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Despite increasing demand for high product quality of biotherapeutic
products such as monoclonal antibodies, biomanufacturing processes
are still operated based on experience due to highly complex and
uncertain nature. In order to overcome this limitations, various sensors
and process analytical techniques (PAT) have evolved to characterize the
bioprocesses, and especially, in-line monitoring technique based on
Raman spectroscopy has been significantly developed to closely
monitor the dynamic behaviors of biomanufacturing processes. The aim
of this review is to provide an overview of current Raman based in-line
monitoring and to discuss applications in mammalian cell culture
processes, mainly by Chinese hamster ovary (CHO) cells which are the
most widely utilized host organism for industrial production of
biotherapeutics. We observe that the Raman monitoring technique has
the ability to measure important quality-related process variables. We
observed, however, that these Raman based monitoring requires
complex data handling via robust chemometric models to extract valid
process information. The review concludes with perspectives for Raman
based in-line and real-time techniques to characterize the manufacture
of biopharmaceuticals with consistent product quality and improved
performance. In short, the in-line Raman monitoring system could be
one of the most feasible practical PATs for in-line and real-time process
monitoring technique for a simultaneous analysis of multi-attributes in
bioprocess, guiding the process monitoring efforts as a part of digital twin
for advanced biomanufacturing.
Keywords : Raman spectroscopy, in-line monitoring, CHO cells

Hydrogen is mainly supplied as petrochemical-based byproduct and
extracted gas from fossil fuels. In order to avoid economic and
environmental problems by conventional chemical-based hydrogen
production process, many studies for eco-friendly hydrogen production
are conducted actively. In particular, the hydrogen production by
biological process has the advantages that the process is relatively simple
and waste resources can be used as substrate. In the case of using waste
resources or biomass are used as a substrate, a series of processes are
required to remove contained toxic substances. In this study, the effect
of iron oxide (Fe2O3) supplementation on hydrogen production was
investigated as a strategy to overcome the decrease in hydrogen
productivity by toxic substances. The effects on toxic substances and iron
oxide supplement were evaluated in each conditions of 0-2.9 g/L of
formic acid, 0-5.7 g/L of levulinic acid and 0-2.0 g/L of 5-HMF. Unlike
5-HMF, formic acid and levulinic acid showed a tendency to increase
hydrogen productivity at a certain concentration. The concentration of
formic acid and levulinic acid calculated by kinetic analysis were 1.1
g/L and 3.0 g/L, respectively, for the maximum hydrogen productivity.
Iron oxide supplement was found to be able to overcome the inhibitory
effects up to about 2.5 g/L of formic acid, 5.7 g/L of levulinic acid and
2.1 g/L of 5-HMF.
Keywords : Biohydrogen, iron oxide, inhibition
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Production of Biodegradable Plastic Polymer,
Poly-3-hydroxybutyrate (PHB) by Newly Isolated Methanotroph
Ok Kyung Lee, Seunggi Kang, and Eun Yeol Lee*
Department of Chemical Engineering, Kyung Hee University, Gyeonggi-do
17104, Korea

Plastics are used in many applications because of their durability,
stability and low cost, but it is known to release methane during their
decomposition, which has a negative impact on global warming.
Methanotroph could be a consolidated solution to solving two major
environmental problems simultaneously by using methane as a sole
carbon source and accumulating the methane as poly-3-hydroxybutyrate
(PHB), a biodegradable plastic polymer. Unfortunately, methanotroph
species isolated and reported to date are quite limited. In this study, we
report the isolation and characterisation of novel methanotroph with the
ability to produce up to 38% PHB of dry cell weight from cattle shed.
The new type II methanotroph, Methylocystis strain was characterized
using phylogenetic analysis and electron microscopy analysis. Response
surface methodology (RSM) was applied to improve PHB production
in a flask scale. The use of RSM optimized medium yielded up to 1.77
± 0.5 g/L in biomass, 43.2 ± 0.5 wt% PHB of dry cell weight, which
improved the biomass and PHB content to 2.5 and 1.13-fold,
respectively.
Keywords : Poly-3-hydroxybutyrate, methane, methanotroph
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Polyhydroxyalkanoate (PHA) is a biodegradable plastic that replaces the
petroleum based and has diverse physicochemical properties depends
on the monomer composition. In particular, the medium-chain-length
polyhydroxyalkanoates (mcl-PHA) have elastomeric properties and are
more suitable for high value-added applications. The aim of this study
was media optimization for mcl-PHA production by Pseudomonas
species using alkane mixture. To optimize the mcl-PHA production, it
was determined the mixture ratio of alkanes by mixture analysis method,
and the contents of n-octane, n-decane and n-dodecane in media were
9.15%, 6.44% and 4.29%, respectively. Moreover, the optimal
concentration of nitrogen and phosphorus for PHA production were
0.05% and 1.0%, respectively. When Pseudomonas sp. was cultured in
the above medium, the cell growth and PHA yield were obtained 3.41g/L
of cell dry weight and 2.05 g/L PHA with 60wt% PHA content.
Keywords : Medium chain length PHA, alkane mixture, Pseudomonas
species
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Here, we present the whole cell biotransformation of 1-dodecanoic, ω
-hydroxydodecanoic acid and α,ω-dodecanedioic acid using whole cell
biotransformation of E. coli BW25113DfadD expressing carboxylic
acid reductase (CAR) and alcohol dehydrogenase (ADH) enzymes.
Among the screened 13 CAR enzyme, CAR enzyme from Mycobacterium
abscessus showed the highest 1-dodecanoic acid reduction activity of
53.12 % conversion in single cells of heterologous CAR and endogenous
ADH. Next, the host cells were engineered to simultaneously express
Yarrowia lypolytica ADH with the GroES/EL-DnaK/J/E chaperone in
a single host system, while two cell systems used two strains of E. coli
expressing CAR-Sfp and ADH-GroES/EL-DnaK/J/E, respectively. In
results, additional ADH expression was not effective in a single host
system, whereas two cell system significantly increased α,ω
-dodecanedioic acid conversion by total 71.3%; α,ω-dodecanediol
(68.2%) and ω-hydroxydodecanoic acid (3.1%), respectively. Interestingly,
the CAR4714 enzyme could converted ω-hydroxydodecanoic acid into
α,ω-dodecanediol up to 97.17% conversion in 17 h (12.43 mg/L/h).
Keywords : C12 fatty derivatvies, CAR, ADH
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To identify the diversity of halophilic bacteria from fermented seafoods,
86 strains were isolated and phylogenetic analysis was carried out based
on the result of 16S rRNA gene sequencing. The isolated strains were
divided into 3 phyla, 7 families, 9 genera, 24 species. Bacilli class, the
main phyletic group, comprised 84.9% with 4 families, 6 genera and 19
species of Bacillaceae, Planococcaceae, Staphylococcaceae and
Enterococcaceae. The strains were tested for amylolytic, cellulolytic,
lipolytic, proteolytic activity and 55 strains showed at least one enzyme
activity. Furthermore, auxin activity was determined in two strains.
These results indicated that isolated strains have the possibility of the
application for the food and feed industries and importance of genetic
resource in Korea.
Keywords : Fermented seafood, halophiles, food & feed industry
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This study investigates a novel acido-thermophilic a-amylase, an
enzyme required to produce Isomaltodextrin (IMD). In the manufacturing
process of Isomaltodextrin, food-grade starch is treated with α-amylase
to cleave the amylose and amylopectin chain into shorter units. It is then
heated until liquefied. α-Amylase (α-1.4 D-glucan glucanohydrolase)
(EC 3.2.1.1) hydrolyzes the α-1,4 glucosidic bonds of starch and
produced glucose-containing oligosaccharides. In particular, α-amylase,
which remains active in the presence of denaturants, exhibits activity
over a wide range of temperature and pH, making it stable at high
temperatures, lowering cost, enhancing substrate solubility, and lowering
contamination originated from mesophilic microorganisms, which is
why it is preferred in industry. The coding gene of acidophilic
Alicyclobacillus sacchari DSM 17974 alpha-amylase (ASAA) was
cloned and expressed in E. coli BL21. Analysis of the sequence revealed
an open reading frame of 2,715 bps that encodes a protein of 905 amino
acid residues with a calculated molecular mass of 98.3 kDa. The
isoelectric point (pI) of the enzyme was about 4.46. The recombinant
ASAA was purified to homogeneity by heat treatment, Ni-NTA chelate
affinity chromatography, thrombin treatment to remove His-tag from the
fusion protein, and gel filtration. This work will contribute to the
development of acido-thermostable α-amylase, one of the key enzymes
in the production of isomaltodextrin.
Keywords : Isomaltodextrin, Acido-thermophilic α-amylase, Alicyclobacillus
sacchari DSM 17974
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To alleviate the greenhouse effect and climate change, it is of great
importance to develop sustainable CO2 capture and utilization. The
microbial electrosynthesis (MES) has been highlighted to convert CO2
to value added metabolites and intermediate chemicals by using
electrochemically active bacteria as biocatalyst and electricity as
reducing power. However, the MES only produced simple organic acids
or alcohols from CO2. In this study, we presented a novel bioelectrosynthetic
pathway for polyhydroxybutyrate (PHB) production using a photosynthetic
bacteria, Rhodobacter sphaeroides. The electrode attached R.
sphaeroides directly uptakes electrons from the electrode surface, while
the suspended R. sphaeroides utilize the electrochemically evolved
hydrogen as electron mediator to convert CO2 to polyhydroxybutyrate
(PHB). The results show that MES-driven electrons and protons transfer
enabled direct conversion of CO2 into higher-value added organic matter
such as PHB.
Keywords : CO2 electrosynthesis, PHB, Rhodobacter sphaeroides
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Bioconversion of Ricinoleic Acid to (E)-11-(heptanoyloxy)
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For efficient bioconversion of ricinoleic acid to (E)-11-(heptanoyloxy)
undec-9-enoic acid (11-HOUA), a major intermediate of brassylic acid,
a recombinant Escherichia coli overexpressing an alcohol dehydrogenase
from Micrococcus luteus and a Baeyer-Villiger monooxygenase from
Pseudomonas putida KT2440 was constructed and subjected to
whole-cell biotransformation process. Feeding of glucose or glycerol
+
facilitated both the supply of NAD and NADPH cofactors and the
preparation of high-density cell biocatalyst. By the glucose feeding
strategy, 30.8 g/L of the engineered E. coli cells produced 29.7 mM of
11-HOUA with 1.9 mM/h of productivity, which were 1.8 and 1.6 times
higher than the same biotransformation without the glucose feeding,
respectively. Intermittent addition of glycerol increased 11-HOUA
productivity by 16% compared to that by the glucose feeding. Finally,
34.5 mM of 11-HOUA concentration, 77% conversion and 2.2 mM/h
productivity were obtained using 31.6 g/L of cell biocatalyst along with
the glycerol addition. It was concluded that supplementation of
additional carbon sources in biotransformation process would be a potent
strategy to increase the performance of fatty acid bioconversion.
Keywords : Ricinoleic acid, (E)-11-(Heptanoyloxy) undec-9-enoic
acid, recombinant Escherichia coli
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Azelaic acid is an α,ω-dicarboxylic acid able to be used as a polyester
monomer and strong antibacterial agent. Through chemical oxidation
of oleic acid at a hazardous condition, azelaic acid is produced
commercially. In this study, a sustainable bioconversion process using
whole cell biocatalyst was developed. To directly convert nonanoic acid,
and its esters to azelaic acid and to increase the total yield of azelaic acid
during the ozone decomposition. after ethyl nonanoate addition whole
cell of Candida tropicalis ATCC20962 immediately cleaved ethyl
nonanoate to nonanoic acid, and then converted nonanoic acid into
azelaic acid with the aid of nonane addition and continuous glucose
supply. Finally, a fed-batch biotransformation by continuous feeding of
pure nonanoic acid resulted in the production of 30.1 g/L azelaic acid
with 0.30 g/L-h productivity and 90% molar yield. By combination of
the ozonolysis and our process, a maximum of 95% molar carbon yield
of azelaic acid to oleic acid was estimated. This is the first report that
nonanoic acid and its esters were directly and biologically transformed
to azelaic acid with over 90% yield, and would be a groundwork for the
biotransformation of fatty acids with under nine carbons to the
corresponding α,ω-dicarboxylic acids.

Microbial fuel cells (MFCs) convert chemical energy directly to
electrical energy via electrochemically active microorganisms. The
interactions between microbes and the surface of anode play an important
role in capturing the respiratory electrons from bacteria. This is because
it influences biofilm growth and extracellular electron transfer (EET).
Therefore, anode performance is a key factor for the power density of
MFC. In this study, a novel type of anode was developed by electrodeposition
using polydopamine (PDA), polypyrrole (PPY), and graphite felt (GF).
2
The prepared PDA-PPY-GF reached 600mW/m , which was 1.5, 1.15,
and 1.13 times greater than those of the GF, PDA-GF, PPY-GF,
respectively. PDA has superior hydrophilicity and adhesive force for
strong interaction with biofilm, and PPY provides electrochemically
active sites for electron transfer between biofilm and anode. Results from
Raman Spectroscopy, Brunauer-Emmett-Teller (BET) and Contact
angle analysis show an increase in the physicochemical properties.
These results show that modification provides a promising anode
electrocatalyst for high-performance MFC to enhance waste treatment
for the purpose of future bioprocesses.
Keywords : Microbial fuel cell, polydopamine, polypyrrole

Keywords : Azelaic acid, nonanoic acid, biotransformation
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Acetol (hydroxyacetone) is a well-known intermediate or starting
material for various industrial applications. Newly isolated strain
Methylacidiphilum sp. IT6 can assimilate acetone for growth with the
high expression recorded in the pmoCAB3 operon and the operonflanking hypothetical protein IT6_09410 (Genbank accession number
QSR88567). Besides, Methylomonas sp. DH-1 was claimed to
accumulated acetone due to the deficiency of converting enzymes. In
this study, we expressed this hypothetical protein IT6_09410 of
Methylacidiphilum sp. IT6 by integrating into Methylomonas sp. DH-1
and evaluating the acetone assimilation of the mutant as a whole-cell
biocatalyst. The maximum accumulation, average productivity, and
specific productivity of acetol were 18.291 mM, 1.52 mM/h and 0.158
mmol/g cell/h under the optimized conditions. Methylomonas sp. DH-1
with heterologous expressed protein IT6_09410 demonstrated the
potential to be deployed as a whole-cell biocatalyst for the assimilation
of acetone into acetol, which could be further converted into value-added
materials.
Keywords : Acetone, acetol, Methylomonas sp. DH-1

Room-Temperature Cell Disruption for Astaxanthin Recovery
from Haematococcus pluvialis Cyst Using Ultrathin Nanoplates
and Imidazolium-Based Ionic Liquids
1
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High-efficiency, energy-saving extraction is a critical step for the
recovery of heat-labile astaxanthin pigments from mature Haematococcus
pluvialis with a rigid, thick cell-wall structure. Recently, as ‘green’
solvents, ionic liquids (ILs) have been extensively applied for algal
biorefinery purposes. However, when applied to H. pluvialis, their
efficiencies are low or high-temperature conditions are required. Here,
we report the technical feasibility of room-temperature extraction of
astaxanthin from H. pluvialis cyst cells by combining ultrathin α-quartz
nanoplates with ethyl-3-methylimidazolium ([Emim])-based ILs.
When pretreated with nanoplates, the cell walls of intact cyst cells were
severely lacerated, thereby facilitating subsequent extraction of astaxanthin
by 4 [Emim]-based ILs with SCN, DEP, HSO4, and Cl anions. At room
temperature (28℃) conditions, the astaxanthin extraction efficiencies
were significantly improved by 5 times regardless of the IL type,
compared to the controls without NPL pretreatment, resulting in high
astaxanthin recoveries of ~81%.
Keywords : Haematococcus pluvialis, astaxanthin, ionic liquid
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Modular Process Design of Cinnamaldehyde Production through
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Fermentation by Eubacterium limosum KIST612

Jaewoo Son, Hyunbae Bang, In Hyeok Choi, Chang Gyu Lim, Jun Hong
Jang, Ji Won Cha, Eun Jung Jeon, Min Gi Sohn, Hyo Jin Yun, and Ki Jun
Jeong*
Department of Chemical and Biomolecular Engineering, KAIST, Daejeon
34141, Korea

Mungyu Lee, Nulee Jang, Ji-Yeon Kim, Soyoung Oh, and In Seop Chang*
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology, 123 Cheomdan-gwagiro, Buk-gu,
Gwangju 61005, Korea

Cinnamaldehyde (CAD) is a major ingredient of cinnamon oils that is
produced by cinnamon plants. Currently, CAD is drawing attention since
it has potential to be applied in foods and pharmaceuticals. Nevertheless,
conventional production process for CAD such as extraction from plants
or chemical synthesis is not eco-friendly, thus limits the utilization of
CAD for downstream applications. Here, we developed modularly
microbial-based bioprocess system for high production of CAD. As the
first process module, maximum titer of L-phenylalanine (L-Phe) could
be achieved up to 38.6 g/L at a pilot-scale (30 L) fed-bath fermentation
through the genome-scale metabolic engineering in E. coli. Next, as a
second module, a highly efficient bioconversion process using C.
glutamicum as a whole-cell biocatalyst was developed for high
production of trans-cinnamic acid (t-CA) from L-Phe as a substrate. We
engineered C. glutamicum in which phenylalanine ammonia lyase from
Streptomyces maritimus could be expressed to levels as high as 39.1 %
of the total proteins. In addition, through the optimal conditions
(temperature, pH, and base source) and recycling system coupled with
membrane filtration with a bioreactor, 8.1 g/L of t-CA from 12 g/L of
L-Phe could be achieved. For the last module, C. glutamicum was
engineered for efficient bioconversion t-CA into CAD for a whole-cell
biocatalyst-based fermentation process. An expression module of
carboxylic acid reductase from Mycobacterium phlei was constructed,
and the putative dehydrogenase involved in the conversion of CAD to
cinnamyl alcohol related genes were deleted for preventing loss of CAD
in C. glutamicum. To this end, by deletion of the gene involved in the
reverse conversion of CAD back to t-CA, we developed engineered C.
glutamicum that produced 1.1 g/L of CAD for 1.2 g/L of t-CA.

Researchers are reporting various studies to secure eco-friendly energy
from stable resources due to the unstable oil price volatility, global
warming and population growth issues. These studies are focusing to
produce various chemicals and energy by environmentally friendly way
from various resources existing in the world. The energy production
process using microorganisms is more eco-friendly than the other
processes, and has the advantage of less secondary toxic by-products
than chemical processes. Especially, in the case of gas fermentation,
utilization of waste gas from gasification and industries, are very useful
and attractive Synthesis gas (syngas) is a fuel gas mixture that mainly
include CO, CO2 and H2. The biofuels and chemicals can be produced
from Syngas by various microorganisms. Acetogens can produce
biofuels and chemicals through Wood-Ljungdahl pathway by using CO
as sole carbon and energy source. Mutants are being developed to
produce novel products or increase the productivity of existing products.
However, the performance of product production from microbes has to
be considered by various parameter not only basic growth curve. Even
the same microorganisms may exhibit higher productivity or worse
results depending on the actual process operation method. In this study,
the product (acetate and butyrate) production changes according to
operation methods using Eubacterium limosum KIST612, moreover
introduce the operation method according to the target product.
Keywords : Bioreactor operation strategy, syngas fermentation, acetate

Keywords : Corynebacterium glutamicum, Escherichia coli, Cinnamaldehyde
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