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1. MBEARCIZBRES. REAEZLTRALTIESY,
Be sure to write your examination number and name on the
answer sheet.

2. HEBRETH, ZEARELATEHLTIEES Y (BHBEMBRKE
BHLASTEW)
After the examination, the answer sheet must be submitted
(question papers need not be submitted).

3. MERS IR IhEEZERABEERL BELTIEIY,

Please use the answer sheet with the question number on it to

answer the questions.




B 1 DTFORBRCOXEELFRA T, FHICEZREV, Read the following text of

review article and answer each question

Protein phosphorylation the selective addition of phosphate groups to proteins is a regulatory mechanism
that is fundamental to life. Conversely, dysregulated phosphorylation has been implicated in conditions
such as Alzheimer’s disease, cancer and diabetes. The enzymes that catalyse phosphorylation, known as
kinases, are major targets for drugs, so understanding their regulatory roles could provide new therapeutic
opportunities. Advances in our ability to identify and quantify phosphorylation using mass spectrometry
has led to a tapid rise in the number of known phosphorylation sites in human proteins (collectively known
as the phosphoproteome), from hundreds at the turn of the century to more than 100,000 today. However,
linking these sites with their associated kinases has been a laborious process. Writing in Nature, J ohnson
et al. take a major step towards resolving this problem, describing a comprehensive resource that defmes
the potential substrates for almost all members of one major class of human kinase. The phosphoproteome
is highly complex, comprising tightly interconnected networks of hundreds of protein kinages and tens of
thousands of their substrates. Together, they form cell-signalling networks that can function like
microprocessors, by encoding, processing and integrating cellular information and regulating outputs in the
form of myriad cellular processes, from gene expression to cell division. Such capabilities are possible only
because different kinases have different specificities for the many possible protein substrates. The
specificity of a kinase arises from many extrinsic and intrinsic factors. Extrinsic factors include whether
the kinase and its substrate are expressed in the same cell type or in the same part of the cell, and interactions
with other molecules, such as scaffolding proteins. Intrinsic factors arise from the biochemical and
structural properties of the kinases and substrates, For example, the presence of electrically charged or
bulky aminoe-acid residues in the vicinity of the phosphorylation site wight promote or impede a kinase’s
ability to phosphorylate a given protein. Intrinsic specificity results in kinases having a preferred metif an
ideal sequence of residues that surround the phosphorylation site. Johnson ef al. use a cell-free fechnique
called positional scanning peptide array analysis to determine the intrinsic substrate specificities of almost
all kinases that target the amino acids serine and threonine representing roughly 99% of the phosphorylation
sites in human cells. The approach involved screening a library of 303 human kinases to determine how
capable each kinase is of transferring a phosphate group to the central sering or threonine residue of
hundreds of different short strings of amino acids (Fig. 1) . Remarkably, the authors find that almost two-
thirds of phosphorylation sites could be assigned to one of a small handful of kinases.
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Although intrinsic aspects alone can resolve potential substrates of the *kinome remarkably well, kinase
specificity is also influenced by other factors. Ideally, these factors which include protein protein
interactions, tissue and cell specific expression and cellular localization could be incorporated into
topological models of cell signalling networks. However, this would require huge amounts of data on marny
cell types and biological contexts. Fortunately, mass spectrometry based proteomics is rising to meet this
challenge. Continued improvements in how we map regulatory kinases will enhance our ability to interpret
the language of cell signalling. [Nature 813, 637-638 (202) 551 A

tdnom: FOA ) MIBIT LT uT A T -E--EEET D, In molecular biology,
biochernistry and cell signaling the kinome of an organism is the complete set of protein kinases encoded in
is genome.

i1 Questionl

ZOBHOREICHEIE LWEE % BAREDH D WITERFETEE R IV, State the title
suitable for this review article in Japanese or English.

M2 Question2

HRSHIL, FOXHICZOWFEICER L2 AAELAWITRFETHH L2 S

V), Explain how mass spectrometry contributed to this research in Japanese or English.

M3 Question3

Z DR OEHRAES L EESEE HARRED 2 VIEEFE Tl L2 SV, Explain the

academic significance and importance of this research in Japanese or English.

14 Question 4

Fig. | Wi LWOBAXOEE L AROBAL BRI A RED D WIIRFTEE RS
VY, Write the possible title and figure legend suitable for Fig. 1 in Japanese or English.

M5 Question5

COBBOENE SITRETEAED S WIEETHEICE 2D EY,  Summarize
this article briefly in about 5 lines in Japanese or English




2 TR ERNHEMCEETIRAOXEELRA T, FHICEXRSV,

Read the following article related to specific medical technology and answer each question.

A vaccine is a drug used to prevent infectious diseases. Vaccines can be produced either as non-toxic or
attenuated antigens. These antigens can be made from the pathogens themselves, as designed gene
vaccines (from chemically synthesized mRNA or DNA gene sequences) or as recombinant vaceines
(proteins expressed by genetic recombination).. Vaccines are administered to stimulate the praduction of
antibodies against pathogens in the body, thereby providing immunity against infectious diseases.
Vaceination is practiced worldwide and is the most effective means in prevention of infectious diseases.
Vaccines are particularly valuable against viral infections that do not respond to antibiotics and against
the increased prevalence of drug-resistant bacterial infections. Because prevention is more cost-effective
than treating infected individuals, it is desirable to prevent diseases with vaccines.

Smallpox is a highly lethal infectious disease. In Japan, smallpox pandemics used to oceur every few
decades, claiming many lives. The history of vaccine development dates to 1796, when Edward Jenmer,
an English physician, noticed that people who had cowpox (a disease similar to smallpox), did not get
smallpox. Based on this observation, he developed a smallpox vaceine in which a small amount of
cowpoX virus was injected into a person to make them immune to smallpox. It was the first successful
vaceine in history. The name "vaccine" comes from the Latin word vacca (= heifer/cows).

In the 1800s, French scientist Louis Pasteur discovered that infectious diseases can be caused by
bacteria. He then expanded on Jenner's work and developed live attenuated vaccines, in which pathogens
are artificially weakened by passing them through the bodies of animals. This led to the development of
vaceines for rabies, anthrax, and fowl cholera. He also popularized "inoculation”, in which a vaccine is
administered in advance to create immunity and avoid contraction of contagious diseases.

In the 1940s, the World Health Organization (WHO) launched a global campaign to eradicate
smallpox. With the widespread use of vaccination, the WHO declared smallpox eliminated in 1980, after
the last smallpox outbreak in Somalia in 1977.

Max Tyler successfully attenuated the yellow fever virus by successively passaging mouse and chicken
embryos, propagating the virus in these non-human cells, and introducing genetic changes into the cells to
wealeen the virus.

Later, safer inactivated vaccines were developed in England, rendering the pathogen non-toxic. In the
20th century, various vaccine production methods were developed, including the hatching hen egg
culture, cell cufture, and genetic modification.

Richard Mulligan and Paul Berg developed recombinant DNA technology. This technology allowed the
use of yeast or baculovirus expression systems to produce vaccines against the hepatitis B virus (1986),

human papillomavirus (2006), and influenza virus (2013).




In 2008, Kalikow-Katalin et al. in the United States developed a technology that used nucleosides to
modify nucleic acids. In 2020, Pfizer-BioNTech and Moderna developed the first vaccine against
COVID-19 (SARS-CoV-2) based on this technology, which was approved for emergency use by
regulatory authorities in many countries worldwide.

Vaccine development is an ongoing process, and the history of vaceines includes other examples
developed against various diseases. Vaccines consist of the whole pathogen or parts of the pathogen and

are produced in several ways, including the following:

@ Live attenuated vaccines are produced from live pathogens whose virulence has been weakened by
suboptimal culture conditions or by a genetic modification that reduces virulence, Examples include
vaccines against measles, mumps, rubella, and yellow fever.

® Inactivated vaccines are produced from pathogens that have been inactivated by chemicals or heat.
Examples include polio and hepatitis A vaccines.

®  Subunit, recombinant, or conjugate vaceines are produced from components of the pathogen, such as
specific proteins, polysaccharides, or nucleic acids. These vaccines use parts of the virus or bacteria,
such as proteins or sugars, to induce an immune response. Examples include human papillomavirus
(HPV), Haemophilus influenza type b (Hib), and some pneumonia vaccines.

®  Toxoid is used to induce an immune response. By treating the exotoxin produced by bacteria with
formalin or other chemicals, the toxicity of the exotoxin is eliminated while it is still immunogenic.
This is called toxoid. Examples include vaceines for tetanus, diphtheria, and pertussis.

@ Messenger RNA (mRNA) vaccines, DNA vaccines, and viral vector vaccines deliver the genetic
information for the proteins that make up the virus. Based on genetic information, the body

manufactures the protein and produces antibodies against the protein, thereby acquiring immunity.

In addition to the aniigen source solution, vaccines are prepared (mixed) with other liquids (such as
water or saline solution), excipients, preservatives, and possibly adjuvants (immunization aids).
Collectively, these ingredients are called additives and ensure that the guality and efficacy of the vaccine
are maintained until the expiration date. Vaccines are always prepared in such a way that they are safe and

immunizing when administered to humans.

attenuated :F5 5k L7=, cowpox :2FE, smallpox :KIRE, heifer (cows): MEH, inoculation :(FBH)
B

DL T OBEEIIREIVE D4 T4, The words described below are names of infectious diseases.
rabies JERIF, anthrax: RYEE. fowl cholera FH& 7 17| measles :#3 L2>, mumps : 8725 <
JRHS. rubella: 2, vellow fever : B2/, pneumonia :fifiZe, tetanus FREM., pertussis :F H%




11 Question 1

BRI OBRAXOFA FESITHE LEDL, FOXiRFA MEDTETHL? BEE
HOHNWEERETHYA PAFRELRSN,

What would it be if you gave this article a title? Please suggest a title in Japanese or English.

fi2 Question 2
%%ﬁ@?&fvmawximVﬁ%ym%\%ﬁmﬁﬁﬁ%éwmﬁﬁﬁﬁwbﬁéwo

What kind of vaccine is the smallpox vaccine? Explain briefly in Japanese or English.

53 Question3

SARS-CoV-2 [of B U 7 F i3 ¥ 0 L5 RFEEO b OBPRECHAMNENR BRI THDD
D) ElpoTAhE, BAEDIVIEIFFFCHECHALZS WY,

Briefly explain in Japanese or English what vaccine against SARS-CoV-2 is the current worldwide

mainstream (licensed) vaccine.

B4 Question 4
T 7 F R OEFHESCEELE AARED AW CHEICHIA LSV,
Briefly explain the medical significance and importance of these vaccine technologies in Japanese or

English.

15 Question 5
Z OBETOERNE 5 (~0TRECTEARED A VEEFTHRICELDRE Y,

Briefly summarize this article in about 5 (to 10} lines in Japanese or English.




