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F =N Synthetic Biology) 71%9] HIOF] T nES] 58733 ThA] e 7ieH ‘mlo|3=
Hlo]Z(Microbiome) 0|2k A& FA9] AHE3ekS S Zh Hlo]A&2Ho 32 QI7te] F&of o7
AT Q= RS AR AAE Koke R A7 A2 Als(Second Genome) ol2tilE Eth
npo]F&Hlo| &2 7|E /i nE AtollA] Hloju QIAIe} s 1He] AeAE-S FAAE thAMAIE
A2EAESE gAESH 5ol 7IRtsto] A=Al itk Hio|AZHolg AFLe] & FAlE nlo]AEH el o]
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ARl FH=7], B|Y, oty vTt, A, AR, =5, A5, AH 5ol Y= BRI ke Ao
ATE B TFBEIL et wEbA] 1004 A3ARRIS] S 93t SR8 At HokR wlo]AEHlol g
TR AT 7 g 220l itk 55] 71 dls & o flSIAINE Aol e B9l 17k el
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H. pylori ()

Skin stomach

H. pylori (+

Vagina stomach

0O0H ME M N 10 10 ATy My NHU X ¥mo1 = @

& Actinobacteria
& Firmicutes

& Proteobacteria Colon
@ Bacteroidetes
&> Cyanobacteria
& Fusobacteria

.

ZX : Cho & Blaser(2012)
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A7t Ay Z2AE(Human Genome Project)= 19904 Pl=2 $402 671=2] 1874 7|l 37
ool HataFEo] Fofet tigt =A| Hs ZRAER AAEQITKScience, 2001). ¥ 13\o] A
20039 FAHOoR FaE0] 7t fHAtet AW AT IAE HoFe 5838 I3 71 AwTt
ot T2y g2 A7 A ZEAEZE QAYEE Q7EY] FUT SAIQ] ANy} okl HjUS EolE
Zolgt 7Idid A 2 QA Awe] L @y, e 1 SAE 4 Z8H oF 109 719
FAAE o&et 2 22 QTR oF 29k /) A= FHAE 2L ISl ol 2y o] AR} 40t
FARE FE=r. o] QA9 A oo A= Qo] 2l Q= RAARERE ofu2t Iz oAl SA8sh=
TES oF-Es HAE SHEAKIH 2).

i

Landmarks in genetics and g

enomics

B = d Human

Genome

Project
-

nnnnnn

(a0

sttt g Sy

£ : NHGRI(2020)

1.1, QzZte] A QK| =4 01d=

20019 EEEJA] Zulo} tfsKUniversity of British Columbia)®] &&|Qt glo]H]A(Julian Davies)
W= AP AA(Science) Aol A AL Q= 1,0000] F2] v]AFE} o] E0] ZHL Q)= 200%H-4009F
o] FAAF E B4 Sl AAS A7 Aol digt olsi7t Zkssittal S-Skt Davies, 2001).
ol%, 53] F & n¥E2 92 59 A9 A7V B AR & & wEe] & AR AAE vhE

T A= AR A4 TEo7kl QItKI™E3)(Fan & Pedersen, 2021).
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Obesity Taxa features

* | Clostridium coccoides
« T Dorea longicatena

« T Roseburia intestinalis
+ T Ruminococcus gnavus
+ T Ruminococcus torques

Malnutrition @
Taxa features v )

* | Anaerobes to facultative > {
anaerobes ratio § /ﬁ == :g% .

« | Bifidobacterium longum Efg\fﬁu& d

« | Bifidobacterium pseudolongum <+—— ) = {EB@ )

Function features N
« | Lantibiotics production L

« LEnergy harvest

» L Immune protection
» | Vitamin biosynthesis
« T Pathogenic factors

Healthy microbiota

+ | Akkermansia muciniphila
« L Bacteroides thetaiotaomicron
+ | Clostridium histolyticum

« T Eubacterium ventriosum
+ | Faecalibacterium prausnitzii
+ | Methanobrevibacter smithii

Function features

+ | Bacteroidetes to Firmicutes ratio * TLGC: degradation of B-glucuronide

and aromatic amino acids

« THGC: production of organic acids
and H,

N Phosphotransferase system

+ | Glycosaminoglycan degradation

+ T Glutamine or glutamate transport
system

= TPhenylalanine, tyrosine and
tryptophan biosynthesis

« L Valine, leucine and isoleucine
degradation

« | Superoxide reductase

Type 2 diabetes @
Taxa features é
o | Akkermansia muciniphila

« T Bacteroides vulgatus
« T Clostridium clostridioforme

r

Metabolic liver
disease

Taxa features
« | Coprococcus comes
* | Faecalibacterium prausnitzii
« T Klebsiella pneumoniae
« T Streptococcus anginosus
« T Veillonella atypica

Function features

« T Oxidative damage

« Ty-Aminobutyric acid biosynthesis

« | Haem biosynthesis

« T Dentrification

« T Ethanol production
« T Lipopolysaccharide and
peptidoglycan biosynthesis

« T BCAAs and AAA biosynthesis

£X : Fan & Pedersen(2021)

F

rsﬁ

(Fan & Pedersen, 2021).

% < olEol BEoliie Tk e e
24 5 ot o)At 2H8o] Wit o8, 1 A48 712ke Be @77h el WP U1

: f‘:\g f‘i‘{ « T Clostridium hathewayi
* L A « | Clostridiales sp. $53/4
V- Qo # » T Prevotella copri
? ) ‘ Function features
‘3 y Membrane transport of sugars
. . T BCAA transport
Dysbiosis = L SCFA production
* 1 Metabolism of cofactors
1 and vitamins
Cardio-metabolic
disease
Taxa features

» L Enterobacter aerogenes

« L Escherichia coli

« T Faecalibacterium prausnitzii
« TKlebsiella spp.

» T Ruminococcus gnavus

« T Streptococcus spp.

Function features

= L Activities of SCFAs

« TTMA lysases

« T Phosphotransferase system
« L Vitamin metabolism

« T Lipopolysaccharide biosynthesis
» TTryptophan production

» L SCFA metabolism

« | Butyrate production

QIAIS] ofAR] THAR, APFTHAL, BT, AR e
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Satiety

&

* Energy harvest

* Fat storage

¢ Adipose
inflammation

01 00|53 =Hi0|Zat WSSOl BH, =
Amino acids Gutl
Dietary fib Pri bile acid bt Wmen
%;5 nmary. |.e aclas Phosphatidylcholine *?%c{;oé&.k%
—_— 0% and L-carnitine 1
> LTI T
l l ey O Ao Korly
{3 =1\ {d=1)\ {d =3\ 1 DIO-{(0yy AN ecine
O AYE QT O Z S {;% =i\ Specific bacteria
AN ~ O ~o D ST~ bacteria
Firmicutes/ Specific Gram-negative ° ) M Increased
Bacteroidetes bacteria bacteria OO% Specific l 90b1§t cell
Secondary  bacteria [ 348 ol density
bile acids (4 )kN/ !
LPS BCAAs R H oo
00 o ©0® N-Acyl amides ClpB Amuc_1100
o2 OOOOO ) ~ %0 Y MECO-1
SCFAs Secondary bile acids S %% 0%0 LPS _0.. * Indole Entero-
Acetate Succinate m Imidazole | jndole endocrine
propionate derivatives cell MC1R TLR2
| ! bt fejeafaliohoNef S ofatoak ooy ins )
“lope ‘ ’ TG#S ‘ ‘ l L\P’ER_H R iooi ‘
2 )] JGLP1 ARR [ | CPYY,
t;.&} Improved gut
Ghrelin Neuro- barrier function
Gl Aer PNy transmitters | _ %°¢
UCP1 23 Cytokines
Gut peptide

* Body weight gain
* Fat mass gain

(p38/mTORCY)
O

—

Atherosclerosis ¢ Fatty acid metabolism ¢ Insulin resistance

¢ Inflammation ¢ Glucose intolerance Inflammation

* Satiety
* Neuronal effects

£X| : Fan & Pedersen(2021)

5

1.1.1. CHARE
2] Foll AL Q= vdEe] S99 A% WAEe AT Jtke A2 A 20064 vl= HAJE o
(Washington University) A1Z8] 11=(Jeffrey Gordon) BFAFS] Su|2-& A1E 5af ITA|7] AZH3iLt.

Alze] TE Ak Hlgk o} ule o] Hold Skt njAEe S Fo) Fe A Hlut o] Bl

[s13

=

A2 TS FUT Tt F7F R F9] oM D2 nES FU Tt FET O #l=A] H]9to]
S 22 gRlekaL, BNkl AT viE Ae] & & s SR AR HEths A 23 SHSIRT:
R of&} AFo] T Bl Eolet niE AEelo] oA e nAES Fat o FUT A, oA
AT Ao TR & W9l 450l nlES FUT At 77t B #2A Aol 7= o] H]wlo]
HE AL FRIsHATKI™E5)(Turnbaugh et al., 2006).
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- Microbiota  Recipient mi
” ecipient mice
Obese twin transplant b

Increased adiposity

Lean twin

Low-fat, high-fiber diet
. Ineffective_ T,
~ ) microbiota

v
(.~ transmission @\‘/

o ek

High-fat,low-fiber diet

/\/k Ineffegtive /,ﬁ,u/v’\_\J r"\\,.‘\
/ microbiota \
- > transmission S )

P 4

=X : Walker & Parkhill(2013)

20134 Yg=t=o] oif ApRES SRAEYUR YA (Clostridium difficile B+ C. difficile)P]el=
A ool osf WAshs AEe A=sly] flsl A% AFe] 3 & ndES EAIA of4sto
791 100% 77he: BAEE HIHKTH 6)(Van Nood et al., 2013). C. difficile?] I3 §HE 71&0
HEsmto]il(Vancomycin)olehk= Z2eiet A= C difficiles AEA7 = O A &6 o AdEo]
E1, ¥A180] 20-30%C1 AUA] ekoF A1zl ofteS FHIL AT ool &1 oAk 3 AL A
TES SANAl HRAA A&she of=fet WS 20149 AIABAIZZHA AlA 100 /7% 71&
SR QI7k mfo]A&EHbol g X|&(Human Microbiome Therapeutics)2 AA%7]% ot
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8 6. 2% W 01 0|AZ S8t Clostridium difficile ZE2| Xz

o K.

Antibiotics Host Factors Environment

Fecal Transplant
from Donor

Free Sugars
(Sialic Acid) )

Bacteroidetes
Sugar Alcohol

(Mannitol)

C difficile Infection
with Decreased
Microbial Diversity

Increased Microbial Diversity ("
Following Fecal Transplant

Proteobacteria ¥ A B Lachnospiraceae

Primary Bile Acid
(Taurocholate)

C difficile

£/ : Kelly et al.(2015)

229 A & nBES 9548 EY, B T ST 22 48] gt ofye} G, BISH,
RS ThefRt A Aol Qitks AT 23t dojof EAEe}. 2 g Alto] H- A -
Aglo] w2l Joll tisl s E 254 A AHFE SHeE A-H £ W T ARE d¥che
=i2o] WHEATKIH 7)(Willyard, 2021). Tz1EH 212} HollA dsl= 25 He gt A2
(Misfolded e-Synucleinjo] 28 &0l 58 A 0% A=, sig 719 deda} fARE 729] o]
AR A Algtol] oJs) A= o] A5 H319] 33 (Template) 0.2 283 7MsAd S AASIAL 5t 719
L3t AFEEQ] S fAF T2 A S AASHE diete ol Foiet §9] HolA s ThEo]
A== Zlo] TEEOH, ol He A Adsl: 5417 (Vagus Nerve)ol 713 Tldl Zgof Hofgt
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Ao AL t}. L5417 ekt Bisii= AUl Aleto] itske tAEEo] o5 254173 gt
SRl W2l o = 7Rs/dE ARSI 53] Tt ol welaEHlo k2 Foldits o 29154 5747385/
A8 (Amyotrophic Lateral Sclerosis) 373 H3bA171= AUl Aldto] Hreiom, s nlgEo] AJiket
A=A (Nicotinamide(Vitamin B3))e] 2Jgt AQlo] 27| : 51ch ESE AHH AHEH Aofi(Autism
Spectrum Disorder)?] 4+ ASIAZ = Ql= fAREC & FERMIHA 2H|E|(Lactobacillus reuter)s
ERlstH o, nFAEY foll weh sl offof AjolE Hol= AIE AASHAH.

POSSIBLE PATHWAYS TO THE BRAIN

Scientists are starting to explore how gut microbes can influence
the brain. Experiments, mostly in mice, have identified ways in
which the microbiome might be involved in some cases of
Parkinson’s disease, autism spectrum disorder and other conditions.
Studies also suggest that microbes could help in some situations.

A strain of Escherichia coli in the gut makes a protein
called curli, which can prompt other proteins, including
one called o-synuclein, to misfold. Some researchers

suspect that these misfolded proteins transmit the error {‘: ;s:sfléﬁr\ P e%
up the vagus nerve to the brain, where misfolded S erain
a-synuclein is linked to disease symptoms. cx-syr;uclein
Vagus nerve i
Curli = il ’i’%
protein === e
' P s \_—‘,- Brain
) £, coli o s, Vitamin B3 enters
¥ " A. muciniphila brain, probably
Gut makes through bloodstream
Segmented q)B\J\Htamln B3 i
FEmantoie %0\ /‘ Motor neuron disease
bastaria ,ﬁ'\ gie Nen ' 4 The bacterium
@@ il Bloodst Akkermansia muciniphila
Infection 7 QOASHEAm 1 akes a molecule called
prompts _ nicotinamide, also known
gut bacteria |- Cytokines such as as vitamin B3, that seems
to stimulate | IL17 produced to travel to the brain and
T-helper 17 :\ improve symptoms of
cells - Placenta motor neuron disease in
* mouse models.
\\
Developing #u-L-17 reaches
fetus i /.* brain, probably
A through placenta

Autism spectrum disorder

Studies in mice suggest an infection in pregnancy can set off
a cascade of activity. In the mother’s gut, segmented
filamentous bacteria stimulate T-helper 17 cells — part of the
immune systemn. They produce immune molecules that
travel to the fetus’s brain and provoke autism-like behaviour.

EX : Willyard(2021)

2021 August vol.7 no.8 11
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1.1.3. (Cancer)

&Y, A oS 9 AmolA] nPES] F2 A7) Rt =2 tYdelqint 2 Aol HE=lo,
Hho|2A Ee Jato] ol ] WA 91, olge] & WY a®9] Ay s s, HolE A5t
Aol T2l B e AL TGl Al mlolaZHo |t SFHAA ] o tiACancer Metabolism)2]
SBBATY =] AlRksHEA vho]AzBtol 22 ot} YA TIANE AEASHL S WY B
Z4s}7] 913t A7 Eok BESHAl ARFE AL et PR npolAZHtolZ HEHAlE w412 &3 o ¥d
ufo|AzHlolE A Hlo[HE Gl s& KPS ol 8sto] o B 28 dofske B4 At Ve
ASohe AF5EH & 24 Aleto] Wes dibE S22 W9EA £d S/ ado] 243 qfsto]
Hoh fAFos o A&7 #AS Mdstele A77H] vdshA JBEHL ok 22 H-AE-F & €jof
H9-ZoF-nto] 3 24}o]2 Z(Immuno-Oncology-Microbiome Axis)e A 2Jol= =19 8), Sepich-
Poore et al., 2021)°] TH#E B wlo|AZHo| &2 53t QA HT TF thtE 20l oS SEsHAt

she @7t sl

A i Splenic processing of D
E. hirae during CTX:
1 pathogenic Ti17 response PRR/TLR Intratumor
1 CTL/Ty intratumoral ratio PRR-initiated
+ Antitumor immunity % i ‘t . tolerogenic
reprogramming:
g,l(Macrop age DC i CDPB"FOOII dar:b';hy
2 | CD3* T cell density
= YE { TIL density
Microbial e =L 1Tey
E. hirae
ﬁgre\:gzt . ttr:ns/olcatiun -
: I fo the spleen wii
1 thymic ) \ Sl CTX therapy Spleen | wacrophage
cellularity | L ] : aseociated
L\ o
i dlG ) °
i i Y o I SCl d OMVs
Microbial X A iy % e systemically
energy S\ Intestinal e v
harvest Y :
! bone mgrrow Bifidobacterium spp.
cellularity translocation and/or
b 5 antigen presentation
=
s g antigen-  APoptotic i Molecular
: specic concercel} ey
. \ Intestinal ®) ; i between ﬂut
\ A Neoaniigen- S4FT microbial and
MAMPs and i | GALT/mLN processing | leerl] HEE I
SCFAs can be i | of microbial antigens: ‘ - .
radioprotective 1 DC maturation
oY % | 1 DC antigen processing
1 Co-stimulation \_— Colonized
1 IFN-I signalling ('f:g:‘;‘ggj;if;i)
Radiation [l Hematogenous microbil
spread (e.g. Gal-GalNAC

adhering Fusobacteriu)

£X : Sepich-Poore et al.(2021)
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D= H[0|2E|A(Probiotics)E 018 AHO| X|2

85 A% S8l fAkt} 2ol 98] Fo ol2 nlAEQl ZEHo] 2 8 A (Probiotics)E FE5] WL
= ARFEC] Bt ZeHP| QEIAProbioticshis QY] = -F213t AolSle nES Sk, & Ll
2 ¥|9 | A Bifidobacterium), BERMIE A (Lactobacillus) S°] AT}, ZE|Hto] 2 8l A(Prebiotics)=
HAsH] Z2E AU Felet nEe] A B4 e RS Blol= Yl e 7Sk Hl =Rl
= =42 Ool, = 2917 59 ©@elE, Aol 50] HiHEAolth EAEH]QE X Postbiotics)=
npPgEo] HEoluls, A Woll BRI e = EEE 9] Foll folRt IS sh, & 84
HEfo|= 50| ofof] &3t of2f3t LejHlo| RE|A, LEHlo| QA IAEHO|QEAE= B AW AvE
E2 0= sh= Zo] oYz} QA who]ZzHo]F0] 443 7|50 Egol He Ae HACE ol§H itk
(1™9)(Fan & Pedersen, 2021).
SHA|TE o] 2Rt ZEHo| QY ATE R AROf|A| oI5t A2 oflEle AU ARZE BArE L Qi of=
L Hlo] QE A0 = ul - WA oF2] oW wjAiEo] of | ARFoAl FIRMA], FolsHA] A gt
Rt A7t FE5h7] whzolth F oj2fet BEEHS S5kl TEHlo| QY AT} 2730 KA dofA]
Hoju § A52or AW A g HEFor 8T ¢ s FoHH 0w FIsHA Ak, ol
Higo g m2Hlo]| QEAE JfeFol= A7t uf- SRfobA =1 QItHFan & Pedersen, 2021).

319

Microbiome-directed interventions

Untargeted Targeted
+
CED, =
A
%J/ % )
Exercises Individualized Faecal microbiota Bio-engineered Drugs targeting selected
nutrition transplantation commensals microbial metabolism
Qii Cfg Too (@== R4
N oo ? 19)
Prebiotics Probiotics Synbiotics Postbiotics Phage therapy CRISPR-Cas9-based
1 l therapy
General improvement in Specific modification in
microbial composition and functions metabolism-related gut microbiota

&% : Fan & Pedersen(2021)

2021 August vol.7 no.8 13

(1]
of
0
El
=
bf
0|
2
=]
3
St
=
2l
ASH
=
3_|I-
o]
3l
Lt
o
At
M|
CH
g
=
2
[=)
]|
ASH
=
74
(=13
=

®

(==

It 1% N0 12



01 Oi0|2=H0|Z1} Sgdd=stol 2, XM 2=E D1d= 71

2.1. XHM|CH Z=HIO|QEIA

ARG 7| A GEA7]1%(Next-Generation Sequencing Technology)¥} A} nJ3E Hjo}714< 18 109
e A Zvlo] @Bl nlEe] WaEy AT S AN G BRA7 e S5t AU
IPYE 5ol iRt WeHARs £400] 7FssiA A w4t siglo] B4 d7h ZlisiAl. ofE S LEHlol
EA 3% AF0| U 3= A ZRHPO|QEA ol H/50] A nE 5ol thet H3let tiEo]
=74 Ao gstet A1 g0 Akl vdE T2 7isAS HiFE ST 710 B9t Ao A%
7158 713 A Foke MRS nAEY EaE 454 715 ol A9 ot X 5E AZAIA

A Z2Hlo] QEA R ojojA| 1L Qi

Batch cultures Continuous cultures

g
2
]
o
g
& =
b Chemostat Minibioreactor array
2 Test tube
2 A
z i
(28 q) é—l
\L
Microfluidic .
Batch reactor droplets SHIME
- > = o
Fimrin
Human cell lines
E Gut-on-a-chip
]
g I |
€ - B Qo =Y = o
b e eenteshe
3 I 1
=
Organoid ll | ‘ | ‘ | IJ | ‘
L 1
HuMiX

ZX : Vrancken et al.(2019)

14 Convergence Research Review



A ZgHpo] QEAE AAIA] A7 SR ARREA] koo, AX AgAE avtdor A
I Q= QA nIES S5t o] ul= AECIeFH(FDA, Food and Drug Administration)lA 7-gotal
= Aol W] 2.219FE(LBP, Live Biotherapeutic Product)®] S Quygsshzt], Hlol 2. ofofa
HAlo] ofUAl QIte] AZFolut Ao o} A &o] AEE & Q= Al 22 Holle BEAR
A=} JeKaF 11)(O'Toole et al., 2017).

Probiotics Live biotherapeutics
(and next-generation probiotics)
Long history of use, e.g. No history of use, e.g.
Bifidobacterium Akkermansia
Lactobacillus Bacteroides
Saccharomyces Faecalibacterium

Escherichia coli

@biota

l Food and supplementsl l Medicine l
=X : OToole et al.(2017)

Al AP o] QEIAR QI7k Ay uAEe] 20-30%2 AHAISRe 8 9o] Algel BheEole|A
(Bacteroided7} JEKE 1)(O'Toole et al.,, 2017). A7+ tJOE slo] 1 50| HSH XA ZE2Hlo]Q
EAE dilolo] SHEAOR L HIH =Fo] ¥y 90| sk Aok (& 1) Zrt
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01 Of0|2=H0[Z1t

SEAIAH
(=}

5t0|

M Q=g Okd= HE

= — 0O,
m Type Disease target Level of evidence Study type
Bacteroides xylanisolvens |Natural(human) Cancer Medium : safety in humans has been Human
DSM 23694 established while levels of TFa-specific IgM
have been shown to be elevated in humans
Bacteroides ovatus D-6 | Natural(human) Cancer Low to medium : increases levels of murine |Preclinical in mice

TFa-specific IgM and IgG

Bacteroides ovatus V975 |GMO(originally  from |Intestinal Medium : shows abrogation of symptoms of|Preclinical in mice
human gut samples)|inflammation DSS induced in murine colitis model
expressing KGF-2

Bacteroides ovatus V975 [GMO expressing Intestinal Medium : shows abrogation of symptoms of|Preclinical in mice
TGF-B1 inflammation DSS induced in murine colitis model

Bacteroides dorei D8 Natural(human) Heart disease Low : depletion of cholesterol in vitro Preclinical /in vitro
Bacteroides fragilis Natural(human) Clearance of Low : data only /n vitro Preclinical /in vitro
7Y-312 infectious agents
Bacteroides acidifaciens  |Natural(mouse) Clearance of Low to medium : increases IgA levels in the|Preclinical in mice
JCM 10556(T) infectious agents |large intestine of gnotobiotic mice
Clostridium butyricum Natural(human) Multiple targets |Low to medium : evidence gathered for claims|Human
MIYAIRI 588 including cancer, |in human and animals trials
inflammation and
infectious agents
Faecalibacterium Natural(human) Mainly IBD but |Low to medium : mainly focused animal models|Preclinical in mice
prausnitzii also asthma, of colitis and in associative studise and in vitro
eczema and

type2 diabetes

Lactococcus lactis::elafin

GMO(host isolated
from food)

Mainly
inflammatory
diseases such
as IBD

Medium : good evidence from animal models
of IBD

Preclinical in mice

Lactococeus lactis:trefoil
factor 1 or IL-10

GMO(host isolated
from food)

Allergen
sensitivity and
autoimmune
diseases-typel
diabetes

Medium : mainly animal-based efficacy

Human,
phase? trial

£X : O'Toole et al.(2017)
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FAASSEI] T 2HI0|QEIA

A0 ARlolAs ojn| Zeuo] QEIAS o] g3t RO o-A-A] =] HF7] W} dAIE o] FaL
et 22 AAES ZEHPO|QEAS Aol %KLiving Medicine) 02 7ids7] {7t ito] MRS
7FstaL itk E3] 7]E0] AmHo] AU A& aeo] W2 A¥S e -At-A57t kst
Y 9=g vAE il Hiet B2 T A diitE FAE Skl Stk

ZzHlo] QEA7E Ae] 2|70 ol&H7] YsiHE A £4 Ed(Biomarken S 45t AHS
ket 4= qlofof s, FAlof s AHo] AmAE BAF 4 Qlofof Bt ZEHPO|QEAE £
garstol 2 s RS 2 ] el olE ol&shd A7 A Sl AHA Ae g

ARG 5 d Aokl ok AT 4 k. Tk Emlolog Al g o) Awid Wy 14

242 of@] A4 4 Y2717 o] AolA PHAETE Fo) Lujo] el V4IRS ofEA] Ao
959 ekl Azo] 2ol Aojgl oo AU 4 YEAT LokuAlk

) AL el L) Ak} Al e Do) Hst AlE AIak gela wegap) el wiol
et 53] A9 Atk fJsiA= BAIE AFfetAY 52 Wile S5l AR AJHE ZUsfoF i,
2Rl Fof A= X A= AA W ARO] WY gl tiet AARE FE7F R3¢ AR FojEjojof
Sh= ofglRol] Sl o]t ofEe=S SESl7] 15l FESte] Bash. FHIAEST ol AFdol| EAsHA
o= ASABAE AR E oAU 71E AHAE BHsHE She TRt So] eSS AR eks
Ik By o7 883p] Yol AA-3HAI-A131-85(DBTL, Design-Build-Test-Learn) Al0}E& E=Y5}10]
2J20] SRS e IS HHESHL Qi AA] 2| QEAS o] 83t &g ul¥E JEo] SlojM=
DBTL Afo]Zo] o]-&E|1L §lon, 7} eAER o] gr)= 82T} 7|&E tJoltK1d 12)(Lawson et

Fl
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01 Oi0|2=H0|Z1} Sgdd=stol 2, XM 2=E D1d= 71

Substrates  Products

Adjust loading—|}| it
Metabolic fluxes———
) @
1 S o+ IS By >
Remove reaction = @
Ecosystem optimization Synthetic assembly

Maximize community biomass
o o
' 1
o
oo
Quantitative
microbiome modelling

/a- &
oy

Self-assembly

2 (. L
[+ I I (3 I
= i = I I
= | | E=3 | |
' e ! |

i i

| l
Metabolic Environmental

Mass spectrometry

Ecological niche and sequencing

modeling

L]

4 ]

§ —

:

L4 °
[::\ e
L L

Machine learning and High-throughput
metabolic flux analysis screening

ZX : Lawson et al.(2019)

N
2
[
jin
Nel
ol
19
_{O

H4 7I& F ol Fopllde A HESo] AREHL gloH, 7MY 24 AL
U A8 Bopt uig dAA o] Aljjelck. 20008 & AR 2o gt & O] t=Fo] HEE|HA
Fg8ESto] 242 07 WHsly] AR & 719] de-FAAR]ZE A B2 A9 (Genetic Toggle
Switch)@} A7} 2 QAlEo]E|(Gene Expression Oscillator F+= Repressilator)o|t}. o238t Qla--4%}
I2e WS AFse] oofs A4, Aol a4 55 Ailske diakgstoll g2 os 2850
et HZol= ABAI A7 A FARZEI(CRISPR-Cas) 71&3 FEsto] QF Ao s
AASH] A2 HARE Alofsles 77t Bol o] FofR|aL itk ol2el JIS-AE2E B3 &F AeE
AL, AAE AlZo] ofsf A A7k AleHAL Y= HEAR] AF #ok= AR At A=
Holo|t{1H13)(McNerney et al., 2021).
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Diagnostics Therapeutics
Ex vivo blood testing Cancer targeting
K ‘ . OO ° o
O
\\ L 00 ° y

Real-time health tracking Immunomodulation

.-
E

&X : McNemey et al.(2021)

Microbiome modulation

=3

E4 Aol At 9 I o2 A5E Yofl, FAHeR As|ojof T 32 At AAH FHEELS
A= nES Aldshs doltt. PRk o= oy ndEe] 39, #24 B8 AAIsh= sEo] ZojHo]
7] 2ol ¥4 & 4= Q1= 3G AAS| 2 (Artificial Genetic Circuits) 2 AIZRE &, o]
s W= Z9iotojoR St MBESY] dZle F ohuel dERARlRE TRt AARIAL
(Transcription Factor)g ©]-8oto] 1% E4& TAY 49 el +42KHGene of Interest, YEH&o 2
B E= PEHA) HES FestAY AT 5 ek B3 EF A9X|(Toggle SwitchyE AlZFst
T 709 HARIARE AREst] B R3] S QP4 0= Riesial A &= itk Yo7k AND AlPJE
TR ZE AR B9 F 719 74 =2 FAAE EAAIE 4= 9loH, OR AlPE
FAARRS] = F Y £ 24 5 sttt EAd T B fAAe] HES R & ok olgA
ot =2 3l2e AR o] st #4 549 gt 2= AT 4 A A E AFE

UKTH 14)(McNerney et al., 2021). o]# JAFFHAIEE S8otH 7|29 v]-54I(Noninvasive)

iy
tlo

N
>
ok

o)
o,
N
=
ok
E=R
rl:l
ful
P

2021 August vol.7 no.8 19

(1]
of
0
El
=
bf
0|
2
=]
3
St
=
2l
ASH
=
3_|I-
o]
3l
Lt
o
At
M|
CH
g
=
2
[=)
]|
ASH
=
74
(=13
=

®

(==

It 1% N0 12



01 Oi0|2=H0|Z1} Sgdd=stol 2, XM 2=E D1d= 71

HAF Ao 2= BAG)] o3 AR S7F3A E&(Transient Molecules)S A1 IR} QlAlslo] =45k

= 71 W2l olE &8st Al E& EZ(Biomarkers)E TEIIL A= Lol Zhs A

Transcription factor control of gene expression Toggle switch
Target protein
not produced Inducer 2
Repressor Gene of interest - —>
Pmduc\ble.R Rep, 1
Repressor 2 P Repressor 1 »{Gene of interest
Target protein Rep.2
produced T
L Activator Gene of interest - —> gg Inducer 1
P
inducible, A
Boolean logic: AND gate Boolean logic: OR gate
AND OR
i :
=Y
| B A | Gol
Activator binding sites
A B Gol A B Gol
- + - - + +
+ - - + - +
+ + + + + +

&X : McNerney et al.(2021)

3.3. UEREA=|ZE Ol YA el 28 TH

m,

)

oF 22 ArEQl ARl H8ESA Ve =sh B Estal(Complex), A nsi
(Robust), A1#& <+ =(Reliable), TP 0= AAE =g nidEe /AT < WA ot 3, At
Sz A 9 Ade] o] 82 < 3tk ofd 23] A 9f kS #3f ofdoll HESshe AARIAE =Yt
SRR =7 HAE m8ES ol8sto] Rt MaEkelZH, HEEARl % HE-TIzE)E S5 ofd

29| A=E T 4 Stk o] W nE AEe 2 AxEL AFE S k0] A2 v

il

Aol EAID 75 HepAa} o] Mo] Wttt &4, SRz AR W g9 olgE 4 3

£8) g o 95} Zo

jaial
>
)
r [¢]
ol
rE
4
ol
"o,
%
[e]
-9,
ol
el
rlr
o,
o
ro,
oK
N
P
o
N
ol
=
i
=)
ox
|}
flo
o
>,
x

H =
BANA ASH02 JALS P 4 Uk FAL AT 4 Y BEF 2949 4% 430] 92
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A9 5271 “OFF A7k 513, %0] WAlske "ON' et Elo] Bow wizE njgzel Agw
QA50] Wy 952 BRIF 4 G ek A, ATHHASRI B B o] HHsle] 4 BEY
AARE BUEHo] st ngRe €Ol ) 9% BA 2UL AAT TS WHeme) oA 2 U
(Promoter)olA] SAImE|0]=((Luciferase), ABA7H & e o] Tolsh TS YAste] WS
5T % 9t o] VARE g ZREE] A7 FUY & e 29 A4 o] WaEel ok
AR} A AR v o] BSHE ZAACIAE FAsk, HskE Bo) AAOE AES

AA o] AAF Aol s & A K™ 15)(McNerney et al., 2021).

rir

Ex vivo diagnostics

Add serum

sample to X
lyophilized O Incubate sample Visually

with body heat interpret
and motion result

Zn?
Le Borderline High
Bl ST vio ST Kol A o poreerne 79
Visually interpret
test result
Transcription and Sensing @
translation machinery circuit
==

and reagents
(5]
BgB@e

In vivo diagnostics

luciferase,
haer

EX : McNerney et al.(2021)
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01 Di0|3=H0|Z1} Sgdd=stel e, XM 2=& OId= 71

Xt

——

3.4. ASRENLIZE OIS S &

olA

7129 FARIALE 7Rk R 3 QIg-RRAR] = AE AlSo] ofsf f=H 2 FAAte] Wdo] YA
0]7] wzof Aol AREE7|ofl= ofefgo] EAsket. 2, WAEAI= S-St (MIT, Massachusetts
Institute of Technology)?] 3} &z} Aw(Pamela Silver) W4 ATEL 9] Ajol|A A5kt
T G5 A Al GAH R FA B = A 2ANY(Tetrathionate)& A & AAE AoE A&H0=
FAZL 2= Sk 719 B (Memory device)E 7HEste] EPFOEH nES 0§35t A A 716H
SFTHO Toole et al., 2017). olwf 7L 719 A= IAARI F 425 477k Al24 §kgo=
Zgksl7] whizol Y Al AR A AlSE 7|9S 4= k. o] 7|9 A= F V9] E-RRRER
=0} Ql=tll, Stk 2R B49] Aleo] ¥h3oh= =3 E(Trigger Element)o]X tHE b= Ygd
AeE Adoh= 7123 2(Memory Element)oltt. 71932 o $49] Alo7} gl ¢ AARdehidel
cl9] T&E Folf ofloll AXE the MARAGWAR] Cro ¥ lacZ ZEH 479 ddE Ao 24
‘OFF" AHE FAIRI ofu, Ul 9% #4 24 5 s AlEl24tgy} 242 o17o] 54 744 40|
AA = f= 320 9J8) Cro Tdo] W= 1, Cro W2 “OFF AEE fAoh= HAE
clo] &S A} EH Cro Tl AT} JacZ 2| 2EFARR] WS =3ttt i R Cro THld}
lacZ YEE AR A3 E40] §lol: A& 7Fs3t “ON” AHE FARIKIE 16)Riglar & Silver,
2018). ol&fet A¥E EMiZ, A5 %G54 2lZE(Noninvasive Reporters)?] 4202 AAH
TBES AU A5l =g 7 24 A&sto] 671 ol AEHA R G5 BEATe RN nE It

A Bs USIIAT

w}

o
A

4

i)
jus)
=
2}

Transcriptionally regulated Environmentally
responsive trigger
/
@ | (
- cl CRM 0,3-1 °R cro lacZ y==+ == cl CRM OR -
Memory circuit — OFF Memory circuit — ON

ZX : Riglar & Silver(2018)
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| oA E Z2uto] QEIAR] tit UE 1917(Escherichia coli Nissle 1917 B+= E.coli Nissle
1917)& ol&sto] HRIFA 0 | A5e N & Sl 71&0] 7= Woo et al., 2020). =833}
AT olth3] BAF ArEE Aol ARt A5 EAEEQ FAtA(Nitrate)= Q14I510] B A Ak
T Sl= AR E /e, o thdst UE 19179 AZlsielth. o]#A HES1R et Us 19172
AAEE o FUsto] 62 < TERE 23}, F9 A & G50l AsixAF F9] ®HoNA FF A717F
Hlgsto] S7HEQIT &, ZRHPO|QEATE Fo] A £of|A AR sto] AHA F52 ASH] FHo FF
AR A459 TS dEE Aol E3 o AR 859 A ALLE #=o)7] A E5Y E
e #4 549 Bl Thiosulfate)o] FArAT} Ao 4 &of 24T fivt F33 &4 vHEolvle
FRAARRE st BarsitKTd 17). ol =4 $88ET} 7]eo] dAA 0] Fobo] A= 2§
7Fsde AARE AoE, dow B B4 diAl A5 AR 4 e AAES AAlsto] Adka Ao

A&7} 7hsst Zeulol QA0 e Z|iEy k.

s

\ Boolean AND gate

S <,
N oo )
Nitrate AT ADP Thiosulphte ATP  ADP Signals Hltrate Fluorescence
N W Thiosulfate
Y Yeee BOTOHOX

Sensors

°
8
8

a
g

Nitrate [uM]
3 8
8

5
Fluorescence/OD,,, [a.u., x 1,000]

0 625 125 250 500 1,000
Thiosulfate [uM]

UM AHE QATFHAAIZE o83t Aro] At Qo AAd ngEo] A9l 13 E4E AA‘H
%, o] Az 95 A A5 & = EEZ BARIHH Ao g} A&7t FAlO] 7hssiXIc
T A7FEE Y 5K National University of Singapore)d] & ZHMatthew Chang) 74 AFEHS

=511 Pseudomonas aeruginosa ¥+= P.aeruginosa)®l oI5t Al 7Y A 2E 9o T2ulo]eEA
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O|=2H0|Z 2 tdd=stol Ty, M =8 Old= HE

S AdAslo] ARESIHtHHwang et al., 2017). S50l tigt £0]4 7A] A S & =5tolA st
A&E5 1A B2 (Quorum Sensing Molecule)Ql N-acyl HomoSerine Lactone(30C12HSL)YE ©]-85t3itt.

Bl A TlgRo] 2719t 55 B TE 39 74 UES WAk Ao, o] Bulshe

S5 A5 B0] uRe] Wist Flelel A4 S o ZANY, S48 AT TS PAG AR
Suo] ojs) o] 4 W] 2t o] RHeFo] xS 14 7|8 ol8sl

T Zulo] 9 EJAQ i U 19179 EUste] =53 P.aeruginosa) O-2EE st
(Quorum Signal)oll §k3ok= A58 S 7idstt. o] S et S 1A As B4
30C12HSLE Q14]5}0] o]of tfst ukg-0 & 27} A& 3] ThllAo] ColE7S ARSI S4|
(Anti-biofilm) T4891 Dispersin B} @ A9 S5 pyocing JAts10] 512 2R 13311
FEH0RE =0 APHAA HsHo] 9L 5 4 YA HrKIH 18)(Riglar & Silver, 2018).

Regulation of therapeutics

(sense-and-respond) oo ©
o
" P. aeruginosa
rDelssease.or compound . 30C EISL x x
ponsive sensing Therapeutic 12 é ° X
o0 expressed
o © and secreted o O ColE7 cell lysis
\ Anti-P. aeruginosa fOF delivery
o pyocin S5 toxin

= @ Dispersin B

Signal integration and output for biofilm
Tl <—| |—> |—> |—> disruption

Event reporting @ 5'\ 1E7 \ dspB >_

lysR

{ pyoS

ZX : Riglar & Silver(2018)

3.6. gdd=st 7IE= 018t & Xz

rLOl'

A& AP ol ASEe BBES 7Ie A dETt ATRAARIE, AR teto] Thegdt
J&o] AZ= L 3ot 53] A Fofsfor sk mAES Aol ASElofor o] wizel dRtAos
A AT AN Zeuol QEATE 22 o] §EH, of w oF TAY Fejof AdH oz FAsE ndES
o] &3l Zlo] A 4= Ut et US 19173 22 UF Tl Ae et A 75S

N

rr
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843, $8 BdolA] AAHOR 1Y FYOR oS Ao ehgon, 1F FF folH A=A
Bt ALSHES B2y 2 4 rky BustkDin et al, 2016). E3 4E vgRo] o
2Ae Aoistol ARAS 571402 AU 4 Qovl, ozt WY Sl AelHow BArL
¥I} Afejo] wiek DBTL Aol 282 53} w59 A2 tBE LT /Rsshd Holch. £8 Ty

A ABAE FAE = Qe AN ZZ2HP]QLEAE Jdely, Ao g o) ARAE AGS
% Ql= RS 71&% o] Z|HE 1 1™ 19)(Sepich-Poore et al., 2021).

Microbial chassis selection, payload
options, & circuit design

Organ-specific

. . . -
Minimal systemic toxicities & commensal spread |

sufficient antitumor efficacy

Available route(s) of administration &
effective biocontainment strategies

Ease of manufacturing, batch-to-batch
quality controls, & distribution stability

L

Satisfactory patient dosing attributes
(odor, color, taste, refrigeration)

Regulatol Peri-intestinal
:g:riva:y translocation <
Genetic engineering (. r:ja:l;;eetlc /
"'55' TF Environment = Cancer_Cells IHEN
“(‘\k EXECUTE Produce_Cancer_Toxin
#\k“__’l EXECUTE Produce_Immune_Beacon|
T A e —> EXECUTE Self_Destruct
- "*‘ xf ELSE
l.z;‘;‘g EXECUTE Self_Destruct
e ENDIF
E. coli Nissle 1917 (Probiotic) Plasmid . ¢
encoding Gut epithelial damage oA
(e.g. via chemotherapy)
I:O O O:I & microbial translocation
— —
Hematogenous microbial
g spread & colonized
E. coli Nissle 1917 metastatic spread
Strain 1

\i/
Selective Quorum sensing &
tumor in situ production of Patient
colonization /‘\CY‘MDK"? payload | tumor »

®»H M@ OB

)
Cyclical Strain Strain 2 Strain 3
dosing WSS, | identification
dynamics | ¢
Checkpoint inhibitors
Culturing anti-CD47, PD-(L)1, CTLA-4,
C‘ o z‘ Se-quencing o
g . o Apoptotic
' @D~ cD-®-D
eptides
Reseeding \—/ Bacterial lysis & Strain ’ =
by remaining intratumoral engineering e . Tumor
bacteria therapeutic release T

e
Strain testing (e.g. PDX models) peptides

EX : Sepich-Poore et al.(2021)
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O|=2H0|Z 2 tdd=stol Ty, M =8 Old= HE

37. MMESt 7152 0183t AHI Q2] DB B LE o

FBES 7180 9ol AEAE nBES F19 A 9 Ag Fopofl Ash] flsiie= et
(Biosafety)¥} =284 84l|(Biocontainment)oll thet 7|& 7ol Fas5}ct. ofo] #dt th4=9] A A7}
FE 9 Q= 7Y T ME AFE AQA|(Kill Switch) A|AHlo] B TE|QTKStirling et al., 2017).
o] AL tE F99] & W30 WkSok= TZ HE(Promoter)?} typell toxin-antitoxin A28

ol g3ttt AWl 2&91 37Tl uES ArES Fieshe S/dTH A (Toxin Protein)3] CedB2] o]
jAElo] ugE 2] AEo] 7FsSHARE njdEe] A9z HEE S 8-S ©82 27t AW LEHG YY)
tizoll(22Tolsh) R 2ol AEshe ZRHE] OJ3 CedB2] TEo] oA Al AFES [=5H
HoK™20). o2t AlAde S5 A 2 A5 vjdEe] A9l siEHAS 35 AFBAAI 23]
ngE0] AFgo] FeEo], AEAE vdEo] A nilE #HoR FUHAY 52 i)l 7 ol5E
7Fe/dE €997 e 847t 7hssiAl €k

37°C 22°C
Constitutive Environmentally ~ Constitutive Environmentally Permissive Non-Permissive
Promoter Sensititive Promoter r Sensititive Conditions Conditions
Promoter Promoter 37C 22C

{AntitoxinH Toxin } -LAntitoxinH Toxin

v \/ v
€0 @ €0 ©
N\ S N

S @ S

Toxin is sequestered Excess of toxin

Survival in Cell Death at
Mouse Gut Ambient Temperatures

ZX : Stirling et al.(2017)

26 Convergence Research Review



ol F0! AofQl Hjo|QojorE

ARk Hlol=zuto] g Tt olsiet Zlo]e] o] Wolxly, rlokH o sk NSt 74t 83
lo]zi2Ho} g2 Alojglis Hlo| QoloRRo R EubAe) BAS W Sk, 53] A A=ARA A8 W
S BZE A S A9ET glh $4 ASH 0 AN F4pF 20104 olF $43)
S715teA] B9l AekEglo] ARElTL e AT B9 ARl 22 AKIEE Hd B0
A919] %2 AE e 919l vlolAzulol g0 FAAE QAL HFH FAj9} AGRS Ssk
9k, B3] 0l A0 Y meHo|oEA, FINB e dRg WA, HHIE SO
Wagol w9 s gl QI ol Hlol] A1 521 Aol HlolQOlRE B8-S ()0 el
w42k, 2021)

o

(1]
of
0
El
=
bf
0|
2
=]
3
St
=
2l
ASH
=
3_|I-
o]
3l
Lt
o
At
A
CH
g
=
2
[=)
]|
)SH
=
74
(=13
=

IEEE e 7= |ows=d| A 535 Q4eD

0= | RBX2660 | Microbiota suspension Mt =5 ZoF | C difficlle 18 T U] 34
0= | RBX2660 | Microbiota suspension Mt 25t ZoF B0 LY A AP 14
Rebiotix 0= | RBX2660 | Microbiota suspension M7 25t Zfor A0 HHS TR 144
0= | RBX2660 | Microbiota suspension M = FOF  |OEUE MY Q24| 14

0= | RBX2660 | Microbiota suspension (i) =& Ao Was 1 :

Azitra 02 | ATR-04 | Staphylococcus epidemris M oY | 3E/e0 | RE o e 14 B
Naked Biome| 0= NBO1 HISH M =1 i el== 14
BiomX o= BX001 HISA x| S8 - o A == )
02 AG019 Lactococeus lactis Mz o HEn| Y Y 24
— —\/i H o - - Al At
Precigen 0= | INXN-4001 Non-viral plasmid ARt Al 14

[UERIES Lactococeus Mt 5
o | g EIRAR e A
= AGO013 ctis SAGX0085 e TN - 24
0= | EDP1815 Bifidobacteria M o HEM | AN, OfEmpd IR | 1
Evelo . ) MSSEH’“O*
0 A col FHAT
biosgiences [= | EDP1503 Bifidobacterium spp. M 2 = S sjosior 1/2
0= | EDP1503 Bifidobacterium spp. M Hy &R SME 2
_ M7
Synlogic | 0= | SYNB1618 | QFAKHES! £ coli Nissle © ﬁﬂxé,) = otk HAE=S e
(A =

2021 August vol.7 no.8 27



O|=2H0Z 2 dd=stol e, XM A= Oid= HE

I S N T aien
AR
Cf

M s -
o ARIKA S Ctol MO 73 =9 2inz
IZ | SYNB1891 | RTXIHXE! £ coli Nissle (xRS =Af Molg 13 BY, HOE| 1/2
Assgmbly 02 | ABI-M20T Consortium of ' e sy AT g 14
biosciences commensal bacteria
s [ o | o | Bl | au | - | wen | conean | o2
T
Clonal human commensal
Ved 0= VE202  |bacteria strains(Clostridium At =) = AS YRS 14
Vedanta cluster 11&XVa)
Biosciences 11 clonal human
: 42| = | ue e 5
= VEBOO commensal bacteria strains < e il !
o= | VE41 Cor(‘l"rzgfﬁgf O doment| gz |oeyms| Zen AmosIx| 14
Finch Lyophilized microbiota = e
nl AH_E g?dr 9HAI : ?:Kg )6}
Therapeutics = cPio1 from healthy human donors © il C. diffcle 2
Seres 0= | SER-109 |Firmicutes bacterial spore IR} - Har| C. difficile 1S 34
Therapeutics | 0|2 | SER-287 Eubacterial spores X} - &R Ulcerative colitis 24
0= | LACTIN-V Cné;gf;bsz%”f% y@ | oy | mEw) T 38
Osel — ;
o= | CcBvBs8 C/"sﬁ;’ﬁ’i’l”ﬁfgfggc“m M7 | B | - C dficie 2% | 24
0= B-244 | Nitrosomonas eutrophaD23 At ol | A0 == 34
o= B-244 | Nitrosomonas eutrophaD23 M oY | AT0] Bl 2%
AOBiome | 0= B-244 | Nitrosomonas eutrophaD23 At oY | ATO QIHER 24
0= B-244 | Nitrosomonas eutrophaD23 At o | A0 HEE 24t
0= B-244 | Nitrosomonas eutrophaD23 At o | A0 HEE 24t

28 Convergence Research Review



A 4 nAB0] FR0h S Alguich chEch, Ea ARG R et ol 11 B0} 4t wish
whEof 4 4 mlg=o] 94 olgA] 9] Bol ek XA WSS ok ofdt B8 A &
Afe 2 W iESo] AR ofF FFE ] W 2 Aobha 9leA] obd S 9X) Tl S
B 4 o] thet e A7k s RSl QA W=t Selo] A7) Aolo] EApst B At
o $7A50] Uo7 of4] B Alzto] Wasteh, shAjet o] HolA] glot & $-ejo] Fol] Lo
R 5L 92 B & vl3ES Bao] U 44 AR EAT & ok 1 AL QR Aot
olefet TBY] AL BAL SNBSS BN % B Awsh Aseld Aol franslzet g
Agit A2 24o] 489 v St Hlzh AT Aolgli Hlo|@ojopEo)

I
I

(1]
of
0
El
=
bf
0|
2
=]
3
St
=
2l
/I\:oH
=
3_|I'
o]
3l
Lt
o
At
M|
CH
g
=
2
[=)
]|
ASH
=
74
(=13
=

D 10 My NFUS Mppie = @

-

|

d

0910l ME =2 >

XXt _ O|CHE|(Dae-Hee Lee)

2021 August vol.7 no.8 29



01 Di0|3=H0|Z1} Sgdd=stel e, XM 2=& OId= 71

(=L

1)

28 : JhithE)

B, (2021). DIO|A2ZE, =LHQ| DIO|S2HI0Z HI0|220AZ2| HAISE, er=0IMEstal W, 47(1).

(FLAZY : LoHliz)

2)

3)

4)

5)

6)

7

8

9)

10)

1)

12)

13)

A History of the Human Genome Project. (2001). Science, 291(5507), 1195.doi:10.1126/science.
291.5507.1195

Cho, I., & Blaser, M. J. (2012). The human microbiome: at the interface of health and disease.
Nature Reviews Genetics, 13(4), 260-270. doi:10.1038/nrg3182

Davies, J. (2001). In a Map for Human Life, Count the Microbes, Too. Science, 291(5512),2316.
doi:10.1126/science.291.5512.2316b

Din, M. O., Danino, T., Prindle, A., Skalak, M., Selimkhanov, J., Allen, K., Julio, E., Atolia, E.,
Tsimring, L. S., Bhatia, S. N., Hasty, J. (2016). Synchronized cycles of bacterial lysis for in vivo
delivery. Nature, 536, 81-85. https://doi.org/10.1038/nature18930

Fan, Y., & Pedersen, O. (2021). Gut microbiota inhuman metabolic health and disease. Nature
Reviews Microbiology, 19(1), 55-71. doi:10.1038/s41579-020-0433-9

Hwang, I. Y., Koh, E., Wong, A., March, J. C..Bentley, W. E., Lee, Y. S., & Chang, M. W. (2017).
Engineered probiotic Escherichia coli can eliminate and prevent Pseudomonas aeruginosa gut infectionin
animal models. Nature Communications, 8(1), 15028. doi:10.1038/ncomms 15028

Kelly, C. R., Kahn, S., Kashyap, P., Laine, L., Rubin,D., Atreja, A., Moore. T., Wu, G. (2015).
Update on Fecal Microbiota Transplantation 2015: Indications, Methodologies, Mechanisms, and
Outlook. Gastroenterology, 149(1), 223-237. doi:10.1053/j.gastro.2015.05.008

Lawson, C. E., Harcombe, W. R., Hatzenpichler, R., Lindemann,S. R., Loffler, F. E., O'Malley,
M. A, Martin, H. G., Pfleger, B. F., Raskin, L., Venturelli, O. S., Weissbrodt, D. G., Noguera.
D. R., McMahon, K. D. (2019). Common principles and best practices for engineering microbiomes.
Nature Reviews Microbiology, 17(12), 725-741. doi:10.1038/s41579-019-0255-9

McNerney, M. P., Dairon, K. E., Ng, T. L., Chang, T.Z,, & Silver, P. A (2021). Theranostic cells: emerging
clinical applications of synthetic biology. Nature Reviews Genetics. doi:10.1038/s41576-021-00383-3
OToole, P. W., Marchesi, J. R., & Hill, C. (2017). Next-generation probiotics: the spectrum from
probiotics to live bio-therapeutics. Nature Microbiology, 2, 17057. doi:10.1038/nmicrobiol.2017.57
Riglar, D. T., & Silver, P. A. (2018). Engineering bacteria for diagnostic and therapeutic applications.
Nature Reviews Microbiology, 16(4), 214-225. doi:10.1038/nrmicro.2017.172

Sepich-Poore, G. D., Zitvogel, L., Straussman, R.,Hasty, J., Wargo, J. A., & Knight, R. (2021).
The microbiome and human cancer. Science, 371(6536).doi:10.1126/science.abc4bb2

30 Convergence Research Review



14)  Stirling, F., Bitzan, L., O'Keefe, S., Redfield, E.,Oliver, J. W. K., Way, J., & Silver, P. A. (2017).
Rational Design of Evolutionarily Stable Microbial Kill Switches. Molecular Cell, 63(4), 686-697.e683.
doi:https://doi.org/10.1016/j.molcel.2017.10.033

15)  Tumnbaugh, P. J., Ley, R. E., Mahowald, M. A, Magrini, V., Mardis, E. R., & Gordon, J. I. (2006).
An obesity-associated gut microbiome with increased capacity for energy harvest. Nature, 444(7122),
1027-1031. doi:10.1038/nature05414

16)  Van Nood, E., Vrieze, A., Nieuwdorp, M., Fuentes, S., Zoetendal, E. G., de Vos, W. M., Visser,
C. E., Kuijper, E. J., Bartelsman, J.F.W. M., Tijssen, J.G.P., Speelman, P., Dijkgraaf. M.G.W.,
Keller, J.J., (2013). Duodenal Infusion of Donor Feces for Recurrent Clostridium difficile. New
England Journal of Medicine, 368(5), 407-415.doi:10.1056/NEJMoa1205037

17)  Vrancken, G., Gregory, A. C., Huys, G. R. B., Faust, K., & Raes, J. (2019). Synthetic ecology
of the human gut microbiota. Nature Reviews Microbiology, 17(12), 754-763.doi:10.1038/s41579-
019-0264-8

18)  Walker, A. W., & Parkhill, J. (2013). Fighting Obesity with Bacteria. Science, 341(6150),1069.
doi:10.1126/science. 1243787

19)  Willyard, C. (2021). How gut microbes could drivebrain disorders. Nature, 590(7844), 22-25. doi:10.
1038/d41586-021-00260-3

(1]
of
0
El
=
bf
0|
2
=]
3
o
2l
ASH
=
3_|I-
o]
3l
Lt
o
At
M|
CH

10

NE= Hi0z = O Hu

20) Woo, S.-G., Moon, S.-J., Kim, S. K., Kim, T. H., Lim, H. S., Yeon, G.-H., Sung, B. H., Lee ?
C.-H., Lee, S.-G., Hwang, J. H., Lee, D.-H. (2020). A designed whole-cell biosensorfor live ?
diagnosis of gut inflammation through nitrate sensing. Biosensors and Bioglectronics, 168, 112523. i‘
doi:https://doi.org/10.1016/j.bios.2020.112523 A

(IEr2E)

21)  Prabarna Ganguly. (2020.09.30). The Human Genome Project turns the big 3-0I. NHGRI. Q

https://www.genome.gov/news/news-release/the~Human-Genome-Project-turns-the-big-3-0

2021 August vol.7 no.8 31



S 2| F

Convergence Research Review 2021 August vol.7 no.8

o




02

HIZEN X|=/ls,
TARE| JIElE 5




02 HISf=X R|=7lsE, TARS| 7|a7id S8

[ 7|29 712

BN

A AARCR st 9 FARE AR QIRE QI F129] WSl 7ol B3t THio] oA WA 7lidl
SR 1ol et o= wiEthie] Wkt o]FA|AL itk TR ARE IEY, 2+ HHlelx, HEo]E
S BEFA Qlzeto] g71AQl W, ot} AApr|aE0] 8 ANER 4P()S(Predictive),
(Preventive), 71QU9E=d (Personalized), &o]@(Participatory)) 549 AW 957 FAE gt
oje} Zr2- A A} 7] o] W 7]& sk ofE ARl &t A&7 WAk & HIkE 7T
719] 3k G 7IHE oFEe Al Wiz FAIA AFARE Alolshs Aae A4l Y dFS
Folx A X 5o} A FAEE S SukRit) o]2igt $2RE-E F|4slelr] flsto] Alujol <= 2ol
AL BT A7, 429 790l =94 A=S 7oke ARtk tigh 4ol SHi=aL Slct

AR BARgo] Fadle B A= EEsto] 4419 BEE 7|6 E e 2ol Jakat
HSkE o] WA dehe 3t tioiet Aol disl] ot 22 A& BE A7) St HA 0 she
Mz 7g9] Qlm7]7]oltt. o714 AAle =4 79, 58 AIX, S5 e CRAFAE 71719 it
OJokE T} B wol ke w s}5hA Hakgo] HAY Gitk. HARES AlA|o] 234 02 HEslo] =g Mok
24 AUl U= A B85, Z7)7F &AL, Fo © F2F 123 4Qfo] Bolgt AZE o7}
3FE 71, 71A|, A B ol FARE AlES Wit 71E9] ARt Qmr]7]ete] ApEA o A gl

=348l o] obd X2 F B2z s oloREw} Zo| o] ¢l N W A4 AL BHow

rE
o

AAjoke] EAL WA Annelo] AEsHE, SEPE BHAES A8 olobd] Habge] wasgol
W3, A7} 57] 2o0] H5E 224 A2 AR ol 7|29 SJORES AN £TA

O[X] SHe HARES WX 4 glot Aok B B9l XA Alo] AskHo Wit ehdct

34 Convergence Research Review



T+ WAz, 7]1E oJerEe] Amaet FUstal BeEek I o, A3, A=t 7hssitks Holth
HARRE: St /39l At WSS AJshal 1o wet X7 A= 2T 4 7] bl i wE3
Agz THo] 7kssi Sl Hiet Hloelg ¥4 0k HUEFs|o #-83kct 3, ojwr|7]ef ApEskE o]
AR aNE F=oks A8HIAUS] dith 170l st FEARS B1 A B71ek QA AR E
58 AdA A ano] ol HeA] Zasith

AR BiE e e AES B9 AA Uiol A B A= RS ARlse] ARSShe FEle] Atk
AA9] @Fo] 2 T FAlsk= FHIO| ARfefo] Sl ERE Al 9o wet ] A=, & A=oR
A HIRSA B A5 WRoE Ul S Qlvk HISE W A= ARe £, A 2 AsS
HEohs tieude] 54 999 245 Esied A 52 o183l &2 Am]lo] ARS3SI= 71eolth
#2082 AEA7AEZAA|(DCS, transcranial Direct Current Stimulation)?} W22 AX/A7 1A=
A (rTMS, repetitive Transcranial Magnetic Stimulation)7} It} ok&®] H|AGA 248 A= A 52 =
7154 A71A=HFES, Functional Electrical Stimulation)©2 sFA] vhd] 8k219] 719 & K3l = AR
oh] gAte] B R s /MAlE BA0E vhHlE & E 4170l HEEAQ] AASE Tiste] A
E= A9 7162191 A Ue eshs 7] Q. ole} tiEo] M5A W Al ARl B ARl WS
(DBS, Deep Brain Stimulation) FA|E oJ4lst] 53 TI&, 7, o] & &4 F A 578K
AAS 9ot xEHo g 2 9rst gL Eplo & At A7|xFEo] 7153t 24 7]& So] JetE 1
etk FZole 7154 A7IAF71(FES)S] B9 B &8 A] yjewo] 7hsele s 2AE A s e
o} 71524 A7IAF(FES)0l 5= FE2 AlAgo] ZjdEar Qlck

A7 B 25 AR B A7 A7IASAA7E EARIG A7 TE A5l 98 AR AR
FE AREoto] A 2 280 A7 aE o] RS Fe AXolH, Awr7|EE E 5
ool T FRAEYFEIEA 24| A2019-502)00 TE A71A=7] B 5L FEF A16000
I8t =g 71500 siEct. ol2fRt A7 A== A= 9ol wieh 258 B B8 A= A 3o,
A= Rl wEt Bills Be A A7IREAAE FEEY AT E ARl o8 4173 9
450 7154 35 fEshs A°E AFMPIAE71DCS)7H tEA ok

a = dE

o

2021 August vol.7 no.8 35

U 0= S O kulo Sz > Orrd 1o imfiozoxmd Hip e Zhjues @




02 HIY=H X|=/lE, HAAQ| 7|E/E S

o

25 walsa] CERER £2 o)

BOEAI|SA A16180.04(2] Electrode/lead, - A Hoj= DtHIEJ UX JSS HHOA MV K28
=N INEESPN ' Stimulator, Muscular OZU MH|sS BX T Hofst= 717
I | o | - 42 S04 OISl 2 382 0 201 ol
28K | fimutator RSSO MH7ISS B U Hfks 77
Implantable, Muscular
Brain electrical - ;
HEQHELE . . - BIRt o] B YA, A4 52 X=5101 HA
IR A16180.02[3] | stimulation system, Hs(ESy ot 201 5) 2|20 A5l 7|7

Psychiatric therapy

- o] T2 S8 Zop| 9ol | Aol S5 2o
(Y S)g T 3l 77

- 559 TR(=EHY YIRS ) 2 IR
ZE0| AlgE

Brain electrical
F=2UMIIKNSHA| | A16180.14[4] | stimulation system,
Antitremer

X AZQRIEOMHR(2021)

2. FXIoI0| HEEOF

71&0] Bfea AHgo & AAlo] HAle R A8t o HARGL HtsHA St Ak st Fakgo]
glal Al et ARk 7] 28 dt0f A= AlEE ARlOA Sehe e AYE 5 V] g
TRt S8 ot AL St 925, 24 Y B 5IoNADHD, Attention Deficit Hyperactivity
Disorder)®} 22 Ao AR w1y, 29 22 G4 A9, wdEe Sol7iA] AR
ZEEoks AT AAE 2.

AVAl 2ol A3 9] BE-g 285k wEEEH 01 (Neuromodulation, A328E)E E-83to] A
A& woks L 4= Ut AR 7|Eo] He wREEF IS 54 A5 AEe &9 5 A
99 AEES et 7P Hu]l wEREF 0l W A173S ARE AW AeE A5t
ioltt. mlE, ¥, Az, HAS, 125, WA 72T 59 ARE Ad AR o A=ee
B8 daor MBS AU, B H4xamt ¥ SaEd ARSI IR s, It Aol 84+
A= Hiite YANE AeaS Z8ete. aoP| A5os Hueh Hg 52 Amslal, il A==
M, viRh 985 ARE MRSkl vk P 985 AR A 220E ol85te] A= E Akl
P25 R ARt el 25uE AR AB9E AsE AL e AwE e

AR U54E ol BAAAS AT

36 Convergence Research Review



& ARk 24 AolE TR, 414 TR 43 A% Ale] ofRAIg AAoto] AIX|o] A
HAUSS Baslel £408 o] w2 358 4 =S A AAUSS FEdtch o Bel] e
2ASIo] A SHATS BEAYIT B2AH] SAERS T 2jery el AR 1R
83 F AETIc Srhie Baoleh Y ok At T SAE 2EARE 4TS YA

shagich S 28 @ 4400 BAVH AV 98 B Pide] 88 4 9T 4847, AT 59

u2HPYE 1 AALA(NIH, National Institute for Healthy= 3% 712(Common Fund)}2 ZAJ5}o]
SPARC(Stimulating Peripheral Activity to Relive Conditions) L& 133 29J5}3L Qlt}. SPARC L2 132
X9} AE AAY UmA] Fia ddshs 4174Q 9RABY A7|H A= 52 F9 A9 Vs
WAZ = A&717) 7 A 22908 2017358 20249714 787t 25085 225 T4 Aol
SPARC ZL&TI512 HReo] EY, AR, 28 B, G54 2% P 2% 5 vt dA o disto]
MER A2 S Aled ZAo= 7|djskal gloH, 1414 02+ SPARCIFH SPARCS7HA| 57112] =34
Agog ARk A 7|& 7ES AL Algoltt. SPARCIS 4 A7]9] 4170l 3t sahd, 7154
to]e] Als F55k= 21R1o|1L, SPARC2E AT A4719] o282 AUsIA 574, 8T & U= 71
2 AlETh SPARC3 949, 712 Tk, iAol 719 7] avbal]l stEUAS F5510] HlolE
HOFARl M HFE Fokal, SPARCA= 311 1, AR A1) Ak 4= Sl 370E Hleold A
AIEE BARI. SPARCSE 7] 652 2ok Ao RS E si7eH, 7154 Hlolg Alg AAsi=
2o threlA UEKNIH, 2020).

Qupa} PHHOA 3 5% P BEAGE ¥ A7 2 AEQ] BRAIN(Brain Research though Advancing
Innovative Neurotechnologies) ©|UAE|EQ] 4gto 7 u|= FHIH O] 15 ALAZ=HDARPA, Defense
Advanced Research Projects Agency)< 20144 78.944t 221& FAjolo] AeF A4 Z2AEQ]
FlectRx(Electrical Prescriptionsys A1215IAH. ElectRxe AA] 71& = 9 QA3 HAIASO] AZAES
FAKE Ae BHE, 2 9L A4 AF 71&S 0 7] Z-8ol Bofsks Tx A4E 24sto]
A A7t A FX1, WA 73t 5o Foks Aol Ak FHES wEY, A A5 W S

A=A A Zsknt ol 7Fd, QA Y| £ANTBI, Traumatic Brain Injury), @ & AEFHA Ao|(PTSD,

2021 August vol.7 no.8 37

2Q

E=

NEE Moo= 2 OloHule S22 >0 orrd 10 jomHioz0xrd Kol S Hu U




02 HISf=X R|=7lsE, TARS| 7|a7id S8

Post-Traumatic Stress Disorder), $&% & &% X AH| Fof|A| k= /784188 59 Ao
gt (25 913t 5§ Eoke ZFETE Z171e] A2 A1 ARTke AR = YES Qe Al 7ER
ABAFET A7), B}, SR A= WHE HUHGrifantini, 2016).

S2uete] A9, AR AR FAGAAG A ALY, AN FE FokR A= o] 20256714
ol A7IER&D) it 43 ¥ Tl Hlo]Q WAE 27| 2 AQJoR S Aotk SR
FEHS SHOE HARF AAE $A4517] flote] 4-8)-do] H7tsto] Ao $747] A4ere 2d¥sta

ATHIFYR, 2020).

d

38 Convergence Research Review



[I X} A-HE 3%

7129] AT 7|2 ARG AT ABE QaasE JeHo), AT Helo) Aekt 9A}
A2e] A71o] Tiigt Aol7k o HUA sl Sk HolE AT B BAL gl o) Hago)
Rk H2 ATET 9l AR} AT B0l A ALAE ol8slol ALt I AT} AVIE

Ao gH FAgS Aokl 7|9 7R Qo W, 4, 253 52= A=2] Wio] o]
|

22 £AS A4S0 24 o|F WH{Foreign Body Reaction)o] Yolurx] LA o] AW oAz Ao
F2k617]0] o ARl AAE o8 sk 22 AAELL ok ARfeF At A7 /EER S A
AFeks 714, B4 2 Ao R ARfekS Aol 4 E= 2HEsto] ou A9t YRS she 71,
T RE| 2AYOIHA HYAQl HiEE] 7%, A0l Aelar Hao] 7hsdt A5 e Rt A
olF Hooh= BAY AFE U olZit. ARkl &8 4= A= olUAIY, A=, AAE &8st 7
20 tigh A7} ol HIF R AlFo] AdEo] At AF7E Bde] APEA Sl

AR HAIZBAIAE, AETAIAE], o RAY, B X 2 wPdEe o] tefeiA -85 glor
A gHAYUE AR 2 5aE Aok A At T1Eol A VY ©APE o RojA |l 3T E ARleR
AALHA A= Qlok. AReF AFsoll= A=) SF 9 Al710l thet A, A= 2910l thgt i
S TSR tRopt Slov st Rol= Al 288 4= Sl £ ARS 7Ie ARk Allsio]
SEATFTIA A5get Atof] disl] A i Aol SAIE AlFA i AR EdolA ok aia) gtk

1. MQSAR FXI} TN

A2 Aor] A9 A 27, T HAIV1E AA0] BHSH A0 Alasiol, R} 4154
9L At AR AR AAe] PRAA wRo] okt BeA A b Aoz Wt 9l
Aolol AAIES 285 Bl T B4 Aol v A Qhdste] ARzl 2 Fo] YA B4
A2 e A2 5900 s 7] ke A7) M) sl o) Ao wste] thstel
APsiA mefefof gk
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20184 bl=9] YAEAl-witi&tiSH University of Wisconsin-Madison) 475 %(Xudong Wang) W=
SAe] AP0 dojuh= v A7|E WAIA Rt ARTL AFA Ko 524 sk AR WEE
ste] A7} o 31 AI7EE: 75% YA Long et al., 2018). oA FH=sl |4 A(KAIST)
2743 usHolA Wgrio] =9} HiEE] BES AFote] H714 08 Faohs FAF HAE ARtel At
Bl SiEE DAAES AARIOEH A9 35 ARES BE519ithJeon et al., 2018). E3L d=Tdl|s
H(KAIST) oA w4 Hsed o Ugto] ot F Z=2 Folo] IF offf Bgo] I4 A=
F1, 52PN 2 A% G} Qrks A72HE HojEdthLee, Lee et al., 2018). 20194 1=
776 P(Xudong Wang) Wglollis 9] FAUE o83t A HieF upd A7) W7ok A4S Re e
=08 98 AR BAE ARsto] B3 eh 2P AL AgRIRke] RH|E 7jAdste] g Aolis
gefgto g g 47k F713ES BlsliriYao et al, 2019). 20201 ACS Nano S8jA|of= =33l |&¥d
(KAIST) 2733 3ol st f7Iegtiol e =8 W= #Fs10] 8V olste] A MYt 35mW/cme]
1o F 7]E OLEDETE PAikh LAjulgo] 3.88) S7FHoaH F A5t Amg FRIgH A7} A4
AQlollA] 0.5417F RAF Fof] T4 - AR AEE0] 24% Fraohs AE FRISH A7 8ol AFKJeon,
Noh et al., 2020). T3t 22 3] 4E w5EolA 6um®] 9kl 4915t 87 ¥ t}o] 9 E(OLED, Organic
Light-Emitting Diode)& & A0l Q133 Fejz Fsto] Sl A S Aol 2-&sti=d],
o] f OLEDY] 3H4E 670nmE 10~20% F712 AL 7148 288 39 olF wio] Ay apr} 70%
FEE Aoz g tHjeon, Choi et al., 2020). 20214¥9E vl keAYAEI 8K Northwestern
University) 242 Rogers) 1F0IA wlo]A&2 UE Bx 3 9% G5 ARtolo] =4ske ZHujgol Aol
(UV, Ultraviolet) ¥r-3 F-4AE WxgoZ2H A4 9 ofenA miY 59 mrAg] a7t n
FE40] ALS Y53t Zhang et al., 2021).

ALY A= B Bl 4 A= ol ARATHE 7|dsfoF 5] hhizol] AHH o=
g7t Gash o Aol A7) T Yo' A=g FAU HI-SAR] WA 0= FojofA W ZAfsl
AgfqNhs eefe PFOR A7 ZPE T Sick. A28 Ao AR A28 A=A
AN BUEFE 9t 24E dEpE Y] AN AFE 5] AP glek o]t ATe} §-83to]
SAte] Aefoll i AAREOR HolelE P53l HUE okl 2 o At £ A= &

% ol AAHEY A WA T 2 4 ek
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@=)
fAZM-0T &0t
Xudong Wangu++&
(ACS nano, 2018)

Endogenous eleciric field

£X : Long et al.(2018)
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ZEj= ARIS 429 12 R
NE 882 FE6k! ZH0|
S22 HHAAE o

LIATI0|QE0} HHE(2|7}

U= FACF THA|

(=)

Sl |&H
(KAIST)

Z|4H wWaE
(Advanced Materials
Technologies, 2018)

Wearable OLED PBM Patch

&% : Jeon et al.(2018)

- HiE{2] 2510t OLED 252
HE55101 Y0t PBM RS
HAfots SA &7 14 +5

AR

- g2 = S HE SAD
OIS 212 58%, 46% =04
yrjsl=at

Z=2lA AlGalnP WELI0|2E

(&=)

SfEl & H
(KAIST)

(UFapy eSS
(ACS Nano, 2018)

£X : Lee, Lee et al.(2018)

| |- K650 nm)2l F7 121
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¥ A2 22 3} o g
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K20z Dur T
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A L-IHT=Ce

Xudong Wangu+&
(ACS nano, 2019)

CGE Layer

£X : Yao et al.(2019)

- M7 TAZ gAF =
T Q15 DR [ o} A
Ted Sl TE0= F1gE
22 TYS EH YRl
WR=EA]
~ 80 mV~720 mV
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- BjESY XIKF0z Sp
LA 45 QIRIS} 242 HE
MEOIT| 2 Y, 2

Moy &8t 2 4 Bt
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(KAIST) 7|30 E)LE;D_EET SEHH ;67|'0|'0:|
3 248 - 1B TRE| B A S
(ACS Nano, 2020) o) S BEK 0152\ 05MZ! FA 3 A2 SME
' Ao YNE AEE 24% P2

&X : Jeon, Noh et al.(2020)

o

X22 9let Rt 97| LED 78t
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(KAIST)

ESPAPSMESS
(Journal of the
Society for Information
Display, 2020)

£ : Jeon, Choi et al.(2020)

- 6um2 %5t OLEDE 4=
A0 QSIS HEHZ At
o104 E3IN 2 8H SA|
N8

1}=0| 0jE2C2(0}0| Fa
0104 ML LA S7IAZ =
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- Il X4 X2, 93t OLEDO|
Z670nm)2t 10~202 SO0t
A 21242 SRR 043
TH0| THY SRS 0% B

- XE 1007 O
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AYAEIDE

John A. Rogers w8
(Advanced Functional
Materials, 2021)

£X : Zhang et al.(2021)
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8T A7) Beld AT I APl APt AAIAF Hxjer] s i At
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o] qlofof sfal, FA o= Aof7} 7heshH ekt AU oM H=F0] FAoju Hokgow
I3t 715 AolE Fadtohs Wkor SdstA A7 JFEIL itk o] ol AAd Zishe A2
5ol w2k A7), 4, 3, 2eutE BRote] AU AdE AR At Aol dis] AuiEc
2.1, MUY XS TRIF S

WS RS A &4 3 B 2 VS S5kl S48 7152 SEAPI] fiste] ARSIt RS2
JH BRAEO F4F S FAl6kaL 7154 AAS T B9 ofyzt A RS S Aos
A Sl AU o]AF A71A= AR Aol A%k HiEEE HAlSHAY ouA] g 9 45t
HAE ARSI 71719] 2715 FasRkomy A9 A AU olsH ol FAoR F5E=
FAE Held

=29 L AYAEISHNorthwestern University) 242 (Rogers) Z8HoA+ 2018W Nature
Medicine®lA] EMGsE YARET B4 =2 $50 = A4S A5510 A 2 7162 dE8cke A&
ZgYst it Aol A=} o2 Alojd 4= 9lom Aol A=A AjollA] BB Hof 22} &g
S1A] Qo HhKoo et al, 2018). 22 3 AJ7FE2 =gk National University of Singapore) Chengkuo
Lee 24E2 U E451 4140 A7 SHS AYst] 9402 A HEE §3f v IS 4 Q=
W3 716 Aolol tigt AAks 7okt Lee, Peh et al., 2018). S=slodw] 9] 5= 2|(Zhou Li)
g2 9] SAYeR AVl niE A7)F o] 83lo] AdE Ao ZM Fot A9 EokE SUsk= ATE
Hstgict. HiE ] glo] 9449 RS BlA AUAE $86k= AR S ARSI, A7) A=oR
FEA|ES] 73 4] B Z9kE A SSHEA AlZEd dgole E SV SAIste] BE AP
(Tian et al., 2019). 20204 w|=+ Az EYo} ¥ M| SKUniversity of California Berkeley) 7]
EPRikky Muller) #58E 2205808 FH0Z Aofsk= AF(mm 7+2) AFA=F71E SHSIITH
Z597F 24 450] Sle 220 Ag¥e Faokal ALty A= metulg o] tigt tlojeE Hiy
(Decoding)sto] AFAOIR BA(Pulse)E A/331t. HiEl2] Fo] §lo] 71719] A7|7F &ar A tiollA
A= AFE HERAZ|HA A2 A §E3-9] Aof7t 7R 5FHPiech et al., 2020). =27 ]eAAKIST)
ol5d AFUENE AgrES AAloks 4173 Aa= YRS, A A0l Aw9 £5 Aes
A3 H 2R E AFske W74 S TAste] AeE @S A9, AARICZHN AReRS: F5iA
ZAF 9190] U= AR Ag $E5S JAlsto] 24 HA] 7he/dE Bt Lee et al., 2020). Bl
L AGAHHH Northwestern University)oflAt= 541 AW o]4] g A7IA=715 AR St 4170]

g

¢
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EAE AR AZE A SRR AL JIFHo|AS 1Agsto] B0 R QHEUE Bl Mg HdohH
A7 A} 7158 25 S8 37t S& HYHChoi et al., 2020). E3t dHisty £55
Ao F9] FHz A Aol A17de FHISHA] Y= ARk AlE, of4lsto] H7A=E S0
A7 71%50] FYHIL f-54170] QPgA o g Aetes s3It Song et al., 2020). 20218 =AHAHTS
(Northwestern University) 241ARogers) BolAls & 25 4 ARE B S4E A0 U3t A7 1A=
o7 A7t 25 IEEEE VIS I HokE WAlske At 3, 71l B Fole A E5t
E= ABA 715718 HSIAHGuo et al., 2021). E3H H{E 2] glo] AEsial 9F fe FU=
Ao 9 m= o] 7hsstA sho] WA A Aol Amamrt Qe STt HiE 7T gl o143
AU F A Holamo]AE AlAste] AW TR 7o 7RsAS HoFh 2 ARt olFol=
Aol 55 Ui BafElo] AAPES sHAlglete Bl ARe BT Choi et al., 2021). S5 S53l|&
8 {Huazhong University of Science and Technology) Zhigiang Luo W<~golA= 8iE]2] glo] 23ut=2
A W A71E A-ssto] BRAI 7RSS she A7E EESIHE 10um?] AR 7 7
WAL =0lo]o|(BZT-BCT)9F PVDFERHE E3tsto] AR P 7= 2189 7Fsst 25
e Y4 FEEe] BRABS W AST ¢ e HolFal AR R AlEsio] AUie] Zlsdt 7t
olAgtogN A Ee I ASE T & Se RS HolFtHChen et al., 2021).

A7 AT she AURIE ARk B9olk= 7182 A7 1A= AmHHol| Histo] Aiofl Ad=lo] 29
o] H= A &2 240 54208 A=Z 7RO RN BARGo] A1, REHY A5 Q= 247
AREO] AW o= RRME 7152 T ¢ S e E WS skl Qlrk Het 41783} o] JqEE
7150l & B5ole AEsH A=oke Aol S83%t. 4 AlUle] 4173 2219 7] Higt it
mfj=go] o]Fojajof stal, 7] A=2 Al7|9F 7100 Hit A A, A A2o] HoEE Askal Hiol
T =Wlsle HSZAIAE(Closed Loop System, E8A127} Alojg2tol 24401 ks e AlLE):
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(IEEE, 2018) | P =° 750l T
&X : Lee, Peh et al.(2018)
A 75 OlAd HIIX=7]
« MC3T3£1 o
ENI - ZUS3 1=
=) - Uy IS St 0fF
S0 (0] WIS 085t A ISHAE
Zhou LiE - REMIZLY & ZA U

(Nano Energy, 2019) E VM B, MR 25
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(Nature Biomedical,
2020)

HIOEHZE C2Y6lT #F | 70mm 0|2 YZAUES
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ZX : Piech et al.(2020)
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£x : Choi et al.(2021)
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Ultrasound-driven
electrical stimulation of
peripheral nerves

£X : Chen et al.(2021)

‘Wireless stimulation
of peripheral nerve
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—

POMS Auwire  pENG
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- BHE{=IZI0] QR LHROAT

LIRS 213t 4 9l 0P|

O 8} Lz 2 10um)'=
D27 kst 222
UAPSE 22N B
x2

- & YRME WY
SO 27| g L 24004
(0.5Ba(Zrg2Tiog)0s-0.5

(BaosCava) Ti0s, BZT-BCT)24
PVDF polymerQ| 2822
OIE M Lt 27|

AWARAE AAeF Fofl E2 A=
of Illinois at Chicago) A Rogers)

ol
J—]—L}\

xjere] Ak 2 ek Al vl EteoldfeKUniversity
T2 2014490 dAo= A W e FA0 S8V s E

@ Az PRI ot Ade BABIAL ARl FrEe A 7N g E 2w APEARE

STt Tao et al., 2014). 20159 7Ryt BelgjA] Ao} tfgtw(University of British Columbia)
Zo]A] thFslEKenichi Takahata) Wi AHE U AF2E ZAIE sds)7| fisto] AHIE F-9o]
=424 G2 7Ihe FA 3R 71E ARES AFIgth FA Alof7t 71sEt o] AHIEE 2FaRoR
2HIE o]l A2k A D TR Luo et al, 2015). 20219 P2 =7 79| EA g FA|(Toshinori
Fugie) BollAl= 11 R 71d AR5 AAslo] 7 2900 E& w480 Akt 41°Col 4T €=
w4 2A9] AF5E YRR o 7H49] Rl sf Fo| AEE|] Sl ojuhA] kg ERlskRTh
oj2fet M Ertd ARE WA EolA A IEAR] @ ARE R e 384 & YtkSaito et
al., 2021).
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John Rogers 14 @ AE2 ol BEENTHD 4H 545
(PNAS, 2014) = ses
71 AHE
G - AHE Lj i §Rf0] O 20101
o A1 LR BALS ARoR| ol - AHIE L XY 2EIQ| &7 (KO
H2[EA| ZEHOICStY
L el sumesssee | AFIE SO IHMOZ Hg | ofF| I
éenlchl TakZhEELTE e - DM AHE 9% o
o 201“2)“”3 - 30mNe| RF #2102 7| 5[~ 4 Hof 7ks
$ PYSIE, O 30T 2% A4
5oF R J1E Al
€= - 491 H MR|2 ZAGIH 719]|- =4 ZE| A5 X
EE7s 27+ CE 5240|5010 |- mash H A&st E RAF
Toshinori Fujie® =4 XX GF YK - 98 9% 718 MR = A
(Advanced Functional - G SNS UOTIX| US(TIHC|| it ZRIE M) 2 AEEP
Materials, 2021) 20| sl B AH) ¥ 25 HZ2
=X MAF He
2.3. MUY & = HXReE A
T o] A W &5l thet e s dE A Y B JHo] Akl dAE0] g 7R,
& 5Ag] F ok 22 33 A =9] i T3 ofe] ARE 8okl 25 A AARE At s
U}, F FHk AL 7129 AHAS 7Isdhs TEA wie- 441 F919] AFAIREE A= sto] Al
715e 2T 720 WAL Be3t ol vslol WU o B AT SRS A1H Ha
Ay Ame 3297 9
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2013950 W= SPHEHSH R4 wgolMes BA 3 48 9 W fe slol=2de Y
SHITE. Bictgol A7 F9] AIEE FRRE Slo| =2 A oA & AJARH455nmpe 12417 5%t BAHRE
Aokl 48417 Hof| le&et A, diato] HIs) 9 GLP-1 <=0 °F 28 71510 2y Aol
AE AoF YERFTHChoi et al., 2013). Z2 3l L2]io|tjsKUniversity of Illinois at Urbana-
Champaign) A2 (Rogers) 58 A £20f Zl<0] A5t fiste] FAR FYske 74 F45ke:
AR R FRE AFE SHSIGI FACE FH5E= FIRE(GaN) mlelAE 7] W to] 0t A=
T AR O] FARE Akl vl @ Wt 24| &4 A, AAUelA ] A7 17 ARS-2 S1siA
FZS HATRIHKim et al., 2013). 20159 DE]o|theK University of Illinois at Urbana-Champaign)
EAA(Rogers) XFHE F {H8 ARE R ASA Qs FHAE Aol B 2 AF 55
I2s F Ao R Ml WSS, 7Hes B 7IE A Egl] 58 4 Qe 7 e Holrqlth

_/,\_

ke IS EHSIET

Jo
2l
o

AgE 9% A FA woPdaAE watsto] g tho] Q=(LED, Light-Emitting Diode)@}
AZE MM A7 ZY AEHUS AAAUV)IA &, =, &, AN 3] 25 7sd 23S FHE
Het, oF FX EUE ARSI thfRt 52 FAOA SEEET1HS FFY o UK Shin et al.,
2017). ol= 417384l Aol B 417332 9] sfFoflA S5l et 752 HojEr). 2018W A7kE=
tisKNational University of Singapore) ©(Ho) W= FUAA7} 33 95t EAjo g 59k u}ys]o]
XS |k AY FA F I3 A= AF-E LHsITHBansal et al., 2018). 20199 Y& At
FA(Fujie) FEL 7129 FAARTE 9] A7 225 EA7IE 2AIIZS A8 54 2200
Hote Lo A= A& R 4 ARS Foen F FF A} UeS HATKYamagishi et al., 2019).
bl L AYAET S Northwestern University) 24 2Rogers) W48 Hlo|FE 1110] 7| ¥ tjo| e &5
o}-g5to] FAOpsins, FeollA] TR Hoj WIzRE TS BAJoK= 33t A= QlEHo]AS AR =T,
Fol W 71500 Hijt AR HEE A, AFsold wif Fow 5F ek APgS HEsle] W Tss Aelie
A7 LESFHMickle, 2019). 202100 #52e] vlo]A2 LEDE &3] 2 Hes]=o] Fet 2200
7FsRt FA419] AUKIE At AAE AlRtele] g-det Aol vl 352 28] tls/dE Alssial
Spekfst 22 o iRl Hle] 9%t AR 9 S HoiFItHGrajales-Reyes et al., 2021).
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219 S e or 2t 27}
£X : Choi et al.(2013)
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(Science, 2013) 2x 9 x2 4 X2 MGl MMERL,
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- 2CMAE 2A7IH2 ojo|
323/E AR TIs

% 9 TERY} B HSale
i 23 AlAY
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£ : Bansal et al.(2018)
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ZX : Grajales-Reyes et al.(2021)
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a wireless charging cage
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£ : Kim et al.(2021)
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FHOE AR7REE 9591, 7IE 9JoREe] a5 fAIBIEA F2R8S FasloiA 2] oS SHo®
T A5t} 7ol o]FofR| Al Qlrh= Aot AFOREIH I, 2020). 1€ QoY AE UHA]
FAE-2 Aokt AAeRe HAP717], HlolEAlel AL, AT} 5 24l 71&0] 5 Hojof 7kst Folel
THAR ARISHAE B2 BV} o]20jZ] 31 Itk Deloitte Insights, 2019; Frost & Sullivan, 2019).
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E2p3t vE 91, 20179 Y2 HAT(Elon Muskhis QIZE HoF AFEIS Aok 714 7idohs AREQ
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N2 91sf 9,3309F EeiE FAH it o]A2ilo] TheranicatRs w2 R-Ed0lA(Neuromodulator) 87}
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gefollA 20254 oF 12 A(@534Rt Feh7iA] AB 4.20%= e Agoltt. £9], 715447 1A=A]
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