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Abstract: To enhance the discovery of novel natural products, various innovations have been devel-
oped to aid in the cultivation of previously unculturable microbial species. One approach involving
the microencapsulation of bacteria has been gaining popularity as a new cultivation technique,
with promising applications. Previous studies demonstrated the success of bacterial encapsulation;
however, they highlighted that a key limitation of encapsulating bacteria within agarose is the high
temperature required for encapsulation. Encapsulation of bacteria within agarose typically requires
a temperature high enough to maintain the flow of agarose through microfluidic devices without
premature gelation. Given the sensitivity of many bacterial taxa to temperature, the effect of various
agarose-based encapsulating matrices on marine bacterial viability was assessed to further develop
this approach to bacterial culture. It was determined that lowering the temperature of encapsulation
via the use of low-gelling-temperature agarose, as well as the addition of nutrients to the matrix,
significantly improved the viability of representative marine sediment bacteria in terms of abundance
and metabolic activity. Based on these findings, the use of low-gelling-temperature agarose with
supplemental nutrients is recommended for the encapsulation of marine bacteria obtained from
temperate habitats.

Keywords: natural product discovery; bacteria cultivation; uncultivable bacteria; microencapsulation

1. Introduction

A key issue in the discovery of modern microbial natural products is the inability to
culture the vast majority of the microbial world [1,2]. This critical issue has been termed
the ”Great Plate Count Anomaly” since it is known that the growth of microbial colonies
observed within the laboratory does not accurately represent the true microbial biodiver-
sity [3]. The ability to culture microbes is vital for gaining a greater understanding of these
organisms and the unique compounds they produce, which have potential pharmaceutical
and biotechnological applications [4]. As a result, various methods have been employed
over the years in an attempt to culture a greater proportion of microbes from various
environments. The simplest of these methods includes the modification of growth charac-
teristics and media components to facilitate the growth of different species [5]. Another
technique, known as co-culture, allows for the transmission of chemical signals between
organisms as some microbes are incapable of growing without specific signal molecules
from nearby helper bacteria [1,6]. The incubation of bacterial cells within their natural
habitat, a technique known as in situ incubation, is a cultivation strategy that eliminates
the need to optimize various parameters within the laboratory setting, including, but not
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limited to, temperature, salinity, pH, nutrient content, and aeration [1,6]. More recently,
the use of single-cell isolation in combination with miniaturization has led to a more high-
throughput approach to the discovery of individual species, as miniaturization allows for
the testing of increased sample sizes, and the initial separation of individual species allows
for a more streamlined downstream processing [7]. Furthermore, the combination of these
various techniques is expected to enable the cultivation of an even greater proportion of
microbes [1].

Microencapsulation of bacteria represents a relatively new cultivation technique that
overcomes some key limitations in previous culturing techniques through the combination
of previous principles [7]. The encapsulation of bacteria within agarose to form microbeads
acts as a form of dilution to extinction, which may aid slower-growing bacteria by prevent-
ing competition among organisms each confined to their own microbead when single-cell
encapsulation is achieved [8]. Additionally, the formation of microbeads via microen-
capsulation acts as a form of miniaturization that allows for the processing of a larger
sample size thus facilitating greater throughput. Microbeads can also be incubated in a
particular environment, which allows all environmental parameters to be maintained while
undergoing in situ incubation, increasing the likelihood that cultivated cells will survive
the transition to a laboratory setting [9]. The use of a nutrient permeable matrix such as
agarose to separate individual cells still allows for a form of co-culture as well since cell
signals may be transmitted between cultures in adjacent beads [10]. Thus, the combination
of microencapsulation with in situ incubation encompasses all previous methods into one
method. Our previous research has demonstrated that encapsulation in agarose is well-
suited to mesophilic bacteria; however, it may adversely affect the viability of psychrophilic
bacteria due to the relatively high temperature required for encapsulation [11].

While various gelling biomaterials may be used for the encapsulating matrix, including
agarose, alginate, gellan gum, etc., agarose may represent the most versatile and compatible
matrix due to its stability, biocompatibility, and ease of preparation [12]. Agarose allows
for nutrient diffusion into the microbead from the surrounding environment, allowing
the physical and chemical environment surrounding the cells to mimic the natural habitat
when microbeads are incubated in situ [13]. Additionally, the use of agarose allows for
future adaptations of the type of agarose utilized to form the microbeads depending on the
goal of the study; for instance, if working in a cooler environment where heat stress may be
detrimental to certain species, agarose with low gelling temperature (35 ◦C) can be used in
place of traditional ultrapure agarose (45 ◦C). Alternatively, if isolating microbes from a
eutrophic environment, nutrients can be added to the encapsulation matrix, or if attempting
to culture a specific taxa of bacteria, such as Actinobacteria, the agarose can be amended
with specific nutrients to aid in selective isolation of targeted taxa for this purpose.

Different growth requirements, including temperature tolerance, salinity requirement,
nutrient requirement, and motility, along with various other factors, contribute to the
viability of species following encapsulation. Thus, it is expected that the use of different
encapsulating matrices to support different growth requirements will be beneficial in the
cultivation of species that have previously been difficult to cultivate within a laboratory
setting. For instance, various matrices such as agarose, collagen, chitosan, alginate, gelatin,
etc. have been used in different studies to encapsulate bacteria [10,11]. More specifically,
these matrices may be modified further to select for the growth and survival of specific
organisms. For instance, previous studies have shown that agarose with low gelling
temperature benefits slow-growing bacteria and that it may also improve the viability of
psychrophilic bacteria [14]. Consequently, the use of agarose with low gelling temperature
may decrease the detrimental impacts of high encapsulating temperatures required for
standard agarose while preventing premature gelation of microbeads during the formation
process. As most bacteria require some source of nutrients to survive, the addition of
nutrients to the matrix may also improve bacterial viability.

As the effect of matrix composition on the microencapsulation of marine bacteria
has not been previously investigated, the viability of three representative marine bacterial
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species previously isolated by us from our local temperate marine environment, Prince
Edward Island, Canada (Marinomonas polaris, Psychrobacter aquimaris, and Bacillus licheni-
formis) was investigated using four different agarose-based matrices [11,15]. Some of the
characteristics of the representative bacteria utilized for encapsulation are summarized
in Table 1. The impact of modifying the encapsulating matrix to allow encapsulation at a
lower temperature and the impact of adding nutrients to the matrix were both assessed,
independently and in combination, to determine the optimal encapsulating matrix for the
survival of the three marine bacteria.

Table 1. Characteristics of three bacterial species isolated from marine habitats in Prince Edward
Island, Canada [16–18].

Species Marinomonas polaris
(RKSB-7)

Psychrobacter aquimaris
(RKSB-1A)

Bacillus licheniformis
(RKHZ-116)

Phylum Proteobacteria Proteobacteria Firmicutes

Class Gammaproteobacteria Gammaproteobacteria Bacilli

Order Oceanospirillales Halobacteriales or
Pseudomonadales Bacillales

Family Oceanospirillaceae Moraxellaceae Bacillaceae

Cell shape Rod Coccus Rod

Motility Motile No Motile

Salt Requirement
Growth: 0–11% Growth: 0–12% Growth: unknown

Optimum: 5% Optimum: 2.5% Optimum: unknown

Oxygen tolerance Aerobe Facultative anaerobe Aerobe

Spore formation No No Yes

Temperature Range Psychrotolerant Psychrotolerant Mesophilic

pH
Growth: 6–10 Growth: 5–7.5 Growth: unknown

Optimum: 7 Optimum: 7 Optimum: unknown

Location
Malpeque Bay, PE, Canada Malpeque Bay, PE, Canada Brackley, PE, Canada

46.620818, −63.910324 46.620818, −63.910324 46.430210, −63.197933

Environments isolated from Intertidal marine sediment Intertidal marine sediment Decayed feather in seawater

Biosafety level 1 1 1

2. Materials and Methods

To determine the impact of matrix composition on bacterial viability during encapsu-
lation, three representative marine bacteria (M. polaris, P. aquimaris, and B. licheniformis),
isolated from intertidal marine sediments in Prince Edward Island, Canada, were prepared
and encapsulated based on our previous methods [11]. Briefly, each bacterial strain was
inoculated in 5 mL of marine broth (BD Difco™, Fischer Scientific, Waltham, MA, USA)
and incubated at room temperature on a shaker at 200 rpm for 48 h. Following inoculation,
the cell density of each culture (an approximation of concentration) was determined us-
ing optical density at 600 nm measured with a NanoDrop® ND-1000 Spectrophotometer
(ThermoFisher, Waltham, MA, USA), according to previous protocols [11]. As a cell concen-
tration of 7.64 × 106 cells/mL was required for optimal single-cell encapsulation (following
Poisson distribution), this concentration of each strain was centrifuged at 4500× g for 5 min
to obtain a cell pellet [11]. The obtained bacterial pellets were suspended in each repre-
sentative matrix, as described in Table 2. Ultrapure agarose (Sigma Aldrich, Oakville, ON,
Canada) was maintained at 45 ◦C during encapsulation, while the agarose with low gelling
temperature (Sigma Aldrich, USA) was maintained at 35 ◦C, representing a significant
temperature difference. All species were encapsulated in each matrix in triplicate.
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Table 2. Composition of matrices.

Sample Name Agarose Composition Nutrient Composition

1% UPA 1% w/v ultrapure agarose none

1% LTA 1% w/v low-gelling-temperature agarose none

1% UPA + 10% MB 1% w/v ultrapure agarose 10% w/v marine broth

1% LTA + 10% MB 1% w/v low-gelling-temperature agarose 10% w/v marine broth

Marine bacteria were encapsulated according to our previous methods [11]. In sum-
mary, bacteria were encapsulated within 80 ± 20 µm microbeads using a dispersed phase
consisting of the agarose bacterial suspension at a flow rate of 5 mL/h and a continuous
phase consisting of mineral oil (Sigma Aldrich, Oakville, ON, Canada), containing 4%
v/v Span® 80 nonionic surfactant (Sigma Aldrich, Oakville, ON, Canada) at a flow rate
of 110 mL/h. To prevent premature gelation of the agarose, the reservoir, tubing, and mi-
crofluidic chip were heated [11]. Mineral oil was removed from the samples by sequentially
straining the microbead suspensions over 60 µm and 100 µm cell strainers (pluriSelect Life
Science, Leipzig, SN, Germany). Diluted marine broth (1:10 dilution) was used for straining
the microbeads. Microbeads were also prepared without bacterial inoculation as a control.
As a comparison, cell pellets were also resuspended in diluted marine broth using a 1:1000
dilution factor, which equates to the same concentration of cells per volume as that used in
the encapsulated samples following the encapsulation protocol.

The number of viable bacteria in each sample was then assessed by colony counts.
Colony counts were performed by spreading 100 µL aliquots of each sample onto marine
agar plates (n = 3). All plates were incubated at room temperature (20 ◦C) for five days
prior to counting the number of colonies observed on each plate. To further assess the
effect of a lower encapsulating temperature on bacterial viability, triplicate samples of each
representative species prior to encapsulation were heated to 35 ◦C in a water bath for one
hour (representative of the time it takes for encapsulation). Control samples, in triplicate,
for each species were maintained at room temperature. The viability of each species
at both temperatures was determined using colony counts and the PrestoBlue® assay
(ThermoFisher, Waltham, MA, USA). The PrestoBlue® assay was performed, according
to previous methods, providing an indication of metabolic activity with the reduction of
resazurin to resorufin [11]. Results were indicated in terms of relative fluorescent units
(RFUs), and high fluorescent intensities correspond to increased metabolic activity and,
consequently, more viable cells [11].

All statistical analyses were performed using Prism 8 (GraphPad, La Jolla, CA, USA).
Statistical significance was determined using unpaired, two-tailed t-tests and the Holm-
Sidak method of correction for p-values, with an alpha of 0.05. Each dataset was analyzed
individually without assuming a consistent standard deviation.

3. Results and Discussion

Based upon an assessment of the various matrix compositions and conditions, it was
determined that, as expected, the greatest impact on bacterial viability and abundance
for all species was temperature. The use of two different types of agaroses requiring
different temperature conditions assessed the impact of temperature and an altered agarose
composition on viability. The effect of nutrient content was determined by supplementing
the agarose matrices with diluted marine broth. More specifically, when assessing the
impact of encapsulating matrix on M. polaris, it was determined that there was a significant
increase in viability when using a modified agarose matrix (low gelling temperature or
addition of marine broth), compared with the use of 1% ultrapure agarose (Figure 1a) [11].
The use of low-gelling-temperature agarose had a greater impact on viability than the
addition of nutrients for this species, as there was no significant difference in cell viability
between the sample with and without nutrients when using low-gelling-temperature
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agarose (Figure 1a). Consequently, it was determined that, as long as this species is
encapsulated at a lowered temperature, the addition of nutrients has a negligible effect.
However, when encapsulated at a higher temperature, the addition of nutrients benefits
the growth of the decreased number of cells that survive encapsulation. This observation
is consistent with the growth requirements of M. Polaris, as it is known to be adapted
to cold-water conditions and is tolerant of oligotrophic conditions; thus, the use of low-
gelling-temperature agarose is assumed to have a greater significance on improved viability,
compared with the addition of nutrients [18].
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Figure 1. Effect of matrix on encapsulation. Viability after encapsulation of three representative
marine sediment bacteria: (a) M. polaris, (b) P. aquimaris, and (c) B. licheniformis, using four matrices
assessed via colony counts (n = 3) measured by colony-forming units per volume (CFL/mL). Error
bars reflect standard error, and * denotes significance of p < 0.05 between modified matrix and
1% UPA.

When assessing the impact of encapsulating matrix on P. aquimaris, a similar trend
was observed (Figure 1b). While there was a significant difference observed between
all combinations of encapsulating matrices, it appeared that the lower encapsulating
temperature again had a more significant effect on viability than nutrient addition. Both
M. polaris and P. aquimaris have an optimal growth temperature below 35 ◦C; thus, heating
these species to any temperature above 35 ◦C is assumed to negatively affect viability. This
further indicates that the use of low-gelling-temperature agarose and the corresponding
lower encapsulating temperature allows a greater proportion of psychrotolerant marine
bacteria to survive the encapsulation process [18].
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With an optimal growth temperature of 50 ◦C and an ability to survive under harsher
conditions, B. licheniformis has been shown to tolerate a variety of encapsulation matrices
and conditions [19]. Thus, as may be predicted, the viability of B. licheniformis was less
affected by the use of 1% ultrapure agarose (1% UPA) than M. polaris and P. aquimaris. This
is likely due to the thermophilic nature of B. licheniformis [11]. Despite the well-recognized
thermal tolerance of B. licheniformis, the use of low-gelling-temperature agarose resulted
in approximately 2.5-fold higher viability, compared with 1% UPA. As with M. polaris and
P. aquimaris, the addition of dilute marine broth had a negligible effect on the viability of
B. licheniformis (Figure 1c). This may be due to the fact that a relatively small amount of
nutrients were added to the matrix, and this species is known to benefit from a eutrophic
environment [20]. As a result, the addition of a greater concentration of nutrients to the
matrix would likely have had a greater effect on the viability of this species.

Due to the observation that the use of low-gelling-temperature agarose and the corre-
sponding lower encapsulating temperature (35 ◦C) appeared to have the most significant
impact on bacterial viability for the three test species (Figure 1), the effect of temperature
alone on viability was also assessed via comparison to room temperature (20 ◦C). Based
upon viability assessment using colony counts, there was no significant difference in vi-
ability between 35 ◦C and room temperature for P. aquimaris (t(4) = 0.44, p = 0.8988) and
B. licheniformis (t(4) = 0.19, p = 0.8988) while the viability of M. polaris was significantly
reduced at 35 ◦C compared to room temperature (t(4) = 5.61, p = 0.0148) (Figure 2a). While
M. polaris showed decreased viability at 35 ◦C, compared with room temperature, viability
was improved significantly in comparison to previous studies examining the impact of a
temperature of 45 ◦C on this species, which was required for encapsulation using ultra-
pure agarose rather than low-gelling-temperature agarose [11]. When assessing viability
using the PrestoBlue® assay, there was no significant difference for M. polaris (t(6) = 0.95,
p = 0.3779) and P. aquimaris (t(6) = 2.89, p = 0.0549) between the two temperatures, indi-
cating that the metabolic activity was not adversely impacted by a temperature of 35 ◦C
(Figure 2b). On the other hand, there was a significant increase in the metabolic activity
of B. licheniformis (t(6) = 3.36, p = 0.0449) at the increased temperature of 35 ◦C, compared
with room temperature. Thus, even bacteria that adapted to cooler conditions, such as
M. polaris and P. aquimaris, did not appear to have a lowered viability, indicated by a
measure of metabolic activity, although growth on an agarose plate was inhibited for M.
polaris. Consequently, the heat required for encapsulation using low-gelling-temperature
agarose was shown to have a neutral or even positive impact on bacterial viability.
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Figure 2. Effect of temperature (35 ◦C) on bacterial viability. Representative marine sediment bacteria
(M. polaris, P. aquimaris, and B. licheniformis) were incubated at room temperature (20 ◦C) or subjected
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to heat (35 ◦C) for 1 h. Cell viability was determined using (a) colony counts after 5 days of growth
measured with colony-forming units per volume (CFL/mL) and (b) the PrestoBlue® assay measured
with relative fluorescent units (RFUs). Error bars reflect standard error, and * denotes significance of
p < 0.05.

4. Conclusions

Upon assessing two agarose-based encapsulating matrices—two nutrient composi-
tions and two encapsulation temperatures—it was determined that the temperature had
a more significant impact on bacterial viability than varying nutrient composition. Thus,
modification of our previous cultivation method to use a lower encapsulating temperature
by using low-gelling-temperature agarose may improve the recovery of a greater diversity
of species from marine habitats, thus facilitating the cultivation of new bacterial taxa [11].
This study further demonstrated that the agarose composition used for microencapsulation
of environmental bacteria can be easily modified based on the environment of interest to
maximize the viability and recovery of extant bacterial inhabitants [11]. Future experiments
will be aimed at modifying the matrix to further select for specific bacterial taxa. Addi-
tionally, a combination of matrix compositions may be used to improve the cultivability of
bacteria within a sample, as different bacteria present within the same sample may require
slightly different growth conditions.

Author Contributions: Conceptualization, E.P., B.H., R.G.K., and A.A.; methodology, E.P., B.H.,
R.G.K., and A.A.; software, E.P.; validation, E.P.; formal analysis, E.P.; investigation, E.P.; resources,
R.G.K. and A.A.; data curation, E.P.; writing—original draft preparation, E.P.; writing—review and
editing, E.P., B.H., R.G.K., and A.A.; visualization, E.P., B.H., R.G.K., and A.A.; supervision, R.G.K.
and A.A.; project administration, R.G.K. and A.A.; funding acquisition, R.G.K. and A.A. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the NSERC Discovery Grant, Grant Number RGPIN-2017-
05272, New Frontiers in Research Fund, Grant Number NFRFE-2018-01410, and the Canada Founda-
tion for Innovation Grant, Project #37696.

Data Availability Statement: Data are available upon request.

Acknowledgments: The authors would like to acknowledge Anthony Van Beek from the Faculty of
Sustainable Design Engineering at the University of Prince Edward Island for their help throughout
this project.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Alain, K.; Querellou, J. Cultivating the Uncultured: Limits, Advances and Future Challenges. Extremophiles 2009, 13, 583–594.

[CrossRef] [PubMed]
2. Zengler, K.; Toledo, G.; Rappé, M.; Elkins, J.; Mathur, E.J.; Short, J.M.; Keller, M. Cultivating the Uncultured. Proc. Natl. Acad. Sci.

USA 2002, 99, 15681–15686. [CrossRef] [PubMed]
3. Staley, J.T.; Konopka, A. Measurement of in Situ Activities of Nonphotosynthetic Microorganisms in Aquatic and Terrestrial

Habitats. Annu. Rev. Microbiol. 1985, 39, 321–346. [CrossRef] [PubMed]
4. Newman, D.J.; Cragg, G.M. Natural Products as Sources of New Drugs from 1981 to 2014. J. Nat. Prod. 2016, 79, 629–661.

[CrossRef] [PubMed]
5. Pham, V.H.T.; Kim, J. Cultivation of Unculturable Soil Bacteria. Trends Biotechnol. 2012, 30, 475–484. [CrossRef] [PubMed]
6. Nichols, D.; Cahoon, N.; Trakhtenberg, E.M.; Pham, L.; Mehta, A.; Belanger, A.; Kanigan, T.; Lewis, K.; Epstein, S.S. Use of Ichip

for High-Throughput In Situ Cultivation of “Uncultivable” Microbial Species. Appl. Environ. Microbiol. 2010, 76, 2445–2450.
[CrossRef]

7. Ji, S.; Zhao, R.; Yin, Q.; Zhao, Y.; Liu, C.; Xiao, T.; Zhang, X. Gel Microbead Cultivation with a Subenrichment Procedure Can
Yield Better Bacterial Cultivability from a Seawater Sample than Standard Plating Method. J. Ocean. Univ. China 2012, 11, 45–51.
[CrossRef]

8. Vartoukian, S.R. Cultivation Strategies for Growth of Uncultivated Bacteria. J. Oral Biosci. 2016, 58, 143–149. [CrossRef] [PubMed]

http://doi.org/10.1007/s00792-009-0261-3
http://www.ncbi.nlm.nih.gov/pubmed/19548063
http://doi.org/10.1073/pnas.252630999
http://www.ncbi.nlm.nih.gov/pubmed/12438682
http://doi.org/10.1146/annurev.mi.39.100185.001541
http://www.ncbi.nlm.nih.gov/pubmed/3904603
http://doi.org/10.1021/acs.jnatprod.5b01055
http://www.ncbi.nlm.nih.gov/pubmed/26852623
http://doi.org/10.1016/j.tibtech.2012.05.007
http://www.ncbi.nlm.nih.gov/pubmed/22770837
http://doi.org/10.1128/AEM.01754-09
http://doi.org/10.1007/s11802-012-1869-y
http://doi.org/10.1016/j.job.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28392745


Microorganisms 2022, 10, 996 8 of 8

9. Epstein, S. The Phenomenon of Microbial Uncultivability. Curr. Opin. Microbiol. 2013, 16, 636–642. [CrossRef] [PubMed]
10. Eun, Y.-J.; Utada, A.S.; Copeland, M.F.; Takeuchi, S.; Weibel, D.B. Encapsulating Bacteria in Agarose Microparticles Using

Microfluidics for High-Throughput Cell Analysis and Isolation. ACS Chem. Biol. 2011, 6, 260–266. [CrossRef]
11. Alkayyali, T.; Pope, E.; Wheatley, S.K.; Cartmell, C.; Haltli, B.; Kerr, R.G.; Ahmadi, A. Development of a Microbe Domestication

Pod (MD Pod) for in Situ Cultivation of Micro-Encapsulated Marine Bacteria. Biotechnol. Bioeng. 2021, 118, 1166–1176. [CrossRef]
12. Vester, J.K.; Glaring, M.A.; Stougaard, P. Improved Cultivation and Metagenomics as New Tools for Bioprospecting in Cold

Environments. Extremophiles 2015, 19, 17–29. [CrossRef] [PubMed]
13. Boitard, L.; Cottinet, D.; Bremond, N.; Baudry, J.; Bibette, J. Growing Microbes in Millifluidic Droplets. Eng. Life Sci. 2015,

15, 318–326. [CrossRef]
14. Akselband, Y.; Cabral, C.; Castor, T.P.; Chikarmane, H.M.; McGrath, P. Enrichment of Slow-Growing Marine Microorganisms

from Mixed Cultures Using Gel Microdrop (GMD) Growth Assay and Fluorescence-Activated Cell Sorting. J. Exp. Mar. Biol. Ecol.
2006, 329, 196–205. [CrossRef]

15. Duncan, K.; Haltli, B.; Gill, K.A.; Kerr, R.G. Bioprospecting from Marine Sediments of New Brunswick, Canada: Exploring the
Relationship between Total Bacterial Diversity and Actinobacteria Diversity. Mar. Drugs 2014, 12, 899–925. [CrossRef] [PubMed]

16. Warth, A.D. Relationship between the Heat Resistance of Spores and the Optimum and Maximum Growth Temperatures of
Bacillus Species. J. Bacteriol. 1978, 134, 699–705. [CrossRef] [PubMed]

17. Verslyppe, B.; De Smet, W.; De Baets, B.; De Vos, P.; Dawyndt, P. StrainInfo Introduces Electronic Passports for Microorganisms.
Syst. Appl. Microbiol. 2014, 37, 42–50. [CrossRef] [PubMed]

18. Gupta, P.; Chaturvedi, P.; Pradhan, S.; Delille, D.; Shivaji, S. Marinomonas polaris Sp. Nov., a Psychrohalotolerant Strain Isolated
from Coastal Sea Water off the Subantarctic Kerguelen Islands. Int. J. Syst. Evol. Microbiol. 2006, 56, 361–364. [CrossRef] [PubMed]

19. Mohammad, B.T.; Al Daghistani, H.I.; Jaouani, A.; Abdel-Latif, S.; Kennes, C. Isolation and Characterization of Thermophilic
Bacteria from Jordanian Hot Springs: Bacillus Licheniformis and Thermomonas Hydrothermalis Isolates as Potential Producers
of Thermostable Enzymes. Int. J. Microbiol. 2017, 2017, e6943952. [CrossRef] [PubMed]

20. Rey, M.W.; Ramaiya, P.; Nelson, B.A.; Brody-Karpin, S.D.; Zaretsky, E.J.; Tang, M.; Lopez de Leon, A.; Xiang, H.; Gusti, V.; Clausen,
I.G.; et al. Complete Genome Sequence of the Industrial Bacterium Bacillus Licheniformis and Comparisons with Closely Related
Bacillus Species. Genome Biol. 2004, 5, R77. [CrossRef] [PubMed]

http://doi.org/10.1016/j.mib.2013.08.003
http://www.ncbi.nlm.nih.gov/pubmed/24011825
http://doi.org/10.1021/cb100336p
http://doi.org/10.1002/bit.27633
http://doi.org/10.1007/s00792-014-0704-3
http://www.ncbi.nlm.nih.gov/pubmed/25399309
http://doi.org/10.1002/elsc.201400089
http://doi.org/10.1016/j.jembe.2005.08.018
http://doi.org/10.3390/md12020899
http://www.ncbi.nlm.nih.gov/pubmed/24531187
http://doi.org/10.1128/jb.134.3.699-705.1978
http://www.ncbi.nlm.nih.gov/pubmed/659368
http://doi.org/10.1016/j.syapm.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24321274
http://doi.org/10.1099/ijs.0.63921-0
http://www.ncbi.nlm.nih.gov/pubmed/16449440
http://doi.org/10.1155/2017/6943952
http://www.ncbi.nlm.nih.gov/pubmed/29163641
http://doi.org/10.1186/gb-2004-5-10-r77
http://www.ncbi.nlm.nih.gov/pubmed/15461803

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Conclusions 
	References

