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CLOSTAT® from Kemin is a unique, patented strain of Bacillus subtilis PB6, a gram positive, spore-forming Bacillus that populates the lower
intestinal tract. It effectively targets and disrupts Clostridium perfringens, Salmonella and Escherichia coli, resulting in better overall intestinal
health in beef cattle. Extensive research within large commercial feedyards and with universities demonstrates a consistent animal response
and significant return on investment. CLOSTAT is the direct-fed microbial of choice for improved animal health.

THREE MODES OF ACTION

B. subtilis PB6, found in CLOSTAT, uses three modes of action'?— pathogen inhibition, reduction in intestinal inflammation and quorum
quenching effects — to support intestinal health, which supports the immune system and ultimately improves animal health. Extensively
researching CLOSTAT's modes of action allows Kemin to more accurately predict a consistent and repeatable animal response.

PATHOGEN INHIBITION

B. subtilis PB6 secretes multiple biocidal
proteins that inhibit certain strains

of pathogenic bacteria."? Its active
metabolites have a cyclic structure
comprised of seven amino acids,
collectively known as surfactins.

Surfactin molecules can form pores on the
cell walls of the bacteria, which provides
the mode of action.® These proteins disrupt
the bacteria membrane, causing the cell
contents to leak, ultimately killing the
pathogenic bacteria without harming the
beneficial gut microflora (Figure 1).

Figure 1: The effect of B. subtilis PB6 on C. perfringens at 37° C

(a) Disruption of the cell wall and loss of cytoplasmic contents into the
exterior after one hour. (b) Rupture and death of cell after 4 hours.?
(Transmission electron micrograph magnification: 29,000X)

REDUCED INTESTINAL
INFLAMMATION

Intestinal inflammation can occur if the
intestinal lining becomes damaged and allows
molecules such as bacteria and pathogens
and their toxins to pass between epithelial
cells, known as Leaky Gut Syndrome (Figure 2).
This triggers an immune response to destroy
and remove these invasive organisms, resulting
in an inflammatory process that pulls energy
from other key performance functions.*

B. subtilis PB6 secretes cyclic lipopeptide
surfactins through normal metabolism to
reduce inflammation.
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Figure 2: Gut inflammation

QUORUM QUENCHING

Quorum sensing facilitates the initiation of
infection, colonization and disease progression
in the intestine where diffusible signaling
molecules are produced, secreted and
detected by the bacterial cells in the intestine.>®
Quorum quenching is the mode of action that
can disrupt the quorum sensing system through
degradation of quorum sensing signaling
molecules, the inhibition of signal biosynthesis
and the inhibition of signal detection.® Quorum
quenching also aids in the prevention of

toxin production and formation of biofilm.® B.
subtilis PB6 can prevent quorum sensing of C.
perfringens.

Figure 3: Clostridium



WHY DOES INTESTINAL HEALTH MATTER IN BEEF CATTLE?

More than 70% of the immune system resides in the gastrointestinal (Gl) tract, which is regularly
exposed to 10 trillion microorganisms.' The Gl tract digests and absorbs nutrients, maintains a
balanced microbiome, prevents harmful compounds from entering the host, and defends against
harmful pathogens. Maintaining optimal intestinal health thus supports the immune system.

IMPACT OF PATHOGENS

Bovine respiratory disease (BRD) affects 16.2% of all cattle placed in feedlots, resulting in economic
losses exceeding $2 billion per year," of which BRD treatment costs contribute $75 million.'?' Viral
pathogens weaken the animal’s immune system and physically damage the epithelial mucosa of the
upper respiratory tract, resulting in bacterial pathogen proliferation. As a multifaceted disease,
BRD is potentiated by stressors such as shipping, receiving, commingling and inclement weather,
resulting in cattle often succumbing to bacterial pneumonia. Producers incur significant costs
associated with BRD including metaphalaxis, vaccination, increased labor and treatment.

CLOSTAT IS THE SOLUTION

CLOSTAT, through its pathogen inhibition, reduction in intestinal inflammation and quorum
quenching effects, has been shown to support intestinal health, which supports the immune
system and ultimately improves animal health. CLOSTAT has shown improvements in BRD
incidence and associated antimicrobial treatment costs, and has an ROI of 6:1."%2
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REFERENCES
1. Teo, A.Y.and H. M. Tan. (2005). Inhibition of Clostridium perfringens by a novel strain of Bacillus subtilis isolated from the 1

=

INTESTINAL HEALTH

IMMUNE HEALTH

ANIMAL HEALTH

See CLOSTAT in action.

Peel, D. S. (2020). The effect of market forces on bovine respiratory disease.Veterinary Clinics of North America: Food Animal
gastrointestinal tracts of healthy chickens. Applied and Environmental Microbiology. 71(8):4,185-4,190. Practice. 36:497-508. doi:10.1016/j. cvfa.2020.03.008.

2. Lin,A.S H. etal. (2007). Antimicrobial compounds from Bacillus subtilis for use against animal and human pathogens. 14. Galyean, M.L., G.C. Duff and J.D. Rivera. (2022, Apr.). Galyean Appreciation Club Review: revisiting nutrition and health of
United States Patent 7,247,299. newly received cattle-what have we learned in the last 15 years? Journal of Animal Science. 1;100(4):skac067. doi: 10.1093/
3. Bacillus subtilis strain PB6 — other antimicrobial secondary metabolites next to surfactins. \WP-08-00007. jas/skac067. PMID: 35246687; PMCID: PMC9030209.
4. Horst, E. A, etal. (2019, Oct.). Causes and metabolic consequences of leaky gut. (conference paper). 2019 Comnell Nutrition 15. Smock, T. M., K. L. Samuelson, J. E. Hergenreder, W. Rounds, and J. T. Richeson. (20204a). Effects of Bacillus subtilis PB6 and/
Conference or chromium propionate supplementation on clinical health, growth performance, and carcass traits of highrisk cattle during
5. LaSarre, B. and M. J. Federle. (2013). Exploiting quorum sensing to confuse bacterial pathogens. Microbiology and Molecular the feedlot receiving and finishing periods. Translational Animal Science. 4:1—12. doi:10.1093/tas/txaa163.
Biology Reviews. 77(1):73-111 16. Smoack, T. M., et al. (2020b). Effects of Bacillus subtilis PB6 and/or chromium propionate supplementation on serum
6. Yu,Q, etal.(2017).The Agr-like quorum sensing system is required for pathogenesis of necrotic enteritis caused by chemistry, complete blood count, and fecal Salmonella spp. Count in high-risk cattle during the feedlot receiving and finishing
Clostridium perfringens in poultry. Infection and Immunity Journal. 85(6):¢00975-16. periods. Translational Animal Science. 4:1-11. doi:10.1093/tas/txaa164.
7. Vidal, J. E, et al. (2012). Evidence that the Agr-like quorum sensing system regulates the toxin production, cytotoxicity and 17. Smith, Z. K., etal. (2021). Evaluation of Bacillus subtilis PB6 on feedlot phase growth performance, efficiency of dietary net
pathogenicity of Clostridium perfringens type C isolate CN3685. Molecular Microbiology. 83:179-194. energy utilization, and fecal and subiliac lymph node Salmonella prevalence in spring placement yearling beef steers fed in
8. Ohtani, K., etal. (2009). Virulence gene regulation by the Agr system in Clostridium perfringens. Journal of Bacteriology. southeastern South Dakota. Translational Animal Science 5:1-10. doi:10.1093/tas/txab002.
191(12):3,919-3,927. 18. Wilson, B. K., W. Ryan, E. DeSacio, C. Lockard, and J. Hergenreder. (2019). Effects of feeding a Bacillus subtilis active microbial on
9. Tan,G., T.J. Koh and H. M. Tan. (2021). Quorum quenching by Bacillus subtilis PB6 — Abolishing clostridial infections and the clinical health, performance and carcass characteristics of feedlot steers. Journal of Animal Science. 97:51-52. doi:10.1093/
disease progression in livestock through the disruption of cell-to-cell communication thereby improving broiler performance. jas/skz053.116.
efeedlink.com/ebook/1b1cc4e8-aB32-488f-h488-8e9e2e432257.htm 19. Word, A, et al. (2022). The effect of supplementing CLOSTAT 500 (Bacillus subtilis PB6) to yearling steers in a commercial
10. Vighi, G., Marcucci, F, Sensi, L., Cara, G. D., and Frati, F. (2008). Allergy and the gastrointestinal system. Clinical & feedyard on health, Salmonella spp. prevalence, feedlot growth performance and carcass characteristics. Translational
Experimental Immunology, 153, 3-6. doi:10.1111/}.1365-2249.2008.03713.x Animal Science 6:4 doi: 10.1093/tas/txac131
11. NAHMS. (2013). National animal health monitoring system. Feedlot 2011. Part IV: health and health management on U.S. 20. Broadway, R. P, et al. (2020). Bacillus subtilis PB6 supplementation in weaned Holstein steers during an experimental
feedlots with a capacity of 1000 or more head. Fort Collins (CO): USDA-APHIS-VS-CEAH-NAHMS. Available from https:// Salmonella challenge. Foodborne Pathogens and Disease. 17:521-528. doi:10.1089/fpd.2019.2757
www.aphis.usda.gov/animal_health/nahms/feedlot/downloads/feedlot2011/Feed11_dr_PartlV_1.pdf [Google Scholar]
12. Holland, B. P, etal. (2010). Effect of bovine respiratory disease during preconditioning on subsequent feedlot performance,
carcass characteristics and beef attributes. Journal of Animal Science 88:2486-2499. doi: 10.2527/jas.2009-2428 22.02115
PTP-11332
© Kemin Industries, Inc. and its group of companies 2023. All rights reserved. ® ™ Trademarks of Kemin Industries, Inc., U.S.A. Nov. 2023



