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DEAR PARTICIPANTS, Hi &1 28%

In this exam, you are going to perform a combined PCR-RFLP experiment for two purposes simultaneously:
AR By VR AT — I 4 5 R I S - R A P 3R D Py BOR 2 22 LB (PCR-RFLP) R B B, [RJPRp I
B

1. Genotyping drug metabolising enzyme (NAT2) to determine relevant oral drug dosage in treatment
of tuberculosis (TB) patients.

ZEY) A I 3R (NAT2) 2 5 BR B8 T DL IR E Vi 4 il 4 1% (TB) /6 2 2 1 IR =
2. Forensic identification of unidentified biopsy specimens

AR A Wk 2 v e o e

The experiment consists of five tasks:

e Task 1: Design of RFLP experiment (17 points)
fE# 1: 8% ETRFLPE B (175)

e Task 2: Performance of RFLP experiment (44 points)
fE#52: $UATRFLPE B (44%)

(Notice: Electrophoresis must start not later than 75 minutes after the exam begins. After this,

you will NOT be allowed to run the gel).
TR
A WG B AR1% 8757 8N L ZEBH IR TR VK, E Ry USRS

e Task 3: Forensic identification of unidentified biopsy specimens (9 points)
FES3: RFIEYIMR S 5 B 8 E (97))

o Task 4: Interpretation of patients’ genotypes (12 points)
1EH54: i NEER AR AIGE (1297)

e Task 5: Determination of drug dosage relevant to patients’ genotypes (18 points)
RS PO &8 T AR BE D B N 2 220 5 7 (18 73)



Please take note of the following:

HVER
L]

=N HIA:

Please remember to write your Country and Student code in the given box

A AL TS IS 2B AEREOR B S48 AR 22 U7 B I AR A 8 S A A2 A A 9%

Write your answers in the separate Answer Sheets (using pencil and eraser). Only answers given in the

Answer Sheets will be evaluated.

s R IR B RIER B EEG L AAREEZEE LB R gt

Make sure that you have received all the materials and equipment listed at the beginning of the exam. If

any of these items are missing, please raise the Red card immediately to notice the lab assistants.

iﬁ%ﬁ%ﬁ%%%ﬁﬁﬁ AR B BT AR R A s A AT AT R DS B SR R A AL R, D
Gk

During the experiment, ensure to handle the equipment properly. Any spilled chemicals or broken
equipment will Not be replenished. However, if any equipment appears to malfunction, please raise the
Red card. A Lab assistant will come to help and if necessary replace the equipment .

BB PR E RN O R RS AR ATST B 545 i S BB R A A & Al 7, Infe s 3 TR B R R AL
J, i B B AR B P A

Stop answering and put down your pen immediately when the bell rings at the end of the exam. Enclose
the Answer Sheets, Question papers, and Data printout in the provided envelope.

AR SCB BN R 15 B AR BON S 05R 25 226, I RS KB B ENG TN K e iR Bt {5 348
No paper or materials should be taken out of the laboratory.

A Z1fF ARER K BT B A R L B B =
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Materials and equipment Quantity
AR SR g B
FlashGel™ horizontal electrophoresis chamber with lighting switch 1 oi
PR B O FlashGel ™Kk -7 kK B2 F 4 N
FlashGel™ (precast) agarose gel cassette (in sealed bag) 1 piece
TEF 48 CIE B 58 L FlashGel ™R 12 1A
Electrophoresis power supply (one for 2 students; operated by lab assistants) 1 piece
UK IR O (B2 B — B T B Bh#ERE) 12
Water-bath 37°C (one for 4 students; located behind your seat) 1 set
37°COKIHE (FEAR AL A% T AR — ) 11
Heat block 80°C (one for 4 students; located behind your seat) 1 set
80°CHz I (FEAR AN AR TR, BFAN 21 ) 118
Micro-centrifuge (spin-down) with adapters for 0.2 / 1.5 mL tubes 1 set
T A OB (R A 0.2/1.5 mlpk O ) 15
Micropipette P200 1 piece
200 ul fE R EP200 132
Micropipette P20 1 piece
20 ul fE R P20 132
Sterile micropipette tips in box for p20 1 box
Bt p20 Aol IRCE ] 22 I B TR 2R 16
Sterile micropipette tips in box for P200 1 box
k p200 IR T 22 J TR IR R 15
Ice box filled with flaked ice (with cover) 1 box
SRR UK —&
1.5 mL microfuge tube rack 1 piece
1.5 mlfpi O i 8 11l
0.2 mL microfuge tube rack 1 piece
0.2 mlff & 0 28 11

1.5 mL microtubes 5 pieces
1.5 ml fCR B0 5%
0.2 mL microtubes (PCR tubes) 15 pieces
0.2 mlf & B 0 & (PCRE) 15%
Stopwatch 1 piece
{3 114
Foam floating rack (15 holes for 0.2 mL microtubes) 1 piece
VKA AL (1S FL, 0.2mIf R B0 ) 14
Green carg to signal‘aSEistant(s) for proceeding experiment I piece
SR (R B EOE TR S B ) 1E
Red card to signal assistant(s) for technical problem(s)/supports 1 piece
ALR GBI 15R

A tip disposal container (plastic beaker with lid) 1 piece
H#ETHWRE ZEE 118
Polygloyes (disposable gloves) g ﬁ}gﬁaus
EEAERTE -
Twin marker pen (permanent ink) 1 piece
IR SR K B Bt on 13¢
Student code sticker (to attach to your worked-out image) 1 piece
A SRR R RS AR LSRR & R BB ) 15¢
Kimwipe paper for blotting excess liquid on precast gel cassette 1 box




B AUH AR TK B A0 2 B8R VRS 15
Tissue (Pussy®) paper for cleansing bench/equipment (if needed) 1 box
T AR AR TS 3 o B o T 1Y) 16
Safety goggle .
4 TR B 1 ptece
1~
Squirt bottle containing deionized water (500 mL) 1 bottle
A LT KPR 14
Scissor (to unpack the bag containing precast gel cassette) 1 piece
BYT] (] LABY B TRV RS G 46 4R) 14

Other tools, including handy calculator, pencil (2B Type), eraser (for pencil) and ruler you are provided for

commonly using in all the labs.

F PRI AR Y TR, G A SO 2B A A R S RS, ikt mT R At 11 T 1 0 B

Y and Z)
AR AN Yk s 2 NAT23E [RIPCR 2 JE = P(AL (0 2 L B RX, Y X Z)

Reagents Quantity

. . 3 tubes x 10
PCR products of NAT2 gene derived from three patients L
(green caps labeled P1, P2 and P3) “:m K510
AR N Z NAT23E [FIPCR S 2 W (4 (.35 193 IAE R P, P2 K P3) ;LE B

. . . . . 3 tubes x 10
PCR products of NAT2 gene derived from unidentified biopsy specimens (red caps labeled X, uL

=% &HE10

ul

Restriction enzyme Kpnl, labeled RE1 (green label)
PRI B Kpn 1, BE7RRE1 (A AR ER)

1 tube x 10 puL
15,

10 uL
Restriction enzyme BamHI, labeled RE2 (blue label) igbe X 1ok
1 B I, B RE2( £5,5855) 10,1

10x Restriction buffer, labeled BF (purple tube)
10xFR 1l B4k T, £~ BFCR AR )

1 tube x 50 uL
1%,

50 uL

1 tube x 200
MiliQ water tube, labeled W (white label on blue tube) ulL
HEMILQ ALK E T, B W (MR B R L B E 1) 18

200 uL

DNA staining dye, labeled D (red label on red tube)
DNAZLH|, BRD RIAR B R ZALEGE)

1 tube x 50 puL
1%,

50 uL

100 bp DNA ladder, labeled M (orange label on yellow tube)
100 bp DNA R R M (I (R 3k 3 (0 5)

1 tube x 10 uL
1,

10 uL




TASK 1. DESIGN OF PCR-RFLP EXPERIMENT (17 POINTS)
£#1. PCR-RFLP & Bk &t (1747)

Introduction
N A4

Isoniazid (INH) is a pivotal agent in first-line anti-tuberculosis (TB) treatment.

Despite the rather successful therapeutic effects of this regimen, there are still treatment failures (ineffective
treatments) and unmanageable side effects (most commonly liver injury and occasionally mortality).
Isoniazid (INH)/& ¥ fuliiad % 2 56 — 41 H 2%,

EfESR G FH BE (VR R AR DL (BT e A e e R T, DS SR ) i B E F (O 3 s A PR SZ 48, A IR
O O

& B A EUE)

INH acetylation was found to be the major contributor to drug-induced hepatotoxicity.

INH A4 55 37 e 18 B BE R 15 g 1 22 32 B i A

Figure 1 presents the major pathway for INH acetylation catalysed by non-inducible hepatic enzyme arylamine
N-acetyltransferase type 2 (NAT2).
i — S 7 P =1 5 A 2R PO NLATT 2. K] A A 19 2 2 AL INH A 2 3 B A%

The rate of acetylation is constant in an individual but varies between patients

8B B 22 B3 R 8 25 15 (ELLE g R B ] 1Y) 0 B A 3 A 2 Sk

The human population can be divided into three different phenotypic groups according to acetylation rate: slow,
intermediate and rapid acetylators.

NIRRT N QAR 21T 70 8 T 5 = AN R R A 18 Al ae ))&, Sl ae 1, th L1
tere 1

It is well known that INH-induced hepatotoxicity develops more frequently in NAT2 slow-acetylators.
CLANINHER 7 FENAT218 AL g ) 3 7 15 -2

In contrast, treatment failure is likely to occur in rapid-acetylators.

(B B 1, 96 73 R FUURE 92 25 AE AN AT2ER LB AL RE 77 (1097 &

Most commonly, rapid-acetylators are those whose genotypes are homozygous for the wild-type SNP allele at
all the three positions, thus NAT2*4 (C481, G590, G857)

W R IR AL RE T3 B B A R R Y 5 35 DAL L3 AN [R] 57 25 41 5. B A R SNP, /R RN AT2*4 (C481,
G590, G857)

Intermediate-acetylators are heterozygous for a mutant SNP allele at a single locus, ie one out of the 3 loci
NAT2*5 (C481T), NAT2*6 (C590A) or NAT2*7 (G857A)

117 WA BE 3 2 BAT B — {6 S S T SNP A ik (K 2 AL &7 2 (il . RIF I SNPEF7 kK 2y
NAT2*5(C481T), NAT2*6(C590A) B8 NAT2*7(G857A)

(Figures 2a and 2b). Slow-acetylators are those who have more than one mutant alleles (either two alleles at
one position or multiple positions)

(1E2a S 2b) 18 ZRAL BE /15 A B 22 01— {6l 58 58 S A BE D 3 (L2118 9 5 SNPALAE [R] — 7 B, B A 22 {8 o7
#H )
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Figure 1. Metabohsm of isoniazide catalysed by NAT2 (N-acetyltransferase)
[ 1. NAT2(N- Z ik ig#% ity ) (6 A0 A il isoniazide B 15

The NAT2 genotype can be determined by using an allele-specific polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) assay.

A2 N A2 PR 20 7 D 8 7 PR S 38 7 5 - R D60 B 5 T G e 7 4
€

Analysis of INH concentrations in the blood of patients of different NAT2 genotypes receiving the same doses
of INH revealed that the serum concentration of INH was 2-to 7-fold higher among slow-acetylators compared
to rapid- and intermediate-acetylators.

XA L A INH B B/ AN [FIN AT 23 BRI 22 55 NIl AH () 75 2 INHAR, L3 o B BE ARG 2 b e
7175 LUR CIRAG RE 03 B b QTR BE 37 e tH2-74%

Thus, genotyping NAT2 enables personalization of INH doses.
PR N AT 2.5 R B 8 7 A B TR 5 S8 1 N A INHYG S 7

In this experiment, you will receive PCR products of NAT?2 gene derived from total genomic DNA of three TB
patients P1, P2 and P3, and PCR products of 3 unidentified biopsy specimens from these 3 patients labelled X,
Y and Z.

e AR E R P, P2 K P3 A Ak A R L FE R B DN AME 1T PCRI IR 2 NAT2FE I PCR [ JE 7 47,
Loy BRE7R /X, Y K22 3% H1ig = AL TB B BREE R AR MR L YIRS < NAT2 5 RIPCR S JE ZE )

You are to design and perform a combined PCR-RFLP experiment to determine NAT?2 genotype for each patient
and forensically identify their biopsy specimens

FHRER ET A TPCR-RFLP 2 fi FH DA S 78 B — 53 N M2 HL ARl e 8k i 2 NAT 23[R Y

To determine the genotype, appropriate restriction enzymes (RE) are used on the PCR products. With the data
obtained, identify biopsies X, Y and Z.

Ay T 88 e B R 7Y a8k e/\zBEﬁ%J@wFUPCR}iﬁ“ 2 W), 0 R P 48 A P s SR W A DA R A R A W
X, Y 22 FERAY

Finally determine the appropriate dose of INH for patients P1, P2 and P3.
A% N A8 R E A0 P, P2 R P3 R HT &



Genomic DNA region containing NAT2 sequence

+47 +1139
. ____________________________________________________________________________________|
Forward primer i—- 1093 bp <— Reverse primer
N :\
\\\A \\jl
i G363 C481 G590 G760 G857 ]
Wild-type allele (NAT2*4) | ¥ :
! Taql Kpnl Tagl  Taql BamHI<--i 5 Restrction sites
! 481T :
Mutatnt allele (NAT2*5) *
; 590A
Mutant allele (NAT2*6) %
: 857A
Mutant allele (NAT2*7) 3
Legends:* Digested if;} Undigested

Figure 2(a). Restriction sites of the three restriction enzymes (REs) Kpnl, Taql, and BamHI in the gene
coding for N-acetyl transferase type 2 (NAT2). These REs are used to generate PCR-RFLP fingerprints for
detecting mutant alleles NAT2*5, NAT2*6 and NAT2*7 as distinguished to the wild-type allele NAT2*4.
Forward and reverse PCR primers anneal correspondingly to the +47 and +1139 from the start codon of NAT2
gene.

[E2(a). NAT23E[KDNA L2 BR#$IBFHREs) Kpn 1, Tag 15 Bam H1 P)EILL B, 18 EREs 7] FH DI 5 PCR-
RFLPHEAIA LU A2 AF (LKL NAT2*S, NAT2*6 MNAT2*7, K] 3 i BT A RUNAT 2426 o1 2 [K] 72 2 1)
TRECE 8 A, 1F 7] &R [FIPCR 5| 1 & 43 I B EE NAT23E IR AR 46 3 0S4 7RG A7 B (+47) K 11398f 3447 B
(13O B



(C481T)

‘Mlltallt(*S) [+451]000000000oooooooooooooooooooooﬁoo0000000000000000 [+500]
Wild-type (*4) TGCTTGACAGAAGAGAGAGGAATCTGGTACCTGGACCAAATCAGGAGAGA
Kpnl
(G590A)
MUtant(*6) 000000000000000000000000‘000OOOOOOOOOOOA*OOOQOOOOOO
Wild-type (*4) [+551]AGAAACACCAAAAAATATACTTATTTACGCTTGAACCIQQAACAATTGAA[+600]
Taql
(G857A)
Mutant(*7) [+851] 0000o0A*000000000o00000o000000000000000000000000000000[+900]
Wild-type (*4) GTGATGGATCCCTTACTATTTAGAATAAGGAACAAAATAAACCCTTGTGT
BamHI

Figure 2(b). Truncated sequence of PCR products of wild-type and mutant NAT2 alleles. Numbers in
brackets at the beginning and the end of each row indicate the first and the last base of the presented
sequence of the wild-type allele (NAT2*4; represented in A/T/G/C) and of the corresponding mutant alleles
(NAT2*5, NAT2*6, and NAT2*7) where dot marks (#) reveal the nucleotides identical to the wild-type allele.
A*/T* presents the SNP mutants.

[ 2(b). NAT225 0 5 [A PCRZE P 2 B A= R K SREETU ) 38 53 Fr 41
FEAT IR KHE SR A BT H DANAT2 7 A B (NAT2*4) 55 (7 JE [R 24 BE e I, bR 0 e 971 2 B 0fs B B %
AR ASOL A, A LAA/T/G/C R B ANTE o o i AR IR 2 TS AL SR [ (NAT2*5, NAT2%6 &
NAT2*7), FLFPHIH Y ()20 Ho ik BT A= 7Y 25 07 i D] Fp i A ), T A% BT B 25 R B Y SNPs 2 T /E
(A

M17E1.1 (1247)

Complete the expected RFLP patterns in the figure provided on the Answer Sheet by drawing in pencil the
expected bands of completely RE digested PCR products of the four NAT2 alleles: NAT2*4 (wild-type),
NAT2*5 (481T), NAT2*6 (590A) and NAT2*7 (857A). Examples are already given for heterozygotes.

o SRR R M IEE & VYRR NAT255 40 25 K] NAT2*4 (wild-type), NAT2*5 (481T), NAT2*6
(590A) and NAT2*7 (857A)PCRE WAL IR KRG e =) EI1%, FHIAR v By < [ mk, [l i DUSE &G
4k A1 o

For this task, you are required to perform RFLP reactions in a total of 12 tubes for genotyping the wild-type and
the two alleles NAT2*5 (labelled with a) and NAT2*7 (labelled with b) for each patient (P1, P2 and P3) and
their biopsy specimens (X, Y and Z). Always use 7.0 ug DNA, restriction buffer and where appropriate use

1.0 uL RE, per 0.2 mL microtube (PCR tube).

FEAAETS PEE R FAAT 12 PCR-RFLP 21 i, EAT S 50 B8 55 A (P1, P2 and P3) e HRKNZE Wt it < B 4= 7
LR FRIFENL FEFINAT2*5 (s Rya) [ NAT2*7(HE7 2b) 2 FE R R 8 7€, 7E 43417102 mL A&7 o ) S JEE RS #8
7.0 ng DNA, PR BgA% & A 1.0 pl 168 & (1) R ) B 1T 5 B



Q1.2 (5 POINTS)
1.2 (577)

Design your restriction digests or NAT2 genotyping of Patients (P1 — P3) and specimens (X - Y) ina
total volume of 10 pL by completing the table provided in the Answer Sheet. ii5 LA 10 pL 1148 /2 JE RS
AR TR B BR 1 B U136 27 B s A8 (P 1-P3) KA (X - Y)INAT22E A R ot o ¢ o, M0 AE 3B R
P it 2 Fpg rhIH N IR EY) 2 T



TASK 2. PERFORMANCE OF RFLP EXPERIMENT (44 POINTS)
B . $UTRFLPEE (4477)

Notes: ¥ &

1. For electrophoresis, you are handling two parts of the FlashGel® System, 12+1-well Cassette and Dock
(Figure 3), while the Power Supply and Camera are operated by Lab assistants. For best results, flood the
wells with deionized water prior to sample loading. To observe the bands, turn on the light (using the
knob on the Dock), and wear the safety goggles.

UKy, VREFRAEFlashGel® R & H ) ZH 50 2 12+ VER LIV R AR A2 (18(3). 55 V5 f1L B 25 AT
FHBER b B B Bh B R AT . RoRIRAERE R, SerERkdh S LR Em BB 7K, H/ANODIEAR M. ZEE
JEHE T DNAMRAGRS, AT L 22 4ok H 8510 3T B i 8 b B 6 B I

2. You may request for a second Cassette (precast gel) but there will be a penalty of 20 points.
PRAT AP R —(E B ) TRV B RS A, (H & #dn207) .

3. Spin down all reagents in microtubes before directly pipetting (be sure to balance the micro-centrifuge by
placing the microtubes opposite each other. If there is only one tube, balance with an empty tube).
Sl A O TR EURIBE O T AR, FEBIARR R . (RERR R OB EOP A E RO, R
EIRE, I A O T o

Figure 3. FlashGel® Horizontal Electrophoretic System. (A) Cassette. (B) Dock. (C) Knob for lighting. (D)
Camera. (E) Power supply.
[il3. FlashGel® 7K-F- T ik R&E(A)BHSAL (B)E A (C)GIE BB $H (D) AHEE (B) B IR L IE S

This protocol consists of two stages: PCR-RFLP digestion and electrophoresis:
A ERE T A A 8 Bt: PCR-RFLPY)EIFI TR ik
Step 1 (Preparation of microtubes for RE's digestion reaction): Label 12 microtubes with the fine tipped
marker pen as Pla, P1b, P2a, P2b, P3a, P3b, Xa, Xb, Ya, Yb, Za and Zb to correspond to PCR products of
genomic DNA of the three patients (P1, P2 and P3) and the three biopsy specimens (X, Y and Z), digested
either with Kpnl or BamHI.
AP R (YA R ) P ) 0 B ) RO B0 ). KBRS S0 2B AR AT 1 28 S i i -0 5 20 191 Z9P 1, P1b, P2a, P2b, P3a,
P3b, Xa, Xb, Ya, Yb, Za fll Zb, LL¥FE={75 A(P1, P2 Al P3) & ={EAEVGHE (X, Y A1 Z), 4373 LLKpnl
% BamHI VJ#,



Step 2 (Preparation of the restriction digestion mixtures): According to your setting-up of restriction digestion
reactions (Tables 1.2 in your Answer Sheet), prepare the restriction digestion mixtures relevant to each
microtube you labelled in Step 1. Gently mix the reagents by pipetting them up and down in each tube or
finger-tapping the base of the microtubes. Do not contaminate one sample with another when preparing the
mixture (use a new pipette tip for each operation). Spin down the mixture in the micro-centrifuge by using
appropriate adapters (please balance the tubes before the centrifugation). During preparation and after spinning,
always keep the tubes on ice.

AR (VA BR ) Bl D) B AR SV SRR SR Th 3R 1. 2akea T 2 o B S S AH 1) m 36 B 2 B i Tl 1)
FRFE], D R AR R B O O PR 1 B D) Y SO SV, Bt DL W IR HE sl AT
TRECSHAE BT G, BRI R, BT TGy DU Bl O M VR 5 VR U 228 R0 (o FH 8
MR R, W), RMEET, ZRERR B0 R R L.

Step 3 (Incubation of digestion reaction and preparation of precast gel). After all the tubes have been prepared,
remove them from ice and place them into your color-coded foam floating rack and incubate for 5 minutes at
37°C in the water bath assigned for you (located behind your seat). Make sure to retrieve your own samples
after 5 minutes of incubation.
A3 (AT BRI B U5 S S e B DK TRV B AS)  Ar Prf SOEBfEO B O B S8 A%, R O 5 T A PR
OARRCHEE IR b, 3R 3 7°CK IR h (FEAR I JEALAR T7) I MBS 7388 . 27005573 B 4% X Rl AR RO B
During 37°C incubation, you can prepare the Cassette (precast gel) as you were instructed when visiting the Lab
the day before, with the steps as follows:
TE37°CI I, R7] LLYERS B bk B RS A TRELF),  WnRIIRTE AT — R 2808 by == e S R BR G
1. Use scissor to cut off a side of the bag and carefully take out the Cassette.
MBI RR T —i&, MOEHRBH
2. Remove white seals from the Cassette (but do not remove the clear side vent seals).
Bra R, IBREVE R
3. Use a squirt bottle to flood the sample wells with deionized water (please be sure to flush all the wells),
then tilt the Cassette to drain excess liquid, blot off with Kimwipe paper (do not blot wells directly).
P REE LB T oK AR AL, ERR P LA K hse, SMREIH 2 6 iHe, I PAKimwipe#
ARTH B K W iz o ABLDT) 270 B 4 T B AR B L N T

4. Insert Cassette into Dock (raise your Red Card if you need assistance) and now your gel cassette is ready
for sample loading.

BRI N R T 1B, R IRIALR), SRR E R A O P AR S o

Step 4 (Stopping digestion reaction by deactivating REs): When the 5 minutes of restriction digestion duration
is up, retrieve your own tubes and move them into a nearby 80°C heat block (use tissue paper to blot excess
liquids from outside of the microtubes if necessary) and incubate for another 5 minutes.

A2 BRA (F2 U5 A B ] g DA A5 L0080 S ) i 570 3 1K) R ) il 1) ) e B R PRI 4% 1 IRy, IR OR AR R B, T

AN B0°CHIFz B (L EEIRy, FIHIAUE LB BN Z6RI0IK), B EAEHIS 8.

Step 5 (Staining DNA/PCR-RFLP products): After 80°C incubation period, spin down the tubes for cooling off
and collecting all reagents to the base of the tubes. Add 2.5 uL of DNA staining dye solution (labeled D) into
each microtube. Mix them well, then spin down any residual liquid using micro-centrifuge again.

RS (DNA/PCR-RFLP [ A W) 2 Gethn): 80°CHZBRAR , 3 Bt Lo BlE o LA BAUL S0 22 P A A il PR 28 A I
Gy TERE— AR P IIN2.5 LLIIDNA BT (BE7RD). TR 35 =) Pl O USCRR P A S B A B 2 BB



Step 6. (Loading samples for electrophoresis): Load 5 pL of each of the 12 samples (Pla to Zb) and 100 bp
ladder solution (labelled M) into the wells (Notice: do not exceed 5 uL per lane as it is the maximum limit of the
well volume). Make sure you position the pipette tips carefully on top of the wells and gently load the mixtures
into the wells without spilling them. Add your samples according to the following scheme of lanes. (from the
left side and the wells are away from you).

ARG, (BRI EE 2 AR IE): 43 73 B 124F 4% 5 K2 100 bpf B RAR(ELRM)E S ul yEN BB AH 2 Bk
a AL P ER: B ALK B RAS uL, AZER). PNOREERE R BRI IE BT, 8T
A RE AR AL, AEERE Y o 5 B AR A RR S FLIE B, U6t 22 3B Bk G LB A6 MR AR N B AR

Pla  [PIb [P2a  [P2b [P3a  [P3b M [Xa [Xb [va |Yb [zZa |Zb

Step 7 (Running electrophoresis): When loading is finished, raise your GREEN CARD. The lab assistant will
start the electrophoresis run. The voltage of the power supply should be set up at 200V. After about 7 or 8
minutes (when the fastest band of the ladder M has migrated beyond two third of the gel), raise your GREEN
CARD again to notify the assistant to disconnect (turn off) the power supply.

ABRT (FEVK): SERbk AR, SERAR R, HEEE e REIR SRR, EIROLESS 0 R E
AXEAE200 V, KAITH8 73 8 1% (B DNAKRE M S PR G A B B R 2/3 00 B IRs) . 1 B IR 1 -
RN B B0 [t R 1 A

Step 8 (Documenting your gel). The assistant will remove the Dock with Cassette from the power supply. Plug
in the Dock to electric socket and turn on the light. Observe the gel (with the safety goggles) and draw in pencil
the bands of each lane you observed into Figure Q.2.1 in the Answer Sheet (Notice the scale of the preprinted
molecular ladder (M), and any lanes or bands drawn but not matching the gel photograph in next step will not
be scored).

ARG (FUERVRIIBRE R UK AE L) B P& #s B R AH L i RE A% Bt Bl 76 5L 115 JEE 25 05 Jos e 4 3 5y — R %
BH, WATBDOGIE, sERE L2 4 HE WS EIKG R, AERENEQ.2.1. L, JHEHE A | B
R i R A (] OB B RAR (M) ELA, 5 AE | & O i AT iR, BN | B ERI UK IR A A RT
Ke, A TR

Step 9 (Photographing your gel). After finishing the drawing, label the sticker with your Student ID and affix
onto the frame (the red part) of your gel cassette. Raise your GREEN CARD to hand over your whole gel Dock
with Cassette to a Lab assistant. The gel will be photographed and its image will be attached onto Figure Q.2.2
in your Answer Sheet by the assistants afterwards (Notice lanes appearing in a wrong position as compared to
those described in Step 6 will not be scored, but they can be used in solving next questions of this exam).
AR (FEIKBRECIRR): e EER, AR LS EAREIStudent ID, ASTEBAHAVIBHE (AL EHER ).
BRADURIAR AR, R {18 B AR [ e — EAC AR BO R . BOERYE R I R IK B R, IR B R RS TE AR 1)
ZREMQ.22 L R, WIRELMATHZBROIE RIIEF AR, #ATEHr, (EHREE THIHE).

Q.2.1. DRAWING OF GEL (18 POINTS)

Q.2.2 PHOTO (26 POINTS)
Q.2.2/% i (2677)



TASK 3: FORENSIC IDENTIFICATION OF BIOPSY SAMPLES (9 POINTS)
B = AR e YRR (99)

Q.3.1. (9 POINTS)Q3.1. (973)

Based on PCR-RFLP profiling of samples derived from the three patients (P1 — P3) and the three biopsy
specimens in Task 2, match X, Y and Z to the patients by filling in the table on the Answer Sheet.

be S 2 1 = A9 f(P1-P3) FIPCR-RFLPI&I 3 LK 7E 8256 — (ARl AR B, HEEX, Y, ZR0 3599 J e
RERIR, 52 SRS B



NOTE! /¥ =

For solving questions in Tasks 4 and 5, if you did not succeed in genotyping any patient specimens (P1, P2 and
P3) in Task 2, you might deduce from profiling their biopsy specimens (X, Y and Z). In those cases, write down
X/Y/Z into the column “Patients”. However, there will be a penalty of 1.5 points for each substitution.

[ 2 B B DU A TR LRIy, A SRARTE B 0 — oA AR | B SV R D 1) e i R R e, RUUHE
N"TFEANXNY/Z. kS &N 1.57



TASK 4: INTERPRETATION OF PATIENTS’ GENOTYPES (12 POINTS)
B Y N HEE (1297)

Q.4.1 (9 POINTS) Q.4.1 (97))

Indicate the genotypes of the three patients based on the PCR-RFLP profile you obtained from your own
digestion with Kpnl (NAT2*5 or C481T) and BamHI (NAT2*7 or G857A) by completing the table in the
Answer Sheet. The genotype of the locus NAT2*6 (G590A) based on the Tagl digestion is already given for
the three patients.

WAB VR B A D) 1 BT 45 U PCR-RFLPI&E 5, 45 HREALI N FAH B 2k K KpnI F i #E 2
NAT2*5(C481T); BamHIF JANAT2*7(G857A), & RIEALK T, R CIRMKIE Taql ) F 48 R i 2
[ = A1 B 2 NAT2%6 (G590A)FE K A,

Q.4.2 (3 POINTS) Q.4.2 (377)

Indicate the acetylator phenotype of the three patients based on their genotypes you determined in this task
(Question 4.1) by ticking ( \) in relevant boxes of the table in the Answer Sheet.

WT}%{Q%EQ 41T AEIE =AW NI, i AR B A RO RR IR, AR AR T HIARRE R N
TA(V).

B

A Patient P1 Ji &1
B Patient P2 Ji &2
C Patient P3 % &3



TASK 5. DETERMINATION OF DRUG DOSAGE RELEVANT TO
PATIENTS’ GENOTYPES (18 POINTS)
BB L. e BN TR T FH 257

Introduction &5 5444

In 2015, a study performed by Jung AJ and co-workers (Journal of Drug Design, Development and Therapy; 9:
5433-8) on 206 patients with TB who received INH at the dose of the standard regimen (5 mg/kg body weight,
usually 300 mg INH daily) indicated that 2-hour post-dose serum concentrations of INH were significantly
lower in the rapid-acetylators than in the slow-acetylators. A multivariate stepwise linear regression analysis
that included the variables of age, sex, body weight, and NAT2 genotype revealed that NAT2 and body weight
independently affected INH concentrations (P < 0.001), while other variables did not alter INH concentration (P
> 0.05). According to the regression analysis, the equation that best predicts INH concentration is as follows:
20154F—THEFA20618 i &5 % (TB)R AN HIRT 7T, 18 L5950 N B 1 SZ INH AR F 2270 (5 mg/kgHB ., 18
FRH52300 mg INH), 72 ZE2/0RpA%,  falin 8 LS THNIHI IR E,  SEBU7E R ZRRAL RE )3 1 LI
INHJR Z W SRR TENS AL RE 3 I BOINHR B2 . | A6 & 4Rae . PRRI . BE B AINAT2HE R () %
SRRZ VAR MR 7 o3 A S5 B NAT2 MBS 5 73 751 8 305 B INH AR L (P<0.001); 17 H & BB B INHIR FE
RAREP>0.05). RIFHLEER > Hr, BRINHR ) TR R a0 T

Serum INH concentration (mg/L) = 13.821 - 0.1 % (body weight, kg) - 2.273 x (number of high activity alleles
of NAT2; 0, 1, 2) (Equation 1)

7% INH J2 7 (mg/L) = 13.821 - 0.1 x (B4, kg) - 2.273 x (NAT2{) Eim A LRI H 0, 1, 2) (7 2
1)

In this equation, the number of high activity alleles of NAT2 (0, 1 or 2) corresponds to the three

phenotypes, slow-, intermediate- and rapid-acetylators, respectively.

FEM TR, NAT2 EE PO FE I H (0, 1, F12) 77 il i = AR B 18 ORRALRE i LTk
fere 1% IR AR )%

The most effective anti-TB therapy of INH was found when its 2-hour post-dose serum concentration fall
within the range of 3.0 — 6.0 mg/L. Based on the concentration of INH shown on the drug label in Figure 4,
you are to determine the appropriate prescription for patients P1, P2 and P3. Work according to the next two
steps (Questions 5.1 and 5.2) and assume all three patients are 70 kg in weight each.

CE U B BUTB YA R A2 SR A 422 /N 4% I AR INHE 2 A 123.0-6.0 mg/L. AR 1] 4 - INHZE ) (120K
U, AREARE LA P BRI RES. 1 % 5.2) % e i A PL, P2, MIP3HIE B R T, Rk =A00m A B AL
70 kgo



|t e Lty |
i | AY
NDC 0143-1260-01 Each tablet contains: o I
Isoniazid, USP ....eeeceesevec e eeeee 100 ma — | a |
H H USUAL DOSAGE: — =

IsonIaZId See accompanying product literature for complete — O ] l
Tablets, USP information, — é l -3 l
Store at 20° to 25°C (68° to 77°F) [See USP Controlled =—m——= 'E '
Room Temperature]. Protect from light and moisture, — E— b !
Keep container tightly closed, — = I
Dispense in a tight, light-resistant container as defined  m—— ' | = |
in the USP using a child-resistant closure, — 2 | |
100 TABLETS KEEP THIS AND ALL MEDICATION OUT OF THE _— - 2 [

B Only REACH OF CHILDREN. I C = -

3 Wi by. West-Ward Pharmaceuticals Corp. g §

W wesTWARD ey W e e A

Figure 4. Isoniazid (INH) Drug Label

Figure 4. Isoniazid (INH) Drug Label
INHZE i iR

Q.5.1 (6 POINTS) Q.5.1 (64})

Presumably each patient takes the daily dose of 300 mg INH, estimate the 2-hour post-dose serum
concentration of INH in P1, P2 and P3 based on Equation 1 and their genotypes you identified by completing
the table in the Answer Sheet (numbers are presented to 3 decimal digits).

A AL N BRI H300 mg INH, ARIE 7R3 VRIRA)E HO o ;B AR R AL, 550G 5000 8 P1, P2, ATP3 Y
FED/NRAZ B ML INHIR B2, 8 SRIEAEE R Rk (BUNBGL T =A7)

Q.5.2 (12 POINTS)

Based on the patients' corresponding NAT2 genotype determine the least number of drug tablets (shown

in Figure 4) each patient should be administrated as daily dose to achieve an anti-TB therapy within the most
effective range and fill in the table in the Answer Sheet (numbers are presented in integer).

WRAE B0 B HINAT2 I K Y, 5 5 R0 SRR R BT 5 B RUTBYG IR B o BRI N R R I A ]
FRIZE Fr B (R RO R AE [l 4Rk



END OF PRACTICAL EXAM 4!
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[FE1.1 (1277)

A) NAT2*4/NAT2*5 B) NAT2*4/NAT2*6 C) NAT2*4/NAT2*7

(bp) CIC CIT TIT (bp) GIG GIA AIA (bp) GIG GIA AIA
[ ] [ ] [ ] 1 [ ] [ ] [ ] [ ] [ ]
1093—»> — 1093—> —
659 — 810>
434> —
397> —
ol | ESE
170 > —

Figure Q.1.1: Expected RFLP pattern of (A) homozygous wild-type NAT2*4 and homozygous mutant
NAT2*5 (T/T) digested by Kpnl, (B) homozygous wild-type NAT2*4 (G/G), homozygous mutant NAT2*6
(A/A) digested by Tagl, and (C) homozygous wild-type NAT2*4 (G/G), homozygous mutant NAT2*7
(A/A) digested by BamHI. (A,B,C) Bands in the middle lane represent the respective heterozygous
genotypes.

1. 1)E: FHHH 2 RFLPAY &

(A)VUKpn 1 PRI EEUIE) 2 R AT AR NAT2*4 % [R5 F REETINAT2*5(T/T)

(B) LA Tag 1 R#IEGVIE 2 F A A FNAT2*4 (G/G), [FIHA T REEIINAT2*6(A/A)

(C) LA Bam HI MR#IEE V)2 2 BB & T AETINAT2*4 (G/G), RIS T RINAT2*7(A/A)
(A,B,C) 1 [k b 18 1) ik A5 AR L AR S JoE B2 A 5 R PR Y

Q1.2 (5 POINTS)
1.2 (597)

NAT2%4 / NAT2*5 (labelled a)

* %
Reagentsst 7] (in pL) (E7a) NAT2%4 / NAT2*7 (labelled b)

(37Rb)

Sterile waterf 7K (W)

10 x Restriction Buffer 10x FR#l|FE4E/E1 77 (BF)
PCR products of genomic DNA

S NHEDNA [PCREY)

(2.0 pg/pL)

RE 1 (Kpnl)

RE 2 (BamH])

Total volumeAE#EFHE (L) 10 10




Q.2.1. DRAWING OF GEL (18 POINTS)

M (bp) Pia Pib P2a P2b P3a P3b M Xa Xb Ya Yb Za 2b

4000
2000
1250

800
500

300
200

"100




Q.2.2 PHOTO (26 POINTS)
Q.2.2/% /1 (267))

Attach photo of gel here

Q.3.1. (9 POINTS)Q3.1. (9%})

PatientsBiopsy specimens (X, Y or Z)
WA VeI, Y, Z)

P1
P2
P3

Q.4.1 (9 POINTS) Q.4.1 (977))

Patients|Genotype at C481T|Genotype at G590A|Genotype at G857A
AN |C481THEH A G590 AFEH 7Y G857 AKE KB

P1 G/G
P2 G/A
P3 G/G




Q.4.2 (3 POINTS) Q.4.2 (377))

Slow acetylator Z.Jfi{t. # |Intermediate acetylator Z it

Rapid acetylatorlt Z Bt #

Q.5.1 (6 POINTS) Q.5.1 (64})

Patients|/INH concentration (mg/L)
BN [INHJEFE (mg/L)

P1

P2

P3

Q.5.2 (12 POINTS)

Patients|Oral dosage (number of tablets per day)
W | R R R 2E 50

P1

P2

P3
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