
Physics 

Our laboratory consists of two staff members, and we teach physics to the 

Faculty of Medicine and the Faculty of Health Sciences. In our classes, we try 

to provide easy-to-understand explanations with many examples of physics 

applied to medicine. Research is carried out independently by each staff 

member on different topics. We try to introduce the results of our research in the 

classroom and to encourage students to become interested in basic research. 
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1. Research by Professor Ayako Sumi

In general, life phenomena are non-stationary

and non-linear, with complex transitions from one 

state to another. It is not appropriate to treat entire 

time series containing such states. To elucidate the 

temporal evolution of non-linear phenomena, it is 

desirable to deal with segments of time series with 

short data lengths by segment time series analysis. 

There is a need for a superior time series analysis 

method that can elucidate the temporal variations 

of a time series even with short data lengths. My 

research group proposed a newly devised method 

for time series analysis that has been widely used 

in various fields such as medical science as well as 

physical science and engineering. Here, I show you 

an example of the application of this method to 

COVID-19 surveillance data of Japan (1). 

Figure. Application of the method of time series 

analysis to COVID-19 data in Japan: (a) Time 

series data of daily reported number of new positive 

cases of COVID-19, (b) power spectral density of 

the data, and (c) temporal variations of periodic 

structure of the time series data. (1) 

(a) COVID-19 surveillance data in Japan

(b) Power spectral density

(c) Three-dimensional spectral array

residents and visitors. The local community has 
been struggling to provide healthcare services 
and medicine/drugs for foreigners. Based on 
course of action research to solve this problem, 
her research team and a non-profit organization 
(NPO) have provided foreign residents and 
visitors and Japanese stakeholders with leaflets 
(as seen above) and have additionally created a 
website including three video clips (illustration 
below) that (1) explain the Japanese medical 
system and customs, including (a) how to access 
medical services, (b) how to see a doctor even 
without an appointment, and (c) how to obtain 
medicine; (2) provide information on local medical 
facilities and drugstores, including their operating 
hours and locations with a map. 

 

[Screenshot from the website] 

2. Kazuhiko Yamaguchi
The research interests of Dr. Kazuhiko

Yamaguchi lie in linguistics and teaching English 
as a foreign language. In the area of linguistics, 
he has conducted cognitive/functional-oriented 
descriptive studies of various English 
constructions, including emphatic DO 
construction, various complement clauses in 
English, and English capability constructions. He 
is interested not only in the English language but 
also in the diversity of language variation, i.e., 
linguistic typology. His typological studies include 
the comparative study of English and Japanese 
capability-constructions, particularly the cross-
linguistic study of the semantic network of 
acquisitive verbs. He is also interested in the 
application of the fruits of linguistic studies to the 
teaching of English. His current project in this 
area is the linguistic refinement of so-called 
“linguistic distance.” 

3. Gregory Wheeler
By the time students enter university, they will

have had at least six (and in many cases, eight) 
years of English instruction during their time in 
secondary school. Much of this may be grammar-
oriented, though it is certainly possible that some 
students have also received some instruction 
concerning more casual or “unorthodox” English. 
However, it is likely that there are certain forms of 

what might be considered “natural” English that 
may not be familiar to the students. Present 
research is exploring a number of forms of 
colloquial English, including students’ 
understanding of such, with a goal being to 
determine manners in which greater “real-time” 
recognition and understanding of these forms can 
be facilitated. Examples of “non-formal” English 
being introduced to the students in classes 
include:  

Merging of words when English is spoken at 
natural, or near-natural, speed.  
Upspeak, the manner in which a speaker’s 
intonation rises at the end of a sentence or 
sentence clause. 
Filler words such as “like” and “you know.” 
Sentence interrupters: Words or phrases 
inserted into a sentence that can break 
(pause) the sentence’s flow.  
Omission of the subject (often, but not 
limited to pronouns) at the beginning of a 
sentence. 
Sarcasm, in which the meaning of what a 
speaker’s statement may be precisely the 
opposite of what they actually said. 

Part of the attempt to make a number of these 
forms of speech more accessible to students is to 
impress upon them that it may be helpful to focus 
not only on the actual speech being uttered but 
the manner in which it is delivered. For example, 
sentence interrupters may be preceded by a 
slight pause (and the speaker may occasionally 
pause again at the end of the interrupter before 
continuing or concluding the original statement). 
Additionally, interrupters may often be spoken at 
a different pace (usually faster) than the 
statement it is placed in between. Moreover, 
when speakers use sarcasm, they may often 
place particular emphasis on vocabulary that is 
the opposite of their true meaning. (Example: “It’s 
rainy and windy. What a great day for a 
barbecue!”). Also concerning sarcasm, if possible, 
students are advised to observe the speaker’s 
facial expressions. It is not unusual for a person 
to roll their eyes when uttering a sarcastic 
statement.  

Of course, all of the “tips” such as those from 
above offered to students are somewhat 
generalized and have their limitations. It is hoped 
that further study may lead to more detailed 
advice concerning manners in which 
casual/colloquial English can be better 
understood.  
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Chemistry 
  The main focus of our study is on the innate immune system. Innate 
immunity is conserved throughout multicellular organisms and plays an 
important role as the first line of host defense. We are examining the functions 
of surfactant proteins in innate immunity and the process of phagocytic 
elimination of bacteria and altered-self cells. Concerning pathogens, they 
change their gene expression pattern to evade the host immune system. We 
are also interested in factors that trigger the alteration in the gene expression 
of pathogens. 

Professor 
Akiko Shiratsuchi-Hirayama, Ph.D. 
Interests: 
Biochemistry, innate immunity, infectious 
diseases, host-pathogen interaction 

Associate Professor 
Shigeru Ariki, Ph.D. 
Interests: 
Innate immunity,  
biochemistry 

1. Regulation of bacterial gene expression under infectious
conditions

There are three systems by which bacteria adapt themselves to host 
environments by altering gene expression patterns. One is a 
two-component regulatory system to control signal transduction in 
bacteria. Another is by means of the promoter-recognizing subunit 
sigma of bacterial RNA polymerase that plays a major role in the 
selection of genes to be transcribed. The third consists of the 
complex of RNA chaperon proteins and small noncoding RNA 
facilitating their binding to target mRNA for the alteration of 
translation efficiency and stability. We examined the roles of these 
factors in bacterial adaptation to hosts using genetically tractable 
organisms, Escherichia coli and Staphylococcus aureus, as 
pathogens and Drosophila melanogaster, the immune system of 
which is conserved in humans as well as mammals as hosts. 

a) The two-component regulatory system 
We examined the transcriptional promoter strength of all genes
coding sensor kinases and response regulators of E. coli in the host.
Among these, we found a signaling system consisting of EnvZ, a
sensor kinase, and OmpR, a transcription factor, activated in the
host and reduced bacterial virulence.

b) The sigma subunit of bacterial RNA polymerase and RNA 
chaperon
The DNA-dependent RNA polymerase of E. coli is a multisubunit
holoenzyme and one of seven species of promoter-recognizing
subunit sigma. We discovered that the repertoire of the seven sigma
subunits changed upon infection and enhanced levels of sigma38 in
the host-induced expression of catalases for persistent infection. An
RNA chaperone of E. coli called Hfq forms a complex with small
noncoding RNA. We found that Hfq contributes to persistent
infection of E. coli by maintaining the expression of sigma38, a type
of sigma subunit in RNA polymerase.

2. Phagocytic elimination of apoptotic cells and cancer cells
The role of phagocytes in cellular innate immunity is to eliminate
microbes, virus-infected cells, and altered-self cells. There are two
evolutionarily conserved phagocytosis pathways in species ranging
from nematodes to humans, including phagocytic receptors in
phagocytes and their signaling molecules. We discovered that two
phagocytic pathways with receptor Draper/MEGF-10 and Integrin
alphaPS3-betanu/Integrin alpha3-beta5 (Drosophila/human)
recognized both apoptotic and virus-infected cells. Their ligands are
membrane lipid phosphatidylserine (PS) and PS-binding proteins.
Phagocytosis of cancer cells prevents neoplastic transformation in
multicellular organisms.

3. The functions of pulmonary collectins
The surface of alveoli is covered with pulmonary surfactant, a
mixture of lipids and proteins, which reduces surface tension to keep
alveoli from collapsing. Pulmonary surfactant contains two collectins
called surfactant proteins A and D (SP-A and SP-D). These
collectins play vital roles in host defense in the lung. Furthermore,
the collectins bind to host proteins and regulate their functions. The
aim of our study is to clarify multiple functions of pulmonary collectins

2. Research by Assistant Professor Shintaro

Takatsuka

Medical data is often characterized as big data,

and its collection and analysis are crucial. The 

Ministry of Health, Labour, and Welfare in Japan 

manages an extensive insurance claim dataset 

known as the National Database of Health 

Insurance Claims and Specific Health Checkups 

(NDB). We primarily analyze healthcare data in 

Hokkaido using a portion of this dataset. The NDB 

includes information such as visited medical 

institutions, disease names, medical expenses, 

age, and gender, contributing to research insights 

into regional variations and temporal changes. 

However, one challenge we face is the difficulty in 

obtaining accurate individual aggregations or 

precise patient statuses. 

Ensuring accuracy is vital when collecting a 

large volume of data. During the COVID-19 

pandemic, we collaborated with health observation 

in Sapporo City. To achieve precise data collection, 

we utilized survey formats through smartphones 

and PCs, automatically analyzing severity to 

reduce the workload on Sapporo City of public 

health officials in Sapporo City. The collected data, 

numbering over 1.3 million cases from home care 

patients alone, has the potential to provide various 

insights. 

Figure (d) illustrates the trend of input numbers for 

“Covimaru,” a health observation app used in 

Sapporo City, Hokkaido, from April 2021 to May 

2022. The users who input data were those 

diagnosed as positive for COVID-19. This app 

automatically estimates the severity of symptoms 

by entering items such as body temperature, 

symptoms, and medical history. The severity is 

represented in descending order from high to low, 

using red, yellow, and green, with gray indicating 

almost no symptoms. The number of COVID-19 

positive cases saw an explosive increase in 2022. 

However, the number of severe cases during the 

fourth and fifth waves in 2021 and the severity of 

patients from the sixth wave onwards in 2022 

remained almost the same.

(d) The trend of COVID-19 positive cases in

Sapporo City
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