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Biology | Test 1

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

In pathways for biomolecule production, there are some energetically unfavorable reactions. These

reactions can still efficiently proceed through (s) coupled reactions. Many enzymes involved in the

cellular production of biomolecules are regulated by (v feedback inhibition.

(1) Regarding the underlined part (a), ATP is frequently used for these reactions. Explain the

role of ATP in the coupled reactions in about 2 lines.

(2) Explain the mechanism of the underlined part (a) using all the following words in about 3
lines.

29 <¢ 29 <¢

“AGO9 (the standard free-energy change)”, “positive”, “negative”

(3) Explain the mechanism of the underlined part (b) using all the following terms in about 3
lines.

29 ¢¢ 29 ¢ 29 <¢ %9 ¢¢

“enzyme”, “active site”, “regulatory site”, “product”, “conformational change”



Biology | Test 2

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

In the (2y mitochondria, ) ATP is produced by oxidative phosphorylation. () Impaired mitochondrial

function can cause damage to various organs.

(1) Explain the function and structure of the underlined part (a) in about 5 lines using all the
following terms.

29 ¢¢ 29 <¢ 29 <¢ 29 ¢¢

“outer membrane”, “inner membrane”, “matrix”, “intermembrane space”, “cristae”

(2) Regarding the underlined part (b), explain the process of ATP production by oxidative
phosphorylation in about 5 lines.

(3) Regarding the underlined part (c), give an example of an organ that is highly affected by

mitochondrial damage in humans and explain the reason in about 2 lines.



Biology | Test3

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

The amount of cellular protein is determined by the rates of (») transcription, degradation of mRNA,
o) translation, and protein degradation. () Proteasomes are one of the proteolytic machinery in
eukaryotic cells.

(1) Regarding the underlined part (a), explain the mechanism for transcriptional control of the
Lac operon in Escherichia coli using all the following words in about 5 lines.

“CAP”, “cAMP”, “glucose”, “repressor”, “operator”

(2) Regarding the underlined part (b), provide the name of the amino acid carried by the initiator
tRNA in eukaryotic cells, and in bacteria.

(3) Regarding the underlined part (c), explain the mechanism of target protein recognition and

degradation by the proteasomes in about 5 lines in total.



Biology

Test 4

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

Eukaryotic 2y chromosomes are composed of chromatin, which is a complex of DNA and proteins.

Chromatin is composed of repeating basic structural units called ;) nucleosomes.

(1) Regarding the underlined part (a), chromosomes have special structures called telomeres at

their ends. Explain the function of telomeres in the context of DNA replication in about 5

lines.

(2) Regarding the underlined part (b), describe the structure of nucleosomes in about 3 lines.

(3) Explain how the local structure of chromatin changes during gene expression and DNA

replication in about 3 lines.




Biology | Test5

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

In animal epithelial tissues, neighboring cells form a sheet through cell junctions, including () tight

Junctions, (» adherens junctions, and desmosomes. In addition, gap junctions are pathways to (¢) allow

inorganic ions and small water-soluble molecules to directly move between neighboring cells.

(1) Regarding the underlined part (a), explain the role of tight junctions in the sealing
performance of the epithelial tissues using all the following words in about 3 lines.

29 <¢

“claudin proteins”, “apical side”, “basal side”

(2) Regarding the underlined part (b), explain the structural similarity and difference between

adherens junctions and desmosomes in about 5 lines in total.

(3) Regarding the underlined part (c), plants also have a structure allowing materials to directly
move between the neighboring cells. Answer the name of the structure, and explain the
structure using all the following words in about 3 lines.

29 <¢

“plasma membrane”, “cell wall”, “desmotubule”



Biology | Test 6

Read the following text and answer all the questions (1) and (2).

In most gonochoric organisms, sex is determined by differences in sex chromosomes. (2) In mammals

and Drosophila, XX is female and XY is male. () Traits that are based on genes on sex chromosomes

are often inherited differently from those on autosomal chromosomes.

(1) Regarding the underlined part (a), it is thought that in mammals, a mechanism called X-
chromosome inactivation avoids expressing the genes on the X-chromosome twice as much
in females compared to that in males. Explain the mechanism by which the chromosomes
are inactivated and gene expression is eventually suppressed in about 4 lines using all of the
following words and phrases.

29 <¢ 29 <¢ 29 ¢¢

“early embryogenesis”, “random”, “cell lineage”, “cell division”

(2) Regarding the underlined part (b), wild-type Drosophila melanogaster has red eyes, but a
recessive (latent) mutation of a gene on the X-chromosome gives white eyes. The crossing
experiment red-eyed female (wild type) x white-eyed male was conducted. Describe the
ratios in the occurrences of red-eyed female: white-eyed female: red-eyed male: white-eyed
male in the F1 generation as well as in the F2 generation obtained by free crossing of the F1
generation, respectively. Note that the color of individual eyes within compound eyes shall
be the same.



Biology Test 7

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

The cytoskeleton is a complex network of protein filaments present in the cytoplasm of eukaryotic

cells. The cytoskeleton can be classified into three major types: (s intermediate filaments, microtubules,

and () actin filaments. The functions of the cytoskeleton are diverse, including the regulation of cell
shape, cell division, and (¢ cell motility.

(1) Regarding the underlined part (a), there are several types of intermediate filaments in the

cells. Answer three names of different intermediate filaments.

(2) Regarding the underlined part (b), type I myosin is known as a motor protein that carries
cargos such as transport vesicles along actin filaments. Explain how type I myosin carries
the cargos using all the following words in about 3 lines.

2 ¢ 29 <

“head domain”, “energy”, “tail domain”

(3) Regarding the underlined part (c), flagella are known as one of the cellular apparatuses
responsible for cell motility in eukaryotic cells. Explain the internal structure of flagella and

the mechanism that produces their bending motion in about 5 lines.



Biology | Test8

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

Many key intracellular signaling proteins are activated or inactivated by () phosphorylation or
GTP/GDP binding. Some receptors change the activities of enzymes (e.g., adenylyl cyclase or

phospholipase C) through activating ) G proteins.

(1) Regarding the underlined part (a), provide the names of three amino acids, which can be
phosphorylated in eukaryotic cells, and explain the common feature among those amino

acids for the phosphorylation in about 2 lines.

(2) Regarding the underlined part (b), explain how the a subunit of G proteins is activated and

inactivated in terms of nucleotide binding in about 3 lines.

(3) The cholera toxin and pertussis toxin target different types of a subunits of G proteins.
However, both toxins cause a situation in which the enzyme adenylyl cyclase is activated.

Explain how each toxin induces the situation in about 5 lines in total.



Biology | Test9

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

@) Most phyla of animals are included in Bilateria. Molecular phylogenetic analyses suggested that

Bilateria includes three major () clades, namely, Lophotrochozoa, Ecdysozoa, and () Deuterostomia.

(1) Regarding the underlined part (a), choose two phyla that do not belong to Bilateria from the
following list.
“Nematoda”, “Cnidaria”, “Platyhelminthes”, “Brachiopoda”, “Porifera”, “Chaetognatha”

(2) Regarding the underlined part (b), describe the definition of “clade” in about 2 lines using
all the following words.

99 ¢

“ancestor”, “descendant”, “group”

(3) Regarding the underlined part (c), choose a phylum from the following list that belongs to
Deuterostomia and describe its habitat and morphological characteristics in about 4 lines.

“Mollusca”, “Arthropoda”, “Echinodermata”



Biology | Test 10

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

Seed plants consist of gymnosperms and angiosperms, the latter of which are characterized by
@ double fertilization. Based on the APG (Angiosperm Phylogeny Group) IV classificatory system

(2016), the (n) angiosperms include eudicots, monocots, and a few other taxa.

(1) Regarding the underlined part (a), explain in about 4 lines an advantage of double
fertilization over the fertilization found in gymnosperms in the light of the presence/absence

of endosperm formation and the avoidance of producing wasteful energy.

(2) Regarding the underlined part (b), choose from the list below the two angiospermous plants
that are neither eudicots nor monocots.
“Amborella”, “Brassica”, “Chrysanthemum”, “Cycas”, “Ephedra”, “Gnetum”, “Hibiscus”,

“Lilium”, “Lycopodium”, “Magnolia”, “Oryza”, “Selaginella”

(3) Explain in about 5 lines the differences between eudicots and monocots using all the

following words.

29 <¢ 29 <¢ 29 €6

“cambium”, “cotyledon”, “leaf vein”, “radicle”, “stele”



Biology | Test 11

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

Mating system refers to the reproductive patterns observed within a species with regards to
characteristics such as the number of individuals with which a male and a female mates. Mating

systems include .y monogamy, ) polygyny, () polyandry, and polygynandry.

(1) Regarding the underlined part (a), describe in about 3 lines the main finding that was
confirmed for the first time using genetic markers to investigate paternity in breeding pairs
of birds.

(2) Regarding the underlined part (b), explain in about 3 lines lek polygyny, which is a
subcategory of polygyny, using all the following words.

29 ¢ 9% ¢¢

“arena”, “courtship behavior”, “resource”

(3) Regarding the underlined part (c), polyandry is rare compared to polygyny. Explain in about
5 lines the reason for this, considering the reproductive success of males and females,
respectively.



Biology | Test 12

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

Altruistic behavior is behavior that benefits others at a cost to the actor. To explain the evolution of
altruistic behavior, (1) kin selection theory and ) reciprocal altruism theory are widely accepted.

() Another theory, “for the survival of the species”, was once proposed, but this idea has been rejected.

(1) Regarding the underlined part (a), explain in about 4 lines the altruistic behavior of eusocial

insects and its adaptive significance in relation to kin selection theory.

(2) Regarding the underlined part (b), explain in about 3 lines the conditions necessary for
altruistic behavior to evolve through reciprocal altruism using all the following words and

phrases.

29 <¢

“long-term”, “individual identification”, “cost”

2

(3) Regarding the underlined part (c), explain in about 4 lines why the idea of “for the survival

of the species” is rejected as an evolutionary explanation of altruistic behavior.



Biology | Test 13

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

(a) Predator—prey oscillations, such as those seen in American lynx (predator) and snowshoe hare
rey), can be explained by a simple Lotka—Volterra model. However, when ) intraspecific
prey p y p (b) 1ntraspecitic

competition and prey-switching in predators are considered in the model, () predator—prey dynamics

are predicted to be stabilized.

(1) Regarding the underlined part (a), describe in about 2 lines the basic mechanism through

which predator—prey oscillations can occur.

(2) Regarding the underlined part (b), describe in about 3 lines each how these two factors

respectively attenuate predator—prey oscillations.

(3) Regarding the underlined part (¢), predator—prey dynamics can also be stabilized in patchy
habitats. Describe in about 5 lines the mechanism through which environmental
heterogeneity stabilizes predator—prey dynamics, using both terms below.

29 <¢

“dispersal between patches”, “asynchronous”



Biology | Test 14

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

Mating of seed plants is the process in which the pollen grains produced in anthers of stamens are

delivered to the stigmas of a pistil. The most frequent gender expression of seed plants is (1) a type of

hermaphrodite in which individual plants produce flowers that possess stamens and a pistil. () In
hermaphrodites, the breeding system is either inbreeding or outcrossing.

(1) Regarding the underlined part (a), explain in about 5 lines in total the following types of
gender expression.

“monoecy”, “dioecy”, “heterostyly”

(2) Regarding the underlined part (b), explain in about 3 lines what advantages inbreeding might

have in comparison with outcrossing.

(3) Regarding the underlined part (b), explain in about 3 lines what disadvantages inbreeding

might have in comparison with outcrossing.



Biology Test 15

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

Both () childhood and () the postmenopausal period in females are often regarded in the field of

physical anthropology as life stages that are unique to humans. Childhood is often discussed with

evolutionary reference to (c) shorter inter-birth intervals in humans than in great apes.

(1) Regarding the underlined part (a), explain in about 4 lines why childhood is unique to
humans, focusing on the difference in developmental patterns of traits between humans and
non-human primates, and using the following words.

29 ¢

“weaning”, “permanent teeth”

(2) Regarding the underlined parts (a) and (b), there is an evolutionary hypothesis that childhood
relates to the postmenopausal period in females. Explain this hypothesis in about 6 lines.

(3) Regarding the underlined parts (a) and (c), explain in about 3 lines the relationship between

short interbirth intervals and childhood in humans.



Biology | Test 16

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

Humans have a brain that is distinctively large compared to non-human primates. (z) In humans, the

frontal association area is enlarged and the area associated with the lips in the motor cortex is

prominently expanded. v The brain volume of ancestral humans, including australopithecines, was

comparable to that of extant chimpanzees, and () it increased in the genus Homo.

(1) Regarding the underlined part (a), list and explain in about 3 lines one feature of human

behavior that is associated with these brain reorganizations.

(2) Regarding the underlined part (b), list one derived morphological feature of ancestral
humans, and explain in about 3 lines its contribution to the increase in brain volume in the

human lineage.

(3) Regarding the underlined part (c), the evolutionary increase in brain volume caused human

babies to be born physically immature. Explain the reason for this in about 5 lines.



Physics | Test 17

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

processes in addition to the answers.

Consider the throwing up of an object on a slope as shown in the figure below. The slope is at an
angle o from the horizontal, with the x-axis along the slope and the y-axis perpendicular to the slope

in the upward direction.

(1) An object A of mass m is thrown up from point O at an elevation angle € and an initial
velocity vo. Write the equations of motion in the x-direction and y-direction, respectively,

where g is the gravitational acceleration and ¢ is the time. Air resistance is negligible.

(2) Let ¢ = 0 be the time when the object is thrown up, and express the positions x and y of the

object as a function of time ¢ by solving the equation (1).

(3) Find the angle of elevation (€) to make the object fall farthest on the slope. Provide that vo

is constant.




Physics | Test 18

Read the following text and answer all the questions from (1) to (4). Describe your calculation

processes in addition to the answers.

An object A of mass m with an electric charge g (¢ > 0) is attached to one end of a rod of length /
and negligible mass. The other end of the rod is fixed at the point B so that it can rotate smoothly.
The y-axis is the vertical line passing through B, and the x-axis is perpendicular to it. The angle of

rotation from the y-axis is 8 as shown in the figure. The origin is the position of A at = 0.

(1) When object A is at the origin, a uniform electric field is applied to the positive direction in
the x-axis. Then, A rotates counterclockwise to be stationary at 6 = 45° when the electric

field strength is E. Express E using m, g, and the gravitational acceleration g.

(2) Express the gravitational potential energy of object A using m, g, [ and 6. Let the origin O

be the reference of the potential energy.

(3) Express the electrical potential energy of object A using E, ¢, [ and 6. Let the origin O be the

reference point of the potential energy.

(4) With the electric field £ applied, object A is lifted to the position & = w and gently released.
Then, A begins to rotate clockwise. Answer the angle 6 at which the velocity of A becomes

zero. Assume that the air resistance is negligible.

Electrostatic force
X




Chemistry Test 19

Answer all the questions from (1) to (4).

(1) CH3CH2OCH>CHj3 (molecular weight 74), CH;CH,CH>CH>NH> (molecular weight 73) and
CH3CH>CH>CH>0H (molecular weight 74) have similar molecular weights. List them in

the order of increasing boiling point using inequality signs and explain the reason.

(2) Which of the following compounds is capable of forming an intramolecular hydrogen bond?

Draw the structure in which the hydrogen bond is formed.

(A) (B) (C)
o o O—CH,
a a H,C ‘CH—OH
HC™ TOH  HCT NH o ch,

(3) The following reaction proceeds as an Sn1 reaction because acetic acid is a highly polar

protic solvent. Illustrate the main product to show its molecular geometry.

CH,CHj4
| acetic acid

. _—
H“‘/C\Br

HsC

(4) The following addition reaction yields B along with A. Explain the mechanism by which B

is formed.
CHs HCl H CHs CHs G
HZC:q_(?_CHs —) HSC_Q—Q—CH3 + H3C_Q_Q_CH3
H CHsy Cl CH, H CH,

A B



Chemistry| Test 20

Read the following text and answer all the questions from (1) to (4).

The molecular orbital energy levels of hydrogen molecule H» are 1sc and 1sc*, consisting of the 1s

atomic orbitals of the nuclei A and B, respectively, and the electron occupation states are shown as

follows:
1so*
A
>
> . \
() - —_
5 18, 18y
1so

(1) Draw the molecular orbital energy levels of O2 molecules according to the diagram above.
(2) Explain the reason why the ground electronic state of O molecules is paramagnetic.
(3) Draw the molecular orbital energy levels of N> molecules according to the diagram above.

(4) Which is larger, the equilibrium internuclear distance of Ny or that of N2 2 Explain the

reason for your prediction.



Mathematics Test 21

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

The sequences {a,} and {b,} are givenby a, > b, >0, a,,; = (a, +b,)/2,and b, =

\ anby.

(1) Prove that a, > b,, > 0 for n > 2.
(2) Prove that by < b, <+ < b, and a, < a,_; < < a;.

(3) Show that {a,} and {b,} converge to the same value.



Mathematics Test 22

Answer both the questions (1) and (2). Describe your calculation processes in addition to the answers.
A 3-by-3 matrix A is given as follows:
a a* b+c
A=(b b? cH+al
c ¢ a+b

(1) Show, using a, b, c, the condition that x satisfying Ax = 0 is only 0. Note that 0

indicates a zero vector.

(2) Suppose that neither a, b, nor c is zero, and that they are different from each other. Given

a+b+c=0,determine x = (X ¥ 2)T satisfying Ax = 0 in the form:

Here, k is an arbitrary constant.



