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The biomass equation is a critical component in genome-scale metabolic
models (GEMs): it is one of most widely used objective functions within
constraint-based flux analysis formulation, describing cellular driving
force under the growth condition. The equation accounts for the
quantities of all known biomass precursors that are required for cell
growth at certain conditions. Moreover, published GEMs also adopt
relevant information from other species to derive the biomass equation
when any of the macromolecular composition is unavailable. However,
it is often reported that the macromolecular composition of an organism
could change across environmental conditions. Thus, the validity of
same biomass equation across multiple conditions, and across species
at times, is questionable. Here, we first investigated the qualitative and
quantitative variations of macromolecular compositions of three model
organisms, namely Escherichia coli, Saccharomyces cerevisiae and
Cricetulus griseus, across different environmental/generic variations.
We observed that while macromolecular building blocks such as DNA,
RNA, protein, and lipid composition vary notably, variations in
monomeric units such as nucleotides and amino acids is not appreciable.
We further confirmed that the monomeric compositions could be
estimated using high throughput omics data such as genome, transcriptome
and proteome. Based on these observations, we subsequently propose
a new framework - “Flux Balance Analysis with Ensemble Biomass
(FBAwEB)” to account for the natural variation in macromolecular
composition due to differences in growth conditions. During
simulations, FBAwEB perform multiple simulations using ensemble
biomass equations and then aggregate the results to represent the net
metabolic fluxes for a particular given condition. Overall, the current
analysis clearly highlights the importance of accounting for the natural
variation in the biomass equation.
Keywords : Biomass equation, flux balance analysis, natural variation
of cellular composition
[This work was supported by the Korea Institute of Planning and
Evaluation for Technology in Food, Agriculture, Forestry and Fisheries
(iPET) funded by the MAFRA (32136-05-1-HD050)]

Loop-Mediated Isothermal Amplification(LAMP) is an isothermal
nucleic acid amplification technique that uses Bst polymerase, instead
of Taq polymerase, and unlike conventional PCR methods. All reactions
are carried out at isothermal temperatures. Bst polymerase not only
mediates DNA amplification but also has weak reverse transcriptase
activity. The concentration of aptamer measured after every SELEX
round will aid in selecting the desired aptamer pool. SPR analysis will
help determine the binding affinity of bst polymerase with aptamer. The
structural analysis will be carried out using the MOE software. The
potential application of this study includes diagnosing RNA
virus-mediated disease quickly and simply effectively in the field.
Keywords : SELEX, aptamer, LAMP
[This work was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korea government (MEST) (No.
NRF-2019R1A2C1010860). This research also was supported by Basic
Science Research Program through the National Research Foundation
of Korea(NRF) funded by the Ministry of Education(2020R1A
6A1A06046235)]
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In this study, we confirmed an increase in astaxanthin production in
Paracoccus haeundaensis by co-culture with lactic acid bacteria.
Among various lactic acid bacteria, Lactobacillus fermentum strain was
selected as a suitable strain for co-culture with P. haeundaensis. Under
optimal conditions, when P. haeundaensis and L. fermentum were
co-cultured, the increase was about 2.5 times compared to that of P.
haeundaensis single culture. Real-time qPCR was performed to confirm
the transcriptional levels of carotenoid biosynthetic genes such as crtE,
crtB, crtI, crtY, crtZ and crtW in P. haeundaensis in co-culture compared
to single culture of P. haeundaensis. Among 6 carotenoid biosynthesis
genes, the relative RNA level of the crtI gene was significantly increased
by 3.2 times, the crtY gene increased by 1.9 times, and the crtZ gene
increased by 1.9 times to co-culture compared to single culture of P.
haeundaensis. These results are thought to be useful as basic data for
increasing carotenoid production in carotenoid biosynthetic microorganisms.
Keywords : Paracoccus haeundaensis, Lactobacillus fermentum,
co-culture
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Prime purpose of restriction-modification system is to defend the
bacterial cell against macrophages. Type II restriction endonucleases
occur in bacterial kingdom and identification of this system is important
for development of genetic tools. Whole genome sequence of
Fervidobacterium islandicum AW-1 revealed the presence of three
adjacent ORFs coding for the restriction endonuclease and the
corresponding methyltransferase. Gene encoding a type II restriction
endonuclease was cloned and the recombinant enzyme was expressed
in Escherichia coli. The recombinant enzyme was purified to
homogeneity with Ni-NTA affinity chromatography and molecular
weight was 36 kDa. DNA containing two GATC sites from pUC19 was
used as substrate. The effect of temperature, pH and metal ion were
studied to determine optimal reaction condition. Optimal temperature
for the restriction endonuclease activity was 65-70℃. Specific DNA
cleavage was obtained at pH range 5.0-10.0 and 5-10 mM MgCl2.
Manganese and cobalt could replace magnesium as a cofactor for
activity. Recombinant enzyme was stable at 70℃ for more than two hours
and at 75℃ for 30 minutes. The recognition sequence of the restriction
cleavage is /GATC. This enzyme named as FisI, is a thermostable
isoschizomer of the mesophilic prototype restriction endonuclease
DpnII.
Keywords : FisI, Fervidobacterium islandicum AW-1, type II restriction
enzyme
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Hepatitis is an inflammation of the liver and commonly caused by
Hepatitis B virus (HBV). There are several factors that cause hepatitis,
however, a genetic association has recently begun to be studied.
Especially, human leukocyte antigen (HLA) is an essential component
of the immune response mechanism and there are many studies proving
the significant association between genetic polymorphism of HLA and
hepatitis. To investigate of genetic association with hepatitis, SNPs from
393 hepatitis cases and 8936 control cases were compared from Korean
Association Resource (KARE) cohort in Korea. As a result, 14 SNPs in
HLA-DRA significantly associated with hepatitis. Among SNPs,
rs9268644 showed the most statistically significant correlation with
-5
hepatitis (P-value= 1.92 ⅹ 10 , OR= 0.64, 95% CI= 0.53~0.79). We
used regulomeDB to identify potentially functional SNPs and as a result,
8 SNPs are located in the genomic eQTL region and can affect
transcription factor binding and gene expression. The genotype-based
mRNA expression analysis (GTEx Portal) showed that the group of
minor allele of HLA-DRA showed increased mRNA expression.
Increased HLA-DRA expression causes increased HLA expression, and
this might reduce incidence of hepatitis. In conclusion, the SNPs in
HLA-DRA gene may contribute to reduce risk of hepatitis in a Korean
population.
Keywords : HLA-DRA, Hepatitis, genetic polymorphisms
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Streptomyces lividans is an attractive host for production of heterologous
proteins and secondary metabolites of other Streptomyces species. To
fully harness the pharmaceutical potential of S. lividans, understanding
its metabolism and genetic regulatory elements is essential. This study
aimed to determine its transcription unit (TU) architecture and elucidate
its diverse regulatory elements. Total 1,978 transcription start sites and
1,640 transcript 3′-end positions were identified, which were integrated
to determine 1,300 TUs, consistent with transcriptomic profiles. The
conserved promoter was found as 5′-TANNNT and 5′-TGAC, representing
the -10 and -35 elements, respectively. Analysis of transcript 3′-end
positions revealed the presence of distinctive terminator sequence and
the RNA stem structure responsible for the determination of the 3′
-boundary of a transcript. The TU information and regulatory elements
identified will serve as invaluable resources for understanding the
complex regulatory mechanisms of S. lividans and to elevate its
industrial potential.
Keywords : Streptomyces, transcription unit, regulatory element
[This work was also supported by the Intelligent Synthetic Biology
Center of Global Frontier Project (2011-0031957) and the Bio & Medical
Technology Development Program (2018M3A9F3079664) through the
National Research Foundation of Korea funded by the Ministry of
Science and ICT]
[This work was also supported by the Novo Nordisk Foundation
(NNF10CC1016517) and the Bio & Medical Technology Development
Program (2018M3A9F3079664) through the National Research
Foundation of Korea funded by the Ministry of Science and ICT]
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We identified the transcriptional regulatory elements in β-lactam
antibiotic-producing Streptomyces clavuligerus ATCC 27064 by
determining a total of 1,427 transcript 3′-end positions (TEPs) using the
term-seq method. Termination of transcription was governed by three
classes of TEPs, of which each displayed unique sequence features. The
data integration with transcription start sites and transcriptome data
generated 1,648 transcription units (TUs) and 610 transcription unit
clusters (TUCs). TU architecture showed that the transcript abundance
in TU isoforms of a TUC was potentially affected by the sequence context
of their TEPs, suggesting that the regulatory elements of TEPs could
control the transcription level in additional layers. We also identified TU
features of a xenobiotic response element (XRE) family regulator and
DUF397 domain-containing protein, particularly showing the
abundance of bidirectional TEPs. Finally, we found that 189 noncoding
TUs contained potential cis- and trans-regulatory elements that played
a major role in regulating the 5′ and 3′ UTR. These findings highlight
the role of transcriptional regulatory elements in transcription
termination and posttranscriptional processing in Streptomyces sp.
Keywords : Streptomyces, term-seq, transcription unit
[This work was supported by the Novo Nordisk Foundation
(NNF10CC1016517 to BOP), and the Bio & Medical Technology
Development Program (2018M3A9F3079664 to B-KC) through the
National Research Foundation of Korea (NRF) funded by the Ministry
of Science and ICT (MSIT)]
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Direct detection of viral RNA is very challenging due to its large size
and unstable nature unlike DNA. RNA also forms secondary structures
that hinder annealing with intended DNA primer at ambient temperature.
We developed a fluorometric method for detection of Hepatitis C virus
(HCV) RNA (9,600 nts) as long-sized RNA by combining reverse
transcription (RT)-PCR of viral RNA and subsequent Rolling Circle
Amplification (RCA) of amplicon DNA. HCV genomic RNA extracted
from patient’s blood serum was reverse-transcribed and portion of 5′
-untranslated region (UTR) in cDNA was amplified through RT-PCR
with reduced number of heat cycles (10 cycles). We found that reduced
PCR cycle is more beneficial to provide priming condition for
subsequent RCA than ordinary 30 cycles of PCR. Amplicon DNAs were
later heat-denatured and cooled, by which closed-circular template and
hairpin-type primer DNAs were annealed to the antisense strand of
amplicon DNA. This ternary complex of DNA molecules were subject
to RCA for target DNA amplification at ambient temperature. Amplified
single-stranded DNA harboring tandem repeats of G-quadruplex
structures were fluorescently detected with Thioflavin T. Our tandem
amplification of viral RNA would be useful to detect scarce amount of
viral RNA within 1.5 h.
Keywords : Fluorometric detection of long-sized viral RNA,
PCR-primed rolling circle amplification, reduced PCR cycle
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Detection of SARS-CoV-2 through fast, accurate, and sensitive testing
is the most important and fundamental step to cope with COVID-19
epidemic. We developed a sensitive fluorometric assay for detecting
SARS-CoV-2 viral RNA with PCR-free method. This assay system
based on tandem isothermal gene amplification is composed of ternary
Rolling Circle Amplification (t-RCA) and subsequent strand
displacement amplification coupled with RCA (SDA-RCA). In t-RCA,
viral RNA forms a ternary initiation complex with the hairpin primer and
RCA circular template. The t-RCA product, which contains
multiple-repeated dumbbell-like structures, participate in the SDA
reaction. The SDA reaction produces large amounts of short
single-stranded DNAs (ssDNAs), which act as primers for the second
RCA reaction. A long stretch of ssDNA containing repeated copies of
the G-quadruplex was produced in the second RCA. Subsequently,
fluorometric detection of amplified viral gene was accomplished by
monitoring emission of strong fluorescence by Thioflavin T that
intercalates into the G-quadruplex. Only in the presence of viral RNA,
fluorescence was quantitatively detected due to viral gene amplification.
Hence, our tandem gene amplification can detect SARS-CoV-2 viral
RNA at constant temperature within 1 h.
Keywords : SARS-CoV-2, isothermal amplification, fluorometric
detection
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Aspergillus spp. mainly reproduce through asexual reproduction,
producing asexual spore called conidia. The process of conidia
formation is controlled by a variety of transcription factors. In this study,
we characterized one of conidial specific GAL4-like transcription factor
CsgA which contains the GAL4-like zinc-finger domain. The role of
csgA was investigated in two Aspergillus species, the model organism
A. nidulans (Ani) and the aflatoxin producer A. flavus (Afl). The AnicsgA
deletion mutant strains showed increase in conidiation and fungal
growth. The AnicsgA deletion mutant showed delayed production of
sexual structure called cleistothecia. Overexpression of AnicsgA showed
extreme decrease in conidiation but increased cleistothecia production.
The production of sterigmatocystin increased in the AnicsgA deletion
mutant conidia than wild-type conidia. Also, the AnicsgA deletion
mutants showed increase in trehalose amount and thermal stress
resistance. These results suggest that csgA plays critical role in
conidiation, fungal development and mycotoxin production in A.
nidulans. To test whether the function of CsgA is conserved in other
Aspergillus species, we produced deletion mutants in A. flavus. The
AflcsgA deletion mutant showed remarkable decrease in fungal growth,
but conidiation increased in dark condition. The AflcsgA deletion mutant
exhibit defect in sclerotial production, which is sexual structure of A.
flavus. The AflcsgA deletion mutant showed increase in trehalose amount
but decreased production of aflatoxin. In conclusion, CsgA plays crucial
role in proper conidiation and fungal growth and regulates secondary
metabolites production in both A. nidulans and A. flavus.
Keywords : Aspergillus nidulans, Aspergillus flavus, GAL4-like
transcription factor
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The Forkhead domain genes are generally known to be important for
meiosis and cell cycle regulation. Six Forkhead genes have been found
in Aspergillus nidulans. Transcriptomic analysis found a variety of the
spore-specific genes in A. nidulans. Among them, fkhB was specifically
expressed in asexual spores. Deletion of fkhB affected both sexual and
asexual development. The fkhB deletion mutant strain exhibited
decreased the colony size and produced reddish asexual spores unlike
the wild-type. The number of conidia in the fkhB deletion mutant strain
was significantly decreased compared to wild type strains. These results
propose that the fkhB gene is involved in asexual sporogenesis. The
deletion of fkhB increased the sensitivity to heat stress, decreased the
amount of conidial trehalose, and decreased conidial viability. In
addition, the absence of fkhB resulted in a decrease in sterigmatocystin
production. Taken together, these results show that fkhB is essential for
proper bacterial growth, development, and sterigmatocystin production
in A. nidulans.
Keywords : Aspergillus nidulans, Forkhead
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Salinity stress is the devastating abiotic stresses that negatively affected
the crop productivity by more than 50%. Recent global warming depletes
available freshwater resources and increases saline contamination of
agricultural soils. We previously isolated Chryseobacterium sp.
NBC122, which promotes plant growth and salinity tolerance in napa
cabbage (Brassica rapa subsp. pekinensis). However, the details in
response to salinity stress in Chryseobacterium sp. NBC122 are unclear.
Interestingly, the bacterial growth of Chryseobacterium sp. NBC122
was delayed in bacterial culture condition (Luria-Bertani medium)
containing 200 mM NaCl, but not in plant growth condition (Murashige
and Skoog medium). We employed a transcriptomic approach to better
understand the salinity tolerance mechanism. Our results revealed that
260 genes of Chryseobacterium sp. NBC122 are highly induced during
salinity stress in plant growth condition. Of these, many genes were
associated with antioxidant function and the degradation of xenobiotic
compounds. On the other hand, down-regulated genes were distributed
in carbon and energy metabolisms. Consequently, these findings
elucidated the mechanism of salinity tolerance in Chryseobacterium sp.
NBC122 and could be considered as an important guide to application
for crop protection.
Keywords : Chryseobacterium sp. NBC122, transcriptome, salinity
stress
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Aspergillus nidulans, a representative filamentous model organism,
mainly propagates by forming the asexual spores, called conidia. The
conidia formation process (conidiation) is regulated by various
transcription factors, including BrlA, AbaA, WetA, and Velvet
regulators. Previous our transcriptomic analysis identified the nineteen
spore specific genes encoding transcription factors. Then phenotypes of
each deletion mutant strains were analyzed in A. nidulans. In this study,
we characterized one of the spore-specific-C2H2 zinc finger A SscA,
encoding C2H2 zinc finger transcription factor. The sscA deletion
mutants showed defect conidiation, sexual development and decreased
conidial viability. The ΔsscA mutant conidia were more sensitive to
thermal, oxidative, UV and cell wall stresses than wild-type (WT)
conidia. The amount of trehalose in sscA deletion strains was decreased
compared to WT. Deletion of sscA causes induced germ tube formation
in the presence and absence of glucose. Absence of sscA led to increase
in the amount of sterigmatocystin in the conidia. The sscA overexpressing
strain exhibited abnormal asexual and sexual development and showed
rapid hyphal growth. Overall, these results demonstrate that SscA are
essential for proper asexual and sexual development, conidial
maturation and secondary metabolites in A. nidulans.
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Asthma is a representative inflammatory disease with airway
obstruction that causes breathing difficulties. There are many factors to
induce asthma, however, TNF-α may play an important role to induce
inflammation. Therefore, therapeutic potential of TNF alpha-targeting
agent is being considered to treat asthma. In this study, we analyzed
whether genes and clinical values are related to asthma in a Korean
population. First, we analyzed the genetic polymorphisms of ADAM17
(also called TNF-α converting enzyme or TACE) between 193 asthma
patients and 3,228 normal controls. As a results, 15 SNPs in ADAM17
showed statistically significant association with asthma. Among them,
rs643211 SNP showed the greatest statistical correlation with asthma
(P-value = 0.00041, OR = 1.95, 95% CI = 1.35~2.82. The genotype-based
mRNA expression analysis showed that the group of minor allele of
ADAM17 showed increased mRNA expression, and also this groups
showed increased risk of asthma. This means that increased ADAM17
expression contributed to the increase in asthma. Secondary, we
compared 21 clinical values in serum between asthma and normal group.
As a results, CRP (increased), total cholesterol (increased), and total
bilirubin (decreased) showed statistically significant association with
asthma. CRP is a representative marker of inflammation and positive
relationship has been reported between raised CRP level and current
asthma. Bilirubin has recently begun to attract attention as therapeutic
agents because bilirubin has strong antioxidative activity in body. There
are many researches that increased bilirubin protected inflammatory
diseases. In conclusion, gene and clinical values may contribute to
development of asthma in a Korean population.
Keywords : ADAM17, SNP, allergic march

There has been increasing industrial demand for five-carbon platform
chemicals, in particular, glutaric acid, a widely used building block
chemical for the synthesis of polyesters and polyamides. Here we report
the development of an efficient glutaric acid microbial producer by
systems metabolic engineering of an L-lysine-overproducing Corynebacterium
glutamicum BE strain. Based on our previous study, an optimal synthetic
metabolic pathway comprising Pseudomonas putida L-lysine monooxygenase
(davB) and 5-aminovaleramide amidohydrolase (davA) genes and C.
glutamicum 4-aminobutyrate aminotransferase (gabT) and succinatesemialdehyde dehydrogenase (gabD) genes was introduced into the C.
glutamicum BE strain. Through system-wide analyses including
genome-scale metabolic simulation, comparative transcriptome analysis,
and flux response analysis, 11 target genes to be manipulated were
identified and expressed at desired levels to increase the supply of direct
precursor L-lysine and reduce precursor loss. A glutaric acid exporter
encoded by ynfM was newly discovered and overexpressed to further
enhance glutaric acid production. Fermentation conditions including
oxygen transfer rate, batch-phase glucose level, and nutrient feeding
strategy were optimized for the efficient production of glutaric acid.
Fed-batch culture of the final engineered strain produced 105.3 g/L of
glutaric acid in 69 h without any byproduct. The strategies of metabolic
engineering and fermentation optimization described here will be useful
for developing engineered microorganisms for the high-level bio-based
production of other chemicals of interest to industry.
Keywords : Metabolic engineering, Corynebacterium glutamicum,
multi-omics
[This research was supported by the Bio & Medical Technology
Development Program of the National Research Foundation (Grant
number 2020M3A9I503788311) and funded by the Ministry of Science
and ICT, Republic of Korea]
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