IBO - 2009

JAPAN

PRACTICAL TEST 4
CELL PHYSIOLOGY

Student Code:

20" INTERNATIONAL BIOLOGY OLYMPIAD
12™ — 19" July, 2009

Tsukuba, JAPAN

THE 20th

INTERNATIONAL
BIOLOGY
OLYMPIAD

- 2009

Tsukuba - Japan

.

PRACTICAL TEST 4

CELL PHYSIOLOGY

Total Points: 91

Duration: 90 minutes



IBO - 2009

JAPAN

PRACTICAL TEST 4
CELL PHYSIOLOGY

Dear Participants, # 2 [ﬁ]f?ﬁ

e In this test, you have been given the following 2 tasks:
B & Py
Task 1: Study on the cell cycle (61 points)
5T~ N ¢ AEEIIOPA (61 57)
Task 2: Study on the motile mechanism of unicellular algae (30 points)
572 ANRE EFfﬁE[ﬁﬁﬁﬁﬁgﬁ%ﬁUﬁ%Wﬁ (30 57)
e You must write down your results and answers in the ANSWER SHEET. Answers

written in the Question Paper will not be evaluated.

1
A

fs\’IU\ZE%%EJ%ﬁ#L'[H[FW F FA}"" ’ii.ll _[_‘ N fi%@%—l_ﬁa}%}[{jj\%» 7'1
e 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.
e e B B PR RL R« I D (Rl 7 By
e At the end of the test, put the Answer Sheet and Question Paper in the envelope. The

supervisor will collect this envelope.

o RGN R R RIS A (R B VN TR -

Good Luck!!

g
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Task 1 (61 points) 53— i (61 57)

Study on the cell cycle %Elﬁﬁli’ﬁﬁﬁﬁffpll%

Introduction

In many unicellular organisms, gene duplication and segregation occur in a controlled
manner as the cell body grows. When the environmental conditions in which cells are
growing become less favorable or stressful, genetic exchange is often seen via cell
conjugation (mating) between cells of different mating types. That phenomenon is essential
for life and is controlled by both internal and external condition of the cells. To date, we
have tried to reveal these mechanisms by studying mutants in several model organisms. For
example, the investigation of mutants in the fission yeast, Schizosaccharomyces pombe has
provided us with invaluable information. Wild-type S. pombe cells proliferate by repeated
cell elongation followed by symmetric cell division. On the other hand, under stressful
conditions such as starvation, cells undergo arrested growth at an appropriate stage of the
cycle, and spore formation is induced via cell conjugation to overcome the stressful

conditions.

The following task involves examining cell proliferation using S. pombe.

fiigr

B S[OIRRI  PIpl1  SL PRI B SR S R < 491 e

Eﬂjf BIp T A = 1ﬁrf§1§giﬁﬂj o SH EPIETRY r%ﬁ p[j Fil 4 e B AR e

U 4 (cell conjugation [mating]) < A7 (f F”Eii%'%ﬂ“ CE[Rh 2

Wt I ] - 6 IR g o RS R S S P e

% o Fﬁ%ﬁ?‘;ﬁma o3 BV REFITER/ A (Schizosaccharomyces pombe)  FYZ AR 4 3E
- B RIPVFES A AP 0T JE T R ORI R« b iJP' Pt

ALY  IVEILER, - AL B SIS TR« 5 BORL AR £ 2 RO

IS YR o

1% T ACH Bl @SR T B, #RLAREREE (S. pombe) 1EZ BLERAL 1L

C

41‘

/
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Materials and equipment

FPRI R

1. Fixed culture of wild-type strain; a
LR 7 5 a

2. Fixed culture of wild-type strain; b
Lml%}gp@ﬁﬁli 15 b

3. Fixed culture of wild-type strain; ¢
R 7 5

4. Fixed culture of wild-type strain; d
[l s 7 S d

5. Micro tube stand
B¢t %ﬁml

6. Microscope

7. Disposable cell counter
A e

8. Counter
s

9. 1.5ml microtube
1.5ml % &l PE'I*FT’

10. Box of glass slides
FVHH, £

11. Box of coverslips

12. Micropipette P-20 (capacity 2-20uL)
et PB*ET(2—2O ul)

13. Box containing micropipette tips
BB L

14. Fixed culture of wild-type strain incubated at 25° C; W25

LG@W%;@HU 25°C MER A FE S W25

Quantity
girEl
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15. Fixed culture of wild-type strain incubated at 36°C; W36
L'ﬁﬂiﬁ[ﬂﬁ‘%ﬁﬁﬁﬁ 36°C N TE S W36

16. Fixed culture of cdc25 mutant strain incubated at 25° C; M25
L'Hﬂiﬁﬂi‘u[%}‘ﬁ}ﬁ'\? 25°C ™ cdc25 ZKA@fE 5 M25

17. Fixed culture of cdc25 mutant strain incubated at 36° C; M36
=ISERIESHAY 36°C T cde2S AABE 1 M36

18. Photograph of cells stained with Calcofluor and DAPI

LY Calcofluor % DAPT fuzE @A
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Part A

The growth curve of S. pombe wild-type haploid (n=1) incubated at 25° C is shown below.

Sampling of culture medium has been carried out at time points indicated by an arrow.
Culture media a, b, ¢ and d on the bench correspond to a sample of the culture taken at a
certain time of cultivation I, II, III or IV. Observe each of the media with a microscope, and

answer the following questions. Please stir the microtube just before observation.

PRI 2 B lﬁ?% (n=1) 7t 25°C ™ iﬁ‘ﬁ%ﬁ@% SIS ?jﬁ?fﬁgt’ﬁﬁ FIp
IR IV - S a, b, o d KT HISER RN L IL DS IV S
[l AL a - LSRR - 1) S - FC B SIS B
I - W R S

Growth curve of 5. pombe

EREA Eihihi
m I v l

l

ERTE (log)

Density of culture (log.)

Time after cultivation >

BRI
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Q.1.A.1. (2x2 points) Compare the cells in sample a with those in sample b. And answer the

following questions

%5 R a2 b < [ U - 2x2=40)

1 In which samples are the cells rounder?
(A Pt 2
2 In which samples is there a higher population of cell undergoing cytokinesis?

PPV A V0 Ry R P 5 G 2

Cytokinesis is defined as the part of the cell cycle from initiation of septum formation to

the separation of daughter cells.

AT S ES FIRES (septa) (RG] 53 55 il AP £ V] -
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Q.1.A.2. (6 points) Measure the number of cells per 1 ml culture medium in sample a by

using the cell counter as indicated below. Daughter cells that have not separated should be
counted as a single cell. Write your Answer on the Answer Sheet. Notice that each student
has received one cell counter but each counter has two counting chambers. You can make

two measurements with this counter.

(I IR o RHET ARCE a Hl » 5 ml %éﬂfllﬁfﬁm@ﬁ[ R
= R R R A
R - W5 d 0 - YRR > & YRR Ryl B o NIRRT RERD

Measurement area HIEE
/

Injection area B ——

Two chambers are equipped. Sample
is penetrated throughout the chamber
by capillary effect if you put it on the
injection area.

—fElSeE G R EAHRI R
AW o HERABAEESE | Chamber depth: 0.2 mm
5 » BRASFIHEMES | Required sample volume: >20 ul

HEA
AR - 0.2mm
BAEEELD>20u
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Q.1.A.3. (5 points) Measure the percentage of cells undergoing cytokinesis in the culture

medium in sample a. You should count more than 100 cells in total by choosing several
optical fields at random. You must write the percentage of cells undergoing cytokinesis

AND the total number of cells you counted on the Answer Sheet.

ALV YA I (septa) L ERIBRARZI15) o5 P A0 SO FHET %
ARSI SS BUF 135 o Tl > = DRIGH TS 100 WA > 2RF ETRVAr et
SRR R T i TR L -

Q.1.A.4. (4 points) Estimate the time period required for one round of the cell cycle of cells

in logarithm of sample a, provided that it takes 25 min from the beginning of septum
formation to the separation of the daughter cells. Enter both the formula and your answer in

the Answer Sheet.

Iﬁ[ﬁﬁi a riﬂ:]@?ﬁ;ﬁf FRY— {5 E'qwlﬁfﬁFﬁngfUEfF
* Elﬁlﬁﬂﬂrfﬁ (septa) P4 ] F[T[Hh = 55 YRS e 'Elﬁw”’?%ﬂ JEHJ?F 1% 25 554 r,%lﬁ,ﬂ%i
A a paf T EJJ: [HIEB I 2 %}L{?j’ﬁ‘ﬁ? e FT# e FT% Akt
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Q.1.A.5. (3 points) What applies to the cells in culture medium c?

Bk ¢ 1 iRER ) 2

A vigorously growing R+ <1

7)Y B

B forming spores &~

\\\

C  conjugating ¥ F"‘,f‘ i
D most of cells are dead ~ 2yiuaf =132 3=d

E  undergoing meiosis 1% 7 Vo) 24

Q.1.A.6. (8 points) Which culture medium (I, II, III, or IV.) corresponds to a, b, ¢ and d,

respectively?
ﬁﬁfﬁ’%%ﬁl a, b, ¢ d S50 BRI RIR L, IL I ES TV 5 S Pl o T aFr HAE

r[ PRk e (87))

10
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Part B

Both wild-type and cdc25-mutant strains were incubated at 36° C for 4 hrs after logarithmic
growth at 25° C.
73 HIDRTRA 2R 25°C SR PV 2 RIS cde 25 AAFEFE 36°C M BT 4 T -

Q.1.B.1.(3 points) By observing the phenotypes of the cultures W25, W36, M25 and M36,

what can we conclude?

¢ W25, W36, M25 =2 M36 A& » 1) (1 E] ™ 3] A g i - (357)
Condition Most of cdc25 mutant cells Wild type cells
%I PSSV ede 25 ZAgE B B
A | 25°C Do not undergo cytokinesis Undergo cytokinesis
&SR PEY S %LJ &SRS %J
B | 25°C Undergo cytokinesis Do not undergo cytokinesis
S8 SR T ST £ 28 SRS Y
C|36°C Do not undergo cytokinesis Undergo cytokinesis
AET AT 4] AEEAET 4]
D | 36°C Undergo cytokinesis Do not undergo cytokinesis
AT R FAEE AT T ]
E | 25°Cand 36°C | No significant difference in cytokinesis between cdc25 mutant and
wild type cells
[y VIR

11
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Q.1.B.2.(4 points) To measure cell length, your microscope is equipped with a micrometer

in the eyepiece lens. In order to calibrate the eyepiece micrometer, a second micrometer,
called the stage micrometer, is place on the stage of the microscope. The distance between
any two adjacent lines on the stage micrometer is known to be 10.0um. By matching the lines
on both micrometers, we can determine the distance between two adjacent lines of the
eyepiece micrometer. Determine this distance in um to two decimal places using the figure

shown below.

GBI, o BV L) F VSR (micrometer) < £5 1" iR T-F | S A%
B T R AR b B RS T RSOPHEES, 10 pm o R
TR PO RS ATRE BURR IRR « 2 ORI -
F)m BRI 5 LRGP R SRS ) AR 2 ey
oo (457)

10 20 60 oS |
L AT T

10.0 ym

12
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Q.1.B.3.(12 points) Measure the longitudinal length of more than 10 cells selected at

random in culture media of M36. Graph your results in the Answer Sheet according to the
example indicated below. The scale of your eyepiece micrometer is 4um. Do not forget to
indicate the unit of length.

ENHI M36 [l - % PRI 10 AP0 F o (RO IR R R
R R A o FI SRR AR 5 dum - SRR - (1259)

Distribution of cell length R AR

10

9
W Example only
2 7
o 6 ﬁ ]
Y =
; 5 = %
Q4
€
33

2
I
EO fiis b
H5 04 59 10- 15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85—~ 90— 95-
L 14 19 24 29 34 39 44 49 54 59 64 69 74 79 84 89 94 99

HERs cell length ( X 10° m)

Q.1.B.4.(2 points) What can you conclude from your observations of each culture?

cdc25 cells are longer than wild-type cells at:
T EERR I RO i ode2S AAFERURARRES 2 BIPUSELS - UAIEE IfrAE
422 57)

A both 25°C and 36°C.

B 36°C but not 25°C.
C  25°Cbutnot36°C.
D

There is no significant difference in cell length between wild-type and cdc25 cells

at both 25°C and 36° C. T BH# = 5 &

13
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Part C

The following experiment was done using wild-type cells and 5 mutant strains (A-E). These

mutant strains grow at 25° C as well as wild-type cells but are not able to grow at 36° C.

All cells undergoing logarithmic growth at 25°C were then incubated at 36°C for an
additional 4 hrs before chemical fixation. Fixed cells were stained with both Calcofluor
(stains septa) and DAPI (stains DNA) for observation using fluorescence microscopy (as seen
in the photograph provided on the bench).

P pudfRReR] B B RS2 S FEARSTE (A-E).E07 o Hre VAR & <t 25°C
ISR BRI B (RS S 36°C o E UL B S 25°C AR
et = > FIF2E] 36°C Fﬁ% 4 | Eﬁ o AEE I o [ P e }Iﬁj" | Calcofluro
(GEe 155 Ry Bﬁﬁﬁﬁﬁ [septa])=* DAPI (3c1357 54 5% DNA) » TRl pher v B Ak Sl e g TE[E@
y[[:g‘l,’&%;{j_l—ﬂgqgﬂﬁ%\ .

Q.1.C.1.(10 points) The following statements describe the phenotype of the mutants

incubated at 36° C. Identify the descriptions that correspond with each of the mutant strains
(A-E), respectively.
FTJ&@?E‘ & 36°C N HREAEIE S AR IO AR AR S S -
(10 77)
1. Cytokinesis is repeated independently of progression of the cell cycle.
AT ZJE TR SR S E S T
2. Cell cycle progresses but cytokinesis has not begun.
A e R A (E L Af TS B
3. Cell cycle is arrested at interphase.
AV T RLE T Fel 2
4. Karyokinesis is severely defective.
G SAEA
5.  Completion of cytokinesis is suppressed.

Af V55 20

14
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Task 2 (30 points) 7= i (30 57)

Study on the motile mechanism of unicellular algae

AR S S O RS P

Introduction

Some unicellular algae and zygotes of multicellular algae swim actively. This behavior is
important for migration to appropriate conditions for growth and sexual reproduction.
Chlamydomonas reinhardtii, an unicellular green alga, swims using flagella movement.
Flagella often fall out when in contact with some stimuli, and some are absorbed into the cell

body at a specific stage of the cell cycle.

This task concerns the machinery of flagella movement and flagella regeneration in C.

reinhardtii.

%

AR T SRR £ S EORT ) - S SR i
%ﬁ?‘i ST % A SERLE RV © Chlamydomonas reinhardtii £ — 72 HTAF g - ’?{*U
FBRS S SR o BT QP“’E@%' B0 % Ejﬁfﬁ 'iﬁ *CE‘JE?E'?EUE{?IEJE?}%“ af e
["] °

i%ﬁ’%}{ﬁ’ 1P| C. reinhardtii ERAFR2E = HT=" EETS |+ Elfjﬁ&;%ﬂ;itﬁmﬁt o

15
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Materials and equipment Quantity

FRRIZ=REf Bkl

1. C. reinhardtii wild-type cells (wt) 1
PR 78 (wt)

2. C. reinhardtii odalmutant (oda) 1
odal Z£A&7E (oda)

3. C. reinhardtii pf17 mutant (pf) 1
pFL7 27878 (pf)

4. Microscope 1

5. Box of glass slides 1
HIH £

6. Box of glass coverslips 1

7. Acetic acid solution (A) 1
PR (A)

8. Neutralizing solution (N) 1
e ON)

9. Disposable pipette (1 ml) 10
Pt Y (1 ml)

10. 1.5 ml microtube 5
et %*FT

11. Vinyl tape 1
w

12. Scissors 1

16
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Caution

C. reinhardtii flagella frequently stick to glass slides. As a result, the swimming ability of
the cell is hindered. Therefore, cells immobilized on a glass slide should be excluded from
observations for cell movement. It is recommended to make a chamber as indicated below
for the observation. Slips of vinyl tape are stuck on a glass slide in parallel, and a coverslip is
mounted on the slips after the samples are loaded by pipette. This chamber will provide a

space for the cells to swim.

e

C. reinhardtii (VA= L AT B o SO B BARY R E A F“@*‘ °
= A, P R EA S T I R e PR e TR A
i) ST HER (R~ A PO SRS b B R

o FIBATENE o PP PAEL (RS T 1

e
pipette

H=HR
s coverslip

Glass slide

spacers EAEZE(H]
(slips of vinyl tape) zsfyjiE

17
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Part A

Microscopically compare the wild-type (wt) and pfl7 mutant (pf) cells. This mutant has a

normal shape and cellular structure but lacks a component of the radial spoke head in its

flagella.
TR RS PR RS T R (wt) =2 pfl7 Z9eE (pf) Ut Z@@@ﬁﬁmwiﬂf*m’ﬁ@%
}{JﬁﬂéﬁgéﬁElﬁﬁlﬁiﬁ s PEESRS TR BT=S T ﬁ#{kﬂjﬁfﬁﬁﬁ (radial spoke head) -

Q.2.A.1. (6 points) In comparison to wild-type cells, pf17 mutant cells:
e o B pfL7 AAEL T 1 (6 57)
A swim in the same manner AF/[fi]fYMAAf8L"
swim but more slowly JHFE £
swim but more rapidly JHI TR
do not swim at all 24 f{ﬁﬁ’?

O O W

Q.2.A.2. (2 points) What can you conclude about the function of the radial spoke head?
ﬁ%ﬁﬂ%{%ﬁéﬁ@g (radial spoke head) -2 KL ([P 2 (4 53)

A essential for flagella movement 5= EIfJ{_EjE*J ELEI fol

B no effect on flagella movement === ELJJEEI*J:"'%%
C  suppresses flagella movement ﬁﬂﬁjﬂﬁi@f" FVSEEY

D  coordinates flagella movement F%F%‘E@:ﬁ FY3ET )

18
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Part B

Microscopically compare the wild-type (wt) and odal mutant (od). This mutant lacks a kind

of dynein in flagella whereas the shape and other cellular structures are normal.
T EARE SN PP 2 R (wi) 22 odal @ (od) - AL E J}ﬁfj’ﬁfﬂ/ﬁ%ﬁzaﬁE'ﬁﬁﬁrﬁ
i+ PESKET 0 - AR (dynein) -

0.2.B.1. (6 points)

In comparison to wild-type cells, odal mutant cells swim:
e BIESEE » odal AR EL ¢ (6 07)

A in the same manner Sf % FJAH[F]

B more slowly and smoothly & =" 1/
more slowly and jerkily &5 = ?E[F‘}J
more rapidly and smoothly & FJGH =" T

rapidly and jerkily {RGH =" HlIEh

m O QO

0.2.B.2. (2 points)

What can you conclude about the function of the dynein lost in the odal mutant?
%Fﬁ i) &rF 1 (dynein) fi FjJJ ELIF 7 (4 57)
A essential for flagella movement Sf#f=" f° J;\E'lFi*JJIE’ﬁ El Bl

B no effect on flagella movement Z=#fFi== EI\J@E}J%\FTJ

C  increase flagella movement g7 [iffi== EU{E_(E*J

o

coordinates flagella movement %?ﬁﬁ@fj i~ JIETE

19
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Part C

Study the effect of acetic acid on flagella as follows.

(1) Measure the percentage (A) of wild type cells with flagella in 20 cells-

(i1) Transfer about 1 ml of the culture selected in (i) into a 1.5 ml microtube by disposable
pipette, and add one drop of acetic acid solution

(ii1) Add one drop of neutralizing solution after 30 seconds

(iv) Measure the percentage (B) of cells containing flagella in 20 cells after the treatment

PSS By 334 R

() IV 20 [RF2 TITFIW » G RTE pLIS!E IS JORPT 153 (A) -

(i) PP @) FIEEY Iml fORaER - LS ml pORKRISEH -
- P

(iii) el 30 7% > St~ H}jHIﬂW?\\\]rfz .

(iv) A FRECRIE  F5 20 [ FEE IS ORI (B) -

Q.2.C.1.((4 points x 2)=8 points) Calculate the percentage of cells containing flagella in the

pretreatment (A) and posttreatment (B) samples.

ml RUCE Y B (A) WL R VAR (B) » B HIATS S R B o)

20
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Part D

Wild-type cells with their flagella removed were incubated under different conditions (i, ii or

ii1). The following graph indicates the flagella length relative to its original length at

different time points.
S IRHE i BIAP E T FERUR G  F di) f11e  ER TR T
[l > AREP R U =" R PV E 5T SR

(i) control (incubated without inhibitors) (e)
S (F I TETI)

(ii) incubated with a high cycloheximide, an inhibitor of protein synthesis (m)
37J§"J[I15'Vn"5~'«ﬁs'lﬂﬁf (cycloheximide) (— #& s f l’?’ff’—} Wﬁﬂﬁ?ﬂ%ﬂ)

(iii) incubated with colchicine, an inhibitor of microtubule formation (A)

37J§J’Dﬂ‘ “<{[l[Z (colchcicine) (— &= [Hi [ *Efﬁé/’?*}%f}”l)

100

75

2

EHERFBRE
Relative to the original length (%)

0 30 60 90 120

Time after incubation (min)

HERRiN Y

21
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In addition, photographs of cells after incubation for 120 min are shown.

A 120 j?,%iﬂ‘ﬁ%%’é > o3 PR S BT [ -

Q.2.D.1.(4 points) Are the following statements supported by observing the results of cells

incubated with cycloheximide? Put a cross mark (x) in the appropriate boxes in the answer

sheet.
| Fﬁ“ii iP5 Ak Eliﬂ‘fﬁ = Fﬁﬁ'{%lﬂﬁf (cycloheximide) [ IfUA7HN - ﬁ%?i ﬁ_’l‘i’_ i8] ﬁij@h}*}}‘*
FI)( qJ ° (5 7})

1 All proteins incorporated in regenerated flagella are synthesized de novo
FITE| R | 2 ETESELETPT 5 A5 (de novo)

2 Regenerated flagella show no motility because of a lack of dynein
EE N EN N (= N iE_fE*JFJ‘:‘} 1o [NERE 7 EI Y SEF | (dynein)

3 De novo synthesis of protein is essential for the complete regeneration of flagella.
grf VETETFT 7 75 SPRCHRES [V 2 R

4  De novo synthesis of protein is essential for the formation of the basal body of

flagella
e VEVE P 9 BT S S (gL (basal body) RL I

22
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0.2.D.2.(2 points)

required for the regeneration of flagella?

IR » 8RR [ (colchicines) [IIFUAT » b 7 H9HEE £ 1

77)

om o g O W o>

r

Polymerization of tubulin Fl A ATE IV F =2
Polymerization of actin LE*J ﬁrg lﬁ NE=¢ |’

=l

=
Depolymerization of tubulin rﬁ*ﬁﬁ%{ iS5 F’—‘ =2

Polymerization of keratin ¥| §rf 1HY7&

£ I

Depolymerization of actin £ ; s 1A rféﬁ‘[ ==

Depolymerization of keratin F i S Y3 %{F’ﬁ =a

23

Based on your observations of cells incubated with colchicines, what is

e



wild-type mutant B

mutant C mutantD #» mutant E




