2015/7119

O 2103131030 3 3 0

O O =
kI

O m
Om
Om
Om
Om
O m
O m

Om
Om

O m

O m
Om
Om
Om
O m
Om

ibo 2015

A A A 02:30 | o Chinese Traditional ‘ | TWN-JURY-5 | @

Viewing exam as superuser/admin

PRACTICAL EXAM 4 - BIOCHEMISTRY
BIEE 4 - VLS

Max. total points 100

wizr 100

Exam duration 90 minutes
ERAEIGTE 90 7r g

20 questions

20 /NE
INTRODUCTION
fET
PURPOSE

HHY

In this exam you will analyse enzyme kinetics with and without an inhibitor
of the enzyme.

A AT A A A IR R A 2R 2 -

The exam consists of two main parts, each of which contains three
subparts.

AR 53 R AER 53 - BFEER 3 F o7 R =/ N o7

Part 1 (57.5 points) ZE—&4r (57.5%3)

1.1. Introduction to enzyme kinetics (theory) (0 point)

1.2. Enzyme kinetics experiment of an industrial a-galactosidase using a
synthetic substrate analogue pNP-Gal (laboratory work) (Questions 1-2: 40
points)

1.3. Data analysis of enzyme kinetics of a-galactosidase (Questions 4-
11:17.5 points)

L1 R NE (Hiw) (093)

1.2. M &Rz B EEY) pNP-Gal fEE =2 i TR Y o-F AU H G
EERE 2R (@ 1-2:4057)

1.3. AR o-FAMEENS B R D28E o (R 4-11 5175 53)
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Part 2 (42.5 points) 2 —#45r (42.5%7)

2.1. Introduction to enzyme inhibitors (theory) (Questions 11-13: 2 points)
2.2. Inhibition experiment of a-galactosidase (laboratory work) (Question
14: 27 points)

2.3. Data analysis of inhibition kinetics of a-galactosidase (Questions 15-20:
13.5 points)

2. rEERAEIE 2R ) (RIE11-13 5 253)

2.2 5FH o-FLNEEEE G ERe (ER=lgE) (145 27 97)

2.3. Hff o-FILNEHES {NHE 28R M (RE-E 15-20 5 13.5 73)

Before you beqgin, we advise you to skim the entire exam to get an
overview of the content. Since most points are earned on the lab part, we
recommend you to carry out parts 1.2 and 2.2, before starting with
calculations and theoretical questions (Parts 1.3, 2.1 and 2.3).

PRAGHET TR - FRFTERR RS EH 2R E R - B
R RIVEG ) - BT TIRE R 1.2 81 2.2 1% » i ToT R

SRS -

MATERIALS & EQUIPMENT
ML e

First, verify that you have all items listed below in front of you. Please raise
your pink card immediately, if anything is missing - and no later than 15
minutes after the start of the exam.

B MEREIRE R A EIE B 2 & 5ef - QR AEMAEE - 5H8RTF -
EhaBAan 15 o#Etk o AT DA -

A. 1 p200 pipette. Use pipette p200 for volume interval 20-200 pL, unless
otherwise stated
—¢ p200 fERE - #i# 20-200 pL
B. 1 p1000 pipette. Use pipette p1000 for volume interval 201-1000 pL,
unless otherwise stated
—F p1000 i EkKE » &aE 201-1000 pL
C. 96 tips for p200 in box. A pipette tip should be discarded after each
pipetting, unless otherwise stated
—m (9632) p200 MERE AR ER
D. 96 tips for p1000 in box. A pipette tip should be discarded after each
pipetting, unless otherwise stated
—m (96372) p1000 fERE AR E SR
E. > 30 microcentrifuge tubes (1.5 ml)
%% 30 @ 1.5 ml AU EEEVE
F. 1 rack for microcentrifuge tubes
—{E ME O EEER
https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 2/27
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G. 2 microtitre plates labelled with your country code + A or B
“A{E EEER o REAEIRHIRIR S +A B B
H. 1 microtitre plate template

—{il fEREERIIESR

l. 1 stopwatch

— i FHiFes

J. T pencil

—37 $hEE

K. 1 marker

— X HFE

L. T calculator

— &l FHEE

M. 1 ruler

—E R

N. Pink card for contact with exam personnel
AEIREES SR W E YN IR

O. 9 ml 2 M (Molar=mole/Liter) Na,COs5 (Stop)
2ml 2M Na2CO3 ({Z1H&K)

P. 6.5ml 15 mM (milli-molar, milli=103 ) pNP-Gal (Substrate)
6.5 ml 15mM pNP-Gal (&'&)

Q. 15 ml Ultra pure water (Water)

15 ml #E&fiK (7K)

R. 5ml TmM pNP (Standard)

5ml TmM pNP  (fZ4E5)

S. 2ml 0.024 mg/ml (Enzyme)

2ml0.024 mg/ml (Z)

T. 5 ml 0.5 M (Inhibitor)

5mlI0.5M (HIHHH)

U. One touch pen for the tablet

— X PR RETEE

1.1. INTRODUCTION TO ENZYME KINETICS
L1 R I8

a-Galactosidases catalyze the hydrolysis of terminal galactosyl residues in
a-galactosides. Typically, the activity of these enzymes is assayed using the
synthetic substrate analogue para-nitrophenyl-a-galactoside (pNP-Gal),
which is hydrolyzed to galactose (Gal) and para-nitropheny! (pNP) (Figure
1.1). oNP-Gal is colourless, while the pNP product is yellow and its
concentration can be measured quantitatively by determining its
absorbance A,gs at 405 nm using a microtitre plate reader.

a-PHEEES BERE(L/KAR o-ERUMEE &ImHY AL EE AR SE - A2
i &k 2 E Y] para-nitrophenyl-a-galactoside (pNP-Gal) 751733 L%

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 327
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ZHVENE - BEZRAER E i fy ~F LA B2 para-nitropheny! (pNP) (il

1.1) - pNP-Gal Z—f Ve - 20 {&H pNP & 2 H 50 - pNP ££ 405
nm BA— IR - L > BEREH Pl R e iR o A R EUE 405 nm R
WifE - #Ef T ZE | A -

Figure 1.1: Schematic representation of the galactosidase activity assay: pNP is
quantified using a microtitre plate reader (2) that measures the absorbance A at
405 nm. In order to measure enzymatic activity, a standard curve is used to
convert absorbance to a product concentration. 1, microtitre plate (Material G).
11 a- B EEEEREEG] - pNP o] DIFIFEfE B ER TR (2)1E 405
nm Rz R TR UE HETTE BT o BEZRIEMMIE AT DARE FE A4 dh 4R A IR o (B
AR R RS - ERREIE MR (1) (MK G) HH#EfT -

In Part 1, the dependency of the rate of hydrolysis on the substrate
concentration will be investigated. In order to do so, a Michaelis-Menten
plot (Figure 1.2), which describes this relationship is available to allow you
to estimate the two important parameters Vg and K, (see legend to Fig.
1.2).

8T BT ERE EUKEEERAYISE - WA Michaelis-Menten
& ([ 1.2) sRiRT(EE RN T Vinax B Km BYRAG (RE 1.2 38
HH) -

The initial reaction rate V,, can be determined from A[P]/At ,which is the
change in product concentration ([P]) per time (At).

FEA I I VO T DIFEEE AIP1/At SRIELS: - (AFEEENIBFRIA (At) YRS
gL ([P1) -

Vo
Umax

Umax

> [S]
Ky,

Figure 1.2: Michaelis-Menten plot: Initial reaction rate V, versus substrate
concentration [S]. K, Is the substrate concentration at which the enzyme
operates at half its maximum rate, Vmax. Which reflects the saturation of the
enzyme active sites with substrate.

1.2: Michaelis-Menten Hfi#g > 25RO IERAR VO B ERE [S]H)
W o Km e K2R S E AR — Y 2 BRI - Vimax RITZ S T2 B £ EEA

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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Using another plot, the Lineweaver-Burk plot, the parameters Vinax and Ky,
can be determined from the Y-axis and the X-axis

intercepts, respectively (Figure 1.3). A Lineweaver-Burk plot is

generated by plotting the inverse of the initial reaction rate (1/V,) against
the inverse of substrate concentration (1/[S]).

{55 —1d# Lineweaver-Burk &g » TTLAfE X B Y Sii{S-@ErEE H Vrex B
K {& ([E]1.3) - Lineweaver-Burk gi4f r] DLH #E4AIENE VO B 2B R
[S] &y fE1% (1/VOEL1/[S]) 4&f5 -

Figure 1.3: Lineweaver-Burk plot: After determining V, at different substrate
concentrations, a Lineweaver-Burk plot is made. A straight line is fitted to the
data to determine K, from the inverse of the intercept of the line with the X-
axis, and Vmax from the inverse of the intercept of the line with the Y-axis. These
intercepts are calculated from the equation of the line.

1.3: Lineweaver-Burk #h43 > o] LIFE R [E 52 BB MY VO ZREUE o K fH 1]
LIFEH X ShEEEEEUER - Vimex [ERTLIFEH Y IIBEER EEUERS - SLiiEE
HYEE AT ASE R ARG RIS E] -

1.2 ENZYME KINETICS EXPERIMENT OF AN INDUSTRIAL
ALPHA-GALACTOSIDASE

1.2 T3 A--FARECES RIS E R

1.2.1 STANDARD CURVE
1.2.1 B ER

Beqin by generating the standard curve that will be used to measure

the product (pNP) concentration of the enzymatic reactions later on. To
generate the standard curve, you will need to dilute the T mM pNP
standard stock solution (Standard) in the stop reagent (Stop).

Ry TR MERAERRAR - THRRIEITIR R SEEY) pNP HREEANE - & 7255
el - A (R 28 TmM pNP (84 ) -

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 5/27
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[ Q. 1 Standard curve dilution scheme

Ry

Node Id: 33d4423128da888b1ac05dé5
The 1 mM pNP standard stock solution (Standard) will, when needed, be
diluted in the stop reagent (Stop). Calculate the volumes of pNP and
stop reagent needed to prepare the final standard concentrations in a
total volume of 500 pl. Type your calculated values into the table below
(Table 1.1).
B - AR (fF 1) ZRMRE TmM pNP (B24E0L ) > DUSA[E R EAVEEAE
B o GRETRARREACALIRGIE Ry 500 pl o pNP (A4 ) B ({2 1R HY
AOfE » MRAEEIRIE A TR (£ 1.1)

Tube label
Qe

[PNP]
standard (mM)
[ONP] A
KRBT

Volume of
standard stock
solution
(Standard) (i)

() S
7 (ul)

Volume of
stop reagent
(Stop) (ul)

(FI&R) 78
& (ul)

St1 St2 St3 St4 St

0.2 0.4 0.6 0.8 1

Preparation of the standard curve
Protocol
B SR B B
a. With your marker, label five 1.5 ml microcentrifuge tubes according to
the first row in Table 1.1: from St1 to St5.
0S5 2 1.5 ml &EHELVE - FIFZETFESIEER 1.0 > phliEsd b St
Sth e

b. Transfer the different volumes of the 1 mM pNP standard solution
(Standard) to the labelled 1.5 ml tubes according to your calculations
in Table 1.1 (use the same pipette tip).

SR 1 AETELGER - Rl ERERRRY 1T mM pNP (2B ) i

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 6/27
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Ay 1.6 mi il EEe O E (BERE—SIRER) F -

. Transfer the different volumes of the stop solution (Stop) to the

labelled tubes according to your calculations in Table 1.1. The
standard solutions are mixed thoroughly by turning the
microcentrifuge tubes upside-down 5 times.

SHFE 1 Eﬁ“r*”ﬁi% > R ERERRRY (F 1R OE]_LAidy 1.5
mi {"’Iiﬁ“@u B SR E AR A E R VE S - BT EE

/[:bl:l 5

. Transfer 100 L ultra pure water (Water) into wells A1-A5 and B1-B5

of microtitre plate A (use the same pipette tip, see Fig. 1.4 and/or use

the microtitre plate template to help you pipette in the correct wells).

F3RIEL 100 pLgs&li/K (UKD JnE] fERERA £ A1-BS IIrE (£

HE—SZREDR) - 275 [E 1.4 S TR E R AL ER HERAI
FIIEREHIALE -

. Transfer 50 pL of each of the final pNP diluted standard solutions

(Table 1.1) into the same microtitre plate wells. Each solution is
pipetted in duplicates in two different wells (The subscripts |
and Il designate replicates of the same solution, Fig. 1.4).
SR T ETESER - S hlRE 50 pL A [ERERY pNP AR RAA
F[E—(E R E R AT LR T o CMER B IR FAEERER © (22
ETEEER > RHE1.4)

Add 100 pL stop reagent (Stop) using a p1000 pipette to each pNP

standard, AT1-A5 and B1-B5. Mix thoroughly by pipetting the mixture

up and down two times.

HIF p1000 fE/EE 100 uL (fF 1K) £ A1-AS Bl B1-B5 Hyf:
&l pNP R A LR - A B NIRRT =V TR & &5
MK o

HTERE A 112]3]4[5]6]7]8]910[11]12
A |sti|st2|st3|st4|sts
B [St,1|St,2| St,3|St,4|St,5 ~~
C Standard curve FEAERTZS
D
E
F [in¢tics experiment &) ) J21
G | S1(S2|S3|S4|S5 | et
H [S1|S2]S3[Si4|Si5

Figure 1.4: Microtitre plate A: St, standards (see Table 1.1); S, reaction mixtures
with different substrate concentrations (see Table 1.2 below).

B 1.4 UEEEE A SCEREREAR (R 1.]) © SAAZERENLERS
Yo (MR 1.2)

Proceed now with part 1.2.2, where you will set-up the enzymatic reaction
mixtures to your microtiter plates.

#IT1.2.2 857 - BIb - IREESE B R FRESYHEMERER T -

Important note: the assistants will not accept any microtitre plates in the last

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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10 minutes of the exam. If you feel that you will not be able to complete
part 1.2.2 in time, hand in your plate now by raising the pink card. You
results will be shown in Question 2.

i TR o AR A RAT 10 Bk A REZ EATRY R E R BB - BIRETT
DUNES - EREaHEA R E R 1.2.20% - n[EERIvHalefh - I
FEACHER - SERRTERURME M&E 2 o -

1.2.2 ENZYME KINETICS EXPERIMENT
1.22 BT 1B

Protocol *fEZ
Prepare the pNP-Gal substrate diluted solutions for the kinetics experiment.
Bith pNP-Gal ZEMEEAK » DN R B 2 B iErT
a. Label five 1.5 mL tubes with a marker with S1 through to S5 (Table
1.2).
HU 5 32 1.5 ml i EHE 0VE - M FES2RER 1.2 ohliEsC £ ST 5
S5 e

b. The 15 mM pNP-Gal substrate stock solution (Substrate) is diluted with
ultra pure water (Water) in the labelled 1.5 ml tubes (see Table 1.2
below). The diluted solutions should be mixed thoroughly by turning
the tubes upside-down 5 times.

SHNR 1.2 A0 > 48 1.5 ml (i@ #e LV EHETTHERIE - & 15 mM pNP-
Gal (28) DIB/KETMEE - JETI2EMEEIRE - RIdERE
OVE B E MERERS 5 W -

Table 1.2: Substrate dilution scheme for the kinetics assay.

® 1.2 I EBRAT A B R -

Tube label

o S1 S2 S3 S4 S5

Volume (ul) of 15 mM pNP-
Gal (Substrate) 40 120 | 240 | 400 | 800

15 MM pNP-Gal (2% ) #afg (ul)

Volume (ul) of ultra pure water
(Water) 960 | 880 | 760 | 600 | 200

K (KD #eRE ()

c. Transfer 50 uL of each diluted substrate solution (Table 1.2) and 50 pL
ultra pure water (Water) into microtitre plate A, wells G1-G5 and H1-
H5. (see Figure 1.4 and/or the microtitre plate template).

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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2% 1.2 0 53RIHL S0 pL ZEFRREA IR B 50 pLiEE4izK (ZK) fnE 5%
BHMERA £ G1-G5 Bl H1-HS AyfURMIE (275 & 1.4 5 &
T E AL ER WIS E ) -

d. Setthe timer at 5 minutes and start it immediately after you pipetted
the enzyme solution to the first well to start the first enzymatic reaction
(S;1) as described below.

T EREREAE 5 7788 » BN IIEE RS EE—(EFLE (SI) B - (L
RI% Natises - SBSMRLL MR T -

e. Pipette 50 uL of the 0.024 mg/ml a-galactosidase enzyme (Enzyme)
into wells G1-G5 and H1-H5 starting with §;1 and §;1, and continue in
the same order and tempo throughout to S;;5 to start the enzymatic
reactions in each well (hereafter referred to as the “enzymatic
reaction mixture”). Ensure good mixing by quickly but gently pipetting
50 pl of the mixture up and down two times in each well.

73 AL 50 pL #Y 0.024 mg/ml a-EEEHE (B2 ) FIERER A
£ G1-G5 Bl H1-HS fYFLIRMLE » thahsE SIT 2] SN > FHLAE Y
EAE[iZ= > Sy plnE] SIS o EEEFAMnEE R HE (LU Rl R S EA

) o BEE TR DVAMERUR &R A S afDAIREL 50 pl HYR &R
I B RGE R T2 TR S » 5T -

f. After 5 minutes incubation time add 100 uL 2 M
Na,COj3 solution (Stop) using a p1000 pipette to stop each of the
enzymatic reactions in wells G1-G5 and H1-H5 in the same order and
tempo as you started them. Mix well by pipetting the mixture up and
down two times.
&3 b JrsEy(F RIS EITR - A p1000 &R E HH 100 uL 2 M
Na2CO3 ({£1k) » 73 A LELIHY R P ELERZE A G1-G5 B H1-H5
AIFLIE R < R B NIy 7 =R S - SHRIR -

[ Q.2 enzyme kinetics experiment

WERE I EEER

Node Id: 5190fa8c928723da8fa3148¢c

Hand in your microtitre plate containing your samples from parts 1.2.1
and 1.2.2 by raising your pink card. After measurement, the obtained
values will be display in the table below automatically.

[ -
E5ERL 1.2.1 81 1.2.2 (WEERIL > SFEREEIRHUMALERR - ZIRRRET
TERE SFEBNBCETINE - SRR HEBURIC PRI S

Note: no microtiter plates will be accepted in the last 10 minutes of the
exam!

SRR B S e A AT 10 R (R ARV E R e N

1 |2 |3 |4 |6 |6 |7 |8 |9 |10 11 12

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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1.3 DATA ANALYSIS OF ENZYME KINETICS
1.3 BRI BRI T

Your task is now to determine the kinetics parameters of substrate
hydrolysis by the a-galactosidase.

First the standard curve linear function for the product (pNP) should be
determined using data from table 1.3

TREVRTRER EH a- PR B K iR 2 B E S22 BORVE - B £ 1.3
HEFTEEY) (ONP) FUfEE 4 eg B -

Access to a standard curve enables you to calculate product
concentrations in the reaction mixtures, which further allows the
determination of the initial reaction rate (V) of the enzyme for each
substrate concentration.

The standard data set resembling microtitre plate A and shown below
(Table 1.3) should be used for the calculation. This will avoid error carry-
over penalty from part 1.2. However, your own data will be measured and
used in the evaluation of your exam.

MR ST B YR - R ] DUR R 2 BRI RS 4GS e
R (VO) » HaHE DRI E R E M A WEREEIRER 1.3 > DU {EEHE -
S PR R RAT 1.2 B3 AESEER 1T - 28I - R B Sk i &/
FRat EaE R RS sl pie4s -

Table 1.3: Provided absorbance data for calculations (columns 1-5 in microtiter plate format).

1.3 et EEdE (T-5TTHIHR I EREE )

A

0.882

1.681

2473

3.251

3.964

D

Nnorco

1 LC77

N /70

n NN7

N 0O/LMN

10/27
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D U.000 1.00/ L.4A47 D.LL/ .74V
G 0.304 0.728 1.049 1.272 1.512
H 0.307 0716 1.009 1.234 1.466
[ Q. 3 Mean Absorbance of standards

SRS SR E]

Node Id: 52c0b8ea517e35bb71e655e1
Calculate the mean absorbance for each duplicate measurement for
the standard curve given in Table 1.3. Enter all answers with three digits
after the decimal point.

sTRERL.S W HI9E - IEHIMEESRAVE R - REFIEAR S > BN

& =Air

Tube label
Amt

Stl

St2

St3

St4

St

[PNP] (mM)

0.2

0.4

0.6

0.8

Mean A4gs nm
of duplicates
EEBOGER
P

QA4

standard curve linear function

PR R AR A3

In the figure below (Figure 1.5), the concentration of pNP (mM) is plotted
against the absorbance (Mean A,gs nm calculated in Question 3).

> LU pNP (mM) R $ IROEE (A405 nm S EETE > 40

AT RE (& 1.5)

el 4)

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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< 25
‘(-U‘ 2.0 1 ©
8 ©
© 1.5 (@]
2
5 10 - lo)
3 0.5 (o}
20
0.0 70\ T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
pNP (mM)

Figure 1.5: Hypothetical pNP product standard curve. The purple circles
represent means of measured absorbances and the black dashed line is
a linear regression to them.

1.5: pNP EEPIFEAERT 4R - REEBEIRPITOLE - ROERARRIEREERE
B

Node Id: 1490bf7874a519200e9b4847
Determine a and b of the standard curve linear function (see below)
mathematically using only the mean absorbances of the two data
points St1 and St5. Give a and b with three digits after the decimal point.:

[ifRE S RT4H St 2] Stb /YEI(H - FIFHEE At EAEERO e HAR M
AAF - a B b HY{HE » BVNEERELL N B =AT

A5 (absorbance units at 405 nm ) = a:[pNP] (mM) + b, where a is the
slope and b is the Y-axis intercept

A4LO5 (75 4056 nm HYREER () =alpNPl+b » a ZREE - b ZE
g

a (A405/mM]

b (A4os)

The volume of the enzymatic reaction mixture from the experiment in Part
1.2.2 is 150 pl.

MR E RSB EE R 1.22 515y K 150 pl -

[ Q.5 Reaction Time
J5Z R R

Node |d: 4a094717ade59a3249c9b494
Convert the reaction time into seconds

[ETRE * J1RF IS MR ] BT A R ).

Reaction time (seconds)

[ FERFRE] (B0)

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 12/27
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[ Q. 6 Analysis of kinetics data (uninhibited enzyme)
TNTEN TR (CRHIRIEE )

Node Id: 8af8b696e90b22d7e2054ab8
Use the following standard curve equation to calculate the product
concentration for each reaction mixture:

R - R PR 4 T2 =000 Bt R E S e R S I EY RS
A 405 absorbance = 2.29*[pNP] (mM) + 0.058.

The initial reaction rate V; can be determined from A[Product]/Atime,
i.e. the change in product concentration per time. Give all numbers with
three digits after the decimal point.

R FEWIAIERE VO R LAwE AIPI/At rE - Bl > BRAr RN (At) e E
Yre [P]) «

Tube label
Amst

Volume of Stock
solution (Substrate)
(u1) (from table 1.2) 40 120 240 400 8(

(Z8) B (W) (%K
H71.2)

Volume of ultra

pure water (Water) (ul)

(from table 1.2) 960 880 760 600 2

&K (7K) #EfE (W)
(ZKEZE1.2)

Substrate concentration
[S] prior to adding into
the reaction mixture
(mM)

BRI EEE [S]
(mM)

S1 S2 S3 S4 St

Substrate concentration
[S] in reaction mixture
(mM)

Bf% T ERE [S]
(mM)

Mean A,gs
absorbance, calculated
from Table 1.3

AEHF 1.3 BY 405 nm

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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I EE

[Productmean] (mM)
FEYIEEERE (mM)

Vp (UM/second)

1/[81 (1/mM)

1/V, (second/puM)

[ Q7 Michaelis-Menten PARAMETERS (graphical estimate)
Michaelis-Menten 28 ([ETEAEH])

Shown below (Figure 1.6) is a theoretical Michaelis Menten plot (V; versus
[S]) resembling the reaction mixtures S1-S5 in Table 1.3.

T ([ 1.6) k Michaelis Menten fyEEzR[E (VO 8l [S]) TEF 7 1.3 1Y
S1-85 -

25

2.0 +

MIs)

S 15 -
© 1.0

(

\Y

0.5

0.0

T T T T T
0 1 3 4

2
S (mM)

Figure 1.6: Theoretical Michaelis-Menten plot for the kinetics experiment in the
absence of inhibitor

1.6 Michaelis Menten WY 5m[E] - Fyfh = HIHIRIEYE) S 255 -

Node |d: cda3abb0f57d7¢c91bc8e7f55
Estimate Vnax and K, graphically from the Michaelis-Menten plot (Fig.
1.6). Give answers with one digit after the decimal point.

F95E : F|FH Michaelis-Menten B2 (& 1.6) » it Vmax &1 Km B9{E - 5%
STEE N R R -

Vinax (U M/s)

Ko (MM)

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 14/27
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[ Q. 8 Lineweaver-Burk linear function
Lineweaver-Burk 2514/ =

Shown below (Figure 1.7) is the Lineweaver-Burk plot (1/ Vyversus 1/[S]) of
the S1-S5 data point in Table 1.3.

NE (E1.7) AFHZFE 1.3 S1-S5 ArfiiHirY Lineweaver-Burk &l (1/V0
B11/[S]) -

0 1

12/[3] ( 1/?r’nM)
1.7 - SR Z RNy Lineweaver-Burk & -

Node |d: abe02ebea0fb571a968e4799
Determine the linear function of in the Lineweaver-Burk plot (Figure 1.7)
in the form shown below mathematically from the two data points for S1
and $5. Give a and b with three digit after the decimal point.

AR © BRAHIH ST 21 86 FYELE - FIFHEER 57451 Lineweaver-Burk
[ AR AU a B b AYME - BV NECEEDL T B =11

1/[V,] = a-1/[S] + b,

a (mM-s/uM)

b (s/uM)

[ Q.9 determination of Vmax and Km
Vmax 81 Km {EIETE

Node |d: 8ffaae0fa99b746314cfe790
Using the linear function calculated above (Q. 8), determine K, and
Vmax mathematically from the intercepts with the axes. Give numbers
with t)hree digits after the decimal point (no unit conversions should be
done).
R - DUEAYEER TR bk ([RE 8) AYERMEAZC » IH#ETT Km B2 Vmax
HUETE « E/NECRELAU TS =AM - (ARESEEAL)

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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Vmox

Ko

[ Q.10 Enzyme concentration in reaction mixture

MR EY PRI ZRIRE

Node |d: 02df7e4734e45ebc25743e41
Calculate the enzyme concentration in the reaction mixture in uM from
the enzyme stock concentration= 0.024 mg/ml and the enzyme’s molar
mass (75 000 gram/mole). Give the concentration with three digits after
the decimal point.

STEREZREE (B uM) - BEZRE R 0.024mg/m > 5T K 75
000 gram/mole > F/NEBELLI N =17 -

Enzyme stock (mg/ml) 0.024

[E] (uM) in reaction mixture (micro=107)

[ Q. 11  Turnover rate constant

TR L

The catalytic turnover rate constant k.ot (reaction rate of 1 enzyme
molecule) has the unit 1/second and is calculated as follows:

i ALL N A GETRE LR B keal (—(BE R THURIEESR) - BEILR
B ®

Umaa:

E]

kcat —

Node Id: e0caf4524c392ac095d6f406
Determine k..;. Give number with three digits after the decimal point.

st 5 keat » E/NYEELUTEE = AL -

Koqt (1/second)

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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2.1 INTRODUCTION TO INHIBITORS
2.1 JUIHIAI A4

Inhibitors are compounds that can specifically bind to enzymes, thereby
reducing their activity and resulting in apparent changes in either K, Vimax
or both. Change in apparent kinetic parameters can be determined from
the Lineweaver-Burk plot of an enzymatic reaction performed in the
presence of an inhibitor. Reversible inhibitors can be competitive, non-
competitive, or uncompetitive, depending on the mode of binding to their
enzyme targets.

HIFRErE R — M G RN M REEEIEEY) - SR EZ Km
Vmax B¢ o s SREEN ) 2R o nRE R SUEAERIE A
HY Lineweaver-Burk {E[E7RE o A2 PEAYHIHIE] AT sedime 14 ~ FRme e
SR REN T EER RS -

The inhibition of enzyme activity and apparent change in kinetic
parameters can also be visualised in Michaelis-Menten and Lineweaver-
Burk plots (Fig. 2.1).

P 22 E M AR R By 1) 2 8 e 8 0] By Michaelis-Menten K Lineweaver-
Burk {EEIEH (E2.1)

1L
o

FCUUVC IWWQﬁchULWU PHEREEIGIUVC ki
Vs = Vnar ¥ Ui ¥ s
i P .

Figure 2.1: Inhibition of enzyme activity in Michaelis-Menten and Lineweaver-
Burk plots. Dashed black curves are without an inhibitor and solid curves in the
presence of inhibitor. v is initial reaction rate.

[& 2.1 Michaelis-Menten I Lineweaver-Burk {E & 8112 E R HIE] - BT

SR ISR > AR AR o VO RofLinf R -

Inhibitors are characterized by their inhibition equilibrium constant K,
defined as

SRR A EORT DAFE &5 B AR 3 K AR > HUE AT

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 17127
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1 E]
BT

K; =

Where [l], [E] and [El] are the concentrations of the free inhibitor, free
enzyme and enzyme-inhibitor complex, respectively.

PEiEgE 1] ~ [E] Rz [EN 53 RSB ER] ~ Jfelfeie 2  E 2 — I ey
RS o

For competitive inhibition, the apparent K, in the presence of inhibitor is
designated as K. The chemical equilibrium for substrate (S) and inhibitor
() binding to the enzyme (E) is shown below. K, and K, are related
according to the equation below:

B PRI S - HHIEIE R A ZRE Km 3E By Kmi o 278 (S) A
g (1) &SR (B) AUREFEE =X N AR © Km B2 Kmi E%E%%‘f@dfﬁﬁfﬁ?ﬁ
AT

For non-competitive inhibition, the apparent V;,,qx in the presence of
inhibitor is designated as Vinay- Vinax and Vinax are related according to the
equation below:

HE SRR S - {IRIE AR ARV maxii E 22 R ELVmaxi - Vmaxi
ELVmaxiy FHBEPERR R T Ery A

For uncompetitive inhibition, the apparent K, and Vingx in the presence of
inhibitor are de5|qnoted as Ky and Vinax' . respectively. Ky, and Vingy are
related to K, and Vinex according to the equations below

%ﬁﬁ%ﬁ*%fﬁtﬂ%mﬁ s B IR AT TV o 0 72 28 B K, BT,
Vinax FUFHBEMEARSE T HEATAZ

npetitive BRECPMpetve ;mmmmmw IUIEE

T‘ SF—=ES— E+P l" S*’]’Sv—)]" P

Il 11

EI EI+S&=EIS

- i Umaz K
I S L Lmer

il
1T P m m

Equation 2.1: The chemical equilibria for substrate (S) and inhibitor (1) binding to
the enzyme (E) is shown in the top part of the figure for different inhibition types.
The lower part shows the equations relating the change in apparent kinetic
parameters to the inhibitor concentration and to the inhibition equilibrium
constant.

ANFH2.7 0 ZE (SIFIHNEIE ()45 &2 2R (E) e = B LEEs
FEAR [EEAL AN o T80 70 A B R Bl ) 2 B L B AR S AR 8
P TR YRR

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 18/27
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[ Q. 12

factors affecting inhibition

BRI INZ

Node Id: e73dd9526a3687dcfece83b2
For all inhibition types, the degree of inhibition, i.e. reduction in
enzymatic reaction rate, is dependent on: (choose the best of the
answers below).

PR AP A BIRIHIREAY - SR o (R 22 f e R FE Y P ) )2 R

NI - (B NEEAFIER) -

1. | INHIBITOR CONCENTRATION [I]
SR (1]

2. | SUBSTRATE CONCENTRATION [S]
ZEERE [S]

3. | K OF THE INHIBITOR
SIGEIVHESIN

4. | CONCENTRATION OF [ES]
[ES] Ay

5. | STATEMENTS 1,2 AND 3
Ao, 2 } 3

6. | STATEMENTS 1 AND 3
o K 3

[ Q.13 Competitive Inhibition signature
55 IR

Node Id: 895¢70dd92f56ff77a0f683c
Indicate if the foIIowinq statement is true or false

[ERE - FE N AR IR B 35

TRUE
1EHE

In competitive inhibition, the increase in substrate

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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concentration [S] reduces or overcomes inhibition.
EReRIEIIGITER » BB [S] s s a5 ek e iR ]
R

2.2. INHIBITION OF ALPHA-GALACTOSIDASE (27 POINTS)
2.2. ALPHA-ZUEE BRI (27 57)

This part is experimentally similar to Part Tb. An inhibition kinetics
experiment of a-galactosidase will be conducted in the presence of 50 uL
inhibitor, which has a concentration of 0.5 M (mole/Liter).

B EEREPart T - £E50 WLIHIEIFAE T T To- 2SS Ee I HEh
JIEEE: » HIERE Fy 0.5 M (mole/Liter) -

Protocol 5%
Substrate preparation for inhibition kinetics experiment
IS S 2 E S E A

a. Prepare the substrate solutions according to Table 2.1, similarly to what
you have done in Part 1.2.2. Remember to mix the solutions by turning the
tubes upside down 5 times.

RIETR 2.1 B E AR > BRI 1.2.2 S350 - Bo(F 2 A A BE R e

e o) RG
SVE D TREBK -

Table 2.1: Substrate dilution scheme for kinetic assay.

*® 2.1 BRSBTS

Tube label

4k IS1 1S2 1S3 1S4 1S6

Volume (ul) of substrate stock
solution (Substrate) 80 160 | 320 | 600 | 840

(ZE) #efs (ul)

Volume () of ultra pure water
(Water) 920 | 840 | 680 | 400 160

FBLK (ZK) #EfE (W)

b. Transfer 50 pL inhibitor (Inhibitor) into the microtitre plate B wells A1-A5
and B1-B5 using the same pipette tip. (See Figure 2.2 and/or the microtitre
plate template).

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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{sE AR EI YR E S - (R ERS B HYATEIASHIBT ZIBS 2L LA 50
pLEY CHIRIRD) - (275 [l 2.2 SHI A ME R E R AL B HBAIIEERE
ALE) -

c. Transfer 50 L of each final substrate solution (Table 2.1) to the same well
positions (A1-A5 and B1-B5).

I EFER 1% 2 E AR 50 uL IO AZIHEIFLURALE (AT1-AB FIB1-BS) i (%
21) o

151] 152|153 |154 | IS5
15,1152 [15,3 [15,4 | 15,5

I|lommo|ln| o >

Figure 2.2: Microtitre plate B: IS, samples are reaction mixtures in the presence of
inhibitor at different substrate concentration (see Table 2.1 above).

[&2.2 : R ERB © ISEEEAREREZEREAHIREIEFE THINREREY)
(R LA 2.1) -

d. Set the timer at 5 minutes and start it immediately after you start the first

enzymatic reaction by adding the enzyme solution to the first well (1S,1) as

described below.

et Esa ﬁf 5 oriE - EIRNIEEZR AR EE—EF LR (1S1) B - 7l
TEHFES - sE2 LN N ERIHETT -

e. Pipette 50 pL of the a-galactosidase (Enzyme) into the wells A1-A5 and
B1-B5, starting with IS;1 and IS, T, and continue in the same order and
tempo throughout to IS5 to start the enzymatic reaction in each well.

73 A EY 50 pL Y a-F A EERS (I2R) FlfdEREER A L AT ] A5 NI BT
F BS AUFLIEMLE - gt 1ISIT IS - FHEURLIHYRFFEBLETZE - 73Rl
FISNS - 2 HBAIGH 2R S E -

Ensure good mixing by quickly but gently pipetting 50 pl of the mixture up
and down two times in each well immediately after you pippette the

enzyme.
IIAREZ % - TLEIEE 50 pl AYREY) DU EREDRE A BRI RIR > DARECR
MRS ©

f. After 5 minutes incubation, add 100 uL stop reagent (Stop), using a p1000
pipette, to stop each of the enzymatic reactions in the wells A1-A5 and B1-
B5 in the same order and tempo as you started them.

KEaE S oy gEr{E IR > A p1000 fE s AL 100 L (2 1R 1%
1EA PR SE - 73 B DIAE Y X P EAERZ=E I AAT £ AS A1 BT1£( BS HYFLIIA
o R _E TS EIRE TR S » ST

Mix thoroughly by pipetting the mixture up and down two
times immediately after you pipette the stop solution.
https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 21/27



2015/7119 ibo 2015

FEURIDAE E3A1% - TLR0 B N R R PR R &9 5 -

[ Q. T4  ENZYME inhibition KINETICS EXPERIMENT
M) e B

Node Id: 426d12c4f9e170efdd86247a
Hand in your microtitre plate containing your samples from part 2.2 by
raising your pink card. After measurement, the obtained values will be
displayed in the table below automatically. Please use the standard data
given below (Table 2.2) for your calculations
[EE - BBEEIRAYIALE R - SCE AR 2.2 BBy i E R E R -
BiH% - FriSHVEIER B BT FAREYR T © 5B N RATGHVIEEER
k(% 2.2) 515E -

Note: no microtitre plates will be accepted in the last 10 minutes of the
exam!

SER 1 BRATRR10 S SN R R M A |

1 |2 (3 |4 (&5 |6 |7 |8 |9 |10 11 12

T mn|m|lo|o|w|>»

2.3. DATA ANALYSIS OF INHIBITION KINETICS OF ALPHA.-
GALACTOSIDASE

2.3 HRE A-EFUNEEEE Y HdIEn ) S A

In this section you will utilize the theory of Part 2.1 and the supplied
inhibition data from Part 2.2 (see Table 2.2 below) to calculate enzyme
kinetic parameters in the presence of inhibitor.

A NG B R Bl oy 2.1 Bk B EEREL oy 2.2 fIdEdE (R Nk 2.2) &5t
FAENNOHNEE] N R BN I EAI2E -

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1

22127



2015/7119

ibo 2015

The Lineweaver-Burk equation for the inhibited data will be compared to
the supplied hypothetical Lineweaver-Burk equation for the uninhibited
reaction to deduce the type of inhibiton.

Lineweaver-Burk /A ZUAYHIIHIEHE LR H Frie BEAY (B sl f S e N s
ZHHE AL A R Lineweaver-Burk A ZUEFTERES -

When you identify the type of inhibition, you will use these two Lineweaver-
Burk equations (supplied hypothetical uninhibited and in the presence of
inhibitor) to determine the change in the relevant kinetic parameters and to
use the relevant equation to determine the inhibition equilibrium constant
(K3).

B EIHEAE - R e R{E Lineweaver-Burk A (EEEHVERIR
Fo SIS IHHIR] ) A1 TE) 7 SR 28 (K) BPAE -

Table 2.2: Provided absorbance data for inhibition experiment (the first two rows and columns
1-5 in microtiter plate format).

® 2.2 {IIFIERVTOLERIE (RImITEY B FEMEREE EAVEEE)

1 2 3 4 5
A 0.251 0.375 0.507 0.596 0.634
B 0.252 0.380 0.501 0.598 0.635

[ Q. 15  Analysis of Inhibition kinetics Data
RS pALE=2 e Savil

Node Id: fc546fd4d7128cbd27680699

Calculate and fill in the table below. In order to calculate product
concentrations in mM, use the standard equation given in Qé:

R« STRENHE A TR » Ry Tt REYIRE (mM) - 556 FIRTE 6 ke

Absorbance A,gs = 2.29 * [pNP] (mM) + 0.058

Tube label
A

Volume () of
Stock solution
(Subtrate)
(from table 80 160 320 600 840
2.1)

(&) #efa

(b (£ 2.1)
Volume of (ul)

IS1 1S2 IS3 1S4 IS

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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ultra

pure water
(Water) (from
Table 2.1)
&K (7K)
fafs (ul) (&
2.1)

920

840

ibo 2015

680

400

160

Substrate
concentration
[S] prior to
adding into
the reaction
mixture (mM)
EEEYE IRV

[Z [S](mM)

Substrate
concentration
[S] in reaction
mixture (mM)
SR 7 E R
&£ [S](mM)

Mean A4os
absorbance
from table 2.2
A405 AR,
JefH (= 2.2)

[Pl'Od uctmeqn]
(mM)
YRR
(mM)

Vo
(uM/second)

17181 (1/mM)

1/Vj(second/
uM)

A Lineweaver-Burk plot is produced based on the inhibition kinetics data

IST-IS5 in table 2.2. The hypothetical Lineweaver-Burk equation of

the uninhibited reaction is: 1/[Vo] = 0.363-1/[S] + 0.908. and this line is
plotted in Fig. 2.3. This supplied equation should be used for the
calculations below, and NOT the equation you have determined in part 1.3

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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(Fig. 1.7).
FIFH 2= 2.2 1 1S1-1S5 (9832347 Lineweaver-Burk [EJAT485] o S|
JE N HYEE% Lineweaver-Burk /A% B 1/[Vo] = 0.363-1/[S] + 0.908 > e
FE 2.3 o FrfRtRy A UEELDUT RSN - 3F A eE /E A BB H B 1.3 HYAl
E (B 1.7)-

. 35 °

= 3.0

% 2.5

~ 20 - o

Eo 1.5 /o/

= 1.0 <@ [

o = W )
T T T T T :
0 1 2 3 4 5
1/[S] (1/mM)

2.3 Lineweaver-Burk [&lJf; » {155 B {5 -

[~ Q. 16 Lineweaver-Burk linear function (inhibited reaction)

Lineweaver-Burk &30 AF CHITHI R FE )

Node Id: 9cdfabcfc4afcaadb2b2537b
Determine the linear function of the Lineweaver-Burk plot (Fig. 2.3) in the
presence of inhibitor in the form shown below mathematically using only
the data from IST and IS5. Give a and b with three digits after the
decimal point.
[ © FIF IST 21 1S5 AyEds - AHIGIRIFEEAIRGE T » DIEEE T =EE
tH Lineweaver-Burk &9 4 712 « SKiH a 81 b §Y{E » I/ NERE{REE
=Afi

1/[Vo]l = a-1/[S] + b,

a (mM-s/uM)

b (s/uM)

[ Q17 apparent Kinetic Parameters with inhibitor
ISR B 15 25

Node |d: 3bbaé3b8ad2e148c37a696eb
Determine the apparent kinetic parameters in the presence of inhibitor
from the Lineweaver-Burk plot of the inhibited reaction. Give the
parameters with three digits after the decimal point (no unit conversions
should be done in this calculation).
[ © H Lineweaver-Burk [&]JiZ fUIE R HTHIEH RS B 228 - 55

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1
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F/NB R = o (AEEEERAL)

i
Vmax

K

[ Q. 18  Type of Inhibition
G | RiL)

Node Id: 965ea5209993e7cabb506a43a
What type of inhibition does the inhibitor exert on the a-galactosidase?
Choose the most likely type of inhibition based on the size of changes in
kinetic parameters in the presence of the inhibitor as compared to the
hypothetical data for the uninhibited enzyme
[EE AR a-FFUNEHEE S50 T A © B A HIE 2 Bl 8 )
SEAE BRI B R AV B R (B A T LR - BRI
Al o

1. | COMPETITIVE &7

2. | NON-COMPETITIVE JEi 7!

3. | UNCOMPETITIVE sl

|~ Q19 Effect of Substrate concentration

E B

Node Id: cdfb4878a0cb0206b185bf18
Based on the type of inhibition you have chosen above, how would an
increase in substrate concentration influence inhibition? Choose one of
the statements below.
RE « B P a G IEA » B BB R INE - SRR
s B Rn] ? SEE DL PRI R IR R -

1. | LESS INHIBITION &A1

2. | NO CHANGE &5

https://bioscience.au.dk/students/0ab0550b06e7d48f5172d7f1 26/27
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3. | MORE INHIBITION fg ]I

[ Q. 20  Inhibition Constant
I 2

Node Id: d9e44291cbc8ad927f078e05
Determine the inhibition constant (K;) if the concentration of the 50 L
inhibitor added to the reaction mixture is 0.5 M. Give nhumbers with three
digits after the decimal point (no unit conversions should be done in this
calculation).
[EIRE « I A (KT > R RS Sy 60 pL I AR FE R &9 B
0.5M - SEFI/NEELE =M o (AHMEEET)

Inhibitor concentration in the reaction mixture (mM)

R & YR AR (mM)

Ki (mM)

END

—+
4
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