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Biology

Answer Question 1 (Compulsory question) and two Elective questions of your choice from 2—
5. Write the question numbers you have selected on each answer sheet. Regarding Elective

Questions, only answers to these selected questions will be scored.

Question 1 (Compulsory question)
(1) The transport of ions across biological membranes is mediated by ion channels and ion

pumps. Describe how the mechanisms of transport differ between the two systems.

(2) In the glycolytic pathway, respiratory substrates such as glucose are degraded into a
specific organic compound (X). Write the name of X and indicate how many molecules of X

are generated from one molecule of the respiratory substrate.

(3) Provide a concise description of the functions of the cytoskeleton, referring to the specific

roles of actin filaments, microtubules, and intermediate filaments.

(4) Write the name of the protein that constitutes antibodies. Additionally, provide a description
of antibody structure, using all of the following words: heavy chain (H chain), light chain (L

chain), variable region, and constant region.

(5) Briefly describe the process and distinguishing features of meiosis. In your explanation, be
sure to include the following terms: first meiotic division, second meiotic division, and

homologous chromosomes.

(6) The mechanism of DNA replication differs between the leading strand and the lagging
strand. Explain the basis for this difference, in relation to the properties of DNA polymerase.
Furthermore, write the name of the discontinuous short DNA fragments synthesized on the

lagging strand.



(7) Briefly explain the principle of the polymerase chain reaction (PCR) technique.

(8) During the transmission of excitation between neurons, what is the general term for the
chemical substance released from the axon terminal? Furthermore, write the name of the small

vesicular structure that contains this chemical substance.

(9) The mechanisms of excitation conduction differ between unmyelinated and myelinated
nerve fibers. Briefly explain how the conduction of excitation differs between these two types

of nerve fibers.



Question 2 (Elective question)

Read the following sentences and answer the questions.

Eukaryotic messenger RNA (mRNA) is transcribed from DNA as (A ). Subsequently,

@a 5' cap structure and a poly(A) tail are added, and )splicing removes non-coding regions,

termed ( B ), while linking the protein-coding regions, termed ( C ), to form mRNA.
The mRNA is then transported from the nucleus to the cytoplasm through ( D ) and used
for protein synthesis. Protein synthesis occurs on ribosomes, primarily catalyzed by rRNA.

«RNA with enzymatic activity is referredtoas ( E ).

(1) Write the appropriate terms for blanks (A ) through ( E ).

(2) Regarding (a), describe the roles of the 5' cap structure and the poly(A) tail.

(3) Regarding (b), discuss the reasons for the existence of the splicing mechanism, considering

both its evolutionary significance and its roles in current cellular functions.

(4) Regarding (c), explain why it is important for RNA to be single-stranded in order to exhibit
enzymatic activity, in contrast to DNA, which primarily adopts a double-helix structure in

cells.

(5) Arrange messenger RNA, microRNA, ribosomal RNA, and transfer RNA in descending

order of their relative abundance (by mass) in a typical eukaryotic cell.



Question 3 (Elective question)

Read the following sentences and answer the questions.

The immune system plays an important role in the host defense, recognizing pathogens that
invade the body as non-self and eliminating them. Although infectious diseases pose a serious

threat to humanity, )vaccination is effective in their prevention. Sometimes, immune

responses against the self or excessive immune responses can also occur, but the body has

multiple mechanisms, such as (pimmune checkpoint, to suppress those harmful immune

responses.

(1) Regarding (a), explain the mechanism by which vaccination can reduce the incidence and
severity of infectious diseases. Use both of the following terms.

[Plasma cells, Memory B cells]

(2) Unlike hepatitis B and measles, is it necessary to get influenza vaccination every year.
Explain the reasons why, taking into account the differences in the biological

characteristics of these viruses.

(3) Regarding (b), explain the mechanism of action of anti-PD-1 and anti-PD-L1 antibodies,
which are immune checkpoint inhibitors that exert therapeutic effects against some

cancers.



Question 4 (Elective question)

Read the following sentences and answer the questions.

By using genetic engineering techniques, it has become possible to artificially increase the
expression level of a target gene in cells or, conversely, to eliminate its function. These
techniques utilize ( a ) enzymes that recognize specific nucleotide sequences and cleave DNA,
and ( b ) that ligate DNA fragments. The target gene excised by ( a ) enzymes is inserted into
a circular DNA called a ( ¢ ) via the action of ( b ), and is then introduced into cells. DNA
molecules that serve as carriers of genes, like (¢), are generally referred to as (d). Introducing
a ( ¢ ) containing a specific DNA fragment into Escherichia coli enables the production of a
large number of identical copies of the target gene. This process is referred to as (e ).

To investigate how the overexpression of a particular protein X affects cells, it is effective to
insert gene X, which encodes protein X, into a (c¢) and introduce it into cells. A typical
experimental procedure is as follows: first, ( f) is extracted from cells expressing protein X,
and using it as a template, a ( g ) library is created with the use of ( h ) enzymes. Then, two
(1) designed based on the nucleotide sequence of gene X are annealed to the target region, and
the ( j ) method is used to amplify the target DNA region using the ( g ) as a template. To
confirm the amplified DNA product, agarose gel electrophoresis is used. Since DNA carries a
( k) charge in aqueous solution, it moves toward the ( 1) electrode under an electric field, and
during this process, DNA molecules with a ( m ) molecular size migrate faster. In this way, the
target DNA fragment is amplified by the ( j ) method, verified by agarose gel electrophoresis,
inserted into a ( ¢ ), and introduced into cells, thereby inducing the expression of the target
gene X.

Depending on the research objective, (ajthe constructed ( ¢ ) can be introduced into packaging

cells to produce recombinant viruses. Furthermore, [gjintroducing it into ES cells enables the

production of knockout mice.




(1) Fill in the blanks a—m with the appropriate terms.

(2) Regarding [A]: Lentiviruses and retroviruses are commonly used viruses in cell-based life
science research. Explain the differences between them using all of the following terms:

[Gene transfer, Cell division, Nuclear membrane, Biosafety level]

(3) Regarding [B]: Explain the method for generating knockout mice using all of the following
terms:
[Targeting vector, ES cells, Homologous recombination, Blastocyst, Chimera mouse,

Heterozygous mouse]



Question 5 (Elective question)

(1) Describe the specific steps for the BLAST algorithm using all of the following words.

(query sequence, database, word, score matrix, e-value)

(2) List the typical steps in RNA-seq gene expression analysis and briefly describe the purpose

of each.

(3) Explain the purpose of Gene Ontology (GO) analysis (also known as enrichment analysis

or gene set analysis) and provide examples of the types of information it yields.



