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Gold Binding Peptide Fused Glucose Dehydrogenase
Gamma-Alpha Complex (GDHγα) on Nanopatterned Electrode
Surface Fabricated via E-beam Lithography
HyeRyeong Lee1, Taehoon Yi2, and In Seop Chang1*
1
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology, 123 Cheomdan-gwagiro, Buk-gu,
Gwangju 61005, Korea 2Division of Liberal Arts and Sciences, GIST College,
Gwangju Institute of Science and Technology, 123 Cheomdan-gwagiro, Buk-gu,
Gwangju 61005, Korea

In this study, using the FAD-dependent glucose dehydrogenase
(FAD-GDH) as a model enzyme, it is aimed to control the enzymatic
orientation of the enzyme via site-specific fusion of gold binding peptide
in enzyme. Most importantly, positioning of synthetized fusion protein
would be regulated at nano-level, using nano-patterned electrode
fabricated through e-beam lithography technique. For this, 1) the
synthetic glucose dehydrogenase (GDH), consisting of the site-specific
expression of a gold binding peptide (GBP) on the α-subunit of GDH
which enables close proximity between enzymatic active and electrode
surface as well as DET of enzyme-electrode interface will be used; 2)
the number of GBP repeats fused to FAD-GDH would be optimized in
terms of enzymatic catalytic activity and binding affinity; 3) The
nano-patterned electrode would be fabricated via e-beam lithography
for its unit pattern to have diameter similar to that of target enzyme; 3)
the fusion protein will be immobilized on the nano-patterned electrode
surface and the binding morphology of enzymatic nanopatterns would
be investigated.
Keywords : Enzyme nano-patterning, enzyme electrode, binding
specificity
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Metabolic Engineering of Methylosinus trichosporium OB3b for
Production of Lysine and Cadaverine from Methane

Data-Driven and Model-Guided Systematic Framework for Feed
Media Optimization in CHO Cell Culture

Ok Kyung Lee, Thu Thi Nguye, Sanzhar Naizabekov, and Eun Yeol Lee*
Department of Chemical Engineering, Kyung Hee University, Gyeonggi-do
17104, Korea

Donghyuk Choi1, Jongkwang Hong2, Yaron R. Silberberg3, Uiseon Park3,
Beehak Hong3, Fumi Shozui4, and Dong-Yup Lee*
1
School of Chemical Engineering, Sungkyunkwan University, 2066
Seobu-ro, Jangan-gu, Suwon, Gyeonggi-do 16419, Korea 2Division of
Biological Science and Technology, Yonsei University, 1 Yonseidae-gil,
Wonju, Gangwon-do 26493, Korea 3Osong Customer Service center,
Ajinomoto Genexine Co., Ltd. 194-25, Osongsaengmyeong 1-ro, Osong-eup,
4
Heungdeok-gu, Cheongju-si, Chungcheongbuk-do, Korea Cell Culture
Media Group, Material Development Section, Material & Technology
Solution Labs, Research Institute for Bioscience Products & Fine Chemicals,
Ajinomoto Co., Inc. 1-1, Suzuki-cho, Kasawaki-ku, Kasawaki-shi, 210-8681,
Japan

Recently, methane is evaluated as an attractive low-cost feedstock that
can be used in biotechnological production of value-added products such
as food and polymers. In this study, we present the bioconversion of
methane to lysine and cadaverine using a metabolically engineered type
II methanotroph, Methylosinus trichosporium OB3b. The metabolically
engineered strain, OB3b/cad4 was able to produce 0.28 g/L of cadaverine
with a volumetric productivity of 6.52 mg/g DCW/day by a gas
bioreactor system. These results demonstrate the feasibility of food and
polymers production from methane as a sole carbon source using an
engineered type II methanotrophic strain for the first time.
Keywords : Methylosinus trichosporium OB3b, methane, cadaverine

Mammalian cell cultures remain the primary means of producing
therapeutic biologics which has multi-million-dollar market. Over the
last decade, production yield of CHO cell cultures has dramatically
increased through significant improvements in media and feed
compositions, feeding strategy, and bioprocess conditions. However,
feed media development has been mainly driven by empirical approaches
without fundamental understanding of cellular and metabolic characteristics
in response to the various feed conditions. Recently, more systematic
approaches have been exploited for exploring condition-specific CHO
cell metabolism based on the CHO genome-scale metabolic model
(GEM). Therefore, we utilized statistical- and model-guided approach
to understand in-depth intracellular metabolism with different feed
compositions. Subsequently, we propose highly influential feed media
components which may affect culture performance. This research can
be utilized as a strategy to implement optimization of feed composition
and feeding strategies based on mechanistic understanding.
Keywords : Feed media development, Chinese hamster ovary cell,
genome-scale metabolic model
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Establishment of Soluble Expression of Psychrophilic Enzymes
Using Chaperone System

Improvement of 1-Deoxynojirimycin Production by Bacillus
subtilis subsp. Inaquosorum

Borkar, Sondavid Nandanwar, and Kim Hak Jun*
Department of Chemistry, Pukyong National University, Busan 48513,
Korea

Khai Ngoc Nguyen1,2, Yunah Kim1,2, Sawarot Maibunkaew1,2, Jisoo
Park1,2, Mien Thi Nguyen1,2, Doo-Byoung Oh1,2, and Ohsuk Kwon2,3*
1
Environmental Disease Research Center, Korea Research Institute of
Bioscience and Biotechnology (KRIBB), Daejeon 34141, Korea 2Department
of Biosystems and Bioengineering, KRIBB School of Biotechnology,
University of Science and Technology (UST), Daejeon 34113, Korea 3SME
Support Center, Korea Research Institute of Bioscience and Biotechnology
(KRIBB), Daejeon 34141, Korea

Recombinant protein production is a vital process in biotechnology,
which requires proper protein folding to maintain its function.
Psychrophilic enzymes are actively used in the biotechnology industry
because they maintain high activity at low temperatures, but are unstable
that easily aggregates and forms inclusion bodies (improper folding) that
affect the protein function. Proteins that do not emerge in fully soluble,
well-folded, and active form in a heterologous expression system are
known as DTE (difficult-to-express) proteins. To improve protein yield
and quality, several strategies have been implemented such as
co-expression of chaperones to minimize aggregation and enhance
proteolytic stability. In this study, we used BL21(DE3) E. coli system
that co-express the GroELS chaperone. The GroEL is a large
double-ring-shaped oligomeric 14-mer chaperonin, which binds and
encapsulates a substrate polypeptide along with its co-chaperonin
GroES, which caps the central cavity of GroEL and facilitates the correct
folding of proteins in the presence of ATP. We investigated the role of
chaperone GroELS from E. coli and Antarctic psychrophilic bacterium
Psychrobacter sp. PAMC21119 for the soluble expression of DTE 51
enzymes (7 mesophilic and 44 psychrophilic enzymes). E. coli BL21
(DE3) showed soluble expression of 1 protein at 15℃, E. coli BL21
(DE3)-pGro7 showed 2 proteins at 30℃ and 3 proteins at 15℃, and E.
coli BL21 (DE3)-PsyGroELS showed 8 proteins at 10℃. Here, we
present the preliminary screening results of soluble expression of DTE
enzymes.
Keywords : Difficult-to-express proteins, molecular chaperones,
PsyGroELS

In this study, we confirmed that Bacillus subtilis subsp. inaquosorum
KCTC 13429 (B. subtilis IWT) is able to produce 1-deoxynojirimycin
(DNJ), a potent α-glucosidase inhibitor having antidiabetic and antiviral
activities. By using UV irradiation, a mutant B. subtilis I.247 was then
isolated with approximately 50% increased DNJ titer than wild-type
strain. In addition, sorbitol and yeast extract were identified as the best
carbon and nitrogen sources, respectively for maximizing DNJ
production by B. subtilis I.247. Under optimum conditions (3.4%
sorbitol and 2.4% yeast extract at 32ºC) predicted using response surface
methodology (RSM), B. subtilis I.247 was able to produce 359 mg/L after
five days of cultivation. Moreover, the DNJ production by B. subtilis
I.247 in optimum condition was further increased to 773 mg/L upon
transformation with a vector expressing a gabT1-yktc1- gutB1 DNJ
biosynthetic gene cluster. Our results strongly suggest B. subtilis IWT
as a promising candidate for further strain development for industrial
scale DNJ production.
Keywords : 1-Deoxynojirimycin, Bacillus subtilis subsp. inaquosorum,
culture optimization
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Accurate Single Base Editing of Bacterial Genome by
Target-Mismatched CRISPR/Cas9
*

Ho Joung Lee, Hyun Ju Kim, and Sang Jun Lee
Department of Systems Biotechnology, and Institute of Microbiomics,
Chung-Ang University, Anseong 17546, Korea

CRISPR/Cas system has evolved the genome editing field.
CRISPR/Cas9 is modularized with a single molecular guide RNA
(sgRNA) and Cas9 nuclease, which recognizes a specific sequence and
its PAM (protospacer adjacent motif), and consequently cleaves the
target DNAs. Therefore, the CRISPR/Cas9 has been used for negative
selection tools that cleave unedited target DNAs during site-specific
mutagenesis, leaves only the cells with edited target DNAs, finally we
could obtain the cells with wanted mutation. In this study, we introduced
multiple base-pair mutations in the galK gene of Escherichia coli cells
using the CRISPR/Cas9 negative selection method. However, we could
rarely obtain the single base edited cells because the CRISPR/Cas9 also
cleaves the single base mismatched target DNAs, and it is called
mismatch tolerance. To solve this issue, we introduced 1~2 bp
mismatch(es) with the unedited target DNA into sgRNAs in advance.
The unedited target DNAs were cleaved due to mismatch tolerance,
however, the single base edited target could survive because of the
increased mismatches. As a result, we could obtain the single base edited
cells with high editing efficiency by using target-mismatched sgRNA
method. Furthermore, general rules for the design of mismatched
sgRNAs were optimized in the randomly selected 16 genome-wide
targets. Our study shows that the target-mismatched sgRNA method is
very effective for single nucleotide editing in microbial genomes.

479

Poster Session

Keywords : Microbial genome editing, CRISPR/Cas9, mismatch
tolerance

Q-6
Syntrophic Culture of Methanotroph and E. coli for Efficient
Conversion Methane to Mevalonate

Regulation of Microbial Transcriptional Initiation Using CRISPR
Interference

Ji In Baek1,2, Ji Yeon Yoo1, Hyewon Lee1, Dae-Hee Lee1,3, Dong-Myung
Kim2, and Seung-Goo Lee1,3*
1
Synthetic Biology and Bioengineering Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), Daejeon 34141, Korea
2
Department of Chemical Engineering and Applied Chemistry, Chungnam
National University, 99 Daehak-ro, Daejeon 34141, Korea 3Department of
Biosystems and Bioengineering, KRIBB School of Biotechnology,
University of Science and Technology (UST), Daejeon 34113, Korea

Bumjoon Kim, Hyun Ju Kim, and Sang Jun Lee1*
Department of Systems Biotechnology, Chung-Ang University, Anseong
17546, Korea

Methane has been recognized as a high potent greenhouse gas. Also, it
is an important renewable resource for the production of biochemicals
and fuels. While methane conversion is useful in biotechnological
applications, it is technically challenging due to high stability of
methane. Methanotrophs have emerged as promising biocatalysts
because of their ability to utilize methane at ambient temperature and
pressure. Methanotrophs use methane as a sole carbon and energy source,
and modulate non-methanotrophs metabolism by secreting organic
acids in nature. While methanotrophs have a high methane conversion
activity, its use for biochemical synthesis has been limited becuase the
lack of genetic tools for elaborate metabolic engineering. Here, we
developed syntrophic system of methanotrophs and partners that are easy
to genetically engineered. First we utilized Methylococcus capsulatus
Bath as an efficient and robust biocatalyst to convert methane into
organic acids. Next, we used E. coli SBA01, which is an evolutionary
strain with high tolerance to organic acids and high ability to produce
biochemicals from them. As a results, from methane, we synthesized
mevalonate (MVA), a precursor of various terpenoids such as isoprene,
bisabolol, lycopene, and so on. We expect this highly modular syntrophic
microbial system can be applied to various useful productions.
Keywords : Methanotrophs, shytrophy, synthetic
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Protospacer adjacent motif(PAM) sequence is an essential factor to
operate CRISPR/Cas9 system. We define PAM flexibility of CRISPR
interference using dCas9 and dCas9-NG in Escherichia coli.
CRISPR/dCas9 derived from CISPR/Cas9 with two point mutations
(D10A, H840A) that deactivate endonuclease activity. dCas9 protein
guided by crRNA can specifically bind to target DNA sequence without
DNA cleavage. CRISPR/Cas9 technology has limitations in designing
target-specific single-guide RNA (sgRNA) due to the dependence of
PAM sequence(5'-NGG) for binding target DNAs. In this study, we
constructed a chromosomally integrated L-arabinose inducible dCas9
and dCas9-NG systems(ΔaraBAD:PBAD-dcas9(-NG))-KmR) in E.coli.
Plasmids carrying various crRNAs with target sequences specific for the
gal promoter (-10 region) were transformed into dCas9(-NG) expressing
E. coli. Our study shows dCas9(-NG) has more expanded PAM
sequences than Cas9(-NG). dCas9 protein can recognize 5’-NGG, NAG,
NTG, NGA, and dCas9-NG protein can recognize 5’-NGG, AGA, TGC,
GGT, AAG PAM sequences and fully repress target gal promoter and
regulate transcription expression and metabolite of D-galactose.
Keywords : CRISPR interference, dCas9(-NG), PAM dependence
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Enhanced Production of D-Ribose in Transketolase-Deficient
Bacillus subtilis PLK1

Metabolically-Engineered Production of (–)-α-Bisabolol in
Recombinant Saccharomyces cerevisiae

Minji Bu1, Kang-Hyo Lee1, Kyung-Un Kim1, Ho-Sun Yoo1, Dae-Hyuk
Kweon2*, Kyoung Heon Kim3*, and Yong-Cheol Park1*
1
Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul 02707, Korea 2Department of Integrative Biotechnology,
College of Biotechnology and Bioengineering, Sungkyunkwan University,
Seobu-ro 2066, Suwon, Gyeonggi-do 16419, Korea 3Department of
Biotechnology, Graduate School, Korea University, Seoul 02841, Korea

NaYoung Lim, Tae-Yeob Kim, Haeseong Park, Hyeoncheol Lee, Yong-Ha
Seo, and Yong-Cheol Park*
Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul 02707, Korea

D-Ribose, a ribosyl residue of ribonucleic acid and ATP, is able to be
widely applied in foods, cosmetics and animal feed additives. D-Ribose
can be chemically synthesized from D-glucose, D- gluconic acid and also
be biologically produced by transketolase-deficient microbial strains.
When the substrate glucose is taken up, a common d-ribose producer of
the transketolase-deficient Bacillus subtilis ATCC 21951 consumes
D-ribose produced from D-glucose. so it is necessary to develop a mutant
strain unable to metabolize D-ribose. Chemical mutagenesis with
N-methyl-N'-nitro-N-nitrosoguanidine (NTG) was applied to develop
a transketolase-deficient mutant of B. subtilis PLK1, which showed a
faster glucose uptake rate than B. subtilis ATCC 21951 and no
consumption of D-ribose. Medium optimization was made to improve
the D-ribose producing-performance of B. subtilis PLK1. The
composition of optimal culture medium was determined to be 70 g/L
glucose, 15 g/L yeast extract, 5 g/L KH2PO4, 5 g/L K2HPO4, 1 g/L MgSO4
· 7H2O, 15 g/L CaCO3, 1 g/L citric acid, and pH 7.0. As a result of
fed-batch fermentation in a 2.5 jar fermentor, a D-ribose concentration
of 48.3 g/L, a molar yield of 91 %, and a productivity of 0.34 g/L·hr were
obtained.

(–)-α-Bisabolol is one of isoprenoids present in German chamomile and
a potent cosmetic ingredient with whitening, skin-smoothing,
antibacterial and anti-inflammentary activities. In this study, metabolic
engineering strategies were attempted to produce (–)-α-bisabolol in
Saccharomyces cerevisiae. The codon-optimized MrBBS gene coding
for (–)-α-bisabolol synthase from Matricaria recutita was expressed in
S. cerevisiae for (–)-α-bisabolol production. The resulting strain (DM)
produced 9.5 mg/L of (–)-α-bisabolol in 24 h of batch culture.
Additionally, the mevalonate pathway was intensified by introducing a
truncated HMG1 gene coding for HMG-CoA reductase and ERG10
encoding acetyl-CoA thiolase. The resulting strain (DtEM) produced a
2.9-fold increased concentration of (–)-α-bisabolol than the DM strain.
To increase the acetyl-CoA pool, the ACS1 gene coding for acetyl-CoA
synthetase was also overexpressed in the DtEM strain. Finally, the
DtEMA strain produced 124 mg/L of (–)-α-bisabolol with 2.7 mg/L-h
of productivity in a fed-batch fermentation, which were 13 and 6.8 times
higher than the DM strain in the batch culture, respectively. Conclusively,
these metabolically-engineered approaches might pave the way for the
sustainable production of other sesquiterpenes in engineered S.
cerevisiae.
Keywords : (–)-α-Bisabolol, Saccharomyces cerevisiae, MrBBS

Keywords : D-Ribose, chemical mutagenesis, Bacillus subtilis
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The Ethylmalonyl-CoA Pathway for Methane-Based Biorefineries:
A Case Study of Using Methylosinus trichosporium OB3b, a Type
II Methanotroph, for Producing 2-Hydroxyisobutyric Acid and
1,3-Butanediol from Methane
*

Dung Hoang Anh Mai, Thu Nguyen Thi, and Eun Yeol Lee
Department of Chemical Engineering (Integrated Engineering), Kyung Hee
University, Yongin 17104, Korea

With the synthetic methylotrophs are still at early stages and synthetic
methanotrophs are nonexistent, genetically engineered methanotrophs
are another feasible option for the valorization of methane to sustainably
produce valuable products. Extensive research efforts have been devoted
to transform methanotrophs into biocatalysts that can capture and
valorize atmospheric methane to mitigate global warming. However
multiple knowledge gaps and the lack of validation for extrapolated
knowledge pose significant challenges for metabolic engineering of
methanotrophs. Compared to type I methanotrophs, characterized by the
ribulose monophosphate (RuMP) pathway, type II methanotrophs with
the ethylmalonyl-CoA (EMC) pathway can achieve better carbon
efficiency through multiple carboxylation nodes, in which one CO2 and
one HCO3 are re-assimilated into biomass, making them preferable for
biomass-derived products. In the current study, to lay the groundwork
for future studies, transcriptome analysis and genome-scale metabolic
models were employed to evaluate the potential regulatory nodes of the
EMC pathway of Methylosinus trichosporium OB3b. The interplay of
poly(3-hydroxybutyrate) (PHB) pathways and entry genes in the EMC
pathway were identified to be involved in flux diversion from EMC
pathway. We further demonstrated the production of two EMC
pathway-derived products 2-hydroxyisobutyric acid (2HIBA) and
1,3-butanediol (1,3-BDO) from methane. By inducing the PHB overflow
mechanism, and deleting phaC that encodes polyhydroxybutyrate
synthase, 2HIBA and 1,3-BDO titers were enhanced to 30.0±1.827 mg
-1
-1
L and 68.54±1.381 mg L , respectively. To the best of our knowledge,
this is the first report on the production of EMC-derived compounds from
methane.
Keywords : Methylosinus trichosporium OB3b, 2-Hydroxyisobutyric
Acid, 1,3-Butanediol
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Mining of Secretion Tag for Multiple Peptide Delivery into Host
Cells through the Engineered Secretion System in Bacteria
Juyeon Hong, Jaewon Ha, and Miryoung Song*
Department of Bioscience and Biotechnology, Hankuk University of Foreign
studies, 81, Oedae-ro, Mohyeon-eup, Cheoin-gu, Yongin-si, Gyeonggi-do
17035, Korea

Biological function of protein is tightly related with cellular localization
which is directed by genetically encoded signals as RNA with specific
secondary structure or peptide sequences. Especially, Salmonella
typhimurium secrete certain set of proteins with such signals through
secretion apparatus called type 3 secretion system (T3SS) to survive
within host cells. Here, we mined tags for the secretion through the
synthetic type 3 secretion system, which serves as a delivery apparatus
encoded in the engineered bacteria for medical applications. Since the
synthetic T3SS (synT3SS) was constructed by genetic manipulation of
Salmonella pathogenicity island 1 (SPI1), the tags were selected from
effectors secreted through native SPI1-encoded T3SS. Six genes
encoding each effector were placed under the control of constitutive
promoter to avoid the biased effect of expression regulation on ColE1
plasmid, respectively, with cognate chaperon gene when necessary. The
resulting plasmid was individually introduced into SPI1-defective
Salmonella strain carrying synT3SS and the secretion was evaluated by
western blot analysis. The secreted titer of two proteins, SptP and SopB,
were as high as that from wild type Salmonella containing same plasmid
for each protein. SipA and SopD from supernatant were detected slightly
lower than that from control strain. However, lowest amount of SopA
and SopE2 were identified from the culture supernatant of Salmonella
with synT3SS. We are currently working on identifying signal sequences
of these effectors, in order to use them as secretion tags of therapeutic
proteins. Different secretion tags will enable secretion of multiple
proteins encoded on the same plasmid. These will aid delivery of multiple
therapeutic proteins with different effects, thereby maximizing
therapeutic effects on cancer.
Keywords : Drug delivery, synthetic T3SS, therapeutic protein
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Enhanced Bactericidal Effect of Engineered Endolysin against A.
baumannii

Screening of High D-Ribose Production Bacillus subtilis Mutant
with FLIPRbs

Jeonghyun Lim, and Miryoung Song*
Department of Bioscience and Biotechnology, Hankuk University of Foreign
studies, Yong-in 17035, Korea

SeungJoo Kim1, Kyeong-Won Kim1, Won-beom Park1, Jeong-Hyeon
Yoon1, Yong-Cheol Park2, and Dae-Hyuk Kweon1*
1
Department of Biotechnology and Bioengineering, Sungkyunkwan
University, Suwon, Gyeonggido 16419, Korea 2Department of Advanced
Fermentation Fusion Science and Technology, Kookmin University, Seoul
02707, Korea

Multidrug resistant in pathogenic bacteria and rapid spread of drug
resistance mechanisms are major concerns in public health.
Bacteriophage encoded endolysins can be used as new class of
antimicrobial agents against bacterial infection. In previous study,
Pseudomonas bacteriophage encoded endolysin PA90 has shown
antibacterial effect on various species of bacteria. However, there was
only minor bactericidal effect on gram negative bacteria including
Acinetobacter baumannii probably due to the defect in penetrating outer
membrane. Therefore, we introduced specific outer membrane
destabilizing peptide to improve the antibacterial function of PA90 as
an artilysin. Here, we fused cell penetrating peptide DS4.3
(DS4.3::PA90) or outer membrane destabilizing peptide thanatin
(Thanatin::PA90) at the N-terminal of PA90, respectively. The activity
of resulting artilysins were evaluated by colony forming unit (CFU)
reduction assay using A. baumannii. At lowest concentration (62.5 nM),
3
reduction of A. baumannii number was 10 times higher by DS4.3::PA90
treatment but no bactericidal effect was observed with PA90 treated cells.
Interestingly, all bacteria were killed by the addition of DS4.3::PA90 or
Thanatin::PA90 at highest concentration as 250 nM, respectively, while
50% of cells were remained by PA90 treatment. These results suggest
that fusion of outer membrane penetrating peptide or destabilizing
peptides can enhance antibacterial effect of endolysin against even gram
negative bacteria, which imply the potential of artilysin as an alternative
antibiotics.
Keywords : Bacteriophage, anti-bacterial agents, artilysin

D-Ribose is a five-carbon monosaccharide. D-Ribose made from
glucose through the pentose phosphate pathway (PPP), It is an expensive
sugar that is a synthetic material for riboflavin, inosine monophosphate,
ATP, and analogues of Nucleotides used in antiviral drugs. To increase
ribose productivity using Bacillus subtilis, random mutation was
performed using 2-Aminopurine. The FLIPRbs biosensor can measure
the concentration of ribose by Fluorescence Resonance Energy Transfer
(FRET) phenomenon, which appears by CFP on the N-terminal of the
ribose binding protein and YFP on the C-terminal. 17 strains with a high
level of ribose production were selected, and strains that produced ribose
of up to 18.2 g/L in the flask fermentation for 72 hours were found, and
the control strain produced ribose of 12.5 g/L in the same culture time
However, there was a colony-by-colony variation in which the
productivity of ribose was different for each colony. We plan to stabilize
the selected mutant strains and proceed with RNA sequencing.
Keywords : Ribose, Bacillus subtilis, pentose phosphate pathway
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Multiplexed Fortimicin Biosynthetic Pathway Integration in
Escherichia coli K12
1+

1+

1
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Hwiso Ryu , Ji Yoon Lee , Yu Rin Seol , and Je Won Park
1
Department of Integrated Biomedical and Life Sciences, Graduate School,
Korea University, Seoul 02841, Republic of Korea 2School of Biosystems and
Biomedical Sciences, Korea University, Seoul 02841, Republic of Korea

Fortimicins, one of the aminocyclitol-containing aminoglycoside
antibiotics utilized in clinicals, are produced form soil actinomycete
Micromonospora olivasterospora DSM43868. Within a couple of years,
we have been developed the heterologous expression of the fortimicin
biosynthetic gene constructs using plasmid-based co-expression
system. However, compared with the extrachromosomal plasmid-aided
expression, chromosomal integration should be desirable due to
enhanced stability, moderated cell-to-cell variability, and needlessness
of selection markers (or antibiotics) for plasmid maintenance. Herein,
we report multiplexed gene constructs integration for the heterologous
production of fortimicin biosynthetic intermediates (FOR-FU 10 in the
first round and FOR-KK1 in the second round, respectively) in E. coli,
clearly demonstrating that the integrated recombinants could produce
higher titers compared with plasmid-based expressions. We expect this
approach can be readily expandible to diverse biosynthetic pathways and
recombinant chasses to create robust high-titer microbial cell factories.
+ These authors contributed equally to this work
Keywords : Chromosomal integration, aminocyclitol antibiotics,
heterologous recombination
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Chromosomal Integration of Aminocyclitol-Containing
Pseudo-Trisaccharide Hybrid Biosynthetic Pathway

Adaptive Laboratory Evolution of Eubacterium limosum ATCC
8486 on Carbon Monoxide

Chang Rae Kim1, Minsuk Seo1, and Je-won Park2*
1
Department of Integrated Biomedical and Life Sciences, Graduate School,
2
Korea University, Seoul 02841, Korea School of Biosystems and Biomedical
Sciences, Korea University, Seoul 02841, Korea

Seulgi Kang1,2, Yoseb Song1,2, Jongoh Shin1,2, Sangrak Jin1,2, Jiyun Bae1,2,
Suhyung Cho1,2, and Byung-Kwan Cho1,2*
1
Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon 34141, Korea 2KAIST Institute for the BioCentury,
Korea Advanced Institute of Science and Technology, Daejeon 34141, Korea

As growing concerns on multi-drug resistant bacteria, or superbugs, we
used to design and construct aminoglycoside biosynthetic gene sets to
create novel aminoglycoside analogs. Of these analogs,
6-xylosyl-IST-FU-10 was synthetized by introducing a glycosyl
transferase encoding gene derived from the gentamicin biosynthetic
gene cluster to the gene construct responsible for the biosynthesis of an
istamycin biosynthetic intermediate, IST-FU10. Genes arranged in the
construct was synthetized and assembled into poly-monocistronic
bio-parts using BioBricks assembly. This study aims to overcome the
problem of low productivity of the biosynthetic pathway expressed via
plasmid in E. coli. We integrated the construct into the chromosome of
the host E. coli BL21(DE3) using recombination method. The double
stranded breakage of the chromosome using intron-encoded
endonuclease, I-SceI, raised lambda-red recombination efficiency for
the integration of the large (7245 bp) 6-xylosyl-IST-FU-10 biosynthetic
construct. As a result, the productivity of 6-xylosyl-IST-FU-10 in the
integrated strain increased 1.75 folds compared to the plasmid bearing
strain. Chang Rae Kim and Minsuk Seo contributed equally to this work
Keywords : Chromosomal integration, aminoglycoside hybrid, pathway
engineering

Acetogens are naturally capable of metabolizing carbon monoxide (CO),
a component of syngas, for autotrophic growth in order to produce
biomass and metabolites via the Wood–Ljungdahl pathway. However,
the autotrophic growth of acetogens is often inhibited by the presence
of high CO concentrations because of CO toxicity, thus limiting their
biosynthetic potential for industrial applications. Herein, we
implemented adaptive laboratory evolution for growth improvement of
Eubacterium limosum ATCC 8486 under CO conditions. As a result, the
growth rate of evolved population was significantly increased to 1.44
folds. To identify the causal mutations related to growth improvement,
we performed whole genome resequencing of each population.
Interestingly, we found a key mutation in CO dehydrogenase acetyl-CoA
synthase (CODH/ACS) complex coding gene. To characterize the
mutational effects on growth under CO, we isolated single clones and
confirmed that the growth fitness of the single clone was comparable to
those of the evolved populations and wild type strain under CO
conditions. Consequently, this study demonstrates that the mutations in
the CODH/ACS complex affect autotrophic growth enhancement in the
presence of CO as well as the CO tolerance of E. limosum ATCC 8486.
Keywords : Acetogens, carbon monoxide, adaptive laboratory evolution
[This work was supported by the C1 Gas Refinery Program
(2018M3D3A1A01055733 to B.-K.C.) through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science and ICT
(MSIT)]
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Acetogenic Bacteria Utilize Light-Driven Electrons as an Energy
Source for Autotrophic Growth

Engineering Bacteroides thetaiotaomicron to Produce Butyrate
Based on a Genome-Scale Metabolic Model-Guided Design
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3
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Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon 34141, Korea 2Innovative Biomaterials Research
Center, KI for the BioCentury, Korea Advanced Institute of Science and
3
Technology, Daejeon 34141, Korea Department of Mechanical Engineering,
Hanyang University, Seoul 04763, Korea 4Department of Chemical
Engineering, Konkuk University, Seoul 05029, Korea

Kang San Kim, Yoseb Song, Donghui Choe, Minjeong Kang, and
Byung-Kwan Cho*
Department of Biological Sciences, Korea Advanced Institute of Science and
Technology, Daejeon 34141, Korea

Acetogenic bacteria utilize cellular redox energy to convert CO2 to
acetate using the Wood–Ljungdahl (WL) pathway. Such redox energy
can be derived from electrons generated from H2 as well as inorganic
materials such as photoresponsive semiconductors. Here, we developed
a nanoparticle-microbe hybrid system, in which chemically synthesized
cadmium sulfide nanoparticles (CdS-NPs) were displayed on the cell
surface of the industrial acetogen, Clostridium autoethanogenum. The
hybrid system converts CO2 into acetate without the requirement of
additional energy sources such as H2 and only utilizes light-induced
electrons from CdS-NPs. To elucidate the underlying mechanism by
which C. autoethanogenum utilizes electrons generated from external
energy sources to reduce CO2, we performed transcriptional analysis.
Our results indicated that genes encoding the metal ion or flavin binding
proteins were highly upregulated under CdS-driven autotrophic
conditions along with the activation of genes associated with the WL
pathway and energy conservation system. Furthermore, the addition of
these cofactors increased the CO2 fixation rate under light-exposure
conditions. Our results demonstrate the potential to improve the
efficiency of artificial photosynthesis systems based on acetogenic
bacteria integrated with photoresponsive nanoparticles.
Keywords : Acetogenic bacteria, artificial photosynthesis, cadmium
sulfide nanoparticle

Bacteroides thetaiotaomicron represents a major symbiont of the human
gut microbiome that is increasingly viewed as a prospective candidate
strain for microbial therapeutics. This chiefly owes to several intrinsic
features of B. thetaiotaomicron including the prevalence in the human
gut, ability to stably colonize and modify the intestinal niches, and
prospective role in the alleviation of gut inflammations. To streamline
design and manipulation of this strain, we reconstructed a genome-scale
metabolic model (GEM) using the previous GEM iAH991 as the
template. Validation of the updated model iKS1119 revealed that the in
silico predictions were in close agreement with the experimentally
measured parameters, suggesting that the model can be employed for
the reliable prediction of B. thetaiotaomicron phenotypes. We used
butyrate as a proof-of-concept to test whether B. thetaiotaomicron
harbors the capacity for the heterologous production of biomolecules.
Genomic integration of butyrate biosynthetic pathway from Clostridium
acetobutylicum into a wild-type B. thetaiotaomicron yielded around 30
mg/L of butyrate. The GEM-guided rational strain design improved the
final titer by up to 3-folds. This study shows that B. thetaiotaomicron
may serve as an effective strain for live microbial therapeutics in human.
Keywords : Bacteroides thetaiotaomicron, genome-scale model,
butyrate production
[This project was supported by the Korea Bio Grand Challenge
(2018M3A9H3024759 to B.-K.C.), the Basic Science Research
Program (2018R1A1A3A04079196 to S.C.), the Bio & Medical
Technology Development Program (2018M3A9F3079664 to B.-K.C.)
from the Ministry of Science and ICT (MSIT) through the National
Research Foundation (NRF) of Korea]

[This work was supported by the C1 Gas Refinery Program
(2018M3D3A1A01055733 to B.-K.C.) through the National Research
Foundation of Korea funded by the Ministry of Science and ICT]
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Optimizing the Methylerythritol-4-phosphate Pathway in
Corynebacterium glutamicum for Improving Squalene Production
Dong Hun Kang, Han Min Woo*, Hyeonbae Lim, and Jaehyun Park
Department of Food Science and Biotechnology, Sungkyunkwan University
(SKKU), 2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea

Microbial production of squalene has driven the development of
microbial cell factories, triggered by the limitation of low-yielding
bioprocesses from plants and illegal harvesting shark liver. In addition,
RNA-guided CRISPR technologies have been applied to microbial cell
for rapid development of metabolic engineering in microbial cell
factories for making it produce desired product like squalene. Those
technologies have various potential to specific gene knockdown and
knockout depending on what kind of CRISPR Cas systems you choose.
In our study, we have metabolically modified Corynebacterium
glutamicum using CRISPR Cas systems to produce squalene from
glucose. For this, we have used three strategies, one of which is
CRISPR-dCas9 based gene interference for precursor rebalancing,
redox balancing and blocking the competing pathway by targeting
combinatorial genes (gapA, gdh, and idsA). Second one is
CRISPR-Cas12a based gene knockout by introducing STOP mutation
to 16TH codon (E) in idsA gene. The last one is a plasmid based
over-expression of key enzymes (dxs, idi, and ispA) belong to MEP
pathway and truncated squalene synthase. As a result, we found the best
squalene production strain with blocking competing pathway by
repressing the idsA gene using high-throughput cultivation. Using this
strain, 5.4 ± 0.3 mg/g dry cell weight (DCW) and 105.3 ± 3.0 mg/L
squalene were analyzed, which was a 5.2-fold increase over the parental
squalene production strain. After that, we additionally optimized MEP
pathway using the last strategy. As a result, we identified additional two
key enzymes (IspDF) other than the known enzymes (Idi and Dxs). Thus,
the combination of those two studies is expected to obtain the strain
producing squalene more than previously engineered strain.
Keywords : Corynebacterium glutamicum, squalene, CRISPR
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Microbial Biosynthesis and Secretion of Hydrophobic Squalene
Using Engineered Corynebacterium glutamicum and Its
Application
Jaehyun Park, Dong Hun Kang, and Han Min Woo*
Department of Food Science and Biotechnology, Sungkyunkwan University
(SKKU), Suwon 16419, Korea

Microbial production of hydrophobic chemicals requires host
engineering to enhance the production by transporting the compounds
across the cell membrane or increasing the capacity of the intracellular
storage, in addition to pathway engineering. Herein, we engineered
Corynebacterium glutamicum to produce a hydrophobic squalene as a
model product. Protein engineering of the key enzymes were resulted
in a 4.6-fold improvement of squalene production. We notably identified
that squalene was secreted in the defined culture medium without any
treatments during the batch fermentation. Further, different cell lengths
were investigated for the secretion by analyzing both intracellular and
extracellular squalene productions using the CRISPR-Cas-assisted
engineered strains. To increase the total squalene production, a
lactate-bypass was designed to increase the pyruvate level that can be
reloaded from lactate utilization, by inactivating the pyruvate
carboxylase. Fed-batch fermentation resulted in 1406 ± 16 mg/L of tSQ
production (32% of tSQ in the medium). In addition, a biocompatible
dodecane overlay were used to mitigation of intracellular squalene to
the cell/dodecane-mixed layer, which occupied 87.7 % of tSQ in 10%
of the culture volume. For its cosmetic applications, bio-squalene/
dodecane nanoemulsions were formulated and analyzed. In this study,
an uncovering of the secretion and pathway engineering of
lactate-bypass will help for the further engineering of microbial cells for
other hydrophobic isoprenoids production and its application.
Keywords : Corynebacterium glutamicum, squalene, biosynthesis
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Biocontainment and Inducer Free System for Scalable Cultivation
of Engineered Cyanobacteria Using Industrial Flue Gas

Application of the CRISPRi-Derived Technologies for Engineering
of Cyanobacteria

Jigyeong Son1, Hyun Jeong Lee1,2, Sun Young Choi3, and Han Min Woo

Mieun Lee1,2, Sun Young Choi1,2, and Han Min Woo1,2*
1
Department of Food Science and Biotechnology, Sungkyunkwan university,
2
2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea BioFoundry Research
Center, Institute of Biotechnology and Bioengineering, Sungkyunkwan
University (SKKU), 2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea

1,2*
1

Department of Food Science and Biotechnology, Sungkyunkwan University
(SKKU), 2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea 2BioFoundry
3
Research Center, 2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea SOL,
Inc, BK Tower 2F, 28 Beopwon-ro 11-gil, Songpa-gu, Seoul, Korea

Recent public attention to a shift from fossil fuel-derived chemical
production to self-sustaining chemical production has accelerated the
development of industrial-scale microalgal production as a promising
feedstock for fermentative biochemical production with regard to
conversion and valorization of . We created an engineered cyanobacterial
strains for heterologous isoprenoid chemicals from as model platform.
For industrial scalable fermentation of these strains, GMO issue and
compensating the production cost is limitation. Biocontainment is
solution for biosafety and environmental risk and Inducer-free system
is cost-effective in scalable fermentation. Here, we developed
biocontainment and inducer-free system for large-scale cultivation for
engineered cyanobacteria for isoprenoid production using industrial flue
gas in a closed photobioreactor .
Keywords : Cyanobacteria, biocontainment, industrial scalable-cultivation

Cyanobacteria are photosynthetic bacteria considered to be a desirable
microbial platform for synthetic biology, due to their CO2 utilizing
ability, relative fast growth rate, and genetic malleability. In order to
make the genetic engineering of cyanobacteria more easily done,
CRISPRi technology was introduced into the Synechococcus elongatus
PCC 7942 system. First application is interference with dCas12a
enzyme, derived from Cas12a, demonstrating the repression strength
ranging 53 to 94 %, and successful multiple target repression. After
confirming its effectiveness, it was applied to squalene production,
repressing regarding genes, acnB and cpcB2, resulting enhanced
squalene production, 9.5 mg/L/OD and 7.6 mg/L/OD, respectively.
Second application was constructing logic NAND gate using CRISPRi
with dCas9 enzyme, and light-responsive promoter. The S. elongatus
PCC 7942 cells were subjected to combination of chemical inducer and
light/dark alternating environmental stimuli. Resulting circuit response
was observed by detecting fluorescence signal of yellow fluorescence
protein, whose signal was reversed by regulation of the dark-inducing
promoter purF, and CRISPRi. These results show effective
CRISPRi-derived application in cyanobacteria S. elongatus PCC 7942,
and potential for further metabolic engineering approaches with
developed tools.
Keywords : Cyanobacteria, CRISPRi

Q-22
Sustainable Production of the Calorie-Free Sweetener Precursor,
ent-kaurenoic Acid from CO2 Using Engineered Cyanobacteria
*

Sungcheon Ko, and Han Min Woo
Department of Food Science and Biotechnology, Sungkyunkwan University
(SKKU), 2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea

Metabolic engineering of cyanobacteria has enabled photosynthetic
conversion of CO2 to fatty acid-derived chemicals as bio-solar cell
factories. Here we report a complete biosynthesis of ent-kaurene
(ent-KN), ent-kaurenoic acid (ent-KA) from CO2 in engineered
cyanobacteria toward diterpenoids production of the calorie-free
sweetener. To synthesize ent-KN, we designed the diterpene synthetic
module (DS module) that a prenyl phosphate converts kaurene into the
engineered cyanobacteria (the OverMEP modules) in which the
methylerythritol 4-phosphate pathway was optimized to increase the
precursors either farnesyl diphosphate (FPP) or geranylgernaly
pyrophosphate (GGPP) from CO2. ent-KN were detected in the cell
extracts and medium by LC-MS. Next, we set out to produce ent-KA from
ent-KN by reconstituting the cytochrome P450 module (CP module).
Engineered S. elongatus PCC 7942 produced 2.9 ± 0.01 mg L-1 ent-KA
directly from CO2, respectively. This study is the first report of
photosynthetic production of ent-kaurenoic acid from CO2 in
cyanobacteria.
Keywords : Cyanobacteria, terpenoid, calorie-free sweetener

Poster Session

487

Q-24
Advanced Bacterial Genome Engineering Tool Using
High-Fidelity Cytosine Base Editing with Reduced DNA
Off-Targets

A Hybrid Embden-Meyerhof-Parnas Pathway to Decipher a
Metabolic Link between Carbon and Phosphorus in
Corynebacterium glutamicum

Yubeen Heo1,2, Gue-Ho Hwang3, Han-Min Woo1,2*, and Sang-Su Bae3*
1
Department of Food Science and Biotechnology, Sungkyunkwan University
2
(SKKU), 2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea BioFoundry
Research Center, Institute of Biotechnology and Bioengineering,
Sungkyunkwan University (SKKU), 2066 Seobu-ro, Jangan-gu, Suwon
3
16419, Korea Department of Chemistry and Research Institute for
Convergence of Basic Sciences, Hanyang University, 222, Wangsimni-ro,
Seongdong-gu, Seoul 04763, Korea

Hyejeong Cho1, Phil Kim1, Yoojin Lee1, and Han Min Woo1,2*
1
Department of Food Science and Biotechnology, Sungkyunkwan
2
University, 2066 Seobu-ro, Jangan-gu, Suwon 16419, Korea BioFoundry
Research Center, Sungkyunkwan University (SKKU), 2066 Seobu-ro,
Jangan-gu, Suwon 16419, Korea

Sophisticated genome editing technology with high-resolution has
demanded as an essential tool for re-designing microbial cycle
dependent on purpose. Rat APOBEC1-derived cytosine base editor
(CBE) representative technology for genome editing induced DNA
off-targets that result from unintended SNV on genomic DNA, which
limited significancy of CBE as programmed specific genome editing
tool. We apply high-fidelity CBEs for more advanced bacteria
engineering and evaluate capacity of high-fidelity CBE by generating
premature termination codons (PTCs) in desired genes (CBE-STOP) in
Corynebacterium glutamicum as a GC-rich model bacterium. We
constructed several single gene-inactivated strains for three genes (ldh,
idsA and pyc) and ultimately developed a strain with five genes (ldh, actA,
ackA, pqo and pta) that were inactivated sequentially for enhancing
succinate production. Whole-genome sequencing (WGS) data of these
mutants showed that genome-wide random point mutations despite of
desired phenotypes. Off-targets were accumulated rationally dependent
on duration time exposed to CBE. C. glutamicum mutants with
high-fidelity CBEs (YE1-BE3 and BE3-R132E) employed for CBE-STOP
revealed drastically reduced sgRNA-independent off-targets with
increased precision. We evaluate CBEs as precise genome engineering
tool considering both efficient on-target editing and minimized
genome-wide DNA off-targets for developing microbial cell factory.
Keywords : Cytosine base editor, genome editing, DNA off-target effects
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The low carbon yield from fundamental Embden–Meyerhoff–Paranas
(EMP) pathway for sugar catabolism, anabolism, and energy
metabolism produces infavorable economics. Herein, we constituted a
hybrid EMP that replaced the first phase of the EMP in Corynebacterium
glutamicum with non-oxidative glycolysis (NOG) and revealed a link
between sugar and phosphate metabolism. Although carbon was
conserved via NOG, the energy metabolism was significantly limited.
In accordance with synthetic glucose kinase activity and
phosphoketolase on the hybrid EMP, cell growth was completely
recovered in the C. glutamicum pfkA mutant strain. Notably, we have
revealed a phosphate-replenishing pathway that involved trehalose
biosynthesis for the generation of inorganic phosphate (Pi) sources in
the hybrid EMP when external Pi supply was limited. Thus, the
re-designed hybrid EMP pathway with balanced carbon and phosphorus
states can be employed in the efficient microbial platform for
biochemical production.
Keywords : Non-oxidative glycolysis, phosphorus metabolism,
Corynebacterium glutamicum
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One-Step Multiplex Genome Editing to Accelerate the
Genome-Based Discovery of New Antibiotics in Bacillus

Identification of Genetic Regulatory System Controlled by Carbon
Monoxide in Eubacterium limosum KIST612

Mansu Kim1,2, Da-Eun Jeong1, Ha-Rim Kim1, and Soo-Keun Choi1,2*
1
Infectious Disease Research Center, Korea Research Institute of Bioscience
and Biotechnology (KRIBB), 125 Gwahak-ro, Yuseong-gu, Daejeon 34141,
Korea 2Department of Biosystems and Bioengineering, KRIBB School of
Biotechnology, Korea University of Science and Technology(UST), 217
Gajeong-ro, Yuseong-gu, Daejeon 34113, Korea

Byeongchan Kang, Soyoung Oh, Hyunsoo Kang, Ji-Yeon Kim,
Young-Joon Ko, and In Seop Chang*
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology (GIST), 123 Cheomdan-gwagiro,
Buk-gu, Gwangju 61005, Korea

Genome-based identification of new antibiotics is emerging as an
alternative to traditional methods. However, uncovering hidden
antibiotics under the background of known antibiotics remains a
challenge. To over this problem using a quick and effective genetic
approach, we developed a multiplex genome editing system using a
cytosine base editor (CBE). The CBE system achieved simultaneous
double, triple, quadruple, and quintuple gene editing with efficiencies
of 100%, 100%, 83%, and 75%, respectively, as well as the 100% editing
efficiency of single targets in Bacillus subtilis. Whole-genome
sequencing of the edited strains showed that they had an average of 8.5
off-target single-nucleotide variants at gRNA-independent positions.
The CBE system was used to simultaneously knock out five known
antibiotic biosynthetic gene clusters to leave only an uncharacterized
polyketide biosynthetic gene cluster in Paenibacillus polymyxa E681.
The polyketide showed antimicrobial activities against gram-positive
bacteria, but not gram-negative bacteria and fungi. Therefore, our
findings suggested that the CBE system might serve as a powerful tool
for multiplex genome editing and greatly accelerating the unraveling of
hidden antibiotics in Bacillus and Paenibacillus species. [

Transcription in prokaryotes proceeds as the related gene units consist
of a single operon, and sometimes there are also operon units that are
regulated by several promoters. The operon regulates the expression
level of genes on a unit so that bacteria can quickly adapt to environmental
and substrate conditions. Eubacterium limosum KIST612 is a
Gram-positive, obligately anaerobic, and acetogenic bacterium. This
strain can use carbon monoxide as the sole energy and carbon sources.
In E. limosum KIST612, it was confirmed that the transcription level of
genes is regulated depending on the substrate or environmental
conditions. This pattern of transcriptional regulation has also been
confirmed in genes for consuming carbon monoxide, a representative
substrate that E. limosum KIST612 can use. Transcription regulation by
these transcription factors can be confirmed not only through the
phenotype during the growth, but also through the level of transcription.
To investigate the regulation of the level of transcription of a gene related
to carbon monoxide consumption, we analyzed the operon unit of the
related gene by co-transcription analysis and identified the transcription
regulator(s) in the strain.
Keywords : Eubacterium limosum KIST612, carbon monoxide, operon

Keywords : Base editor, multiplex genome editing, Bacillus
This study was supported by the Bio & Medical Technology
Development Program of the National Research Foundation
(NRF-2018M3A9F3079565); and the KRIBB Research Initiative
Program.]
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Studies of Molecular Profiling and Optimization for Growth and
PHB Production Conditions in Rhodobacter sphaeroides

Engineering of Escherichia coli to Grow Solely on CO2 and
Formic Acid

Yu Rim Lee, Soo Youn Lee, Ji Yye Lee, Jin-Suk Lee, and Sangmin Lee*
Gwangju Bio/Energy R&D Center, Korea Institute of Energy Research,
Gwangju 61003, Korea

Cindy Pricilia Surya Prabowo1,2, Junho Bang1,2, Chang Hun Hwang1,2,
Jung Ho Ahn1,2, Jong An Lee1,2, and Sang Yup Lee1,2,3*
1
Metabolic and Biomolecular Engineering National Research Laboratory,
Department of Chemical and Biomolecular Engineering (BK21 Plus
Program), Institute for the BioCentury, Korea Advanced Institute of Science
and Technology (KAIST), Daejeon 34141, Republic of Korea 2Systems
Metabolic Engineering and Systems Healthcare Cross-Generation
3
Collaborative Laboratory, KAIST, Daejeon 34141, Korea BioInformatics
Research Center and BioProcess Engineering Research Center KAIST,
Daejeon, Korea

In the recent climate change regime, the industrial demand for
sustainable materials to replace petroleum-derived polymers continues
to increase. Polyhydroxybutyrate (PHB) is especially interested as a
substitute for polypropylene. Accumulating evidence shows that PHB
is generated as a carbon storage material in various microorganisms. The
effects of growth conditions on PHB production have been widely
studied in chemolithotrophs, particularly in Rhodobacter. However, the
results on PHB production in Rhodobacter have been somewhat
inconstant due to different strains and experimental conditions, and it
is currently unclear how diverse environmental factors are connected
with PHB production. Here, we report optimized growth conditions for
PHB production and show that the growth conditions are closely
associated with reactive oxygen species (ROS) regulation. PHB
accumulates in cells up to approximately 50% at the highest level under
dark aerobic conditions as opposed to light aerobic/anaerobic
conditions. According to the time course, PHB contents increased at 48
hours and then gradually decreased. When observing the effect of
temperature and medium composition on PHB production, 30℃ and a
carbon/nitrogen ratio of 9:1 or more were found to be most effective.
Among PHB biosynthetic genes, PhaA and PhaB are highly correlated
with PHB production, while PhaC and PhaZ observed little change in
overall expression levels. We found that peroxidase activities and
expression levels of antioxidant-related genes in cells under dark
conditions were relatively high, whereas the amount of hydrogen
peroxide was comparatively low compared to the light conditions. These
results suggest optimal culture conditions for growth and PHB
production and the importance of ROS-scavenging signaling with regard
to PHB production.
Keywords : Polyhydroxybutyrate, growth conditions, reactive oxygen
species
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The development of synthetic autotrophs or formatotrophs has been an
appealing issue as a solution to environmental concerns, and the
conversion of useless C1 compounds to value-added chemicals was
needed. The development of Escherichia coli strains capable of growing
exclusively on CO2 and FA has previously been reported. The final cell
densities, though, were so low (less than OD600 of 1). In this paper, we
present the results for the development of E. coli capable of growing to
relative higher cell density solely on CO2 and FA (more than OD600 of
11). This E. coli strain is expected to be useful as a platform strain capable
of growing solely on CO2 and FA and generating valuable chemicals
solely through C1 compound assimilation.
Keywords : Escherichia coli, C1 compound assimilation, metabolic
engineering
[This work was supported by the C1 Gas Refinery Program through the
National Research Foundation of Korea (NRF) funded by the Ministry
of Science and ICT (NRF-2016M3D3A1A01913250)]
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Production of 4-Amino-1-butanol by Corynebacterium
glutamicum

Microbial Production of Acrylic Acid through Novel β-Alanine
Route

Cindy Pricilia Surya Prabowo1,2, Jae Ho Shin1,2, Jae Sung Cho1,2, Tong Un
Chae1,2, and Sang Yup Lee1,2,3*
1
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3
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Daejeon 34141, Korea
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and Sang Yup Lee1,2,3*
1
Metabolic and Biomolecular Engineering National Research Laboratory,
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Collaborative Laboratory, Korea Advanced Institute of Science and
3
Technology, Daejeon 34141, Korea BioProcess Engineering Research
Center and BioInformatics Research Center, Korea Advanced Institute of
Science and Technology, Daejeon 34141, Korea

4-Amino-1-butanol (4AB) serves as an intermediate compound for
drugs and a precursor of biodegradable polymers used for gene delivery.
4AB is produced by chemical synthesis from petroleum resources. To
date, the production of 4AB from renewable resources has not been
reported. This study reported for the first time the production of 4AB
from glucose by metabolically engineered Corynebacterium
glutamicum. The production used a newly designed pathway comprising
a putrescine aminotransferase (encoded by ygjG) and an aldehyde
dehydrogenase (encoded by yqhD) from Escherichia coli. The genes
were introduced to a putrescine producing C. glutamicum strain
developed in this study to produce 4AB. Then, further metabolic
engineering strategies such as fine-tuning the ygjG and yqhD expression
levels, eliminating competing pathways, and optimizing culture
conditions were applied. The final engineered strain reached 24.7 g/L
of 4AB in fed-batch culture.

Acryli acid (AA) is an important industrial chemical used for several
applications including superabsorbent polymers and acrylate esters.
Here, we report the development of a new biosynthetic pathway for the
production of AA from glucose in metabolically engineered Escherichia
coli through the β-alanine (BA) route. The AA production pathway was
partitioned into two modules: an AA forming downstream pathway and
a BA forming upstream pathway. We first validated the operation of the
downstream pathway in vitro and in vivo, and then constructed the
downstream pathway by introducing efficient enzymes (Act, Acl2, and
YciA) screened out of various microbial sources and optimizing the
expression levels. For the direct fermentative production of AA from
glucose, the downstream pathway was introduced into the BA producing
E. coli strain. The resulting strain could successfully produce AA from
glucose in flask cultivation. AA production was further enhanced by
expressing the upstream genes (panD and aspA) under the constitutive
BBa_J23100 promoter. Replacement of the native promoter of the acs
gene with the BBa_J23100 promoter in the genome increased AA
production to 55.7 mg/L in flask. Fed-batch fermentation of the final
engineered strain allowed production of 237 mg/L of AA in 57.5 h,
representing the highest AA titer reported to date.

Keywords : Metabolic engineering, Corynebacterium glutamicum,
amino alcohols
[This work was supported by the Technology Development Program to
Solve Climate Changes (Systems Metabolic Engineering for Biorefineries)
from the Ministry of Science and ICT through the National Research
Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012
M1A2A2026557)]

Keywords : Metabolic engineering, Escherichia coli, Acrylic acid
[This work was further supported by Hanwha Solutions through
KAIST-Hanwha Solutions Future Technology Institute]
[This work was supported by the Technology Development Program to
Solve Climate Changes on Systems Metabolic Engineering for
Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A20
26557)]
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High-Level Production of 3-Hydroxypropionic Acid by
Metabolically Engineered Escherichia coli Using Glycerol as a
Sole Carbon Source

Metabolic Engineering of Escherichia coli and Corynebacterium
glutamicum to Produce Methyl-anthranilate, a Grape-Flavoring
Compound

Yoo-Sung Ko1,2, Je Woong Kim1,2, Tong Un Chae1,2, and Sang Yup Lee1,2,3*
1
Metabolic and Biomolecular Engineering National Research Laboratory,
Systems Metabolic Engineering and Systems Healthcare (SMESH)
Laboratory, Department of Chemical and Biomolecular Engineering
(BK21, 2BioProcess Engineering Research Center, KAIST, Daejeon, Korea
3
BioInformatics Research Center, KAIST, Daejeon, Korea

Jae Sung Cho, Zi Wei Luo, and Sang Yup lee*
Department Chemical and Biomolecular Engineering, KAIST, Korea

3-Hydroxypropionic acid (3-HP), an industrially important C3
chemical, was overproduced in a high level from glycerol/crude glycerol
as a sole carbon source by metabolically engineered Escherichia coli
with a potential for an industrial scale production. A glycerol-dependent
3-HP biosynthetic pathway was constructed with the introduction of
heterologous genes and subsequent screening of those genes
combinations was performed. Through a fed-batch fermentation, 49.9
g/L of 3-HP was produced. Further improvement in 3-HP production was
succeeded by manipulating fermentation condition leading to produce
76.2 g/L of 3-HP with a yield of 0.457 g 3-HP/g glycerol and with a
productivity of 1.98 g/L. This strain also produced 61.0 g/L of 3-HP with
a yield of 0.594 g 3-HP/g crude glycerol and with a productivity of 2.28
g/L/h when taking crude glycerol as its sole carbon source.
Keywords : Metabolic engineering, 3-Hydroxypropionic acid, glycerol
[The work was supported by the Technology Development Program to
Solve Climate Changes on Systems Metabolic Engineering for
Biorefineries from the Ministry of Science, ICT and Future Planning
(MSIP) through the National Research Foundation (NRF) of Korea
(NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) and by
Hanwha Chemical through KAIST-Hanwha Solutions Future
Technology Institute]
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Methyl anthranilate (MANT), a chemical that gives off grape scent and
flavor, is a widely used compound in flavoring foods and drugs, but it
is currently produced by petroleum-based processes. Here, we report the
direct fermentative production of MANT from glucose by metabolically
engineered Escherichia coli and Corynebacterium glutamicum strains
harboring a synthetic plant-derived metabolic pathway. Optimizing the
key enzyme anthranilic acid (ANT) methyltransferase1 (AAMT1)
expression, increasing the direct precursor ANT supply, and enhancing
the intracellular availability and salvage of the cofactor S-adenosylL-methionine required by AAMT1, results in improved MANT
production in both engineered microorganisms. Furthermore, in situ
two-phase extractive fermentation using tributyrin as an extractant is
developed to overcome MANT toxicity. Fed-batch cultures of the final
engineered E. coli and C. glutamicum strains in two-phase cultivation
mode led to the production of 4.47 and 5.74 g/L MANT, respectively,
in minimal media containing glucose. The metabolic engineering
strategies developed here will be useful for the production of volatile
aromatic esters including MANT.
Keywords : Methyl-anthranilate, Corynebacterium glutamicum,
Escherichia coli
[This work was supported by the Technology Development Program to
Solve Climate Changes on Systems Metabolic Engineering for Biorefineries
from the Ministry of Science and ICT through the National Research
Foundation (NRF) of Korea (Grants NRF-2012M1A2A2026556 and
NRF- 2012M1A2A2026557)]
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Genome Engineering of Corynebacterium glutamicum Using
CRISPR/Cas9-Based Recombineering

Corynebacterium glutamicum as a Biofactory for 5-aminovaleric
Acid Production
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Genome engineering of Corynebacterium glutamicum, an important
industrial microorganism for amino acids production, relies heavily on
random mutagenesis and rather inefficient double crossover events.
Here, we report a rapid genome engineering strategy to scarlessly knock
out one or more genes in C. glutamicum in sequential and iterative
manner. Recombinase RecT is used to incorporate synthetic singlestranded oligodeoxyribonucleotides into the genome and CRISPR/Cas9
to counter-select negative mutants. We completed the system by
engineering the respective plasmids harboring CRISPR/Cas9 and RecT
for efficient curing such that multiple gene targets can be done iteratively
and final strains will be free of plasmids. To demonstrate the system,
seven different mutants were constructed within two weeks to study the
combinatorial deletion effects of three different genes on the production
of γ-aminobutyric acid, an industrially relevant chemical of much
interest. This genome engineering strategy will expedite metabolic
engineering of C. glutamicum.
Keywords : CRISPR/Cas9, Corynebacterium glutamicum, recT
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5-Aminovaleric acid (5AVA) is an important five-carbon platform
chemical especially for synthesis of polymers and other industrially
valuable chemicals. Employment of lysine 2-monooxygenase encoded
by the davB gene and 5-aminovaleramidase encoded by the davA gene
has been successful for enzymatic conversion of L-lysine to 5AVA. In
addition, a recombinant Escherichia coli strain expressing the davB and
davA genes was developed for the bioconversion of L-lysine to 5AVA.
Corynebacterium glutamicum, an efficient L-lysine producing
microorganism, is a highly promising platform to develop of direct
fermentative production of 5AVA using L-lysine as a precursor for 5AVA.
In this report, metabolic engineering was done in C. glutamicum to
enhance the fermentative production of 5AVA from glucose.
Keywords : Metabolic engineering, systems biology, Corynebacterium
glutamicum
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