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PET is an irreplaceable material in various industries because of its unique
properties. Although post-consumed PET has been collected for recycling,
actual recycling rate remains less than 30% in the US. This low rate is due to
the fact that the recycled products are not profitable. In this study, we
demonstrated a biological valorization process which can produce valueadded chemicals from PET waste. First, PET was depolymerized into
terephthalic acid (TPA) and ethylene glycol by chemical hydrolysis. Next,
TPA was biologically converted into value-added chemicals by using wholecell biocatalysts comprising Escherichia coli engineered to express enzymes
for single or combined reactions of hydroxylation, decarboxylation,
oxidative ring cleavage, and methylation. As a results, five different valueadded chemicals, gallic acid, pyrogallol, catechol, muconic acid, and vanillic
acid, were produced from TPA via protocatechuic acid (PCA) as a key
intermediate at relatively high molar conversion yields, 32.7 − 92.5%. These
demonstrated high-value products are currently used to manufacture
pharmaceuticals, animal feeds, cosmetics, flavours, and bioplastic
monomers suggesting the potential of economically feasible PET-waste
upcycling.

Climate changes with the demand of reducing carbon dioxide emission
require the industry to be more sustainable in its process. Construction
industry is one of the main contributors to global warming, which has led to
the development of carbon capture and utilization technology. In this study,
a bio-based approach, including a biocatalyst that catalyze the conversion of
carbon dioxide to bicarbonate by reacting with water, has been used to make
calcium carbonate, a major component of the construction materials such as
cement and concrete. An Escherichia coli based expression system was set
up to produce the biocatalyst, carbonic anhydrase, and the carbon dioxide
conversion was carried out with a gas supplying vertical bubble column
reactor designed for buffer-based aqueous system. The formation of calcium
carbonate has been investigated by addition of calcium ions to the system
after finishing the biocatalytic reaction, which provide an opportunity for
developing a bio-based carbon capture and utilization system to prepare the
construction material from carbon dioxide.
Keywords: Carbonic anhydrase, carbon dioxide, construction materials
[This work was supported by the Green Venture Program (S3104982)
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A microbial electrolysis cell (MEC) consumes the chemical energy of
organic material producing, in turn, hydrogen. This study presents a new
hybrid MEC design with improved performance. An external TiO2
nanotube (TNT) array photoanode, fabricated by anodization of Ti foil,
supplies photogenerated electrons to the MEC electrical circuit, significantly
improving overall performance. The photogenerated electrons help to
reduce electron depletion of the bioanode, and improve the proton reduction
reaction at the cathode. Under simulated AM 1.5 illumination (100 mW
cm−2) the 28 mL hybrid MEC exhibits a H2 evolution rate of 1434.268±114.174
mmol m−3 h−1, a current density of 0.371±0.000 mA cm−2 and power density
of 1415.311±23.937 mW m−2, that are respectively 30.76%, 34.4%, and
26.0% higher than a MEC under dark condition. For fully biosystem for
producing green hydrogen, we extracted [NiFe]-hydrogenases from E. coli
and immobilized them on the TiO2 nanotube electrode prepared by pyrrolbased electropolymerization for application in aerobic conditions. As a
result, we can confirm that [NiFe]-hydrogenases coated TiO2 nanotube
electrode demonstrates the increased hydrogen evolution reaction activity at
the aerobic condition than control samples on in-vitro activity test using
methylene viologen and linear sweep voltammetry.

One- or two-carbon (C1 or C2) chemicals are attractive substrates, which
have been utilized for biotechnological production of value-added products
such as 3-hydroxypropanal (3-HPA), 3-hydroxypropionic acid (3-HA) and
1,3-propanediol (3-PDO) that are used as starting materials to produce
biocompatible plastic and polytrimethylene terephthalate. Methanolderived formaldehyde (C1) and ethanol-derived acetaldehyde (C2) can be
converted to 3-HPA (C3) via aldol condensation, which can also be utilized
as the substrate for the synthesis of 3-HA and 3-PDO. In this study, we
optimized the reaction conditions for 3-HPA production from formaldehyde
and acetaldehyde using deoxyribose-5-phosphate aldolase from Thermotoga
maritima (DERATma), which showed the maximal activity at pH 7.0 and
40℃. Under these optimized conditions, DERATma produced 7 mM 3-HPA
from 25 mM substrate (formaldehyde and acetaldehyde) for 1 h with a
productivity of 520 mg/L/h. To investigate the one-pot production of 3-HPA
from inexpensive alcohol substrates (methanol and ethanol), we adopted
methanol dehydrogenase from Lysinibacillus xylanilyticus (MDHLx), which
converts methanol and ethanol to formaldehyde and acetaldehyde,
respectively. One-pot production of 3-HPA from alcohol-derived
compounds (formaldehyde and acetaldehyde) by cascade reaction using
MDHLx and DERATma was performed under optimized reaction conditions.
To best of our knowledge, this is the first report on 3-HPA production from
inexpensive alcohol substrates (methanol and ethanol).

Keywords: Microbial Fuel Cells (MFCs), hydrogenase, green Hydrogen
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Process Development for Production of δ-Endotoxin in
the Submerged Culture of Bacillus thuringiensis
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Bacillus thuringiensis is a Gram-positive and spore-former bacterium. It
produces parasporal proteins, which is known as δ-endotoxin, during
sporulation and stationary growth. In this study, fermentation conditions
for δ-endotoxin were optimized in the submerged culture of B. thuringiensis.
The carbon and nitrogen source, as critical factors, were selected for media
composition to obtain a high yield of vegetative cells. Glucose and soybean
meal were best for the production of both vegetative cells and endospores.
Sporulation rate depended on initial carbon concentration. Low yield of
endotoxin resulted from the high carbon concentration in the media. In
batch fermentation, the increase of endospore production resulted in the
increment of δ-endotoxin concentration. In addition, increasing agitation
speed improved endospore productivity. The highest yield of δ-endotoxin
was observed at 500 rxg, followed by 400 rpm and 300 rpm, indicating that
there was a positive correlation between the oxygen transfer rate and
endospore production.

Keywords: PET recycling, betaine, bioconversion
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Poly (ethylene) terephthalate (PET), which has been widely used in numerous
industries causes global environmental problems due to its low degradability
and recycling rate. Conventional recycling strategies for PET rely on
downcycling that converts PET to lower-value products than PET, which is
economically infeasible. By mimicking the lignocellulose biorefinery, we
have developed the integrated process of depolymerizing PET and
converting PET monomers to higher-value products in one-pot. First,
through the glycolysis process using betaine as a biocompatible catalyst, PET
depolymerized into a slurry containing 368 g/L of BHET and 32.8 g/L of
MHET was obtained. Next, through the enzymatic hydrolysis process, the
slurry was further depolymerized to terephthalate (TPA, 31.0 g/L, 62.8%,
mol/mol) and ethylene glycol (EG, 11.7 g/L, 63.3%, mol/mol). Finally,
through bioconversion of TPA and EG present in the PET hydrolysate to
protocatechuic acid (PCA) and glycolic acid (GLA), respectively. This onepot chemo-bioprocess integrating chemical glycolysis, enzymatic hydrolysis,
and bioconversion for PET depolymerization and recycling were suggested
to be highly applicable to the upcycling of waste PET.

Eco-Friendly Process Technology Research Group, Technology Innovation
Research Division, World Institute of Kimchi, Gwangju 61755,
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The photosynthetic phycobiliprotein complex from Spirulina maxima was
purified and fractioned by gel chromatography. Mathematical model was
made for the fractionated phycobiliprotein complexes in view of fluorescence
decay rate under exposure to excitation light. UV absorbance and
fluorescence confirmed that each fractionated complex had different ratio of
phycobiliproteins, like allophycocyanin, phycocyanin, phycoerythrin.
Relative fluorescence was identified to be an effective variable for modeling
the fluorescence kinetics. The fluorescence of phycobiliprotein complex is
linearly dependent on its mass, and mathematical modeling has proved the
fluorescence decay follows first order of reaction with each different reaction
rate constant, irrespective of its size.

In our previous study, luteolin was extracted from peanut shells. Peanut shell
residues (PSR) generated after luteolin extraction contains 13.6% xylan,
which has the potential to be utilized as a carbon source for fermentation.
The aim of this study is to investigate the effect of variables such as
temperature, reaction time, and H2SO4 concentration on acid hydrolysis for
xylose recovery from PSR. The determined acid hydrolysis conditions for
xylose recovery to utilize as fermentable sugar were as follows: temperature
of 121℃, reaction time of 45 min, and H2SO4 concentration of 4% (w/w).
Under these conditions, the recovered xylose content was 11.8 g/L, which is
about 87% of the theoretical maximum xylose recovery. The recovered
xylose is expected to be used for microbial fermentation and converted into
various value-added materials.

Keywords: Mathematical modeling, of phycobiliprotein aggregate, statistical
analysis
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Mandarin peel, a food processing residue, has the potential as a source of
flavonoids such as hesperidin and narirutin. Hesperidin and narirutin can
be used in various fields because of their antioxidant, anti-inflammatory,
and anticancer activities. In this study, the optimum reaction conditions
were determined to improve the flavonoid extraction. The effects of various
solvents on flavonoid extraction were investigated. Then, the optimal conditions
were derived by response surface methodology using temperature, time, and
solid-liquid ratio as variables. Methanol was selected as a desirable solvent to
improve flavonoid extraction. The optimum conditions were determined as
follows: temperature of 60℃, time of 100 min, and a solid-liquid ratio of
95.6 g/L. Under the optimum conditions, the maximum flavonoid yield was
found to be 34.9 mg/g-biomass of hesperidin and 14.8 mg/g-biomass of
narirutin, respectively. Hesperidin and narirutin obtained from mandarin
peel are expected to be used as a variety of industries after the purified
process.

Keywords: Corncob, dilute acid hydrolysis, xylose recovery

Keywords: Mandarin peel, flavonoid extraction, optimization
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Corncob, which contains cellulose and hemicellulose, is a promising
resource for biorefinery. In this study, dilute acid hydrolysis was carried out
for efficient xylose recovery from corncob using hydrochloric acid (HCl). In
the fundamental experiments, the xylan content of raw corncob was
determined to be 43.5%. To investigate the effect of HCl concentrations
(1–5%, w/w) on xylose recovery from corncob, biomass was hydrolyzed
using each solution under the following conditions: temperature of 121℃,
reaction time of 30 min, and biomass loading of 100 g/L. The range of xylose
recovery by acid hydrolysis with 1-5% HCl solution was found to be 36.056.1% of the theoretical maximum conversion. The highest xylose recovery
was determined to be 56.1% with 1% HCl. Finally, xylose recovered from
corncob will be applied to the fermentation process in near future.
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Polyhydroxyalkanoate (PHA) is emerging as one of the solutions to waste
plastic pollution. PHA biosynthesized by microorganisms, especially
bacteria, it is important to reduce the high production cost. One way to
reduce the high cost of production is to use a cheap carbon source or waste
as substrates. In this study, we tried to produce poly (3-hydroxybutyrateco-3-hydroxyvalerate) [P(3HB-co-3HV), PHBV copolymer], a type of
PHA from methane and valerate, a cheap substrate, by methanotroph,
Methylocystis sp. MJC1. The gas fermentation conditions were optimized to
improve the yield of PHBV copolymer by Methylocystis sp. MJC1 in a
bioreactor. The pH, feeding time and concentration of valerate were a
crucial factor that significantly affected biomass yields, PHBV copolymer
contents and 3HV molar fractions. PHBV copolymer production from
methane and valerate under optimal conditions showed accumulation of
26.7 g CDW/L biomass containing 13.4 g/L copolymer with a maximum of
3HV content of 10 mol%.

Dunaliella tertiolecta is a sustainable feedstock for carotenoid production
with bioactive and health-promoting properties. In this study, we proposed
the optimum extraction conditions for lutein recovery from D. tertiolecta.
Ethanol was selected as a desirable extraction solvent, and the optimum
extraction conditions derived by response surface methodology (RSM) were
as follows: temperature of 25.0℃; reaction time of 5.0 h; solid loading of
93.3 g/L. Under the optimum conditions, lutein recovery was determined to
be 83.0 mg/g-biomass. Our study is expected to be helpful for sustainable
development because it realizes carbon capture and utilization (CCU) by
utilizing microalgae that captures CO2 in the atmosphere.
Keywords: Dunaliella tertiolecta, lutein, carbon capture and utilization
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The fermentation process technology using syngas is a process that produces
useful high value-added products by providing the gasses emitted from
various wastes to microorganisms as feed. Synthesis gas (syngas) is a fuel gas
mixture that mainly includes CO, CO2, and H2. The biofuels and chemicals
can be produced from Syngas by various microorganisms. Acetogens can
produce biofuels and chemicals through the Wood-Ljungdahl pathway
using CO as the sole carbon and energy source. However, we must overcome
several boundaries to bring the syngas fermentation process into commercial
production. The cost-effective process operation, which means producing
valuable products and high production or low operating costs, is needed for
commercialization. In this study, we propose a way to reduce operating costs
mostly related to the medium. The growth medium used in fermentation is
a significant source that increases the operation cost. Therefore, investing in
the industrial medium for low-cost operation is one of the significant
researches in process development. Here, we proposed two cases: (1)
Replace fermentation medium component with dehydrated filtrate from a
sewage treatment plant. (2) Reuse of fermentation broth simultaneously to
purify the medium. These medium cases will make cost-effective process
operation possible by reusing and replacing the medium component.

Keywords: Syringaldehyde, syringic acid, carboxylic acid reductase
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Lignocellulose can replace conventional petroleum-based refinery as a part
of carbon zero cycle. Syringic acid, a redox intermediate derived from the
oxidative degradation of lignin, can be converted to syringaldehyde which
has antioxidant, anticarcinogenic and antibiotic characteristics. Production
of syringaldehyde so far has depended on several steps of chemical reactions
using toxic reagents. Herein, a biological process has been developed to
replace the chemical process in an environmentally friendly manner, by
utilizing Escherichia coli whole cell transformed with fourteen microbial
carboxylic acid reductase (CAR) genes for overexpression. The transformed
cells were subjected to screening and the reaction conditions such as pH,
substrate concentration were optimized for syringaldehyde synthesis up to
90% yield.

