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IBO 2014 PRACTICAL TEST 1
BALI, INDONESIA CELL & MOLECULAR BIOLOGY

Dear Participants

¢ In this test, you have been given the following tasks:
O €0 M= CHZ & ZHX| 1K & = oot
Part A. Confirmation of plasmid samples X, Y, and Z by restriction enzyme analysis.
(40 points)
TDE A AgiEs MO ENYS S50 SRAADEX,Y,Z S HO87| (40 H)
Part B. Cell reproduction and telomere analysis of Paramecium. (30 points)
o E B. MU HA TEAN 24 (30 H)

e Answer all the questions in the Answer Sheet provided.
ZO1 7! Hebx| o HES MAL.
e The answers written in the Question Paper will NOT be evaluated.
= H X off ZHdoh HE2 MBEIX| L
Write your answers legibly in ink.

2 Y0 E 5 A= MAHE, HOoz HE MAL.

o Please make sure that you have received all the materials and equipment listed for each
task. If any of these items are missing, please raise your hand immediately.
Z}2f9| task Of| 2R Al 7|1 E 25 R G10] 2RU=X| 2 QUSHA[ 2.

U WX EZ40] A2 FA| £ EAR.

e Use the gloves provided for the experiment.

O H¥S B U BUS KB,

e Stop answering and put down your pen immediately when the final bell rings.
DI 0| 22| HA| HELU2] 5242,
e At the end of the test, place the Answer Sheet and Question Paper in the envelope provided.
Our Assistants will collect the envelope from you.
Ao] ELEH EHEtX|QE MK & BF FO{M S50 oA 2u/t 858 78l Z2

A YL,

Note! All the DNA electrophoresis instruments will be turned on simultaneously by the

assistants 50 minutes after the start of the test.

Fo|I MOl AR &l Z 50 2 30| ZTu7t BE MI|FSS A0 AR & Z0|Ct,
Make sure that you have placed your samples in the agarose gel in accordance to the
instructions on the Question paper before the power supply is turned on. After this, you will NOT
be allowed to run the gel. To remind you, the assistant will ring the bell three times. Bell 1 will
remind you that the electrophoresis will be carried out in 20 minutes. Bell 2 is a warning that
electrophoresis will begin in two minutes’ time. Bell 3 will mark the end of electrophoresis. At
that time you will be asked to remove your gel and place it into the box provided for assessment.

ohel ME2H017E AXZ| Hofl, HX[0 XAlE =MUREE HE0] 2o ZEEA=X

SHQIStA|2. UTH FHIF SO0l A% & =0= CHAl AR & 4= BiCE CRAl o B Z&=35H=0,

—
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Materials and Equipment X| 22} £+

Materials X 2 Quantity Unit
Restriction endonucleases FD EcoRl (kept on ice) Tube
FD EcoRI 0|2} 11 A 07 K3t 4 (2 9{of &2 1@ ew
Restriction endonucleases FD Hindlll (kept on ice) Tube
FD Hindill 012 MOITI H3t& A (AL 9/0] B2 1@ ew
10X Restriction buffer solution (labeled FD Buffer) kept on ice Tube
10X R &t&E A buffer (FD Buffer 211 A 0{QS) Y-29/0f 22t 1(8uL) En
Plasmids 1, 2 and 3 kept on ice Tubes
SatA0|E 12,3 Y290 BT L
Sterile water (labelled Deion) in zipper bag Tube
K| HHO| S0f U B 4=(Deion 2t1 A 01U2) 1(100pl) | ew
DNA staining solution, labeled Gel Red (in black tube) in zipper bag
X T £0) SOl (A2 FE0] £71) DNA B8 A(GelRed 2 401 | 4 (200 1) | 00
A2) T
DNA ladder stock solution, labeled 1 Kb Ladder, kept on ice Tube
1 Kb Ladder 2t11 2 0{Zl DNA AFO|= O, 4220 2t 1(20u) | ew
Ready-made agarose gel Piece
02| BHSOf%l o7t R = A ! st 7

Bottle
Running buffer (TAE) 1 (300 mL) St
Equipment 7|3 Quantity Unit

DNA electrophoresis gel tank per person Set
74O DNA H7| S EA 1 =
Power supply for four persons Unit
I+ M E3t0| (4 Ho| B ALR) 1 st o)
Micropipettes and tips in boxes (p10, p200) Sets

Or0|3 2 m|Z(p10, p200)2t EtA 0 S0 U= L3 2 tip

i | -
Stopwatch Piece
AE9%| 1 &t 7
Tube rack Piece
Emay 1 st 7f
Sterile microtubes (in zipper bag) 5 Pieces 1 bag

ol OO|AR/RES (X THY 2t SO RU3)
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Plastic box Piece
Zatag 4R e ot
Floating rack styrofoam Piece
AE|ZE 229 ot 7
Minicentrifuge Set
N EEESY St 7f
Sticker Sheet
AE|HA St &}
Marker pen Piece
ot Sk Xp2
Tissue paper Box
#X| S ALK}
Gloves Pair
w3 S &

Note : Use given reagents properly! No additional reagents will be provided.

FOH = FSS FASNM A8IA 2, 22 =252 HISEA|
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Part A (40 points)

Identification of Plasmids by Restriction Enzyme Analysis
Hetza BE A4S S8t E2t20|E

Introduction (£ &)

A scientist was surprised to find unlabelled tubes in the freezer. These tubes, containing
Plasmids X, Y and Z, were arbitrarily labelled Plasmid 1, Plasmid 2 and Plasmid 3. These
plasmids are indistinguishable by DNA electrophoresis because they are all 3750 bp long. Since
the three plasmids differ in their restriction pattern when using EcoRI and/or Hindlll (Figure 1),
you will conduct restriction enzyme analysis to correctly identify the three plasmids.

OfH stAt7F d518 Foj{E0 =7t d&UCH F2A0E X, Y, Z 7t BHX| H2 2 1, 2,

30[2tn M ARA7| WZO|Ct O Z2A0ES2 25 3750 bp Ol 272 &2 & =

QICt SIX| 2 M$tE A EcoRl 1t Hindlll 2 " THst® 2t7| CH2 ZnHE LHEFL 2 2 (Figure 1), O
x

2|
MetgasS AME0I0 3709 ERtADIEE S°StaA} Stot.

—

EcoRI 1250 bp
EcoRI v

T I 750 bp

iS00p Hindlll A

Plasmid Z o EcORI

Plasmid Y o ECORI 2500 bp 3750 bp

Plasmid X e Hindlll 3000 bp 3750 bp

3000 bp 3750 bp

Figure 1. Restriction maps of Plasmids X, Y, Z.
SCtAO0E X, Y,Zo Hetaa K|

Table | in the Answer Sheet shows the experimental design you will perform. The experiment
is divided into Series 1 and Series 2, carried out simultaneously. In each series, all three
plasmids should be cut with the same restriction enzyme(s). The final concentration of the
restriction buffer solution should be 1X.

THorX|off U= Table 1 Of 40| =2lsljof & AE0| Q|0 ULt O] HEH2 Series 1 1t
Series 2 £ SA|0| TIASHICt Zt series LA = 3 71| E2tADIEE LS X

Meta4=5)2 ZEsOf ot} Motg 2 buffer 2| £|F 5== 1X 2 SHELL

o

BA(ES

Question 1.1 Determine how these restriction enzyme(s) can be used to differentiate between
the plasmids. Complete Table | on the Answer Sheet to indicate your chosen protocol for
each series! (8 points). You must choose one or two enzymes for each series that are most
informative based on Figure 1. If the enzyme is used in the reaction, add 1 yL enzyme.
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LIEFLHAI2 (8 T). & 1 0 2AHSIH 2 series O 7t& R&%F YEE & FUA=MDZLE
StLt 2= 2 7 MEHSIOJOF SHCt MEASH K|St A8 AFESI{H 1 uL & =Lt

Question 1.2. Complete the figure on your Answer Sheet to show the expected molecular
weight(s) of the completely digested plasmid for Plasmids X, Y and Z that you would observe
using each of your two chosen Series. Indicate the restriction enzyme(s) used for Series 1 and
Series 2 of your experimental design. (12 points — 2 points each lane).

=H| 1.2. Series 1 1} series 2 O|A] ZA10| DOt5H MHHEIRIZ E2tADE X Y, ZE FOT
HotaAa2 XS] HEHS M o™ 37(9| A=0| 2HE & ZQIX|E HerX|o O8s 18

=
LIEFHLHAIR. {24 20| C|X}Qlot Series 1 1t Series 2 O|A AMESH HotzAE LIEHHAIL.

(12 ™-Z Lane E 2 ®)

Plasmid restriction and DNA electrophoresis protocol

SetA0|ES| Mota4a XM2| 3 DNA T7(Es A

Note: Electrophoresis will start 50 minutes after the test begins. After this, you will NOT
be allowed to run the gel.

FO|: MI|BE2 0| AME E = 5020 Zafst AE| Al A, o] A|HO| X|H Fofl=

HI1GSE MEHE = 8l

Note: Spin down all reagents in microtubes before pipetting (Be sure to balance the
minicentrifuge by placing the microtubes opposite each other, even if there is only one
tube to spin).

Fo: mH= s7] Fo RZE AYS OO|IA=ZFX|0 SZAL (BU2E IEFTI
fisiMOr0| A2 {FX| SCIQ| HCiH FH BHS HF0 FEE P& AS AX| O, HAL
FE7I SILHEO|C 2t o E2| R B SILHE BiCHH 7 Hoj '20{F0{of &)

1. Label the microtubes S1 to S6, and prepare the reaction mixtures according to Table | in the

Answer Sheet. Spin down the mixture by placing the microtubes in the minicentrifuge for 10-
20 seconds.

O0|AZFEO0| S10(A S6 77HA| H=E M40 EHOLX|Q| Table 1 0 A|A[El CHE HLSHZ
ZH|SICH A AE2 @2 FEE OIO|AZFX| 2 10~20 = SEICt

2. Place the microtubes into the floating rack labelled with your bench number and incubate for
at least 10 minutes at 37°C in the water bath, located at the end of your aisle in the direction of

the arrow. OFO|AZR/RESS 4o #IX| H=7t Mol S 2T =Hof| xO0fA 37°C =2 ST
TZ0| He xHaoh 10 252 BHSAIZICH =0 fIX|= Z4Ate| HIX] E B0 pHER

BEAIEO AZ.
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3. Add ONLY 2 uL of DNA staining solution into microtube labelled 1 Kb Ladder. Spin down the
solution for 10 seconds.

1 Kb Ladder 2t11 M3l S E0f| DNA FAHCHO 2yl @1 OO 2 /X[ 2 10 &= SEIC},

4. After incubation, raise your bench number and your tubes will be returned to you. Add ONLY
1 uL of DNA staining solution into each of these tubes, mix well by pipetting and spin down any

residual liquid.
ie FE F HXHSE Sofgald +x0 WolE FEE Sa¥e # Uk of FES
LE1 I i

Mojzct,

—L

|Z1© 2 up and down S}

5. Open the gel agarose package and place the gel with its tray in the electrophoresis chamber.
Pour the entire TAE buffer from the bottle into the tank.
Note: Black plug is cathode (-) and red plug is anode (+).

ELE OI7IE= AZ THUAM EO] fo 22T M2 MI7|ESEA B3 50| =Lt TAE
buffer & 1 ¢/0| £=Ct.
FO| . 2 E2O7I S3(-), B E{7} A= (+)0]|C}.

6. Load 10 ul of samples S1 to S6 and molecular weight marker solution into the agarose gel as
shown in Figure 2.

Figure 2.0]| AMA|=l =MI 2 T2 S1~86 0| S0{Y= ME 2A+3 7| OFH(1kb ladden)E
ZEZE10 pl A Rof| 2Bt
1 Kb 1 Kb
ladder S1 S2 S3 S4 S5 S6  ladder

L ] [ ] [ ] [ ] L ] L ] [ ] [ ]

Figure 2
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7. Close the lid of the gel chamber and notify the assistant by raising your hand that you are
ready. The assistant will connect the cables to the power supply.

2 Ao FEE B 20 25 50 HU|SsE AN =V HRES LEC OH

Z7F obM MM E2H0]0f HZ o = ZO| L.

During the electrophoresis continue with Part B.

H7|18&E0| T £|= S Part BE ™ TICL

8. After the electrophoresis (indicated by Bell 3 ringing), the assistants will turn off the power
supply. Carefully place the gel with the tray in the plastic box provided. Pour the running
buffer from the electrophoresis chamber into the plastic box. Close the box, label the
sticker with your Student ID and affix it to the side of the box. Leave the box on your bench.
Later the gel will be documented and the picture will be attached onto your answer sheet by the
assistants.

H7| 50| ELHH (M #xf 0| S2|H) 27t Y MEEI0|E & Ao|Ct &S Ego| £/
SO|T! HEf ACHEFO{TI ZAE MXE ZHAHA FCH HI|FES 83 £0| S0{UAT
running buffer = S2tAE] 4Xjof| R=C}F 4AFFEE B0 AEFH0 G412 Student ID
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Part B (24.5 points)
Cell Reproduction and Telomere Analysis of Paramecium
HAH Q| HA A TEAN EM

Two of the phenomena displayed by Paramecium tetraurelia are binary fission (asexual
reproduction) and conjugation (exhange of genetic materials), which are affected by the
abundance of nutrients in the media. Figure 3 shows microscopic observations of two P.
tetraurelia cultures grown in rich and poor media, respectively.

AU Paramecium tetraurelia = HIZY £0| FF=EO0| Ot FFESHX|0f et
o
o

O|2H(RHNA) EE HIQHESHO WBHOE HABCE Figue 3 & YYLO0| FH
HiXIo HOrEOl ZTE KoM 242 mE WY 2 K| WALHES 2oiFE HO0|Z

AFZIO[CE

Question 2.1. (2 points) Which of the phenomena are shown by the two cultures in Figure 3A
and 3B?

TH 2.1. 0| 2T Y S0 22 3AA 3B M 2HEE = S Us HE L2AL
A) B)

D Q ,‘:‘? -
e 3

g o O

Land

SP

- % .08
L, Qa@g

Figure 3. P. tetraurelia growing in rich (A) and poor (B) m dia
a8 3. FLE0| SFe HiX|(A)2t MetE HIX|(B)OIAM 7| & A

Paramecium, which has just undergone conjugation,continues to asexually reproduce. In this
instance, telomere shortening occurs for a certain number of divisions during logarithmic growth.
Table B-1 shows data for the growth of a strain of Paramecium in three replicates for four days.
The cultures can be grown continously with no significant change in the fission rate.

Heto] dojt =, A = O[ojM BddAZ AEBCh o] If Ci=E52!7|(logalythmic
growth)y&t ZEtAK|(telomere)2| ZO[7F EOIX|= w&0] HWSHCE Table B4 2

=
T (triplicates)= 4 & &2 7| 2HAM M8 =X HO|HE EOFCL

| = 0O o =
O] 7|t St MU Eels 2EHE7t Aol A0k B HAM AL SA T}

e M HeEE
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Table B-1. P. tetraurelia growth in the first four days.

HB-1. M3 4YSoto| MHY 54 &5
Cell Concentration (Cell/mL)
Day 70X ==/mL

A B C

0 1 1 1

1 8 10 16

2 80 120 128

3 640 960 1024

4 5760 7680 10240

Question 2.2. (2.5 + 8 points) Calculate the average cell concentrations and using the
logalithmic value draw the growth curve of P. tetraurelia from Days 0 to 4 on the graph provided
in your Answer Sheet (Precision: integer).

A 2.2. 7 M ==2] s Aot O 23S F 50 B etX|of
4 AP0l AR YEFHE AN (B2 72 A)

F0{Z 2 =0f Day 0~ Day

Figure 4 shows the result of Southern blot analysis of P. tetraurelia telomeres for a total of 30
synchronized generations of cultivation. DNA from P. tetraurelia was digested at the beginning
of the telomere region, blotted onto a membrane and then hybridized with telomere probes.
Telomeres were seen as smears, the midpoints of which can be matched with molecular weight
markers to determine the average telomere length.

29 4 = 30 MCHEX] SA|ZH(synchronized)bf &2 oF Ao LCtAK| ZHO|E
Mot MEER 24 AD0|C} ZEAMZE AR E= 220|M X2 4| DNA E

PN
=L | Ot
28 oF F TCEA

membrane 0| 228 3 X 0|18 HE2=E =/d3khybridize) A|ZACE.
AN TEtAN = MZ2Z2 IR "Ef(smear)2 LIEFLF=0|, O smear 2] S7HES
molucelar weight Ot et H| W5t W ZO|E = & 5+ ULt
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1 2 3 4 5 M

| || P 3

[Nternal

Telomeric

Figure 4. Southern blot of P. tetraurelia telomeres. Lanes 1 to 5 show telomeres after 4, 7, 17,
23, and 30 generations, respectively. DNA size markers (M) are shown next to Lane 5 (in kbp).
Internal: Internal part of the chromosomal DNA that contains telomeric sequence

O3 4 FAlde oAl o] MESZE. Lane 1 0N 5 & 2t2t 4,7, 17, 23, 30 Al 7} X|
9| UCkAX| O|Ct DNA size markers (M)= lane 5 L2 Z0] kbb 2 HEA|SIS L (Internal :

HEAHME ZEots GMA &F F9)

Question 2.3. (12 points) Indicate in the answer sheet with a tick (V) if the following statements
are true or false.

=8 2.3. Chg 2 S HF AR Wt getX|of MIAEA(N)BIAIL. (12 )

No. Statement

a | The media can support the growth of P. tetraurelia to more than 10* cells/mL.
O| HiX|Of| Al R AIH 2= 104 cells/mL O| &7t K| 41 & = UL},
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b | The Telomere probe used for Southern blot analysis is not specific for telomeric

sequences.

ME SX 240 AFES 2 SEAM F7(ME0| E0|H2 = SASHA| BIRACE

¢ | Based on the Southern blot, telomeres of the cells from the same generation have
the same length.

ME S22 202 0|80 = 0 Z2 MO0 ok M=o HEAN= 25 Z0[7}
&S YOI

d | Paramecium can grow from 105 to 107 cells in less than three days, if enough
medium is provided.

S0t X| 7t M EICHH FAHe| = 3 Y O[LHof 10° O A 107 OI2| 2 501 & =+
ULt

e | Based on telomere data from lane 4 and 5, telomeres shorten by 20-25 base pairs
per generation..

Lane 4 2F 5 Of| LIE}EF ADtZ D|F0| & Off oF M[CH7F X|Lt Z TfOfCt e 20|
20~25 bp 2HE B OLZICE

f | At beginning of the experiment (parental generation), telomeres were likely between
1500 and 1700 base pairs long.

HHO| A E[= A|E(FEZ2 Ao 2EEAHN| Z0]= CHEF 1500~1700 bp T2
Z40|C}.

rir
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