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Abstract  

/ƻƭƻǊǎǇƻǊŜϰ Bacillus indicus HU36 (Bacillus HU36) is a unique patented strain of Gram-positive 
spore forming bacterium that produces a distinct yellow-orange pigmentation. The 
pigmentation is due to the synthesis of carotenoids, which are gastric stable, bio-accessible, and 
significantly more bioavailable than carotenoids from other sources. The Bacillus HU36 spores 
can survive the harsh conditions associated with food processing and may be incorporated into 
a range of food matrices without the need for refrigeration. This probiotic is also uniquely stable 
in liquids at room temperature and will remain dormant in non-refrigerated beverages. Bacillus 
HU36 was developed at London University as a part of the Colorspore Projectτa consortium 
funded by the European Unionτand is the first ingredient to encompass a market worth more 
than $75 billion. The project has comprehensively annotated Bacillus HU36, developed optimal 
bioprocess conditions for the production of carotenoid containing bacterial spores, 
demonstrated bio-accessibility and bioavailability, completed in-vivo and in-vitro toxicity, safety 
studies, and developed formulations for different food prototypes. Bacillus HU36 is the new 
paradigm in probiotic therapy and opens up a new range of delivery formats for companies in 
the food and dietary supplement markets. 
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Executive Summary  

  
/ƻƭƻǊǎǇƻǊŜϰ, Bacillus indicus HU36 is a unique strain of Gram-positive spore forming Bacillus 
species that produces a distinct yellow-orange pigmentation. Developed at London University as 
ǇŀǊǘ ƻŦ ǘƘŜ /ƻƭƻǊǎǇƻǊŜ tǊƻƧŜŎǘΣ ŦǳƴŘŜŘ ǿƛǘƘ ƻǾŜǊ ϵо Ƴƛƭƭƛƻƴ ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΣ ǘƘƛǎ 
patented strain is a unique and valuable nutritional supplement and functional ingredient with a 
number of attributes, including:  
 

¶ Rich pigmentation due to in-vivo synthesis of a number of carotenoids 

¶ Carotenoids that are gastric stable and offer a unique source of nutritious compounds 

¶ Proven immune stimulation and competitive exclusion of intestinal pathogens 

¶ Robust spores that can be incorporated into food matrices without the need for 
refrigeration and stable in a variety of beverages including fruit and dairy 

¶ Ability to withstand heating at 235ꜛC up to 8 minutes, which allows for incorporation into a 
number of cooked and baked food products  

¶ Stable as a nutritional supplement and food coloring  

¶ Proven safe in extensive toxicology and feeding studies 

¶ A fully sequenced genome  

¶ Patent protection for the use of Bacillus indicus HU36 to deliver gastric stable carotenoids  
 
From a commercial perspective, a probiotic supplement that can be stored at room temperature 
in a desiccated form, which does not need freeze- or spray-drying or complicated encapsulation 
methods, is operationally attractive and economically advantageous. The ability of Bacillus HU36 
spores to survive harsh food processing conditions and the gastric environment, without loss of 
function or viability to colonize the gut, and the significant antioxidant potency of the 
carotenoids produced, offers new opportunities in human and animal nutrition frontiers and a 
competitive advantage with a significant barrier to entry. Bacillus HU36 is a new paradigm in the 
use of probiotics for health and nutrition as it goes beyond the standard expectation of immune 
stimulation and digestive health, since it acts as a potent, nutritional source of key antioxidants 
that are more bioavailable than supplements and purified versions.  

The in-vivo production along with the robustness of both the probiotic and the carotenoids, 
which can withstand not only processing conditions but also gastric juices and still offer high bio-
accessibility and bioavailability that is superior to its counterparts in the marketplace, offers a 
bottom-line savings to every node in the value chain. Bacillus HU36 offers, for the first time, a 
technology and product combination that can serve a total market of over $75 billion dollars, 
which encompasses ingredients and finished products including supplements, foods and feeds 
at the intersection of carotenoids, antioxidants and probiotic fortification.  

Tasks completed under the Colorspore Project include: comprehensively annotated genome of 
Bacillus HU36, optimization of bioprocess conditions for the production of carotenoid containing 
bacterial spores, demonstrations of carotenoid bio-accessibility and bioavailability, in-vivo and 
in-vitro toxicity and safety studies, and formulation studies of application of Bacillus HU36 in 
several food prototypes.  

 

 

 



PROBIOTENE HU36 5 

 
 

[CONFIDENTIAL] 

  

  

 

 

 Feature 
Typical Probiotic 

 (Lactobacillus/Acidophilus)
 Other Spore Probiotics  Bacillus HU36

Helps with digestive health  Ҟ  Ҟ  Ҟ

Provides Immune stimulation  Ҟ  Ҟ  Ҟ
Competitively excludes 

pathogens  Ҟ  Ҟ  Ҟ

Proven Safety  Ҟ  Ҟ  Ҟ

Gastric Stable    Ҟ  Ҟ

Stable in Desiccated Form     Ҟ  Ҟ
5ƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŜƴǘŜǊƛŎ 

coating    Ҟ  Ҟ
Process Stable - high sheer, 

high pressure, harsh 

ingredients, etc.    Ҟ  Ҟ

Thermo Stable to baking and 

pasteurizing temperatures     Ҟ  Ҟ

Stable in room temperature 

liquids - will remain dormant      Ҟ

Does not require 

refrigeration even in high 

carbohydrate beverages      Ҟ

Produces high bioavailable 

carotenoid in vivo      Ҟ

Rich source of powerful 

antioxidants       Ҟ

                              THE BACILLUS HU36 ADVANTAGE 
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Introduction  

 

The human intestinal tract hosts approximately 100-trillion microorganisms, which help 
promote normal gastrointestinal function, systemic metabolism and immune function. Extensive 
processing of food, sterilization of the food supply, and depletion of nutrients from the soil, 
have rendered most modern diets deficient in these essential microorganisms or healthy 
bacteria. Emerging knowledge of the benefits of probiotic consumption has propelled consumer 
interest in effective and consumer-friendly formats of these mighty bacteria. 

Probiotics - Probiotics are bacteria used largely for immune stimulation and competitive 
exclusion. Most bacteria are highly sensitive to pH, light, heat, and harsh environmental 
conditions.  In nature, some species produce spores as a means to survive extreme 
environmental conditions to enable long-term survival in conditions that could otherwise kill 
vegetative bacteria. Spores are gaining significant attention today on account of their stability in 
high acid and high temperature environments. Spore-forming Bacillus indicus HU36 are able to 
differentiate into an endospore (spore), a quiescent cell form characterized by several 
protective layers surrounding a dehydrated cytoplasm. This structural organization makes the 
spores extremely resistant to external physical and chemical insults and able to survive almost 
indefinitely in the absence of water and nutrients and to revive upon encountering the 
appropriate environment. The current probiotic market is just shy of $20 billion with spores 
quickly gaining market share.  

Carotenoids - The growing body of scientific evidence of the health benefits of fruits and 
vegetables has heightened consumer awareness about the health properties of carotenoids. 
Consumers understand that a diet rich in foods that contain yellow, orange and pink/red 
carotenoid pigments can reduce the risk of cardiovascular disease and improve mortality rates 
(Kohlmeier et al. 1997, Kristenson et al. 1997, Rissanen et al. 2000, IFIC Food Insights 2011). The 
most popular carotenoid, lycopene in tomatoes, is known for its prostate cancer risk reducing 
abilities (Giovannucci 1999, Giovannucci 2002, Giovanucci et al. 1995). Other popular 
carotenoids are beta-carotene, astaxanthin, lutein, etc.  The health properties of carotenoids 
can be explained by antioxidant-activity in-vitro assays. However, there are limitations currently 
to their use as a natural coloring for foods and beverages, and, as a nutrient for humans and 
animals. Carotenoids are hydrophobic in nature and are therefore, poorly soluble in aqueous 
solutions and unstable in the digestive system; therefore bioavailability of supplemented or 
fortification carotenoids tends to be quite low. 

The New Paradigm - Bacillus HU36, a spore-forming Bacillus species, capable of synthesizing 
carotenoid pigments, offers a viable alternative bolstered further by its stability and absorption 
characteristics. The patented HU36 spores are heat stable, making them suitable for 
applications in heated foods and baked goods. The yellow and orange spores also may be 
incorporated into other food matrices as a coloring and as a nutrient, without the need for 
refrigeration. This new technology opens new opportunities for human and animal nutrition, 
especially as interest in the health benefits of carotenoids continues to grow. A large portion of 
research has repeatedly shown that individuals who consume a variety and quantity of fruits 

and vegetables (rich in carotenoids) and those with higher serum b-carotene levels show lower 
risk of cancer, particularly lung cancer (Mayne 1996, Krinsky 1992). Just as there are studies 
showing the benefits of carotenoids consumed in its natural state, as a food, there are also 
inconclusive and conflicting studies of carotenoid use in a pill form (Bjelakovic 2008, Koo 1997). 
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As such, there are no official recommendations for carotenoid dosage in a supplement form, 
which varies widely from 1.5mg to 800mg. In a supplement form, carotenoids have limited 
bioavailability due to gastric degradation.  

Studies of b-carotene supplements, by the Royal Holloway University of London (RHUL), show 

that in as little as 10 minutes after consumption, virtually all the b-carotene is undetectable. The 
patented technology of Bacillus HU36 removes the current barriers of gastric degradation. The 
HU36 spores survive the gastric barrier without the loss of function, colonize in the gut and 
show significantly more antioxidant activity than lycopene and other popular carotenoids. 
Bacillus HU36 offers a first-to-market opportunity for a product that serves both the probiotic 
and carotenoid markets in very diverse and unique delivery formats.  

In recent years, probiotics have entered the mainstream market and rapidly gained momentum 
in both dietary supplements and functional food applications. Global sales of probiotic 
ingredients, supplements, and foods are forecasted to reach $31.1 billion by 2015 (CAGR of 
7.6%) with probiotic foods accounting for the largest share (90.1%) of total sales ($19.6 billion in 
2010) and expected to reach $28.1 billion by 2015 (CAGR of 7.5%). Probiotic supplements, on 
the other hand, netted $1.3 billion in 2010, and are predicted to reach $2.07 billion by 2015 
(CAGR of 9.6%) (Figure 1, BCC Research).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Probiotic foods, supplements  & ingredients (BCC Research, 2011) 
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Bacillus Probiotics  

 
Probiotics are live microbes, which when administered in adequate amounts confer a health 
benefit to the host (Araya et al 2002). Bacillus species has been used as probiotics for at least 50 
years starting with an Italian product known as Enterogermina® which was registered in 1958 in 
Italy as an over-the-counter medicinal supplement. The scientific interest in Bacillus species as 
probiotics though, has only occurred recently in the last 15 years, and three principal reviews 
have covered the field: Hong et al 2005, Mazza et al 1994, Sanders et al 2003. The species that 
have been most extensively examined are: Bacillus subtilis, Bacillus clausii, Bacillus cereus, 
Bacillus coagulans and Bacillus licheniformis.  

Bacillus species have been well characterized with regard to their probiotic potential as a means 
to stimulate immunity, exclude harmful pathogens, secrete antimicrobials, and produce 
beneficial nutrients. These attributes prove remarkably beneficial in enhancing the health 
properties of other nutrients and aid in removing many of the barriers to efficacy, bioavailability 
and ultimately commercial applications. 

Additionally, Bacillus species are Gram-positive bacteria that produce endospores, which are 
uniquely robust entities that are able to survive temperature extremes, irradiation and long-
term storage (Nicolson, 2002). A second advantage is that the spore is capable of surviving the 
low pH of the gastric chamber (Spinosa et al 2000, Barbosa et al 2005), which is not the case for 
all species of Lactobacillus. So in principle, a specified dose of spores can be stored indefinitely 
without refrigeration and the entire dose of ingested bacteria will reach the small intestine 
intact (Tuohy et al 2007).There is sufficient scientific evidence to support Bacillus species as safe 
for human consumption and substantive data to support possible health claims related to 
digestive health, vascular health, joint health and immunity. Studies in human nutrition show 
the following benefits from Bacillus spores1:  

 

o Immune modulation for childhood allergies 

o Immune stimulation of peripheral T-lymphocytes and B-lymphocytes 

o Decrease in frequency of urinary tract infections and positive cultures 

o Reduction in side effects related to anti-H. pylori antibiotic therapy 

o Effective treatment for small intestinal bacterial overgrowth (SIBO) 

o Diminished duration of diarrhea in children 3 to 36 months of age 

o Reduced incidence of irritable bowel syndrome diarrhea  

o Immune response to adenovirus and influenza-A in-vitro 

o Improvement in pain scale in Rheumatoid arthritis patients  

 

 

                                                        
1 Sources: Marseglia et al. 2007; Ciprandi et al. 2005, Caruso et al 1993, Fiorini et al 1985, Coppi et al 1985, Nista et al 2004, 

Canani et al 2007, Gabriellu et all 2009, Hun 2009, Baron, 2009, Mandel et al. 2010).  
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Bacillus Indicus HU36  

 
Bacillus indicus HU36 is a well annotated and understood microbe and has been well 
characterized with regard to its probiotic potential as a means to stimulate immunity, exclude 
harmful pathogens, secrete antimicrobials, and produce beneficial nutrients.  

Carbohydrate Active Enzymes (CAZymes): The genome annotation of HU36 shows a high total 
number of CAZymes, which are categorized in the Carbohydrate-active Enzymes Database 
(www.cazy.org)database into five families: glycoside hydrolases (GHs), glycosyltransferases 
(GTs), polysaccharide lyases (PLs), carbohydrate esterases (CEs), and carbohydrate binding 
modules (CBMs). Comparison of the CAZymes identified in the genomes of HU36 with other 
Bacillus species and validation by experimental data on carbohydrate utilization, levan-based 
biofilm formation and mucin-binding and mucin-degradation, suggests that HU36 is adapted to 
the intestinal environment and suited to grow in and colonize the human gut (Figure 1) and 
degrade mammalian glycans. 

 

 
Table 1: Comparative analysis of the number of putative genes for the five CAZyme categories 

in selected spore forming Bacilli (Manzo et al., 2011)  

 

Probiotic Effect: There is mounting evidence of the probiotic effect of Bacillus indicus HU36 on 
immune stimulation and the importance of Bacillus indicus HU36 for the development of a 
robust gut-associated lymphoid system (GALT). Toll-like receptors (TLRs) are integral to the 
initial recognition of organisms during infection; TLR2 is a known Gram-positive pathogen 
recognition receptor. Studies of RAW264.7 macrophage cultures incubated with Bacillus subtilis 
HU36 showed that spores (Sp), vegetative cells (Cell) and even autoclaved (AC) and UV-
irradiated (UV) spores of Bacillus indicus HU36 can stimulate/activate the TLR2 which is the first 
step to cytokine induction. These results were compared against the backdrop of PGN, the 
peptidoglycan and internal control, and MED, the medium and baseline (Figure 2). 

http://www.cazy.org/
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Figure 2: RAW264.7 macrophages incubated with Bacillus subtilis HU36 for 4hrs before RNA 

extraction (TLR2 gene expression) 

The Bacillus indicus HU36 spores (Sp) and vegetative cells (Cell) can also stimulate expression of 
TNFaτa proinflammatory cytokine (Figure 3). The induction of cytokines is required to activate 
the innate immune response and supports the role of HU36 spores as signalers of immune 
stimulation. 

 
Figure 3: RAW264.7 macrophages incubated with Bacillus subtilis HU36 for 4hrs before RNA 

extraction (TNFƝ gene expression) 

 

 
These studies have shown that Bacillus indicus HU36 does provide immune stimulation as is 
expected from probiotics in its class. Thus, it does function as an effective probiotic.  
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Genetic Composition of Bacillus indicus  HU36 

Bacillus HU36 is a Gram-positive filamentous, rod-shaped organism that appears as individual 
rods or occasionally in short chains.  

 

Figure 24: Phylogenetic relationship of six pigmented isolates  

 
This phylogenetic illustration shows the origin of Bacillus HU36, which is well known and 
documented. The organism is natural with no genetic modification.  
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Colonization  

Bacillus indicus HU36 was isolated from freshly voided human feces and described by Duc et al 
in 2006. Thus it is a natural variant of the human intestinal tract and is well suited for 
colonization. Bacillus HU36 has been in regular use as a probiotic in South East Asia supplied by 
AnaBio out of Vietnam (they have patent protection from The London University and non-
exclusive use license for South East Asia only) and is also naturally present in seafood, which is a 
part of a ǊŜƎǳƭŀǊ ŘƛŜǘ ƻŦ ŀ ƘƛƎƘŜǊ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴΦ 

Beyond the fact that Bacillus HU36 was isolated from the human colon, there are in vivo and in 
vitro studies to demonstrate its ability to colonize the gut. Hong et al (2008) studied the 
adhesion of Bacillus HU36 to Caco-2 and HEP-2 cells in addition to a mucus-secreting cell line, 
HT29-16E, using in vitro methods. The researchers chose to add HT29-16E cell lines because 
HT29-16E cells exhibit differentiation features characteristic of mature intestinal cells, including 
the secretion of mucin, and are therefore presumably more informative than Caco-2 cells. These 
cell lines are widely accepted models for gut colonization and are well documented in the 
literature. The researchers took a suspension of c. 107ς108 vegetative cells of the strain and it 
was incubated for 2 h with the cultured cell line, after which the number of adhering cells was 
measured. The Bacillus HU36 spores showed positive adhesion that would infer colonization 
over a 7 day period. A further study on the ability of Bacillus HU36 to colonize was performed at 
Royal Holloway London University using live mice in an in vivo model. The researchers had 
groups of 4 mice each dosed with 1 X 109 cfu of a pure suspension of spores. At the indicated 
days thereafter, fecal pellets were sampled.  The pellets were homogenized in PBS buffer, 
heated at 65oC for 45min and serial dilutions plated on DSM agar for plate counting (cfu/g of 
feces). The detection limit was ~1-2 X 102 cfu/g feces. 
 
Table 1: Colonization in mice  
Time (days)  Naïve - Control  Bacillus Subtilis  Bacillus  HU36 

0 1 X 102 1 X 109 1 X 109 

2 2 X 102 4 X 107 4 X 108 

4 7 X 102 5 X 106 3 X 108 

6 5 X 102 3 X 105 5 X 107 

8 4 X 102 3 X 104 1 X 107 

10 8 X 102 2 X 103 5 X 106 

12 1 X 102 2 X 102 3 X 106 

18 3 X 102 3 X 102 7 X 105 

20 2 X 102 3 X 102 3 X 104 

22 5 X 102 3 X 102 3 X 103 

36 1 X 102 1 X 102 2 X 102 

 

The data showed clear and strong colonization in mice by Bacillus HU36 even as compared to a 

very common and widely used probiotic spore, Bacillus Subtilis. This model studies the 

persistence of the spore in the gastrointestinal tract of the mouse model. The weaker a 

colonizer, the faster the cells are shed. Bacillus HU36 showed slow shedding and thus strong 

colonization especially when compared to a commonly used spore probiotic. Bacillus HU36 cells 

were detectable in fecal samples up to 22 days. 
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Background on Carotenoids  

Carotenoids are lipophilic antioxidants. There are more than 800 carotenoids described in 
nature to date. These compounds are synthesized mainly in plants, but have also been isolated 
from yeasts, fungi, marine algae, micro-algae and some species of bacteria. Carotenoids are 
recognized widely as giving many plants, fruits, flowers and vegetables their red, orange and 
yellow colors; but it is through diet that many animals such as salmon, trout and flamingos 
obtain their flesh and feather coloring.  

There is growing evidence that people consuming diets rich in carotenoids from natural foods, 
such as fruits and vegetables, are healthier and have lower mortality from a number of chronic 
illnesses (Diplock et al. 1998). The health-promoting properties of carotenoids have intensified 
interest in natural carotenoid sources and their utilization in human nutrition (Rao & Rao, 2007). 
All carotenoid structures are derived from C30 or C40 hydrocarbon chains. These are highly 
unsaturated with up to 15- conjugated-double bonds. Most of them carry cyclic end groups such 
as alpha- or beta-ionone rings. Typically, these ionone rings are modified by oxo groups, like 3-
hydroxy, 4-keto and 5,6-epoxy. Carotenoids containing oxygen atoms are called xanthophylls; 
those containing only carbon and hydrogen atoms are carotenes. 

Carotenoids in animals including humans are widely recognized as having important antioxidant 
activities: some act as a precursor of vitamin A and some have specific cellular effects (e.g. gap 
junction communication, stimulation of gene expression). There is also increasing evidence that 
some of these play an important role in benefiting human health, for like animals, humans are 
unable to synthesize these molecules and therefore must absorb them from food. To date, all 
studies showing beneficial health effects imply the carotenoids must be consumed in their 
natural state as a fruit and vegetable (Bjelakovic 2007, Satia et al. 2009, and Nagel et al. 2010).  

Studies in human nutrition show the following benefits from carotenoids2:   

¶ a-carotene from fruits and vegetables reduces risk of lung cancer 

¶ b-carotene from fruits and vegetables reduces risk of cancer of the skin, cervix, uterus, 
mouth, stomach, lung and bladder 

¶ b-cryptoxanthin, high intake from fruits and vegetables, decreases cervical cancer risk 

¶ Lutein and Zeaxanthin, from corn and green leafy vegetables, lowers risk of macular 
degeneration  

¶ Lycopene, from tomatoes, reduces risk of heart disease and prostate cancer 
 

The specific mechanisms by which carotenoids reduce the risk and development of cancer in 
humans is not yet fully understood, but carotenoids show several properties that could prevent 
or slow the progression of cancer (De Flora et al 1999, Burton et al 1984). It is believed that 
most carotenoids may inhibit growth and malignant transformation and signal apoptosis 
(Sumantran V.N. et al, 2000). The anti-inflammatory action and anti-carcinogenic health benefits 
are believed to be a result of gene expression via antioxidant responsive gene elements. The 
apparent cancer-preventive effects may depend on the enhancement of DNA repair, as well as 
augmenting cellular antioxidant defenses that help protect cellular components from oxidative 
damage (Lorenzo et al. 2008).  

                                                        
2 Sources: Hinds et al 1984, Stahl et al 2000, MW et al. 2012, Rock 2002, Tan et al. 2008, Giovannucci 2002, Lee et al 1999 
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The carotenoids with the most promise of health promoting properties are lycopene, b-
carotene, and provitamin A, which is essential for human health (Olsen et al. 1965, Snodderly et 
al. 1995). Carotenoids with a C40 backbone show the greatest potential in commercial 
applications given their abundance in nature and current commercial opportunities, particularly 
in the animal feed sector and for dietary supplement production.  

The most economical means of producing carotenoids is through chemical synthesis. However, 
there are barriers to their success, such as the production of stereo isomers not found in the 
natural product, contamination with reaction intermediates/products, and lack of potential 
synergistic nutrients present in the biological mixtures. The byproducts of chemical synthesis do 
not appeal to growing consumer demand for natural ingredients and coloring, with less 
processing and environment impact.  

Unicellular algae sources of commercially available carotenoids exist, including Dunaliella salina, 
Spirulina, and Haematococcus. Carotenoids are also produced commercially from the yeast 
Phaffia rhodozyma, and filamentous fungi Blakeslea trispora and Phycomyces blakesanus. 
Unicellular algae present various limitations including slow growth, cooled fermentation 
requirements and reproductive assistance for high yields. At present there is only one viable 
plant sourceτTagetes flowers (Tagetes erecta)τfor commercial carotenoid production.  

Another option is genetic encoding of biosynthetic enzymes from microbial plant sources, which 
has been used in Escherichia coli (Misawa et al., 1995) and with food yeast Candida utilis (Miura 
et al., 1998). Metabolic engineering in crops is another alternative, though concern over 
genetically modified food has prevented utilization of carotenoid crops and commercial 
production.  

Carotenoids are a high-value fine chemical with attractive physiological and therapeutic 
benefits, but only for the naturally occurring form. Purified and synthetic carotenoids used for 
fortification and supplementation have poor stability and bioavailability and thus makes it 
difficult to deliver therapeutic doses. The solution to increased demand and commercial barriers 
to natural sources of carotenoids clearly lies in Bacillus HU36- carotenoids.  

 

Bacillus indicus  HU36 Carotenoids  

Spore-forming Bacillus indicus HU36 produce pigments, mostly carotenoids, with a putative 
protective role against UV irradiation and oxygen-reactive forms. An exhaustive study by the 
Royal Holloway University of London (RHUL) of the pigmented Bacillus has defined the specific 
carotenoid pigments and profiles produced by these bacteria. A diverse range of spore-forming 
Bacillus spp. (multiple species) that contains carotenoid pigments has been isolated (Khaneja et 
al. 2009). These bacteria possess the ability to act as probiotics, with the health benefits and 
color attributes of carotenoids. The most commonly found pigments were yellow, orange and 
pink. The carotenoids consist of keto/hydroxyl-carotene derivatives, astaxanthin, 4-
ketozeaxanthin, echinenone, a hydroxyl-echinenone derivative, phenicoaxanthin, 
ŎŀƴǘƘŀȄŀƴǘƘƛƴΣ ȊŜŀȄŀƴǘƘƛƴΣ ŀƴŘκƻǊ ʰ-carotene.  

.ŜǘǿŜŜƴ нллф ŀƴŘ нлмнΣ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ тth CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳŜ ǎǇƻƴǎƻǊŜŘ ŀ ϵоΦр 
million program-grant named COLOSPORE. The project, coordinated by Professor Simon Cutting 
(RHUL), did an intensive search for new sources of beneficial carotenoids and identified a 
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collection of unique pigmented bacteria each of which was a novel source of carotenoids. These 
were shown to have the following key attributes: 

¶ Gastric-stable carotenoids that are not destroyed in the GI tract, therefore are far superior 
to existing sources of carotenoids 

¶ Safe strains with toxicology studies performed (HU36 and GB1) 

¶ Genomes of two prototype strains sequenced (HU36 and GB1) 

¶ Fully characterized biosynthetic pathways (HU36 and GB1) 

¶ Full analysis of the metabolomes of two strains, HU36 and GB1 

¶ Evidence in vitro and in vivo for bioaccessibility and bioavailability 
 

The COLOSPORE strains have been shortlisted to two novel strains for incorporation into foods; 
these are Bacillus indicus HU36 (yellow-orange) and Bacillus firmus GB1 (pink-red). Both of these 
strains have been licensed exclusively to Viridis Biopharma. For the purposes of this paper, the 
discussion is limited to Bacillus indicus HU36.  

 

 
Figure 4: Carotenoid profiling by HPLC.  

 

The exhaustive Colorspore study of pigmented Bacilli undertaken at the RHUL showed the 
predominance of three types of carotenoids with absorption maxima at 455nm, 467nm and 
492nm, corresponding to the visible colors yellow, orange and pink, respectively (Figure 4). 
Although the presence of other carotenoids cannot be ruled out, these three predominant 
carotenoids appear to account for the pigments obtained in most pigmented Bacilli. The 
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function of carotenoids is photo-protection, and carotenoid-containing spores exhibited 
significantly higher levels of resistance to UV radiation than non-carotenoid containing Bacillus 
species. The biochemical analysis of the carotenoids responsible for the yellow/orange 
pigmentation present in Bacillus indicus HU36 has been carried out and the identity of the 
carotenoids present has been elucidated in detail (Figure 5). 

 
Figure 5: Carotenoids produced by Bacillus indicus HU 36.  

Carotenoids are isoprenoids and thus originate from the five-carbon building block, isopentenyl 
pyrophosphate (IPP), which is the universal precursor of all isoprenoids. Supporting this, 
squalene has been identified in numerous Gram-positive bacteria including Bacillus (Amdur et al 
1978). Squalene has been proposed to be an important part of the Mediterranean diet as it may 
be a chemopreventative substance that protects people from cancer (Smith 2000, Owen et al 
2004). Besides a chromophore (which is responsible for the color) another structural feature is 
their long hydrocarbon chain that conveys a pronounced hydrophobic chemical nature. These 
lipophilic properties ensure that virtually all Bacillus- carotenoids would be located in 
membranous structures or particular lipid globules. 

Chromatographic, UV/Vis and Mass Spectral (MS) data have revealed the exclusive presence of a 
C30 carotenoid biosynthetic pathway in Bacillus species (Perez-Fons et al 2010). Apophytoene 
was detected representing the first genuine carotenoid formed by this pathway. The most 
abundant carotenoids present in the Bacillus species were oxygenated derivatives of 
apolycopene, which have either undergone glycosylation and/or esterification. The presence of 
fatty acid moieties (C9 to C15) attached to the sugar residue via an ester linkage was revealed by 
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saponification and MS/MS analysis. The most abundant apocarotenoids determined 
were glycosyl-apolycopene and glycosyl-пΩ-methyl-apolycopenoate esters. Analysis of 
these carotenoids over the developmental formation of the Bacillus indicus HU36spores 
revealed that 5-glycosyl-пΩ-methyl-apolycopenoate synthesis was coupled to sporulation. 
Potential biosynthetic pathways for the formation of these apocarotenoids in vegetative and 
spores have been reconstructed from intermediates and the end products have been 
elucidated. A combination of biochemical techniques have been used to demonstrate the 
presence of carotenoids and their derivatives in Bacillus indicus HU36 and also their growth 
pattern of the microbe (Figure 5).  

 

 
Figure 6: Overview of cellular metabolism of Bacillus indicus HU 36.  

 

The yellow pigment predominates in vegetative cells, while the formation of the orange pigment 
is enhanced during sporulation. The developmental regulation of the biosynthetic pathway 
characterized thus far in Bacillus indicus HU36 is extensive and serves as a platform to help 
determine the potential biotechnological importance of these molecules in the health, food and 
feed sectors. 

 

Gastric Stability  

A key discovery regarding Bacillus indicus HU36carotenoids is their gastric stability because they 
are di- or mono-acids (Figure 6). The low pH of gastric juice (pH 2) makes it a highly corrosive 
solution and studies carried out by the RHUL consortium have shown that when ß-carotene, for 
example, is incubated in simulated gastric juices it is almost completely degraded in as little as 
10 minutes with no detectable amounts after 20 minutes. In contrast, Bacillus indicus 
HU36derived carotenoids (whether extracted from the spore or using the whole spore) were 
essentially unaffected and after 60 minutes of incubation showed no more than 10-20% 
degradation. The standard transit time for food entering the stomach is 60 minutes, which 


