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Choi et al., EcoSal Plus 2016;
doi:10.1128/ecosalplus. ESP-0010-2015

Kyeong Rok Choi

Jae Ho Shin

Jae Sung Cho

Dong Soo Yang
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Reconstruction of in silico genome-scale model

13. Metabolic 11. Model
engineering 12. Bioinformatics validation 9. Dynamic simulation

1 e &»‘m - bt

10. Experimental data

7. In silico cell

Kim et al. Curr. Opin. Biotechnol. 23:617-623 (2012)
Park et al. Biotechnol. Adv. 27:978-988 (2009)
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2. Genome annotation 8. Comparative genome

1. Genome sequencing



Systems metabolic engineering

Metabolic Engineering
+

Systems Biology
+

Synthetic Biology
.|_

Evolutionary Engineering

Systems biotechnology
Lee et al. Trends Biotechnol. 23: 349-358 (2005)
Systems metabolic engineering
Lee et al. Mol Sys Biol. 3:1-8 (2007), Lee & Kim, Nature Biotechnol., 33:1061-1072 (2015)
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Systems metabolic engineering of E. coli for the production of L-valine

= st

—=BioCentury

Center for Systems &
Synthetic Biotechnology GH,OH

MBEF < {9

E. coli W3110

[

e

o

Acetolactate

& Dihydroxyis
valerate

Ketoiso |8

L-Leucine

pl\l\lI\BN

\ pBR.l 2 ori

L butyrate
1 Ay 1|

Replacement of
ttenuator with tac
promoter

PKKilVBNCED [ | ap®

pKBRilVBNCED xp

ﬂROP

' In silico knock-o

pBR322 ori

Transcriptome

ﬁlalysis

\L-valine
overproducer

simulation

Base strain /
TGAATCAGGCGCGTTATCCCGCGTGATT

_

TGAATCAGACGCGTTATTCCGCGTGATT

HoN— (|3— COOH

Removal of feedback inhibition o

valine

* bW x hr')

in sifico Lwvaline production rate fmmol

o
o

e
wn

o
Y

03

0.1

0.z 03 0.4
In silico growth rate (hr™')

0.5

0.6



http://www.pnas.org/content/vol95/issue25/images/large/pq2583917001.jpeg
http://www.pnas.org/content/vol95/issue25/images/large/pq2583917001.jpeg
http://images.google.co.kr/imgres?imgurl=http://www.timberlake.co.uk/software/silico/silimage/screen_da3_big.jpg&imgrefurl=http://www.timberlake.co.uk/software/silico/silannot.html&h=515&w=761&sz=69&tbnid=nBZ3TNiOXUYJ:&tbnh=94&tbnw=139&start=6&prev=/images?q%3Din%2Bsilico%2Bdata%26hl%3Dko%26lr%3D%26newwindow%3D1%26sa%3DN
http://images.google.co.kr/imgres?imgurl=http://www.timberlake.co.uk/software/silico/silimage/screen_da3_big.jpg&imgrefurl=http://www.timberlake.co.uk/software/silico/silannot.html&h=515&w=761&sz=69&tbnid=nBZ3TNiOXUYJ:&tbnh=94&tbnw=139&start=6&prev=/images?q%3Din%2Bsilico%2Bdata%26hl%3Dko%26lr%3D%26newwindow%3D1%26sa%3DN

namre

Microbial production of short-chain alkanes Mondy, September 30, 2013 3:36:40 G
THE WALL STREET JOURNAL.

== South Korean Scientists Use E. Coli
to Make Gasoline

Yong Jun Choi' & Sang Yup Lee'?

Article ‘ Comments
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Engineered
bacteria

producing
gasoline from Korea Advanosd Institute of Scenoe and Technology

renewable Ressarchers at Korea Advanced institute of Scisnce and Technology have tapped into E. col to reprogram the
-, bactera to preduce gaspline

Escherichia coli can cause serious food poisoning but Korean scientists have come

up with a more helpful use for the sometimes-deadly bacteria: producing gasoline.
Sang Yup Lee
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Polyhydroxyalkanoates (PHAS)

Lee, S.Y. (1996) Trends Biotechnol. 14, 431
Lee, S.Y. (1996) Biotechnol. Bioeng. 49, 1
Lee, S.Y. (1997) Nature Biotechnol. 15, 17

Also see reviews by Doi, Steinbuchel, Sinskey
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microorganisms

« Synthesized usually when an
essential nutritional component
1s limiting 1n the presence of
excess carbon source



Polylactic acid (PLA)

-Two-step process for PLA synthe3|s mp,,,,
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Koreans make plastics without fossil fuel
chemlcals

| 5 L =4 =
November 23, 2000 2:25 a.m E

(CNN) - A team of South Korean scientists
have produced the polymers used for
everyday plastics through bioengineering,
rather than through the use of fossil fuel-
based chemicals.

It is believed that the technique may now
allow for the production of environmentally-
friendly plastic that is biodegradable and low
in toxicity

e prodnd by

The research focused on Polylactic Acid Niational Bl B
STORY HIGHLIGHTS (PLA), a bio-based polymer which holds the key to producing @ e I ]
* Korean scientists develop a plastics through natural and renewable resources. Polymers are

Elislcch ::Itl ::;weﬂ from fossi molecules found in everyday life in the form of plastics and rubbers.  a team of pioneering South Korean scientists have succeeded in produc
for everyday plastics through bicengineering, rather than through the wus
chemicals. This groundbreaking research, which may now allow for the
environmentally conscious plastics, is published in two papers in the jouw

and Bivengineering to mark the journal's 50th anniversary.

* Bio-based polymers make the "The polyesters and other polymers we use everyday are mostl
plastics biodegradable and less stk oy ey y

toxie derived from fossil oils made through the refinery or chemical
process,.” Professor Sang Yup Lee, who lead the research, said in a

= Research team s from KAIST



One-step direct fermentative production of PLA & copolymers
a series of ~25 patents since 2005

Biosynthesis of PLA or P(3HB-CO-LA) vy jung Bt
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Taek Ho Yang [¥as
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Synthetic metabolic network for one-step production of PLA polymers
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Yanget al., (2010) Biotechnol. Bioeng. 105: 150-160 Jung and Lee (2011) J. Biotechnol.
Junget al., (2010) Biotechnol. Bioeng., 105: 161- 171 151(1). 94-101



Choi et al. Nature Biotechnology 34(4): 435-440(2016. 4)

Poly(lactate-co-glycolate) [PLGA]

v
Representative synthetic biomedical polymer
So Young Choi ’
0 3 Degradation rate ( controlled release)
lactic i g ey
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HO 0 08 /5
X i Y 2 y o
glycolic = I
O "acid & 06 -
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* Representative synthetic biopolymer 02 ‘-':._!'" :rsﬁ
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* Biocompatible & low toxicity G o T N VRS T F W )
* FDA-approved biopolymer
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Choi et al. Nature Biotechnology 34(4): 435-440 (2016. 4)
Systems metabolic engineering for biopolymer production

S5ang Yup Lee
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oF| ZEI0| HE7I= B
Material Strength (N m2) Elongation (%) Energy to break (J kg)

Major ampullate silk 4 x10° 35 4 x105
Minor ampullate silk 1 x10° 5 3 x104
Flagelliformsilk 1 x10° >200 4 x10°
Kevlar 4 x10° 5 30
Rubber 1 x10° 600 8 x104
Tendon 1 x10° 5 5 x10°

B E Lﬂ* Teule etal., Nature protocols. 2009, 4(3), 341
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Native-sized recombinant spider silk protein produced
in metabolically engineered Escherichia coli
results in a strong fiber PNAS in press (2010)

Xiao-Xia Xia*', Zhi-Gang Qian*', Chang Seck Ki* Young Hwan Park®, David L. Kaplan®, and Sang Yup Lee*?~?

Gene design & synthesiy [SGRGGLGGQGAGMAAAAAM
+ Wﬂ(iAGQGGYGGLGSQGT]
GGX GA Repeating unit: 32, 48, 64, 80, 96 copies

Svnthetic redesign of
E. coli metabolism

High Mw (285 kDa) spider silk protein results in

Kevlar strength spider silk !!!
)
4

X.-X. Xia

|

Production, purification &f—

h . i
f material processing

= Eu
= BioCentury Silk protein
m Center for Systems & J
Synthetic Blotechnolegy




Polyamides
0
H2N\N\NH2 + Ho)J\/V\/\/;;,\r(OH = EcoPaxx (nylon 4,10)
o}
H-N "
2 \/\/\NHQ * \HA/\)LDH = Stanyl (nylon 4,6)

0




Putrescine
(1,4-diaminobutane) Met Eng for nylon precursor I

used for various materials

Including nylon-4,6 @
Dr. Zhigang Qiar(/

Dr. XiaoXia Xia Larate
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Strategies for bio-based renewable TPA production

Luo & Lee, Nature Comm. 8:15689 | DOI: 10.1038/ncomms15689 (May 31, 2017)
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Designing the pX to TPA synthetic biotransformation pathway

Sang Yup Lee

+ Upstream pathway:
NAD™ HADH HAD NADH i
Hzﬂ 0, pX to pTA recruited from pX

_ pX degradation in Pseudomonas
putida

+ Downstream pathway:
PTA to TPA recruited from

pTA pTA degradation in
o "~ Comamonas testosteroniT-2

1 mol NADH to NAD*
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0% A TPA pathway redox neutral
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1 mol NAD* to NADH
HO. 0O HO. _O HO + Use of the multi-functional
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Luo & Lee, Nature Comm. 8:15689

4-CBAL 4CBA TPA DOI: 10.1038/ncomms15689 (May 31, 2017)



Whole pathway assembly & optimization

Luo & Lee, Nature Comm. 8:15689 | DOI: 10.1038/ncomms15689 (May 31, 2017)
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Biotransformation of pX into TPA by engineered E. coli

=l BT o - T
el

Pathway Mining

8. g pX converted into
13.39g TPA
at yield of 96.7 mol%

Luo & Lee, Nature Comm. 8:15689 | DOI: 10. 1{}38/n=:umm515639{May 31,201



First round Target product

i
Target organism

Selected organism

Known vector system? No Metabolic pathway? No
Optimized fermentation? Mo

Construction of vector system Set-up of fermentation process Construction of metabsolic pathway
L |
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Construction of engineered base strain
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In silico simulation

High-throughput analysis
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ST e Wild-type strain

Metabolic
engineering with
genetic tools

Third round
Optimizing process parameters Design of downstream process

M-,

Process optimizatien

Sang Yup Lee
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Lee et al. Trends Biotechnol. 29:370-378
(2011)
Park et al. Trends Biotechnol. 26:404-412
(2008)



WEF's Top Ten Emerging Technologies 2016 . .. une 23,2016
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1. Nanosensors and the Internet of Nanothings

2. Next Generation Batteries

WORLD
@] 3. The Blockchain ECONOMIC
— FORUM

4. 2D Materials

5. Autonomous Vehicles

6. Organs-on-chips
‘ 7. Perovskite Solar Cells
.=| 8. Open Al Ecosystem
a

9, Optogenetics

S5ang Yup Lee
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=2 H 13%t 5J0E 2 &(2016-2020)

National Labs
Fundamental Scientific Infrastructure
National Center for Technology Innovation

“National Center for Technology Innovation
In Synthetic Biology”

8 billion RMB in 3~5 years + 0.2 billion RMB/yr for operation

2500+ researchers



| A:

—Ee
of

Qa|Ltatz} x|

(2) Lt HIO|RE

(3) HtO| 22| L} O A 2

227t2 ASH| =2 HA

O
=

AN E =

XHE X|

ol
<
jol

b

5

| O] 232}

ol
ol
<
jol

ok
T

b

2tst

A

sang Yup Lee




AA |
In France, 4.73 billion plastic cups thrown away every year I

(only 1 per cent are recycled)

*'%U)

France ban plastlc plates and cutlery
Only bio-based plastics allowed
Law in effect in 2020
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