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Written examination
Basic subjects
Examination time 13:30-15:00

There are 22 tests as follows: biology (test number 1-16), physics (test number 17, 18), chemistry
(test number 19, 20), mathematics (test number 21, 22). Select six of these tests. You must select
two tests at least from biology.

The Japanese text (test number 1-22) is followed by the English text (test number 1-22). Answer the
questions based on either the Japanese or English text.

Write the following items at the designated places on every answer sheet: your examinee's number
at “=Br¥ 5" (there are two places on a sheet), your name at “(4”, and the test number you have
selected at “RiEHE 5",

Write your answers to each test on a separate answer sheet. If the answer to a test is on two separate
answer sheets, clearly write “continued on next page” in the lower right corner of the first sheet and
“continued from page 1” in the upper left corner of the second sheet. Do not use the reverse side of
the answer sheet.

Write answers in the ruled area on the answer sheet in either Japanese or English, unless otherwise
specified.
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Biology | Test1l

Read the following text and answer all the questions from (1) to (3).

The (s) food we eat is broken down in stages into smaller molecules before it can be subjected to a
process to generate ATP. In eukaryotic cells, () a portion of this ATP is produced through a series of
reactions in the cytosol, while ) most of the ATP is produced in the mitochondria through a process
called oxidative phosphorylation.

(1) Regarding the underlined part (a), answer the term that represents the initial stage of the
break-down process, that occurs inside and outside of the cells. In addition, provide the name
of the specialized organelles, where this break-down takes place inside the cells.

(2) Regarding the underlined part (b), this process is called glycolysis. Describe how many net
ATP and NADH molecules are generated during the process from a single glucose molecule,
while also mentioning the name of the final product in about 4 lines.

(3) Regarding the underlined part (c), lactate is produced in skeletal muscle cells during
vigorous exercise or anaerobic conditions. Describe why lactate production is important
from the point of energy generation using all the following terms in about 3 lines.

“NADH?”, “glyceraldehyde 3-phosphate dehydrogenase”, “glycolysis”



Biology | Test 2

Read the following text and answer all the questions from (1) to (3).

Many proteins act as enzymes. ;) Enzymes bind to one or more substrates and rapidly convert them
into chemically modified products. For () investigating enzyme activity in detail, ) highly purified
enzymes are required.

(1) Regarding the underlined part (a), explain the process of an enzyme reaction from substrate
binding to product release, including the mechanism by which the enzyme increases the
reaction rate, using all the following terms in about 3 lines.

“active site”, “activation energy”, “enzyme-product complex”

(2) Regarding the underlined part (b), the performance of an enzyme is characterized by some
parameters. Explain the turnover number and the Michaelis constant (Km) in about 2 lines
each.

(3) Regarding the underlined part (c), several types of the column chromatography are used in
the purification of enzymes. Explain the principle of ion-exchange chromatography used for
the separation of proteins in about 3 lines.
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Read the following text and answer all the questions from (1) to (3).

There are different types of RNAs with different functions in the cells. The major types of RNAs
are sy messenger RNA (mRNA), (v ribosomal RNA and () transfer RNA (tRNA). It is also known that
many RNAs in eukaryotic cells become functional only after being post-transcriptionally processed.

(1) Regarding the underlined part (a), the untranslated regions of mRNA are involved in the
initiation of translation of that mRNA itself. Describe the role of untranslated regions in
translational initiation of bacterial and eukaryotic mRNAs using all the following words in
about 5 lines.

“several bases upstream of translation initiation codon AUG”, “ribosome”, “translation
initiation factor”, “initiator tRNA”

(2) Regarding the underlined part (b), ribosomes are considered to be one type of ribozyme.
Briefly describe its reason in about 2 lines.

(3) Regarding the underlined part (c), in order for tRNA to be used for protein synthesis, it must
be processed by the action of aminoacyl-tRNA synthetase. Describe its function in the
processing of tRNA in about 3 lines.
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Read the following text and answer all the questions from (1) to (3).

DNA molecule consists of two long polynucleotide strands, which are held together by hydrogen
bonds between the base portions of the nucleotides. All the bases are on the inside of the double helix,
with the sugar-phosphate backbones on the outside. The bases do not pair at random: ) adenine (A)
always pairs with thymine (T), and guanine (G) always pairs with cytosine (C). This structure is called
as (p) complementary base pairs.

(1) Regarding the underlined part (a), provide which bond, A-T or G-C, is stronger. In addition,
describe its reason in about 2 lines.

(2) Regarding the underlined part (b), double-strand DNA can be amplified by PCR. Describe
the principle of PCR in about 4 lines.

(3) Regarding the underlined part (b), the nucleotide sequences of any purified DNA fragment
can be determined by dideoxy sequencing, also known as Sanger sequencing. Describe the
principle of the dideoxy sequencing with structural characteristic of DNA in about 6 lines.
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Read the following text and answer all the questions from (1) to (3).

Cell cycle of most eukaryotic cells is divided into four phases: G1, S, G2 and M. ;s Chromosomes
are replicated during the S phase. () During the M phase, the replicated chromosomes are separated in
such a way that each daughter cell receives one copy of each. Structures of the replicated chromosomes
are regulated by (¢) protein complexes for proper chromosome segregation.

(1) Regarding the underlined part (a), describe the cellular mechanisms restricting DNA
replication to only once per cell cycle, using all the following terms in about 4 lines.
“pre-replication complex (pre-RC)”, “Cdc6”, “S-Cdk”

(2) Regarding the underlined part (b), microtubules play essential roles in chromosome
segregation. Describe how kinetochore microtubules and polar microtubules are associated
with chromosome movement in about 3 lines in total.

(3) Regarding the underlined part (c), the protein complexes include condensins and cohesins.
Describe how these protein complexes contribute to the structure of chromosomes in about
3 lines.
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Read the following text and answer both of the questions (1) and (2).

When a eukaryotic cell divides into two, chromosome duplication is followed by mitosis and
(@ Cytokinesis. This simple cell division by mitosis produces diploid cells that are genetically identical
to the parental cells. On the other hand, there is another type of cell division called meiosis, which
produces () haploid cells that are genetically distinct from each other.

(1) Regarding the underlined part (a), the mechanism of cytokinesis in plant cells is different
from that in animal cells. Describe the plant-specific mechanism by which the cytoplasm is
cleaved in two using all the following terms in about 5 lines.

“cell wall components”, “microtubules”, “membrane-enclosed vesicles”, “phragmoplast”

(2) Regarding the underlined part (b), meiosis I results in two types of genetic reassortment that
generate new chromosome combinations. Describe the mechanisms that are responsible for
each genetic reassortment in about 3 lines.
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Read the following text and answer all the questions from (1) to (3).

In eukaryotic cells, most proteins transported to the cell surface are delivered from the cytosol to
the endoplasmic reticulum (ER). Proteins entering the ER are classified into two types: () soluble
proteins that are released into the lumen of the ER, and (v transmembrane proteins that are embedded
in the ER membrane.

(1) Regarding the underlined part (a), explain how soluble proteins are released into the lumen
of the ER, using all the following terms in about 5 lines.

“signal recognition particle (SRP)”, “SRP receptor”, “translocation channel”, “ER signal
sequence”

(2) Regarding the underlined part (b), describe how single-transmembrane proteins containing
a stop-transfer sequence are incorporated into the ER membrane in about 4 lines.

(3) Regarding the underlined part (b), the single-transmembrane proteins are transported from
the ER to the plasma membrane. Does the region of the protein, initially located on the
lumen side of the ER, become exposed to which side, inside or outside, of the cell on the
plasma membrane? In addition, describe its reason in about 3 lines.
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Read the following text and answer all the questions from (1) to (3).

In both animal and plant cells, gaseous molecules are known to be involved in signal transduction.
@ Nitric oxide has a vasodilating effect by the relaxation of human vascular smooth muscles.
o) Ethylene requlates several physiological functions, such as seed germination and fruit maturation,
in plants. These gaseous molecules () pass through the plasma membranes and act on specific proteins

within the cells.

(1) Regarding the underlined part (a), nitric oxide acts on the protein which catalyzes the
formation of cyclic GMP (cGMP) from GTP. In addition, the produced cGMP is degraded
to GMP by another protein. Provide the names of the two enzymes, one of which forms
cGMP and the other of which degrades cGMP, in this process.

(2) Regarding the underlined part (b), describe the mechanism by which ethylene binds its
receptor protein and controls the transcription of the specific genes within the cells in about
4 lines.

(3) Regarding the underlined part (c), several substances other than gaseous molecules are
known to pass through the plasma membranes and act on specific proteins within the cells.
One of them is cortisol which is secreted from the adrenal gland. Describe the mechanism
by which cortisol passes through the plasma membranes and controls the transcription of
the specific genes within the cells in about 4 lines.



Biology | Test9

Read the following text and answer all the questions from (1) to (3).

In 2005, Sina M. Adl et al. proposed () Archaeplastida as one of the supergroups comprising
eukaryotes. Archaeplastida include () seed plants.

(1) Regarding the underlined part (a), describe the underlined organisms using both of the
following terms in about 3 lines.
“endosymbiosis”, “chloroplast”

(2) Choose one organism that is excluded from the Archaeplastida from the following list.
“brown algae”, “red algae”, “stoneworts (Chara)”, “hornworts”, *“lycopods”,

“gymnosperms”, “green algae”

(3) Regarding the underlined part (b), answer both of the questions (i) and (ii).

(i) What is the estimated minimum number of times that flagella have been lost from the
male gametes of seed plants throughout their evolutionary history?

(if) Atracheary element located in the xylem of vascular bundles of seed plants consists of
tracheids and vessel cells. Describe the morphological differences between tracheids
and vessel cells using both of the following terms in about 3 lines.

“both ends of a cell”, “perforation”
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Read the following text and answer all the questions from (1) to (3).

Suppose that there is @) an animal species Aus bus Smith, 1900 comprising two aggregations of local
populations. (») Experimental crossbreeding revealed that they were () reproductively isolated from
each other, and thus could be considered distinct species.

(1) Regarding the underlined part (a), indicate the scientific name of the species along with
citation of the author and date of publication of the specific name, when the species is
classified under the genus Cus. The specific name bus is deemed to be valid under Cus.

(2) Regarding the underlined part (b), the experiment revealed that individuals from each
aggregation could mate with each other, but then failed zygosis. Choose the isolating
mechanism that occurs between them from the following list, and also explain the chosen
mechanism in about 2 lines.

“ethological isolation”, “gametic isolation”, “hybrid lethality”, “mechanical isolation”

(3) Regarding the underlined part (c), provide the name of a species concept based on the
reproductive isolation, and explain its definition of the species using both of the following
terms in about 2 lines.

“interbreed(ing)”, “natural population(s)”
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Read the following text and answer all the questions from (1) to (3).

Generally, in animal communication, both senders and receivers of the signal gain adaptive benefit.
This type of signal is called ) honest signal. Various senses, such as visual, auditory, and olfactory
senses, are used in signal transfer, and ;) each sense has both advantages and disadvantages in
transferring signals. ) One possible mechanism involved in the evolution of novel signal is associated
with the presence of sensory bias of receivers.

(1) Regarding the underlined part (a), several explanations can be proposed on the evolution of
honest signal. Describe one such explanation in about 3 lines, while mentioning its
representative animal.

(2) Regarding the underlined part (b), the table below shows the relative evaluation of
advantages and disadvantages of visual, auditory, and olfactory senses in the propensity of
signal transfer. Provide appropriate terms in the brackets [A]and [ B ].

Propensity of signal
P Y g Visual Auditory Olfactory

transfer

[ A ] High Moderate Low
Distance to reach Short Long Moderate

[ B ] Low Low High

(3) Regarding the underlined part (c), provide the name of the hypothesis, which has been
applied to explain the evolution of the mating signal of Neumania mites and the long tail fin
of male swordfish.
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Read the following text and answer all the questions from (1) to (3).

In foraging, although obtaining food provides the animal energy, searching for and handling the
food require both energy and time. How animals decide (s) what to eat, » how long to stay on each
foraging site, etc. are explained by foraging theory. Especially, optimal foraging theory predicts how
animals maximize fitness with given environmental restrictions. Optimal foraging theory helps predict

the best strategy that an animal individual can use to achieve this goal but (¢) often ignores the impacts
from other individuals on the targeted animal’s behavior. Therefore, sometime the actual behavior of
an animal cannot be precisely predicted by optimal foraging theory.

(1) Regarding the underlined part (a), describe how the optimal diet model predicts what they
eat in their environment in about 3 lines.

(2) Regarding the underlined part (b), a model in optimal foraging theory predicts that an animal
moves to another foraging site when the value of the current site decreases below the average
value of the sites from the environment. Provide the name of this model.

(3) Regarding the underlined part (c), describe how the presence of other individuals affects the
target animal behavior with an assumption that no other external factors such as presence of
predators exists in the environment in about 3 lines.



Biology

Test 13

Read the following text and answer all the questions from (1) to (3).

Species extinction has occurred repeatedly in the history of the earth, but most of the extinctions
due to anthropogenic reasons are much more rapid than previous extinction events. (s Biological
understanding of the process of extinction is indispensable to prevent such extinctions.

(1) Regarding the underlined part (a), small populations tend to decline and face higher risks of
extinction, regardless of environmental fluctuations. Explain both genetic and non-genetic
mechanisms for such tendencies in about 5 lines in total.

(2) The International Union for Conservation of Nature (IUCN) categorizes the risk of extinction
in the wild as follows, except the case when evaluation is impossible due to data deficiency.
Arrange the order of the following categories from higher to lower risk of extinction. You
can answer by using their abbreviations.

“endangered [EN]”, “near threatened [NT]”, “least concern [LC]”, “vulnerable [VU]”,

“critically endangered [CR]”

(3) Each species is usually categorized as above according to the extinction risks evaluated by
the population viability analysis. Explain the population viability analysis using all the

following terms in about 3 lines.

“life history”,

environmental fluctuation(s)

extinction”
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Read the following text and answer all the questions from (1) to (3).

Ecosystems are composed of diverse species and ;) some species strongly influence the community
structure. These species determine community structure through direct and indirect effects of
biological interaction. (,) Density-mediated indirect effect is known as an example of indirect effects.

(1) Regarding the underlined part (a), provide the term for species which strongly influence the
community structure despite their small population size.

(2) Regarding the underlined part (a), some species are sometimes called “ecosystem engineers”.
Describe what is meant by “ecosystem engineers” in about 2 lines.

(3) Explain about the underlined part (b) considering interaction among three of fish-eating
largemouth bass (black bass), zooplankton-eating bluegill, and zooplankton as example in
about 3 lines.
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Read the following text and answer all the questions from (1) to (3).

According to a recent review, ;) meat eating (ingestion of vertebrate tissue) occurs in more than 89
species of nonhuman primates. Of these, three groups are the most frequent mammalian predators:
() capuchin monkeys (the genera Cebus and Sapajus), () baboons (the genus Papio), and

@) chimpanzees (the genus Pan).

(1) As shown in the underlined part (a), meat eating itself is not rare among primates, but there
are some unique characteristics of human meat eating. Describe three such characteristics
of human meat eating in about 1 line each. Consider the meat-eating habits of traditional
hunter—gatherers.

(2) There is a hypothesis that early hominins obtained animal protein by scavenging. Explain
the significance of this hypothesis for human evolution using all the following terms in about
4 lines.

“bone marrow”, “stone tools”, “carnivores”, “hunting”

(3) Which of the underlined primates (b) through (d) has the characteristics described in each of
the following (i) through (iii)? Choose one answer with letters (b), (c), or (d).
(i) Inhabits the South American continent.
(i) Belongs to the superfamily Hominoidea.
(iii) Among these three, most closely related to the Japanese monkey.
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Read the following text and answer all the questions from (1) to (3).

@ Bipedalism with upright posture and encephalization, which are hallmarks of human evolution,
are related with each other. Human brains are large already at birth, which frequently results in difficult
childbirth. Expanding pelvic size could ease difficult childbirth. It is, however, hypothesized that
() expanding pelvic size could lower energetic efficiency of bipedal locomotion. Humans evolved
peculiar obstetrical traits such as () rotation of fetuses in the birth canal during childbirth.

(1) Regarding the underlined part (a), answer which of these evolved first.
(2) Regarding the underlined part (b), explain its reason in about 3 lines.

(3) Regarding the underlined part (c), provide 2 morphological features that demand the rotation
of the fetuses in humans, except for the large neonatal brain (head).



Physics | Test 17

Read the following text and answer both questions (1) and (2). Describe your calculation processes in
addition to the answers.

Consider a single pendulum oscillating in the vertical plane under the action of gravity. The
pendulum string with its length [ is fixed in one end at the top and has a mass point with mass m at
the other end. Let g be the acceleration of gravity. The weight of the string and the air resistance are
assumed to be negligible.

(1) When the string makes an angle 6 with the vertical, let the velocity of the mass point be
v, the tension on the string be T, and write the equations of motion for the tangential and
normal directions of the trajectory of the mass point.

(2) The string is assumed to break at a tension greater than twice the gravitational force of the
mass point. If the maximum value of the angle 6 when the single pendulum oscillates is
0 (but, ® < 90°), find the condition of ® for the string not to break.
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Read the following text and answer both questions (1) and (2). Describe your calculation processes in
addition to the answers. You may include diagrams to support your answer.

When a point charge g (let g > 0 ) is present at the origin, according to Coulomb's law, the
electric field E at a position P at a distance r from the charge is (using the MKSA unit system)

__ Ll a
 4megr2 To

where g, is the dielectric constant of the vacuum and 7 is the unit vector from the location of the
point charge to P.

(1) Assume that charges are uniformly distributed on a straight line and that the charge density
per unit length is p (Figure A). Find the magnitude and direction of the electric field at
position P, at a distance r away from the line. The line is assumed to be infinitely long.

(2) Assume that charges are uniformly distributed on the circumference of a circle on a plane,
the radius of the circle is R, and the charge density per unit length is p (Figure B). Find
the magnitude and direction of the electric field at position P, at a distance z away from
the plane, on a line passing through the center of the circle and perpendicular to the plane.
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Answer all the questions from (1) to (4).

(1) Select the two compounds which are the least likely to undergo a substitution reaction by
Sn2 reaction, and explain the reasons in about 2 lines, respectively.

¢ H,C=CH H3C,

@ H,c-C-CH,cH,CHBr ) 727X © " cH=cH
| CH,—Br \
CH, Br
CH; HsC,

(d) HsC ~C~Br (e) CH,CH,CH,~Br (f) CH-Br
CH, H,C

(2) In the following reaction (a), two products are yielded because the intermediate (b) is
produced. Present the reaction mechanism of (a).

N(CH3z)» N(CH3z), N(CH3z), N(CH3),
NaNH,
(a) — + ()
NH3 NH2 7
Br NH,

(3) Guanidine (shown below) shows a significantly high basicity because the electrons of
protonated guanidine are stabilized by resonance. Write down the resonance structure of
protonated guanidine.

NH-»
NH=C
NH,
(4) Under ambient temperature and 1 atm, 50% guanidine molecules are protonated at pH 13.6.

In this condition, calculate the pK;, (= —log,y Ky) of guanidine, where K, is the base
dissociation constant.
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Read the following text and answer all the questions from (1) to (3). Describe your calculation
processes in addition to the answers.

Product C is formed from precursor A through intermediate B as follows, where the processes from
A to B and from B to C are first-order reactions having rate constants of k; and k, (k; # k),

respectively.
A%B%¢

The concentration of B at time t is expressed as follows:

k
[B] = - (7" —e™)IAl,

where [A] =[A]y, [B] =0,and [C] =0 at t = 0.
(1) Derive the change in concentration of B over time (%).

(2) The formation rate of C is maximum when the concentration of B is maximum. Express this

time t using k; and k.

(3) When k., is sufficiently greater than k,, the decrease rate of A and increase rate of C are

nearly equal (— % ~ %). Explain the reason in about 3 lines.
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Read the following text and answer both questions (1) and (2). Describe your calculation processes in
addition to the answers.

Let p, and p, be the occurrence probabilities of two events, and define the function H by the
following equation.

2
H(py,p2) = — Z p;log. p;

i=1
In the above equation, if p; = 0, let us define p; log, p; = 0. Also, the following formula holds.

prtp,=1

(1) Show that the function H is non-negative (H > 0) and that the equality (H = 0) holds only
when either one p; is 1.

(2) Show that the function H takes the maximum value when two events occur with equal

probability % , and find its value.
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Answer all the questions from (1) to (3). Describe your calculation processes in addition to the answers.

A matrix A is given as follows:

where the following conditions hold.
0<a<b
(1) Find the two eigenvalues and the corresponding eigenvectors of the matrix A.

(2) Find the general solution of the following differential equation with respect to time t for

(%)

dx

@i Ax

(3) Draw the trajectory of x(t) through point (1, 0) and the trajectory of x(t) through point
(0, 1) on the (x,y) plane, including the direction of passage of time. In addition, in the
figure, draw two straight lines that are parallel to the two eigenvectors obtained in the
question (1) and pass through the origin as auxiliary lines.



