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ABSTRACT Bacillus sp. strain ISO11, a Bacillus cereus clade member isolated from
the intestinal tract of Fundulus heteroclitus, possesses potential probiotic and anti-
bacterial activity against Vibrio sp. pathogens. Antibacterial activity is likely due to
production of microcin and a zwittermicin A-like aminopolyol. The genome se-
quence will assist in identifying additional related processes.

The use of probiotic bacteria rather than chemical treatments, such as disinfectants
or antibiotics, has become a strategy for controlling the proliferation of microbial

pathogens in aquaculture (1). Through a study aimed at identifying marine bacteria
exhibiting probiotic potential, Bacillus sp. strain ISO11 was isolated from the intestine
of an adult Fundulus heteroclitus and was examined for antibacterial and probiotic
activities. Bacillus spp. possessing probiotic activity are of interest to the aquaculture
industry due to the long-term shelf life and chemical resistance of their spores (2). The
genome sequence of Bacillus sp. ISO11 will facilitate an understanding of processes
involved in its antibacterial and probiotic activities.

A single colony was grown in marine broth 2216 (Difco) at 28°C, and DNA was
extracted using the Wizard genomic DNA purification kit (Promega). The genome
library was prepared using Illumina Nextera XT chemistry, and sequencing was done
with an Illumina MiSeq benchtop sequencer. The read library contained 8,701,622
paired-end reads with an average read length of 250 bp and average coverage of 367�.
De novo assembly was done using the Pathosystems Resource Integration Center
(PATRIC v 3.5.22) (3) genome assembly resource with the MiSeq parameter, yielding 107
contigs consisting of 5,924,228 bp total, with an N50 of 150,352 bp and GC composition
of 34.9%. Gene prediction and annotation using the Rapid Annotation using Subsystem
Technology tool kit (RASTtk) (4) generated 6,298 coding sequences. RASTtk 16S rRNA
phylogenetic analysis placed ISO11 in the Bacillus cereus clade, with the greatest
similarity to Bacillus cereus.

Genome sequence analysis by BLAST (5) revealed approximately 86 kb of DNA
encoding polyketide synthases and related proteins having high (�98%) similarity to
the aminopolyol zwittermicin A cluster of several B. cereus strains, including UW85 (6).
Zwittermicin A is active against Gram-negative and Gram-positive bacteria as well as
fungi and protists (7). Differences in deduced polyketide synthase amino acid se-
quences suggest that ISO11 produces an aminopolyol similar but not identical to
zwittermicin A. Like UW85, ISO11 appears to lack zmaWXY genes associated with
self-resistance found in the zwittermicin A cluster of Bacillus thuringiensis YBT-1520 (8).
Genes for biosynthesis of a thiazole/oxazole-modified microcin (TOMM) antimicrobial
agent that may play a role in probiotic activity (9), along with an associated microcin
C7 immunity-encoding mccF, were also identified.

The ISO11 genome encodes motility, adhesion, and aggregation functions needed
for probiotic activity, including flagella (10), exopolysaccharide biosynthesis (epsBCDE
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genes) (11), enolase (12), and fibronectin (13), as well as arginine deiminase pathway
enzymes for protection against the acidic environment of the host’s stomach (14).

Hemolysin and hemolysin-like proteins are encoded, including hemolysin BL (Hbl)
and nonhemolytic enterotoxin (Nhe), as well as cytotoxin K (CytK), which are causative
agents of gastrointestinal disease (15). While ISO11 has not been shown to cause
disease in finfish or shellfish (H. J. Schreier, E. J. Schott, and D. McIntosh, unpublished
data), the genome sequence will be advantageous for characterizing ISO11-host inter-
actions.

Data availability. This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number QXCO00000000. The version de-
scribed in this paper is the first version, QXCO01000000. Sequence data have been
deposited in the Sequence Read Archive under the accession number SRP162544.

ACKNOWLEDGMENTS
I thank Sabeena Nazar, Institute of Marine and Environmental Technology Bioana-

lytical Services Lab, for genome sequencing.
Support was provided by grant Z5659004 from the Northeast Regional Aquaculture

Center, United States Department of Agriculture.

REFERENCES
1. Watts JE, Schreier HJ, Lanska L, Hale MS. 2017. The rising tide of

antimicrobial resistance in aquaculture: sources, sinks and solutions. Mar
Drugs 15:158. https://doi.org/10.3390/md15060158.

2. Newaj-Fyzul A, Al-Harbi A, Austin B. 2014. Developments in the use of
probiotics for disease control in aquaculture. Aquaculture 431:1–11.
https://doi.org/10.1016/j.aquaculture.2013.08.026.

3. Wattam AR, Davis JJ, Assaf R, Boisvert S, Brettin T, Bun C, Conrad N,
Dietrich EM, Disz T, Gabbard JL, Gerdes S, Henry CS, Kenyon RW, Machi
D, Mao C, Nordberg EK, Olsen GJ, Murphy-Olson DE, Olson R, Overbeek
R, Parrello B, Pusch GD, Shukla M, Vonstein V, Warren A, Xia F, Yoo H,
Stevens RL. 2017. Improvements to PATRIC, the all-bacterial bioinfor-
matics database and analysis resource center. Nucleic Acids Res 45:
D535–D542. https://doi.org/10.1093/nar/gkw1017.

4. Overbeek R, Olson R, Pusch GD, Olsen GJ, Davis JJ, Disz T, Edwards RA,
Gerdes S, Parrello B, Shukla M, Vonstein V, Wattam AR, Xia F, Stevens
R. 2014. The SEED and the Rapid Annotation of microbial genomes
using Subsystems Technology (RAST). Nucleic Acids Res 42:
D206 –D214. https://doi.org/10.1093/nar/gkt1226.

5. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403– 410. https://doi.org/10.1016/
S0022-2836(05)80360-2.

6. Stohl EA, Milner JL, Handelsman J. 1999. Zwittermicin A biosynthetic
cluster. Gene 237:403– 411. https://doi.org/10.1016/S0378-1119
(99)00315-7.

7. Silo-Suh LA, Stabb EV, Raffel SJ, Handelsman J. 1998. Target range of
zwittermicin A, an aminopolyol antibiotic from Bacillus cereus. Curr
Microbiol 37:6 –11.

8. Luo Y, Ruan L-F, Zhao C-M, Wang C-X, Peng D-H, Sun M. 2011. Validation
of the intact zwittermicin A biosynthetic gene cluster and discovery of a

complementary resistance mechanism from Bacillus thuringiensis. Anti-
microb Agents Chemother 55:4161– 4169. https://doi.org/10.1128/AAC
.00111-11.

9. Sassone-Corsi M, Nuccio S-P, Liu H, Hernandez D, Vu CT, Takahashi AA,
Edwards RA, Raffatellu M. 2016. Microcins mediate competition among
Enterobacteriaceae in the inflamed gut. Nature 540:280. https://doi.org/
10.1038/nature20557.

10. Haiko J, Westerlund-Wikström B. 2013. The role of the bacterial flagellum
in adhesion and virulence. Biology (Basel) 2:1242–1267. https://doi.org/
10.3390/biology2041242.

11. Ruas-Madiedo P, Gueimonde M, Margolles A, de los Reyes-Gavilán C, Salmi-
nen S. 2006. Exopolysaccharides produced by probiotic strains modify the
adhesion of probiotics and enteropathogens to human intestinal mucus. J
Food Prot 69:2011–2015. https://doi.org/10.4315/0362-028X-69.8.2011.

12. Antikainen J, Kuparinen V, Lähteenmäki K, Korhonen TK. 2007. Eno-
lases from Gram-positive bacterial pathogens and commensal lacto-
bacilli share functional similarity in virulence-associated traits. FEMS
Immunol Med Microbiol 51:526 –534. https://doi.org/10.1111/j.1574
-695X.2007.00330.x.

13. Henderson B, Nair S, Pallas J, Williams MA. 2011. Fibronectin: a multi-
domain host adhesin targeted by bacterial fibronectin-binding proteins.
FEMS Microbiol Rev 35:147–200. https://doi.org/10.1111/j.1574-6976
.2010.00243.x.

14. Duport C, Jobin M, Schmitt P. 2016. Adaptation in Bacillus cereus: from
stress to disease. Front Microbiol 7:1550. https://doi.org/10.3389/fmicb
.2016.01550.

15. Stenfors Arnesen LP, Fagerlund A, Granum PE. 2008. From soil to gut:
Bacillus cereus and its food poisoning toxins. FEMS Microbiol Rev 32:
579 – 606. https://doi.org/10.1111/j.1574-6976.2008.00112.x.

Schreier

Volume 7 Issue 15 e01227-18 mra.asm.org 2

 on M
arch 25, 2019 by guest

http://m
ra.asm

.org/
D

ow
nloaded from

 

https://www.ncbi.nlm.nih.gov/nuccore/QXCO00000000
https://www.ncbi.nlm.nih.gov/sra/SRP162544
https://doi.org/10.3390/md15060158
https://doi.org/10.1016/j.aquaculture.2013.08.026
https://doi.org/10.1093/nar/gkw1017
https://doi.org/10.1093/nar/gkt1226
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0378-1119(99)00315-7
https://doi.org/10.1016/S0378-1119(99)00315-7
https://doi.org/10.1128/AAC.00111-11
https://doi.org/10.1128/AAC.00111-11
https://doi.org/10.1038/nature20557
https://doi.org/10.1038/nature20557
https://doi.org/10.3390/biology2041242
https://doi.org/10.3390/biology2041242
https://doi.org/10.4315/0362-028X-69.8.2011
https://doi.org/10.1111/j.1574-695X.2007.00330.x
https://doi.org/10.1111/j.1574-695X.2007.00330.x
https://doi.org/10.1111/j.1574-6976.2010.00243.x
https://doi.org/10.1111/j.1574-6976.2010.00243.x
https://doi.org/10.3389/fmicb.2016.01550
https://doi.org/10.3389/fmicb.2016.01550
https://doi.org/10.1111/j.1574-6976.2008.00112.x
https://mra.asm.org
http://mra.asm.org/

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

