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Emerging infectious diseases: Constant threats



Our vaccine development approach
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1. Development of a 

prophylactic 

mRNA vaccine for 

SFTS

2. Development of a 

prophylactic gut 

microbe vaccine 

for COVID-19
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Project 1

Development of a prophylactic 

mRNA vaccine for SFTS



✓ Caused by SFTS virus

✓ A tick-borne viral disease

Source: WHO
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Severe fever with thrombocytopenia syndrome (SFTS)

Severe fever with thrombocytopenia 
syndrome (SFTS)



SFTS : Serious infectious disease
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✓ High fever

✓ Vomiting

✓ Diarrhea

✓ Multiple organ 

failure

✓ Thrombocytopenia 

✓ Leucopenia

✓ Elevated liver enzyme 

levels

✓ Endemic in Far East

To overcome the current SFTS threat, 

development of a prophylactic vaccine 

for SFTS is urgently needed



The Current Trend of Vaccine Development: mRNA 

Inactivated virus vaccines
weakened virus vaccines
Protein-based vaccines

Viral vector vaccines
DNA vaccines

mRNA vaccines

mRNA 백신
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❑ Development period: 

Much faster than 

those of traditional 

vaccines 

❑ Prophylactic efficacy: 

Much better than 

those of traditional 

vaccines

The Principle and Advantage of mRNA Vaccine



mRNA vaccine synthesis: 4 steps

9mRNA nanoformulation

mRNA nanoformulation



The expected results after expression of a membrane-bound 
protein 

1. A low level of gene expression → low protein concentration

2. The ¾  structure change of the expressed protein 

3. The expressed protein is  stay on
the membrane 

The Concept of mRNA vaccine design 
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The example mRNA Vaccine Design

COVID-19 mRNA vaccines: Pfizer vs Moderna



The Target Antigen of SFTS Virus: GN
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GN : the target of the SFTS mRNA vaccine

3D structure of GN

Shimojima et al., Viruses 2022, 14(8), 1665



mRNA Vaccine design  (1): 
5’-UTR design 

accacggctcgccagggc
tgcggaggaccgaccgtc
cccacgcctgccgccccg
cgaccccgccgccacc
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mRNA Vaccine design  (2):
Signal peptide design 
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mRNA Vaccine design (3): 
3’-UTR design 

cacaaaatcgtgtgtccgtggaac
cagtcctagccgcgtgtgacagtct
tgcattctgtttgtctcgtgggggg
aggtggacagtcctgcggaaatgt
gtcttgtcttccatttggataaaagg
aaccaaccaacaaacaatgccatc
actggaatttcccaccgctttgtga
gccgtgtcgtatgacctagtaaact
ttgtaccaattc
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GN attached 
to SFTS

Ectopic GN The designed GN

mRNA Vaccine design (4): 
Codon Optimization

유전자 발현(↑)
RNase (x) 

accacggctcgccagggctgcggaggaccgaccgtccccacgcctgccgccccgcgaccccgccgccaccatgaagtgggtaacctttatt
tcccttctttttctctttagctcggcttattcctgtctctttggctgcctagtgaggccactgtctacttgcctcctgtcccagtatctaaagttgtaag
cacggatgaatatgttgcacgcacaaacatatattatcatgcaggaacatccagactacttgcagttggacatccctattttcctattaaaaaac
ctaacaataacaaaatattagttcctaaagtatcaggattacaatacagggtatttagaatatatttacctgaccccaataagtttggttttcctga
cacctcattttacaatccagatacacagcggctggtttgggcctgtgtaggtgttgaggtaggtcgtggtcagccattaggtgtgggcattag
tggccatcctttattaaataaattggatgacacagaaaatgctagtgcttatgcagcaaatgcaggtgtggataatagagaatgtatatctatg
gattacaaacaaacacaattgtgtttaattggttgcaaaccacctataggggaacactggggcaaaggatccccatgtaacaatgttgcagta
aatccaggtgattgtccaccattagagttaataaacacagttattcaggatggtgatatggttgataccggctttggtgctatggactttactac
attacaggctaacaaaagtgaagttccactggatatttgtacgtctatttgcaaatatccagattatattaaaatggtgtcagaaccatatggcg
acagcttatttttttatttacgaagggaacaaatgtttgttagacatttatttaatagggctggtgctgttggtgaaaatgtaccagacgatttata
cattaaaggctctgggtctactgcaaatttagccagttcaaattattttcctacacctagtggttctatggttacctctgatgcccaaatatttaata
aaccttattggttacaacgagcacagggccacaataatggcatttgttggggtaaccaactatttgttactgttgttgatactacacgcagtaca
aatatgtcattatgtgctgccatatctacttcagaacctacatataaaaatactaactttaaagagtacctacgacatggggaggaatatgattta
cagtttatttttcaactgtgcaaaataaccttaactgcagacgttatgacatacatacattctatgaattccactattttggaggactggaattttgg
tttacaacctcctccaggaggcacactagaagatacttataggtttgtaacatcccaggcaattgcttgtcaaaaacatacacctccagcaccta
aagaagatccccttaaaaaatatactttttgggaagtaaatttaaaagaaaagttttctgcagacctagatcagtttcctttaggacgcaaatttt
tactacaagcaggatttaaggccaaaccaaaatttacattaggaaaacgaaaagctacacccaccacctcatctacctctacaactgctaaacg
caaaaaacgtaagctgtaacacaaaatcgtgtgtccgtggaaccagtcctagccgcgtgtgacagtcttgcattctgtttgtctcgtgggggg
aggtggacagtcctgcggaaatgtgtcttgtcttccatttggataaaaggaaccaaccaacaaacaatgccatcactggaatttcccaccgctt
tgtgagccgtgtcgtatgacctagtaaactttgtaccaattc 

C

A

A

A
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The Culture of SFTS Virus
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Non-infected
healthy Vero Cells

The Vero cells infected 
with SFTS virus
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Synthesized 
mRNA

Nanoparticle for mRNA vaccine



Transfection Efficiency of Nano-mRNA
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The enzymes required for in vitro mRNA 
synthesis
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Vaccine design 

The enzymes for in vitro mRNA synthesis 

modified GN mRNA   vaccine manufacturing 

mRNA cloning and modification

T7 RNA Pol
5’-capping & modification

3’-tail polyadenylation



T-7 Polymerase

RNA triphosphatase, 
RNA guanylyltransferase
RNA guanine-N7-
methyltransferase

2‘-O-methyltransferase

Modified NTP Poly(A) polymerase
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The enzymes for in vitro mRNA synthesis



1.5 hour 3 hour 6 hour 12 hour

The dot blotting results of the expressed GN

GN Expression from the SFTS mRNA 
Vaccine Candidate
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The Expressed GN from the SFTS mRNA 
Vaccine Candidate
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Project 2

Development of a prophylactic gut 

microbe vaccine for COVID-19



Vaccination vs COVID-19 Incidence
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No correlation 

between vaccination 

& incidence rate of 

COVID-19

Gut microbiome 

may play a role in 

protecting COVID-19



Development Procedure for The Gut 
Microbe vaccine 
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Covid-19 resistant SH101 hamster

Gut microbiome 

analysis
SARS-CoV-2 

Infection Test

COVID-19 

resistant bacteria

COVID-19 resistant

Same as control

COVID-19 Sensitive

The symptoms

Feed
Observation

Fecal sample

Feed



Abundance and a-diversity  
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HI, highly infected group; MI, same infectivity with control;

NI, non infected group
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b-diversity  

HI, highly infected group; MI, same infectivity with control;

NI, non infected group



Co-occurrence Network Analysis 
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HI (A-B), MI (C-D), and NI (E-F); HI, highly infected group; 

MI, same infectivity with control; NI, non infected group
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DESeq2 Differential abundance analysis



Body Weight Change after Infection
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The lungs of the infected hamsters
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The histological image of the of the 
infected hamsters
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The survival rate of the of the infected 
hamsters



RT-PCR Result of the infect hamster
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Flow Cytometry Analysis
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Prospect of the COVID-19gut microbe 
vaccine
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• Production• Cost

• Safety• Efficacy

Better than 
mRNA 
vaccine

Better than 
mRNA 
vaccine

Much easer 
than mRNA 

vaccine

Much 
cheaper 

than mRNA 
vaccine



THANK YOU
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