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Attachment to be posted on HP

International Urgent Collaborative Projects
Regarding the Coronavirus Disease (COVID-19) within the J-RAPID Program

1. Title of the Project : ” Development of antigen display system using
hyperthermophilic archaeal viruses for emergent vaccine production
2. Research/Investigation Period : 2020.8 ~ 2021.3
3. Main Investigators :
Japanese Team (up to 6 people including Principal Investigator)

Name Title Affiliation Project rol
e
Principal Tomohiro Specially | Tokyo Institute | Chief of pr
Investigator Mochizuki Appointe | of Technology oject
d Assista
nt Profes
sor

Collaborator Keiko Inoue | Technicia | Tokyo Institute | Analysis of

n of Technology mutant vir
us
Collaborator Juliarni Technicia | Tokyo Institute | Analysis of
n of Technology mutant vir
us
Collaborator Takenori Associate | Fukui Universit | Protein exp
Satomura Professo |y ression
T

Total Number of participating researchers in the project: 4

Counterpart Team (up to 6 people including Principal Investigator)

Name Title Affiliation Project role

Principal Kenneth Professor | Portland State | Bioinformat
Investigator Stedman University ic analysis
Collaborator Mart Unit head | Institut Pasteu | Bioinformat
Krupovic r ic analysis

Total Number of participating researchers in the project: 2

4. Objectives and Challenges

With an intention to eventually develop a new vaccine production system, objective
of this study is to develop one of the hyperthermophilic archaeal viruses to
display short peptides on its virion surface. Among the many obstacles in
developing successful immune system against an emergent disease, efficiency in
producing antigens both rapidly and abundantly is a key challenge. In conventional
methods involving cell cultivation (e.g. E. coli, insect, animal, or human cells),
contamination often becomes a serious concern, especially in the mass production
stage. Our new proposed system using hyperthermophilic organisms with an optimal
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growth temperature above 80 ° C can significantly minimize such risk.

Recently, we have succeeded in developing a genetic modification system for one
of the hyperthermophilic archaeal viruses. In this project, after identifying the
amino acid residues of the capsid structural proteins which are located at the
surface of the virion particle, we aimed to modify the capsid protein genes to
express external peptides that will be displayed as appendages on the virion
surface. Eventually, by using part of the SARS-CoV-2 spike protein (S protein) as
this insertion, we hope that the mutated archaeal virus can serve as an antigen
for COVID-19 vaccination applications

5. Results of the research/survey activities
5-1. Results of joint research. Expected future development, ripple effect on
society

In this study, we first intended to create antibodies against all proteins
consisting the virion of the targeted archaeal virus. Its purpose was to identify
the locations of all capsid proteins within the virion. Unfortunately, due to
sequence specificities of many of the targeted proteins, we were able to obtain
only one antibody. But by performing immunoelectron—EM using it, we managed to
figure out that this minor capsid protein is being located at the surface of the
virion. This was an useful finding since virion surface proteins are generally
ideal targets for peptide displays

Using our in—house genetic modification system, we also managed to insert external
tag peptides inside several capsid proteins. We are currently trying to locate
where the tag peptides are being displayed within the infectious modified virions

We have also managed to isolate a close relative of the studied archaeal virus.
By performing comparative genomics analysis, we have identified the location within
the capsid proteins where amino acid sequence shows low similarities. As a joint
collaborative work with various collaborators, we are currently investigating on
the possibilities to insert external peptides within such low conserved regions

As a conclusion, over the course of this study, we have made steady progress in
converting our hyperthermophilic virus to develop as a new virus based vector. By
continuing the line of research, we hope to successfully develop our system to
serve as a novel vaccine production system in the near future

5-2. Added Value from International collaborative work

The principal investigator previously had only little experience in making
modified viruses. The two international collaborators had great experience in the
only two archaeal viruses which genetic systems existed previously. The success of
this projects owes heavily to the expertise of these international collaborators



6. Organized workshops/seminars, presentations, papers and other deliverables

» Organized workshop/seminar: Title, date
» Presentation: Presenters, title, conference

- Papers : Authors, title, journals., vol, page, publish year
» Other deliverables:
* Media
Prese | Mochizuki T. Hyperthermophilic archaeal viruses in hot springs and the ori
ntation | gin of Life. Japanese Society of Bacteriology. Online. January 2021.
Paper | Mochizuki T. The world of archaeal viruses. Japanese Kouso Kougaku Ne
ws. 85:14-19. 2021.
Book Yoshihiro Kawaoka and others. Neoviorlogy. Shuueisha. 227-245.
Prese | Mochizuki T. History of Life through viruses in hot springs. Earth—Life Sci
ntation | ence Institute Public Lecture. Online. January 2021.
Media | Weekly magazine Flash. Virus hunter aiming for the end of the pandemic

and origin of life. April 2021.




