizobium. Nitrogen is a gas. Some reference to a nitrogen containing compound is required. 

Sticky Note
0 marks. Respiratory products is too vague - which products? - could be oxygen. Must refer to carbohydrates or an eg.

Sticky Note
1 mark. Correct answer.

Sticky Note
1 mark. Correct answer and spelling.

Sticky Note
0 mark. Frequent response.


Answer all questions.

Nitrogenases are enzymes used by some organisms to fix atmospheric nitrogen gas (N,) into
a form of nitrogen available to plants.

The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing
bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relationship with Iegume species.
In some species of Rhizobium, the nif genes are located on plasmids.

(a) Name the form of nitrogen produced by Rhizobium that is ‘available to plants’. 1]
................................................... QNN INATOTAN TN Y s W Ve AV 0 N
(b) Name another genus of nitrogen fixing bacteria. [1]

....................................................... WS L A OO S

(c) State precisely where Rhizobium would be found in the legume. [1]

........................................... OO DN OO D

(d)  Suggest how the relationship between Rhizobium and a legume species is beneficial to
both organisms. [2]

of Uxm,lo\amtm

Plong...nouaTouin....oun. AN0.eroRIC.. et

for. e . Liioboas. SO JonaNe.

(¢) What are plasmids? (1]

.............. ST =Co VA U Y e Wl pitd 7 MNeT N OIN a N 40\
codle  for PRMany protin Strockure.
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Answer all questions.
Nitrogenases are enzymes used by some organisms to fix atmospheric nitrogen gas (N,) into
a form of nitrogen available to plants.

The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing
bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relationship with Iegume species.
In some species of Rhizobium, the nif genes are located on plasmids.

(a) Name the form of nitrogen produced by Rhizobium that is ‘available to plants’. 1]

................................................... GO L O D

(b) Name another genus of nitrogen fixing bacteria. [1]

....................................................... A2 O 0K D

(c) State precisely where Rhizobium would be found in the legume. [1]

........................................... e nodueny, &

(d)  Suggest how the relationship between Rhizobium and a legume species is beneficial to
both organisms. [2]

(e) What are plasmids? [1]
.............. ST =Co VA U Y e Wl pitd 7 MNeT N OIN a N 40\
vee d ay~pmm%Uq Profan Stvockure

=

Examiner
only

© WJEC CBAC Ltd. (1074-01)


Sticky Note
Question total = 5.

Sticky Note
1 mark - correct response. The answer has been qualified by describing plasmids as small to distinguish them from the bacterial genome. The coding etc has been ignored.

Sticky Note
1 mark - correct response, although the term 'survive' has crept in, and this would have been a far better response if it had said that the nitrogenase only functions in the low oxygen environment within root nodules.

Sticky Note
0 mark - no mention of any example.

Sticky Note
1 mark - correct response.

Sticky Note
1 mark - correct response.

Sticky Note
1 mark - correct response.


(@)

Examiner

Define the following terms with reference to bacterial growth. [3]

(i) obligate aerobe

(ii) obligate anaerobe
(i)  facultative anaerobe

Describe and explain the appearance of Gram positive and Gram negative bacteria
following Gram staining. [3]

Most pathogens in humans are Gram-positive organisms. Six Gram-positive genera are
typically pathogenic in humans. Two of these, Streptococcus and Staphylococcus, are

cocci. The remaining organisms are bacilli.

only

1074
010003

What three dimensional shape would the cocci and bacilli be? 1]

COCCH oo

DACHITT ...t
Turn over.

© WJEC CBAC Ltd. (1074-01)



2,

3

(a) Define the following terms with reference to bacterial growth. [3]

(i) obligate aerobe

N/ 1/ o
L ‘\{;"j A S AT (}i//’\

e he e AL N LT e
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Pj:/}mca O# O)( \% QAN b.@i ..... LQU\ .......... UAAYE.

V\lﬂ facultatlve anaerobe

O hQQ\mumvar ....... (Annoterabon.se..

IS OXD UGN B PLEDCLNE |

(b) Describe and explain the appearance of Gram positive and Gram negative bacteria
following Gram staining. [3]

‘r%e, ........... PN, C m...m& ...... VOIEE, 18004l and.......

....................................... p DIC... QN Q... COUNE LU, SN,

D aaa .QQ{ ......... C,U\QL ......... Car@m ...... Q%ame ........ b&af@namm
QA a0 Not rEHUN
rcu molej (Aije. NN TNOPL 4

(c) Most pathogens in humahs are Gram -positive orgam ms. Six Gram-positive genera are
typ|cally pathogemc in humans. Two of these, Streptococcus and Staphylococcus, are
cocci. The remaining organisms are bacilli.

What three dimensional shape would the cocci and bacilli be? [1]

COCCi ........ fp\m@n(&t ........... XYMQQ .......................................................................................
bacilli ... md .................. w 6@( ...............................................................................................................

X chemicod Iy wmpi@& WO A o Thaunner |

e Of " peptiaoglyadn On0l 0N X174
WU OF 1ipo paly SO cchaniolen,
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(a) Define the following terms with reference to bacterial growth. [3]

(i) - obligate aercbe

..... G bacitnunn, H o it e Cf’%m
RO/ FAUF AN S VAN OCACr. D0 A0S en
(i) obligate anaerobe

O Dadkaun Yok e olites i HN e

e

PrednCe. OF  OxJQan. . oul. (AN Junive. [O)...
%H?agl}guvé ;aerétﬁa NXLA e,

QL hacenum.. yihod.. annot.Merabon. je..
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(b) Describe and explain the appearance of Gram positive and Gram negative bacteria
following Gram staining. [3]

e SHUA L Qg STAL \OIeE, L addad. Q...

a LAGL_Crm. 060aL ve._bacrerion .
L agt%%q\ [c\,m&Vﬂ %b&zyamm no%afr\%q& Lo

N[Ol violer De@ise TAeL ke MO %

(c) ¥ Most pathogens in humahs are Gram-positive organisms. Six Gram-positive genera are
typically pathogenic in humans. Two of these, Streptococcus and Staphylococcus, are
cocci. The remaining organisms are bacilli.

What three dimensional shape would the cocci and bacilli be? [1]

COCCi ... fp\m@n(&t ............ YMQQ .......................................................................................
baciti QL W@l ........................................ ()

X chemicod Iy com Plex medy pat o Thiner |

ader Of pepticoglycn Gnol O exIT4
'Cger OF ipo pely socchaniolen
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Sticky Note
Question total = 5.

Sticky Note
2 marks - correct identification of thickness of the 2 peptidoglycan wall layers.

Sticky Note
1 mark - correct colour staining identified for 1 mark.

Sticky Note
1 mark awarded for correct 3-D shapes for both bacteria.

Sticky Note
0 marks - confusion with (ii) and (iii) means that this candidate has lost both marks. 

Sticky Note
1 mark - correct identification of requirement for oxygen for metabolism to occur. 


2. (a) Define the following terms with reference to bacterial growth.- [3]
(i) - obligate aerobe

R e I e T N e e TR O e T T R T s R R e T T e e A T A e e e L

Ao D%:,ki,a%cdg@ aasohe. bockerion s .on bocke mos . dnisdn

4
m@\»éwmm‘m\f\«@wnc_a@ ..... (L s DU
(i) obligate anaerobe ' ‘ .

OWRGan 5 Nel NV PreAnnk .
(i)  facultative anaerobe

A & oeatreXvne  aeneasnle Yockado S Gl boQenon

Poreives  BOEss Laltn edugepn pres

(b) Describe and explain the appearance of Gram positive and Gram negative bacteria
following Gram staining. [3]

oo oosbive. backe don. uoed . be . shascad vicvek Secanne.

Moo Mhicla . fop Wy Soedy m\@ff@wi\u ..... VI INES S SVE(0 WO

Rocoune it Ooed. ook, reka n e Niole X shada becomas d%
aun oddidonal  Upopaissacc herida \ M oo Whaners
nes ‘_ PP il e vyl o -
(c) Most pathogens in humans are Gram-positive organisms. Six Gram-positive genera are

typically pathogenic in humans. Two of these, Streptococcus and Staphylococcus, are
cocci. The remaining organisms are bacilli.

What three dimensional shape would the cocci and bacilli be? 1]

COCCi ........ S L N\ Vo

bacilli ... Q... S\ &(mc\ ..................................................................................................................................
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2. (a) Define the following terms with reference to bacterial growth.- [3]

(i) - obligate aerobe

A mf‘t‘aﬁu\&w >

m@\»awmmw_v .................................................... .

(i) obligate anaerobe

SUAGEN 15 Nl
(i)  facultative anaerobe

o IWeA  LadBEs  Lotin GIedepn) P

(b) Describe and explain the appearance of Gram positive and Gram negative bacteria
following Gram staining. [3]

oo oosbive. backe don. uoed . be . shascad vicvek Secanne.

Moo Madcla {&{) \)\Q\Q%C’M\Wawm ..... Vicksk ko -

Rocoune it Ooed. ook, reka n e Niole X shada becomas d%
aun oddidonal  Upopaissacc herida \ M oo Whaners
nes ‘_ PP il e vyl o -
(c) Most pathogens in humans are Gram-positive organisms. Six Gram-positive genera are

typically pathogenic in humans. Two of these, Streptococcus and Staphylococcus, are
cocci. The remaining organisms are bacilli.

What three dimensional shape would the cocci and bacilli be? 1]

COCCi ........ S L N\ Vo

bacilli ... .. S &(mc\ ................. @ ........................................................................................................
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Sticky Note
Question total = 5 marks

Sticky Note
3 marks. All three mark points given. Reference to different peptidoglycan thicknesses (although no reference to cell wall) and correct staining colours.   

Sticky Note
1 mark. ecf again. The rest of the answer is correct; reference to both oxygen presence and absence. 

Sticky Note
Correct use of absence of oxygen.

Sticky Note
1 mark. ecf here allows the second mark to be given as the response is correct other than the repeated use of the term 'survive'.

Sticky Note
The candidate is correctly mentioning the presence of oxygen. 

Sticky Note
0 mark. This is typical in many weak scripts. The question asks for a reference to growth and this has not been done. 

Sticky Note
0 mark. The question specifically asks for a 3-D shape; a circle is not 3-D. Sphere/spherical was the correct response.
Rod shaped is correct, but this is a 1 mark q for both answers.


2.

(@) Define the following terms with reference to bacterial growth. [3]

(i) obligate aerobe

ﬁbaOtMLL(_M ............... D0AK.. UKL AL DXMG e L.

yation
Wmﬁ ,,,,,,,, PEPEHR-. 0. OCC UL o W AL O oMy ...
gy OGEnRGG (B RET o e rDiaic)
(i) obligate anaerobe A w Ko,
. 3 bactmm Hadk . Cauanot.... ﬁ,wm.ue AN Ot

fgﬁ 0. p-SO.... S DMU
(ii) g'%vmwe anaerobe VLD OW fana mi()

ldaally...dhoie. acroa.. 1SPIRC.. best. . aertiac (o uipratd)

cmmﬂm M. osw. DE‘J't A OXMULA . Howeier. wihaun na...
u‘pre tva«u& Al aple o il

(b) Descr%e and explain tﬁe appearance of Gram positive and Gram negative bacteria
following Gram staining. [3]

GVWpoanmcm@mp\wwctftwa{rwstMMugaJ
Mﬂ%%&p&pﬂdﬂ%@m%%mﬁm&d(mw
Lot Al AL . SRTOA. TH_ dife . Grom wegatuhe ane...secl ;L.

haue_atnin ot LGN ageur i ith. A... 20iCh...oULRL. \Woﬁ

umpuuymcmman Ty dye i et wagbwa awdft%lzo

’?M.uﬁl VL L 2 A “

(c) Most pathogens in umaﬁ‘s are Gram-positive organisms. Six Gram-positive genera are
typically pathogenic in humans. Two of these, Streptococcus and Staphylococcus, are
cocci. The remaining organisms are bacilli.

What three dimensional shape would the cocci and bacilli be? [1]
cocci SPY\M@A ............................ AT IO TN 1T, S
bacill ... ROCL LUAQIOLL ...
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(@ Define the following terms with reference to bacterial growth. [3]
(i) obligate aerobe
Abéhcpnwm ..... oo D0AK AL pavne Desgedn fin........
(o T V7 — - T . - OCC Ny L0, o L el
agvvw W c%amxw o VLCL('hMJ (aevv mw
(ii) obligate anaerobe bv m "o
...... hbmmmmumn@thwm
prejene. ... . 0.4 90 )
m ( \ | "nD n?csynammc)
(iii) facultative anaerobe

[mn’,mm bacterig. IR, best. . demhic{omggamwa .

tovditiond, 0. qmw beit_wiitin. exygen .. Howeiler g no..
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(b) Descrlbe and explain the appearance of Gram positive and Gram negative bacteria
following Gram staining. [3]

evmpomeema’mampww&fwwwmummgu .......
Aok RO 0. OACK.. PRPELAOG ol coll sl A Th0S Ll
ot i orb, . SOTOlN. AL Afe . Bram negatue ane. L, 4.
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(c) Most pathogens in umans are Gram- posntlve organisms. Six Gram-positive genera are

typlcally pathogenlc in humans. Two of these, Streptococcus and Staphylococcus, are
cocci. The remaining organisms are bacilli.

What three dimensional shape would the cocci and bacilli be? [1]

cocci SPH@VL&M .............................. ,/@ .........................................................................................
bacilli ... QOOLma./@Cl .................. Moo ocoms  Jeroet 4

Examiner
only

1074
010003

© WJEC CBAC Ltd. (1074-01) Turn over.


Sticky Note
Question total = 7 marks.

Sticky Note
1 mark - correct three dimensional shapes given.

Sticky Note
3 marks - excellent response with correct colour of Gram positive and negative bacteria. Following this, there is a good description of how the bacterial wall affects the staining of the two types of bacteria.

Sticky Note
3 marks - correct response to all three sections of (a). Candidate clearly knows to link respiration with growth and correctly identifies the conditions under which the bacteria will grow with reference to oxygen. 


6.

12

The detailed diagram below shows the link reaction and Krebs cycle. Most of the intermediates
involved are named.

NAD*

NADH*+H" <a— > CO,

acetyl CoA

-
NADH"+H

NAD*
-malate

fumarate - -
isocitrate

FADH, NAD*
FAD CO2 NADH*+H*
Cco, a-ketoglutarate
NAD*
ATP
NADH*+H*
ADP + (P)

(@ (i) Using the diagram above, and your own knowledge, determine how many carbons

there are in the following Krebs cycle intermediates. 1]
CItrate ...
a-ketoglutarate ...
SUCCINAE ..o
(i)  Explain precisely how you have arrived at these figures. [2]
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(b)

(c)

13

Briefly describe how reduced FAD and reduced NAD are used to create an electrochemical
gradient. [4]

In patients with a suspected mitochondrial disorder a minimally invasive tissue biopsy
provides the best opportunity to examine mitochondrial function, freezing the sample
immediately after collection.
In addition to activity measurements of individual enzymes, analysis of mitochondrial
respiration and ATP production rates are performed. This includes the measurement
of mitochondrial oxygen consumption in the presence of different substrates, such as
pyruvate and a-ketoglutarate. Analysis may show increased levels of a Krebs cycle
intermediate, such as malate and succinate.
Defects in mitochondrial ATP synthesis may lead to high lactate levels in blood.

J Inherit Metab Dis. 2011 April;, 34(2): 283—-292.

Name the two enzyme types involved in the conversion of pyruvate to acetyl CoA. [2]

Using the diagram opposite, the text above and your own knowledge, answer the following
questions.

Suggest a suitable tissue to examine mitochondrial function and explain why you have
chosen this tissue with respect to patient safety. 2]

© WJEC CBAC Ltd. (1074-01) Turn over.
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14

Examiner

[

(e) What could be deduced if the oxygen consumption was low with the pyruvate as a o
substrate but high with a-ketoglutarate as a substrate? 2]
(f)  What could be deduced if there was a build up of any one of the Krebs cycle
intermediates? [1]
(99 Explain why there is a raised blood lactate level in many patients with mitochondrial
disease. (2]

16
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6.

12

The detailed diagram below shows the link reaction and Krebs cycle. Most of the intermediates
involved are named.

pyruvte
NAD™ - |

acetyl CoA

NADH*+H* |
NAD* '
2
~
FADH, —= NAD*
FAD — CO; = B~ NADH*+H*
|
- co, |a-ketoglutarate |
NAD*
ATP .
NADH*+H
ADP + (P)

(@ (i) Using the diagram above, and your own knowledge, determine how many carbons

there are in the following Krebs cycle intermediates. [1]
citrate ... S ....................................................
o-ketoglutarate ... 5 ........................................................
succinate ... T
(i) Explain precisely how you have arrived at these figures. [2]

A0 K00 ONRCRCERDAL XD, [0 CLOF

A calons. A eaon aemoval. of CQ -

....... \g\@s’gme(u«mm\sz,@\@meb\hM
Iless evbor

© WJEC CBAC Ltd. (1074-01)

Examiner
only



13

(b)  Briefly describe how reduced FAD and reduced NAD are used to create an electrochemical

gradient. : : [4]
....... h”f\...‘.)(\E;LXQ./..A.”Ef.kQC.L\“.(.QQ...ﬂf&xﬁ Ra s W
@xom .......... GONBKL... hupNagen, 1ers...an

: : AT S S

CASCRYON. AQ. INOMER, AL BN Ry e, Iy
&f&...@uﬂx@ﬁd..@:xﬁ@...ﬂm....émm&c@w@\f ........... EHRCo.
..... A1 LONPEVINERANIE. 10 S, =G theve. ™0
..... a Cf/p\w\u\at\o\cr(r\&d@gcﬂtcr\ﬁca

. I e @i‘\(\‘\ fﬁd@'\'\‘ B
é’mrﬁ'gc’mln pa%egn{ks Wi't:F;3 a suspected mitochondrial disorder a minimally invasive tissue biopsy
provides the best opportunity to examine mitochondrial function, freezing the sample
immediately after collection.
In addition to activity measurements of individual enzymes, analysis of mitochondrial
respiration and ATP production rates are performed. This includes the measurement
of mitochondrial oxygen consumption in the presence.of.different. substrates, such as

pyruvate and o-ketoglutarate. Analysis may show increased_levels of a.Krebs cycle
intermediate, such as malate.and.succinate.
Defects in mitochondrial ATP synthesis may lead to high lactate levels in blood.

- J Inherit Metab Dis. 2011 April; 34(2): 283-292.

(c) Name the two enzyme typés involved in the conversion of pyruvate to acetyl CoA. [2]

Using the diagram opposite, the text above and your own knowledge, answer the foIIoWing
questions.

(d) Suggest a suitable tissue to examine mitochondrial function and explain why you have

chosen this tissue with respect to patient safety. [2]
.......... OYNIECAO . conte( %lf\\g‘ﬁaﬂ\w\r\ﬁo‘f

L DAMCOCONCCNYR. e e

© WJEC CBAC Ltd, (1074-01) Turn over.

Examiner
only



14

“(e) What could be deducéd if the oxygen consumption was low with the pyruvate as a

substrate but high with a-ketoglutarate as a substrate? , [2]
.......... ’ﬁ\akﬂw,ccnv@%\g\o#pﬁuw@t&c&o@
O YO TR bk b CONESAOD O
B L CeR=G e 8 r= TSR U @ NG <= S ——— e

(f)  What could be deduced if there was a build up of any one of the Krebs cycle

intermediates? [1]
e AR AR A nes RTG b i W N o e L
Tlhet. dhe w\:> .................
(g) Explain why there is a raised blood lactate level in many patients with mi chondrial

disease. [2]
: Yo 12 Dot Ak o
hese. | :u@\oxxg\'\ ........ @i, X0 fov&vo\o\e ...................
..... wsQLLAKoN. 40 OCOWY £ ANaoroiole.. EsPuiasion ..

tamnes Place p@ow\clr\g lacktic acioh.
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The detailed diagram below shows the link reaction and Krebs cycle. Most of the intermediates

involved are named.

I

pyruvate
NAD* - '

NADH"+H* <=
acetyl CoA

l [

—& CO,

NADH*+H* = |
vAD" '
3
~
FADH, —= NAD*
FAD — CO; = NADH*+H*
- co, |a-ketoglutarate |
NAD*
ATP -
NADH™+H

ADP + (P)

(@ (i) Using the diagram above, and your own knowledge, determine how many carbons
there are in the following Krebs cycle intermediates. [1]
citrate ... S ....................................................
o-ketoglutarate ... 5 ........................................................
succinate ... LY @

(i) Explain precisely how you have arrived at these figures. [2]
......... tho._acetul | nian

o Koo exa\oacek,mg |

UL calres. Areacn ool of (Qz..a =42 0 .
....... SIS NPT /S S T4 1A UL (V.7 AC DU YU S

=]
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Sticky Note
0 marks - no reference to the names of the intermediates or the decarboxylation process. 

Sticky Note
0 mark - no reference to number of carbons in oxaloacetate.

Sticky Note
1 mark - correct identification of number of carbons present in each compound.
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(b)  Briefly describe how reduced FAD and reduced NAD are used to create an electrochemical
gradient. : : [4]
....... I dhe. checlhven. vansport..

.

Fapvy  doraxe.. hupvegen,. Jens..an

......................... o oo
BOLECN . RV Lo, Iy
&’Q,g)uk“:\pﬁd@\?@ﬁm@mm@v .......... B
..... 1S LonPeyngane. o oS, =8 fheve. o
..... accaanulation.  at . hudvoq
AaccLnnulation  af r\& se .

. I e @i‘\(\‘\ fﬁd@'\'\‘ B
é’mrﬁ'gc’mln pa%egn{ks Wi't:F;3 a suspected mitochondrial disorder a minimally invasive tissue biopsy
provides the best opportunity to examine mitochondrial function, freezing the sample
immediately after collection.
In addition to activity measurements of individual enzymes, analysis of mitochondrial
respiration and ATP production rates are performed. This includes the measurement
of mitochondrial oxygen consumption in the presence.of.different. substrates, such as

pyruvate and o-ketoglutarate. Analysis may show increased_levels of a.Krebs cycle
intermediate, such as malate.and.succinate.
Defects in mitochondrial ATP synthesis may lead to high lactate levels in blood.

- J Inherit Metab Dis. 2011 April; 34(2): 283-292.

(c) Name the two enzyme typés involved in the conversion of pyruvate to acetyl CoA. [2]

Using the diagram opposite, the text above and your own knowledge, answer the foIIoWing
questions.

(d) Suggest a suitable tissue to examine mitochondrial function and explain why you have

chosen this tissue with respect to patient safety. [2]
.......... OYNUSECAQ —,  contal %lf\\g‘ﬁaﬂ\w\r\ﬁo‘f

AN OO e e
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Sticky Note
1 mark - correct identification of suitable tissue. No further detail worthy of credit as no reference to  explanation of choice of tissue.

Sticky Note
2 marks - both marks awarded here. 

Sticky Note
No detail given here so no further marks awarded.

Sticky Note
No reference to high energy electrons or energy used to drive proton pumps.

Sticky Note
1 mark - ref to electrons being donated to ETC.
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“(e) What could be deducéd if the oxygen consumption was low with the pyruvate as a
substrate but high with a-ketoglutarate as a substrate? , [2]

;//// . : N A s
............... l.kxa\;;tl....‘:s:ifm%.....“..Q@mvgxsmm.......cr».ﬁ....A“‘.A,.p‘?ff%.;.w’_c\;&:g....A.,.c:‘@@..,.‘,......‘..,.,,.
O YO TR bk b CONESAOD O

(f)  What could be deduced if there was a build up of any one of the Krebs cycle
intermediates? [1]

e AR AR A nes RGNS Do T W prrren & Vs e < e LA

/ ( . ~_‘= -

Tt he  poadvalhnondWid. e NOY  fung w\:> ..................

(g) Explain why there is a raised blood lactate level in many patients with mi chondrial
disease. [2]

YO = n\av . ol
These :u@\oxxg\'\ ........ @i, X0 fov&vo\o\e ...................
..... wsHLLAToN. 0. 00 €0 AaorolC.. esPuasion ...

tamnes Place p@ow\clr\g lacktic acioh.

=]
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Sticky Note
Question total = 5 marks

Sticky Note
0 marks - nothing worthy of credit here. This type of answer is not unusual with weaker responses.  Many candidates appear to think that ATP is needed for respiration, not that it is a process which produces it. 
There is no reference to where the lactic acid has come from. 

Sticky Note
0 mark - no A level detail of respiration given. 

Sticky Note
0 marks - nothing here worthy of credit. Response shows confusion, with reference to needing ATP for conversion of intermediates. 
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Examiner
I
6. The detailed diagram below shows the link reaction and Krebs cycle. Most of the intermediates o

involved are named.

NAD*

NADH*+H* <= 0 > CO,

NADH*+H*

NAD*
-malate

fumarate —
isocitrate

FADH, NAD*
FAD CO, NADH*+H*

succinate

|a-ketoglutarate|

CO,

NAD*

W NADH*+H?*
ADP + (P)

(@ (i) Using the diagram above, and your own knowledge, determine how many carbons
there are in the following Krebs cycle intermediates. [1]

citrate 5&6
a-ketoglutarate 5
succinate 4’

(i) Explain precisely how you have arrived at these figures. [2]
.ﬁwm..mmpr,o,a.ucm,,_gmm..,c,ombs,nmgﬁ%éf!ggmue,;...a.gom,,mim_‘_
-COMPOUN, . i HA. a ety e A, a. A00..Ccorkon. compound., ond

.,fl;.k.:H\LL,L,&,..EIAL..L&th.O..mMP.OLL[\d.-,.!2,1,.:,.h&to.f]‘w,@,!.uie...,Cn.,,pmo.oLuc_w,

Jotonang. tne.d oo O NANDO... OF... L30 CLIOLR ., 1NN £03—Ea—ses
¥ CONTINIVER 1N ADDITIONAL ROOKLET
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Examiner
I
(b) Briefly describe how reduced FAD and reduced NAD are used to create an electrochemical -

gradient. [4]

Reduced £AD and. redutced NaD. clonote. prorons.and. @ecivons. fo..

the vak X - membrane Spouce. QAR Fhuus..on. e CNe.aNe N COL .

?K CONTINVED 1IN ADDITIONAL ROQULET )
In patients with a suspected mitochondrial disorder a minimally invasive tissue biopsy

provides the best opportunity to examine mitochondrial function, freezing the sample
immediately after collection.
In addition to activity measurements of individual enzymes, analysis of mitochondrial
respiration and ATP production rates are performed. This includes the measurement
of mitochondrial oxygen consumption in the presence of different substrates, such as
pyruvate and a-ketoglutarate. Analysis may show increased levels of a Krebs cycle
intermediate, such as malate and succinate.
Defects in mitochondrial ATP synthesis may lead to high lactate levels in blood.

J Inherit Metab Dis. 2011 April; 34(2): 283-292.

(c) Name the two enzyme types involved in the conversion of pyruvate to acetyl CoA. [2]
e UCRAEBEINRNGIL: ... e s i
e RO QOO e i sttt

Using the diagram opposite, the text above and your own knowledge, answer the following
questions.

(d) Suggest a suitable tissue to examine mitochondrial function and explain why you have
chosen this tissue with respect to patient safety. [2]

Asuctable. Asue wousd bo the \eg mustle peoOUd e Mere are ony. mMilothondng

_.Mn_!m.,.iu.am..,.h'.[?.,hox,,,MLLJJ_..Lbr,\'ht(L(.h'.t]l,’,\.‘.o.r,\.d,,lt,,..}.b...ﬂ.sl:LJDsl..j'nr...m .......................
paent becoue the Musda v oxiy occaiBle ond e Gmly healsd .
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(¢) What could be deduced if the oxygen consumption was low with the pyruvate as a

substrate but high with a-ketoglutarate as a substrate? [2]
Thumoudmggmm%ﬁmt&“mowbwww ..........
xr,o_m.,gﬁm,..m.mm%..OJ,H.gm...LoﬂmmPh.bﬂ..,ia,.pmpombml,,,m .................
Yaie.of reaplvohon. beoouns  piygen. in. Mo Anal. sechvon. (e poor in......

e gho VO, VONSPONE.CNGIN... If. oMy g consumphion...is.. Lo uana X ...

y ComTINUED IN ADDITIONAL BOOWLE T
() What could be deduced if there was a build up of any one of the Krebs cycle

[1]

intermediates?

That 1heee (b 0. proum.un Rreatng. down Hhese. ureh. ke intermodic
RANOps. o R0gyonss. HNGE Lanadliy do. iy cannot. Sundon mopedy..........

(9) Explain why there is a raised blood lactate level in many patients with mitochondrial
disease. [2]

Becruune. aavome. renplvanon. dom not o flaw. ob. efhwently, 5. ...

oduce
,,.Pm.ﬁmh..mu,2.,m..n&.LgA,..o,n.,a,tm.x.omgmprma.nm,...hgvg&rn.‘.ﬂIR,....PrnQanlc
reopivaNo N ErOdACN (oL @ .
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mmpnumd (nnco ik contains one Lo\ Carbon).

6b

grad.mnt ipn created.

rﬁb, elitvoni pass along Mm_wm_mm_

NAD, olectnons Pass alONng +Nreo ploctvon CAvN oKy .

6o

pynwate, Mmm%ggmwmmm_
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Quenh ey oF s ¥ £u
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Examiner
6. The detailed diagram below shows the link reaction and Krebs cycle. Most of the intermediates e

involved are named.

NAD*

NADH"+H* <= \ > CO,

acetyl CoA

oxaloacetate

NADH*+H*

NAD* citrate

fumarate

isocitrate

FADH,
FAD

NAD*

CO, NADH*+H*

succinate

a-ketoglutarate

CO;

NAD*

ATP
NADH*+H*
ADP + (P)

(a) (i)  Using the diagram above, and your own knowledge, determine how many carbons
there are in the following Krebs cycle intermediates. [1]

gifrate '+ e o B0 coun nus nouid
a-ketoglutarate ....... 5 ................................................. @ .....

succinate Af' .........................................................

(i)  Explain precisely how you have arrived at these figures. [2]
...CL".N.(LLQ...i1>...pr.o.(Luc_Ld...ymm..LOMb.L.h.lng.ﬁ%E&.LQQMMQ.;_..a.)O.o.w..%mm
-COmpound. . . a Lt LNy e A, o 3ad0..COHPON. CoMp o {nd ,-and
..!b..&:\fh.u..s....0\...ﬂ)L..Lﬂth.('.\..mmpmu\i_...QL..T...h—LtD.S.M.QX.QJ.’.Q....(h...p!{.o.oLLL.c.q,d.

.Z,.omcm.mg...m..d.o.cm%o.oaut(\u'or\...of.._lfi2..‘,..w.mn..,.“.... —£A—R/M
¥ CONTINOLED W ADD ITIONAL %OOKL\E\T )
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Sticky Note
1 mark - candidate has correctly identified that isocitrate is decarboxylated and in the additional text that this leaves a 5 carbon compound. A further statement in the additional booklet that this process is repeated to form the 4 carbon succinate means that the mark is awarded.


Sticky Note
1 mark here for correctly identifying the four and two carbon compounds from their own knowledge and looking at the diagram.

Sticky Note
1 mark - correct answer.


(b)

Reducd FAD and. redutcad NaD. clonokte. prorons.and. @lecivens. fo..
e elecivon. deanifoft. choun. .. The et oy, pass.olong. &6, 81080 0f.......

the vk ey - oembovane. Spauce. QAd. ..o, e Ce.the N Cok ...

(c)

(d)

Asuctable hisue would ko e \eg x

hare ro._gyodiito ATP or. onuste @ovathon.ond. .. K02 JOL DA
pakvant oeeuge Hhe UL 1D L0XTUy occa Bl a8y haald .
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Briefly describe how reduced FAD and reduced NAD are used to create an electrochemical
gradient. [4]

%g(p,uw: Ty neleanded
«Proron poampe pume.

?( COMTINVED 1N ADDI TIONAL ROQOULET .
In patients with a suspected mitochondrial disorder a minimally invasive tissue biopsy

provides the best opportunity to examine mitochondrial function, freezing the sample
immediately after collection.
In addition to activity measurements of individual enzymes, analysis of mitochondrial
respiration and ATP production rates are performed. This includes the measurement
of mitochondrial oxygen consumption in the presence of different substrates, such as
pyruvate and a-ketoglutarate. Analysis may show increased levels of a Krebs cycle
intermediate, such as malate and succinate.
Defects in mitochondrial ATP synthesis may lead to high lactate levels in blood.

J Inherit Metab Dis. 2011 April; 34(2): 283—-292.

Name the two enzyme types involyed in the conversion of pyruvate to acetyl CoA. [2]
....... dmrbo&cg\oje\/ @

Using the diagram opposite, the text above and your own knowledge, answer the following
questions.

Suggest a suitable tissue to examine mitochondrial function and explain why you have
chosen this tissue with respect to patient séfety. [2]

B Lo e nere are Many 1 ochondng

Examiner
only
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Sticky Note
2 marks - correct identification of tissue type for the first marking point. Correct statement that this tissue contains many mitochondria and that it is easily accessed gains the second mark point. 

Sticky Note
2 marks - correct identification of the two enzyme types involved in the conversion. 

Sticky Note
4 marks - an excellent response means that the candidate gains the first 4 mark points in the mark scheme. A text book answer gaining 4 marks.
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() What could be deduced if the oxygen consumption was low with/the pyruvate as a

substrate but high with a-ketoglutarate as a substrate? [2]
) e wnh readaon Auncniong @
Thes. moudd. sugg et Mot gegeskeser (as. Aot boorhaed®. but dar Ml.......
fandvong !
Krebs..ayche. im0 sperkcen .‘f‘?..Oqm...Loﬂmrnph,bﬂ...La.vp\(.o.p.oﬂ:).'onal...m .................
Yose.of .redplvohon. boCouns . paty.gen. in. Mo ANal ety on. oL fmr.in...
.'Mq._.mwo.n...mm.p.o.{.\:....dmi.n..*...lf...o.:ud.gm...com.ump.h.‘an....@_ WWMEK
: COnTINUED IN ADDITIONAL BOOWLE T

(f) What could be deduced if there was a build up of any one of the Kr cycle
intermediates? : 1]

That 1hart (5.0 proSum. o breawing

BMYLCLPS..'!N.\n.A.nggm..mm...u\nm...d@..mh..c..f.\&[&ﬂ\bn..p'mp.tzﬂ.(d..; .............

(9) Explain why there is a raised blood lactate level in many patients with mitochondrial
disease. [2]

Becoune..awvobie. resplranen. doem not Fane flaw. an.ethwently, smo...........

Yoo
....P.cu.c.mb...hsw..c...m.‘.e.w:,....o.n...o.nm.o.m‘.c..m.pwmmn...J\g.getrn...ﬁ.Iﬂ....Bﬂagm

rOpVONo N Erodauon a0k ¢ /\ @

t
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Sticky Note
Question total = 14.

Sticky Note
0 mark - very few candidates seem to understand that humans cannot 'rely on anaerobic respiration'. The raised lactate levels are simply the body's way of getting rid of excess pyruvate by converting it to lactate. 

Sticky Note
1 mark - correct identification that the Krebs cycle intermediates cannot be converted to next intermediate gains one mark.

Sticky Note
1 mark - additional comments indicate an understanding of linking oxygen consumption with metabolic activity in mitochondria, so gains second mark.

Sticky Note
Correct response that the Krebs cycle is operating, although no comment that we can only be certain of this after alpha ketoglutarate. 

Sticky Note
1 mark - correct response that the link reaction is not functioning gains one mark. Very few candidates identified that the metabolic pathway could be affected anywhere between pyruvate and alpha ketoglutarate. 
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one moleciile of carbon dipywds v rempved Lawvng a Jrye

catbon oowu‘)our\d. Succinate » oroduced .,Onuowx‘r\g Mo docarfn-
Jia{lﬂh‘on a~d{ Q- hmgluk&vaxa and » pULL A gopu (,Qrbnl(

~

compound (nnce e (ontains one Loy Carboal. )
6b |gradient in created . FADpeelearen dn oLl ifhoe Wi [/
fAD, eletivont pass along 4&&4 ploclivon covneri wnovan witn >
NAD, oleenvons pass along $NMeo plectvon Caveors. ¢
P
bo P‘Jm’“’“”' Hhu vooyé{ mgge&‘r Mok pynu@le cannot Yo bvowen dowmn

Qs efhaentuy VSune it n brouen dowmn wvning e L aBBn » ypon
J =7 7 ~— 3 J =
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Quan friven of ' i

+rore 1 Casu R cien b mon3\3|m2 A Yo hond witn 0CIA4Q | HKovorterr,
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Sticky Note
This candidate has very nearly improved on the answer but gave up and crossed out (very rarely a good idea) what was perfectly good logic. 
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Examiner

|
6. The detailed diagram below shows the link reaction and Krebs cycle. Most of the intermediates o

involved are named.

NAD*
NADH*+H" <a—

— CO,

acetyl CoA"

oxaloacetate

citrate

isocitrate

NAD*
CO, NADH*+H*

succinate

a-ketoglutarate

CO,

NAD*

ATP
NADH*+H*

ADP + (P)

(a) () Using the diagram above, and your own knowledge, determine how many carbons

there are in the following Krebs cycle intermediates. 1]
citrate b
a-ketoglutarate 5
succinate ‘LF_
(i) Explain precisely how you have arrived at these figures. [2]

CAcuete A8 L (avoom,.dnol 0Xaloa (Ot AL M. 0. THEY.........
COMPANL.... 0. QA% b Caviaom.. A TVALR .. |£.§ 001 TWAPUYA...
1ol @ poxylaniA. g e L0y 4. WUALE 1LV lam, .u.mmueaﬂ .......

Lo o het ogiutaate. . ence So. Anotaer.

W (O, none t Cavpen ¥ reoweed el to qav-(
SACLUAARE, WA ) wv  tabowd,
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(b)  Briefly describe how reduced FAD and reduced NAD are used to create an electrochemical
gradient. [4]

Niowg 8NCIEAD.  minsan.. reducod, nadise. th. Oat 20 CONDA. LKLIEPLLL. .

mm,MBmmﬁmawdmuafmmenm,mm

Mmqqmmjymmumm%hymonwn puseay

YOI pania e, AV, LD Cac. it

g mmmam..TM.mmym..,u,..:.mmm,,..m..mmmﬁawiy
bacie , 5.8 My ONQALRILIN oF HE iows Lpr
gCDYL’\‘T M
In patients with a suspécted mitochondrial disorder a’fiifin
provides the best opportunity to examine mitochondrial fu:
immediately after collection.
In addition to activity measurements of individual enzymes, analysis of mitochondri
respiration and ATP production I amer
of mitochondrial oxyg onsumptiorf in the presence of different substra

invasive tissue biopsy

ezing the sample

drial oxygen consun , such as
pyruvate and a-ketoglutarate. Analysis may show increased levels of a Krebs cycle
intermediate, such as malate and succinate.

Defects in mitochondrial ATP synthesis may lead to'h

vitochonc
b i

11 April: 34(2): 283-292.

¥

J Inherit Metab Dis. 20

(c) Name the two enzyme types involved in the conversion of pyruvate to acetyl CoA. [2]

e DRMAYONDQOAGIE .

e DCCNNOOYAR .,

Using the diagram opposite, the text above and your own knowledge, answer the following

questions.
i

(d) Suggest a suitable tissue to examine mitochondrial function and explain why you have
chosen this tissue with respect to patient safety. [2]

..... MULCLL . Cigue . TTIML (L Lok (. OOTAAA. WHAOUL. dind eFCHEEC ) dnd) ..

COMLRAW..... 8. L. Of..... WALDCAOACLAD. PO UMAE O HISCC.. S0
a fwish amouwnwts wewd e n{e?aa f;om :
t+i ety 10 oo Bl dipticaley 20 (nfechion rifu
woulcl gg A Ld, The (oload {ﬂdt.ﬂD’F remo vl ('t e
tvign wmen hds  d hagan 1eved of Mpd.{ andl will not
v .  vitad OVgdu, S0 CAL patlens 11 o saf€ as
PO srivie . ;
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(e) What could be deduced if the oxygen consumption was low with the pyruvate as a

substrate but high with a-ketoglutarate as a substrate?

WML pio CUACkiDw,.. NAY . ancl. EADHK:
bmpjﬂ woul%mc't pe \ﬁcol £o DIQ a. i/

intermediates?

wwlin  aJ i ﬁmuwcz':gaﬂ dﬁww
(f) What could be deduced if there was a build up of any one of the Krebs cycle

[1]
ltmmmdMW&Pwﬁ(WdeﬂV
mcm K..en . fUdTt...dla....on. 0T (nbeevieddare. ...

/ect Or dF nwiced elue T o olikale

(9) Explaln why there is a ralsed blood lactate level in many patients with mitochondrial

disease. [2]
By otris.. e 000U T DA CyDPIAHAL LSO.... NAOH . ... LTR...

A DL VROMLA... LA DAL W, TR Ry, HOWEA LK.

(:blttdkd whtbuding ™e & eletaon

ug.,‘.,.r!.».sa...m.g.m.Monamamf[’ms..w.om.._mmtm

[2]
“Thds.coMd. tupLicats. Baat. kL .. HAKAR .. PRENALinG. ag. dinit sedcsioy

Uevt Yuvdg;
fmmﬂccm,mg i pamyg y. (et sy, te... guecific. m{g;m cffq
[.anﬁnutd
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The detailed diagram below shows the link reaction and Krebs cycle. Most of the intermediates
involved are named.

l

NAD*
NADH*+H* <= — CO,
acetyl CoA ¢
oxaloacetate

citrate

isocitrate

FADH, NAD*
FAD CO, NADH*+H*
|
co, |[a-ketoglutarate
NAD*
ATP
NADH*+H*

(@)

ADP + (P)

(i) Using the diagram above, and your own knowledge, determine how many carbons

there are in the following Krebs cycle intermediates. [1]
Gitrate: = 0 & ......................................

a-ketoglutarate ... 5 ...........................................

succinate ... "4' ................................

(i) Explain precisely how you have arrived at these figures.
..... A oot 18 L. (avibon, dnd. 0
1.0 oKy lNEA . WIALA. L O . RALE 1 Lan10 0¥, (L AAMACNATD....

fovva..ou hitogludevatn , Men (e S, AV DOMLATLON....4....
wre (O, ene | Cavben, § HAOWCL selss 1o onwt |
aCLNALL, w5 fpuwv  adow.
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Sticky Note
'It', presumably being citrate, does not undergo decarboxylation so no mark given. Many candidates made this error, despite being told to use the diagram and to give a precise explanation.

Sticky Note
1 mark - correct explanation of the formation of the 6 carbon compound.

Sticky Note
1 mark - correct identification of carbon numbers.
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(b)  Briefly describe how reduced FAD and reduced NAD are used to create an electrochemical
gradient. [4]

Niotg, 8NCLEAD. , il sducod madise th Oat A0 COVTIN LGUBKIOLL...

st Howe e nywngen . oSO CATaL. S k2. 15,
electant The. loctons. vssel olovin 4. yoladibf. &4e
mmwwmmwmmmMJad;
TV . g VL, ALY oae. i

- badka, 508 My conaatiation. of {7 iow (ot
ConAy 1w

In patients with a suspected mitochondrial disorder a'f ‘invasive ‘ﬁsﬁu’é-‘biom

provides the best opportunity to examine mitochondrial function, freezing the sample

immediately after collection.

In addition to activity measurements of individual enzymes, analysis of mitochondrial

respiration and ATP production rates are performed. This includes the neasuremer

chondrial oxygen consumption in the presence of different substrates, such as

pyruvate and o-ketoglutarate. Analysis may show increased levels of a Krebs cycle

intermediate, such as malate and succinate. - -

Defects in mitochondrial ATP synthesis may lead to/high'lactate levels i
J Inherit Metab Dis. 20

0 ocn

(c) Name the two enzyme types involved in the conversion of pyruvate to acetyl CoA. [2]

........... DMMQM(!K./
........... DeAVIORMAL..... o

Using the diagram opposite, the text above and your own knowledge, answer the following
questions.

J

(d) Suggest a suitable tissue to examine mitochondrial function and explain why you have

chosen this tissug, with respect to patient safety. [2]
_____ MUSCLE . O, TTIME C1 Lary. 0. C0T8AN. WHHAOULE. dina eHCHeEC ) dad)...
CONLRAA.....a. LO.... Of..... ALTDCACICLAD, POV UMAT-Of.. 4PLL.. 8. ...

a Wil mmoumts Wowd e nee 12 wnalytc.
i @y T oo Bl afptitaly 30 infdZhgn rirx
woulcl be  purimned, The icload {ﬂawa{i oval iy e
tvigh wiien has  a@ hagan 1eved of " meddle anad will not
hVWA Y Vitad Ovgau, SO0 CAL palenwt (1 af €d4f2 as

PO v, 4
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Examiner
only


Sticky Note
2 marks - correct ID of tissue. 1 mark given for explaining the choice of tissue with high mitochondria levels and ease of access with no vital organs damaged.

Sticky Note
2 marks - both marks given for correct response.

Sticky Note
4 marks - all 4 mark points given for a good explanation of the creation of the electrochemical gradient. 
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(e) What could be deduced if the oxygen consumption was low with the pyruvate as a
substrate but high with a- ketoglutarate as a substrate? 2]

Wl | Ao,
tkﬁtwnue«/t pYyruvag

fym«occu,mg,pom%hy I"llddblﬁkj’ ... gpeaﬁc CUDPNL. ...
[.Canﬁmw—d

W PG PUUNSLL . Gy ... THR. WA lD LMONCLA G o THAL Wowdal. preiens..

bwm@a Wi prociction, .. of....a. ot of. NADR,...an0l FAD R ... nasdusis

WO not pe il SO wmaucn ad e fivda( €de ép
(f) What could be deduced if there was a build up of any one of the Krebs cycle
intermediates? , [1]

wlecrbouy/lak.. en

Tbibitec. b w0t eynticied el 1O o G((K&Je
(9) Explam why there is a raised blood lactate level in many patients with mitochondrial
disease. [2]

Bycoupdr. e 0.00ux0. (... Dan. OyOPLAINAL45O.... NKOR . adl .. LATR..
QA0 VOCULLLE. . LA Tt

Examiner
only

oiand ywitotMbudna e ﬁﬁwmm'wwm
may  WOT 0Cuw  as efficiently, L(urufkw

P&l nO- WU TO Mloate Cff nyelrGesn . MMAMMC
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RIPVOLON  OCLUM | 0 T plruvate procluccect

MR- preduid oy V\,SC(/VDW Brona OV ADR . Tnto A8,

MU NADY o e -wied.

¥ A T b v B st toeloniwion ;&g oo T
U nachon gl Kanldaf Lyele wiuth maf/ dd0
be Ueamaged  ov oL OCLUr,
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Sticky Note
Question total = 15

Sticky Note
2 marks - the candidate has identified that diseased mitochondria may have poorly operating ETC. Candidate has also correctly identified that the excess pyruvate has been converted to lactate to prevent a build up, so gains the second mark. 

Sticky Note
1 mark - good response using learned knowledge.

Sticky Note
2 marks - 1 mark for correctly identifying that the link reaction may be affected. 1 mark for correctly identifying the effect on oxygen consumption of low levels of reduced NAD and FAD.
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Question

LR Y

(b)

(c)

(d)

(€)
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GCE BIOLOGY - BY4

MARK SCHEME - SUMMER 2014
Marking details

{Ammonium/ammonia} ions/ NH,";

Azotobacter;

Root nodules;

1. (Rhizobium synthesises) {nitrogen containing
compounds/or eg} {which pass to plant/ which plant can
use}/ allows legumes to grow in low fertility soil;

NOT fixes nitrogen

2. (Plant synthesises) {carbohydrates/organic acids} which
pass to the Rhizobium/ {Plant/ leghaemoglobin}
provides anaerobic conditions for the bacteria;

NOT Plant provides protection for the bacteria/ nutrients
passing to bacteria

{Small/additional} rings of DNA (which occur in addition to the

chromosomal DNA);

Question 1 total

28

Marks
Available

1

[6]






Marks

Question Marking details Available

2 (@) (i) | Obligate {microorganisms/bacteria} that 1
aerobe {grow/divide/ metabolise} in the
presence of oxygen;

Obligate {microorganisms/bacteria} that will 1
(i) | anaerobe only {grow/divide/metabolise} in the
absence of oxygen;

Facultative | {microorganism/bacteria} that can 1
(iii) | anaerobe | {grow/divide/ metabolise} with or

without oxygen;

(b) Gram +ve PURPLE Gram —ve RED/PINK 3
(both colours correct for one mark);
Gram positive retain the {(crystal) violet/ purple} stain
because of their {thick/peptidoglycan/murein} cell wall;
Gram negative do not retain the stain because of their
{thinner cell wall/ less peptidoglycan/ less
murein/lipopolysaccharide layer};
Gram positive retain crystal violet because they have a

thicker cell wall than the gram negative = 2 marks
(c) Both for one mark 1

Cocci sphere/ spherical

Bacilli Rod; Accept cylinder

Question 2 Total [7]

© WJEC CBAC Ltd.

29






6

Question

(@)

(b)

(c)

(d)

© WJEC CBAC Ltd.

(i)

(ii)

Marking details

All three correct for one mark

Citrate 6
a-ketoglutarate 5
Succinate 4

4C oxaloacetate plus 2 C acetyl,

1C lost/ CO, lost {before a-ketoglutarate/ from isocitrate}/
isocitrate is decarboxylated

and 1C lost/ CO, lost {from a-ketoglutarate/ before succinate} /

a-ketoglutarate decarboxylated,;

Reduced NAD and reduced FAD pass electrons to the Electron
Transport Chain;

The high energy electrons/ electrons provide energy;

(Used to power) proton pumps;

On the inner mitochondrial membrane/cristae;

Which pump H" into the inter-membrane space;

Reduced NAD powers all 3 pumps/ Reduced FAD passes to
2" pump/ OWTTE;

ATP synthesis = neutral

Dehydrogenase;

decarboxylase;

(Skeletal) muscle;

High numbers of mitochondria and easy to access/ OWTTE;

33

Marks
Available

Max 4





Question

(€)

(f)

9

© WJEC CBAC Ltd.

Marking details

Low with pyruvate

{The pathway leading to Acetyl Co Allink reaction} is not
working/ {Enzymes/dehydrogenase/decarboxylase} are not
active/ There is no reduced NAD for the Electron Transport
Chain (so no O, needed);

High with a-ketoglutarate

The pathway between a-ketoglutarate and the rest of the cycle
is working correctly/ There is enough reduced {NAD/FAD} to
drive the ETC (which needs O,);

Enzymes catalysing the conversion of the molecule to the next
in the cycle are not functional/ The {molecule/named example}
cannot be converted to the {next intermediate/ named
example} / build up of reduced NAD and FAD;

The {Krebs cycle/ link reaction/ Electron Transport Chain} is
not working (as well);
Pyruvate levels {build up/ increase/ higher};

(Excess) {pyruvate/NADH,} is converted to Lactate;

Question 6 Total

34

Marks
Available

Max 2

[16]
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