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GENERAL INSTRUCTIONS
R

—HE]

In this practical test you have TWO hours to do THREE Questions.
AEGEFE A 2/ Ny > B SER (ERTE

You should perform the tasks in the order given here:
PRVEIR T IIEFSE R REERS

Question 1: Analysis of blood markers (11 marks). This section should take approximately 15 minutes to complete. You will be
provided with some data to analyse.

[l L R (1157)
IR IEH B R A TIURATRC 0T FRAEARKILS SN SER

Question 2: Practical determination of kinetic parameters (60 marks). This section should take approximately 90 minutes to
complete. You will be generating your own data.

[MRE2: B ISR E TIEME605T)
IR EE B TEN S B2 BIFNE, - 7 A B CHVEEE » FAERLI90 N 5E R

Question 3: Analysis of genetic markers (7 marks). This section should take approximately 5 minutes to complete. You will be
provided with some data.

I3 AT T(753)
IEFTR B RSB B T > FAEARLIS T HEPSERL -

In this exam you will analyse a patient history through blood marker characteristics, enzyme kinetics and family inheritance of a
genetic disorder.
Good luck!

FEARELES - (RIFEE W NIIURIREER R - BRI - ISR SRR A - EOAmHm A 2w s
Pt !

Important Information:EE(Z & :
¢ Please remember to write your name, your student code and your country in the given boxes.
FCAEFTE ERVERS B MR - B REEHIER -
o Write your answers in this question booklet. Only the answers given in this question booklet will be evaluated.
FEAGAN LR MRNEE - HEEAGATHEE GG -
e Make sure that you have received all the materials and equipment listed. If any of these items are missing, please raise your
Red card immediately.

FHEEIREWEIFTA R IR IEH - ARAEFIEE 8RR - s51L R ERREERIAL R -

¢ During experiments, ensure to handle equipment properly. Any spilled solutions or equipment damaged by you will not be
replenished.
EERHET > MECRZE(THEEH o (DR SR SRR RN e -

¢ Stop answering and put down your pen immediately when the whistle sounds at the end of the exam.
175 oG R Y IR RS » S5 R IR N EE -

o Leave the question booklet on your desk at the end of the exam.
G - BRI EANER L -

¢ No paper, materials or equipment should be taken out of the laboratory.
AEHARTR - APkl eE AR B -

¢ An English translation of this paper is available upon request.

AEAE A HYFE SRR A AT R BRI it
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MATERIALS & Egftifel

Materials

PR

o Ice Box/Kk&

e Solution A: 2 x Concentration Reaction Master Mix containing: 50 mM potassium phosphate buffer, pH 7.6; 14 mM MgSQOy;

2.64 mM ADP; 40 U Lactate Dehydrogenase; 0.4 mM NADH (10 ml)(in ice box)

BIRA  2RERINIEREY) - & ¢ 50 mMBEESTEENR > pH7.6; 14mM MgSO 4 ; 2.64mM ADP; 40 U L H: Gl

04 mM NADH (10ml) (E/K&EH)
« ¥SHB : H0 (10ml)
e Solution C: 10 mM phosphoenol pyruvate (PEP) in 0.1 M potassium phosphate buffer, pH 7.6 (1.5 ml) in ice box
BIRC + 1.5 ml 1910 mMEERZIAEEPNERE (PEP) FURY 0.1 M BEEESPGENR T, pH 7.6 (1.5 ml) (B/K&)
¢ Diluted plasma samples F, M and D (0.5 ml each)
MR MR mF » MAID (0.5 ml) (B/K&H)
e A 20-200 pl pipette —3720-200ul =K E
* A 100-1000 pl pipette or 200-1000 pl pipette
—100-1000ulE% 200-1000 pl F5 & E
* Pipette tips, to suit pipettes AL HERE N ETE D
¢ | ml plastic cuvettes (1 cm path length) x 20
I ml FREEEE (1 em EESEE) x 20
e Waste tip and cuvette disposal vessel

B BRI E I R B R LL VB A Es

e A visible light spectrophotometer - check the Spectrophotometer Guide sheet, included as a separate document, for
instructions on using you spectrophotometer

— & ] e O M e HE A TR AR R IR e e

- a cuvette will be placed in sample chamber to indicate the correct orientation. s EEHE M P E R EH —ELLEE

LIS B IERE R T T 7

e A Cuvette stand FEEE R BEZE

e Parafilm®square x 30
305RITIZES IR

o Digital Timer #i75 553

e 30 cmruler
30 ATTHIR

e Scientific Calculator
Bl EES

e PenZ

o Pencils $4%

v. 2

Introduction
1148

Important Background InformationE EE &5 B

Pyruvate kinase (PK), a 58 kiloDalton (kDa) protein, functions as a homotetramer and has a pivotal role in the glycolytic pathway

(Fig. 1), converting its substrate phosphoenol pyruvate (PEP) into pyruvate in a reaction that also generates ATP.
ARG S (PK) 2—ES8TEMTH (kDa) fEH - DAEIEIIRAGSEITEIIRE - fEERH RS h iy mRa A e (1E1)
[ i B R KA PR (PEP) #8L RPleRg - JfAEA: ATP -
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PK deficiency (PKD) is the commonest cause of hereditary non-spherocytic haemolytic anaemia, a group of genetically inherited
diseases associated with a net loss of red blood cells. In the PKD disorder, red blood cells are broken down (undergo haemolysis)
prematurely, resulting in a shortage of red blood cells (anaemia). In hereditary non-spherocytic haemolytic anaemia, the red blood
cells do not assume a spherical shape as they do in some other forms of haemolytic anaemia. Blood analysis can also be helpful in
understanding the PKD disease. In addition, the disease is often associated with reticulocytosis; an increase in number of
reticulocytes (immature red blood cells).

PKERZE (PKD) iRk M EIE H BRI A S Mt i & R HYIRIN » & —4H BT BRI R I AR BRI M (e

7 - AEPKDSFIE » ALMEPRAEAE T oy (MBOAM) - HEEALMmEK (i) Fe - fEEEEIREERP At &m s -
SLIMBRA R EAM — LA M & M S FHERIE o (URIIHTRTEBII TREPK DRSS © HES1 - 524520 B BAE IRA L BRATAEE 2 RECR
FEELIMER AR -

PKD is inherited in an autosomal recessive pattern. The parents of an individual with an autosomal recessive condition may, or may
not, show signs and symptoms of the condition depending on the alleles that they possess.

PKDJE—FHAG CASIR M (P - LR (AR SCEHH AT BV AN - FTRE & s iTREN SRR ILIIE -

Given equal subunit expression and random association, PK in either simple heterozygotes or compound heterozygotes
(heterozygotes where there are two different recessive alleles) is a spectrum of heterotetrameric isozymes (A4, A3B, A2B2, B3A, B4)
in a theoretic ratio of 1:4:6:4:1.If B is a variant and A is normal, some 94% of all PK in PKD patients contains one or more mutant
subunits; in vivo, non-assembled monomers are prone to protease digestion.

IR AR ER N B AR PREAARNDMERNS TSRS T (RUGTEHAMEAFERIREEI

B - AZIERRY - {EPKDEFEFTEAPK 1494 90 7 — (82 (E2e B 0K BT, 11 S A 4R o, R 4H 20 BELAS 2 e LI 8 7y
fiF
It is important to note that specific alleles code for PK proteins that form tetramers, whilst other PK proteinsthat remain as monomers.

L RHE RS ANFRIRAVPK E 0 GRS - HA S AN RIRAVPK 2 5 Al LR B AE

Clinical symptoms usually observed in simple heterozygotes, compound heterozygotes and homozygotes are variable, ranging from
neo-natal jaundice requiring blood transfusions, to haemolytic anaemias that are self-regulated and show minimal clinical signs.
Many of the mutant PKs have been identified on the basis of the biochemical characteristics of the defective enzyme.
EEACHRERNG T RN FHIER G TERS BRI AE R R A 2= 50 - TR e 4 7 20E F5E 5 P
I M E U B DRV EE AR - 3726288 PK LR L AT DU IR I RV AR (LR B A E

] & —— —— ——- Tl I AR
A%

iy

(S1E5)
ADF PRI H B
ATP (PK)
PR

Figure 1: The role of pyruvate kinase (PK)
1 © FHEE (PK ) HIFH

A clinical scenario:FE PR 5 :

Various family members have been diagnosed with non-spherocytic haemolytic anaemia, perhaps associated with PK deficiency.

Numerous tests can be conducted including blood work to determine the parameters of the blood composition (haemogram) and an

enzyme analysis of plasma specifically for PK activity. Additionally, a genetic analysis including identification of PK proteins from

individual members and an analysis of a family pedigree to confirm the likely inheritance pattern can be undertaken.

EARERE LA IRV AR A & - FTREBPKER=ARR - FUETFFEME - B © MRHIE LAEE KRR
(MRADAY2E  MAETPKEEEME T - boh - ATLUETEE T - BFE © SR SRVPKE H A - DA RIS R,

AT > DAMEREHAR A -

You will analyse and collect data from the 3 family members: Father (F), Mother (M) and Daughter (D), in order to determine the
family pedigree.

TR AT ERS (EZR Rk S AVEDE © EFESCH (F) - B85 (M) AIZch (D) DIFEE R 8 (EIERY -
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QUESTION 1
[ 1

Blood Analysis:

Whole blood samples were collected from the Father (F), Mother (M) and their Daughter (D). After blood is taken and analysed the
following partial results were obtained (Table 1):

R #r

WEACH (F) - B (M) RHZS (D) WERMmAA - BUit o8 &Sl T E o 4R (&)

51

& AF HAM HAD
(R#) (B#) (Z5)
4T ImER4HAEE; (RBCs) 5.35%10'% /7} 3.65x10'% /7 3.01x10'% /7
B R & 7.5x107/1 42x107/1 3.4x107 /1
M&TERBE 144 g/dl 10.5 g/ dl 8.5g/dl
R4 Ik 4L (RBCs9% ) 1.67% 2.63% 10.46%

Various analyses can be undertaken, including the determination of the haematocrit, the packed red blood cell volume, given as a
percentage of total blood volume. The haematocrit is produced by taking up a sample of blood into a micro-capillary tube and
centrifuging the sample so that the red blood cells become packed. The percentage of red blood cells is calculated by measuring the
packed volume as a function of the total volume in the capillary tube.

ST MY AR AT ERAE AL BRI AL - DRI B E 2R - BRI A E B I TR L - (54T
BEFRERS - DETRALMBRAIA S e AE T IRESREE ot -

£#%1a

Determine the haematocrit (% packed red blood cells by volume) shown in Figure 2, for each individual. Include these data in the
first row of Table 3. This is expressed as a percentage to one decimal place (d.p.).

SN2 F 3R A E (ERGA VAL BRI AL (ALMERAINAE R ot ) - MRS Ee s 2 IRAERIAVE 17 - BdELUI
BORLIR S — (B =23 (dp) -

Father (F) G ( 0
Mother (M) G | 0
Daughter (D) (N | )

Figure 2 Haematocrit diagrams firom the Father, Mother and Daughter. The figure shows diagrammatic
representations of the haematocrit, depicting a capillary tube of total sample containing red blood cells (left hand
side) white blood cells (buffy coat) (between RBC and plasma) and plasma (right hand side).

[ER2 SR BB R LS IR BT LT

PR EE LA AR ) R FIA AR buffy coat, [T 7ERLITE R MIART /) RMATAL R £ )

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6 6/25
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Table 2: Normal Values for Haemogram of healthy people

Male Female
Eag[“%ghbi“ (g/d) 135-17.5 115-155
Z%&";;%cgt(t@ 40.0 -52.0 36.0 - 48.0
ggﬂ g;;;ﬂgiﬁggz Count (x10"%/1) 450-6.50 3.90 -5.60
I‘ﬁ; mcﬁeﬂl}mliggfg?;’g';' (MCH) (pg) 26.0 -34.0 26.0 -34.0
l‘jg%'; H?ﬁgg%‘}‘;)e MCV) (@) 78.0-95.0 78.0-95.0
Mean Cell Haemoglobin
%gzﬁlégglz"f%ﬂ‘é‘;;?ﬁ/ dh) 30.0-35.0 30.0-35.0
gﬁ}?@&%&%ﬁ Cell count (x10°/1) 40-11.0 40-11.0

9
E‘;‘f}f‘gﬁgjcé“&tl(gg/ ‘1’) M 105 — 450 105 — 450
. °

LIRS S S
gg@;cggryi(%gf i‘;a%e'}‘];’zgl'%“) 11.8-18.6 11.8-18.6
Task 1b {£#1b
Using the packed cell volume from Figure 2, and the patient data from Table 1, calculate the following parameters for each patient
(F,M and D):

DUEREVPCVE RN E RS TEEAA AR M IS 8E

The red blood cell volume, known as the Mean Cell Volume (MCYV),
LLMBRFIETE (MCV)

The mass of haemoglobin per red blood cell, known as the Mean Cell Haemoglobin (MCH),
THERBCHHAEH e FHaMaLE & B (MCH)

The concentration of haemoglobin per red blood cell, known as the Mean Cell Haemoglobin Concentration (MCHC).
HERBCHr & HEHIMAT ZRE (MCHC)

The MCV is given in femtolitres Sﬂ) (flis 1x10°13 1) to one d.p. MCH is expressed in picograms (pg) (pg is 1x10712 g) to one d.p.
MCV B femtoliter (fl) (fl= 1 x 10712 ) l/NB#k % — (i B & 231

MCHC is the total concentration of Hb in the RBC fraction. This is expressed as g/dl (deci litre) (1x10-1 1) to one d.p

MCHC A4S 84R BC T 2 AL 248 BB DL g/d1 (dl=1 x 10 1 DR S5 2/ Nk i — (i B e

Write the numbers in Table 3. for the Father (F), Mother (M) and Daughter (D).

SR SOIRE, BERIM 52 205D Z S TR B EIE AR3

Show your calculations for each parameter, in Box 1 for Father (F)),

R CSRP)E— 2B 255 I ABox 1t

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6 7125
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Box 1: Calculations for patient F (Father) (4 marks)

RAF DI E
(#7477

Element

Show your working here

Haematocrit

MCV

MCH

MCHC

Table 3 (4 marks )
23 (477)

Sample F
(Father)

Sample M
(Mother)

Sample D
(Daughter)

Haematocrit (%)

MCYV (fl)

MCH (pg)

MCHC (g/dl)

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6
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Further analysis 3&— 577

Anaemias are classified, according to the size of the red blood cell, as being either normocytic (normal MCV), macrocytic (increased
MCV) or microcytic (decreased MCV). Microcytic anaemias are also often described as being hypochromic based on peripheral
whole blood smear examination. The optical properties of the small, thin microcytes make them appear hypochromic on the blood
smear, while the haemoglobin concentration remains in the normal range (microcytic; hypochromic anaemia).

S MAEHRIERBCAIEAY Nk, IEH 4R, B4R ke TR AY E e, /N AL e SRR R IR A A Y2 8 236 N
S/ NRBCATE, S AR 0 2R & A B M (B FL AL 2R (T4 E IE HE & (/AT AY: (Kifn e 2R AV

Normochromic blood smears show no change in optical properties on the blood smear with the haemoglobin concentration
remaining in the normal range.

IEF M EZRMR A BURH M G Z OB RE, HMmAL R I #E

Table 2 gives the normal ranges for MCV, MCH and MCHC.
SEEEMCV, MCH KMCHCHY IE # S {E 5 &

Task 1d {£% 1d

Using the values you have obtained (included in Table 3.), establish the classification in terms of size of blood cells and levels of
haemoglobin of the blood of sample F, M and D.

i (I3 T A 2RAVELE S R mEM A DEYRBC AU/ NRUMAL 22 5 E A3 8

You should answer from one of the following options for each patient (N.B. you can use any of the options more than once):z5A
Flpf AR BB R A B i (A =R AT B )

A. Macrocytic, normochromic

B. Microcytic, hypochromic

C. Normocytic, normochromic

(3 marks)
(3

Patient Classification (A, B or C)

Father (F)

Mother (M)

Daughter (D)

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6 9/25
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QUESTION 2
[ 2

Assay of pyruvate kinase activity

Biochemistry can be utilised to determine properties of well characterised enzymes by studying the variation in their kinetics.
Enzyme activity is usually determined by monitoring the disappearance of a substrate or the appearance of a product, often using
changes in spectrophotometric properties of the reaction mixture.

PN R B R S 1 S T
FEHERE R E VBN M b - TLURE — RV - BERAVENE— S SR R DAY IR - ]
LIRS R &I B E S BT S

PK is conveniently assayed by a coupled assay in which the product of the reaction, pyruvate (Equation 1), is used as substrate for
the NADH-linked enzyme lactate dehydrogenase (LD) (Equation 2), which is added to the reaction mixture in sufficient amounts to
convert all of the pyruvate produced during the reaction to lactate. The reaction can be monitored by following the decrease in
absorbance at 340 nm over time. The equations for the coupled reaction is shown (Fig. 3).

PRUEMERTDAGE FHEE S R (A0IE3) © SFELEVEEY) > WA (pyruvate) o] LR/ S IE2HYZE > I AR BHVEINADHEE &2 H
Wi ERG(LD) » FI LRI A RPN b R LR - LR AT DUESEIHI340 nme s b A E0H] -

PK

(equation 1) Phosphoenol pyruvate (PEP) + ADP > ATP + pyruvate

(equation 2) Pyruvate (from equation 1) + NADH LD > NAD* + lactate

Figure 3. Pyruvate kinase and Lactate dehydrogenase-catalysed breakdown of Phosphenol pyruvate (PEP)
(Equation 1) and Pyruvate (Equation 2)

An enzyme’s kinetic properties can be determined by varying the PEP substrate concentration (Equation 1).

FERAVEN B AT DA S S EHIPEP 2 B HY RS A E

Aims of the experiment
To determine the functionality of PK from the three patient plasma samples, Father (F), Mother (M) and the Daughter (D).
HigHIE
IIMTAE S (F) ~ REVDAIZC D) A PKEYZHREM:
e Determination of activity of PK in patient plasma samples through the use of the coupled assay.
DU RS A A IMAE A PK BT
e (Calculation of the kinetic properties of PK in absolute units.

ST EPKAYEI S (REET L)

Methods: pyruvate kinase assay
Before starting the assay, please note the following:
JiE R e AT
IR SRR N ERIA
1. Solution A, C and patient samples F (father), M (mother) and D (daughter) should be kept on ice, whilst Solution B (H,0)
should be kept at room temperature.
BIRA ~ TEIRCLLUR AL (F) ~ BRI D)L HRAE/K L 5 BB (HyO) AT 208
2. The spectrophotometer should be blanked against water (provided) at 340 nm.
FEREFT R340 nm 73BT - B DUK(E BNz B50E
3. Make up the reaction mix by pipetting the reagents shown in Table 4 directly into a plastic 1 ml cuvette. You should add all
the components except the plasma sample, then add the plasma sample last when you are ready to start the reaction.
JoRiRAT bR T IS S MY RTA SRER T oS R &R - IRFRRAIE - 2 hIIIE mDeERHIVE - EERaNE
B - FEAAMAE S -

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6 11/25
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Table 4. Pyruvate kinase assay components

THA IR B BT Z B

You are provided with the following reagents
L
2x stock concentration Reaction Master Mix (10 ml)
Solution A (1t>l(1)e working concentration for the Reaction Master Mix is
IR A
e R E B R AT
(10 ml) (FZFERBAE L ERE FHET)
Solution B
N HyO (10 ml
B 20 (10 mb
Solution C 10 mM phosphoenol pyruvate (PEP) (1.5 ml)
BRC 10 mM BEEESAEZ A FREE(PEP) (1.5 ml)
Diluted patient plasma labelled F (Father), M (mother), or D Diluted plasma from each patient (0.5 ml each)
(Daughten e \ PR S (0.S mi)
MR MR - BERAC(F) ~ BEM) ~ BZC5(D)
Task 2a

Calculate the reaction volumes for FIVE concentrations of PEP (Solution C) (chose FIVE concentration ranging from 0.2 mM to 1.5
mM). Show an example of your calculations for the highest concentration in Box 2.

£%%52a
H1#£0.2 mM F(1.5 mMAVEIEN - HCEERMEPEP (ARC) IR IERR - W E ¥ E A FEPEP EERE RIS AU AfEEE & - &
Hh e B st E e 2 FBox 2

PEP will drive the reaction and allow the determination the Pyruvate Kinase activity in each plasma sample (from Father (F), Mother

(M) and Daughter (D)).
PEPERIAASIIE » FELINIIE & A S PR S S 1

Box 2 (1 mark)
Box 2 (14)

Show an example of your workings for the calculation of volumes to be used of the highest PEP concentration.

BOIR L EEMARSPEPRERER - AR L RRE

Task 2b

Write the volumes used to make the reaction mixes into the blank spaces in Table 5; note that these will be the same for each plasma
sample (F, M and D).

17520

FERSZEREN » EHARCHN R AR TSR - 78 © & MmARE M, D) R T EZ A

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6 12/25
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Table 5, Reaction Volumes. You should write the substrate concentrations, PEP [S], you have decided to use in the first row at the
top of each column, and the volumes of each solution in the respective boxes. (3 marks)

S5 RIERETR - SEAREF—FIHIEPEPRE - FLAE S H K 77T TR 357)

Concentration

R

PEP concentration

Solution A (nl)

Solution B (ul)

Solution C (ul)

Plasma
[m#g
Final volume

SRR

The PK activity Assay

Mix contents by inverting of the cuvette (making sure there is a piece of parafilm held in place over the opening using your thumb
or forefinger), take the A34( reading at time zero, then record the A34q at 30 second intervals for 90 seconds. Record your
absorbance values to the number of decimal places as displayed on your spectrophotometer.

50 ul 50 ul 50 ul 50 ul 50 ul

1000 pl 1000 pl 1000 pl 1000 pl 1000 pl

PKUEMED AT

AL B IVE R CIRREEST - RIS (ER i - SOEDESTER » HIA340 » 305k K0l (time 0)E(H » M{REE3OFDRIEC—2
$£90FD o

For each sample you need to determine the initial rate of reaction AA/At (time expressed in minutes) for the various concentrations
of PEP ([S]) you used. Using your time zero value and another value of your choice. Highlight the time points which you have used
to calculate the rate by circling the values.

IRVHE g —TEEESRITA A/ At (R PA $ET) - s R TEPEPRE ([SDAVBHLGE LA(AA/AL) - DA HIRL R BT EIH
B SR R A BB A T3 5 O Va5 P (o P s R ey et el

Task 2¢
Perform the experiment as described and record the absorbance readings using the tables provided (Tables 6.1, 6.2 and 6.3).

EH#2c
W P BRI TE S - RO EECSEEDR6.1, 6.2F16.3

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6 13/25
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Table 6.1 Sample F (6 marks)
756.1 FE40F (6.57)

IBO 2016 Apollo

Concentration

R

[S]

Absorbance at 0s

[ FEORPERFEY I S {E

Absorbance at 30s
K FE3ORDEF Y e

Absorbance at 60s
K2 FE60FDEF HY T Y B

Absorbance at 90s
R FE9OFDBF By S AE

Rate (AA/min)
(15 (AA/min)

Table 6.2 Sample M (6 marks)
76.2 fZmM (677)

Concentration

R

[S]

Absorbance at0 s

R FEORP s Y S {E

Absorbance at30 s
2 FE30FDEF HY I Y B

Absorbance at 60 s
K FE6OFDEF YR YL

Absorbance at90 s
2 FE9OFDEF HY I Y B

Rate (AA/AY)
SR (AA/AL)

https://pdfgen.iboexams.org/html?exam|d=714efa20a595fd6b52524957&languageld=rgpiubT FitP4EQvs6
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Table 6.3 Sample D (6 marks)
76.3 0D (677)

Concentration

R

[S]

Absorbance at( s

[z FEORDEF HY R G {E

Absorbance at30 s
K FE3ORDEF Y e

Absorbance at 60 s
2 FE 60F DB HY I S {E

Absorbance at90 s
R FEIORDEF Y Y fH

Rate (AA/At)(min’")
(e

Calculation of Kinetic Parameters

It is possible to express a change in absorbance over time as a change in product/substrate concentration. For each initial rate, AA/
At, calculate the initial velocity (vg) (AConc/At) of the reactions for each PEP substrate concentration ([S]). The absolute units for
velocity should be given as pmol min~" using the Beer-Lambert law. The Beer-Lambert law (or Beer's law) is the linear relationship
between absorbance and concentration of an absorbing species.

STRFHHESE

BT a] AR CERVE LAY ) =2 E R R84 l: g —PEPZERE(S]) » & FIAE(LRAA/AL » FTREVIEE (vo)
(AConc/At) » {iBeer-Lambert law » [pmol min™' 287 - Beer-Lambert lawmll)ii%ﬁﬁ/}af 4R MR A

The equation is: A = glc
HRAGA Ty A=elc
A = Absorbance
A =UEE
€ = molar extinction coefficient
e = S HIRUEHE
1 = path length of light
1= A A
¢ = concentration

c= B

The reactlon in this experiment measures the conversion of NADH, which has a molar extinction coefficient of 6220 L mol” Lem 1

toNAD" (which has a negligible absorbance at 340 nm), and therefore the conversion of PEP to lactate. As there isa 1:1 molar ratlo

of components the conversion of NADH is therefore equal to the conversion of PEP. The cuvette has a path length of 1 cm.

AEFBRAT R e B HINADHES L ANAD+ (L - HECHIR (58026220 L mol ! em™ - NAD+7£340 nm/EZ?ZDEz%ﬁT%EZU

BEAFE R » SERY 55— L/EPEPERALIE - [N R fEELE 1 15 HEL - FrLINADHAEEYLEF R PEPHYEL - SEREETHIVE
ANEEERIE Ry 1 om

Task 2d

Calculate the initial velocity (vg) and write your answers in the tables below (Table 7.1, 7.2 and 7.3) for each patient (Father (F),
Mother (M) and Daughter (D)). Your values should be given to the nearest 3 decimal places (d.p.).

¥ (F) - BRI R D) HIETERIERTE (vo) » KIEEZEFAELLTHIRT.L, 720173 » FEIRETE LAY NECRE (23 (7 H
=
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Table 7.1 Patient F (1 mark)

271 LF15)

[S] )
Table 7.2 Patient M (I mark)
F#7.2 KM (147)

[S] V)
Table 7.3 Patient D (1 mark)
Z73ZHED A5

[S] Vo
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Calculation of enzyme parameters Ky and V,ax

E%?KM&Vmax %ZZL‘I‘%:

By using the different rates of reaction for differing substrate concentrations two enzymatic parameters can be determined: Ky and
Vmax- These two parameters can be estimated by the data in one of two ways: a Michaelis-Menten plot (Figure 4 A) or a Hanes-
Woolfplot (Figure 4 B).

W ZR 2 Km and Vipax S8 DM FER R 2 BRI T [B] R e R e A A S R R R S B mT DA A i e e A 5
AL E: 4% Michaelis-Menten plot (Z1[E|4A) 5¢Hanes-Woolf plot(Z1[E4B)

A B
Vol .. Vmax - o
........ 9‘0
o
Vmax/2 -)?
7
;!
Y
" [S]

Figure 4. Plotting kinetic data. B/ Z87F/FE
A. Michaelis-Menten plot of initial reaction rate (vg) over substrate concentration [S]. Ky is the substrate
concentration that gives half maximal reaction rate. Vi, 4y is the maximal rate where [S] is saturating.
A LI EFZRV o) R -Z B /LTS ] 485 Michaelis-Menten plot.
K 25221 2 i KREFFIFH T Z E RIS, Vinax 75 a5 L HAURIIFHY
RASNEFHE

B.Hanes—Wolf plot of the ratio of the substrate concentration and initial rate ([S]/vg) over the substrate
concentration. Kyy can be determined from the x-axis intercept of the best linear fit to the data points, and Vy, 4, can

be determined from the slope.

B. LU ZER LT IERELL(E[S]/V o) RAZE R S] 48 Feanes—Wolf plot, Ky S3HEHEZ B8 HRAC
R Zx-BHEHEAATE, Vinax HIFIFEAE

Task 2e
£5%52e

Use your data to construct a Michaelis-Menten plot of v over [S] for each patient (F, M and D) on the graph area below. You should
draw one graph with three data plots; one each for Father (F), Mother (M) and Daughter (D). Use a cross (X) to mark data from the
Father (F), a circle (O) to mark data from the Mother (M) and a triangle (A) to mark data from the Daughter (D).

ﬁ“ IEFTS BRI A, MED) #Y Vo / [S]FE TFITTHSAR 5170 — {E Michaelis-Menten plot [&], 7] Fj— (& & 2 333 A
SCHF (UIXEEEZR), BER M (LOFEEFRR) K 251 D(AARESERR) Z B &k,
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Michaelis-Menten plot
(10 marks)
1077)

Task 2f {£#52f
Using the three data plots, estimate Vmax and K); write the estimates in the table below using the correct units and to the nearest 2
decimal places (d.p.), for each sample from the graph you have drawn.

AT AR E > 5V maxFIK M AT R VEUE A A o, a7 (o A IR BE A0 DA NEGR R 2 (T BB AL MR

(6 marks)
6 77)

Patient Vmax Kwm
Father (F)

Mother (M)

Daughter (D)

Task 2g (3 marks: one mark for each completed table)

% 2¢ G0 B —RERF/1D)

Determine [S]/v( for each substrate concentration and each sample and write your answers in the tables below for each patient
(Father (F), Mother (M) and Daughter (D)).Your values should be given to to the nearest 1 decimal places (d.p.).

ST

HIERF—ZERRIERY [SYvo WAFEFALR ACCH F, B MK 258 DYVEFIEA MRS T B R R 23R 2/ NI R LT
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Patient F (1 mark)
WAF (177)

[S]

[Sl/vg

Patient M (1 mark)
TTAM (177)

[S]

[SI/v0

Patient D (1 mark)
HAD(147)

[S]

[SI/v0
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Task 2h {£% 2h

Plot [S])/vg over [S] for each patient (F, M and D) on the graph area below. You should draw one graph with three data plots; one each
for Father (F), Mother (M) and Daughter (D). Add a line of best fit for each data plot. Use a cross (X) to mark data from the Father (F),
a circle (O) to mark data from the Mother (M) and a triangle (A) to mark data from the Daughter (D).

s LA AF, MDY [SYV o e [S] BB FlE 2 B4 T i, PA3 BidE(F, Mk D)k —ElY, I 4g—Frisd &3 408 &kt
H4R

TRASCEIF (AXFEEFR), BEE M (PLORESESRR) ) 2052 DIMAREETRIT)

N

Hanes-Woolf plot
(10 marks)

107)

Task 2i {£752i

Calculate V5« and Ky for each patient and include in the table below using the correct units to two decimal places (d.p.)

SR

s REHEEEATV maxfIK M > WHEAE NP, A AR B 2 3R 05 22/ NG DL 27 8

(6 marks)
(677)

Patient

Vmax Kwm
Father (F)

Mother (M)

Daughter (D)
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QUESTION 3
[ 3

Genetic Analysis and Diagnosis

BESTHED

Blood samples from the father, mother and daughter were sent to a clinical testing laboratory for further analysis. Proteins were
extracted from whole blood, before separation on a polyacrylamide denaturing electrophoresis gel. The samples were visualised,
after transferring the proteins to a nitrocellulose membrane (western blot), by detection using enzyme conjugated anti-PK antibodies
and subsequent chemiluminescence. The resulting visualisation of the PK protein content is shown in the image in Figure 5. ;Please
refer to the Important Background Information to help interpret the figure. ;

R~ BERIZ IR ik BRI E B = o+ AV E RS - DI MRS - EUE 2 (L8R - (RS S
R ZYIPKYUBG A ENPKES - WPMEERSGEBMN - 5RANES; WFESFEE R RER IR B E T &S s ko H
o

Figure 5. Immunoblot of PK variants in the affected family. Red blood cell lysates from the father (F), the mother
(M) and the daughter (D) were separated by Polyacrylamide gel electrophoresis (PAGE), imtransfered to membrane
(western blot), and probed with anti-PK antibodies (immunoblotted. Sizes and migration of marker proteins (MP)
are indicated on the left.

[ SR 2R S IPK BEREE T » X~ BRI A TRLITERZE A LAPAGE Bk 78 - L DIPK D g T
ZESETTTT R (A FREC2E F1(MP) ZE I8 7o IR B A

Task 3a

Complete the table below, indicating which size protein bands are visible for each patient (F, M or D), as either ‘present’ or ‘not
present’. Use the letter P to mark present, and NP to mark not present.

{£7%53a

1 NRMNECHERES PR ACKE ~ SIMAIZED) Z A EMEINESE - $EETSEL S T8 BPIURFE  BNPRE
FFE

Task 3b
Indicate on the table whether any of the three patients (F, M or D) contain a PK tetramer by marking as either ‘present’ or ‘not
present’. Use the letter P to mark present, and NP to mark not present.

HENENTEHE R ACKE ~ BEMATZ5D)YEG EAPKIRES « BPARGE - BNPREAFE
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(5 marks)
(557

Molecular weight Patient F Patient M Patient D
TR X 25
232 kDa
58 kDa
40 kDa
18 kDa

PK tetramer
PKIU 38

The clinical testing laboratory also received samples from siblings and other family members and analysed the PK activity of these
individuals. In the family, the daughter has two further brothers. (Table 8).

BEEEPRAR A S B A TR A L E R R HIPKIENE - 25 N B2 (R8)

The PK Ky data for other family members is also shown in Table 8.
F T EAERAVPK KBRS IS

Task 3¢
Write your values for the Ky, derived from the Hanes-Woolf calculation, for the Father, Mother and Daughter in the table for your
convenience (zero marks).

F#53c
R EIRERE > S EFR 5 N LA Hanes-Woolf B{FEIHTC ~ BFFIZ SEAVKME(RETY)

Table 6. K ;s [PEP] for subjects in the extended family, the Proband is a person serving as the starting point for the genetic study of
a family.
76 KA RHIK N [PEP]1H » [R5 & (Proband) A P15 JEE B/ 70 TR aA 2

Daughter (IV-3) (Proband)

LEAV-3)(FER )

Aunt (I11-6)

JINFE] 458 (111-6) 045
Grandfather (I1-2)

L) 040
Great Grandmother (I-1) 0.40
SNARIEEIE (1) '
Mother (IT1-3)

#5445 (I11-3)

Brother (IV4)

2 (IV-4) 0.48
Brother (IV-5)

JNEE(IV-5) 0.35
Father (I11-4)

EE(11-4)

Grandmother (I1-1)

SNE1-1) 0.20
Aunt (I11-2) 015
KB g (1T1-2) '
Uncle (ITI-5) Unknown/Unavailable
EE11-5) IER
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“?  Unkown and unavailable fiE &kl
Q Unaffected female & 2214

Unaffected maleTF & F 1
‘ Affected female /&y 2014

1
. Affected Male i 54 I . ?

’ 1O Zi 3?

1 2 3 4 5 6
1 ? ?
1 [ o] 4‘ 5

Daughter (proband)7 53 (J& &5 £2)

1V

Figure 6. Family Pedigree. [E6 775

Task 3d (1 mark for the correct answer; you cannot gain a mark for Task 3e unless you have answered Task 3d correctly).

Indicate, by drawing a circle around your choice of either A, B or C, father IlI-4’s genetic PK gene arrangement in terms of:
E#3d (BEG17  WRLEE  (E13e M et D)
BE-4)IPKENAHR R A1? FEIEEIRAYEZE (A ~ BEC)
A. Simple Heterozygote- (Aaj Aay Aas)
A5 T-(Aa), Aag, Aa3)
B. Compound Heterozygote- (ajap, ajas aja3)
HEFRRET (ajay, a)a3, aza3)

C. Homozygous (AA)
R ET(AA)

Task 3e (1 mark for the correct answer; you can only receive a mark if you have answered Task 3d correctly).
Indicate, by drawing a circle around your choice of either A or B, brother [V-5’s genetic PK gene arrangement in terms of:

EB3eEH /1D > BEHER3d KELED)
IINFSIV--SHIPK BERIAH Y R (]2 FEIEEIRHIE 2 (AEB)
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A. Simple Heterozygote
R ELARA 5T

B. Compound Heterozygote
HERGT

END OF EXAM
G
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