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A Recombinant Endolytic GH16B Family β-Agarase from
Cellvibrio sp. KY-GH-1, Which is Produced Extracellularly upon
Overexpression in Escherichia coli System

Small RNA-Quorum Sensing-RpoS Regulations Play an Integral
Role in the Virulence of Pantoea ananatis
*

Hee Kyoung Lee, Won Young Jang, Dong Seol Gwak, Young Ho Kim
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Creative BioResearch Group, Kyungpook National University, Daegu
41566, Republic of Korea

Previously, we sequenced the entire genome of a freshwater
agar-degrading bacterium, Cellvibrio sp. KY-GH-1 (KCTC13629BP),
to explore genetic information encoding agarases that hydrolyze agarose
into AHG and D-galactose. Although the KY-GH-1 strain appeared to
possess genetic information for four exolytic GH16 β-agarases in an
agarose gene cluster spanning approximately 77 kb, the contribution of
these four isozymes to agarose degradation remains unknown. When we
compared enzyme activities of four GH16 family β-agarases (GH16A,
GH16B, GH16C, and GH16D) of Cellvibrio sp. KY-GH-1, obtained as
recombinant his-tagged proteins by using Escherichia coli expression
system with pET-30a vector, the GH16B β-agarase turned out to be the
most prominent enzyme in producing NA4 and NA6 as major products
from agarose substrate. Additionally, the GH16B β-agarase possessing
N-terminal signal peptides was secreted extracellularly upon
overexpression in E. coli system, demonstrating that the signal peptide
in 16B β-agarase of Cellvibrio sp. KY-GH-1 can also function in E. coli.
Keywords : Agar-degrading bacterium, β-agarase, Cellvibrio
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Hfq is an abundant bacterial RNA binding protein which has many
important physiological roles that are usually mediated by interacting
with Hfq binding small RNA (sRNA). Pantoea ananatis PA13 causes
bacterial rice sheath rot and onion center rot diseases. Δhfq mutant
exhibited the deficiency in carotenoid pigmentation, EPS production,
hypersensitive response (HR), swimming motility, and virulence. All
phenotype deficiencies of Δhfq mutant were recovered by genetic
complementation with intact hfq(pCOK335; pLAFR3::hfq). A sRNA
ArcZ is known to bind Hfq and increase translation of sigma factor RpoS.
ΔarcZ mutant of P. ananatis exhibited deficiencies in EPS production,
HR, and virulence. All phenotype deficiencies of ΔarcZ mutant were
recovered by genetic complementation with intact arcZ(pBS28;
pLAFR3::arcZ), indicating ArcZ controls pathogenicity of PA13. We
show that carotenoid production is under the control of the RpoS, which
ArcZ
activated by quorum sensing (QS) and hfq . We found an additional
regulatory circuit that Hfq regulates QS of P. ananatis. We showed that
Hfq regulates the transcription of eanI (QS signal synthetic gene) and
QS signal production. The hfq-dependent sRNA EanM regulates the
transcription of eanR (QS signal receptor gene). Collectively, QS-Hfq
with its cognate sRNAs-RpoS play an integral role in virulence of P.
ananatis.
Keywords : Hfq, ArcZ, Pantoea ananatis
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Syringopeptide Phytotoxins are Involved in the Biofilm Formation
of Pseudomonas fuscovaginae, Causing Bacterial Brown Sheath
Rot Disease of Rice
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Pseudomonas fuscovaginae is a bacterial pathogen in rice, maize,
sorghum, and wheat. The object of this study was to isolate and identify
key biofilm formation factors of P. fuscovaginae PF3 causing brown
sheath rot of rice. Using the transposon (Tn)-based analysis, we isolated
10 biofilm deficient mutants and found that the Tn flanking region of
all mutants was to be inserted in syringopeptide phytotoxin genes. Rice
plant assays revealed that syringopeptide phytotoxin gene mutants
generated by Tn insertion were avirulent. To double-check the phenotype
of the Tn-based mutant, we generated lacZ insertion mutants (LIMs) per
unit of operon in the syringopeptide genes. In addition, instead of using
gene complementation due to the large size (~30 kb) of the
syringopeptide phytotoxin genes, the competitive biofilm formation
assay was performed using cell combinations with wild type,
syringopeptin- or syringomycin-LIMs. Syringopeptin-LIMs inhibit
biofilm formation in co-inoculation with wild type or syringomycin-LIMs;
unexpectedly, syringomycin-LIMs enhance biofilm formation in
co-inoculation with wild type or syringopeptin-LIMs. The results
indicated that syringopeptin upregulates biofilm formation; however,
syringomycin inhibits biofilm formation. The current study first reports
that syringopeptide phytotoxin plays an important role in bacterial
biofilm formation.

Toxoflavin (Txn) toxicity is a key outcome of Txn-producing
Burkholderia in humans and plants. The LysR-type transcriptional
regulator (LTTR) with a cognate coinducer Txn (LTTRTxn) mediates the
transcription of both Txn-biosynthetic and -exporting gene operons.
Here we show that the bacterial LTTRTxn-quenching regulatory system
plagiarises the LTTRTxn-mediated biosynthetic regulation of Txn-producers.
Two Txn-resistant bacteria isolated from rice seed, Sphingomonas
adhaesiva and Agrobacterium sp., share the identical 2.1-kb DNA region
containing the Txn-quenching genes stdR and stdA, indicating that
horizontal gene transfer occurred between bacteria of different genera.
The LTTR/StdR coupled with the cognate coinducer Txn activates the
expression of stdA encoding a Txn-quenching enzyme, whose enzymatic
activity is metal ion-independent. Specificity investigations for StdR
coinducers and StdA substrates using Txn derivatives revealed that Txn
is the only coinducer and that Txn and reumycin are specific to the
substrate. Plants expressing StdA showed Txn-resistance, suggesting
that Txn/stdA could be an alternative to plant marker systems.
Collectively, bacteria plagiarise the mechanism of Txn biosynthesis
regulation, employ it in the development of a Txn-quenching regulatory
system, and share it with neighbouring bacteria through horizontal gene
transfer in an ecosystem full of toxins.
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Effects of Expression of a Putative Iron Transporter on Iron
Metabolism on Corynebacterium glutamicum

Functional Reaction Center with 3-Vinyl-Bacteriochlorophyll a of
the ΔbchF Mutant of Rhodobacter sphaeroides
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We have reported that the strain JH41 evolved to improve the
productivity of Corynebacterium glutamicum has a growth rate of 58%
faster. The result of genomic analysis for investigating its reason, it has
been confirmed that the mRNA fold increased in the one-point mutation
found in the regulatory region of cg2234 (putative siderophore binding
lipoprotein) so that cg2234 was overexpressed in pXMJ19 to
complement it. The strain showed a 95% increase in the growth rate than
the control group. To confirm the effect of expression of a putative iron
transporter on iron metabolism regulation, the expression patterns of
regulon of DtxR and RipA, are regulators related to iron metabolism,
were confirmed by qPCR. There was no difference in the expression level
of the iron metabolism global regulator dtxR (diphtheria toxin receptor),
though, 10 genes that regulated by dtxR were upregulated in range of
1.1-1.5 folds. The expression RipA, the enhancer of the iron consuming
proteins, was reduced about 10 folds, and thus regulons of ripA (6 genes)
were upregulated in range of 1.5-1.8 folds. It has been shown that an
increase in cg2234 accretes the influx of iron from the outside, and the
inflow of iron results in an increase in the protein of iron consumption.
That is, cg2234 is expected to be a gene responsible for the transport of
iron from the outside, and it is intended to explain the functional analysis
of the role of cg2234 and its effect on metabolism.

BchF of Rhodobacter sphaeroides hydrates chlorophyllide a (Chlide a)
to form 3-hydroxyethyl Chlide a. The biosynthesis of bacteriochlorophyll
a (BChl a) was blocked in ΔbchF mutant, resulting in accumulation of
Chlide a and 3-vinyl-bacteriochlorophyllide a (3V-BChlide a).
Surprisingly, the ΔbchF mutant grows photoheterotrophically with
doubling time of 13 h. 3-Vinyl-bacteriochlorophyll a (3V-BChl a) was
detected as an alternative to BChl a in the reaction center (RC) of ΔbchF
mutant, whereas the light-harvesting complex with 3V-BChl a was not
observed. The RC of ΔbchF mutant harbors four 3V-BChl a molecules
and two 3-vinyl-bacteriopheophytins, which shows the characteristic Qy
peaks different from those of wild-type RC. Indeed, BchG was found
to esterify 3V-BChlide a with C20-moiety forming 3V-BChl a, although
the catalytic efficiency with 3V-BChlide a is tenfold lower than that with
BChlide a. As far as we understand, this is the first report of the
identification and characterization of the functional RC containing
3V-BChl a.
Keywords : Reaction center, 3-Vinyl-bacteriochlorophyll , Rhodobacter
sphaeroides
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Investigation of the NsdD-Associated Regulator in Aspergillus
nidulans
*

The genus Aspergillus represents the most widespread fungi in our
environment. Aspergillus nidulans of various Aspergillus species has
used as an excellent model for studying the mechanisms of asexual
development (conidiation). The NsdD including the GATA-type motif
is a key negative regulator in conidiation. The previous report revealed
that nsdD determines the developmental competence in asexual
development. To analysis the target gene existing downstream of NsdD,
we performed the RNA-seq and ChIP (Chromatin Immunoprecipitation)
analysis. Some genes were predicted and expected to show the difference
in expression levels between wild-type (WT) and the deletion of nsdD
strain. These results suggest that 1) the target gene can directly/ or
indirectly be involved in downstream of NsdD, 2) the target gene can
act as a regulator in the regulatory networks gorverning asexual
development.
Keywords : Aspergillus nidulans, nsdD, asexual development

Ok Bin Kim1,2, Ji Won Park1, E Young Kim1
1
Division of EcoScience and Interdisciplinary Program of EcoCreative,
Graduate School, Ewha Womans University, Seoul 03760, Republic of
Korea, 2Department of Life Science, Ewha Womans University, Seoul 03760,
Republic of Korea

Poster Session

Su-Yeon Jung, Tae-jin Eom, Mi-kyung Lee
Korean Collection for Type Cultures (KCTC), Biological Resource Center,
Korea Research Institute of Bioscience and Biotechnology (KRIBB), 181
Ipsin-gil, Jeongeup-si, Jeollabuk-do 56212, Republic of Korea

Glutamine Transporters in Escherichia coli

Glutamine is conditionally essential amino acid which required as a
nitrogen source for a range of biosynthetic reactions. Recently, research
on glutamine transporters has been actively studied since its crucial role
in growth of cancer cells. In Escherichia coli, glutamine is actively
uptake through various transport mechanisms in E. coli which appears
to employ two different glutamine uptake mechanisms. The first is a
poorly characterized low-affinity transporter, presumably through a low
specificity L-asparate-L-glutamate transport system, and the second is
a high-affinity ABC-transporter, encoded by glnHPQ. We set up
transporter candidates using BLASTp program based on the known E.
coli transporters GlnH, GlnP and Bacillus subtilis transporter GlnT.
Then, we did RT-PCR to find out expression of candidates in glutamine
as a nitrogen source. Several candidates were deletion, and measured
growth with glutamine as a nitrogen source. This study is expected to
find out new glutamine transporters. The research of new transporters
in E.coli, a model organism, could also affect studies of other organisms.
Keywords : Glutamine, Escherichia coli, amino acid transporter
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AMD43-A and B, New Linear Peptides and Biosynthetic Gene
Cluster from a Streptomyces sp.

Genome-Wide Analysis Reveals the Role of VadA in Aspergillus
nidulans Conidia
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New linear peptides, AMD- A and B, were discovered from a
Streptomyces sp. AMD43 by LC/MS chemical analysis. The planar
structures of the compounds were determined as new peptides by
carefully analyzing 1D and 2D NMR data. The absolute configurations
of AMD43- A and B were analyzed by advanced Marfey’s method.
Furthermore, by analyzing the full genome data of Streptomyces sp.
AMD43, the putative biosynthetic gene cluster of AMD43- A and B was
identified. And the absolute configuration of these two compounds were
confirmed by analyzing the genomic information. Both compounds
showed mild anti-tuberculosis bioactivity, and AMD43-B showed
anti-proliferation bioactivity.
Keywords : Streptomyces, biosynthetic gene cluster, absolute configuration

Conidium is a asexual spore that mainly propagates in the Aspergillus
species. Previous study demonstrated that VadA is a conidial specific
gene that is required for conidial viability, spore wall integrity,
sterigmatocystin production, and fungal development in the model
fungus Aspergillus nidulans. In this study, vadA transcriptomic analysis
revealed that VadA affects mRNA expression of a variety of genes in
A. nidulans conidia. Among the affected genes, those in the category of
trehalose biosynthesis, cell-wall integrity, stress response, and
secondary metabolism, were mainly affected in conidia. Interestingly,
deletion of vadA resulted in alteration of genes associated with UV stress
response in conidia, and the vadA deletion mutant conidia were more
sensitive against UV stress, suggesting that VadA is required for proper
UV response in A. nidulans. In addition, most genes in the certain
secondary metabolism gene clusters for sterigmatocystin, asperfuranone,
monodictyphenone, and asperthecin were upregulated in the vadA
deletion mutant conidia. Overall, these results propose that VadA is a
conidial specific regulator, controlling conidial wall integrity, stress
response, and secondary metabolism in A. nidulans conidia.
Keywords : Aspegillus nidulans, VadA, conidia
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Characterization of the Developmental Regulator FlbB and FlbE in
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Aspergillus spp. mainly reproduce through asexual reproduction,
producing asexual spore called conidia. Asexual development is
regulated by central regulators, brlA, abaA, and wetA. In this study, we
demonstrated role of these genes in Aspergillus flavus, which is an
aflatoxins producing fungus. mRNA levels of brlA, abaA and wetA were
highly expressed during asexual development, and wetA was also highly
expressed in conidia. To test the roles of these regulators, deletion
mutants were generated and checked the phenotype. brlA deletion
mutant cannot produce asexual structures and abaA, wetA deletion
mutant made abnormal asexual structures. Aflatoxins were extracted
from each gene’s deletion mutant and brlA mutant strains showed
increase in aflatoxin. Deletion mutants of brlA, abaA and wetA showed
decrease in sclerotia production, suggesting that these three regulators
play critical role in sexual development. Overall, these results
demonstrate that BrlA, AbaA and WetA act as central regulators in
conidiogenesis and sclerotia production in A. flavus.

Aspergillus has asexual development as a major reproductive process.
Asexual development begins after a stage of vegetative growth and forms
multicellular structures called conidia that are involved in distribution,
propagation and pathogenesis in Aspergillus. This development stage
is governed by the various regulators, of which the regulator brlA, abaA,
and wetA play important roles in conidia formation. In this study, we
characterized the roles of flbB and flbE, which are upstream regulators
of brlA activation in Aspergillus flavus. To test the role of the flbB and
flbE in A. flavus, we generated mutants for each gene and confirmed their
phenotype. In the development stage, flbB and flbE deletion mutants
exhibit decreased conidia and sclerotia formation. But aflatoxin
production was increased in the absence of flbB and flbE. Overall, these
results suggest that the flbB and flbE genes are involved in conidiation
and sexual structure formation in A. flavus and affects aflatoxin
production.

Keywords : Aspergillus flavus, asexual development, conidiogenesis
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RNA-binding proteins interact with a variety of RNA and are involved
in translation, alternative splicing, RNA editing, polyadenylation,
export and localization. One of the RNA-binding protein is the
PUF(Pumilio) domain protein, which contains a C-terminal domain that
consists of eight repeated sequence subunits with N- and C-terminal
flanking regions termed the Pumilio homology domain. The PUF
domain-containing RNA binding proteins are conserved in eukaryotic
organisms and play the role of RNA metabolism. However, their roles
in fungi are largely unknown. Here, we have characterized the function
of the PUF domain protein in the model organism Aspergillus nidulans.
We identified 4 PUF genes in A. nidulans by genetic analysis and
generated mutants for each gene. As a result of developmental
phenotypic analyses, a change was observed in pufA(AN7474) deletion
mutant among deletion mutants for each gene. The ΔpufA strains exhibit
decreased asexual structure and sterigmatocystin production. These
results suggest that PufA play roles in asexual development and
secondary metabolism in A. nidulans.
Keywords : Aspergillus nidulans, RNA binding protein, PUF domain
protein
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Most extremophilic anaerobes possess an ancient sulfur formation (Suf)
system for Fe-S cluster biogenesis. In addition to its essential role in redox
chemistry and stress responses of Fe-S cluster proteins, the Suf system
may play an important role in keratin degradation by Fervidobacterium
islandicum AW-1. Comparative genomics of the order Thermotogales
revealed that unlike other strains belonging to Thermotogales, the
feather-degrading F. islandicum AW-1 has not only a Fe-S cluster
biogenesis machinery (SufBCD), but also a paralogue (SufU) that are
highly expressed in cells grown on native feathers. Detailed
physicochemical analyses together with the first crystal structure of the
SufS-SufU complex unveiled the stress-responsive mechanism by
which efficient sulfur delivery from persulfurated SufS to SufU is
achieved under sulfur starvation. Remarkably, mass spectrometric
analysis of extracellular and intracellular levels of amino acids revealed
that redox homeostasis within cells coupled to extracellular cysteine and
cystine recycling might be a prerequisite for keratinolysis. Indeed,
addition of SufS-SufU to cell extracts containing keratinolytic proteases
accelerated keratin decomposition in vitro under reducing conditions.
On the other hand, F. islandicum AW-1 exhibited a significant retardation
in the SufU-mediated keratin degradation in the presence of elemental
sulfur (S0). Taken together, these results suggest that the SufS-SufU
complex may contribute to the release of thiols from keratinous biomass
rich in cysteine, thereby increasing sulfur availability for Fe-S clusters
and generating an extracellular reducing environment under starvation
conditions.
Keywords : SufS-SufU complex, cysteine and cystine recycling, F.
islandicum AW-1
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Construction of a Bio-Circuit for Identifying the Regulation
System Using the GUS Reporter System in Acetogen Strain,
Eubacterium callanderi KIST612

In Silico Restoration of Genomic Injury by Transposition of
Insertion Sequences in the Radiation-Resistant Bacterium
Deinococcus geothermalis

Byeongchan Kang, Soyoung Oh*, Young-Joon Ko*, In Seop Chang*
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology (GIST), 123 Cheomdangwagi-ro,
Buk-gu, Gwangju 61005, Republic of Korea

Chanjae Lee, Min K. Bae*, Sung-Jae Lee*
Department of Biology, Kyung Hee University, Seoul 02447, Republic of Korea

In prokaryotes, most metabolic systems regulate the transcription and
expression of genes according to a specific substrate. In general, a factor
called a transcription regulator affects the promoter region of a specific
gene according to the environment or substrate to regulate transcription.
In the case of strains such as E. coli, almost all regulate mechanisms have
been identified, but there are many unidentified strains such as acetogen.
The GUS reporter system is an expression system capable of identifying
the presence and level of expression of a specific promoter. Eubacterium
callanderi KIST612 is an acetogen, which can conserve ATP through
either autotrophic WLP or heterotrophic conditions, and it produces
acetate as a prime metabolite and butyrate as well. In order to see how
transcription regulation work out in metabolic system of E. callanderi
KIST612, the GUS reporter systems (ß-glucuronidase) were constructed
in E. coli and E. callanderi KIST612 strains. A bio-circuit for identifying
a regulatory system that can be applied to E. callanderi KIST612 strain
is constructed by inserting a gene that is expected to be regulated and
a transcription regulator into a GUS reporter system. With the bio-circuit
for identifying the regulation system, it would be possible to confirm the
presence of transcription regulation and its level. Also, the presence of
regulation of the native promoter and expression level of the strain used
can be identified. The promoter region of the regulated gene can be
modified through the CRISPR-Cas9 system. Through this, it is possible
to secure a strain that is not affected by the substrate and has a minimal
effect on the flux in the cell.
Keywords : GUS reporter system, transcriptional regulation, ß-glucuronidase

Genomic DNA of the radiation-resistant bacterium Deinococcus
geothermalis contains 19 types of insertion sequences (IS) and 93 total
transposases. ISs in the ISDge5, ISDge6, ISDge7, and ISDge11 families
actively moved to other sites, inactivating and disrupting genes in the
presence of H2O2 induced oxidative stress. In this study, all ISs from the
genomic DNA of D. geothermalis were extracted (78.8 kb in total). Of
the 73 ISs extracted, 42 were located in intergenic regions, 21 were within
genes (19 from functional ORFs and 2 from within promoter regions),
and five IS in IS elements together with uncharacterized the five
IS200/IS605 family members. In addition to the typical structures of IS
elements [e.g., conserved direct repeat (DR) sequence, terminal inverted
repeat (TIR) sequences, transposase (Tnp)], there are other special
structures including: 1) ISDge4 with completely different TIR
sequences, 2) ISDge13 without DR sequences, 3) IS200/IS605 family
members of ISDge10, ISDge18, and ISDge19 which may use single
DNA intermediates associated with transposition mechanisms. The
order of IS integration could be determined from several IS hot-spots
and it was noted that the integration of IS1 family members took place
relatively late compared with other families. This work not only
highlights a simplified bioinformatic approach to extract genetic
elements, but also demonstrates how these elements influence genetic
evolutionary traits through the recovery disrupted structural genes.
Furthermore, this work helps better elucidate the behavior mode of
specific transposases and genomic plasticity in radiation-resistant
bacterium through an analysis of IS transposition.
Keywords : Deinococcus geothermalis, insertion sequence(IS)
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Oral pathogen Streptococcus mutans is considered as one of major
causative agents that initiates of human dental caries. To prevent oral
infection by such pathogen, use of dental hygiene products including
tooth paste or mouthwash has been applied. However, a recurrence of
oral microorganisms often occurs after food intake or before hygiene
care. This study aims to explore how long growth of a S. mutans strain
can be maintained during the prolonged incubation and to assess whether
the growth characteristics are related to generation of persister
population under various conditions tested. Through colony forming
unit (CFU) measurement, the number of live cells of S. mutans was
rapidly reduced after 24h, whereas Escherichia coli, an indicator strain
had a steady level number of cells in the same duration. Of note, the rapid
decrease in live-cell number of S. mutans was observed at 24-hour
incubation among various incubation times (8h, 16h, 24h, 40h, and 72h).
Moreover, no significant change in growth experiments under normal
or stressed conditions using the cells derived from the above time points
was detected, which indicate no crucial genetic mutation related to the
rapid death. Next, to test whether the S. mutans supernatants contain
certain possible signals (e.g. metabolites or peptide) that accelerate the
death of neighbor cells, we obtained the supernatants at a different
incubation time (8h, 16h, 24h, 40h, and 72h). Although this investigation
using these supernatants is still undergoing, the rapid death of S. mutans
may associate with cell-cell communication. Therefore, understanding
of this survival phenotype provides new insights of cell signaling in
population dynamics of S. mutans in human oral environments.
Keywords : Streptococcus mutans, rapid death, persister
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Active Transposition of Insertion Sequences by Oxidative Stress
Deinococcus geothermalis
Chanjae Lee, Kyungsil Choo*, Sung-Jae Lee*
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Radiation-resistant bacterium Deinococcus geothermalis has a total of
73 insertion sequences (ISs) in genomes, and some of them are actively
transposed to other loci with replicative mode due to oxidative stress of
H2O2 treatment. Here, we detected two transposition events in wild-type
(WT) strain and LysR family member gene disrupted strain (Δ
dgeo_2840). Similar to our previous report, phytoene desaturase
(dgeo_0524), a key enzyme of carotenoid biosynthesis, was disrupted
by the integration of IS element, thereby detected a non-pigmented
colony in each WT and Δdgeo_2840 strain. Two separate types of IS
element have been integrated into non-pigmented clones: ISDge11 for
WT and ISDge6 for Δdgeo_2840 strain. Surprisingly, Δdgeo_2840
mutant strain revealed higher resistance to oxidative stress than WT
strain at late exponential growth phase. From the qRT-PCR analysis,
OxyR (dgeo_1888) was highly up-regulated to 30-fold by oxidative
stress through hydrogen peroxide treatment in both WT and Δdgeo_2840
mutant strains. However, the oxidative stress response enzyme, catalase
or superoxide dismutase, was not significantly induced by overexpressed
OxyR. Thus, a putative LysR family regulator Dgeo_2840 controlled the
expression of ISDge6 transposase and the induction of OxyR under
oxidative condition. There is LysR family DNA-binding protein
dependent active transposition of specific type IS and the up-regulated
OxyR has not positively controlled ROS scavenger enzymes in D.
geothermalis.
Keywords : Deinococcus geothermalis, insertion sequence, oxidative stress
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Caffeine is a natural analogue of purine bases with pleiotropic effects.
Caffeine elicits a wide array of biological functions that enhance the
toxicity of radiation, interfere with DNA repair and recombination
pathways, and modulate intracellular calcium homeostasis by a largely
uncharacterized mechanism. We aim to describe how cells become
tolerant to an excess of caffeine with a method for elucidating drug
resistance mechanisms. In Saccharomyces cerevisiae, we screened
~4,800 haploid non-essential gene deletion library and isolated ~200
mutants showing defective growth under caffeine treatment. Among
several caffeine tolerance genes, we further examined ALF1, encoding
α-tubulin folding protein that forms heterodimeric microtubule with β
-tubulin, playing a crucial role in cell shape, motility and cell division.
While Alf1-defective cells showed only mild sensitivity to
double-strand break (DSB)-inducing drugs, rad51 alf1 double deletion
mutant became synergistically sensitive to them. Nuclear Rad52 foci
representing DSB damage are accumulated more in rad51 alf1 mutant
than each single mutant. However, we observed that lack of Alf1
ameliorates highly-mutated phenotype of rad51 mutant. These results
imply specific genetic interactions between homologous recombination
(HR) pathway and the maintenance of cell morphology.
Keywords : Caffeine, Alf1, Rad51
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Bioinformatics and Enzymatic Analyses of CoA Transferases in
Eubacterium callanderi KIST612
*

The paradigm shifts dependence on fossil-based energy sources to
synthesis gas fermentation as alternative resources. Acetogens are
mainly used for synthesis gas fermentation to produce bio-based
chemicals. Acetogenic bacterium, Eubacterium callanderi KIST612
could produce mainly acetate and butyrate using carbon monoxide as
a substrate. Butyrate production is increasingly emerging due to its
industrial applications. Butyrate is used for starter materials to produce
valuable chemicals such as hexanol, butanol, poly hydroxyl butyrate and
so on. Like most clostridial strains, E. callanderi KIST612 produces
butyric acid through a pathway by substrate-level phosphorylation on
heterotrophic condition. It was also previously confirmed that the strain
produces butyrate concomitant with acetate consumption, especially in
CO fed autotrophic condition. In order to see whether coenzyme A (CoA)
transferase candidate genes are existed, genome sequence was
investigated. It was found three putative CoA transferase encoding genes
in the genome of E. callanderi KIST612. Additionally, we were
compared the specific activity of CoAT in cell free extract between
anaerobically CO-grown cells and glucose-grown cells by the test of
acetate as a reactant. The specific activity of CO-grown cells is much
higher than that of cell free extract of glucose-grown cell. On-going
mutation studies are being conducted to see what CoAT genes have a main
role of CoA transfer in acetate to butyrate.

1,2
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Ji Eun Choi , Woo-Hyun Chung
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College of Pharmacy, Duksung Women’s University, Seoul 01369, Republic
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Soyoung Oh, Jiyeong Jeong, In Seop Chang
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology (GIST), 123 Cheomdan-gwagiro,
Buk-gu, Gwangju 61005, Republic of Korea

Caffeine Sensitivity is Recovered by Yap1 Overexpression in
Saccharomyces cerevisiae

Caffeine has been known to affect a variety of physiological conditions
such as cell growth, proliferation, and energy metabolism. Caffeine also
inhibits DNA damage repair and prevents cell cycle checkpoint
activation, leading to mutagenesis, apoptosis, and potential carcinogenesis.
Genome-wide screening of genes required for caffeine resistance in
Schizosaccharomyces pombe revealed several candidates including
Pap1 and its downstream target genes especially involved in caffeine
efflux. We examined whether Yap1, a budding yeast AP-1 homolog
required for oxidative stress tolerance, has function as to caffeine
resistance. We observed that yap1 mutant is not sensitive to caffeine
unlike the fission yeast pap1 mutant but overexpression of Yap1 renders
cells resistant to high concentration of caffeine. Caffeine sensitivity
shown in mutants that lack Pdr5 or Snq2, two multidrug transporters,
are completely recovered by Yap1 overexpression, suggesting that
neither PDR5 nor SNQ2 is a crucial downstream target gene of Yap1
activation in the presence of caffeine. Intracellular localization of Yap1
is not changed by caffeine treatment and constitutively-active Yap1
mutant seems to be less sensitive to caffeine than cells overexpressed
with wild-type Yap1. The major target genes that make cells resistant
to caffeine by Yap1 overexpression needs to be further clarified.
Keywords : Caffeine, Yap1, yeast
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Crystal Structure of Lysozyme Inhibitor PhiA from Brucella
abortus

Four Peptidoglycan Endopeptidases Cooperatively Influence Cell
Elongation and Division in Escherichia coli

Yongseong Hyun, Nam-Chul Ha*
Department of Agricultural Biotechnology, Center for Food Safety and
Toxicology, Research Institute of Agriculture and Life Science, CALS, Seoul
National University, Seoul 08826, Republic of Korea

Yung Jae Kim, Si Hyoung Park, Han Byeol Lee, Chang-Ro Lee*
Department of Bioscience and BioInformatics, College of Natural Science,
Myongji University, Yongin Gyeonggi-Do 17058, Republic of Korea

Brucella abortus is an intracellular bacterial pathogen that causes
brucellosis by secreting effector proteins through the T4SS. For the
assembly of T4SS, bacteria need controlled lysozyme-like enzymes to
generate local gaps in the peptidoglycan layer. PhiA (peptidoglycan
hydrolase inhibitor A) was identified in B. abortus, and exhibits a high
sequence homology to MliC/PliC (membrane-associated / periplasmic
lysozyme inhibitor of C-type lysozyme) family members. The
MliC/PliC family strongly inhibits C-type lysozymes with a protruding
conserved loop. PhiA regulates the lysozyme-like protein SagA
(secretion activator gene A) for correct function of T4SS. In this study,
we determined the crystal structure of PhiA from B. abortus, presenting
the overall similar structure to MliC and PliC structures. However, the
structure showed a different conformation in the protruding loop for
binding to lysozyme in MliC/PliC. Moreover, PhiA exists as a tetramer
and shows a distinct oligomeric interface compared to PliC from B.
abortus. These observations suggest potentially a different binding
mode of PhiA to SagA. Our study provides the molecular insight into
the action mechanism for PhiA, and further suggests PhiA might be a
potential antibacterial target for the brucellosis.

Peptidoglycan (PG) is essential bacterial structure for cell growth, and
PG synthesis and degradation must be tightly regulated. This mechanism
is especially much demanding under stress conditions such as osmotic
pressure. Although there are seven different PG endopeptidases in
Escherichia coli, we don’t know much about each role of them. In this
study, we researched these seven endopeptidases, including MepS well
known for ‘space maker’ and discovered that mutants of mepM and mepS
are sensitive in high salt and EDTA stress, respectively. Complementation
test in each phenotype showed that the phenotype of the mepM mutant
was restored only by MepM, whereas the phenotype of the mepS mutant
was restored by MepS or overexpressed MepH, PbpG, and MepM.
Notably, defect of the elongasome or divisome complex phenocopied
the mepM mutant, suggesting the importance of MepM on PG synthesis.
Therefore, we suggest that four PG endopeptidases may cooperatively
influence cell elongation and division, depending on their distinct
domains and cellular localizations.
Keywords : Peptidoglycan, PG endopeptidase, MepM
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Genomic Characteristics of Temperate Phage vB_SauS-SAP27
Infecting Staphylococcus aureus
*

*

Songhee Kim, Do-won Park , Jong-Hyun Park
Department of Food Science and Biotechnology, College of Bionano
Technology, Gachon University, Sungnam 13120, Republic of Korea

Bacteriophages are most common viruses that specifically infect target
host bacteria and replicate within the host. Because of their host
specificity, many in vitro and in vivo studies have been reported to control
antibiotic resistant Staphylococcus aureus. However, application of
unverified phage could lead to the transfer of antibiotic-resistance genes
(ARGs) through transduction. Therefore, to maximize the phage utility
temperate phage characterization study should also be performed. In this
study, a phage vB_SauS-SAP27 (ФSAP27) infecting S. aureus was
isolated from the sewage and its morphology, host range, and genomic
characterization were performed. Morphological analysis revealed that
ФSAP27 belonged to the Sipoviridae. In host range analysis, ФSAP27
was able to infect nine S. aureus out of 10 S. aureus strains, and did not
infected to other Gram-positive and Gram-negative strains, indicating
high host specificity for S. aureus. The genome of ФSAP27 consisted
of 43,444 bp nucleotides with an G + C content of 34.95% and sequence
analysis illustrated 67 putative open reading frames (ORFs) and no
tRNA. Comparative genome analysis suggested that ФSAP27 was
closely related to phietalikevirus phages and that ФSAP27 belonged to
phietalikevirus subgroup 1 with pac DNA packaging mechanism. These
results might be contributing to temperate phage screening as well as S.
aureus temperate phage mediated transduction studies.
Keywords : Temperate phage, Staphylococcus aureus, genomic analysis
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Screening of Protease and Esterase/Lipase-Producing Bacteria
from Marine Environment in Uljin Coastal Area
Hae-Gyu Lee, Song-Gyeong, Hae-Seon Kim, Nyun-Ho Park, Jung-Hee
Woo*
Marine Industry Research institute for East sea rim (MIRE), 22 Haeyanggwahak-gil,
Jukbyeon-myeon, Uljin-gun, Gyeongsangbuk-do 36315, Republic of Korea

Microbial proteases and esterases/lipases are the most important group
of industrial enzymes such as food, detergent, pharmaceutical, and waste
management industries. These enzymes have increased the biotechnological
interest for a number of industrially significant biotransformations,
either as hydrolytic or as synthetic catalysts. Previously we reported that
bacteria isolated 267 strains from marine environments (seawater, algae)
in Uljin Coastal Area. In this study, protease and esterase/lipase-producing
bacteria were screened from 267 isolated strains marine environments.
To screen for proteolytic and lipolytic activity, marine agar medium
supplemented with 0.5% skim milk, 1% tributyrin (TBN) and tricaprylin
(TCN) were used. We found that 111 isolate strains (41.6%) showed
proteolytic activity on skim milk agar plate. We also found that 107
isolates (40.1%) showed lipolytic activity on TBN agar plate and 94
isolates (35.2%) showed lipolytic activity on TCN agar plate
(esterase-producing strains= 12, lipase-producing strains= 94).
Keywords : Protease, esterase, lipase
This work was supported by Gyeongsangbuk-do R&D Program in 2020.
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Crystal Structure of a Nuclease and Capping Domain of SbcD
from Staphylococcus aureus
Jinwook Lee, Nam-Chul Ha*
Department of Agricultural Biotechnology, Center for Food Safety and
Toxicology, Center for Food and Bioconvergence, and Research Institute for
Agriculture and Life Sciences, CALS, Seoul National University, Seoul
08826, Republic of Korea

The SbcCD complex was known as an essential component of the DNA
double-strand break (DSB) repair system in bacteria. The SbcCD
complex recognizes and cleaves the DNA ends in DSB by
ATP-dependent endo- and exonuclease activities as an early step of the
DNA repair. SbcD consists of a nuclease, capping, and helix-loop-helix
(HLH) domain. Here, we determined the crystal structure of a fragment
of SbcD, which contained the nuclease and capping domain of SbcD
(SbcD-NCD) at a resolution of 2.9 Å. This is the first SbcD structure in
Gram-positive bacteria, showing a similar dimeric structure to the
corresponding domains of SbcD from Escherichia coli. The nuclease
activity test with the SbcD-NCD protein exhibited the endonuclease
activity on supercoiled DNA, and the exonuclease activity on linear DNA
and nicked DNA, unlike E. coli SbcD. Since SbcD is essential in the
survival of S. aureus from DNA damage stresses, this study will provide
a potential in controlling S. aureus.
Keywords : Staphylococcus aureus, DNA double-strand breakage,
crystal structure
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Synthesis (Syn-) gas produced by the gasification of coal and biomass
contains hydrogen (H2), carbon monoxide (CO) and carbon dioxide, and
these gases are metabolically converted to multi-carbon chemical
compounds such as fatty acids and alcohols by microbes called
“acetogens”. Because of scarcely soluble characteristics of the gases,
especially H2 and CO, microbiological conversion is usually limited and
does not build-up high concentration of cellular biomass in syn-gas
fermentation. Methanol as donor of methyl functional group in methyl
branch of Wood-Ljungdahl pathway as well as available substrate for
reducing power generation when oxidized, it could be used for the way
of enhancing “substrate strength” in medium designed for syn-gas
fermentation. Herein, we tried to activate syngas utilization using
methanol containing medium with gaseous substrate in Eubacterium
limosum KIST612. The results of H2/CO2 and CO/CO2 cultivation
showed that methanol had an expected effect of boosting the growth rate
and substrate consumption rate under H2/CO2 condition, while CO/CO2
condition was not. Moreover, methanol induced butyrate production at
H2/CO2 condition, indicating that methanol consumption could be
metabolically reacted in one-carbon autotrophic pathway. Note that
previous H2/CO2 condition using the strain under same gaseous partial
pressure showed that there was no any significant production of butyrate
even in low pH exposed. To confirm the metabolic properties depending
on the substrates, whole proteome analyzes were conducted using
LC/MS. As a result, one-carbon metabolism of methanol had
high-consistency with H2/CO2 condition but not CO/CO2. Taken
together, methanol seems to be actively co-metabolized at H2/CO2
condition, which made to improve growth rate, substrate consumption
rate, and secure additional reducing power.
Keywords : Eubacterium limosum KIST612, autotrophic fermentation,
physiological and metabological properties
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Diagnosis of Autoimmune Diseases by Surface-Displayed
Ro/SSA, La/SSB on Escherichia coli

Transcriptional Regulation of Agar Hydrolytic Pathway in
Streptomyces coelicolor A3(2)

Ji-hong Bong1, Tae-Hun Kim1*, Soo Jeong Lee1*, Joachim Jose2*, Jae-Chul
Pyun1*
1
Dept. of Material Science and Engineering, Yonsei University, Seoul 03722,
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Maral Tsevelkhoroloo, Chang-Ro Lee*, Soon-Kwang Hong*
Department of Biological science, Myongji University, Yongin-Si, Gyeonggi-do
17058, Republic of Korea

The medical diagnosis of autoimmune diseases of systemic lupus
erythematosus (SLE) as well as Sjoegren’s syndrome sera have been
carried out by detection of autoantibodies against Ro/SSA and La/SSB
proteins. In this work, microarray based immunoassay for the detection
of autoantibodies against Ro/SSA and La/SSB proteins was developed
using whole Escherichia coli cells with autodisplayed Ro/SSA proteins
(Ro(+) -E. coli) and La/SSB proteins (La(+) -E. coli). E. coli with the
autodisplayed Ro/SSA and La/SSB proteins was immobilized on a
surface-modified microplate with positively-charged polymers, and the
applicability of the immunoassay without the blank test was
demonstrated using patient sera of systemic lupus erythematosus (SLE)
as well as Sjoegren’s syndrome sera. The sensitivity of the immunoassay
was estimated to be 82.6% and 80.5% for SLE and Sjoegren’s syndrome,
respectively. The selectivity was estimated to be 87.5% for SLE with a
cut-off value of 0.53 and 75.0% for Sjogren’s syndrome with a cut-off
value of 0.40. These results showed that the immunoassay based on the
modified E.coli with autodisplayed Ro/SSA and La/SSB proteins could
be used for the medical diagnosis of systemic lupus erythematosus (SLE)
as well as Sjoegren’s syndrome.

In Streptomyces coelicolor, agar is hydrolyzed into monosaccharides,
D-galactose and 3,6-anhydro-L-galactose, by two beta-agarases, DagA
(SCO3471) and DagB (SCO3487), and DagC (SCO3481) neoagarooligosaccharides
hydrolase (NAOSH). In this study, we demonstrated that the expression
of three agar hydrolyzing enzymes are regulated by SCO3485, a LacI
family transcriptional regulator. SCO3485 is composed of 349 amino
acids, which was annotated as a putative LacI family transcriptional
regulator in the genomic sequencing data. To validate the functional role
of SCO3485 in relating to agar hydrolytic pathway, SCO3485 was
heterologously overexpressed in Escherichia coli and purified. Electrophoretic
Mobility-Shift Assay revealed that the purified SCO3485 protein can
bind to promoter region of dagA, dagB, and dagC genes, respectively.
But, the binding ability of SCO3485 was inhibited by 3,6-anhydro-L-galactose.
Furthermore, SCO3485-disrupted mutant S. coelocolor ΔSCO3485 was
prepared by CRISPR-Cas9 system. Phenotypic and transcriptional
analyses of S. coelocolor ΔSCO3485 revealed that SCO3485 plays
important roles in expression of agar hydrolytic enzymes as well as
antibiotic production and morphological differentiation in S. coelicolor A3(2).
Keywords : Agar, Streptomyces coelicolor, electrophoretic mobility shift assay
Supported by "Cooperative Research Program for Agriculture Science
and Technology Development (Project No. PJ01328801)" Rural Development
Administration, Republic of Korea.
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Isolation of Algicidal Freshwater Bacteria against Harmful Algae,
Microcystis aeruginosa
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JaYoung Cho, Taehui Yang, Eui-Jin Kim
Microbial Research Department, Nakdonggang National Institute of
Biological Resources (NNIBR), Sangju 37242, Republic of Korea

The cyanobacterial harmful algal blooms (cyanoHABs) has a negative
impact on people and ecosystems. Some cyanobacteria (e.g. Microcystis
aeruginosa) can produce cyanotoxins, and are highly associated with
liver cancer. Currently, algicidal bacteria are eco-friendly mitigation
method for controlling the cyanoHABs. In this study, the freshwater
samples were collected from the Nakdong River in South Korea to screen
the algicidal bacteria. Diluted freshwater samples were spread on
enriched solid medium (nutrient agar, tryptic soy ager and marine agar)
and incubated at 25℃ for 7 days. After that, several colonies were picked
from each medium and identified with a 16s rRNA gene sequence. Each
identified was treated on harmful algae for 7days and chlorophyll a was
used to analyze the algicidal activity. Among microorganisms, a strain
SA08 was shown 81 % algicidal activity against M. aeruginosa after 3
days. The algicidal activity was gradually increased over time.
Therefore, the strain SA08 can be applied to mitigate cyanoHABs, and
further study is in progress.

Droplet-Based Microfluidic Platform for Cell-Cell Interaction
Heon-Ho Jeong, Seung Hui An, JinSol Choi
Department of Chemical and Biomolecular Engineering, Chonnam
National University, Yeosu, Jeonnam 59626, Republic of Korea

Although a population of microorganism is important in cell-cell
interactions and quorum sensing, there are no effective assay platforms,
including the generation of a bacterial population gradient. Here, we
develop a robust droplet-based microfluidic device to generate a
polymicrobial population gradient in a static droplet array, which can
achieved by operating microvalves and designing hydrodynamic
resistance. The number of bacteria in a droplet array is tunable through
the sequential merging and mixing of moving droplets with trapped
droplets. Using this principle, we have achieved a reverse gradient of
a polymicrobial population on a drop-to-drop basis; these populations
co-exist in droplets with closed population changes of two different
microorganism. Next, we used this system to monitor the cell-cell
interaction between sender (production of signal molecule) and receiver
cells (signal molecule reporter). This study reveals critical roles for
varying population ratios between sender and receiver cells in cell-cell
interactions.
Keywords : Cell-Cell Interaction, microfluidics, droplet
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Comparison of Two Different Types of Quorum Quenching
AHL-Lactonases from Rhodococcus sp. BH4
Viktorija Mikolaityte, Sang-won Lee, Du-hwan Ryu, Hoi-won Kim,
Jung-Kee Lee*
Department of Biomedicinal Science and Biotechnology, Paichai University,
Daejeon 35345, Republic of Korea

Quorum sensing (QS) is a bacterial communication system which allows
attenuation of gene expression using signaling molecules. One type of
signaling molecules is N-acylhomoserine lactones (AHLs).
Extracellular AHLs are detected in a population density dependent
manner and once the concentration reaches a threshold these molecules
are internalized where they can control gene expression. Many virulence
genes in pathogenic bacteria are under the control of QS system.
Therefore, inhibition of QS (quorum quenching or QQ) has been
receiving a lot of attention recently. Prominent QQ activity exhibiting
Rhodococcus sp. BH4 was isolated by our lab from a sewage treatment
plant. We identified the presence of two different types of
AHL-lactonases - QsdA and JydB. Although both enzymes act via
cleavage of lactone ring of AHL molecule, they exhibited different
catalytic efficiencies and substrate preferences. In this study, we carried
out comparison of the two purified QQ enzymes and also constructed
single and double deletion mutants of the AHL-lactonases to assess their
overall role in Rhodococcus sp. BH4. Comparison of Rhodococcus sp.
BH4 wild type and AHL-lactonase mutant activity revealed that JydB
has a higher QQ role within the cell. Also double mutant showed some
residual AHL degradation activity suggesting presence of other QQ
enzymes. Comparison of purified enzymes revealed that JydB has higher
activity and broader AHL-degradation spectrum than QsdA. And both
enzymes could attenuate QS phenotypes exhibited by pathogenic
bacteria such as biofilm and violacein production to varying degrees.
Keywords : Quorum quenching, Rhodococcus, AHL-lactonase
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Analysis Platform for Metabolome of Lactobacillus plantarum
HAC 01 Using Multi-Mass Spectrometry
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Solid-state fermentation (SSF) and submerged fermentation (SmF) has
been widely utilized for production of various fermented foods
containing meju, koji, and soy sauce. Furthermore, comparative studies
of SSF and SmF using Aspergillus oryzae such as the production of
enzyme and bioactive compounds have been conducted to increase yield
of target products. However, the different metabolic mechanism of A.
oryzae according to fermentation states is still unclear. Thus, we initially
performed time resolved untargeted metabolome analysis and
transcriptome profiling of A. oryzae under SSF and SmF. In the
meanwhile, we reconstructed a genome-scale metabolic model of A.
oryzae, iAO1412, including 1412 unique genes, 953 metabolites, and
1677 reactions. In order to integrate with metabolomics and
transcriptomics data, in silico model was utilized. According to our
integrated data, the relatively higher levels of amino acids, fatty acids,
coumarins and oxylipins was observed in SSF, whereas the terpenoids
were abundant in SmF. We assumed that the comparatively higher
secondary metabolites synthesis in SSF was occurred by Reactive
oxygen species (ROS). Intriguingly, H2O2 flux-sum indicated that it is
highly (about 3-fold) accumulated in SSF than SmF which leads to
synthesize secondary metabolites. Our study provides a multi-omics
framework of A. oryzae to fermented food industry regarding the growth
regulatory mechanism and production of bioactive compounds.
Keywords : Aspergillus oryzae, solid and submerged-state fermentation,
multi-omics analysis

Poster Session

Suhyun Kim, Sun min Lee, Na-Rae Lee, Dong Ho Suh, Choong Hwan Lee
Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea

Comparison of Solid-State and Submerged Fermentation of
Aspergillus oryzae KCCM 12698 by Integrating Multi-Omics Data
with in Silico Model

Lactobacillus, the largest genus within the lactic acid bacteria (LAB),
belongs to probiotics that had beneficial effects in human health. Here,
we performed time resolved (8, 12, 24 hours) profiling of intra- and
extracellular sample in Lactobacillus plantarum HAC01 subjected to
fermentative cultivation using analysis platforms to maximize
metabolome coverage. Intracellular sample were extracted with 80%
organic solvent (MeOH:ACN:H2O (2:2:1 (v/v/v)) mixture (I) and
extracellular sample were extracted with same solvent mixture (E1) and
ethyl acetate (E2). These extracts were analyzed using gas
chromatography-mass spectrometry (GC-MS), reversed phase liquid
chromatography-MS (RPLC-MS) and hydrophilic interaction
chromatography-MS (HILIC-MS). From analysis platform, A total of
269 metabolites were detected, mainly in the fatty acid, amino acids in
metabolic profiling of L. plantarum. In intracellular profiling, A total of
119 metabolites were detected and GC-MS showed the widest coverage
as a single method among three different analysis methods. There were
carbohydrates, and nucleotides detected only in HILIC-MS, and fatty
acids detected only in RPLC-MS. In extracellular profiling, 226
metabolites were detected and E1 had relatively more amino acid,
carbohydrates and E2 showed more lipids, benzenoids compared to two
extraction method. The overall finding suggested that this analysis
platform approach offers comprehensive coverage of a metabolome and
can be used as a basis for selecting mass-spectrometry platform for each purpose.
Keywords : Lactobacillus, metabolomics, anlaysis platform
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Comparison of Agarase Activity and Bioethanol Productivity
According to Gene Expression Cassette Arrangement in Yeast

The Expanding World of SUMO: from Epigenetics to Adaptive
Mechanisms and Cellular Aging

Min-Jun Seong, So-Eun Lee, Soo-Wan Nam, Yeon-Hee Kim*
Biomedical Engineering and Biotechnology Major, Division of Applied
Bioengineering, Dong-Eui University, Busan 47340, Republic of Korea

Hong-Yeoul Ryu
School of Life Sciences, College of National Sciences, Kyungpook National
University, Daegu 41566, Republic of Korea

The unified enzymatic saccharification and fermentation (USF)
contains an enzymatic saccharification process that uses three types of
agarases and a fermentation process by recombinant yeast. In this study,
we improved on a USF system for the direct production of ethanol from
agarose by increasing total agarase activity. The pGMFα-HGN and
pGMFα-NGH plasmids harboring the AGAH71 and AGAG1 genes
encoding β-agarase and the NABH558 gene encoding neoagarobiose
hydrolase were constructed. These plasmids have different arrangement
of three agarase genes and were transformed into the Saccharomyces
cerevisiae 2805 strain, respectively. The NABH558 gene transcription
level was increased and total agarase activity was increased by 25 to 40%
by placing the NABH558 gene expression cassette upstream of the other
gene expression cassettes. This means that arrangement of NABHAGAG1-AGAH71 gene expression cassette (NGH) was more efficient
for simultaneous expression of three genes compared with AGAH71AGAG1-NABH gene expression cassette (HGN). In the 2805/pGMFα
-NGH transformant, three secretory agarases were produced that
efficiently degraded agarose to galactose, 3,6-anhydro-L-galactose,
neoagarobiose, and neoagarohexaose. During the united cultivation
process, a maximum of 2.36 g/l ethanol from 10 g/l agarose was produced
over 120 h, indicating that ethanol productivity increased about 20%
compared with the 2805/pGMFα-HGN strain (1.97 g/l ethanol).

Environmental changes induce many acute and long-term adaptive
cellular responses. Mammals have diverse adaptive mechanisms for
stress resistance, such as immune responses to pathogens or hormonemediated homeostatic processes. At the cellular level, acute changes in
the local microenvironment, such as changes of pH or temperature,
oxidative stress, or nutrient limitation, may induce programmed cell
death or trigger adaptive changes that include gene mutation, aneuploidy,
changes in gene expression or epigenetic alterations. The small
ubiquitin-like modifier (SUMO) protein is a conserved post-translational
modifier that regulates a host of proteins in eukaryotic cells and maintains
cell homeostasis when the cell encounters endogenous or environmental
stress, such as osmotic stress, hypoxia, heat shock, genotoxic stress, and
nutrient stress. In response to acute loss of the Ulp2 SUMO-specific
protease, yeast become disomic for chromosome I (ChrI) and ChrXII.
Here we report that ChrI disomy, which creates an adaptive advantage
in part by increasing the dosage of the Ccr4 deadenylase, was eliminated
by extended passaging. Loss of aneuploidy is often accompanied by
mutations in essential SUMO-ligating enzymes, which reduced
polySUMO-conjugate accumulation. The mRNA levels for almost all
ribosomal proteins increase transiently upon initial loss of Ulp2, but
elevated Ccr4 levels limit excess ribosome formation. Notably, extended
passaging leads to increased levels of many small nucleolar RNAs
(snoRNAs) involved in ribosome biogenesis, and higher dosage of three
linked ChrXII snoRNA genes suppressed ChrXII disomy in ulp2Δ cells.
Our data reveal that aneuploidy allows rapid adaptation to Ulp2 loss, but
long-term adaptation restores euploidy. Cellular evolution restores
homeostasis through countervailing mutations in SUMO-modification
pathways and regulatory shifts in ribosome biogenesis.

Keywords : Unified enzymatic saccharification and fermentation (USF)
system, agarase, bioethanol

L-36
Selection of Optimal System for Expression of Neoagarobiose
Hydrolase Gene in Saccharomyces cerevisiae
*

So-Hee Jo, Soo-Wan Nam, Yeon-Hee Kim
Biomedical Engineering and Biotechnology Major, Division of Applied
Bioengineering, Dong-Eui University, Busan 47340, Republic of Korea

Agarase hydrolyzes agarose into several oligosaccharides and is
classified into two groups, α-agarase and β-agarase, depending on the
mode of action. α-Agarases,including neoagarobiose hydrolase
(NABH), are difficult to utilize dueto their low activity and productivity
compared with β-agarases, and optimization for production of the α
-agarases is sometimes necessary. In this study, expression system of
NABH558 gene encoding neoagarobiose hydrolase was constructed to
efficiently produce NABH in Saccharomyces cerevisiae strain. To select
suitable promoter for expression of NABH558 gene, pAMFα-NABH and
pGMFα-NABH plasmids with ADH1 and GAL10 promoter, respectively,
were used. To investigate the effect of promoter and carbon sources on
NABH558 gene expression, each plasmid was transformed into S.
cerevisiae 2805 strain. In 2805/pAMFα-NABH strain, NABH activity
was reached 0.069 unit/ml/DCW-g in YPD medium and NABH activity
(0.02~0.027 unit/ml/DCW-g) in 2805/pGMFα-NABH strain was
similar irrespective of the medium composition. The higher activity of
NABH in YPD medium was a result of increased transcriptional level
of NABH558 gene. NABH produced in the recombinant strains could
degrade agarose to galactose and AHG. Therefore, ADH1 promoter was
more optimal promoter for expression of NABH558 gene and NABH
activity was about 3 folds higher compared with induction by GAL10
promoter.
Keywords : Neoagarobiose hydrolase, promoter strength, Saccharomyces
cerevisiae
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In vitro Edwardsiella piscicida CK108 Transcriptome Profiles with
Subinhibitory Concentrations of Phenol and Formalin Reveal New
Insights into Bacterial Pathogenesis Mechanisms
1

2

1

3
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Young Bang3*, Ki Hwan Moon1*
1
Division of Marine Bioscience, Korea Maritime and Ocean University,
Busan 49112, Republic of Korea, 2Department of Biology, Duke University,
3
Durham NC 27708, USA, National Institute of Biological Resources,
Environmental Research Complex, Incheon 22689, Republic of Korea

Phenol and formalin are major water pollutants that are frequently
discharged into the aquatic milieu. These chemicals can affect broad
domains of life, including microorganisms. Aquatic pollutants, unlike
terrestrial pollutants, are easily diluted in water environments and exist
at a sub-inhibitory concentration (sub-IC), thus not directly inhibiting
bacterial growth. However, they can modulate gene expression profiles.
The sub-IC values of phenol and formalin were measured by minimal
inhibitory concentration (MIC) assay to be 0.146% and 0.0039%,
respectively, in Edwardsiella piscicida CK108, a Gram-negative fish
pathogen. We investigated the differentially expressed genes (DEG) by
RNA-seq when the cells were exposed to the sub-ICs of phenol and
formalin. DEG analyses revealed that genes involved in various cellular
pathways of energy production, amino acid synthesis, carbohydrate
metabolism, transporters, secretion systems, and cell motility were upor down-regulated by both chemicals. The genome-wide gene
expression data corresponded to the results of quantitative reverse
complementary-PCR and motility assay. This study not only provides
insight into how a representative fish pathogen E. piscicida CK108
responds to the sub-ICs of phenol and formalin and but also shows the
importance of controlling chemical pollutants in aquatic environments.
Keywords : Edwardsiella piscicida, formalin, phenol

Structural and Functional Analyses of the Bifunctional Enzyme
AgrE from the Cyanobacterium Anabaena
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Seoul 08826, Republic of Korea, Research Institute of Agriculture and Life
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In cyanobacteria, metabolic pathways that use the nitrogen-rich amino
acid arginine play a pivotal role in nitrogen storage and mobilization.
The N-terminal domains of two recently identified bacterial enzymes,
ArgZ from Synechocystis and AgrE from Anabaena, have been found
to contain an arginine dihydrolase. This enzyme provides catabolic
activity that converts arginine to ornithine, resulting in concomitant
release of CO2 and ammonia. In Synechocystis, the ArgZ-mediated
ornithine-ammonia cycle plays a central role in nitrogen storage and
remobilization. The C-terminal domain of AgrE contains an ornithine
cyclodeaminase responsible for the formation of proline from ornithine
and ammonia production, indicating that AgrE is a bifunctional enzyme
catalyzing two sequential reactions in arginine catabolism. Here, the
crystal structures of AgrE in three different ligation states revealed that
it has a tetrameric conformation, possesses a binding site for the arginine
dihydrolase substrate L-arginine and product L-ornithine, and contains
a binding site for the coenzyme NAD(H) required for ornithine
cyclodeaminase activity. Structure-function analyses indicated that the
structure and catalytic mechanism of arginine dihydrolase in AgrE are
highly homologous with those of a known bacterial arginine hydrolase.
We found that in addition to other active-site residues, Asn-71 is essential
for AgrE’s dihydrolase activity. Further analysis suggested the presence
of a passage for substrate channeling between the two distinct AgrE
active sites, which are situated ~45 Å apart. These results provide
structural and functional insights into the bifunctional arginine
dihydrolase-ornithine cyclodeaminase enzyme AgrE required for
arginine catabolism in Anabaena.
Keywords : Cyanobacteria, arginine catabolism, X-ray crystallography
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A Triclosan-Resistance Protein from the Soil Metagenome is a
Novel Enoyl-Acyl Carrier Protein Reductase: Structure-Guided
Functional Analysis

Crystal Structure and Its Mechanistic Implications of Bacterial
Cystathionine γ-Lyase in the Cysteine Biosynthesis Pathway of
Staphylococcus aureus
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Dukwon Lee1, Soyeon Jeong1*, Jinsook Ahn1*, Ae-Ran Kwon2*,
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The synthetic biocide triclosan targets enoyl-acyl carrier protein
reductase(s) (ENR) in bacterial type II fatty acid biosynthesis. Screening
and sequence analyses of the triclosan resistome from the soil
metagenome identified a variety of triclosan-resistance ENRs.
Interestingly, the mode of triclosan resistance by one hypothetical
protein was elusive, mainly due to a lack of sequence similarity with other
proteins that mediate triclosan resistance. Here, we carried out a
structure-based function prediction of the hypothetical protein, herein
referred to as FabMG, and in vivo and in vitro functional analyses. The
crystal structure of FabMG showed limited structural homology with
FabG and FabI, which are also involved in type II fatty acid synthesis.
In vivo complementation and in vitro activityassays indicated that
FabMG is functionally a FabI-type ENR that employs NADH as a
coenzyme. Variations in the sequence and structure of FabMG are likely
responsible for inefficient binding of triclosan, resulting in triclosan
resistance. These data unravel a previously uncharacterized FabMG,
which is prevalent in various microbes in triclosan-contaminated
environments and provide mechanistic insight into triclosan resistance.

Many enzymes require pyridoxal 5'-phosphate (PLP) as an essential
cofactor, and share active site residues in mediating diverse enzymatic
reactions. Methionine can be converted into cysteine by cystathionine
γ-lyases (CGLs) through a transsulfuration reaction dependent on PLP.
In bacteria, MccB, also known as YhrB, exhibits CGL activity that
cleaves the C-S bond of cystathionine at the γ position. In this study, we
determined the crystal structure of MccB from Staphylococcus aureus
in the apo- and PLP-bound forms. The structures of MccB exhibited
similar molecular arrangements to that of MetC-mediating β
-elimination with the same substrate. Structural comparison to MetC
revealed a longer distance between the N-1 atom of the pyridine ring of
PLP and the Oδ atom of the Asp residue, and a wider and more flexible
active site environment in MccB. We also found a hydrogen bond
network in Ser-water-Ser-Glu near the Schiff base nitrogen atom of the
PLP molecule, and propose the Ser-water-Ser-Glu motif as a general base
for the γ-elimination process. Our study suggests a molecular
mechanism of how homologous enzymes that use PLP as a cofactor
catalyze different reactions with the same active site residues.

Keywords : Structure-based functional prediction, triclosan resistance,
novel type of enoyl-acyl carrier protein reductase

L-41

L-43

Sulfur Containing Amino Acid Biosynthesis Pathway and Its
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Functional Deinococcal Genomic Library Exploration Enhances
Poly-3-Hydroxybutyrate (PHB) Production in Recombinant
Escherichia coli
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Previous genome study of Bifidobacterium revealed that it has high
adaptation capability for active uptakes of nutrients and sulfur in human
gut. B. longum suggested H2S utilization for sulfur uptake, unlike other
bacteria. To validate this, sulfur utilization pathway was predicted,
consisting of cysteine-direct utilization pathway (CDU) and cysteine-indirect
utilization pathway (CIU) using H2S. In these pathways, four genes were
heterologously expressed and their functions were confirmed. The CDU
utilizes cysteine to produce cystathionine with O-acetyl homoserine
(BLD_0674/BLD_0913) and it is converted to homocysteine
(BLD_0095). However, the CIU utilizes cysteine to produce H2S
(BLD_0913) and O-acetyl homoserine/H2S is converted to homocysteine
(BLD__0674/BLD_0913). Finally, homocysteine is converted to
methionine (BLD_0538) in both pathways. Elevation of cysteine
concentration induced BLD__0674/BLD_0913 expressions, but not
BLD_0095, indicating the bottleneck of CDU. Therefore, this elevation
of cysteine concentration converts CDU to CIU as the main pathway for
methionine production. Based on this, cysteine concentration is the most
important decision factor for regulation between CDU and CIU,
substantiating that B. longum is a cysteine auxotroph for sulfur
utilization.

Limitations of microbial cell factories are inhibition of cell survival by
abiotic stresses during industrial processes. Microbes with robust
phenotypes are critical for its maximizing yield of target product.
Currently, there are several reports on enhanced production of industrial
metabolite through introduction of Deinococcal genes into host cells by
conferring cellular robustness. Deinococcus strain is known for its
unique metabolism to thrive in the extreme environments such as
radiation, UV, oxidant and solvent. Recently, we found that Deinococcus
proteolyticus has shown the higher stress resistance ability on oxidative
stress than other Deinococcus. From the screening with genomic library
of D.proteolyticus, we isolated several oxidative stress resistant
libraries. Among them, deipr0871 encoded an OmpR type response
regulator (RR) in two-component signal transduction system. In
poly-3-hydroxybutyrate (PHB) producing E.coli strain which harboring
Ralstonia eutropha PHB biosynthesis genes, we examined the effect of
deipr0871 encoding regulator on PHB production. Interestingly, the
strain overexpressing deipr0871 encoding regulator produced 15.48 g
PHB/L in 72 hr cultivation, which was much higher than control strain
(8.05 g PHB/L). It suggested that stress tolerant genes from Deinococcus
should be applied in the development of productivity of biomaterial.

Keywords : Bifidobacterium longum, sulfur utilization pathway, hydrogen sulfide
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Cystic fibrosis (CF) is a well-known genetic disorder caused by CFTR
(Cystic Fibrosis Transmembrane conductance regulator) disruption,
and poses a significant problem to affected patients, because of the
chronic pulmonary bacterial infection. A characteristic feature of the CF
lung environment is dehydrated viscous mucus layer that provides
pathogens, such as Pseudomonas aeruginosa (PA) with a favorable
habitat. In order to gain deep understanding of PA’s adaptation in the CF
lung, Genome-wide Association Study (GWAS) was performed to find
genetic variations between CF (206 genomes) and non-CF isolates (430
genomes). Our analysis detected fatal variants (Frameshift) of the mucA
gene with a significant p-value, which has previously been identified to
have positive correlation with CF isolates. Additionally, several variants
of genes related to mannitol utilization (PA2341, PA2342), transporter
of glutamate and aspartate (PA1339), probable sulfur utilization (from
PA2333 to PA2336) and cysteine transporter (PA0313) were identified
to be meaningfully different between CF and non-CF isolate groups. As
an example, insertion of 3 amino acid residues SLI at the 162nd locus of
PA0313 decreases cysteine utilization activity of PA. Based on these
findings, we expect different utilization activities of various energy
sources to be an important factor for PA adaptation in the CF lung
environment. Detailed results with potential interpretation that accounts
for bacterial fitness under CF-specific environments will be presented.
Keywords : Pseudomonas aeruginosa, GWAS, cystic fibrosis
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