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IBO 2013, SWITZERLAND Practical Exam “Molecular Cell Biology”

Dear participants,

This test consists of two tasks: O] A& L = Tx 2 FME S,

Introduction [2 points] A2 6

Task 1: Presence of the B-glucuronidase B-glucuronidase 2| 4= [12 points] 8
Part 1.1: Determine the presence of the B-glucuronidase [12 points]

B-glucuronidase | =X} 0] & = A} 8

Task 2: Presence of the procyclin protein Z 2 ALO| 22l ciuiXlo| A= [86 points] 9

Part 2.1: How to use the counting chamber [1 point]
M Z A 5=7|(counting chamber) 2| AL 'H 9
Part 2.2: Washing the magnetic beads. Of 14| El H| 2| M| & 10
Part 2.3: Density of trypanosomes not binding to magnetic beads [37.5 points]
ORI E I =0 EetEX| @2 Eg|ate Z0re| Y At 11
Part 2.4: Total trypanosome density [25.5 points]
A Eg|utez=0re] 7HAM 2 12

Part 2.5: Success of the deletion of the procyclin gene [9 points]

ZZMO|22 RTAte 33X HAH &l 13
Part 2.6: Verification of binding to beads [9 points] Ot14|El H|E 2%to| =90l 16
Part 2.7: Interpretation of your results [4 points] Z 1t s A 17

Please write your student code into the box on the title page.

CHAl O

gl

ok

FMEH S (student code) S EX|0f Q= Bl ZHL0| N EOA| 2.

There is no separate answer sheet. Please fill in your answers into the specific answers boxes indicated
with a gray background. Only answers given inside these boxes will be evaluated.

-2 FOXE BXlE US 2ZE €2 Moz FT 2 2 0 HEY M E2A|2. 2% o] g 7 otofl X3l Tt

HEE.

The answers have to be given either with a tick (V) or with Arabic numbers. The numbers "1" and "7" can
look very similar in handwriting. To make sure that those two numbers can be well distinguished by the
IBO staff, please write them as you normally would into the following box.

B2 tick (V) 2= Ot2tH|OF=AtZ BEA|RLCL A} “173t “772 20| HIRSIM 25 2 & AL MEXIL
C

THOIECZ AME P 5 ARS G0 B0 Ol RAFS S HE YA S ot At 2o W E2Al2.
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IBO 2013, SWITZERLAND Practical Exam “Molecular Cell Biology”

Stop answering and put down your pen IMMEDIATELY when the bell rings at the end of the exam. Put
the entire protocol with all the answers back into the exam envelope.

2Ol 22|H FA| HE Us got HdS S

J2|n R E AlgRIe HAIS F0i7 2E ot WaLCh
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IBO 2013, SWITZERLAND Practical Exam “Molecular Cell Biology”

Material and equipment A|2F 5! 7|41

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.

OF2} Z{31 AlofT} 7| T8 25 W 810] BOHEX| SHQISHAI Q. Brof W 20| OB 28 EAQ.

Equipment 7|3

e Water bath at 37°C (used in common) 37 ZOf| X LXK (25 AHR)
e 1 Micropipette P1000 p1000 OFO| R 2IHO| T 1 74

e 1 Micropipette P200 p200 OFO| A 2 O[5l 1 7Y

e 1 Micropipette P20 p20 OrO| =2 2 ol = 1 74

e 1 Box of pipette tips for P1000 p1000 L}O| I El 1 AFX}

e 1 Box of pipette tips for P200 and P20 p200 %! p20 8 mO|TEl 1 A X}
e 1 Eppendorf holder HEz=2o FE 2017

e 1Tube holder Al 26 174

e 1Solid waste container IHE 27|51 7Y

e 1 Liquid waste tube [LW] CHHIAIF 2= 7] 170 [Lw]
e 1 Polystyrene (styrofoam) box filled withice ~ 220| KT AE|2Z AKX} 1 7Y
e 1Timer Eto| 1 74

e 1 Marker Ob74H 1 74

e 1 Microscope sA0jg 1y

e 3 Cell counting chambers MIZAH 2=7] 3 7Y

e 3 Microscope slides #0j4 S2to|=22kA 3 )

e 3 Coverslips HeEH=E- 3 74

e 21 Eppendorf tubes HEz=2o JFH 2174

e 1 Magnetic Eppendorf holder FEYOIZEREEH OIOYE EEETRE 2
e Blank paper 2 Z0

e 1 Flagto call an assistant THTEEZE 1Y

o 1 Yellow sheet labeled with your student code sHHSII ®s| L2t F0|1 %

Chemicals A|2F

e 1 Eppendorf tube with magnetic beads [MB]
OFUE HIE7t S0iQe oM =22 R E 17 [MB]

e 1 Tube with phosphate buffer [PBSB]
QI AH2tE 8 % (phosphate buffer)0] 50 %l= Al 21 7 [PBSB]

e 1 Eppendorf tube with Fixation Buffer [FB]

117 % (Fixation buffer)0| SO{ Q= O|HEZE2Z 5 1 7 [FB]

e 1 Eppendorf tube with Substrate Buffer [SB]

7| 22t 8 oM (substrate bffer)0| SO{Q= EHEZ2Z EH 1 7| [SB]

e 1 Eppendorf tube with Substrate(X-gluc) [S]
71 (x-gluc)O] EX{ U= OHEZZZF = 1 74 [S]
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Trypanosome suspensions E 2| It i Z= O} o1 EFl

® 1 Eppendorf tube with suspension of Strain 1 [T1]

E 2|t Z=0f strain 1 O] SEHO| E0{QeoHz2T 521 7 [T1]

® 1 Eppendorf tube with suspension of Strain 2 [T2]
E2|Ot- X0Of strain 2 O] HEHMHO| SO{Y= 02D EH 1 7} [T2]

® 1 Eppendorf tube with suspension of Strain 3 [T3]
E2|ot e =0f strain 3 O] EFHO| S0 oHEEZ Ex 1 7f [T3]

— 17
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IBO 2013, SWITZERLAND Practical Exam “Molecular Cell Biology”

Introduction [2 points] A £

Trypanosoma brucei is a parasite causing sleeping sickness in humans and nagana in animals. It is
transmitted between individuals via the tsetse-fly and is almost exclusively found in Africa south of the
Sahara. To better understand the function of different proteins implicated in the life cycle and infection
pathway of T. brucei, it is the goal to create mutant strains that lack procyclin, but express another
protein of interest instead. Procyclin is a surface protein found in T. brucei but not in other trypanosome
species and is hypothesized to have an effect on the infection pathway. Different trypanosome species
rely on different surface proteins for their infectivity. For example, T. congolense relies on a surface
protein called GARP.

EZ|ot-Zx0F EEMO|(Trypanosoma brucei)= At2to| £=MHH 1 =E29o| LPJILIHE &
MM 2| of 2|5t M B x|t T2 AFSHet O OFZ 2| 7K F 0| A 2 - StCt. E 2|t e 220
E0 & O|a5t7| {5t =2 AL0|Z2I0[2h= B A |FTXIZF M AE| 2 ChAl CHE HX|FTX
E2|ote=0HE MZS{ U BCh Z2ALO|22I2 T. brucei O MTH UHED CHE FF2
LR K| = M RO E R, 24 Z20| G2 01Xt S| ™ ACH 27| O E /L E2|ote=0E2
C

‘o‘ (=]
CHE CHHEZ 2sty ZEE FLIL}, O|E S0 T. congolense 2| ZHHO0|= GARP 2t =2

tel
t

Hu rir ol mu
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In this practical you will work with strains of the subspecies T. brucei brucei, which can infect domestic
and wild animals, but is not dangerous for humans. In a first step, cells were transfected or not with a

single construct coding for both GARP and B-glucuronidase and grown as pure strains. B-glucuronidase,
which is absent in wild-type T. brucei, is a protein that can cleave X-gluc, an artificial substrate, into a
blue product that can easily be observed by eye. In this setting, B-glucuronidase serves as a convenient

reporter gene that will allow you to recognize the strains carrying a successfully introduced construct by
simply incubating the strains with X-gluc (Task 1).

O] HHOIME T. brucei ©| ot O QI T. brucei brucei & AM83t7 ElCt O] O}F-2 7H=1t opd S =0 2 & X[ ot
AR A= Si7h ich d™ A G | M= GARP ot B-glucuronidase £ ol2f |MXA7F Qe HEME
EZ|otez0ret 0 |REAEE ASHX| U2 HEZE uiYstACt. B-glucuronidase & OFME
Ef|otex00= Qe |REXE, Xgluc gt= 7|2E 235t =0 & 20|z FEM JAEE TANAHAFE
ZA40|Ct o] M&o|A B-glucuronidase = E2|ot=x0rE X-gluc QF HHEA|F ZEMO| LIE(LI=X| R E
ZMEACEM Qe RTAZE SSHE TYEJ=A] R E HESHH AL S = U= BAFTRL LS oot

(A 1).

The strains were then subjected to a protocol to delete the gene coding for the protein procyclin. This
would allow verifying whether procyclin is indeed important for the infectivity cycle and whether GARP
can compensate for the procyclin function. Since the deletion efficiency is not 100%, you will separate
the cells where the procyclin gene was successfully deleted from the ones in which the deletion did not
work. To achieve this, trypanosomes pre-incubated with antibodies specific against procyclin will be
separated with magnetic beads coated with protein A that specifically binds to the Fc part of antibodies,
as is illustrated below.

Che EAOME E2lmtlezx0pe]l Z2ARO|Z2 FHTAE M| flet HESs AL 0 2
IZZAO|Z 20| M= 2P0 2Nz Q75| =X OfF2 GARP 7t 0|2 LAl & & A=X| OB E ZASH7| 2%
A0IL). FEXE MAHSE HYO| 100% LOLt= A2 OfLER, Z2AO|2E RHEXIL MAE E2|nteZ=0tet
:Lewq M2 Enfe0rE 22[3H0F St Of HYUS +&5H7| I5t0] otz gt 20| Z2At0|Z 2l T E |

I’H o= gEt2E Mot AT ER|T=0HE SH Q| Fe £2(0f HEtE= S8S 71 ‘HE A (protein A) 2

FYE OIHE B EE AHESH Z2|TtTt.
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Before starting the practical work, indicate for each of the following statements if it is true or false with

a tick (V). [2 points]

A2 AZISE7| Toj| o2l FO0f T 20| Ftrue) AX| M (false) XS s ZH0| tick (V)22 HAISHAIR [2 ).

true

false

If the suspension of a strain incubated with X-gluc turns blue, the
B-glucuronidase gene was successfully introduced.
X-gluc 2t S A7l EE|Tt - Z=0tO| HEIOHO| FEMO 2 HIHLIH O] = B-

glucuronidase S A7 M3 o2 T AL|RASS o|0|stCt.

Inferring the successful introduction of the GARP gene based on
the presence of the reporter gene (B-glucuronidase) may result in
false positives or negatives if only one gene of the construct was
successfully inserted.

ot B X| S MKt (Z B-glucuronidase)| =X £ 0tS ELC 2 GARP
XS Z O R E BEtoiCtH £ JFHXL S SHLEH £ AE TERE 2
(false positive) EE= 7R} 2 (false negarive)2 E2|H EHEY ==

UEL

The location in the genome where the construct is introduced
affects the level of gene expression of the introduced genes.
M LAY IX[Of et & E R EALS] g =0t EetEIch

A similar approach with magnetic beads and specific antibodies
can be used to separate cells, with successful deletion of a gene
coding for an intracellular protein, from cells where the deletion
did not work.
Ol Mgt FAISH MO 2 OF | EIH| EoF £7 THHEZ OIX| 5=

=]

e [

SHE Ol 8M M= L7 B R O] REXIE R A& M Z 2t ® A X

B2 MEE 22l g+ ULk
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Task 1: Presence of B-glucuronidase [12 points]
1}H| 1: B-glucuronidase | A=

Part 1.1: Determine the presence of B-glucuronidase [12 points]
B-glucuronidase 2| EX0{ 5 T A}

Prepare the following reaction mix for each of the three trypanosome strains T1, T2 and T3 in a separate
Eppendorf tube and mix by pipetting up and down:

T1, 72 A2[0 T3 M| SF 2| E2| Tt z=0r 24 20f CiSHO] M2 O =22 R 20 Of2f =M 2 S8 S TS0
mo|siez AMCIRSI0 & M=

OHL

a

1. 20 pl of the trypanosome suspension. Since the trypanosomes sink to the bottom of the tube,
make sure to mix the tubes by inverting prior to pipetting.
E2|ote 0t SAEIY 20 w. EZ2|OhcZR0R7F HEEO| ZI2IGI0IIS B E AlgeE & E510 io|He =z
HOHCHR S| & 42 F| A F|otCt.
2. 100 pl substrate buffer (SB)
7| 2E-& (SB) 100
3. 10 pl substrate (S)
7| Z(S) 10 pl

Label each tube with the strain you used as well as with your three letter country code (as indicated on
your badge).

Z} FEOICE O otof S0ies E2|mteXx0rel ZF/et 3 A2l & EIHRIel R7H S (country code, O|SHO
HHUAS)IENE =L

The reaction mixes must be incubated for at least 1 hour at 37°C. Place your flag into the tube on your

partition wall to call an assistant who will put your tubes in a water bath. Also, use your flag to indicate
to the assistant that you want to get your tubes back from the water bath.

HHS 8942 37°C O Al XOf = B A|ZH SOt BHA|70F BITH B 80| 24| B EFO|IE HHSAIZI §l 27|18 M
A% ol B SO0 ROHEOH KWt N FEE 2X2 7S HOICh £ SX0N FEE AL AZ0|
5|92 T WS ALBSO] THE SEICH 3 A2 7|THE| = SO CHE TS Sasict

Put your tubes on the yellow sheet with your student code in the corresponding box, they will be
photographed and evaluated. SIS I &S| L2t Z0| Q|0 XM AR EEHE 28{E=C}. 0| EEEL
ZuIFLESOf ALEIE A O X - O AP%E Z0|Ct.

Indicate with a tick (V) for each of the three strains if the sample turned blue or remained clear after
incubation. [12 points]

33RO E2OHe RO HHE © 20| B =X| O] 25 tick (V)22 B AISHA| 2 [12 H].

Strain T1 Strain T2 Strain T3

=

Blue ZFEAM

Colorless Z A4 @
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Task 2: Presence of the procyclin protein [86 points]
A 2: T2 ALO| 22 THHZES| HE

Part 2.1: How to use the counting chamber [1 point]
M| = A 3= 7| (counting chamber)2| A} &t

You will use counting chambers to determine the density of trypanosomes in Part 2.3 and Part 2.4. Two
counting chambers that can be individually filled are organized on a single slide. Please be aware that
these chambers cannot be cleaned and that no extra counting chambers will be provided. Also, these
counting chambers do not need a cover slip.

Part 2.3 2t 2.4 O M= MZA 7S 0|83t E2|ufe =0t XS A MSHA & AO|Ch 47| 2 A=2E E5 =
UE F e MZAS7|7} 5tLte £2t0| =2 HZ |0f QAT O] MZEH 47| = WOojM CiA| ALE & & §leH ofE2
A=+217t HEEIX| gb=Chs WS GOk SIX|T RstH MK 42 CHE F MHE ME EChL =3 0]
M=ZA 712 AHHSE Ol 2 i)

AN

L
L/
L

N
_
-

The following steps should be performed when determining the density of trypanosomes in a
suspension:

e

St & E2|T-£0t] YT SHS CHS I 2 AMTR ARt

=

Pipette 10 ul of the suspension into a counting chamber.
HEHH 10 ul B A7 My £ 7HF sttofl E=Ct
2. Wait at least 2 minutes for the cells to sink to the bottom.
Hojz 2 22 7|Ct2| MM MZS0| FAE A7+ &L
3. Put the slide under the microscope and count the number of trypanosomes individually in three
of the four larger squares highlighted in gray.
M=ZAS7|1E 20[Zof| st D20 oMoz BAE HAHZH 4715 3700 S0{U= EE2|otez0t

£RHE ML,
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1Imm
o |

1mm

1Imm
A
Crrnnpr
)

lmm ‘ 1lmm I 1Imm
You may use either the 10x or the 40x objective, whichever you prefer. It is advised to follow a
serpentine (snake-like) route to go through each of the smaller squares to avoid losing orientation. In
order to prevent a potential bias, count trypanosomes within the square and those crossing the left or

bottom limit (filled circles), but not those outside the square or crossing the right or top limit (open

circles).

ZIAt M2 5h= CHE 10X EE= 40X CHEHZE ALESICE @ 8 QERO| HEAIE AXNH X2 MAHES SAH FMS2
et =MOZE M 230| d7l= A2 U2 = UCL XS G5 M7| /AshM Atz el 1% = Ofafi & #o
AXMT ECUte 20| Xt ZRHA|Z|X (H2 SO210]) LEZE = A0 Z2M™T E2|ntx0HE S22H0])=

MX| =L

To obtain the trypanosome density from the number of counted trypanosomes, first determine the
volume in which the cells are counted and indicate it in the table below. Note that the height of the
counting chamber is exactly 0.1 mm and each of counting cell is exactly 1 mm wide (see figure above) [1
point].

=2

Eg|otiex0te| RS AMSEY| 2o HA M2 5 A MG S0{7t= X2 FU|E A Ltsto] of2f
O @2A2. 07| M MZAH 5=7] gl ZHchamber)Q| =0|= 25| 0.1mm 0|1, 9| JE O BA|El AXME 2 At
E

| =}
S H2 1mm O|C}. [1 ]

—

o Hl
1o

P

Volume of 1 counting square (mm3)
oM Gz Lol 21| (mm?)

Volume of 1 counting square (ml)
3| M AL otLtel 21 (ml)

Part 2.2: Washing the magnetic beads O}1L|E! H{ 29| M| A

Wash the magnetic beads (MB) twice as follows:
O/ E H| =(MB)E Tt &=A{0] 2t & H M X StCt.

1. Add 1 ml cold phosphate buffer (PBSB) to the tube and mix by pipetting up and down.
S2HAIPIE QIMRIZ Z O (PBSE) 1 mi S FE0| B0 MO[HO 2 HAHCIRSH0) Z 4{0f =Lt
2. Place the Eppendorf tube in the magnetic holder. Wait at least 1 minute for the magnetic beads
to get pulled down.
fEz=zx RFEE OO E SHO| ZEAIZICH OFOUE B E7F HH 2 W77HK] 2|2 1 20 7| Ch2Ich
3. Pipette the supernatant into the liquid waste tube (LW).
SEHS MM WA HE|= S(Lw)0of| H 2t
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Finally, resuspend the magnetic beads in 35 pl PBSB buffer and put them on ice.
OpX|2to 2 OF4|E| H| =2 35 pl PBSB 2 CHA| §EF A|Z] 5§ €2 <0 Ho{ELt

Part 2.3: Density of trypanosomes not binding to magnetic beads [37.5 points]

OFOUIE HIE0 EctEaX %2 ECIT =012 2 & H &t

Pull down trypanosomes expressing procyclin in a sample of each of the three trypanosome strains T1,
T2 and T3 as follows:

TLT2 22|73 4 ER0IM ZR2AI0|S 218 Ulsls E2|0e R0HES OF2) £MCIE AFA|ZIC

10.

Pipette 190 ul of the trypanosome suspension in a fresh Eppendorf tube. Mix the trypanosome
suspension by inverting prior to pipetting.

mo|fieoR Eg|otr 0t HEIH 190 pl & 7R3t oHz2x FE2 Z7ICH Dio|H &7 Mo REE
IOt 2 off ¥ F| &0 HEfNMS & HO|ECL

Add 10 pl of washed magnetic beads. Make sure the beads are resuspended prior to pipetting.
MESH oW E HE 10 yl & 99 FE0| CsiEct mto|sez mufr| ™Mo otauyE HE7t &
A A=X| ZQlstCt

Incubate 30 minutes on ice. Resuspend the magnetic beads very gently every 3-5 minutes by
inverting and finger-flicking the tube. Consider working on other parts of Task 2 during the
incubation.

A& #l0ll 30 27 FOHECE 3-5 20] of HA FEE & 1 of2f
H|EE CHA| S EfA|ZICE

Pull down the magnetic beads using the magnetic holder.
FEE OIOUE G0 ZArSto] 0RO E HEE AT AIZICH
Transfer the entire supernatant, while the tube is still in the magnetic holder, into a fresh
Eppendorf tube and put on ice.

FEE OIOUE 200 A2 FAsH HEfoM 43 MEE ME
%0 o= Ct.

Immediately resuspend the magnetic beads in 50 ul phosphate buffer (PBSB) very gently and
put on ice.

i
mjo
)i

Jtetom SERA HAAM 012 g

ofHe=

[El

So2 7 gof o

Ho
dlo

Z 0[0{A OIOHEH|EE 50 pl QMBS EH(PBSB)oZ ZYAHH MHEAZ 5 Al L& &0

go{ =Lt

Prepare 100 pl of a 1:10 dilution of the supernatant in phosphate buffer (PBSB) in a fresh
Eppendorf tube.

M2 2 HHESE £ o0 QIARHSSUS AIBolA 45 S 1:10 ©.2 3|48 8% 100 ul & BreCt,
Pipette 36 pl of this dilution into a separate Eppendorf tube and add 4 ul of Fixation Buffer (FB).
Mix well by pipetting up and down.

O] 3|MoH 36 ul E Ct2 ofHzE2x JFE0| §71 F 1Y (FB) 4 ul & HollF2 mo|He = JHTHR 510
2 HojEL)

Count the number of trypanosomes according to the protocol in Part 2.1 and enter the values in
the table below.

?lof Part 2.1 oA HHSIHE Eg|ote 09| XS MICH

Calculate the mean of the number of trypanosomes per square (precision: 3 positions after the
decimal point). You will use these numbers in Part 2.5. [37.5 points]

ZtZ2to| 3| M HAZAHO| S0 U E2|TH e 2 0F ALe| Bt S AlLtotch. (=T otz M| Xt2|7HK| Al Ltet

Z1). O 42 Part 2.5 Ol A A& Zio|Ct [37.5 H].
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Strain T1 Strain T2 Strain T3

.

Squarel ™HAZA 1

Square 2 ™HAZA 2

o2t

Square3 HALZtH 3
Mean counts per square -k
HANZY StLHE Bt gt -

Part 2.4: Total trypanosome density [25.5 points]

N Eg|ut 00| 7HN L

To determine the total trypanosome density in the original suspension, perform the following steps for
each of the three trypanosome strains T1, T2 and T3:

ofeh £MCHZ T1, T2, T3 Z2f0f Thsto] Kg HIEY 0| SO|UH E2|THe £0t0| U S A MITt.

1. Prepare 100 ul of a 1:10 dilution of the original suspension in phosphate buffer (PBSB) in a fresh
Eppendorf tube. Mix the trypanosome suspension by inverting prior to pipetting.
MEROHZ2Z F20f QAAASEHS ALSSA M-S HEHS 1:10 22 3| A5t 8H 100 ul & CHELE.

2. Pipette 36 pl of this dilution into a fresh Eppendorf tube and add 4 pl of Fixation Buffer (FB). Mix
well by pipetting up and down.

Ol gMAU 36 pl ECHE A z=2x FREO F7 7 L8N (FB) 4 pl & Cs{F 10 mo|sicz HHLHRSHY
2 HojEL

3. Count the number of trypanosomes according to the protocol in Part 2.1 and report the values
in the table below.

P19 Part2.1 A SN Z ERITII= X012 =XE MOA OIS &0l A= Z0l &0

4. Calculate the mean and the standard deviation of the number of trypanosomes per square
(precision: 3 positions after the decimal point). You will use these numbers in Part 2.5. [25.5
points]

Sl FHARE StUHOl S0 s E.IIN o X0t = X2 B2 gtS A LS (aF Ml Xt DHA H Atgr ). 0
a2 Part 2.5 0l A AFS & 240ICH[25.5 &].

The formula for the standard deviation (SD) is given below with n being the number of replicates, x; the
value of the replicate and x the mean.

HEHAHSD)E A 4tot7| fIgt S4{0] of2fof F=O0{A ULt 07| M n 2 HH S BH5et

= BT UO|Ct

y

RHO| T x £ £HZY, Q20 %

n
1 _
SD = n—lzl:(xi_ x)?
1=
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Strain T1 Strain T2 Strain T3

Square 1 MAFZ+& 1

.

Square 2 HALZH 2

Square 3 HAFZtE! 3

Mean counts per square
B2 StLEE Jh N =2 B et

Standard deviation of counts
per square

SAAE oLt M=o BEEAL %

Part 2.5: Success of the deletion of the procyclin gene [9 points]
Z2ALO| 23 QAR MBHOI HH &l

The ultimate goal is to calculate and compare the density of trypanosomes not binding to magnetic
beads to the total trypanosome density in the starting suspension from the average counts observed.
However, you will first have to determine the standard error of the mean (SE.ean) to decide on the
correct number of significant digits. Under the assumption that the counts are normally distributed, the

. . SD
SE mean is given by SEoqn = =
Aol AT ZHe NG W8 £ E2|Ot- X0t O E HIE0| AY5HX| 2 E|ote 20 X0 B X|E

of Z
£ RflsiMe UM Brol thet EFELAHSEmean)E TOHAM SHHE HO| £[7] I3
El|nfe=0S0| D2A ZE23 ACt= 7HE ot EERAH=

SEmean =

Calculate SEean for the strain for which you observed the largest standard deviation among the counts
of trypanosomes per cell from Part 2.4 and enter your result in the table below (precision: 3 positions
after the decimal point). [0.6 points]

Part 2.4 Of| Al ZHESH AR @ 7K+ SHM EEHAHSD)ZL 7t 3A LtRE T R(strain)2] EE2XHSEmean) S
T Of2 O M F2A[. (257 OI5H M Xt2[7HX| 2 A) [0.6 H]

SEmean BE 2%} %

The SE.can tells you the accuracy with which you estimated the mean number of trypanosomes per
square. Use this estimate to decide the correct number of significant digits (all digits including the first
for which you are uncertain) by comparing the estimated mean plus the SE, ., With the estimated mean
minus SEmean. FOr instance, if the mean is 1234.567 and the SE; ., 98.765, you will have to compare
1234.567 + 98.765 = 1333.332 with 1234.567 - 98.765 = 1135.802. In this case, there are two significant
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digits and the mean should be reported as 1.2x10°. Indicate the number of significant digits you should
use with your data. [1.5 points]

BELKE GL0] ALl W ALY StLE E2|mtie =0 i M| 2| Bt gk0| L0t F&otX|E 2ol =Lk A Lol
o oo BEQXE Cot gt BE QAE M S Hudts YR Feo et Ae|+E 2FSAL
(2l =t Zotoh BE At2|%). Ol E S0 Y B 40| 1234.567 0] EFE 2 AHSEmean) 7t

=
H|W 8O g & ==At= 1234.567+ 98.765=1333.332 @} 1234.567-98.765=1135,802 O|C}. O 7| A
QITAO| AtE|=£= 2 XI2|0| 1, [EtAM H 42 1.2x10° O|2t HA|SHOF SHLCt.

[

HOIHE BAl & U] AA8E FR=AtS At2|E A 2. [1.5 H]

Number of significant digits

S & LKt X214 ﬁ

Report in the table below the mean counts per square with and without pull-down for all three strains
using the number of significant digits you indicated above. [0.6 points]

M RSl E2|Te 0o M MZAS=7| ARz StLtE OFOUE BI=0| SASEX| G2 7HH2 =Ateh HH
Eg|ote 20t YA Y StLIE ALS I0M 2 RR AL AL2[=0 HF0f M 242 (0.6 H].

[

Strain T1 Strain T2 Strain T3

Mean counts per square of
trypanosomes not binding to magnetic
beads (from Part 2.3)
OF1U|E HIEOf 2AISHK| @F2

Eg|Tte =0t ALY StLIE ot gt

(Part2.3 28H)

Mean counts per square of total
trypanosomes (from Part 2.4)
HA E|ate 0o A2 St

H gt (Part2.4 2EH) @

Now use these values to estimate the density of trypanosomes in the dilutions used for counting, and
report your values in the table below with the same number of significant digits. [3.7 points]

ChEol= fI0M 22 ats AFESHH MEa Aol AEE E|ute =0t S|M Y £0| JHK S ALHSHO ?f2t
ST FRIAAE U2 B0 N E2A2[3.7 H].
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Strain T1

Strain T2 Strain T3

Trypanosomes not binding to
magnetic beads /ml in dilution used
for counting (from Part 2.3)

M Z = A LHOf AFEEl 3|4 1 ml £9]
O3B H 20| Eet2X| &2

E2|The X0 £ Xt (Part 2.3 O 2 HEY)

Total trypanosomes / ml in dilution
used for counting (from Part 2.4)
MIZ = A LHO| AFEEl 3|4l 1 ml £ 0| FA|

Ep|Ot - &0 =X} (Part 2.4 22 H)

Finally, calculate both the density of trypanosomes not binding to magnetic beads as well as the total
trypanosome density in the original suspension, and report your values in the table below with the same

number of significant digits. [1.1 points]

Orx[8te 2 s|435t7| H

WHEEE A LS

|

o

SOAE TN E2|ntez=0tet OO W E B =0 HetEX
U2 BN E2A|2[1.1 H].

B2 E|ufez0te|

Strain T1

Strain T2 Strain T3

Trypanosomes not binding to
magnetic beads /ml in original
suspension (from Part 2.3)

SIM ™ AU 1ml £0 SO QU OFH|E
HEO HEtEX| ¥ E|nte 20 =X}
(Part2.3 E£H)

Total Trypanosomes / ml in original
suspension (from Part 2.4)
814 T 2% 1ml %0 SO{UH A

A= =
E Q|- &0 =X} (Part 2.4 S 2 2 H)

In order to assess the success rate of the gene deletion experiment, calculate the percentage of
trypanosomes that did not bind to magnetic beads for each of the three strains. Use the estimates for
the densities in the original suspension for your calculations and indicate your results in the table below
(precision: only full percentages). [1.5 points]

FUA HALRES S ES LOtEY| fIiM 3 SR E2|ut= =0t Zb240f Tt OpU|E HI =0 £ASHX| g2
WAl HEES AMSAIL. O ZAHE 0|83t0 &SN SOUE FAHSHA| e JHHe B=E Adstn 1
HEEUS Of O HOf E2A|2 (&F O|oh= 24X E A). [1.5 H]
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Strain T1 Strain T2 Strain T3

Percentage of trypanosomes not
binding to beads
OGS H| = 0of RA5HX| @F2

Eg2|ot- Zx0o| B 2 2 (percentage)

Part 2.6: Verification of binding to beads [9 points]
O}1L|El H| £ = %to| Ztol

You will next verify under the microscope if a reduction in trypanosomes observed after pull down is
indeed due to binding of trypanosomes to the magnetic beads. To do so, perform the following steps for
each of the three strains:

|E A¥= Lot E2|oHe Z20F XpO| A7) AH| 2 DAY EH| 20| #4135t 32 QI
SHO|4oES Eo| 2l £ 7|2 TICL 3 5 20| E2|IW- ROLE OF2ff = A CHE X 2|5HA| 2.
1. Pipette 10 pl of the beads, you resuspended in Part 2.3, on a microscope slide.

Part 2.3 Of| A CHA| HIEFAZI OO Bl H| E 101 & 20| EZ 220 S 25 =Lt

2. Cover the drop with a cover slip.

89 W22 AHSYOR YELt

Make a rough assessment of the fraction of trypanosomes that are attached to a magnetic bead. A good
indication that a trypanosome is bound to a bead is when the bead wiggles as the trypanosome moves.

DR € B =0 243t E 2|t 20t0] B8-S Th2} FH HA|Q.
ohQl = 3| ohe ROPE S Y 1 O € Bl S & b SX{0| B Hato] QojiLt 1O @ A4k,

In the table below, indicate with a tick (V) for each of the three strains which description best fits your
observation [9 points].

3 3RO E2|t- R0t 24 Z}of TS0 A0 2ESHHIS 7HE B 5ldt 2% 8 tick (V)22 EA[SHA|2 [9 H].

Strain T1 Strain T2 Strain T3

Practically no bound trypanosomes in the sample
Aol B & Eg|ote ZOMF SASHX| EUZ

<50% of the trypanosomes present in the sample are
bound

MUt o|sto| ER[Ut RO} £S5 A S

>50% of the trypanosomes present in the sample are
bound

2t ol ¢e| EQ|mte =07t SASH A F
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Part 2.7: Interpretation of your results [4 points]

N

Indicate with a tick (V) the statement best describing the reduction in trypanosomes in the supernatant
after pull down for each strain. [3 points]

35 R0| E2|ut=0t 4240 CHsto, OO E BIE HE = &43Y & E2|ote =0t AL 24t O|fE H2H
Mot 22 tick (V)22 HAISIA|2 [3 H™].

Strain T1 Strain T2 Strain T3

A reduction, at least in part due to binding to
beads

OF U E) | S0 £Atsto 2 olsh Zta

= - O--

No or only a purely stochastic change

W2} 9IS T S olst 2K} KO Eﬂ

Indicate with a tick (V) the strain where the deletion was most efficient. [1 point]

Z2AO[Z 2 REXL MAZ7HS 222 20fH strain S tick (V)22 HAISIA|2 [1 ]

Strain T1 Strain T2 Strain T3

Q14

Highest deletion efficiency

s
e e 7 2 e

End of the Practical Exam

Al o 1o
2AlE &
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