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Curriculum Vitae

Speaker Name: Dokyun Na, Ph.D.

» Personal Info

2 / Name Dokyun Na
A Title Professor
en@ Affiliation Chung-Ang University
..::; » Contact Information
p N Address 84 Heukseok-ro Dongjak-gu Seoul 06974
Af;'lf}ihw AT Email blisszen@cau.ac.kr

Research Interest

Synthetic Biology, Computational drug discovery

Educational Experience

2000 B.S. in Life Science, Korea University, Korea
2002 M.S. in Biochemistry, Korea University, Korea
2008 Ph.D. in Bioinformatics, KAIST, Korea

Professional Experience

2013-Present Professor, Chung-Ang University, Department of Biomedical Engineering, Korea

2012-2013 Research Associate, University of British Columbia, Centre for High-throughput

Biology, Canada

2008-2011 Post-doc, KAIST, Department of Chemical and Biomolecular Engineering, Korea

Selected Publications (3 maximum)

1.

Kha Mong Tran, Nuong Thi Nong, Jun Ren, Kangseok Lee, Doheon Lee, Jorg Gsponer,
Hyang-Mi Lee* Dokyun Na* (2025) “Genetic ‘expiry-date’ circuits control lifespan of synthetic
scavenger bacteria for safe bioremediation” Nucleic Acids Research 53 (14): gkaf703.

. Jun Ren, Nuong Thi Nong, Phuong N. Lam Vo, Hyang-Mi Lee* and Dokyun Na* (2024).

“Rational design of high-efficiency synthetic small regulatory RNAs and their application in
robust genetic circuit performance through tight control of leaky gene expression” ACS
Synthetic Biology 13(10) 3256-3267

. Dokyun Na, Do-Hwan Lim, Jae-Sang Hong, Hyang-Mi Lee, Daeahn Cho, Myung-Sang Yu, Bilal

Shaker, Jun Ren, Bomi Lee, Jae Gwang Song, Yuna Oh, Kyungeun Lee, Kwang-Seok Oh, Mi
Young Lee, Min-Seok Choi, Han Saem Choi, Yang-Hee Kim, Jennifer M. Bui, Kangseok Lee,
Hyung Wook Kim, Young Sik Lee* and Jorg Gsponer* (2023) “A genome-wide multi-layered
network model identifies Akt1 as a common modulator of multiple neurodegenerative

diseases” Molecular Systems Biology e11801
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Job

Synthetic Biology = 8/ ME35t?

Synthetic 55

» el Kol ohl 1Bz 0j2t= Rl s o

O 1

HOH=, 28 B0l 2 QA S ZEtst0] A

[

MZ2 5175 hS0] o= 2o,

1o=
WL 0|3 7|52 SHES BHERH O MAISH0F Bt o1

e [1]912= M7 MEXOQ|I ME5t0| "M | = off || XtSshtnE HdsiCt
H, e 2
gt 07| 22 =28S 7PII_T'_ A5t PeleittE £

o [2] BEE QI ES|of =2l AEEQ| CPULIHZE|XMEH, =2 DNAMEES &
ZSHElI "2 E (Bio-brick)'@Z 2+, 0] ='“=E et 510 (SIHLIE X A) ME2
2HH0| HIZ 'Synthetic'e| SHA .




UUESIE B0x 2l2]S oS8 YIRS T4 Q4(ONA, E
sl SE R A5t Z2I10], Kietol gl M2 sty 1
7|52 BHEojLls o

=GCCTT-GCETAC-CGATC~
=TATCG-GGETIC-TGEAT=
=GTCAT-TTCCACATIGAT-
~TATCG-GGTCA-CTGCT-

AU RE
BEERE (Design & MZ2 715 AlAH
(Standard Parts) Build) (New Functional
Systems)

et QX 8|2 (Synthetic Genetic Circuits)

£ 752 +HslEE ZEEOR MAlE gHAISe| A45EE T 0fx|
E{o] =2| 3| 2% 2, {2 RTXI7I M2 ASZI510{ M| LHol|A AS
A, =8| %2 S| 25 7|58 $HsIES MAH REAIS| 457

UHUS A o @
(Input A) ..

UH MS B
(I?putB) s

£ gy thfd

(Output: Fluorescent Protein)




7|1E fHSete| Xjo|H

- O =

fX3% (Genetic Engineering) M ES (Synthetic Biology)

N\

of, MrIAAEIS| BAE S

KAA of| ZxXf5H= FTXE FESH0] BESIE %(BloParts)g Zgtstof
O|&/5tALE £85H= ‘Cut & Paste’ 4] Aelof els M22 22E dAlst=
(oil: H=%} DNA). ‘Write & Complle’ Lo

STRES

AAHEl(System) 22 HIE35}

H =3} (Standardization)
WESHQI BES #F35510] =2 /W st=0
atg

=3} (Modularity)
—'T'—%OILP 2E=0|

E_r_l':! &IIQE ngl-% Transistor

&
S
Logic Gate
L

|-
XrAA| o] Mot HA 2L £30| 7hseh A AR o= Fo|gt
Electronic Hierarchy Biological Hierarchy
|53} (Hierarchy)
HE(Parts) > &X|(Device/Module) >

]

DNA Sequence




HI0| 2I}2 E 2| (Biofoundry)

. Hjo|QUIRCR|E 22, Al HS5} 7142 B8510] Sy MEs A
x2S DA A35H: HEHHIO|Q R A, 02 S5f
o MASE] MR Hals Alzin |82 Ey|HoR TiEE 4

: - IREE LR
(Al & Data-Driven Optimization)
=

NSSHE NBEH  DNATE U ME B AR HOQMECR AN

~ AE3 &
~" (Automated Experiment Prep) (DNA Assembly & Cell Culture) (High-Throughp g& (Bio-product Mass Pi
Q Analysis) J

H7-H|Z-A8-5t (DBTL)




Central Dogma

™ HE7F DNAOIAM RNAS 7 Ttha

° (i

o
=)
=5l oty

s »

=3 HA}
(Rep?ication) Rl . <
\ ranscription) (Translation)
DNA RNA CHHZY
(disAlz| 2Ll (2| 2.3H44AH (Protein)

i e R

o O|ME9| REXI= 7|2H OS2 promoter, 5' UTR, Shine-Dalgarno
sequence, ATG (start codon), coding sequence, 3' UTRZ 28 E|0]

ol
A

Upstream (Start
Regulatory Codon)
Element

Coding Sequence

Sequence

12




(1|

51 CH|: Transcription

30
-

>
e

(1) Binding of free RNAP to unoccupied promoter

\

(2) Initiation: Opening DNA duplex

Promoter

Nucleoside
triphosphates

Terminator

QK| 2Hsd TH|: Translation

Ribosome binding site
(Shine-Dalgarno sequence, mostly AAGGAG)

J Start of genetic message (mostly, AUG)
Coding sequence

End of genetic message (mostly, UAA)

3’ Untranslated region

@ Initiation ‘

Lcodon

3’ 5' f-Met Gin lle

~"—_NNNNNNAGGAAANNNNN AUG CAA AUUN_~

onosnn

o) n
% V‘.s

n
A\
J’I 3'-end of 16S rRNA

14




H —
XS =E
o HIZ LjollN 7|52 22 Tzl TR ofs) BHS0fX|7|E, Z8iElo] At

21X|7 | sfofsts ZHIHHO| L.

P

Ubiquitination

Phosphorylation

(Translation)

(Transcription)

Phosphorylation,

K Activator RNA Pol merase\ ' K Small Ubiqutination
Y RNA RNA Elements posomnl %:g::g:;m)

subunit
5 5
5'UTR (Post-translaticnal

Repressor RNA Polymerase Binding Regulation)
Binding Riboswitchc, f— site j

(Transcriptional (Translational

\ Regulation) J K Regulation) J

15

Transcription =Z: lac operon

« lac operon2 E. coli?| lactose CHAIRl ZHAEl RTXIE L &5,

lactose0|| 2|5l 0|5 QEIXIQ| 50| RAE|= A|AH!

OPERON
OPERON OFF . A .

Regulatory Pr°mo°:$rat°

!, {\
mRNA S
RNA polymeraseZt

!
Active h -
promoter0f Zgtstx| 28t

| repressor =

Protein

OPERON ON RNA polymerase

Inactive

repressor
16




Transcription =Z: ara operon

e lac operonzt E2|, lac operon2 AraC2h= activatorOf| 2|3 Z&0| &

4, AraC= arabinose?l 2 f promoterd| Z2&5}0{ transcription
S orcst
= TT .

Promoter

TRANSCRIPTION

RNA

Arabinose polymerase

Transcription Z#: C|2F5t regulators

(a) transcriptional activators

AraC, LuxR, ... - >'©
-gene

gene is active in the

presence of TF > O

(b) transcriptional repressors

Lacl, TrpR, ... - e O

gene is active in the

absence of TF
@ [ o] =<0

Lactose Lacl repressor Plac
Tryptophan TrpR repressor Ptrp
AHL LuxR repressor Prux
Arabinose AraC activator Peap
No inducer Cl repressor Pr
Heat Clts repressor Pr
No inducer Cl activator Prm
Tetacycline TetR repressor Prec

R ;




Cells That Think: The Future of
Synthetic Gene Circuits

Imagine if bacteria could be trained like robots:
sensing their surroundings, making decisions, and
executing tasks all on their own. Thanks to synthetic gene
circuits, this once science fiction idea is now becoming
reality.

harvardmicrosociety/cells-that-think-the-future-of-synthetic-gene-circuits-18aff631a14c 20
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28 R 2=

20002 FE SAR7EX| Crret
A2 27EHEEIAS

=K

HZ(BioParts), 0|2 0

Oscillators

Logic Gates

Memory

Sensors

21

Logic Gates

o STMMESH AAAX}ISO0| =2] HO|E(Logic Gate) 78i0f| &5
"MEE T2 JHsEH A ZAFE"E PHE10X} 5, 0|2 ¢
Q2 =0|7| HE.

o MXISeXNE A4St D RESHE 2ES UHE11X} o0, O|E 0|83l 5§
= sot= AU A A|ARIS HA 50X} et

Electronic Computingﬂ 7 Synthetic Biological Computing

Voltage Ll i Molecule o
Signal

Signal = MDDOE
(0/1) S (A/B) . @S
Computed Lot
Action

Voltage / Abstraction & () e ” Biological
S('é;/qe)" =——== OR Computation P POERE Output

PW 1 PO, |

< 2% A r»"‘&)
Lﬁ -—__’ > e - T
Voltage @&—+++—— Computed Molecule mmamms "
Signal Action Signal Wi Biological
(071) (A/B) Output
(Protein Expression)

Tamsir et al (2010), Brophy et at (2014) 22
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SE ) QIS =22 Ot= O
- YHUSE HIFOR 21LI50] AFYE S22 USO|LE= 28
IN1 IN2 ouT
0 0 1
1 0 0
0 1 0
1 0
IN1 IN2  OUT
) ——1—
- L L~
Chaperone 1 0 0
=) ) Pou 0 1 0
P Activator_/
<=
1 1 1
Tamsir et al (2010), Brophy et at (2014) 23
Logic Gates
D038
D052 IPTG
I:-IS B + * aTc - T + I
2000 CMW101 (/ac) 2000 CMW101 (/ac)
§1soo | 1500 / |
31000 ‘ /\ 1000 V/ } /\
5 500 / 500
’ \ ob= \\
?00 107 102 103 104 100 107 102 103 10%
Fluorescence Intensity (a.u.) Fluorescence Intensity (a.u.)
e o e oL

I;‘:E—l‘ tet —| c/— gfp

IPTG  aTc GFP
0 0 1
1 0 0
0 1 0
1 1 0

t;Q| lac—| cl—| gfp

IPTG aTc  GFP
0 0 0
1 0 0
0 1 1
1 1 0

Guet et al (2002) 24
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Memory: Toggle Switch

A SSHER 17| oA EHK|
® ‘SE=T = o
« & 7H2| repressorZt 22| 2312 oiX|5t01 Bistability 713

‘ promoter

[ protein coding sequence /—\

2

w

g

53 42°C

&

(L}

g

£ & 5
E T T T T

= 5 10 15 20

Time (h)

Gardner et al (2000) 25

Memory: CRISPR-based recording

e CRISPR-Cas9 A|AHIS| sgRNAZF AH7| XfAIS| DNA MYS HEHOZ MO HHEH
HCHSHA| 2=, o 2HHo| M SAHO|7F SHE[= SaE 0[&310{ Ot 21 dA| A

N&EHQ REA 7|1 Z(MZ2E) 22 MEsh= AlAH

Self-Targeting & Recording Cycle

Double-Strand
Break (DSB)

- PAM site0f] SAHO[7} 47| X| &=CHH, sgRNA
= 0{™3| Xt7| X2 Targeting 7ts
Repeat C Error-Prone Repair - NZ U8 22 F M50 2|5l sgRNAZH 2B E

Cycle (NHEJ) hotCE X7 | XHA2| MG E01840|7t = El
T T - FEE QOIS Sol5t0] M ST UKL A
x| &9l 7Hs 3 M ER|Y
Accumulated Genetic Memory (Later Time)
Genetic Memory

DAL s DA

Perli et al (2016) 26
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Oscillator

o 2| AlA|(Circadian rhythm)E @l

P tet01
etR o
gfp
PR
Repressilator Reporter

SRy

./\ ofp
cl

lacl

Fluorescence
(Arbitrary Units)

400 500 600

Time (min)

Elowitz et al (2000), Saha et al (2025) 27

Timer: feed-forward network

« Gene expression2| Feed-forward networkE 0|83510]1 £7 A|ZH O]
20| Y5h= RTUAIL LHE =5 5he A AH

000

aTc: circuit blocker 8001

Short ‘expiry-date’ / TetR Cl Lysis E
®

Piaci P\ tet0-1 Pr

Population (cells) g
: g

2004

1.0 1.5 20

Intermediate ‘expiry-date’ TetR Cl LuxR Lysis E 0 0.5
/ J. / l / l Time
? ?

(ot oL a1 L

|:’Iac:l PLletO-1 PR

TetR Cl AraC

Long ‘expiry-date’

Tran et al (2025) 28
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Timer: CRISPR-based timer switch

 Adenine base editor £ 0|83l PAM AIO|EE d’d3H= editing
cascade 7|=0|04, O] &HA[2] OFX|=tAl promoter A (-35 box)= HE
StO2M R LA S oS = JUZ. O|E Sslf EF A[ZHO| X[k F o

SIste QEA} WHE|ER o 4 S,

mcherry

mcherry
Ato G | Base edting

GGTCGATCACTGACGTCGGTCGAG CAGTCM(_ST@:?TTCGT
Activated switch site

A->GO]| 2|3l -357} FASIE

36h 48 h 60h 72h 84h

Toggle Switch + Oscillator

29

e Switch2} OscillatorE M2 9155101 AEHOf| 7|2 7}
EAEEE

Bistable switch =+ Repressilator = AC-DC

oI

g m % 8 m
g T gl " g i
g a| 3| i

Signal Signal Signal

‘/u\
~e

Perez-Carrasco et al (2018) 30
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31

« CHAIZEH(Metabolic Engineering): 12717t SZ MALS 2[st MIZZ2EH (Cell
Factory)S 7Hl&st= 20F. 0| @lol O d=2| CHAIE 2 E 2|= 2321 510{ 2|2 F,
HIO| 2=, HIO|QEEIAE] |oFE S Mitst= Z(XQ| A|AHR 15,

o MAHM SEANZS QlBl|, BAIS MAR2 ZEAA|F |1, M2 = HEH MESIESE 5101 /l5t=
=X ZZEe| Ho| BHEEE dljof &t

Concentration vs Time

»

Engineered Enzyme Y

ALY =2

i 5 Final
Carbon Metabolite Metabolite o

X,

Product

Concentration

Byproduct

| Byproduct
HAH

Time

32
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CHAFZEE: TimerS 0| 235 MM =X

|

e ABDE 0|2t Timer 8|2E 7|BIO 2 FF7} HSEE| CHAMME

Ato G l Base edting
PAM ssgRNA spacer

=7 OFel, £ AlZh O| = RE MASI=5 M| 01510 ditdE =

PAM psgRNA spacer o o
cG‘rccATCAcrcAcch“rccAGcAc'rc'McTSTr'rcc'rm_

= ditst

High gene ,
expressmn level i I / Consnluuve expression
Productlon mode
Statmnary phase Lower yield

GGTCGATCACTGACG TCEETCGAGCAGTCAACTATTTCGT| On promoter meherry
Ato G l Base edting
GGTCGATCACTGACGTCGGTCGAGC \c,rqo,e(_:_f@‘rrcm cherry
Activated switch site
CrtE CrtB Crtl +
FPP === GGPP === Phytoene === Lycopene 3 Grow faster 4
LJ,{ \ : —— On-2-lyco :
2 —— CK-lyco .
- N On-2-lyco 3
o g Say BioFuse programmed
& 5
! On promoter 123119 ] Higher yield a 2
' ' o
b {_Fuse2 J{sp|  JsoffTi Crtl psgRNA ]
[ J23105 423119 : Grow slower 1 ’
(SD] ABE psgRNA
Low gene e
expression level 4 8 12 16 20 24 28 32 36 40 44 48

Time (hours)

33

CHALS oM = 2o SEIS Mitsy| =
TEMEE == JUS.

24, M7 QUS, D|MECIAE], H2{ZI Q2kE S Ot
A 7tsgt.

o T REIXL =ZHEl 0| E Q2 LMO EX7F U

34
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238 st: TimerE 0| 25t MIAE AP o]

[ —

o CIRFSH feed-forward cascadeE 7t Rt 3|2 (Timer 8|£2)E 0|2
ol MZ +HE 20, SH0| U= +Ho| 0| YES 0| 8olf &Hd Ht F= A

AR AMHSIES H|0] 7ts.

A Senstlc Wiy il C Phenol bioremediation and self-destruction
(- Ore_u 2%
T ARG / \
ey ) ’ , n @ iz
Gttt § \ Synthetic phenol- ) g a: - ’ﬁ
T g scavenging bacteria ’
U il Ftd i 3
8
‘Expiry-date’ Lifespan g
. ==Short wm Intermediate == Long ) & %
= -
5
B Synthetic phenol-degrading pathway a g
2|  scavenger 8
5 ™ = | comtorment 2
.o_(-\)-a o \& = g
[“) i3
Phenol Catechol Cis, cis-muconate E —
§ Time ‘Expiry-date’
§ wmmm Cell population ‘g Live cells
3 Time k E—Phenol Dead cells /

35

X = A|AH
« A z20t= Skt SAO #2582 248t 7ts

"Sense-and-Respond" Mechanism

; Output
Disease (Therapeutic
Marker Release)

TAN o
Spim— —> 0g 0,0
o P
Input Processing: Output:
Sensing Xt A91X| ON X125 24|

[aiee] = Lo = [ awame |

36
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Therapeutic Bacteria (Cancer)

(1) population 214!
(2) Inv el = LM Z LHZ &
(3) X|ZX| ML (MRNAS Et7E
g Qn AMEZE XY FO|
= A= 7Hs)

Cancer cell

4
Salicylate’* #‘*

Weber et al (2012) 37

Therapeutic Bacteria (Cancer)

Sensing: — Computing: — Actuating:
Hypoxia/Quorum Synchronized Lysis Circuit Nanobody Release

anti-CD47
- }' Nanobody
) /»  (Actuating)

E. coli Nissle 1917
(Microbe)

Chowdhury et al (2019) 33
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CAR-T X| B2X|

« Notch 7|2t2] synthetic receptor 72t
e Th1/Th2ZE 0{LI= T cell?| E3HE Th12E TR =5 H|0f

synNotch a-CD19 Cell-mediated response

CD19

TARGET synNotch
CELL & CD19

TCELL—E acots J i IFNy

| skewed
/ population
e = CD19+
-
custom TARGET CELL T CELL
cytokine profile (SENDER) (RECE“/ER) Th2
Cancer Humoral immune response

« Cancer cell2 2I1AIHA tumor cell £0|11, MY3|u| = AX|5t= CAR-T X|E

a-GFP a-PD1
— B GFP_ synNotch  antibody }t
o (CaDice
T cell | *L®"  APOPTOSIS Gald >
o= +
s - - =, >0

K562
Cell Surface Death Cancer Cell GFP+ a-CTLA4
TRAIL gene Receptor GFP+ INDUCER T CELL scFv

TARGET
(DR4) CELL

PAYLOADS CELLS
(Roybal et al. 2016) 39

CAR-T X|&X|

e GFP2} CD192 25 71%l M =S IARIS w2t X| 28 tHlE
(aCD19-aCD3) S A4t

o CD192 tlidd¥ 5 B cell f2i MIZZ0f| =X{. aCD3= T cell EH2|
aCD19-aCD32 B cell?el M0 285k, T cell| ZE2 &

=

Tumor-localized Two Tumor Mouse Model
aCD19/0.CD3 BIiTE

production ;cm"" gDF1P5:l-
L }
:CDG = )

gﬁ}?g’ﬂcm synNotch - aCD19/aCD3 BIiTE
I

synNotch no BiTE

a-GFP production @

P «;'s *%
output: & 00
- £ CD19+
aCD19/aCD3 » ’ ‘@ 3000- *k Tumor
BiTE - g ou
g 2000+
Timeline & 1000 GFP+/CD19+
DAY 0 DAY 4 DAY 21 ) = 0- Tumor
i— - - » » - - - » -
o 5 10 15 20 25
inject analyze tumor burden
tumors m_ﬁm via caliper Days Post Tumor Injection
3x10° CD4+ T cells
3x10° CD8+ T cells

- 20 -




CHAE EHPKU) X| = H|

o A E RS (PKU) &tXt7t 23li5HA| Zoth= e
CHAl 2aliali = AOE D= x| 2|

e Phenylalanine2 23li5tX| &3l &%
ME AE SOl X|HECQl &40| Wilst= &Y

Phe LAAD _ PP
PheP @/
Rk -

High-affinity 4
uptake |
E
'
)

! Phe

Lk AE(ELY)
Of| A2t Phe
transporter &3

PAL

[FNR FNR PAL }

/\ dapA

At (Phe)S

phenylalanine £=X|7} =0t A |2} 7t

| AraC AraC LAAD/I
FNR FNR PheP
RiermE .

Lo A

TCA

!

TCA

Phe2 CIE CHAIZ
=z ™Mst

-

~

(Isabella et al. 2018) 41

U BE AA

ZICt2 Bacteria

o ML AS UM IR E MAIZICE ZUX|5t11, O 7|EE REHELE 7|5t
O;I Ql_l?l_g x|_|:|-—|.l— x||:|- AlAE‘II

o A= A A| ROSO]| 2|5l tetrathionate? MAE| T O|= thiosulfate2
&tlEl. J2iM thiosulfateE GBS OFHZE &2 7ts.

B i
D C
E=X]
£E
£
WSH PfthCA
Response Sensory
rggu[ator histidine
kinase /’_’_
Thiosulfate g /’_ \ X
Sensor £ £|..{o13 neo LA ¢ 0r3-1 () cro Y lacz
x|C} 29 C i
gé e} ) L RM R
(Inflammation Diagnosis) P P ?

(Riglar et al. 2017) 42
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Stem Cell Bioreactor Differentiation Final
Isolation Proliferation & Scaffolding Product

. If full...
, -cell-to-cell contact
8 -cell length
R -enerlnr::rllltts ODE for intracellular dynamics
) P -
.’.’ _—-"—- ﬂ=¢20L—dt‘A
a’'a - Agent- <+ dt A" + K
9. T |Output B 3B s
dt B" + KJ
If empty... -xand y movement o !

~cell division S =00C—dexC
' -ODE output

43

E7|M=E 23}

o iPSC2| GATAG Eiad 2| S Ct5HH| &2 ZM GATAG ST/t =2 M=ZE= ZIN =
(Hepatocytes)=, Y2 N ZS2 FH MSE ol &2t(Endothelial cells)O|L}
Zl(Mesenchymal cells) 22 23}EtL|Ct. O|S0| A2 40|04 AlX|| 27| 2hA np- at
StA| Liver Bud 28 & d&HL|Ct.

Sensing: Dox Computing: GATAG6 Circuit Actuating:
Liver Bud Formation

Population of hiPSCs

‘ .I [] Hepatocytes
GATA6 Endothelial cells

Heterogeneous GATA6 expression Mesenchymal ceils

(Guye et al. 2016) 44

- 22 -



1. 2¢15] Nodal 57t == =2 X|HO0| M7|
™, 2N m|=Ho)| 2fsf O X 2| Nodal s&=
7t 24s| 22t

2. SA|0]| Lefty= PHSO{X|0{ D4R W= A,
FHOZ St

3. WEA| HEl Lefty7} 2| Nodal 48 S
oiH|5t01, NodalO| I O A TX|X| &5t =t
DHAE YA

Fast Diffurion

Mammalian cell

(Sekine et al. 2018)

45

ST} 3| = HA oA
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1. 87| (Design)

SIS M23HH E2(Noise) S

oMo 2 DHYSHD of|EefLch

Deterministic vs.
Stochastic Modeling

2. 7% (Build)

XA ol ZxHSIX| = B FES
AHE35to] ZIsHY ©E0| 27HsEt
QFHSH A|ARIS ZEIBILICH
Synthetic Auxotrophy & GROs

3. 22 (Apply)

o X| 2, HFO|R MIA|, HIO|R M= S

AH| 2go| ZHIE siZgfLict

Therapeutics & Consortia

47

NOT gate Ol|X|

o M| =2|AH0|E: MXIZ| 22| =2|H|O|E(AND, NOT, OR, NOR)E

Repressor2t Activatore| Asxt20 2 J15ist

o NOT gate: g 0t BtCHe| 240 &

Input Output

=
=

1 0
0 1
Truth Table

48
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NOT gate Oi|A|

o X =2|H|O|E: MXIS| 22| =2|H|O|E(AND, NOT, OR, NOR)E
Repressor2t Activator?| &S&O 2 15ie

« NOT gate: @/2i743} gtrhe] gho| 21

Output
—_ Codi Promoter Codi
npu oding oding .
Promoter Sequence . Sequence ersdnator
Output
\ l (GFP)
“ v e’ output NOT
Repressor 20 W20 Produced
Protein
0 h ;
Digital NOT Gate Truth Table

OR gate 0| A|

IN1
0 0 0
r’r’ i \ O‘-‘_>l 1 . ;
Pint Ping U ouT T
1 1 1

NN
LN

Activators

50
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Cello

e https://www.cidarlab.org/cello

e Cello converts electronic design specifications of combinational logic to
complete DNA sequences encoding transcriptional logic circuits that can b
executed in bacterial cells.

module and_gate(output out, ' l a T
input a, b); ' ATCGATCGATCGAATCGATCATCGATC

Verilog Al Cello Az DNA A HA =8

(Jones et al. 2022) 51

Simulation

52
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Simulation

0| 2|2 O A 2f5E ATt

T g

— Repressor
Pr_ & i

-

Simulation

« Repressor0| 2|3l negative feedbackO| 4502, steady state 4t
EHOfl == e e,

T Repressor

Repressor Concentration Over Time (Negative Feedback)

=~ Repressor Concentration
——- Steady State

10.0 125 15.0 75 20.0
Time

0.0 25 50 75

54
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Simulation

. 0] 2[2& O EA

x5 24017}

-~

— Repressor

Simulation

. 0] 3|2 ofE |

=HE5} 74017}

-~

1O

@ Inducer

|

Repressor

Concentration of Repressor

Negative feedbackOi| 2|

&l steady state =&

Inducer0il 2|5l repressor?t
AH|Z|2 2 negative
feedbackO| SEHE.

kA, =712 repressor?t
HUHE|0] {22 steady
state0l =2

Inducer &7}

15 20 25 30 35 40
Time

56
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Simulation

0| 2|2 O A 2f5E ATt

%CHG

~,
Met —» Biomass'!

f E ! Homocys

|:’sig'W

*

. https://www.frontiersin.org/journals/synthetic-biology/articles/10.3389/fsybi.2025.1548572/full

57

Simulation

e Michaelis-Menten equation

| _ kel ENIS)
[S1+K,

Reaction
rate v

0.5V}---;

0 Km

Substrate concentration [S]

58
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Simulation

e Michaelis-Menten equation

ket k2
S+E<k_—“ES — P+ E

W _(Criziisipfr.iest)

% =(_k1[E] [S])-f@c_l + kz)[ESﬂ
d[ng] = @1[5 | [SI(k_l + kz)[ES])
171 (o

QTR el B

e Constitutive gene expression

Repressor

—>
PI'

e [m]:mRNAS| 5& d[m] " p
o [P]: ctiEl(Repressor)2| 5= W — Ntz ™ Um [m]

o ki TAF S (Transcription rate, T2l AlZHe MM E= mRNA 2)

« ky: ¥1% A (Translation rate, mRNA 8 SXHe MAJES ChitElo| 45) d[P]

e d;,: mRNAZ| 231 2 5|4 £ A= (MRNA degradation/dilution rate) 7 = ku [m] N dp [P]

o d,: CHEiEC| 25 U 5|M £& 44 (Protein degradation/dilution rate)

60
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Simulation 2= EgJ|0{

Q Berkeley
Madonna

https://berkeley-madonna.myshopify.com/pages/download

Download

Macintosh Windows

1. Download Berkeley Madonna 10 for Windows.

1. For macOS, download Berkeley Madonna 10 for

arm64 or x64 CPUs. 2. Double click the installer and follow the

I instructions provided.

2. Double click the installer and follow the

instructions provided. Complete installation and setup instructions can be
found on our forum.

Linux

1. For linux, download Berkeley Madonna 10 for x64 CPUs.

2. Using your system'’s package manager, install clang.
3. In a terminal, run 'sudo sh BerkeleyMadonna-10.7.2-SetupLinux.sh' to install.

Complete ir and setup instructions can be found on our forum.

61

Simulation 2= Eg|0]

Graph Parameters Window Help

METHOD RK4

STARTTIME =0
STOPTIME=500
DT = 0.01

Run 1: 20000 steps in 2.2 seconds |

dfdt(m) = k_tx - dm*m
d/dt(P) = k_t*m - dp*P

dm = LOGN(2) / 2
dp = LOGN(2) / 60

d/dt(m) = k_tx - dm*m
d/dt(P) = k_tI*m - dp*P




QIR el B

e Negative feedback

P T Repressor
r
o [m]: mRNA2Q| & d[m] k 1 d
_— = = —_— — m
o [P]: cteiEl(Repressor)2| & dt tw L+ (P/K)" m[ ]

kio: ®AL X (Transcription rate, Tl AIZHeE 44 =[= mRNA &)

ky: 19 &= (Translation rate, mRNA 8 22Xz A E|= CHafElo] &)

o d,,: MRNAS| 23l L 5|4 &= A4 (MRNA degradation/dilution rate) d[ P k 4P
- 7 = m —
o d,: TEEIo|] 25 3l 3|M £ A4 (Protein degradation/dilution rate) dt 2 [ ] p [ ]

63

Simulation 2= Eg|0]

Graph Parameters Window Help

METHOD RK4

Run» x @ 0D F L P[a]ae@e Run 1: 20000 sleps in 0,051 seconds

STARTTIME =0
STOPTIME=500
DT = 0.01

Kti=10
dm = LOGN) /2
dp= LOGN() / 60
K=100

=2

diek(m) = k_tx/ (1 + (F
&/(P) = k" m - dp°P

initm=0
initP=0

k_tx =041
k_tl=10

dm =LOGN(2) /2
dp = LOGN(2) /60
K=100

n=2

dt(m) = k_tx /(1 + (P/K)*n) - dm*m
= k__tl*m - dp*P

64
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FUA T ZEHw

g

Constitutive
Expression

Negative
feedback

p ‘.-‘:«.»?»", 65

Simulation2| 2=

e Deterministic (2™ EX 4HtH) ys Stochastic (IS 2H W) approaches

ZFHER iy
o MO|2R™ A (Ordinary differential equations) 22 O|FHZI RHS A™YE

H AEo[2t 8f. O|= =7| =710| S5HH et Zuvt S5 | HEY.

— - od
o EXIZt0| HHS0| UHIX| 94T HBHO 2 WMSITIT J1H5I0] 2210 245
et e
¢ 10A+10B~>10C Vs 1MA+10B->8Cor10Cor7C

A Time-dependent dynamics: ODE
dA/dt = dA #(A) - dA
dB/dt = dB *(B) - dB
dC/dt = dC +(C) + dC

-
-
-

Concentrations
Concentrations

-
o
-
-

-
-
-
-

-
-
-
-

B 66
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« ZHEX WYY AM2Ho BHEel SZeS F AM=0]M 5iX|2t, 0|1 fEAL 2]
Do HEs5710fl= R 71X 2XIHO| AS

o SI2 HXl o MIE UQ| RFXH= HE 171 2 MU 7] £&¢.
. ODEOHA‘I 785 AL Q1 Zf (0, 0.017H2] mRNA)O| AX|Z2= E7tsE.

« T2 40| BX7} M2 B2 Y3l ZESHE TS HlelaTel AlIY. 12{9 2,
SHE 0l B120| Lojt,
o S71 0| HE LjollE £ BB 29! (=0|x)0| ExfEt
« HIZ Ljoll RE SXF U 0 BE2 Exfst 20| Obl.

o NI LHj/Q|E AEtof| 2t §HA RSHQ (0ff, MZZ2| AEHO| 2t RNAPLY
ribosome?| £=71 &2t
o [TFEFA, Zt M|ZZ0OICE QT K} EHSd AEHLF CHHEL QFO| CH2 M| % 7t 0|21 0| =X

67

Stochastic Simulation

« Gillespie's algorithm: 0| 2112|522 22| &2 &3l 'CI3 30|
AH| Lo{LX|(AZH) 2t 'o{tH '.ﬂgol °'01 IX(E5)'E S =X} 2=0f| ot
E 8t3 &0 2ol Z™slH, 0|2 Sdll =Xt 71 M2 A|A=I0| A 22

St= BERRQIN LO| Xt HEME 7"'2*0f | ==} 7}s.
State at time ¢ ) State at time £ + 7

Choose reaction
& time step 7

q 1 Random
Reactions Propensities & o Sien 4
R1: A+B—C a, 5 3
R2: A—>D a, gg
R3: A—D as 23
R4:B—C a, g2
R6: C—F as = 5

_R7:A—>J

68
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Stochastic Simulator

« Gillespie's algorithm2 78t 2!
e http://ssbio.cau.ac.kr/software/stochasim stochaS|m.2|

tEESE simulator CHRZE (RIERE

m StochaSim.exe
[W] simulator.exe \

File  Simulation

File: New Model (Unzaved)
Model Editor

1|l

69

o CHREE Hh2 7jp I} L simple_circuitl.txt

oS 270l M EH F.

Repressor

R R R R H RS R
# Simulation (Time)

until t=500

save t=1

# Parameters

init m =
init P =

Q
2]

init promoter = 1

param k_tx = 0.1
param k_tl1 = 10

param dm
param dp

reaction
reaction
reaction
reaction

= 1n(2) / 2
= 1n(2) / 6@

promoter -> promoter + m, rate = k_tx
m->m+ P, rate = k_tl

m -> None, rate = dm

P -> None, rate = dp

70
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Stochastic Simulator: Constitutive expression

Pr Repressor

File Simulation

File: D:/Ongoing,

Model Editor

mple_circuitl.txt *

# Simulation (Time)

until t=500
save t=1

CRNOVAWN R

# Parameters

12 dnitm=0
13 dnitP=o
14 init promoter = 1

16 param k_tx = 0.1
17 param k_tl = 10
18 param dm = 1n(2) / 2
19 param dp = 1n(2) / 60

22 reaction promoter -> promoter + m,

23 reactionm ->m + P, rate = k_tl
24 reaction m -> ¢, rate = dm
25 reaction P -> ‘one, rate = dp

(1) 22 Ay

rate = k_tx

Stochastic Simulator: Constitutive expression

Repressor

Molecule Level in Single Cell

Mean M le Level in P

250 A

200 A

150 4

Level

100+

50 4

Time

300 400 500 0 100 200 300 400 500
Time

car: cors ~| [

Cell 1
Cell 2
Cell 3

Cell 4 72
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Stochastic Simulator: Constitutive expression

L7 |x|A‘|
M|z ZHo|Ed
— P
—r 350
350
300
300
250
250
3 200 97200
>
3 3
150 350
100 100
50 50
0 04
0 100 200 300 400 500 0 100 200 300 400 500
Time Tima
—
350 4
300 4
2504
T 2004
>
. |
150
100
50 4
o4
400 500 0 100 200 300 400 500

73

Stochastic Simulator: Negative feedback

H|O{QU= promoter
k_tx

N —

.

k_a, k_d

l C

Pr Repressor

MRNA

- N — U™

o
3

MRNA 235

Repressor2 promoter Z& /22|

74
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Stochastic Simulator: Negative feedback

simple_circuit2.txt

# Simulation (Time)

until t=500

save t=1
Molecule Level in Single Cell Mean Molecule Level in Populati
# Parameters 2004 - 140
T TR IR EE - o
initm =0 150
init P = 0 2004
init Pon = 1 2257} 604
init Poff = @ % 1004 g
L | % 604

75
param k_tx = 0.1
param k_tl = 10 50 4 40 4
param dm = 1n(2) / 2 - 20
param dp = 1n(2) / 60

04 0

0 100 200 300 400 500 0 100 200 300 400 500

reaction Pon -> Pon + m, rate = k_tx Time Time

reaction m -> m + P, rate = k_t1
reaction m -> llone, rate = dm
reaction P -> None, rate = dp

reaction Pon + P -> Poff, rate
reaction Poff -> Pon + P, rate

75

L] L] L]
Stochastic Simulator: Negative feedback
M= Zto|Ed
2004 1754
175 - 150 -
150 - 1254
125 1 1004
3 o)
%100- g 754
75 1
50 1
50
25 254
0+ 01
0 100 200 300 400 500 0 100 200 300 400 500
250 —
200
1501
3
-
100 4
50 4
o
300 400 500 0 100 200 300 400 500
Time
76
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Stochastic Simulator: Toggle switch

MZIt M2E AX|5H= toggle switchE H{EA| & ZiQ17}?
G(0)=0, R(0)=02 7Id)

-
<

S
~77

Stochastic Simulator: Toggle switch

switch1.txt

until t=1000
save t=10

init GFP_mRNA = ©
init RFP_mRNA = ©
init Pgfp_on = 1
init Pgfp_off = @
init Prfp_on = 1
init Prfp_off = ©
init GFP = @

init RFP = @

param k_tx = 1

param k_tl1 = 10

param dm = 1In(2) / 2
= 1n(2) / 6@

reaction Pgfp_on -> Pgfp_on + GFP_mRNA, rate =
reaction Prfp_on -> Prfp_on + RFP_mRNA, rate =

reaction GFP_mRNA -> GFP_mRNA + GFP, rate
reaction RFP_mRNA -> RFP_mRNA + RFP, rate

non
=~
o+
[~

dm
dm

reaction GFP_mRNA -> lione, rate
reaction RFP_mRNA -> llone, rate

reaction GFP -> llone, rate
reaction RFP -> llone, rate

non
Q
o

reaction Pgfp_on + RFP -> Pgfp_off, rate
_reaction Pgfp_off -> Pgfp_on + RFP, rate

0.1

A
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Stochastic Simulator: Toggle switch

— GFP 600
1000 \ =i
500
800
400
_ 600 3
]
300
p— — g 3
Mean Level in Pop 00
) S
200 100
—— GFP
b 0 — RFP
3 200 400 600 800 1000 0 200 400 600 800 1000
Time Time
. 1000 —
— GF —— RFP
1200 {(—— RFP
800
1000
800 e
< o}
[ >
>
3 e00 \ 4 400
400
200
200
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000
Time Time

Stochastic Simulator: Toggle switch

G(0) = 100 O|2tH? - =7|% G L510| 2AM[stLt 2= steady stateOf| +&Et

Mean Molecule Level in Population

w— GFP

Level N

- & 38 8B
Level

o ¥ & &8 8

2 I

38

o 200 400 600 800 1000
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Stochastic Simulator: Enhanced Toggle Switch

Stochastic Simulator: Enhanced Toggle Switch

3000
2500
2000

% 1500
3

Mean in population

1000

500

3000

2500

2000

1500

Level

1000

500

switch2.txt

o

— GFP
iRR 2000 = ﬁ::
1500
1000
w» .
0

— GFP ==y ‘:::

beiliils 2500

2000

\ T 1500

K]

1000 \

500

0

200 400 600 80

0 1000 0 200 400 600 800 1000
Time

Level

0

200 400 600 800 1000 o 200 4001— 600 800 1000
Time ime
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Stochastic Simulator: Enhanced Toggle Switch

switch2.txt

G(0) = 100, R(0) = 0 O[2tH, 2= AR G7t M5 LUHHE.
Toggle switch7} SPEN o2 Z=E512{™ positive feedbackO| 23S & 4 AUS.

3000 . Grp
— PP

Mean in population -

Mean Molecule Level in Population

0 200 400 600 800 1000
Time

] 200 400 600 800 1000
Time

30004 g

—— RFP

2500 2500

2000 2000

T 1500 1500
3

1000 s 1000

500 500

Level

[ 200 400 600 800 1000 0 200 400 600 800 1000
Time Time

83

« O[H0jl Simulation® BS0| €ojLt= B7t0] YFsCH T,
o D2\, MES WS Bests SSol HatE 2.

o M|z Fm|ef #sh: 7| HE{o|M 2E ZTIIK| Rl = 2i7EX| ST+, O|of 2k
=AM =0t Mkl 20boF 2ASH0] RSS20t Z At
o Partitioning: M| =7} 2L5IHM M= L 2XI2] £=7t ZRIC = Z45H= S0l &

det.

Mz ) s + .
x4 e

84
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simple_circuit1-2.txt

until t=500
save t=1

doubling_time t = 30

set stochastic_division = True

set randomize_molecule_distribution_upon_division = True
set nondividable_molecules = promoter

[

nitm=20
init P = 0
init promoter = 1

i
i

param k_tx = 6.1
param k_t1 = 10
param dm = 1n(2) / 2
param dp = 1n(2) / 60

reaction promoter -> promoter + m, rate = k_tx
reaction m -> m + P, rate = k_t1
reaction m -> lone, rate = dm

d

reaction P -> llone, rate = dp
\__ 5

Molecule Level in Single Cell Mean Molecule Level in Population

-
]
S

doubling_time = 30 min

M wﬂ

doubling_time = 120 min
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ECHE Q9 M E€ (Cist 7| HEl)

2 ;gw HHQF & 7|0f) MlZO| AlEH7} M2 CH2 0| EA S Hod
r

simple_circuit1-3.txt

until t=500
save t=1

doubling_time t =120
set stochastic_division = True
set randomize_molecule_distribution_upon_division = True
set nondividable molecules = promoter
( set randomize_initial_cell_volume = True :)

init m = 0
init P =0
init promoter = 1

param k_tx = 0.1
param k_tl1 = 10

param dm = 1n(2) / 2
param dp = 1n(2) / 60

reaction promoter -> promoter + m, rate = k_tx
reaction m -> m + P, rate = k_tl

reaction m -> llone, rate = dm
reaction P -> lone, rate = dp

ECHE Q01 MXE =€ (Cirst =7|¢El)

@ U1 E7I0l Mzl A7t M2 Ch2 0| A 04

Individual cells

—r —
200
250
200 150
3 g
3 150 %100 r
100

Level
= oz 0N 3 08
=3 v =3 4
=] o < o =3
Level

=N N

o w [=3 wu §

o o =3 o

0 100 200 300 400 500

88
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Population (cells)

Alzto| B2
MZ7t &2 7017}

Tl LysisE7} Hoi|™

(Tran et al. 2025)
89

NZE 27 xfel o

Mean lysisE level in population

50

40

30
T
>
3

20

10

[

o 1000 2000 3000 4000 5000
Time

Population

— Alive
—— Dead
10%
o 10°
c
3
o
o
T 10?
(ol
10!
10°

[ 1000 2000

3000 4000 5000
Time

death_circuit.txt

0 M| LY LysisE

. .
i — Lysis
: H
1 70 : :
i
! i i
! 60 !
H
H 50
i PJ‘
] T 40
>
i3
! 30
H i H
i 20 H "\.l H
1 1 ]
i i i
V*L"{ 1 - -
H H
! o H H
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time

:
100/ yysise

Level

i

o 250 500

750 1000 1250 1500
Time
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Huyi 253}

o A|AEN O Y SIHE 2fs 2t RE5H7H EaH
o Zlu14(Orthogonality): 8 SEXIS| 27 £FMIZ (Chassis)2| 12
SUHAZFA IF ZHM (Crosstalk) Qi0| SEIMOZ &E5t= EM .

Cell (Chassis)

Host System Orthogonality Synthetic Circuit
(H2dY)

92

- 46 -



Yays e gsl

o AMARIOFYY StHE 2ol 2|1t BESHEHaX
=3H(Modularity): 7|StR(2| ££ (BioBrick)s E&3}5104, Ct
ASH A|ABIOAM ZHALE 2L RHZEEIO| 7tSSHEE MAEt .

>

A
Y
B
q = =i =
7t7to| Gatel= E22|Moz Ha|gjoz 212} °'|:Gate 1E|’5.9EHF-.-_;-E|7;PFE7fo°fE
S9l5t gateS 012 26/ AL THs 2,25 HE RENE N ok

FHAE| 2= 2=V O0IR 0212 EXE0| 0 =

93

2{ 010]| o|a SEX} Esi0f RLoIM (BHEH) 0]
7|5H= wO| =7} &,

Time (min)
250 300 390

8
g

Fluorescence
(arbitrary units)
Fluorescence (arbitrary units)

>
e

£
P

Time (min) 0

0 200 400 600 0 200 400 600 0 200 400 600
Time (min)

Elowitz et al. (2000) 94
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Ih
o

Noise= 257} Okl 7

™Mo

MaxMoz

1

Sl
=S

o X0 M= NoiseE

»
L

State A
(Inactive)

State B
(Active)

QlSH ALE|

— O

7PXIé>EH t

Bimodality: ODE 222

=
x| SHEEH nYe &

~

My 7

PR=

H(monostable 0|2} of| =5t

OXSEA Ol
SEE T AT

95

Biomodality

e Bet-hedging: 7|2t
e Phage Iambda7HyS|

. Ol Sh#H0| TEro| YFdi=

= shHIL
£ 2o ZX| lysoge

N =
o

I0|I Bl @=A

gl_u_lol' A OIEE st

ny 2Ef0]| HHEX|=

Genetic Regulatory Network (cl & Cro)

Stochastic Simulation of cl Expression (Bimodality) ‘

Lysogeny State

PRE

-
<
[
o
(e}
@
=)
<

Lysogeny (High cl)

uonnqusiq [epowig

Lysis (Low cl)

Number of cl Molecules

96
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Persister Cells

o R 0|7t Ot RTX} 32| L-O|=E 0|23l persister cellO| et F=

toxin-antitoxin &8 #&0| 2N M7 ™ AEHO]| tEX| AL} stress & 7| H
of 2fsl Llist7| = &t

PERSISTER HIPBA TOXIN-ANTITOXIN SYSTEM |
CELLS N OISE

NOISE INDUCED ANTIBIOTIC ADDED: ENVIRONMENT CLEARS:
PHENOPHOTIC SWITCH NON-PERSISTERS DIE POPULATION REGROWS

Persister = M AENY &, X

2

4

o

7HEl M2 = Ot

Balaban et al (2004), Kussell et al (2005), Veening et al (2008) 97

Noise

o TR 2[2 EAA,

o TO|ZEEY %lE HES I (oll, leaky promoter H|0)

« LO|ZE M=M= 0|83t= AlAEE 7Y

Toehold switch (THS) ~ Activated state
SRNA
target |o{ RBS 1 RBS

site = I 3
Synthetic sRNA Tigger (GFP)
Q—\ binding site OFF l ON
ﬁ Repressed state
, Trigger RNA
FRONOTER —:-_

11111 RBS

\B‘Iock OFF
sRNA & Hfq .
= No sRNA —— 5 oume

&= +sNA

[ Trigger -, SRNA - (OFF) [ Trigger -, SRNA + (OFF)

M Trigger +, SRNA - (ON) | [[] Trigger +, SRNA + (Repression)
M Autofluorescence

Expression Level

Normalized
cell counts

Inducer Concentration

(=}

10 10? 10° 104 10° 10° 107
GFP fluorescence (a.u.)

Ren et al (2024), Heo et al (2025) 98
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Safety: Biocontainment

o JNUE M Z = XpAC| AR E 2b4:5t S 2iui5| AHTE|ojo} &t
o X|2 U 5t M3l2 0|4 % (LMO)2| MEjA| = EI*='

o A2 & O0|YZ0| X[ HHO 2 Y& HMUMEZE SHst= &
. 875518 DWE0| el RIS oL 4 U
Logic-Based Safety
. ot x O} x
* Kill Switch: Condition: Presence of * O o ZA
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Safety: Kill Switch
1. Deadman Switch 2. Passcode-based Kill Switch
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3. Timer-based Kill Switch
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Safety: Synthetic auxotroph - bipA

« Non-canonical amino acid®! biphenyl-alanine (Biphenyl-alanine) O|&

o Essential enzyme= RosettaE 0|&3}0] bipAZF AC{OF2t H X QI 7| 5S 5t
= AA

o O| 0| 4=2 bipAZt gl et80l|M = dEsHR| 28t

Unfolded/Non-functional
without bipA

Functional Protein
with bipA

Mandell et al (2015) 101

Safety: Escape
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Synthetic Biology: From Design to Impact

Lo-l

e Design-Build-Test-Learn (DBTL) Cycle ¥ Biofoundry 2| 22

A (EL R TE
(Al & Data-Driven Optimization)

HlOI2 M 2 A
Analysis) ¥ S M}ssr

~ xHSsiE A | DNA X2 3 NI b DA AZ2|Y Y 24
- (Automated Experiment Prep) (DNA Assembly & Cell Culture) (High-Through i

R

H7-H|=-A1E-2 (DBTL)
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Designing Biology for a Better Future
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Programmable Biology:

” Personalized Medicine
I'- s - Individual treatment strategy

“ Significant challenges exist - Lab-grown organs
in genetic circuit design

Sustainable Manufacturing

% - Sustainable material production
\./

- Eco-friendly chemical industry

Bioremediation
@ - Safe and efficient environment recovery

Overcoming these obstacles
will unlock new forms of
technology
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