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University

Laboratory: Enzyme and Fermentation Engineering Laboratory
Position: Professor

Contact number: (Office) 82-43-261-2567

E-mail: namsoo@cbnu.ac.kr

Home page: http://food.chungbuk.ac.kr/fermentation

1. Academic Experiences

Degree Received Institution Date
Ph.D. Food Science Purdue University (U.S.A.) 1996
M.S. Food Science & Technology Seoul National University (Korea) 1992
B.S. Food Science & Technology Seoul National University (Korea) 1987
2. Professional Experiences
Position Department Institution Period
Professor  Food Science & Technology Chungbuk National September2008-
University Present
Assistant/ Food Science & Technology Chungbuk National September1999-
Associate University August 2008
Professor
Post-doc ~ Agricultural Bio-New Material Seoul National August 1998-
Scientist ~ Research Center University August 1999
Post-doc Biochemistry & Biophysics Iowa State August 1996-

Scientist University

July 1998
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Table 3. Competent subject of LMO on MFDS & MOHW
Ministry of Food & Drug Safety (MFDS) Ministry of Health & Welfare (MOHW)
+ LMO for food and medical device usage + LMO for health & medical usage excluded for food and medical
# Excluded LMO for human medicine usage device usage
+ LMO using pathogen gene of national control for public health
+ LMO using synthetic pathogen gene of national control for public
health
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BH Aolak
a AeH U )
O oY Z29 AZ2 Mo £ 2 (XS, 8ot )
" A 55 ol % Fheeh
FA F== Rt =i Rty = = =
2008 1,553 733 716 235 837 498 - -
2009 1372 500 471 82 901 418 - -
2010 1,916 620 993 232 923 388 - -
2011 1,875 808 1,026 343 849 465 - -
2012 1,915 845 1,033 318 871 519 11 8
2013 1,680 734 918 281 729 430 33 23
2014 2,233 922 1,212 367 1,021 555 - -
2015 2,145 662 1,116 229 1,029 433 - -
2016 2,004 597 1,022 199 982 398 - -

(HIOIOHE S M BHIE 2016)
2008d O|2 2 X|&H F7F X2 X = (K2?)

- J

| e ]l
~ LMo S 2| bl &gt ~
) =2 2IK100=) =SS LMo b & X HIS(2016E I|F)
- £h9) : wWOtha
27 % |24 AWSA[LMO ANRAT y55/a)
S5 38.1 3506 92
& 3387 3181 913
ol = %8} 398 37 93
Abg 5 047 047 100
Fhe et 069 0.62 90
Z 3387 3269 965
Behal e 17.73 1567 884
5.3} 101 0.79 783
z 187 187 100
o= §l gy} KFT 19 474 97
w3 0.4 0.38 95
el 8.1 753 93
Avot %55 162 1.49 92
T 221 208 94
AT 8 11.25 1080 96
T 333 321 96
st} 3te] STR 071 0.31 44
) 001 0.01 100
B A 58 3 29 97
23 73 292 278 95
e 24 2.159 90
dol z 052 0.494 95
BE] 0.009 0.009 100
2 1.26 1.23 08
SRR SEE 007 0.06 36
2R : ISAAA Brof No 52
OF2 =7t=0| MEfHHS| CHEZ0| LMO & X{Hi5tL AS!
\ (HIol 2t H N EHIE 2016) )
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(Million Hectares)

Table 2. Global Area of Biotech Crops, 2015 and 2017: Industrialized and Developing Countries

source: ISAAA, 2017

[ rots = industnalaed Countries

Developing Countres |

(Million Hectares)
Source: ISAAA, 2017

-

2016 % 2017 % +- %
Industrialized countries 85.5 46 89.2 47 +3.7 +4.3
Developing countries 99.6 54 100.6 53 +1.0 +1.0
Total 185.1 100 189.8 100 4.7 +3%

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2003 2010 2011 2012 2013 2014 2015 2016 2017

Figure 1. Global Area of Biotech Crops, 1996 to 2017: Industrialized and Developing Countries

~ LMo ofj 2| X{jul s

-1

O S A R HY A (CHQ| : BT h)

\_

¥yd 2015 v F(%) 2016 B F(%) +f
R EX IR 95.9 53 865 47 9.4
53 58.5 33 754 41 +16.9
544 25.2 14 231 12 2.1
Hjo] ej 24/ 71 eh <1 <1 <1 <1 <1
Al 179.7 100 185.1 100 +5.4
Source : ISAAA Briet No 52
O LMo 7HE A =3}
1A Th 24 tf 34T
ol 4 LRI A kA e E PR
PEX VL]
g | Azads | v}:“‘{i: - | 2338 20
B Z2AFPAN = 5 =4 & A= =
HTAYY T e ) 15 4 33 5
—_— w3}, y s Z, 2A, A,
A FEE S A T. U3 84 Reige
A7) 1996~2005 2006~2015 2016~
(20161 #oh MEM UG +SHSHNES HH > LHA BHYSLE2+3H 89
(ol 2ot 4 HE HIE
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ISAAA Briefs

ISAAA
BRIEF 53
Global Status of Commercialized Biotech/GM Crops in 2017:
2018 International Service for o2, b /

the Acquisition of Agri—biotech
Applications (ISAAA)

Up to 17 million farmers in 24 countries planted 189.8 milion hectares (469 million acres)
in 2017, an increase of 3% or 4.7 million hectares (11.6 million acres) from 2016.

() emo =4S Xib »ig - 0|5, 2atd, st

Other Biotech Crops*
0.02 Mhas (0.23%)

Biotech Alfalfa Biotech Cotton

1.31 Mhas (2%)

Biotech Cotton
458 Mhas
(6%)

"2[2,;‘;‘” . 0.94 Mhas Biotech Maize
~ _ Other Biotech Crops* (0%) 7 1.78 Mhas  —__ pra=s
|r (13.5%)

Biotech
Soybeans

2.50 Mhas
(19%)

\ Biotech Soybeans
34.05 Mhas
(45%)

Biotech Soybeans
Biotech Malze 3.7 Mhas

33.84 Mhas (68%)
(45%)

Figure 3. Biotech Crops Planted in the USA, Figure 4. Biotech Crops Planted in Brazil,  Figure 6. Biotech Crops Planted in Canada,

2017 2017 2017
* Biotech canola, biotech sugar beets, biotech potato, Source: ISAAA, 2017 ;:!':::(h sugar beets, biotech alfalfa, and biotech

biotech apples, biotech squash, and biotech papaya.

Source: ISAAA, 2017 Source: ISAAA, 2017




18

=Y ESE S|

() GMOo sAHE AiHY sigt - otZ 2|7t =

13 COUNTRES

12 crOPS

Africa Biotech/GM Research and
Commercialization Status by 2017

14 TRATS

S
frcon
Yarys

Mg onompor
Mawrw
Swhed
Table 19. Area of Biotech Papaya Planted in China, 2017 (Hectares) S v
Location Total papaya Area Biotech Papaya Area | % Adoption | @)
Guangdong Province 3,000 2850 { @) e
Hainan Island 3800 3230 | @m=
Guangxi Province 1,500 1,050
Total 8,300 7,130 Figure 143, Africa Research and C Status in 2017
Source: ISAA8, 2017 J
NG
19
100 200
90+ 180
80 160
70 / 140
60 /_. /\/* 120
S0 100
QO / / .
i / / S =~
20
10 2
L 1 ]
1996 2001 2007 013 2017 30% % 2% 0%
= Cotton Soybean Maize Canola
w—Coybean e Maize  wem Cotton s Canola I
B Conventional I Biotech I
Figure 16. Global Area of Biotech Crops, 1996
to 2017: by Crop (Million Hectares) Figure 17. Global Adoption Rates (%) for
Source: ISAAA, 2017 Principal Biotech Crops, 2017 (Million Hectares)
Source: ISAAA, 2017
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8
Number of Countries

1996 2001 2007 2013 i 9 195% 200 2006 am a7
Year

w— Herbicide Tolerance e Stacked Traits w—Total number of Countries = Countries - Feed (Per Year)
= |nsect Resistance (Bt) w— Countries - Food (Per Year) Countries - CLAtVIBON (Per Year)

Figure 19. Number of countries that issued food, feed and cultivation approvals 1992-2017
. - Source: ISARA, 2017
Figure 18. Global Area of Biotech Crops, 19.%"
to 2017: by Trait (Million Hectares)

Source: ISAAA, 2017
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f Table 37. Non-planting Countries which Granted Approvals for Import (Food, Feed, and \
Processing) from 1996 to 2017
Crops Approved for Import
Countries 19962016 2017
1 Burkina Faso Cotton
2 |Cuba Maize
3 | Egypt Maize
4 donesi Maize, soybeans, and sugarcane
5 |lran Rice, soybeans and rapeseed
6 |Japan Alfalfa, canola, carnation, cotton, | Maize
maize, papaya, potato, rice, rose,
soybeans, and sugar beets
7 | Malaysia Canola, carnation, cotton, maize, | Cotton, maize, soybeans
potato and soybeans
8 | New Zealand Alfalfa, canola, cotton, maize, Canola and potato
potato, rice, sugar beet, and wheat
9 | Norway Carnation
10 | Panama Maize
11 | Russian Federation Maize, potato, rice, soybeans, and
sugar beets
12 | Singapore Alfalfa, canola, cotton, maize,
soybeans and sugar beet
13 | South Korea Alfalfa, canola, cotton, and maize | Canola, cotton, maize, and
soybeans
14 | Switzerland Maize and soybeans
15 | Taiwan Canola, cotton, maize, soybeans | Canola, cotton, maize, and
and sugar beets soybeans
16 | Thailand Maize and soybeans
17 | Turkey Maize and soybeans
18 | 26 EU countries Canola, carnation, cotton, maize, | Canola, cotton, maize, and
potato, soybeans, and sugar beets | soybeans
Source: ISAAA GM Approval Database.
22
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~ LMo L H7l e i )
O ANE iR 1Mo 42 41D B &
AE - ATE FAAAYPAEA 5= i 2
T 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 Al
e 98 162 158 189 196 883 963 | 1.407 | 1.847 | 5.903
A8 2 17 41 38 29 44 79 929 181 530
N A E 10 6 2 12 9 322 | 397 | 660 | 1.545] 2.963
7 110 | 185 | 201 | 239 | 234 | 1,249 1439 | 2166|3573 9,396
EEERTE Pt
ANHATBOR S2(52%) 1 O H243%) =0l &3] B7I5tn oS
\_ J
23
~ LMO Z2H| X} Q14| N
(O =2 HIO| Qo A B MIE]
T RAMCHAL TR 19M| ~ eaM| 2] MOl 600
-ZAZ|ZH: 2016 11 42 ~ 11 24 Y
SRAR R AN T BT AL
-EE2QK:95% ME[F=FOM £3.99%
SXRHY & R FAUS (Top2%)
2016~2015
405 vo2)
20158 2016 (v 2w
82.2 79,0 79.5
I I mi mi
olz/ele} HOIR {‘_MH}OIQI A8/ o
OJLix] N8
« AME ROROME AH[XES| LMO 7| 2240 CHist SHE=7 2SS
- Bt o|2/9|0t/0f|HX| 20l =5
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O YA A BEIDME TR
= Bacillus subtilis — ZEEH SOt 20LN|, Z2F2tLtOLA|, 2| 222+, Maturex
L, Branching glycosyltransferase,
= Bacillus licheniformis — & I}-OF ¥ 2FA|, Optimax L- -1000, ;= 2tLtOkK, 2E}
OA| (Saphera 2600L), H| Et-OF 2 2} OF K| (Secura), 2 F 2FLHOF Al (Extenda Go 2
Extra)
= Aspergillus niger — 2| ILtOtA|, = = A Ot Z 2tOF K|, & It-Of Z 2} OF K| (Extenda Go
2 Extra),
= Aspergillus niger var. awamori — 7| 2 2l (Chymax),
= Aspergillus oryzae — Novoshape, Lipopan H BG/ Lecitase Novo, Lipopan 50 GB/
Lipozyme TL IM, Pentopan Mono BG, Sherzyme 2X/500L
= Trichodermer reesei - ETHAZ F A A|CLOLA|,
AMEEl O Z2 B. subtilis, B. licheniformis, A. niger, A. awamori, A. oryzae, T. reesei
\_
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3 D500001 Carynehacterium glutamscum
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Table 1

Gene Transfer Methods Used With Several Commercially Important Microorganisms

2042

Type of Organism

Industrial Applications

Gene Transfer Methods

Aspergilius

Yeasis

Bacillus

Corynebacterium

Escherichia coli
Lactic acid bacteria
FPseudamonas

Streptomyces

Food fermentations

Food and beverage fermentations

Industrial enzymes
Fine chemicals
Antibiotics
Insecticides
Amino acids

Therapeutic protein procuction
Biodegradable plastics
Food fermentations
Organic acids
Plant biological control agerts
Bioremediation
Antibiotics, antitumor

and antiparasitic agents
Herbicides

Protoplast transformation
Electroporation

Biolistic transformation
Protoplast transformation
Electroporation

Transformation of competznt cells
Protoplast transformation
Electroporation

Protoplast transformation
Conjugation

Electroporation

Transformation of competert cells

Electroporation
Protoplast transformation
Electroporation
Conjugaticn

Protoplast transformation
Electroporation
Conjugaticn

(Han L. 2004 The GMO Handbook))
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S
- High or low copy numbers

i PN

&4 Expression vector

- No antibiotic resistance marker genes
- No release into the environment

() T2 2F Promoter
inducible

- Constitutive vs.
- Strong vs. weak

() H2L S AR selection marker

"~ - No antibiotic resistance gene
- Yes stress resistance genes (yeast - YAP1, PGK)

35

(Han L. 2004 The GMO Handbook))

~ REXEY W EHE =

- Antisense RNA

O Overexpression of Desired Genes
T oneEY e

O Improving Protein Properties

O Disruption of Undesirable Gene
- Gene knock-out by homologous recombination or CRISPR-Cas9

(Han L. 2004 The GMO Handbook))
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Probiotics and Members of the Human
Microbiota for Biomedical Applications
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The ferad B of Bumedil Exgeerng s ; RIS s
et e peokéotics, genenc tools, CRISPR, genome engineering, microbicme
b g1 e s 1), Abstrace
e An increasing number of stadics have strongly corelated the composition
[\"9;';5‘.;3“;’.‘ Jomd Resiers. ofthe baman microbiota with many beman bealth coodiions sad, in several
S cases, have shown that manipulating the microténes direcely affecs beakh.
These insighs b Yy S i
microbiots community mesbers and sonresident probiceic bactenis 55 bi-
oicd A b b snd mp heakh

lnlhxs;nel wedimnmm;dmm:mwmhaxm Y 10 engineer

commensal and probiceie bactic acid baceeria bifidobacreris snd Baveraids
for these purposes, 3ad we providk oar perspectine on the furare potcaal
of thes techmnlogies.
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Opportunities for Engineering Host-associated Microbes

( o )

Epithefial cells

Q inmenespm Q Combatngpathogens
g accnes - Cytokines - Antimicrobial peptidss/compounds )
f;. Antigens  » Allergens +Pathogen detection L
: 3
Soasig and & 2
5 L B oy :

Environmental conditions
Disease markers

Metabulic imbalaice

= Genetic tools for manipulation of LABs enhance human health.

= Biogeographic preferences could be leveraged to engineer microbial therapeutics to treat diseases or
maintain host health.

= These opportunities include developing sensors and understanding structure-function relationships
between microbiota and host (Figure 3). )
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Engineered probiotic Escherichia coli can

eliminate and prevent Pseudomonas

aeruginosa gut infection in animal models

In Young Hwang, Elvin Koh, Adison Wong, John C. March, Wilkam E. Bentley, Yung Seng

Lee & Matthew Wook Chang =

Nature Communications 8, Article number. 15028 (2017)

systems for a functional probiotic strain.
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Download Citation £

Figure 1: Development of optimal cellular host and genetic element

strain.

Figure 2: In vitro functional assays of the engineered probiotic
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Revisiting the safety aspect
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:::;:‘""’“ AthyA, chlA-tetQ, AaxyR, ke
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merBC), ¥80d, lacZAMI5,
E.coli GC10 | AlacX74, endAl, recAl, Alara, | GeneChoice, Inc.
lew) 7697 araD139 galU, galK,
nupG, 1psL, A, TIR.

Figure 2. Schematic represertation of 3 posible (VA pene duplcation s emaria: (2) insertsan of duplated
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differseg only in their sexpective A alldle. (€) p
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By deedoid b H 1 deletion from the 2%

their respective (A allele. the pene contees and systeny.
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: 3 -
B e i

.'{§§ J o

° 120 ° “ 0 w ° 5
Time (hours) i (hours) Time (days)
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O wt s G-YGFA wn Symigie (0} A GYCFA. o, deectsc (G
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Figure 3. Growth and survival of 8. ovatus wt and GHA39 strasms. (a) Growth and survival of wt and GHE9
under optimal growseg conditions with and without Uymidisse. (b) Growth and survival of GH39 under

diff with (<) Survival of wt and GIIO im mouse
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Table 1. Bacterial Strains.
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3—Hydroxypropionic acid (3—HP)
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Use of Genetically Modified Microorganisms for the
Production of Value-added Acids and Alcohols from
Biomass

5eza ‘ Prof. Sunghoon Park
& WNisST

Laboratory of Biotechnology for Biochemicals and Biofuels

UNIST, Ulsan, Korea
Pusan National University, Busan, Korea

parksh@unist.ac.kr
parksh@pusan.ac.kr

Outline

¢ Introduction: definitions
> Biorefinery
> Industrial biotechnology

> Microbial cell factory: metabolic engineering and synthetic
biotechnology

*What should be produced?

*How do we produce bio-products? (With few target products as examples)
» 3-hydroxypropionic acid
> Lactones
> 1,3-propanediol

ePerspectives?

PoE

=

55
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Core technology of biorefinery:
Development of microbial cell factory

Microbial

Factory

Strain
Development

Fermentation

Purification

Host
screening

Pathway
synthesis to
produce the

target
product
from
substrate
(base strain)

Strain

improvement
*classical
and

advanced

Strain

physiology
and
Fermentation
process
Development

Detailed
engineering
and
Fermentation
process
optimization

)

Commercial
Fermentation
& Purification
Process

(Modified from Cargill, 2011 SIM)
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Strain development: D-B-T-L cycle

e Synthetic biology
* Metabolic

Build Test engineering
gr:h:::igna & " e ] ;::;?'r’i':"‘:dgc"m“'"‘ * Genome
. ./—P“x. . ol engineering
* Systems biology
(multi-omics)
* Enzyme
engineering
* Adaptive
laboratory
evolution (ALE)
* Bioinformatics

i L]
«sDesign @

Bioinformatic anobysis
Moctelng

http://syncti.org/synthetic-biology-foundry/

Target: What to produce?

*Academia (University): What is new? Scientific interest.
*Industry: Commercial interest, Company’s main focus, Intellectual property

*Government: Industrial ecology, National economic growth

+2004 Top value added chemicals

Top Value Added Chemicals from Biomass
Volume |—Results of Screening for Potential
Candidates from Sugars and Synthesis Gas

ANNA'
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Top-value added chemicals from biomass

Ho\n/\/ﬁ\on HOWOH HO/\iOH
o

e 2,5-furandicarboxylic acid S-hydyroxyproplonic acid
H
NH,
HOMOH i %OH m/ﬁ\/\l/ﬁ\ OH
! OH OH © HN2
lutami
aspartic acid glucaric acid IRl Mol
CH.
/ﬁ\“/\r(OH HOJ\/\'( a 5—7/
CH,
ftaconic acid levulinic acid &hydmxybutyrolactone
H
s
glycerol sorbltol
xylitol

‘What and How’ are associated: Fitness is needed!
n N
Target \}
product
Patent??
Strain &
Substrate Pathway
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Fitness is needed!

3-HP Pseudomonas sp. Glycerol
Pseudomonas putida Glycerol

E. coli (MCR) Acetate

Clostridium (MCR) CO/H2

1,3-PDO Klebsiella pneumoniae Glucose
Pseudomonas sp. Glycerol

3-HP (3-hydroxypropionic acid)

/\o/\)‘\o/\ Aaylamide ’ ) .
i ety prop o on 1. Top 3rd platform chemical by US-
Ethyl e propionate (EEP) \ ]

n DOE
o o Py 2. Global market - 4 million ton per year
- 3. Estimated to be >$10B.

n HO' / Malonic acid
Acrylic acid \
RO’ 0
Acrylic esters *
Ho” > Non
LT
1,3 i
A .
H H HHHHH
Aarylic polymers

Source: Top Value Added Chemicals From Biomass,
PNNL & NREL, 2004; Chemical market reporter; ICIS Pricing




Our project approach

Glycerol
Glycerol dehydratase (DhaB)
H,O
CHO
OH /\/

3-Hydroxypropionaldehyde (3-HPA)

NAD*
Aldehyde dehydrogenase (ALDH)
NADH +
H+
COOH
-l N

3-Hydroxypropionic acid (3-HP)

Development of 3-HP production strains

Q Escherichia coli

> Introduction of coenzyme By, synthetic genes (~20 kb)

Q Klebsiella pneumoniae
> Naturally produce coenzyme B,, (-O2 condition)

O Pseudomonas sp.
> Naturally produce coenzyme B;, (+O2 condition)

0 Malonyl CoA reductase pathway

S\ Uligp 2
Sz,

Non-pathogenic, new K. Genome of new P. denitrificans
pneumoniae isolate isolate
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3HP production slows down in later period

3.0 — 1.0 =
) . —v— Glycerol — 300
i e —o— 3-HP E -~
13" —o— 1,3-PDO — 250 3
i £
2.0 - § —e— cdw ; a0p 2
% a _g 0.6 ==1 = - | 8
&35 F &~
5 3 — 150 ¢
e § 0.4 — B -
107 5 — 100 2
1l & 1 =
2, 0.2 — 2
0.5 <] — 50 )
0.0 — 0.0 0

Why? Toxic effect of product (and byproducts); loss of enzyme
activity; improper cofactor regeneration; insufficient energy supply;

cell death ......
Ashok et al (2017) Met. Eng. 15: 10-24

DhaB and ALDH were not stable

—8— KGSADH
14 —O— DhaB L6

0.8 4

0.6 4

KGSADH (U/ mg protein)
DhaB (U/ mg protein)

04

0.2 4

0 10 20 30 40 50
Time (h)

Ashok et al (2011) Meta. Eng. 15: 10-24




62

Development of 3-HP production strain

Glycerol

Coenzyme B,, NAD* NADH £ > 3-HP
HO/Y\OH L} o "ou M’ no/\)J\oH
[
G'mn';l 3-HPA 3-HP
Byproducts €==
v
Cell growth

Pathway enzymes

« DhaB/GdrAB Physiology/Fermentation
« ALDH * Cell growth
* Activity, stability, Cofactor Tolerance + Carbon metabolism
enzyme inhibition + Coenzyme B, * 3-HP + Pathway Engineering
+ (NAD¥) + Byproducts * Process optimization
«  Synthesis, « Transporters,
regulation chaperones,

adaptive evolution

How to achieve high TRY*:
Enzymes, pathway, strain and process

Coenzyme B,, NAD* NADH 0

HO/Y\OH Lp oZ ""oH M Ho/\)kou

Glycerol 3-HPA 3-HP

1. Maintenance of enzyme activity

* Enzyme screening and engineering

« Continuous synthesis of new enzymes: promoter engineering
2. Balanced expression of DhaB and ALDH: 3-HPA toxicity

» Expression level by promoter engineering

* Enzyme screening and engineering

*TRY: titer, rate, yield
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3-HP inducible system: Origin and mechanism

Inducer (3-HP, glycerol)

| <@
0‘."
TF

TF:. 1

TF Gene r Target A r Target B
o, O,

Relative Cell mass

Performance of recombinant Strain #2
employing new promoters

10 110 1.0 A
90— Cell mass F 100 _ —O— DhaB
g |~ 3-HP L 99 £ 8 —e— KGSADH
7 ] 80 o °
6 1 F70 % S 61
F 60 [} £
5 A1 > =
rS0 = 3 .44
4 4 c =
r40 35 m
3 1 r3%0 £ g2 5
2 A - 20 o
‘1] ] [ ‘1]" 0.0 . . . : :
............... 0 10 20 30 40 50 60
0 36 912151821242730333639424548 .
Time (h) Time (h)

10

KGSADH (U/mg protein)

|

(i

Tt
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Optimal and concerted expression of many genes in a
biosynthesis pathway

There are many ways to coordinate expression of multiple genes:

(1) use different inducible promoters for each gene;
(2) use the same inducible promoter for each gene but vary the promoter
strength (Bakke et al., 2009);

(3) use a non-native RNA polymerase or transcription factor to control the
expression of more than one gene (Alper and Stephanopoulos, 2007);
(4) group multiple, related genes into operons (and use internal ribosomal entry

sequences in eukaryotes (Komar and Hatzoglou, 2005);

(5) vary the ribosome binding strength for the enzymes encoded in the operon

(6) control segmental mRNA stability of each coding region

(7) control the stability of each enzyme,
(8) spatial control through attachment to a protein scaffold or targeting to special

organelles

Jensen and Keasling, 2016. Cell

Improvement of 3-HP Inducible promoter:

#1 #2
Hybrid Codon
protein Optimization

e
| Combination 1 I—

#3 #4 #5
Tandem UTR Regulatory
Promoters engineering Protein (MmsR)

]

| Combination 2 |

L

Transcription

I:,zwf

Pl =

| Combination 3

P, P,

|

Combination 4

m [ Gor Y T 6o )7/
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>
™

5'UTR engineering: kgsA

30
Strain Prediction (a.u.) Fold = 0mM
Pt 26884 0.09 ’éa 25 | m=— g-szme
| ]
UTR0 302528 1.00 S 50| "
UTR-1 66824 0.22 g
UTR-2 319930 1.06 § 15 4
UTR-3 625945 2.07 £ 10|
UTR-4 1168900 3.90 §
UTR-S 2025947 6.70 @5
UTR-6 3748169 12.39 0
PmmsA UTR-0 UTR-1 UTR-2 UTR-3 UTR-4 UTR-5 UTR-6
C 147 o omm
x A 0.25mM
S 12 -
g = 25mM s
2510 -
2
© = 8
£2
o 9 ]
£ S N a *
g 29 -
Iﬁ - - - -
0

2 4 6 8 10 12 14
Predicted expression (Fold of UTR-0)

Genes and enzymes for DhaB and GdrAB

orfW dhaT orfY dhaB, dhaB,dhaB;

A ~#
B

gadrB . gdrA  gIpF

Glycerol dehydratase (GDHt) GDHt reactivase

Inducer <= o
——.‘_‘ ——

Tt

65



Tandem promoters: DhaB and GdrAB

P, B
A L-”_ gdrA H UDG-1
P, P,
%Cm- gorA H UDG-3
M gara) ) B)— U4
10

mmm (-) 3-HP
8 | mmm (+) 3-HP

GDHt specific activity (U/mg)

DG UDG-1 UDG-2 UDG-3 UDG-4

Improvement of DhaB activity: Summary

30

25

20

15 1

Fold change

10 1
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Integration into chromosome: Various
loci

on "‘i@' ori
. P s
e — N o ~ e
74 NN Vil i K /s ]
[ p220 ppkesa [ pa1 jeKesh [[ Pa3 gekesn
\"-.\. 3 __,J"I(J.-" DhaB integratio \‘ //-"J/-" Dhal reduction ‘\\‘ / .f-'
N N \Ng—~
DhaB-GdraAB DhaR-GdraAR
O Kgen T Kish _orl KgsA
f \‘-, \ ..f’ $ / \\. \-.
(( P10 || ([ Pa2 || (| Paa ||
4 ¥4 Dhab integrati L i Dhab reducti NS i
St .\_1—__",. Ty
Dhab-GdraAb Dhab-GdraAlh

25

Chromosome Integration: dhaB123 and gdrAB

>
w

= (-) 3HP
4 | === (%) 3HP

GDHt specific activity (U/mg)
w

DG Int
DG Int

* DG: ~20 copy plasmid (episomal)
* Int: chromosome integration (chromosomal)
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Glycerol transporter

YIS & [ oo
* e Chromosome
Glycerol

Synthesis pathway

" /J:‘

\\ - ‘
N\ 40696 3.HP
S ¢ e

3-HP transporters (importer and exporter):
Screening and expression/deletion

Chromosome Chromosome

¢
"“‘ 3-HP
1 2 24
High cell growth/ Low cell growth/
High 3-HP production Low 3-HP production
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Engineering of the Substrate Binding Sites of Kgsadh

/ Kgsadh Libraries \ / Screening \ (Characterization\

&
4 g’E \
Asao

Monitoring NADH
formation

Time

{,4

Aidel;yde—binding site -

x vaul uur% |
Keat
i Stability
y % Inhibition
T Structure
o

P 96-well plate
NAD*-binding site \ \ )

Prof. Yoo, TH (Ajou U)

Characterization of Kgsadh Variants

/ Kinetic Efficiency \ / Substrate Specificitﬁ ( Product (NADH) \

60 Inhibition
Z ig 3-HPA
£ 3 120% 120%
% 20 " pH6 100%  Lhil
< 10 i - z 100%
5 pH8 2 s0%
~ 0 i,iy T T , g e % 80%
S SIS E £ 1S
& ES i 40% 2
= a0% 1
300 0% € wt-KGSADH
250 NAD* 0% e
T 20 R 0%
£ 150 mpH6 0 05 1 15 2 25 3
W 100 P & NADH (mM)
g 50 J mpH8
S o0 e e
‘é\é\&m‘*&&&m‘b& B wr B wrqr B 104QR B wt Bl wTQr M 104QR
NN \ B 106Qr M 108QR \ M 106QrR M 108QR J

Prof. Yoo, TH (Ajou U)
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@ o O 3-HP
=" ® §
UI@)
~@ .
i
H Pconstitutive Pre cognate

'@ Selection marker
[(X0:] /reporter gene

C3/Cd-lysR T
5-UTR

TF expression module Functional module

Origin
&)
p

3-HP screening device

24x10*

C4-LysR-J23106

222107 4

—~
_ o 20m0'd ﬂ'_
FR g
02107 o
1ax10® O

S 122107 4 5
g ono’d g
.g' Ba1e” 4 &‘
sxic* o

=

'8

ax10?)

210

¢ 2 4 6 8 i

Specific growth rate

3-HP concentration (/L)

) auphonsa)

(TetA)
GY Jung (POSTECH)

HTS of KGSADH based on 3-HP inducible promoter

High throughput screening of KGSADH library by 3-HP sensor
Identify highly active KGSADH (by 2.79fold)
3-HP production improved by 25%

Parental strain (wt_KGSADH)

Co-By *Co-Byy NAD* NADH mghinh

Glycerol 3-HPA 3-HP a5 8

GDHt ALDH

(dhaB123) l (kgsadh) 84 4 E S
- E——— 5 s
Toxic EXSPEE s 2
. . B § s % 5
intermediate £.08,) by %
L] L2 & &

2 ' i
KealK

KGSADH ko (s) K, (mM) (s,:ar;]’ M J oL, 1.25fold 1

Widtvoe 1386 142 9.72 i ‘mm " H

3HPA YPe  (1236)  (:0.20)  (+0.27) !
: Mutant 16.14 0.61 27.09 4.07g/Lin24h
(£0.23)  (+0.11)  (+5.03) (0.53 g/g)

Evolved strain (m_KGSADH)

WLBK2
07 s ¢
e §
81 « o
Ls 3
6] .3 °
3 3
3R
495 2
L2 &
291 1 L4 i
od o -t - °
o 4 8 1 2
Time (h)
5.08g/Lin24 h
(0.66 g/g)

GYJung (POSTECH)
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Coenzyme B,, structure

N=\
HN— N

OH

x

N;\N
HzN’S\__/( OH
NQ/N\é’OH
(o]

CHy

3 N__N N _N._CH,
® ¢ ) i e g
N CHj N—~zN N~z N

6:@[ / 1

N

o

NH, NH;

Adenine 2-Methyl-adenine

NH
& HO,
0=FI’-O
o0

HO

Coenzyme By, is the largest and most structura

lly complicated vitamin: Consists of

three parts: a central corrin ring, an adenosyl moiety, and a nucleotide loop.

33

Cofactor engineering

Pathway of coenzyme B,, synthesis

C5 pathway U N
(C4 pathway)
TCA cycle
gs gitx hemA ¢ Glutamate 1- emL v hemB
8 a-ketoglutarate——> 8 glutamate —> 8 Glutamyl-tRNA . — 8 d-amino-levulinate 4 Porphobilinogen
semialdehyde
4H,0
§NADPH  § NADP 8 H:0
4NH; hemC
cobJ Precorrin 3 cobG cobl cobA hemD
Precorrin 4 <7Thydr0xy Jactone ~m Precorrin 3 <& Precorrin 2 ATTUroporphyrinogen HI<7— Hydroxymethylbilane
. P . . 2 2 84 v 4 H0
SAM SAH  SAM NAD*  NADPH SAH  SAM 2SAH 2 SAM " B
L0 eme
S cobM 2
cobF cobK i - cobL cobH cobB ;
Precorrin 5 === Precorrin 6 === Dlhydfo — Precorrin 8 === Hydrogenobyrinate Hydroger}ob)./rmale
7\ / precorrin 6/ a,c-diamide
¥ ¥ ¥ 2H0 +2ATP+2Gln 2 Glu+2 ADP+2 P,
SAM SAH NADPH NADP 2 SAM 2 SAH
Acetate +CO, Co?" + ATP’ cobNST
P, + ADP
. :obCD » . . . .
Ado-GDP- cobP Ado-cobinamide cobC Ado-cobyrinate cobQ Ado-cob(Iyrinate _¢ 0bO Cob(Iyrinate cobR Cob(Iyrinate
cobinamide 7 N |/. : hexaamide '; S a,c-diamide a,c-diamide a,c-diamide
-Ril ADP ATP ADP ATP 4 Glu 4 GIn PPP; ATP % FMN % FMNH,
a-Ribazole ot b PP 4ADP 4 ATP 2
cobV 4P 4H0
GMP
( Glycine, Serine and
Ad b ] . \ Threonin metabolism /
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Cofactor engineering

Characterization of intergenic regions that control
the expression of B;, genes

Y
21 (22
. SAM dependent enzymes . Transporter O NADH/NADPH/FMN dependent
1? ATP dependent enzymes . Cobalt chelatase
@ rsomerase () Transferase

35

Vitamin B,, riboswitch

L13

P13 Highly conserved regions:

- Red box: P5-LS (regulatory domain)
‘ ‘ ’ ‘ ‘ - Dark blue box: J6/3 (receptor domain)

- Green box: GAA of J11/10 (interact with regu
latory domain)

““““
K

L5 ¢

P6

1]

P3

1111
P2

L4

111
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Improvement of B,, production by
promoter engineering

ﬂ >2X increase!!

B12 concentration
25

[ on
[ 18h

20 o

15 1

10 - Il

B12 concentration (nM/OD600)

W o @ @ P P P P a8 P P i

Strains
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Samples of 3-HP and acrylic acid
NOROO

38
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Integrated Pilot R&D Center at Noroo

| Molecular Biology Lab |

| Pilot Sep/Puri Facility: 100L4KL |

| Pilot Bio Reactor: 100L-4KL |

Anyang Site

Commercialization

Dr. Ashok Somasundar (PhD, PNU)
Dr. Satish Kumar (PhD, PNU, UNIST)
Dr. Ung Choi (PhD, POSTECH)

Mr. Changhee Kim (MS, UNIST)

Mr. Doo Seop Lee (MS, Ajou U)
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Summary: Target-oriented researches

3-HP Pseudomonas sp. Glycerol
Pseudomonas putida Glycerol

E. coli (MCR) Acetate

Clostridium (MCR) CO/H2

1,3-PDO Klebsiella pneumoniae Glucose
Pseudomonas sp. Glycerol

Contributors
Dr. Eun-Hee Seol .

Dr. Jung Yup Shim (Noroo)
* Dr. Somasundar Ashok
« Dr. Satish Ainala

Dr. Yeonhee Kim

Dr. Shengfang Zhou (China)

Dr. Mugesh S.

Dr. KIEU THI QUYNH HOA (VT)
+ Dr. Hyo Hak Song (GS Caltex)

Mr. NGUYEN-VO Phu Thuan * Dr Jong Myung Park

Mr. Suman Lama « Dr. Chelladurai Rathnasingh
Mr. Nguyen Nam

Ms. Nguyen Thi Trinh - Prof. TH Yoo (Ajou U)
Ms. Kalpana Singh

Mr. Vo Minh Toan «  Prof. GY Jung (POSTECH)

Ms. Karmarcharya Mamata *  Prof. KJ Kim (KNU)
Ms. Rana Neha

Mr. Kyung Dae Kim \
Mr. Che Ho Lim unisT

Ms. Minah Kim

NOROO  ABCd* & GS Caltex

KCGRC
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Cambridge Laboratory Experimentation
Review Board(CERB) A X|, 1976

International Conference on
Recombinant DNA Molecules,
19754 2¢

"Potential Biohazards Recombinant DNA Molecules",
Science, Vol. 185(26 July 1974) p 303.
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v Cartagena Protocol on Biosafety to The Convention on Biological Diversity
» Article 3(Use of Terms)

» (9] “Living modified organism” means any living organism that possesses a novel combination of genetic material
obtained through the use of modern biotechnology;
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