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Emerging infectious diseases: Constant threats

The significance of

vaccine development

v cannot be overstated




Our vaccine development approach

1. Development of a
prophylactic
MRNA vaccine for
SFTS

2. Development of a
prophylactic gut
microbe vaccine
for COVID-19




Project 1




Severe fever with thrombocytopenia
syndrome (SFTS)

Severe fever with thrombocytopenia syndrome (SFTS)
v" Caused by SFTS virus

v A tick-borne viral disease

Source: WHO



SFTS : Serious infectious disease

SFTSV Amountofnfcted cats v H igh fever

Q(v\ fow [ many

@ v Vomiting
v Diarrhea
v

Multiple organ
[7 m failure

NN .

xmbocytopenia

To overcome the current SFTS threat, sopenia

) ) ated liver enzyme
development of a prophylactic vaccine |

emic in Far East

for SFTS is urgently needed




The Current Trend of Vaccine Development: mRNA

THE COVID-19 VACCINE RACE
PRE-CLINICAL PHASE 1 PHASEZ PHASE 3 APPROV
vaccines vaccines vaccmes vaccines
are being explored in are undergoing are being tested in arein large are approved and are being monitored
lab experiments and safety tests in broader groups of international trials to licensed for general in the wider
animals healthy young people test their impact on use population after
individuals COVID-19 being approved

Source: COVID-19 Vaccine Tracker
Inactivated virus vaccines

weakened virus vaccines
Protein-based vaccines
Viral vector vaccines
DNA vaccines

mRNA vaccines .




The Principle and Advantage of mRNA Vaccine

Target (antigen)

mMRNA manufacturing

\ Nanoformulation

of miRA Antigen

\

@

? Protein
.

I Translation

O Development period:
Much faster than
those of traditional

vaccines

O Prophylactic efficacy:
Much better than
those of traditional

vaccines



MRNA vaccine synthesis: 4 steps
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The Concept of mRNA vaccine design

Membrane

4= protein

Secretary
protein 10
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Moderna
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Moderna
Pfizer

Moderna
Pfizer

Moderna
Pfizer

Moderna
Pfizer

Moderna
Pfizer

ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACC
ATGTTCGTGTTCCTGRTGCTGCTGCCTCTGGTGTCCAGCCAGTGTGTGAACCTGACCACC

EEERRAESEAFAAESIEARRARESRE AREERE KSEERRARE SR ARREERAFAAEE

CGGACCCAGCTGCCACCAGCCTACACCAACAGCTTCACCCGGGGCGTC TACTACCCCGAC
AGAACACAGCTGCCTCCAGCCTACACCAACAGCT TTACCAGAGGCGTGTACTACCCCGAC

EOEE RRERERRE RERERRE R R R REE K R RR KRR R R

AAGGTGT TCCGGAGCAGCG TCCTGCACAGCACCCAGGACCTGT TCCTGCCCTTCTTCAGC
AAGGTGTTCAGATCCAGCGTGCTGCACTCTACCCAGGACCTGTTCCTGCCTTTCTTCAGC

EERRRERTE K FRERRE REEHAE  RRRREETEERRREESEREAR EERRERREE

AACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCACCAACGGCACCAAGCGGTTCGAC
AACGTGACCTGGTTCCACGCCATCCACGTGTCCGGCACCAATGGCACCAAGAGATTCGAC
EREERARSEAFAAESIEARRARETRRAAAE RRFRIEEAE KEEERARE B AERAEE

AACCCOGTGCTGCCCTTCAACGACGGCGTGTACT TCGCCAGCACCGAGAAGAGCAACATC
AACCCOGTGCTGCCCTTCAACGACGGEGTGTACT TTGCCAGCACCGAGAAGTCCAACATC

B L L T S R e

ATCCGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCTGATCGTG
ATCAGAGGCTGGATCTTCGGCACCACACTGGACAGCAAGACCCAGAGCCTGCTGATCGTG

EEE R REEAFEAESEERERAREIHE AR EEFRRFA SRR REEE R AR S RAF AT

AATAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCAGT TCTGCAACGACCCCTTC
AACAACGCCACCAACGTGGTCATCAAAGTGTGCGAGTTCCAGT TCTGCAACGACCCCTTC
R T T e T

CTGGGCGTGTACTACCACAAGAACAACAAGAGCTGGATGGAGAGCGAGT TCCGGGTGTAC
CTGGGCGTCTACTACCACAAGAACAACAAGAGCTGGATGGAAAGCGAGT TCCGGGTGTAC

L L e T T

AGCAGCGCCAACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACC TGGAG
AGCAGCGCCAACAACTGCACCTTCGAGTACGTGTCCCAGCCTTTCCTGATGGACCTGGAA
EEEERRESEAFAAEFIERRRAR SRR AREERE KIERAE R EEE AR RE RS RAFRAE

GGCAAGCAGGGCAACTTCAAGAACCTGCGGGAGT TCGTGTTCAAGAACATCGACGGCTAC
GGCAAGCAGGECAACTTCAAGAACCTGCGCGAGT TCGTGTT TAAGAACATCGACGGCTAC

T e e

TTCAAGATCTACAGCAAGCACACCCCAATCAACCTGGTGCGGGATCTGCCCCAGGECTTC
TTCAAGATCTACAGCAAGCACACCCCTATCAACCTCGTGCGGGATCTGCCTCAGGGCTTC

EEERRERSEAEERETERRRARETHR ARTERRAE SEERRARARTEREAR SERAEARET

TCAGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCACCCGGTTCCAGACC
TCTGCTCTGGAACCCCTGGTGGATCTGCCCATCGGCATCAACATCACCCGGTTTCAGACA
B ORE KEEAE AEESEREEAES RREEREERRAFESEEARAREIERFAREES KFERE

CTGCTGECCCTGCACCGGAGCTACCTGACCCCAGGL GACAGCAGCAGL GGG TGGACAGCA
CTGCTGGCCCTGCACAGAAGCTACCTGACACCTGGCGATAGCAGCAGCGGATGGACAGCT

EERRR AR AR AR B R R R R RREEE R R R R Rk
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Moderna
Pfizer
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Moderna
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Moderna
Pfizer

Moderna
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Moderna
Pfizer

Moderna
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Pfizer

CAGCCCACCGAGAGCATCGTGCGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAG
CAGCCCACCGAATCCATCGTGCGGTTCCCCAATATCACCAATCTGTGCCCCTTCGGCGAG
* * EOERREEEEE EE rrrEEs

GTGTTCAACGCCACCCGGT TCGCCAGCGTGTACGCC TGGAACCGGAAGCGGATCAGCAAC
GTGTTCAATGCCACCAGATTCGCCTCTGTGTACGCCTGGAACCGGAAGCGGATCAGCAAT

FEARERHE KEFHES B KRREEE  KRSERMEAKSESFRAKSEERESHEETEIREES

TGCGTGGCCGAC TACAGCGTGC TGTACAACAGCGCCAGC TTCAGCACCTTCAAGTGCTAC
TGCGTGHCCGACTACTCCGTGC TGTACAACTCCGCCAGCTTCAGCACCTTCAAGTGCTAC
* AR R e

GGCGTGAGCCCCACCAAGC TGAACGACCTGTGCTTCACCAACGTGTACGCCGACAGCTTC
GGCGTGTCCCCTACCAAGCTGAACGACCTGTGCTTCACAAACGTGTACGCCGACAGCTTC
FEAEEE REE REE Bakks

FawkEEE

GTGATCCGTGGCGACGAGGTGCGGCAGATCGLACCCGGCCAGACAGGCAAGATCGLCGAC
GTGATCCGOGGAGATGAAGTGCGGCAGATTGLCCCTGGACAGACAGGCAAGATCGCCGAC
FRAKERRE KK RE BE RRBREERRREE B B RE RRRRERE kR bRk EE Rk

TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGTGTGAT TGCCTGGAACAGCAACAAC
*

TEEEE FETEE AT AR EEE

CTCGACAGCAAGGTGGECGGCAACTACAACTACCTGTACCGGCTGT TCCGGAAGAGCAAL

CTGGACTCCAAAGT CGGLGGCAACTACAATTACCTGTACCGGCTGTTCCGGAAGTCCAAT
SE KRR REE R T CEL

CTGAAGCCCTTCGAGCGGGACATCAGCACCGAGATC TACCAAGCCGGCTCCACCCCTTGE
CTGAAGCCCTTCGAGCGGGACATCTCCACCGAGATC TATCAGGCCGGCAGCACCCCTTGT
* o BE REEEEE  REERRREES

AACGGCGTGGAGGGCTTCAACTGCTACTTCCCTCTGCAGAGC TACGGC TTCCAGLCCACT
AACGGCGTGGAAGGCTTCAACTGCTACTTCCCACTGCAGTCCTACGGCTTTCAGCCCACA
BRAKERRRREE RESERAERR R RRRR RS R BAKREE  AKERERERE REERREES

AACGGCGTGGGC TACCAGCCCTACCGGGTGETGGTGCTGAGC TTCGAGC TGCTGCACGCC
AATGGCGTGGGC TATCAGCCCTACAGAGTGGTGGTGCTGAGC TTCGAACTGCTGCATGCC
= * ke FRAREEE KRREERRE FER

CCAGCCACCGTGTGTGGLCCCAAGAAGAGCACCAACCTGGTGAAGAACAAGTGCGTGAAC
CCTGCCACAGTGTGCGGCCCTAAGAAAAGCACCAATCTCGTGAAGAACAAATGCGTGAAC

BE REREE EEREE SSAKE AEEEE KESERAEE S8 FRAKSESREEE SSEFREESS

TTCAACTTCAACGGCCTTACCGGCACCGGCGTGC TGACCGAGAGCAACAAGAAATTCCTG
TTCAACT TCAACGGCCTGACCGGCACCGGCG TGCTGACAGAGAGCAACAAGAAGTTCCTG
* = s Axrres

CCCTTTCAGCAGTTCGGCCGGGACATCGCCGACACCACCGACGCTGTGCGGEATCCCCAG
CCATTCCAGCAGTTTGGCCGGGATATCGCCGATACCACAGACGCCGTTAGAGATCCCCAG

BE KR KEEEEREE SEAKEREE BRKRESEE BAKEE BRAKS SK K SEERREESS

ACCCTGGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCA
ACACTGGAAATCCTGGACATCACCCCTTGCAGCTTCGGCGGAGTGTCTGTGATCACCCCT
T T e ———

COVID-19 mRNA vaccines: Pfizer vs Moderna

The example mRNA Vaccine Design
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MRNA Vaccine design (1):
5'-UTR design
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MRNA Vaccine design (2):
Signal peptide design

Aliphatic index, positive charge and
GRAVY: protParam server

Cleavable Site

Aliphatic GRAVY
index W -

rophobic

o e aagtgggtaacct
== TR ttattteccttctttt
“=2¢. < 1 |9/ tctctttagctcgg
cttattcc

pB

n, h and c regions, signal peptide probability and
cleavable site: SignalP server version 4.1

14



MRNA Vaccine design (3):
3'-UTR design

cacaaaatcgtgtgtccgtggaac
¥ cagtcctagccgegtgtgacagtct
tgcattctgtttgtctcgtgggggg
aggtggacagtcctgcggaaatgt
gtcttgtcttccatttggataaaagg
aaccaaccaacaaacaatgccatc
actggaatttcccaccgcetttgtga
gccgtgtcgtatgacctagtaaact
ttgtaccaattc

150

Position

15



MRNA Vaccine design (4):
Codon Optimization

accacggctcgccagggctgcggaggaccgaccgtccccacgcectgecgecccgcgaccccgcecgcecaccatg

tgtctctttggctgcctagtgaggccactgtctacttgectcctgtccagtatctaaagttgtaag
cacggatgaatatgttgcacgcacaaacatatattatcatgcaggaacatccagactacttgcagttggacatccctattttcctattaaaaaac
ctaacaataacaaaatattagttcctaaagtatcaggattacaatacagggtatttagaatatatttacctgaccccaataagtttggttttcctga
cacctcattttacaatccagatacacagcggctggtttgggcctgtgtaggtgttgaggtaggtcgtggtcagccattaggtgtgggcattag
tggccatcctttattaaataaattggatgacacagaaaatgctagtgcttatgcagcaaatgcaggtgtggataatagagaatgtatatctatg
gattacaaacaaacacaattgtgtttaattggttgcaaaccacctataggggaacactggggcaaaggatccccatgtaacaatgttgcagta
aatccaggtgattgtccaccattagagttaataaacacagttattcaggatggtgatatggttgataccggctttggtgctatggactttactac
attacaggctaacaaaagtgaagttccactggatatttgtacgtctatttgcaaatatccagattatattaaaatggtgtcagaaccatatggcg
acagcttatttttttatttacgaagggaacaaatgtttgttagacatttatttaatagggctggtgctgttggtg@aaaatgtaccagacgatttata
cattaaaggctctgggtctacfgcaaatttagccagttcaaattattttcctacacctagtggttctatggttacctctgatgcccaaatatttaata
aaccttattggttacaacgagcacagggccacaataatggcatttgttggggtaaccaactatttgttactgttgttgatactacacgcagtaca
aatatgtcattatgtgctgccatatctacttcagaacctacatataaaaatactaactttaaagagtacctacgacatggggaggaatatgattta
cagtttatttttcaactgtgcaaaataaccttaactgcagacgttatgacatacatacattctatgaattccactattttggaggactggaattttgg
tttacaacctcctccaggaggcacactagaagatacttataggtttgtaacatcccaggcaattgcttgtcaaaaacatacacctccagcaccta
aagaagatccccttaaaaaatatactttttgggaagtaaatttaaaagaaaagttttctgcagacctagatcagtttcctttaggacgcaaatttt
tactacaagcaggatttaaggccaaaccaaaatttacattaggaaaacgaaaagctacacccaccacctcatctacctctacaactgctaaacg
caaaaaacgtaagctgtaacacaaaatcgtgtgtccgtggaaccagtcctagccgcegtgtgacagtcttgceattctgtttgtctcgtgggggg
aggtggacagtcctgcggaaatgtgtcttgtcttccatttggataaaaggaaccaaccaacaaacaatgccatcactggaatttcccaccgcett
tgtgagccgtgtcgtatgacctagtaaactttgtaccaattc

16



The Culture of SFTS Virus

Non-infected The Vero cells infected
healthy Vero Cells with SFTS virus
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Nanoparticle for mRNA vaccine
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Transfection Efficiency of Nano-mRNA

Control

Lipofectamine

JBNP-1

Carrier Control Lipofectamine JBNP-2
Plating M| & 6 x 104 /ml 6 x 104 /ml 6 x 104 /ml 6 x 104 /ml
Live cells after 40h | 4.25 x 105 /ml 75 x 104 3.1x 105 2 x 10
Viability (%) 17% 73% 47%
7O HEeE - (60~)70% 78% 85%

19



The enzymes required for in vitro mRNA
synthesis
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The enzymes for in vitro mRNA synthesis

GC GN \
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GN Expression from the SFTS mRNA
Vaccine Candidate
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Project 2
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Vaccination vs COVID-19 Incidence

Share of population receiving at least one dose

20% 35% 50% 65% 80%

No correlation . )
. ) Gut microbiome
between vaccination .
may play arole in

& incidence rate of :
COVID-19 protecting COVID-19 .




Development Procedure for The Gut
Microbe vaccine

COVID-19 resistant

Same as control
Observation  ~4vIp-19 Sensitive

Covid-19 resistant SH101 hamster The symptoms

I Fecal sample

Gut microbiome
analysis

SARS-CoV-2 COVID-19
Infection Test resistant bacteria o6



Abundance and a-diversity
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B-diversity
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Co-occurrence Network Analysis

HI (A-B), MI (C-D), and NI (E-F); HI, highly infected group;
MI, same infectivity with control; NI, non infected group 29




DESeq?2 Differential abundance analysis
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Body weight change (%)

Body Weight Change after Infection

Oribacterium-JBO3-00101

RUMINOCOCCUS-JBR5-00501 Oribacterium-JBO3-00101+Ruminococcus-JBR5-00501
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The lungs of the infected hamsters

Oribacterium-JBO3-00101+
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The histological image of the of the
infected hamsters

Control Oribacterium-JBO3-00101 Ruminococcus-JBR5-00501 Oribacterium-JBO3 -00101+ Prevotella copri Prevotella micans

Scale Bar:100um
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The survival

% Survival rate
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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

( -
» Efficacy

)

( » Safety :

Better than
MRNA
vaccine

Better than

mMRNA
vaccine

Much
cheaper
than mRNA
vaccine

Much easer
than mRNA
vaccine

* Production
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