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Short Paper : Number Name

This examination is aimed at measuring your creativity, your abilities in logical thinking and

writing (including drawing schematics), as well as your basic knowledge in biology. The setting

of the questions is basically imaginary. You are free to choose experimental settings unless they

are described, but please describe your settings clearly in the answer sheet.

When we evaluate the answers, we will take your research backgrounds and future research

interests into consideration.

The questions are not necessarily formulated in a step-by-step basis. Therefore, even if you
cannot answer a given question (or part of a question), you may be able to answer subsequent

questions (or subsequent parts of a question).

Read the following story and answer Questions 1 to 5.

* Effective use of schematics and/or tables is highly recommended.

* When multiple answers are requested, answers from different angles are preferable.

* Please write and draw your answers within the assigned spaces in the answer sheet.

Mr. Mishima collected a unicellular organism X with red color from a nearby pond and
propagated it in a liquid medium. Figure 1 shows an image of a part of the culture observed
under a microscope. Mr. Mishima found that the X cells contain multiple red-colored vesicles. He

also observed a unicellular organism Y whose shape is different from X.

Question 1
Please describe two different experiments that can test whether Y is a different species from X.
Answers from different angles are preferable. Your experiments do not need to provide definitive

results.

The results of the experiments showed that Y is a unicellular organism different from X.

Mr. Mishima isolated X and Y cells and propagated them separately in a liquid medium. Then,

in a fresh medium, he cultured 50 cells of each organism separately, or 50 each of X and Y cells

together (co-culture). Table 1 shows the change of cell numbers in each condition.
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Question 2

Mr. Mishima first grew 50 each of X and Y cells separately for 4 days, and then mixed equal
volumes of these cultures and allowed the combined culture to grow for additional 6 days. Make
a prediction for the growth of X and Y in the co-culture and draw a graph showing your
predicted changes of cell numbers after mixing the cultures. X and Y should be distinguished in
the graph. The scale of the axis should also be indicated, so that cell numbers are recognized.
Please also describe your reasoning for the prediction (including any additional assumptions

beyond the information given).

Figure 2 shows images of the microscopic observations of X and Y cultured separately. In
contrast to Figure 1, multiple colorless vesicles were observed in X cells. Mr. Mishima

hypothesized that extracellular substance(s) secreted from Y convert vesicles in X to red.

Question 3-1
In addition to the hypothesis “extracellular substance(s) secreted from Y convert vesicles in X to
red”, describe another possible mechanism for the conversion of vesicles in X to red when

co-cultured with Y.

Question 3-2
Describe an experiment to test the two hypotheses above. Describe experimental procedures and

how the results of the experiment support or refute each hypothesis.

Results of the experiment supported that extracellular substance(s) secreted from Y convert

vesicles in X to red.

Mr. Mishima isolated 4 mutants of the unicellular organism X by treating it with a mutagen.
Some analyses showed that each mutant has a mutation in a gene (a, b, c or d) that eliminates
the gene function. Figure 3 shows phenotypes of a, b, ¢ mutants co-cultured with Y and that of d

mutant cultured alone.
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Question 4-1
Based on the phenotypes of the mutants, describe two possible functions (1 and 2) each for genes

a, b, c and d. Note that nucleotide sequences of these genes are unknown yet.

Question 4-2
Propose a mechanism that explains changes in the vesicles in X in the presence of Y. Your
answer should include a role for each of genes, a, b, ¢, and d (please choose one of the two

functions (1 or 2) you proposed in Q4-1).

Question 5-1

Propose how the vesicle conversion in X in the presence of Y might benefit these organisms.

Question 5-2
Design experiments to test the hypothesis you proposed in Q5-1. Please describe your reasoning

clearly and explain what results would support or refute your hypothesis.
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Table 1
Monoculture of X
Days after innoculation 0 2 4 6 8 10 12
Cell number of X 50 60 90 135 200 300 350
Monoculture of Y
Days after innoculation 0 2 4 6 8 10 12
Cell number of Y 50 70 140 280 560 1,120 1,200
Coculture of X and Y
Days after innoculation 0 2 4 6 8 10 12
Cell number of X 50 80 240 720 800 800 800
Cell number of Y 50 80 240 720 800 800 800
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Q1

02

Cell numbers

0 day 2 days 4 days 6 days

(Mixing) Days of culture
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Reasons for your prediction

03-1

03-2
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04 -1
Possibility for a #1

Possibility for a #2

Possibility for b #1

Possibility for b #2

Possibility for ¢ #1

Possibility for ¢ #2

Possibility for d #1

Possibility for d #2
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Q4 -2 (Please circle the numbers of your choices. For example, a (D 2) ) .
a(1l 2) b@A 2) e¢c(d 2) dQ@a 2)
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