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ABSTRACT

The genus Jeotgalibacillus under the family of Planococcaceae is one of the
understudy genera. In this project, a bacterium strain D5 was isolated from Desaru
beach, Johor. This study aimed to characterize strain D5 from morphological,
physiological and biochemical aspects, in addition to examine the genomic feature and
RNA expression response under saline stress. To achieve this objective, polyphasic
analyses (phenotypic and genotypic), genome sequencing and RNA-Seq-based
transcriptome analyses were performed. The result showed that strain D5 was mostly
similar to Jeotgalibacillus alimentarius DSM 188677 with 99.87% 16S rRNA
sequence similarity, and lower in similarity to other species. Strain D5 is distinguished
from the other Jeotgalibacillus type strains due to the differences in phenotypic and
genotypic characteristics which include morphology, endospore position, and shape,
acid production from carbohydrates, tolerance to NaCl, fatty acid composition, DNA
G+C content and DNA-DNA relatedness values. The D5 was proposed as a new type
strain with the name of J. malaysiensis (DSM 287777 =KCTC 33350"). The complete
genome of J. malaysiensis (3.52 Mbp) was sequenced using PacBio RS Il sequencing
system and was compared with draft genomes of J. alimentarius, J. campisalis, and J.
soli. In total, 224 complete metabolic pathways were detected in J. malaysiensis
genome, which include glycolysis, Krebs cycle, TCA cycle, pentose phosphate and
others. J. malaysiensis shared 1,158 orthologous genes with the other Jeotgalibacillus
spp. Which are involved in central metabolism, such as genes for flagellar activity,
amino acid transport, translation, ribosomal structure, and biogenesis. To understand
the mechanism of osmotic adaptation in J. malaysiensis, cells were cultivated in
marine broth supplemented with 2% NaCl (control), saline stress of 10% and 20%
(w/v) NaCl. The pairwise differentially expressed gene (DEGSs) detected during the
osmotic upshift were analyzed and categorized according to eggNOG (evolutionary
genealogy of genes: Non-supervised Orthologous Groups) groups. At 10% (w/v)
NaCl, 195 genes were differentially expressed while at 20 % (w/v) NaCl, 166 DEGs
were differentially expressed. Osmotic stress significantly affected carbohydrate,
energy, and amino acid metabolism, as well as fatty acid biosynthesis. J. malaysiensis
apply a combination of approaches which include utilization of the TRK system for
the regulation of K* uptake, uptake and synthesis of various osmoprotectants
especially proline and glutamate. As a conclusion, this study has provided new
insights into the biology of this genus and showed that J. malaysiensis established
halotolerance via a global cooperative mechanism, rather than by one single approach.
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ABSTRAK

Genus Jeotgalibacillus, dari famili Planococcaceae merupakan salah satu
genus yang kurang dipelajari. Di dalam projek ini, bakteria D5 telah dipencilkan dari
Pantai Desaru, Johor. Kajian ini bertujuan untuk mencirikan bakteria D5 melalui aspek
morfologi, fisiologikal dan biokimia, di samping mengkaji ciri genomik dan respon
ekspresi RNA pada keadaan stress akibat kandungan garam yang tinggi. Bagi
mencapai objektif ini, analisa melalui kaedah polifasik (fenotip dan genetik),
penjujukan genom dan transkriptomik penjujukan-RNA telah digunakan. Keputusan
menunjukkan, bakteria D5 didapati paling berkait rapat dengan J. alimentarius DSM
18867" dengan 99.87% persamaan pada jujukan 16S rRNAnya berbanding spesis lain
dalam genus ini. Bakteria D5 juga dibezakan dari spesis-spesis yang lain melalui
perbezaan ciri-ciri fenotip dan genotip seperti morfologi koloni, kedudukan dan bentuk
endospora, pengeluaran asid daripada karbohidrat, toleransi kepada NaCl, komposisi
asid lemak, kandungan G + C di dalam DNA genomik dan nilai kaitan DNA-DNA.
Justeru, bakteria D5 dicadangkan sebagai spesis baru yang dinamakan Jeogalibacillus
malaysiensis (DSM 287777 =KCTC 33350"). Genom lengkap J. malaysiensis (3.52
Mbp) telah dijujukkan menggunakan sistem jujukan PacBio RS Il dan dibandingkan
dengan draf genom J. alimentarius, J. campisalis, dan J. soli. Keseluruhannya, 224
laluan lengkap metabolik dikesan di dalam genom J. malaysiensis, temasuklah
glikolisis, kitaran Kreb, kitaran TCA, laluan fosfat pentosa dan lain-lain. J. malysiensis
berkongsi 1,158 gen ortologous dengan spesis-spesis lain Jeotgalibacillus, gen-gen ini
terlibat dalam metabolisma utama seperti aktiviti flagella, pengangkutan asid amino,
translasi, struktur ribosom dan biogenesis. Untuk memahami mekanisma adapatasi
osmotik J. malaysiensis, sel ini telah dikulturkan di dalam “Marine broth” yang
mengandungi 2% NaCl (kawalan), 10%, dan 20% (w/v) NaCl. Gen-gen pasangan
kelainan ekspresi (DEGSs) yang dikenalpasti sewaktu peningkatan osmotik dianalisis
dan dikenalpasti mengikut kumpulan “eggNOG "~ (evolutionary genealogy of genes:
Non-supervised Orthologous Groups). Pada 10% (w/v) NaCl, 195 gen telah
menunjukkan kelainan pada ekspresinya manakala pada 20 % (w/v) NaCl, 166 DEGs
menunjukkan kelainan pada ekspresinya. Tekanan osmatik, juga memberi kesan
kepada metabolisma karbohidrat, tenaga dan asid amino, serta penghasilan asid lemak.
J. malaysiensis menggunakan beberapa kaedah termasuk penggunaan sistem TRK
untuk regulasi pengambilan K*, pengambilan dan sintesis pelbagai osmoprotectant
terutamanya prolin dan glutamate. Sebagai kesimpulan, kajian ini memberikan
perincian yang baru dalam aspek biologi genus ini dan menunjukkan keupayaan J.
malaysiensis untuk beradaptasi dengan kandungan garam yang tinggi (halotolerant)
melalui pelbagai mekanisma berbanding hanya satu kaedah sahaja.
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CHAPTER 1

INTRODUCTION

1.1  Background Information

Seventy percent of the earth surface is enclosed with water which carries 80%
of entire life form (Soliev et al., 2011). The marine environment comprises elevated
level of salts; hence, many ambiguities connected with aquatic organisms are yet to be
revealed. Marine environment has become an interesting research focus for numerous
investigations because of its rich biodiversity for decades (Gerwick and Fenner, 2013;
Mazalan et al., 2012; Shah et al., 2014; Trincone, 2013). The search for marine
metabolites is difficult dut to the inaccessibility and non-culturability of the majority
of microorganisms (Bhatnagar and Kim, 2012).

Marine microbiology emphasizes mainly on prokaryotes in particularly
bacteria because of their easy dispersability and small size. Bacteria are virtually
ubiquitous in marine environment. Additionally, natural populations of marine
bacteria are physiologically diverse, and they can survive extensive periods of
starvation and exhibit the ability to resume metabolic activities as soon as the

substrates become available (Carrero-Coldn et al., 2006).



Marine environment also contains abundance of halophilic and halotolerant
microorganisms. For these microorganisms, salinity and osmotic stress tolerance are
prerequisites for survival. Marine bacteria become attractive to researchers because of
their potential to produce compounds with unique biological properties (Teasdale et
al., 2009). Gene evolutionary, transferring, and mutagenesis events have diversified
marine bacteria. To date, marine Pseudomonas, Streptomyces, Bacillus,
Pseudoalteromonas, Cytophaga and Vibrio isolated from seawater, sediments, algae,
and marine invertebrates are identified to produce bioactive agents. They are able to
produce alkaloid derivatives (prodiginines and tambjamines), indoles (quinones and
violacein), polyenes, peptides, macrolides, and terpenoids (Soliev et al., 2011).
Genomic analyses have become one of the tools to study in depth of bacteria potential,
in addition to knowing their evolution and adaptations. By understanding the genome
of the novel bacteria, it will help to discover more of its properties. The complete
bacterial genomics allows scientists to obtain specific sequence that may be used to
select potential compound or metabolites that can be further utilized (Arcus et al.,
2006; Sakharkar et al., 2004).

Many halophiles and halotolerants are established and well characterized,
however Jeotgalibacillus is one of the least-studied genera. Jeotgalibacillus spp. are
bacteria that are taxonomy affiliated under Planococaceae (family), Bacillales (order),
Bacilli (class), and Firmicutes (phylum). Jeotgalibacillus genera were named due to
its shape of bacilli and were isolated from a Korean feremented food ‘Jeotgal’. This
food was made by adding 20-30% (w/w) salt to various types of seafood (Guan et al.,
2011). Many bacteria were isolated from this food; some of the bacteria have the ability
to adapt with the high salt environment. Since jeotgal is a fermented food, facultative
anaerobic bacteria isolated from it serves as a good starter for fermentation (Yoon et
al., 2001).

Currently, eight species are assigned to the genus, namely Jeotgalibacillus
alimentarius (Yoon et al., 2001), Jeotgalibacillus marinus (Yoon et al., 2010),
Jeotgalibacillus campisalis (Yoon et al., 2004), Jeotgalibacillus salarius (Yoon et al.,

2010), Jeotgalibacillus soli (Cunha et al., 2012), Jeotgalibacillus malaysiensis (this



study) and two recently added strain which are Jeotgalibacillus alkaliphilus and
Jeotgalibacillus terrae (Srinivas et al., 2016). Both J. soli and J. terrae were isolated

from soil while the others Jeotgalibacillus spp. were isolated from salty environments.

Limited research was done on the ability of Planococaceae to adapt high salt
concentration in terms of genes regulation. Study on halotolerant bacteria usually
focused on physiological and biochemical studies dealing with the mechanisms of
haloadaptation and adaptability (Saum et al., 2013a; Ollivier et al., 1994; Zahran,
1997). Changes in salinity have been reported to trigger drastic changes of the
transcriptome of the bacterial cells (Zajc et al., 2013). Bacteria applied several
mechanisms of adaptation in order to survive under high concentrations of salt in the
environment. It is hypothesize that during the course of evolution and long process of
adaptation, ability of each genus to response high salinity stress will be slightly
different. It is therefore interesting to examine the type of genes that are expressed
during high salinity stress to those at low salinity condition and the influence of high

salt condition on J. malaysiensis physiologically.

1.2 Problem Statement

The findings of J. malaysiensis, a novel marine halotolerant bacterium from
Desaru beach, Johor could provide insight into understanding this genus.
Jeotgalibacillus is one of the least-studied genera in terms of the total number of
strains, knowledge understood, and published reports. When this project was initiated,
less than ten articles were related to this genus. The effects of evolution to this
bacterium from various aspects have yet to be ascertained. Hence, by using genomic
and transcriptomic approach, comprehensive analyses on this novel bacteria property
and its adaptation to survive in high salt environment could be understood. The
analyses can also provide a guideline for other researcher in understanding this genus

and its survival especially in adapting to high salt environments such as marine.



1.3
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Research Objectives

The objectives of this study are as follows:

To characterize J. malaysiensis using polyphasic approach.
To analyze genome of J. malaysiensis and other Jeotgalibacillus spp.
To examine the transcriptome changes of J. malaysiensis under high

saline stress.

Research Scope

The research scope of the study covered full analyses of bacterium strain D5

as a new novel strain in Jeotgalibacillus genera and its ability to adapt the high salt

condition are as follows:

vi)

To conduct 16S rRNA identification of bacteria isolated from marine
seawater, sand, plants, rocks and sediment in Johor shore.

To determine the novelty of bacteria based on molecular and biochemical
identification.

To characterize the isolated bacteria using polyphasic taxonomy, which
included genotypic and phenotypic information, with the aim to name the
bacteria as J. malaysiensis.

To perform genome isolation, sequencing, assembly and annotation of
type strains of Jeotgalibacillus.

To perform RNA isolation and purification of the bacteria grown in low
saline (2% NaCl) and high saline (10% and 20% NaCl) medium. The total
transcriptome was sequenced using Illumina MiSeq.

To analyze the genome and transcriptome changes of J. malaysiensis

RNA-Seq and bioinformatics software and databases.



vii)  To determine the mechanism of salt tolerance in J. malaysiensis by
studying differential gene expression (DEG) at low and high NaCl

condition.



REFERENCES

Al-Hosani, S., Oudah, M. M., Henschel, A., and Yousef, L. F. (2015). Global
transcriptome analysis of salt acclimated Prochlorococcus AS9601.
Microbiological Research. 176, 21-28.

Altschul, S. F., Gish, W., Miller, W., Myers, E. W., and Lipman, D. J. (1990). Basic
local alignment search tool. Journal of Molecular Biology. 215, 403-410.

Andersen, O., Jantzen, E., Closs, O., Harboe, M., Saxegaard, F., and Fodstad, F.
(1982). Fatty acid and polar lipid analysis as tools in the identification of
Mycobacterium leprae and some related slow-growing mycobacterial species.
Annales de microbiologie. 133, 29-37.

Anhalt, J. P., and Fenselau, C. (1975). Identification of bacteria using mass
spectrometry. Analytical Chemistry. 47, 219-225.

Arahal, D. R., Garcia, M. T., Vargas, C., Canovas, D., Nieto, J. J., and Ventosa, A.
(2001). Chromohalobacter salexigens sp. nov., a moderately halophilic species
that includes Halomonas elongata DSM 3043 and ATCC 33174. International
Journal of Systematic and Evolutionary Microbiology. 51, 1457-1462.

Arcus, V. L., Lott, J. S., Johnston, J. M., and Baker, E. N. (2006). The potential impact
of structural genomics on tuberculosis drug discovery. Drug discovery today.
11, 28-34.

Argandofia, M., Nieto, J. J., Iglesias-Guerra, F., Calderén, M. I., Garcia-Estepa, R.,
and Vargas, C. (2010). Interplay between iron homeostasis and the osmotic
stress response in the halophilic bacterium Chromohalobacter salexigens.
Applied and Environmental Microbiology. 76, 3575-3589.

Arias, S., del Moral, A., Ferrer, M. R, Tallon, R., Quesada, E., and Béjar, V. (2003).
Mauran, an exopolysaccharide produced by the halophilic bacterium
Halomonas maura, with a novel composition and interesting properties for

biotechnology. Extremophiles. 7, 319-326.



148

Artan, M., Li, Y., Karadeniz, F., Lee, S. H., Kim, M. M., and Kim, S. K. (2008). Anti-
HIV-1 activity of phloroglucinol derivative, 6,6'-bieckol, from Ecklonia cava.
Bioorganic and Medicinal Chemistry. 16, 7921-7926.

Aslam, Z., Lee, C. S., Kim, K.-H., Im, W.-T., Ten, L. N., and Lee, S.-T. (2007).
Methylobacterium jeotgali sp. nov., a non-pigmented, facultatively
methylotrophic bacterium isolated from jeotgal, a traditional Korean fermented
seafood. International Journal of Systematic and Evolutionary Microbiology.
57, 566-571.

Bankevich, A., Nurk, S., Antipov, D., Gurevich, A. A., Dvorkin, M., Kulikov, A. S.,
Lesin, V. M., Nikolenko, S. I., Pham, S., Prjibelski, A. D., Pyshkin, A. V.,
Sirotkin, A. V., Vyahhi, N., Tesler, G., Alekseyev, M. A., and Pevzner, P. A.
(2012). SPAdes: a new genome assembly algorithm and its applications to
single-cell sequencing. Journal of Computer Biol. 19, 455-77.

Bauman, R. W., Machunis-Masuoka, E., and Cosby, C. D. (2012). Microbiology: With
diseases by body system. Benjamin Cummings

Berber, 1. (2004). Characterization of Bacillus species by Numerical Analysis of their
SDS-PAGE Protein Profiles. Journal of Cell and Molecular Biology. 3.

Berrue, F., Thomas, O. P., Laville, R., Prado, S., Golebiowski, J., Fernandez, R., and
Amade, P. (2007). The marine sponge Plakortis zyggompha: a source of
original bioactive polyketides. Tetrahedron. 63, 2328-2334.

Bhatnagar, 1., and Kim, S. K. (2012). Pharmacologically prospective antibiotic agents
and their sources: A marine microbial perspective. Environmental Toxicology
and Pharmacology. 34, 631-643.

Bialecka-Fornal, M., Lee, H. J., and Phillips, R. (2014). Rate of osmotic downshock
determines bacterial survival probability. Journal of Bacteriology.

Bisen, P. S., Debnath, M., and Prasad, G. (2012). Microbes: concepts and applications.
John Wiley & Sons.

Bligh, E. G., and Dyer, W. J. (1959). A rapid method of total lipid extraction and
purification, Canadian Journal of Biochemistry and Physiology. 37, 911-917.

Boto, L. (2010). Horizontal gene transfer in evolution: facts and challenges.
Proceeding of the Biological Science. 277, 819 - 827.

Brown, A. E. (2009). Benson's microbiological applications: laboratory manual in

general microbiology, Short Version. McGraw Hill.



149

Buck, J. D. (1982). Nonstaining (KOH) Method for determination of Gram reactions
of marine bacteria. Applied and Environmental Microbiology. 44, 992-993.

Cénovas, D., Vargas, C., Csonka, L. N., Ventosa, A., and Nieto, J. J. (1998). Synthesis
of glycine betaine from exogenous choline in the moderately halophilic
bacterium Halomonas elongata. Appl Environ Microbiol. 64.

Carattoli, A., Zankari, E., Garcia-Fernandez, A., Voldby Larsen, M., Lund, O., Villa,
L., Maller Aarestrup, F., and Hasman, H. (2014). In silico detection and typing
of plasmids using plasmidfinder and plasmid multilocus sequence typing.
Antimicrobial Agents and Chemotherapy. 58, 3895-3903.

Carrero-Coldon, M., Nakatsu, C. H., and Konopka, A. (2006). Effect of nutrient
periodicity on microbial community dynamics. Applied and Environmental
Microbiology. 72, 3175-3183.

Cashion, P., Holder-Franklin, M., McCully, J., and Franklin, M. (1977). A rapid
method for the base ratio determination of bacterial DNA. Analytical
Biochemistry. 81, 461-466.

Caspi, R., Billington, R., Ferrer, L., Foerster, H., Fulcher, C. A., Keseler, I. M.,
Kothari, A., Krummenacker, M., Latendresse, M., Mueller, L. A., Ong, Q.,
Paley, S., Subhraveti, P., Weaver, D. S., and Karp, P. D. (2015). The MetaCyc
database of metabolic pathways and enzymes and the BioCyc collection of
pathway/genome databases. Nucleic Acids Research.

Chen, Y.-G., Peng, D.-J., Chen, Q.-H., Zhang, Y.-Q., Tang, S.-K., Zhang, D.-C., Peng,
Q.-Z., and Li, W.-J. (2010). Jeotgalibacillus soli sp. nov., isolated from non-
saline forest soil, and emended description of the genus Jeotgalibacillus.
Antonie van Leeuwenhoek. 98, 415-421.

Choi, S.-1., Kim, T.-I., Kim, K. S, Kim, B.-Y., Ahn, S.-Y., Cho, H.-J., Lee, H. K,
Cho, H.-S., and Kim, E. K. (2009). Decreased catalase expression and
increased susceptibility to oxidative stress in primary cultured corneal
fibroblasts from patients with granular corneal dystrophy Type Il. The
American Journal of Pathology. 175, 248-261.

Cirne-Santos, C. C., Souza, T. M. L., Teixeira, V. L., Fontes, C. F. L., Rebello, M. A.,
Castello-Branco, L. R. R., Abreu, C. M., Tanuri, A., Frugulhetti, I. C. P. P.,
and Bou-Habib, D. C. (2008). The dolabellane diterpene Dolabelladienetriol is
a typical noncompetitive inhibitor of HIV-1 reverse transcriptase enzyme.
Antiviral Research. 77, 64-71.



150

Clark, B. R., Engene, N., Teasdale, M. E., Rowley, D. C., Matainaho, T., Valeriote, F.
A., and Gerwick, W. H. (2008). Natural products chemistry and taxonomy of
the marine cyanobacterium Blennothrix cantharidosmum. Journal of Natural
Products. 71, 1530-1537.

Cosentino, C., Grieco, D., and Costanzo, V. (2011). ATM activates the pentose
phosphate pathway promoting anti-oxidant defence and DNA repair. The
EMBO Journal. 30, 546-555.

Creecy, J. P., and Conway, T. (2015). Quantitative bacterial transcriptomics with
RNA-seq. Current opinion in microbiology. 0, 133-140.

Csonka, L. N. (1989). Physiological and genetic responses of bacteria to osmotic
stress. Microbiological Reviews. 53, 121-147.

Cunha, S., Tiago, I., Paiva, G., Nobre, F., da Costa, M. S., and Verissimo, A. (2012).
Jeotgalibacillus soli sp. nov., a Gram-stain-positive bacterium isolated from
soil. International Journal of Systematic and Evolutionary Microbiology. 62,
608-612.

D'Auria, M. V., Sepe, V., D'Orsi, R., Bellotta, F., Debitus, C., and Zampella, A. (2007).
Isolation and structural elucidation of callipeltins J-M: antifungal peptides
from the marine sponge Latrunculia sp. Tetrahedron. 63, 131-140.

Dalmaso, G. Z. L., Ferreira, D., and Vermelho, A. B. (2015). Marine extremophiles: a
source of hydrolases for biotechnological applications. Marine Drugs. 13,
1925-1965.

Dash, H. R., Mangwani, N., Chakraborty, J., Kumari, S., and Das, S. (2013). Marine
bacteria: potential candidates for enhanced bioremediation. Applied
Microbiology and Biotechnology. 97, 561-571.

DasSarma, S., and DasSarma, P. (2001). Halophiles. eLS (pp.: John Wiley & Sons,
Ltd.

Davlieva, M., and Shamoo, Y. (2009). Structure and biochemical characterization of
an adenylate kinase originating from the psychrophilic organism
Marinibacillus marinus. Acta Crystallographica Section F. 65, 751-756.

De Lira, S. P., Seleghim, M. H. R., Williams, D. E., Marion, F., Hamill, P., Jean, F.,
Andersen, R. J., Hajdu, E., and Berlinck, R. G. S. (2007). A SARS-coronovirus
3CL protease inhibitor isolated from the marine sponge Axinella cf. corrugata:
Structure elucidation and synthesis. Journal of the Brazilian Chemical Society.
18, 440-443.



151

De Lourdes Moreno, M., Pérez, D., Garcia, M., and Mellado, E. (2013). Halophilic
Bacteria as a Source of Novel Hydrolytic Enzymes. Life. 3, 38-51.

Debbab, A., Aly, A. H., Lin, W. H., and Proksch, P. (2010). Bioactive compounds
from marine bacteria and fungi. Microbial biotechnology. 3, 544-563.
Delbarre-Ladrat, C., Sinquin, C., Lebellenger, L., Zykwinska, A., and Colliec-Jouault,
S. (2014). Exopolysaccharides produced by marine bacteria and their
applications as glycosaminoglycan-like molecules. Frontiers in Chemistry. 2,

85.

Delcher, A. L., Harmon, D., Kasif, S., White, O., and Salzberg, S. L. (1999). Improved
microbial gene identification with GLIMMER. Nucleic Acids Research. 27,
4636-4641.

Desjardine, K., Pereira, A., Wright, H., Matainaho, T., Kelly, M., and Andersen, R. J.
(2007). Tauramamide, a lipopeptide antibiotic produced in culture by
Brevibacillus laterosporus isolated from a marine habitat: Structure
elucidation and synthesis. Journal of Natural Products. 70, 1850-1853.

Du, X., Lu, C., Li, Y., Zheng, Z., Su, W., and Shen, Y. (2008). Three new antimicrobial
metabolites of Phomopsis sp. Journal of Antibiotics. 61, 250-253.

Durlu-Ozkaya, F., Ayhan, K., and Vural, N. (2001). Biogenic amines produced by
Enterobacteriaceae isolated from meat products. Meat Science. 58, 163-166.

Eguchi, M. (1999). The nonculturable state of marine bacteria. Microbial biosystems:
new frontiers Atlantic Canada Society for Microbial Ecology, Halifax,
Canada. 717-722.

El-Gendy, M. M. A., Hawas, U. W., and Jaspars, M. (2008a). Novel bioactive
metabolites from a marine derived bacterium Nocardia sp. ALAA 2000.
Journal of Antibiotics. 61, 379-386.

El-Gendy, M. M. A., Shaaban, M., Shaaban, K. A., EI-Bondkly, A. M., and Laatsch,
H. (2008b). Essramycin: A first triazolopyrimidine antibiotic isolated from
nature. Journal of Antibiotics. 61, 149-157.

Ergene, A., Ada, K., Tan, S., and Katircioglu, H. (2009). Removal of Remazol Brilliant
Blue R dye from aqueous solutions by adsorption onto immobilized
Scenedesmus quadricauda: Equilibrium and Kkinetic modeling studies.
Desalination. 249, 1308-1314.

Fathepure, B. Z. (2014). Recent studies in microbial degradation of petroleum

hydrocarbons in hypersaline environments. Frontiers in Microbiology. 5, 173.



152

Fleischmann, R. D., Adams, M. D., White, O., Clayton, R. A., Kirkness, E. F.,
Kerlavage, A. R., Bult, C. J., Tomb, J.-F., Dougherty, B. A., and Merrick, J.
M. (1995). Whole-genome random sequencing and assembly of Haemophilus
influenzae Rd. Science. 269, 496-512.

Fleming, P., and Richards, F. (2000). Protein packing: dependence on protein size,
secondary structure and amino acid composition. Journal of Molecular
Biology. 299, 487 - 498.

Frangeul, L., Nelson, K. E., Buchrieser, C., Danchin, A., Glaser, P., and Kunst, F.
(1999). Cloning and assembly strategies in microbial genome projects.
Microbiology. 145, 2625-2634.

Fraser, C. M., Eisen, J., Fleischmann, R. D., Ketchum, K. A., and Peterson, S. (2000).
Comparative genomics and understanding of microbial biology. Emerging
Infectious Diseases. 6, 505-512.

Fraser, C. M., Gocayne, J. D., White, O., Adams, M. D, Clayton, R. A., Fleischmann,
R. D, Bult, C. J., Kerlavage, A. R., Sutton, G., Kelley, J. M., Fritchman, J. L.,
Weidman, J. F., Small, K. V., Sandusky, M., Fuhrmann, J., Nguyen, D.,
Utterback, T. R., Saudek, D. M., Phillips, C. A., Merrick, J. M., Tomb, J.-F.,
Dougherty, B. A,, Bott, K. F., Hu, P.-C., Lucier, T. S., Peterson, S. N., Smith,
H. O., Hutchison, C. A., and Venter, J. C. (1995). The minimal gene
complement of Mycoplasma genitalium. Science. 270, 397-404.

Frigaard, N.-U., Martinez, A., Mincer, T. J., and DeLong, E. F. (2006).
Proteorhodopsin lateral gene transfer between marine planktonic Bacteria and
Archaea. Nature. 439, 847.

Fuhrman, J. A., McCallum, K., and Davis, A. A. (1993). Phylogenetic diversity of
subsurface marine microbial communities from the Atlantic and Pacific
Oceans. Applied and Environmental Microbiology. 59, 1294-1302.

Fukuchi, S., Yoshimune, K., Wakayama, M., Moriguchi, M., and Nishikawa, K.
(2003). Unique amino acid composition of proteins in halophilic bacteria.
Journal of Molecular Biology. 327, 347 - 357.

Galinski, E. A., Pfeiffer, H.-P., and Truper, H. G. (1985). 1,4,5,6-Tetrahydro-2-
methyl-4-pyrimidinecarboxylic acid. European Journal of Biochemistry. 149,
135-139.

Gallego Romero, 1., Pai, A. A., Tung, J., and Gilad, Y. (2014). RNA-seq: impact of
RNA degradation on transcript quantification. BMC Biology. 12, 1-13.



153

Gancz, H., and Merrell, D. S. (2011). The Helicobacter pylori Ferric Uptake Regulator
(Fur) is essential for growth under sodium chloride stress. The Journal of
Microbiology. 49, 294-298.

Gaspar, H., Santos, S., Carbone, M., Rodrigues, A. S., Rodrigues, A. I., Uriz, M. J.,
Feio, S. M. S., Melck, D., Humanes, M., and Gavagnin, M. (2008). Isomeric
furanosesquiterpenes from the Portuguese marine sponge Fasciospongia sp.
Journal of Natural Products. 71, 2049-2052.

Goris, J., Konstantinidis, K. T., Klappenbach, J. A., Coenye, T., Vandamme, P., and
Tiedje, J. M. (2007). DNA-DNA hybridization values and their relationship to
whole-genome sequence similarities. International Journal of Systematic and
Evolutionary Microbiology. 57, 81-91.

Greene, R. V., Griffin, H. L., and Cotta, M. A. (1996). Utility of alkaline protease from
marine shipworm bacterium in industrial cleansing applications.
Biotechnology letters. 18, 759-764.

Gregersen, T. (1978). Rapid method for distinction of Gram-negative from Gram-
positive bacteria. European journal of applied microbiology and
biotechnology. 5, 123-127.

Guan, L., Cho, K. H., and Lee, J.-H. (2011). Analysis of the cultivable bacterial
community in jeotgal, a Korean salted and fermented seafood, and
identification of its dominant bacteria. Food Microbiology. 28, 101-113.

Hahne, H., Méder, U., Otto, A., Bonn, F., Steil, L., Bremer, E., Hecker, M., and
Becher, D. (2010). A comprehensive proteomics and transcriptomics analysis
of Bacillus subtilis salt stress adaptation. Journal of Bacteriology. 192, 870-
882.

Haley, B. J., Grim, C. J., Hasan, N. A., Choi, S.-Y., Chun, J., Brettin, T. S., Bruce, D.
C., Challacombe, J. F., Detter, J. C., and Han, C. S. (2010). Comparative
genomic analysis reveals evidence of two novel Vibrio species closely related
to. V. cholerae. BMC microbiology. 10, 154.

Hallam, S. J., Mincer, T. J., Schleper, C., Preston, C. M., Roberts, K., Richardson, P.
M., and DelLong, E. F. (2006). Pathways of carbon assimilation and ammonia
oxidation suggested by environmental genomic analyses of marine

Crenarchaeota. PLoS Biology. 4, €95.



154

Hanif, N., Tanaka, J., Setiawan, A., Trianto, A., De Voogd, N. J., Murni, A., Tanaka,
C., and Higa, T. (2007). Polybrominated diphenyl ethers from the Indonesian
sponge Lamellodysidea herbacea. Journal of Natural Products. 70, 432-435.

Havrdova, M., Polakova, K., Skopalik, J., Vujtek, M., Mokdad, A., Homolkova, M.,
Tucek, J., Nebesarova, J., and Zboril, R. (2014). Field emission scanning
electron microscopy (FESEM) as an approach for nanoparticle detection inside
cells. Micron. 67, 149-154.

Herbel, S. R., Vahjen, W., Wieler, L. H., and Guenther, S. (2013). Timely approaches
to identify probiotic species of the genus Lactobacillus. Gut Pathogens. 5, 27-
27.

Horie, S., Tsutsumi, S., Takada, Y., and Kimura, J. (2008). Antibacterial quinone
metabolites from the brown alga, sargassum sagamianum. Bulletin of the
Chemical Society of Japan. 81, 1125-1130.

Hua, H. M., Peng, J., Dunbar, D. C., Schinazi, R. F., de Castro Andrews, A. G.,
Cuevas, C., Garcia-Fernandez, L. F., Kelly, M., and Hamann, M. T. (2007).
Batzelladine alkaloids from the caribbean sponge Monanchora unguifera and
the significant activities against HIV-1 and AIDS opportunistic infectious
pathogens. Tetrahedron. 63, 11179-11188.

Hughes, C. C., Prieto-Davo, A., Jensen, P. R., and Fenical, W. (2008). The
marinopyrroles, antibiotics of an unprecedented structure class from a marine
Streptomyces sp. Organic Letters. 10, 629-631.

Huss, V. A., Festl, H., and Schleifer, K. H. (1983). Studies on the spectrophotometric
determination of DNA hybridization from renaturation rates. Systematic and
Applied Microbiology. 4, 184-192.

Hyun, D.-W., Jung, M.-J., Kim, M.-S., Shin, N.-R., Kim, P. S., Whon, T. W., and Bae,
J.-W. (2016). Proteus cibarius sp. nov., a swarming bacterium from Jeotgal, a
traditional Korean fermented seafood, and emended description of the genus
Proteus. International Journal of Systematic and Evolutionary Microbiology.
66, 2158-2164.

Imhoff, J. F., and Rodriguez-Valera, F. (1984). Betaine is the main compatible solute
of halophilic eubacteria. Journal of Bacteriology. 160, 478-479.



155

Janda, J., and Abbott, S. (2007). 16S RRNA gene sequencing for bacterial
identification in the diagnostic laboratory: pluses, perils, and pitfalls. Journal
of Clinical Microbiology. 45, 2761 - 2764.

Jang, J. H., Van Soest, R. W. M., Fusetani, N., and Matsunaga, S. (2007a).
Pseudoceratins A and B, antifungal bicyclic bromotyrosine-derived
metabolites from the marine sponge Pseudoceratina purpurea. Journal of
Organic Chemistry. 72, 1211-1217.

Jang, K. H., Chung, S. C., Shin, J.,, Lee, S. H., Kim, T. ., Lee, H. S., and Oh, K. B.
(2007b). Aaptamines as sortase A inhibitors from the tropical sponge Aaptos
aaptos. Bioorganic and Medicinal Chemistry Letters. 17, 5366-53609.

Jebbar, M., von Blohn, C., and Bremer, E. (1997). Ectoine functions as an
osmoprotectant in Bacillus subtilis and is accumulated via the ABC-transport
system OpuC. FEMS Microbiology Letters. 154, 325-330.

Jeong, H., Yoon, S. H., Yu, D. S., Oh, T. K., and Kim, J. F. (2008). Recent progress
of microbial genome projects in Korea. Biotechnology journal. 3, 601-611.

Joint, 1., Mihling, M., and Querellou, J. (2010). Culturing marine bacteria — an
essential prerequisite for biodiscovery. Microbial biotechnology. 3, 564-575.

Jung, W. K., Jo, H. Y., Qian, Z. J., Jeong, Y. J., Park, S. G., Choi, I. W., and Kim, S.
K. (2007). A novel anticoagulant protein with high affinity to blood
coagulation factor Va from Tegillarca granosa. Journal of Biochemistry and
Molecular Biology. 40, 832-838.

Kamekura, M., Hamakawa, T., and Onishi, H. (1982). Application of halophilic
nuclease H of Micrococcus varians subsp. halophilus to commercial
production of flavoring agent 5-GMP. Applied and Environmental
Microbiology. 44, 994-995.

Kanehisa, M., and Goto, S. (2000). KEGG: Kyoto Encyclopedia of Genes and
Genomes. Nucleic Acids Research. 28, 27-30.

Kanehisa, M., Goto, S., Sato, Y., Kawashima, M., Furumichi, M., and Tanabe, M.
(2014). Data, information, knowledge and principle: back to metabolism in
KEGG. Nucleic Acids Research. 42, D199-D205.

Kanoh, K., Okada, A., Adachi, K., Imagawa, H., Nishizawa, M., Matsuda, S., Shizuri,
Y., and Utsumi, R. (2008). Ascochytatin, a novel bioactive
spirodioxynaphthalene metabolite produced by the marine-derived fungus,
Ascochyta sp. NGB4. Journal of Antibiotics. 61, 142-148.



156

Kasettrathat, C., Ngamrojanavanich, N., Wiyakrutta, S., Mahidol, C., Ruchirawat, S.,
and Kittakoop, P. (2008). Cytotoxic and antiplasmodial substances from
marine-derived fungi, Nodulisporium sp. and CRI247-01. Phytochemistry. 69,
2621-2626.

Kempf, B., and Bremer, E. (1998). Uptake and synthesis of compatible solutes as
microbial stress responses to high-osmolality environments. Archieve of
Microbiology. 170.

Kennedy, S., Ng, W., Salzberg, S., Hood, L., and DasSarma, S. (2001). Understanding
the adaptation of Halobacterium species NRC-1 to its extreme environment
through computational analysis of its genome sequence. Genome Research. 11,
1641 - 1650.

Keswani, J., and Whitman, W. (2001). Relationship of 16S rRNA sequence similarity
to DNA hybridization in prokaryotes. International Journal System of
Evolutionary Microbiology. 51, 667 - 678.

Khoo, K. H., Ramette, R. W., Culberson, C. H., and Bates, R. G. (1977). Determination
of hydrogen ion concentrations in seawater from 5 to 40°C: standard potentials
at salinities from 20 to 45%. Analytical Chemistry. 49, 29-34.

Kim, M., Lee, S.-J., Seul, K.-J., Park, Y.-M., and Ghim, S.-Y. (2009). Characterization
of antimicrobial substance produced by Lactobacillus paraplantarum
KNUC25 isolated from Kimchi. Korean Journal of Microbiology and
Biotechnology.

Kim, O.-S., Cho, Y.-J., Lee, K., Yoon, S.-H., Kim, M., and Na, H. (2012). Introducing
EzTaxon-e: a prokaryotic 16S rRNA gene sequence database with phylotypes
that represent uncultured species. International Journal of Systematic and
Evolutionary Microbiology. 62.

Kish, A., Griffin, P. L., Rogers, K. L., Fogel, M. L., Hemley, R. J., and Steele, A.
(2012). High-pressure tolerance in Halobacterium salinarum NRC-1 and other
non-piezophilic prokaryotes. Extremophiles. 16, 355-361.

Kitani, Y., Tsukamoto, C., Zhang, G., Nagai, H., Ishida, M., Ishizaki, S., Shimakura,
K., Shiomi, K., and Nagashima, Y. (2007). Identification of an antibacterial
protein as L-amino acid oxidase in the skin mucus of rockfish Sebastes
schlegeli. FEBS Journal. 274, 125-136.

Konstantinidis, K., and Tiedje, J. (2005a). Towards a genome-based taxonomy for

prokaryotes. Journal Bacteriology. 187, 6257 - 6264.



157

Konstantinidis, K. T., and Tiedje, J. M. (2005b). Genomic insights that advance the
species definition for prokaryotes. Proceedings of the National Academy of
Sciences of the United States of America. 102, 2567-2572.

Kossuga, M. H., Nascimento, A. M., Reiméo, J. Q., Tempone, A. G., Taniwaki, N. N.,
Veloso, K., Ferreira, A. G., Cavalcanti, B. C., Pessoa, C., Moraes, M. O.,
Mayer, A. M. S., Hajdu, E., and Berlinck, R. G. S. (2008). Antiparasitic,
antineuroinflammatory, and cytotoxic polyketides from the marine sponge
Plakortis angulospiculatus collected in Brazil. Journal of Natural Products.
71, 334-339.

Krishnamurthy, S., and Yun, Y.-S. (2013). Recovery of microbially synthesized gold
nanoparticles using sodium citrate and detergents. Chemical Engineering
Journal. 214, 253-261.

Kumar, R., Chaturvedi, A. K., Shukla, P. K., and Lakshmi, V. (2007). Antifungal
activity in triterpene glycosides from the sea cucumber Actinopyga lecanora.
Bioorganic and Medicinal Chemistry Letters. 17, 4387-4391.

Kunze, B., Béhlendorf, B., Reichenbach, H., and Hofle, G. (2008). Pedein A and B:
Production, isolation, structure elucidation and biological properties of new
antifungal cyclopeptides from Chondromyces pediculatus (Myxobacteria).
Journal of Antibiotics. 61, 18-26.

Kuykendall, L., Roy, M., O'neill, J., and Devine, T. (1988). Fatty acids, antibiotic
resistance, and deoxyribonucleic acid homology groups of Bradyrhizobium
japonicum. International Journal of Systematic and Evolutionary
Microbiology. 38, 358-361

Lagesen, K., Hallin, P., Ragdland, E. A., Sterfeldt, H.-H., Rognes, T., and Ussery, D.
W. (2007). RNAmmer: consistent and rapid annotation of ribosomal RNA
genes. Nucleic Acids Research. 35, 3100-3108.

Lane, D. (1991). 16S/23S rRNA sequencing. Nucleic acid techniques in bacterial
systematics. 125-175.

Lanyi, J. K. (1974). Salt-dependent properties of proteins from extremely halophilic
bacteria. Bacteriological Reviews. 38, 272-290.

Lee, D., Shin, J., Yoon, K. M., Kim, T. I, Lee, S. H., Lee, H. S., and Oh, K. B. (2008).
Inhibition of Candida albicans isocitrate lyase activity by sesterterpene
sulfates from the tropical sponge Dysidea sp. Bioorganic and Medicinal
Chemistry Letters. 18, 5377-5380.



158

Lee, H. S, Lee, T. H., Ji, H. L., Chae, C. S., Chung, S. C., Shin, D. S., Shin, J., and
Oh, K. B. (2007a). Inhibition of the pathogenicity of Magnaporthe grisea by
bromophenols, isocitrate lyase inhibitors, from the red alga Odonthalia
corymbifera. Journal of Agricultural and Food Chemistry. 55, 6923-6928.

Lee, J. U, Kang, D. I, Zhu, W. L., Shin, S. Y., Hahm, K. S., and Kim, Y. (2007b).
Solution structures and biological functions of the antimicrobial peptide,
arenicin-1, and its linear derivative. Biopolymers - Peptide Science Section. 88,
208-216.

Ley, J. D., Cattoir, H., and Reynaerts, A. (1970). The gquantitative measurement of
DNA hybridization from renaturation rates. European Journal of
Biochemistry. 12, 133-142.

Linington, R. G., Gonzalez, J., Urefia, L. D., Romero, L. I., Ortega-Barria, E., and
Gerwick, W. H. (2007). Venturamides A and B: Antimalarial constituents of
the Panamanian marine cyanobacterium Oscillatoria sp. Journal of Natural
Products. 70, 397-401.

Liu, X., Luo, Y., Mohamed, O. A, Liu, D., and Wei, G. (2014). Global transcriptome
analysis of Mesorhizobium alhagi CCNWXJ12-2 under salt stress. BMC
Microbiology. 14, 319.

Louis, P., Truper, H. G., and Galinski, E. A. (1994). Survival of Escherichia coli
during drying and storage in the presence of compatible solutes. Appl
Microbial Biotechnology. 41.

Lowe, T. M., and Eddy, S. R. (1997). tRNAscan-SE: A program for improved
detection of transfer RNA genes in genomic sequence. Nucleic Acids Research.
25, 0955-964.

Lynch, K. H., Liang, Y., Eberl, L., Wishart, D. S., and Dennis, J. J. (2013).
Identification and characterization of H111-1: A novel myovirus with broad
activity against clinical isolates of Burkholderia cenocepacia. Bacteriophage.
3, €26649.

Ma, Y., Galinski, E. A., Grant, W. D., Oren, A., and Ventosa, A. (2010). Halophiles
2010: Life in saline environments. Applied and Environmental Microbiology.
76, 6971-6981.

Machado, H., Sonnenschein, E. C., Melchiorsen, J., and Gram, L. (2015). Genome
mining reveals unlocked bioactive potential of marine Gram-negative bacteria.
BMC Genomics. 16, 158.



159

Macherla, V. R., Liu, J., Sunga, M., White, D. J., Grodberg, J., Teisan, S., Lam, K. S.,
and Potts, B. C. M. (2007). Lipoxazolidinones A, B, and C: Antibacterial 4-
oxazolidinones from a marine actinomycete isolated from a Guam marine
sediment. Journal of Natural Products. 70, 1454-1457.

MacKenzie, S. (1986). Gas chromatographic analysis of amino acids as the N-
heptafluorobutyryl isobutyl esters. Journal-Association of Official Analytical
Chemists. 70, 151-160.

Maheshwari, D. K., and Saraf, M. (2015). Halophiles: Biodiversity and Sustainable
Exploitation. Springer.

Mar, J. C., Kimura, Y., Schroder, K., Irvine, K. M., Hayashizaki, Y., Suzuki, H.,
Hume, D., and Quackenbush, J. (2009). Data-driven normalization strategies
for high-throughput quantitative RT-PCR. BMC Bioinformatics. 10, 1-10.

Margesin, R., and Schinner, F. (2001). Potential of halotolerant and halophilic
microorganisms for biotechnology. Extremophiles. 5, 73-83.

Markowitz, V. M., Mavromatis, K., lvanova, N. N., Chen, I. M. A., Chu, K., and
Kyrpides, N. C. (2009). IMG ER: a system for microbial genome annotation
expert review and curation. Bioinformatics. 25, 2271-2278.

Martinez-Canovas, M. J., Quesada, E., Llamas, I., and Béjar, V. (2004). Halomonas
ventosae sp. nov., a moderately halophilic, denitrifying, exopolysaccharide-
producing bacterium. International Journal of Systematic and Evolutionary
Microbiology. 54, 733-737.

Mauri, M., and Klumpp, S. (2014). A Model for sigma factor competition in bacterial
cells. PLoS Computer Biology. 10, e1003845.

Mayer, A., Rodriguez, A., Taglialatela-Scafati, O., and Fusetani, N. (2013). Marine
Pharmacology in 2009-2011: Marine compounds with antibacterial,
antidiabetic, antifungal, anti-Inflammatory, antiprotozoal, antituberculosis,
and antiviral activities; affecting the immune and nervous Systems, and other
miscellaneous mechanisms of action. Marine Drugs. 11, 2510.

Mayer, A. M. S., Rodriguez, A. D., Berlinck, R. G. S., and Fusetani, N. (2011). Marine
pharmacology in 2007-8: Marine compounds with antibacterial, anticoagulant,
antifungal, anti-inflammatory, antimalarial, antiprotozoal, antituberculosis,
and antiviral activities; affecting the immune and nervous system, and other
miscellaneous mechanisms of action. Comparative Biochemistry and

Physiology Part C: Toxicology & Pharmacology. 153, 191-222.



160

Mazalan, N., Zain, M. M., and Hamzah, A. S. Year. Antimicrobial activity of marine
bacteria from Malaysian coastal area. In, 2012. 1273-1277.

McArthur, K. A., Mitchell, S. S., Tsueng, G., Rheingold, A., White, D. J., Grodberg,
J., Lam, K. S., and Potts, B. C. M. (2008). Lynamicins A-E, chlorinated
bisindole pyrrole antibiotics from a novel marine actinomycete. Journal of
Natural Products. 71, 1732-1737.

McPhail, K. L., Correa, J., Linington, R. G., Gonzélez, J., Ortega-Barria, E., Capson,
T. L., and Gerwick, W. H. (2007). Antimalarial linear lipopeptides from a
panamanian strain of the marine cyanobacterium Lyngbya majuscula. Journal
of Natural Products. 70, 984-988.

Mellado, E., Sdnchez-Porro, C., Martin, S., and Ventosa, A. (2013). 20 Extracellular
Hydrolytic Enzymes Produced by Moderately Halophilic Bacteria. Halophilic
microorganisms. 285.

Metzker, M. L. (2010). Sequencing technologies-the next generation. Nature Review
Genetics. 11, 31-46.

Minic, Z. (2015). Proteomic Studies of the effects of different stress conditions on
central carbon metabolism in Microorganisms. J Proteomics Bioinform. 8,
080-090.

Mongodin, E. F., Nelson, K. E., Daugherty, S., DeBoy, R. T., Wister, J., Khouri, H.,
Weidman, J., Walsh, D. A., Papke, R. T., Sanchez Perez, G., Sharma, A. K.,
Nesbg, C. L., MacLeod, D., Bapteste, E., Doolittle, W. F., Charlebois, R. L.,
Legault, B., and Rodriguez-Valera, F. (2005). The genome of Salinibacter
ruber: Convergence and gene exchange among hyperhalophilic bacteria and
archaea. Proceedings of the National Academy of Sciences of the United States
of America. 102, 18147-18152.

Moumen, B., Nguen-The, C., and Sorokin, A. (2012). Sequence Analysis of Inducible
Prophage phlS3501 Integrated into the Haemolysin Il Gene of Bacillus
thuringiensis var israelensis ATCC35646. Genetics Research International.
2012, 9.

Murray, P. (2010). Matrix-assisted laser desorption ionization time-of-flight mass
spectrometry: usefulness for taxonomy and epidemiology. Clinical
Microbiology and Infection. 16, 1626-1630.



161

Mushegian, A. R., and Koonin, E. V. (1996). A minimal gene set for cellular life
derived by comparison of complete bacterial genomes. Proceedings of the
National Academy of Sciences. 93, 10268-10273.

Na, M., Meujo, D. A. F., Kevin, D., Hamann, M. T., Anderson, M., and Hill, R. T.
(2008). A new antimalarial polyether from a marine Streptomyces sp. H668.
Tetrahedron Letters. 49, 6282-6285.

Nagata, S., Adachi, K., and Sano, H. (1996). NMR analyses of compatible solutes in
a halotolerant Brevibacterium sp. Microbiology. 142, 3355-3362.

Nyyssola, A., Kerovuo, J., Kaukinen, P., von Weymarn, N., and Reinikainen, T.
(2000). Extreme halophiles synthesize betaine from glycine by methylation.
Journal of Biological Chemistry. 275.

Ohnishi, M., Terajima, J., Kurokawa, K., Nakayama, K., Murata, T., Tamura, K.,
Ogura, Y., Watanabe, H., and Hayashi, T. (2002). Genomic diversity of
enterohemorrhagic Escherichia coli O157 revealed by whole genome PCR
scanning. Proceedings of the National Academy of Sciences. 99, 17043-17048.

Ohtani, N., Tomita, M., and Itaya, M. (2016). Curing the megaplasmid pTT27 from
Thermus thermophilus HB27 and maintaining exogenous plasmids in the
plasmid-free strain. Applied and Environmental Microbiology. 82, 1537-1548.

Oku, N., Adachi, K., Matsuda, S., Kasai, H., Takatsuki, A., and Shizuri, Y. (2008).
Ariakemicins A and B, novel polyketide-peptide antibiotics from a marine
gliding bacterium of the genus Rapidithrix. Organic Letters. 10, 2481-2484.

Ollivier, B., Caumette, P., Garcia, J. L., and Mah, R. A. (1994). Anaerobic bacteria
from hypersaline environments. Microbiological Reviews. 58, 27-38.

Oren, A. (2002). Adaptation of Halophilic Archaea to Life at High Salt Concentrations.
In Lauchli, A., and Littge, U. (Ed.) Salinity: Environment - Plants - Molecules
(pp. 81-96). Dordrecht: Springer Netherlands.

Oren, A. (2012). The function of gas vesicles in halophilic archaea and bacteria:
theories and experimental evidence. Life. 3, 1.

Oren, A., Heldal, M., Norland, S., and Galinski, E. (2002). Intracellular ion and
organic solute concentrations of the extremely halophilic bacterium
Salinibacter ruber. Extremophiles. 6, 491-498.

Ospina, C. A., Rodriguez, A. D., Zhao, H., and Raptis, R. G. (2007). Bipinnapterolide
B, a bioactive oxapolycyclic diterpene from the Colombian gorgonian coral

Pseudopterogorgia bipinnata. Tetrahedron Letters. 48, 7520-7523.



162

Overbeek, R., Olson, R., Pusch, G. D., Olsen, G. J., Davis, J. J., and Disz, T. (2014).
The SEED and the rapid annotation of microbial genomes using Subsystems
Technology (RAST). Nucleic Acids Research. 42.

Pace, N. R. (1997). A molecular view of microbial diversity and the biosphere.
Science. 276, 734-740.

Passalacqua, K. D., Varadarajan, A., Ondov, B. D., Okou, D. T., Zwick, M. E., and
Bergman, N. H. (2009). Structure and complexity of a bacterial transcriptome.
Journal of Bacteriology. 191, 3203-3211.

Pastor, J. M., Bernal, V., Salvador, M., Argandofia, M., Vargas, C., Csonka, L.,
Sevilla, A., Iborra, J. L., Nieto, J. J., and Canovas, M. (2013). Role of central
metabolism in the osmoadaptation of the halophilic bacterium
Chromohalobacter salexigens. Journal of Biological Chemistry. 288, 17769-
17781.

Paul, S., Bag, S., Das, S., Harvill, E., and Dutta, C. (2008). Molecular signature of
hypersaline adaptation: insights from genome and proteome composition of
halophilic prokaryotes. Genome Biology. 9, R70.

Perna, N. T., Plunkett, G., Burland, V., Mau, B., Glasner, J. D., Rose, D. J., Mayhew,
G.F.,Evans, P. S., Gregor, J., Kirkpatrick, H. A., Posfai, G., Hackett, J., Klink,
S., Boutin, A., Shao, Y., Miller, L., Grotbeck, E. J., Davis, N. W., Lim, A.,
Dimalanta, E. T., Potamousis, K. D., Apodaca, J., Anantharaman, T. S., Lin,
J., Yen, G., Schwartz, D. C., Welch, R. A., and Blattner, F. R. (2001). Genome
sequence of enterohaemorrhagic Escherichia coli O157:H7. Nature. 409, 529-
533.

Petersen, J., Brinkmann, H., Berger, M., Brinkhoff, T., Pauker, O., and Pradella, S.
(2010). Origin and evolution of a novel DnaA-like plasmid replication type in
Rhodobacterales. Molecular Biology and Evolution. 28, 1229 - 1240.

Petersohn, A., Brigulla, M., Haas, S., Hoheisel, J. D., Vélker, U., and Hecker, M.
(2001). Global analysis of the general stress response of Bacillus subtilis.
Jornal of Bacteriology. 183.

Pittelkow, M., and Bremer, E. (2011). Cellular adjustments of Bacillus subtilis and
other Bacilli to fluctuating salinities. In Ventosa, A., Oren, A.,and Ma, Y. (Ed.)
Halophiles and Hypersaline Environments (pp. 275-302). Springer Berlin
Heidelberg.



163

Plaza, A., Gustchina, E., Baker, H. L., Kelly, M., and Bewley, C. A. (2007).
Mirabamides A-D, depsipeptides from the sponge Siliquariaspongia mirabilis
that inhibit HIV-1 fusion. Journal of Natural Products. 70, 1753-1760.

Plou, F. J., Ferrer, M., Nuero, O. M., Calvo, M. V., Alcalde, M., Reyes, F., and
Ballesteros, A. (1998). Analysis of Tween 80 as an esterase/lipase substrate for
lipolytic activity assay. Biotechnology Techniques. 12, 183-186.

Poli, A., Kazak, H., Giirleyendag, B., Tommonaro, G., Pieretti, G., Oner, E. T., and
Nicolaus, B. (2009). High level synthesis of levan by a novel Halomonas
species growing on defined media. Carbohydrate Polymers. 78, 651-657.

Pontius, A., Krick, A., Kehraus, S., Brun, R., and Kénig, G. M. (2008a). Antiprotozoal
activities of heterocyclic-substituted xanthones from the marine-derived
fungus Chaetomium sp. Journal of Natural Products. 71, 1579-1584.

Pontius, A., Krick, A., Mesry, R., Kehraus, S., Foegen, S. E., Miller, M., Klimo, K.,
Gerhauser, C., and Konig, G. M. (2008b). Monodictyochromes A and B,
dimeric xanthone derivatives from the marine algicolous fungus Monodictys
putredinis. Journal of Natural Products. 71, 1793-1799.

Poolman, B., and Glaasker, E. (1998). Regulation of compatible solute accumulation
in bacteria. Molecular Microbiology. 29, 397-407.

Priya, B., Uma, L., Ahamed, A. K., Subramanian, G., and Prabaharan, D. (2011).
Ability to use the diazo dye, C.l. Acid Black 1 as a nitrogen source by the
marine cyanobacterium Oscillatoria curviceps BDU92191. Bioresource
Technology. 102, 7218-7223.

Ramasamy, D., Mishra, A. K., Lagier, J.-C., Padhmanabhan, R., Rossi, M., Sentausa,
E., Raoult, D., and Fournier, P.-E. (2014). A polyphasic strategy incorporating
genomic data for the taxonomic description of novel bacterial species.
International Journal of Systematic and Evolutionary Microbiology. 64, 384-
391.

Rao, D., Webb, J. S., and Kjelleberg, S. (2006). Microbial colonization and
competition on the marine alga Ulva australis. Applied and Environmental
Microbiology. 72, 5547-5555.

Raveh, A., and Carmeli, S. (2007). Antimicrobial ambiguines from the
cyanobacterium Fischerella sp. collected in Israel. Journal of Natural
Products. 70, 196-201.



164

Reina-Bueno, M., Argandofia, M., Salvador, M., Rodriguez-Moya, J., Iglesias-Guerra,
F., Csonka, L. N., Nieto, J. J., and Vargas, C. (2012). Role of Trehalose in
salinity and temperature tolerance in the model halophilic bacterium
Chromohalobacter salexigens. PLoS ONE. 7, e33587.

Revetta, R. P., Gomez-Alvarez, V., Gerke, T. L., Curioso, C., Santo Domingo, J. W.,
and Ashbolt, N. J. (2013). Establishment and early succession of bacterial
communities in monochloramine-treated drinking water biofilms. FEMS
microbiology ecology.

Rheims, H., Frihling, A., Schumann, P., Rohde, M., and Stackebrandt, E. (1999).
Bacillus silvestris sp. nov., a new member of the genus Bacillus that contains
lysine in its cell wall. International Journal of Systematic and Evolutionary
Microbiology. 49, 795-802.

Roberts, M. F. (2000). Osmoadaptation and osmoregulation in archaea. Frontier
Bioscience. 5.

Roberts, M. F. (2005). Organic compatible solutes of halotolerant and halophilic
microorganisms. Saline Systems. 1, 5-5.

Roeller, M., and Muller, V. (2002). Chloride, a new environmental signal molecule
involved in gene regulation in a moderately halophilic bacterium, Halobacillus
halophilus. Journal of Bacteriology. 184.

Rubio, B. K., Van Soest, R. W. M., and Crews, P. (2007). Extending the record of
meroditerpenes from Cacospongia marine sponges. Journal of Natural
Products. 70, 628-631.

Ruger, H.-J. (1983). Differentiation of Bacillus globisporus, Bacillus marinus comb.
nov., Bacillus aminovorans, and Bacillus insolitus. International Journal of
Systematic Bacteriology. 33, 157-161.

Riiger, H.-J., and Richter, G. (1979). Bacillus globisporus subsp. marinus subsp. nov.
International Journal of Systematic Bacteriology. 29, 196-203.

Sakharkar, K. R., Sakharkar, M. K., and Chow, V. T. (2004). A novel genomics
approach for the identification of drug targets in pathogens, with special
reference to Pseudomonas aeruginosa. In silico biology. 4, 355-360.

Salisbury, W. A., and Likos, J. J. (1972). Hydrolysis of casein: a differential aid for
the indentification of Serratia marcescens. Journal of clinical pathology. 25,
1083-1085.



165

Saratale, R. G., Saratale, G. D., Chang, J. S., and Govindwar, S. P. (2011). Bacterial
decolorization and degradation of azo dyes: A review. Journal of the Taiwan
Institute of Chemical Engineers. 42, 138-157.

Saritha, V., Maruthi, Y. A., and Mukkanti, K. (2010). Biological decolourization of
higher concentrations of synthetic lignin by native fungi. Journal of
Environmental Resource Management. 1, 1-4.

Sasser, M. (1990). Identification of bacteria by gas chromatography of cellular fatty
acids.

Satapathy, S. S., Dutta, M., and Ray, S. K. (2010). Variable correlation of genome
GC% with transfer RNA number as well as with transfer RNA diversity among
bacterial groups: a-Proteobacteria and Tenericutes exhibit strong positive
correlation. Microbiological Research. 165, 232-242

Saum, S., and Muller, V. (2008). Regulation of osmoadaptation in the moderate
halophile Halobacillus halophilus: chloride, glutamate and switching osmolyte
strategies. Saline Systems. 4, 4.

Saum, S. H., and Mdller, V. (2008b). Growth phase-dependent switch in osmolyte
strategy in a moderate halophile: ectoine is a minor osmolyte but major
stationary phase solute in Halobacillus halophilus. Environmental
Microbiology. 10, 716-726.

Saum, S. H., Pfeiffer, F., Palm, P., Rampp, M., Schuster, S. C., Mdller, V., and
Oesterhelt, D. (2013). Chloride and organic osmolytes: a hybrid strategy to
cope with elevated salinities by the moderately halophilic, chloride-dependent
bacterium Halobacillus halophilus. Environmental Microbiology. 15, 1619-
1633.

Scheffler, R., Colmer, S., Tynan, H., Demain, A., and Gullo, V. (2013).
Antimicrobials, drug discovery, and genome mining. Applied microbiology
and biotechnology. 97, 969-978.

Schopf, J. W. (2006). Fossil evidence of Archaean life. Philosophical Transactions of
the Royal Society B: Biological Sciences. 361, 869-885.

Schopf, J. W., Kudryavtsev, A. B., Czaja, A. D., and Tripathi, A. B. (2007). Evidence
of Archean life: Stromatolites and microfossils. Precambrian Research. 158,
141-155.



166

Schrand, A. (2005). Polymer Sample Preparation for Electron Microscopy.
Microscopy and Microanalysis-New York-. 11, 702CD.

Sentausa, E., and Fournier, P. E. (2013). Advantages and limitations of genomics in
prokaryotic taxonomy. Clinical Microbiology and Infection.

Shah, S. Q. A., Cabello, F. C., L'Abée-Lund, T. M., Tomova, A., Godfrey, H. P.,
Buschmann, A. H., and Sgrum, H. (2014). Antimicrobial resistance and
antimicrobial resistance genes in marine bacteria from salmon aquaculture and
non-aquaculture sites. Environmental Microbiology. 16, 1310-1320.

Shertate, R., and Thorat, P. (2012). Decolorization of mordant orange-1 by
Marinobacter algicola MO-17. Journal of Biological Sciences. 12, 1-5.

Shida, O., Takagi, H., Kadowaki, K., and Komagata, K. (1996). Proposal for two new
genera, Brevibacillus gen. nov. and Aneurinibacillus gen. nov. Int J Syst
Bacteriol. 46.

Simmons, T. L., Engene, N., Urefia, L. D., Romero, L. I., Ortega-Barria, E., Gerwick,
L., and Gerwick, W. H. (2008). Viridamides A and B, lipodepsipeptides with
antiprotozoal activity from the marine cyanobacterium Oscillatoria nigro-
viridis. Journal of Natural Products. 71, 1544-1550.

Sleator, R. D., and Hill, C. (2002). Bacterial osmoadaptation: the role of osmolytes in
bacterial stress and virulence. FEMS Microbiology Reviews. 26, 49-71.
Soliev, A. B., Hosokawa, K., and Enomoto, K. (2011). Bioactive pigments from
marine bacteria: applications and physiological roles. Evidence-Based

Complementary and Alternative Medicine. 2011, 17.

Srinivas, A., Divyasree, B., Ch, S., L, T., Bharti, D., and Ch.V., R. (2016). Description
of Jeotgalibacillus alkaliphilus sp. nov., isolated from a solar salt pan and
Jeotgalibacillus terrae sp. nov., a name to replace "Jeotgalibacillus soli” Chen
et al. 2010. International Journal of Systematic and Evolutionary
Microbiology.

Stackebrandt, E., Frederiksen, W., Garrity, G. M., Grimont, P. A. D., Kampfer, P.,
Maiden, M. C. J., Nesme, X., Rossell6-Mora, R., Swings, J., Truper, H. G.,
Vauterin, L., Ward, A. C., and Whitman, W. B. (2002). Report of the ad hoc
committee for the re-evaluation of the species definition in bacteriology.
International Journal of Systematic and Evolutionary Microbiology. 52, 1043-
1047.



167

Stackebrandt, E., and Goebel, B. (1994). Taxonomic note: A place for DNA-DNA
reassociation and 16S rRNA sequence analysis in the present species definition
in bacteriology International Journal of Systematic and Evolutionary
Microbiology. 44, 846 - 849.

Steil, L., Hoffmann, T., Budde, 1., Volker, U., and Bremer, E. (2003). Genome-Wide
Transcriptional Profiling Analysis of Adaptation of Bacillus subtilis to High
Salinity. Journal of Bacteriology. 185, 6358-6370.

Stocker, R. (2012). Marine microbes see a sea of gradients. Science. 338, 628-633.

Sueoka, N. (1988). Directional mutation pressure and neutral molecular evolution.
Proceedings of the National Academy of Sciences. 85, 2653-2657.

Suh, S.-J., Silo-Suh, L., Woods, D. E., Hassett, D. J., West, S. E. H., and Ohman, D.
E. (1999). Effect of rpoS mutation on the stress response and expression of
virulence factors in Pseudomonas aeruginosa. Journal of Bacteriology. 181,
3890-3897.

Tadesse, M., Gulliksen, B., Strgm, M. B., Styrvold, O. B., and Haug, T. (2008).
Screening for antibacterial and antifungal activities in marine benthic
invertebrates from northern Norway. Journal of Invertebrate Pathology. 99,
286-293.

Talarico, L. B., Duarte, M. E. R, Zibetti, R. G. M., Noseda, M. D., and Damonte, E.
B. (2007). An algal-derived DL-galactan hybrid is an efficient preventing agent
for in vitro dengue virus infection. Planta Medica. 73, 1464-1468.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., and Kumar, S. (2013). MEGAG:
Molecular evolutionary genetics analysis version 6.0. Molecular Biology and
Evolution. 30, 2725-2729.

Tasdemir, D., Topaloglu, B., Perozzo, R., Brun, R., O'Neill, R., Carballeira, N. M.,
Zhang, X., Tonge, P. J., Linden, A., and Riedi, P. (2007). Marine natural
products from the Turkish sponge Agelas oroides that inhibit the enoyl
reductases from Plasmodium falciparum, Mycobacterium tuberculosis and
Escherichia coli. Bioorganic and Medicinal Chemistry. 15, 6834-6845.

Tatusov, R. L., Natale, D. A., Garkavtsev, I. V., Tatusova, T. A., Shankavaram, U. T.,
Rao, B. S., Kiryutin, B., Galperin, M. Y., Fedorova, N. D., and Koonin, E. V.
(2001). The COG database: new developments in phylogenetic classification

of proteins from complete genomes. Nucleic Acids Research. 29, 22-28.



168

Teasdale, M. E., Liu, J., Wallace, J., Akhlaghi, F., and Rowley, D. C. (2009).
Secondary metabolites produced by the marine bacterium Halobacillus salinus
that inhibit quorum sensing-controlled phenotypes in Gram-negative bacteria.
Applied and Environmental Microbiology. 75, 567-572.

Tettelin, H., Masignani, V., Cieslewicz, M. J., Donati, C., Medini, D., Ward, N. L.,
Angiuoli, et al.(2005). Genome analysis of multiple pathogenic isolates of
Streptococcus agalactiae: Implications for the microbial “pan-genome”.
Proceedings of the National Academy of Sciences of the United States of
America. 102, 13950-13955.

Tindall, B. J. (1990). A Comparative study of the Lipid composition of Halobacterium
saccharovorum from Various Sources. Systematic and Applied Microbiology.
13, 128-130.

Trincone, A. (2013). Biocatalytic Processes Using Marine Biocatalysts: Ten Cases in
Point. Current Organic Chemistry. 17, 1058-1066.

Triper, H. G., and Schleifer, K. H. (2006). Prokaryote characterization and
identification. The prokaryotes (pp. 58-79). Springer.

Tsuzuki, M., Moskvin, O. V., Kuribayashi, M., Sato, K., Retamal, S., Abo, M.,
Zeilstra-Ryalls, J., and Gomelsky, M. (2011). Salt stress-induced changes in
the transcriptome, compatible solutes, and membrane lipids in the facultatively
phototrophic bacterium Rhodobacter sphaeroides. Applied and Environmental
Microbiology. 77, 7551-7559.

Vandamme, P., and Peeters, C. (2014). Time to revisit polyphasic taxonomy. Antonie
van Leeuwenhoek. 1-9.

Vandamme, P., Pot, B., Gillis, M., de Vos, P., Kersters, K., and Swings, J. (1996).
Polyphasic taxonomy, a consensus approach to bacterial systematics.
Microbiological Reviews. 60, 407-38.

Vauclare, P., Madern, D., Girard, E., Gabel, F., Zaccai, G., and Franzetti, B. (2014).
New insights into microbial adaptation to extreme saline environments. BIO
Web of Conferences. 2, 02001.

Vaughan, S., Wickstead, B., Gull, K., and Addinall, S. G. (2004). Molecular evolution
of FtsZ protein sequences encoded within the genomes of archaea, bacteria,
and eukaryota. Journal of Molecular Evolution. 58, 19-29.



169

Vijayakumar, S. R. V., Kirchhof, M. G., Patten, C. L., and Schellhorn, H. E. (2004).
RpoS-regulated genes of Escherichia coli identified by random lacZ fusion
mutagenesis. Journal of Bacteriology. 186, 8499-8507.

Vos, P., Garrity, G., Jones, D., Krieg, N. R., Ludwig, W., Rainey, F. A., Schleifer, K.-
H., and Whitman, W. (2011). Bergey's Manual of Systematic Bacteriology:
Volume 3: The Firmicutes. Springer Science & Business Media.

Watson, S., Novitsky, T., Quinby, H. L., and Valois, F. (1977). Determination of
bacterial number and biomass in the marine environment. Applied and
Environmental Microbiology. 33, 940-946.

Weber, T., Blin, K., Duddela, S., Krug, D., Kim, H. U., Bruccoleri, R., Lee, S. Y.,
Fischbach, M. A., Miiller, R., Wohlleben, W., Breitling, R., Takano, E., and
Medema, M. H. (2015). antiSMASH 3.0 comprehensive resource for the
genome mining of biosynthetic gene clusters. Nucleic Acids Research. 43,
W237-W243.

Wei, X., Rodriguez, A. D., Wang, Y., and Franzblau, S. G. (2007). Novel ring B abeo-
sterols as growth inhibitors of Mycobacterium tuberculosis isolated from a
Caribbean Sea sponge, Svenzea zeai. Tetrahedron Letters. 48, 8851-8854.

Whatmore, A. M., Chudek, J. A., and Reed, R. H. (1990). The effects of osmotic
upshock on the intracellular solute pools of Bacillus subtilis. Microbiology.
136, 2527-2535.

Wood, J. M. (2011). Bacterial osmoregulation: A paradigm for the study of cellular
homeostasis. Annual Review of Microbiology. 65, 215-238.

Wood, J. M. (2015). Bacterial responses to osmotic challenges. The Journal of General
Physiology. 145, 381-388.

Wright, A. E., Botelho, J. C., Guzman, E., Harmody, D., Linley, P., McCarthy, P. J.,
Pitts, T. P., Pomponi, S. A., and Reed, J. K. (2007). Neopeltolide, a macrolide
from a lithistid sponge of the family neopeltidae. Journal of Natural Products.
70, 412-416..

Yi, H., Cho, Y.-J,, Yoon, S.-H., Park, S.-C., and Chun, J. (2012). Comparative
genomics of Neisseria weaveri clarifies the taxonomy of this species and
identifies genetic determinants that may be associated with virulence. 328, 100-
105



170

Yin, L., Xue, Y., and Ma, Y. (2015). Global microarray analysis of alkaliphilic

Yoon,

Yoon,

halotolerant Bacterium Bacillus sp. N16-5 salt stress sdaptation. PLoS ONE.
10, e0128649.

J.-H., Kang, S.-J., Schumann, P., and Oh, T.-K. (2010). Jeotgalibacillus
salarius sp. nov., isolated from a marine saltern, and reclassification of
Marinibacillus marinus and Marinibacillus campisalis as Jeotgalibacillus
marinus comb. nov. and Jeotgalibacillus campisalis comb. nov., respectively.
International Journal of Systematic and Evolutionary Microbiology. 60, 15-
20.

J.-H., Kim, L.-G., Schumann, P., Oh, T.-K., and Park, Y.-H. (2004).
Marinibacillus campisalis sp. nov., a moderate halophile isolated from a
marine solar saltern in Korea, with emended description of the genus
Marinibacillus. International Journal of Systematic and Evolutionary
Microbiology. 54, 1317-1321.

Yoon, J. H., Weiss, N., Lee, K. C,, Lee, I. S., Kang, K. H., and Park, Y. H. (2001).

Jeotgalibacillus alimentarius gen. nov., sp. nov., a novel bacterium isolated
from jeotgal with L-lysine in the cell wall, and reclassification of Bacillus
marinus Rulger 1983 as Marinibacillus marinus gen nov., comb. nov.
International Journal of Systematic and Evolutionary Microbiology. 51, 2087-
93.

Yoon, S. H., Reiss, D. J., Bare, J. C., Tenenbaum, D., Pan, M., Slagel, J., Moritz, R.

L., Lim, S., Hackett, M., Menon, A. L., Adams, M. W. W., Barnebey, A.,
Yannone, S. M., Leigh, J. A., and Baliga, N. S. (2011). Parallel evolution of
transcriptome architecture during genome reorganization. Genome Research.
21, 1892-1904.

Yuan, M., Chen, M., Zhang, W., Lu, W., Wang, J., Yang, M., Zhao, P., Tang, R., Li,

X.,Hao, Y., Zhou, Z., Zhan, Y., Yu, H., Teng, C., Yan, Y., Ping, S., Wang, Y.,
and Lin, M. (2012). Genome sequence and transcriptome analysis of the
radioresistant Bacterium Deinococcus gobiensis: insights into the extreme
environmental adaptations. PLoS ONE. 7, e34458.

Zahran, H. H. (1997). Diversity, adaptation and activity of the bacterial flora in saline

environments. Biology and Fertility of Soils. 25, 211-223.

Zajc, J., Liu, Y., Dai, W., Yang, Z., Hu, J., Gostincar, C., and Gunde-Cimerman, N.

(2013). Genome and transcriptome sequencing of the halophilic fungus



171

Wallemia ichthyophaga: haloadaptations present and absent. BMC Genomics.
14, 617.

Zhan, D., Sun, J., Feng, Y., and Han, W. (2014). Theoretical study on the allosteric
regulation of an oligomeric protease from Pyrococcus horikoshii by CI- lon.
Molecules. 19, 1828.

Zhang, C., and Kim, S.-K. (2010). Research and application of marine microbial
enzymes: status and prospects. Marine Drugs. 8, 1920-1934.

Zhang, C., and Kim, S.-K. (2012). Chapter 28-Application of marine microbial
enzymes in the food and pharmaceutical industries. In Se-Kwon, K. (Ed.)
Advances in Food and Nutrition Research (pp. 423-435). Academic Press.

Zhang, D., Li, X., Jung, S. K., Hong, D. C., and Byeng, W. S. (2007). A new a-pyrone
derivative, 6-[(E)-Hept-1-enyl]-a-pyrone, with tyrosinase inhibitory activity
from a marine isolate of the fungus Botrytis. Bulletin of the Korean Chemical
Society. 28, 887-888.

Zhang, Y., Ling, S., Fang, Y., Zhu, T., Gu, Q., and Zhu, W. M. (2008). Isolation,
structure elucidation, and antimycobacterial properties of dimeric naphtho-y-
pyrones from the marine-derived fungus Aspergillus carbonarius. Chemistry
and Biodiversity. 5, 93-100.

Zheng, J., Peng, D., Ruan, L., and Sun, M. (2013). Evolution and dynamics of
megaplasmids with genome sizes larger than 100 kb in the Bacillus cereus
group. BMC Evolutionary Biology. 13, 262.

Zhou, Y., Liang, Y., Lynch, K. H., Dennis, J. J., and Wishart, D. S. (2011). PHAST:
A Fast Phage Search Tool. Nucleic Acids Research. 39, W347-W352.





