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Westem European monozygotic twins (Table 2).

deaths in 2000 for heart and nine cancer types (1.53 million total deaths from
these causes). The contributions attributed to genetics plus shared exposures are based on the population attributable fractions (PAFs) estimated from
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Commensal Host-Bacterial Relationships

in the Gut

Lora V. Hooper and Jeffrey I. Gordon*

One potential outcome of the adaptive coevolution of humans and
bacteria is the development of commensal relationships, where neither
partner is harmed, or symbiotic relationships, where unique metabolic
traits or other benefits are provided. Our gastrointestinal tract is colonized
by a vast community of symbionts and commensals that have important
effects on immune function, nutrient processing, and a broad range of
other host activities. The current genomic revolution offers an unprece-
dented opportunity to identify the molecular foundations of these rela-
tionships so that we can understand how they contribute to our normal
physiology and how they can be exploited to develop new therapeutic

strategies.

The first draft of our complete DNA se-
quence represents a historic event in our
quest for self-knowledge (/, 2). Knowing our
genotype highlights the need to understand
how environmental factors interact with our
genetic traits to influence health and predis-
pose us to illness. In the midst of the current
revolution in comparative and functional
genomics, it is therefore appropriate to con-
sider another form of self-knowledge: the
contributions of our microbial partners to our
biology. From birth to death, we are colo-
nized by a vast, complex, and dynamic con-
sortium of microorganisms that may outnum-
ber our somatic and germ cells (3). The Nobel
laureate Joshua Lederberg has suggested us-
ing the term “microbiome™ to describe the
collective genome of our indigenous mi-
crobes (microflora), the idea being that a
comprehensive genetic view of Homo sapi-
ens as a life-form should include the genes in
our microbiome (4).
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Bactena have inhabited Earth for at least
2.5 billion years (5). As a result, our prede-
cessors have had to adapt to a biosphere
dominated by microbes. However, we have
minimal knowledge of how coevolution with
indigenous microorganisms has shaped our
genome and microbiome, as well as our phys-
iology and postnatal development. For exam-
ple, the human genome encodes 223 proteins
with significant homology to bactenal but not
cukaryotic proteins, suggesting that they
were acquired through honzontal transfer of
bacterial genes (/). Unfortunately, the com-
ponents of our microbiome remain poorly
defined. Like most complex ecosystems, enu-
merating membership in the vanous microbi-
al societies that reside on our body surfaces
has been hindered by the fact that most soci-
ctal members cannot be cultured ex vivo.
Moreover, most microbial genome-sequenc-
ing projects have focused on pathogens.
Those that have embraced nonpathogens
have turned to Archaea to understand the
evolutionary diversification of protocytes and
cukaryotes or to extremophiles to examine
their adaptations to harsh environments and
their potential for performing commercially
applicable chemistry (6).
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Interactions between bactena and their
hosts can be viewed in terms of a continu-
um between symbiosis, commensalism, and
pathogenicity, with symbiosis and commen-
salism grouped under the general heading of
mutualism (Fig. 1). “Symbiosis™ refers to a
relationship between two different species
where at least one partner benefits without
harming the other and is typically centered on
metabolic capabilitics that allow ecither or
both partners to exploit an otherwise unavail-
able or poorly utilizable nutrient foundation
(7, 8). The term “commensal”™ comes from
the medieval Latin “commensalis,” meaning
“at table together,” and generally refers to
partners that coexist without detriment but
without obvious benefit. A pathogenic rela-
tionship results in damage to the host. Sym-
biosis and commensalism have been viewed
as potential outcomes of a dynamic “arms
race” (9) initiated when a pathogen encoun-
ters a vulnerable host. In this race, a change
in one combatant is matched by an adaptive
response in the other. In some settings, the
arms race evolves toward attenuation of vir-
ulence and peaceful coexistence, with or
without frank codependence (symbiosis). In
other circumstances, the pathogenic relation-
ship is sustained by the development of ef-
fective countermeasures that bypass the
host’s innate or adaptive defenses (Fig. 1).
Ewald has coined the term “evolutionary ep-
idemiology™ to underscore how a compre-
hensive analysis of discase prevalence and
spread must include the set of adaptive re-
sponses of host and pathogen to one another
and their outside environment over time (/0).
He and others have emphasized that the con-
cept of obligate evolution of parasites ( patho-
gens) to benignness should be rejected on the
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’I\/Iicrobiome Research
‘What has it revealed?

» the previously |
unappreciated bacterial
diversity

» the ‘unanticipated’
variability between
Individuals

» numerous correlations
between gut community
composition and various
host states
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’ Microbiome Research T
- 3 Questions It Raises

* How can one categorize in a consistent way, the
Immense variation in the microbiome of a population?

* How can one restore and reset a disturbed
microflora?

* What food sources are available to contribute to
healthy microbiome?



’ An Alternate Viewpoint

Table 1: Characteristic features of the three extreme prakriti types: Vata, pitta, and kapha and t

Prakriti

Doshas
Transport, Metabolism, Storage

Harmony ——— Discord

Diet & Lifestyle

susceptibility to diseases
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Features Vata Pitta Kapha

Bedy frame Thin Medium Broad

Body build and musculature Weakly developed Mcderate Well-developed

Skin Dry and cracked Soft, thin, with tendency for Smooth and firm, «
moles, acne and freckles complexion

Hair Dry, thin, prone to breaks Thin, oily, early greying Thick, smooth, anc

Weight gain Recalcitrant Fluctuating Tendency to obesit

Food and bowel habits Frequent, variable, and irregular Higher capacity for food and Low digestive capa
water consumption and stable foed hal

Movements and physical activities Excessive and brisk Mcderate Less mobile and sl

Tolerance for seasonal weather Cold intolerant Heat intolerant Tolerant to both he

and cold

Disease resistance and healing capacity Poor Good Excellent

Metabolism of toxic sub es Moderate Quick Poor

Communication Talkative Sharp, incisive communication  Less vocal with goc
with analytical abilities communication ski

Initiation capabilities Quick, responsive, and enthusiastic Moderate, upon conviction Slow te initiate ney
and understanding things

Memory Quick at grasping but poor retention Mcderate grasping and Slow grasping but -
retention retention

Ageing Fast Mcderate Slow

Disease predi: ition/poor prog: Developmental, neurological, dementia, Ulcer, bleeding disorders, skin  Obesity, diabetes,

movement and speech disorders, arrthythmias __diseases atherosclerotic cor
16 Journal of Ayurveda & Integrative Medicine | January-March 2014 | Vol 5




rakriti & Microbiome

p= 0.006 p= 0.002 p= 0.007

p=0.02 P+ 8.35€-05 P 20.035 Prakriti Microbiome Features Phenotype Feature
B. Vulgaris
Vata Oscillibacter valericegenes Irregular, unpredictable digestiol
Eubacterium rectale lower immune response
R. hominis
. l Prakriti
s | E3 Kapha L
$ Pitta . Enrichment of butyrate producing n ge"er?" e
£3 vata Pitta microbes _metabollsr_n. But prone to
e inflammation (Juyal et al. 2012),
o ‘ : i
= Obesity, susceptibility to type 2
° ® Kaoha Prevotella and P. copri diabetes, artherosclerosis (Prasr
P - €op al. 2008, Govindraj et al. 2015,
Doddoli et al. 2016)
® |
T & rrontiers ooy _
~3 E

Western Indian Rural Gut Microbial
Diversity in Extreme Prakriti
Endo-Phenotypes Reveals Signature
Microbes

Bu'uria Eubacteri'um reclale Prevérella Rosebun's hominis




’ Resetting the Microbiome
- The Holistic Approach

Agni vardhak
Fermented mil

products
Takra arishta

Jeerakady asav

Prebiotics
. Diet
Probiotics

Agni

Fecal Digestion in
Transplant Gut

=) )]

Aahaar Rasa,

hakarma
Bhuta, Dhatu Panchaka




o]l in Treating

Dairy-based Products T.
Diarrhoeal Diseases

HEALTH SCIENG

INDICATION

PREPARATION

Diarrhea and
Dysentery

Light food consisting of buttermilk is given when there
hunger after diarrhea

In diarrhea with kapha dominance (passing stools with
mucous and with continuous pain), drugs like Woodfort
fruticosa, Symplocos racemosa, Zingiber officinalis adde
with buttermilk is given.

Buttermilk with Plumbago zeylanica is given during
abdominal discomfort.

Pomegranate juice with Holarrhena antidysenterica alo
with buttermilk cures diarrhea.

Chronic diarrhea:
Lactose or gluten
Intolerances/
Crohn’s disease

Buttermilk is taken as post meal drink

Buttermilk is wholesome in chronic diarrhoea and othe
abdominal disorders

Buttermilk is appetizing

After taking meal prepared from horse gram, buttermill
given

Buttermilk with Plumbago zeylanica in chronic indigesti

Others

Astringency of butter milk for blood mixed stools

For electrolyte loss

Ensures improved metabolism for those suffering from
overall debility




But What i1s Buttermilk

An Innovators Dream!

8-sources of milk

v

5 degrees of fermentation

v

5 process variations

200 product combinations

buffalo (mahisha)

camel (ushtra)

One hoofed
animals
(ekashapha)

Source

Elephant (hasti )

T
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sheep (avi)

goat (aja)

[ Milk (Kshira)

curd (:j'adhi) ]

[Fermentation by addition of curd or butterr

Secondary products
[Churning with water]
thick | f curd ( ) ¥ ] ¢
upper thick layer of curd (sara
_> -
[ takra (buttermilk) J [ butter (navanita)
—> watery portion (morata)
without added water; persistent | [Heating]
: : . cream (ghola) A v
solid portion of curd obtained by clarified butter (ghrita
boiling (kilata) .
churned without water to 7
separate cream (mathita) ;
|| thick, milkliquid obtained by \Pf E)Srt‘l’g'gg égg‘
agitating the curd (dadhikurchika) churned with half quantity of e _
water (udaswita) “s old ghee (purana ghrit:
—> cheese (takrapinda)
well churned with four parts of |« [Storing with
—> whey (mastu) water to remove cream (takra) agitation]
o ) supernatant clear port
proc_e_ssed curd or buttermilk with churned twice to remove cream < of ghee (ghrita mand
addition of herbs (ksheerashaka) (chachika)

Milk and fermented milk products mentioned in Ayurveda (Kukkupuni et al., 2015)




Dipaniya, Agni Vardhaka (Enhancers of digestion and metabolism)




Resetting the Microbiome T
The 6 Rasa Diet

Figure 1. The thali diet promotes gut bacterial diversity by delivering probiotics, prebiotics, and different classes of
phytochemicals from fermented foods, dal and vegetables and spices, respectively. Indeed, sambar, a component of
the thali diet suppressed chemically-induced colon carcinogenesis in vivo [67]. *Black and white peppercorns, cloves
cinnamon, mace (part of nutmeg), black and green cardamom pods, bay leaf, cumin, and coriander.

| Fermented Foods
(Curd,
Buttermilk &
Spices Vegetables)

(Turmeric, Garam Sambhar and
Masala*, Chilli Lactobacilli spp. Rasam (Onions,
Powder & Cumin) Lactococcus spp. Tomato, Turmeric,

Leuconostoc spp. Tamarind,
Phenolic acids Coriander, Cumin,
(Benzoic and I Fenugreek, Pepper
hydroxycinnamic & Asafoetida
! acldvderiv ) ( Thali: Delivers Diﬂcnntw )
Curcuminoids Classes of Phenolic Acids
(Curumin) Phytochemicals Organosulfur
Flavonoids Compounds
(Flavones, / Carotenoids
r - ] Vegetable Stir F
F'I:vonols and Dal Vegetable Curries (:ittor Gourd " s_Lycop-er.I;)
avanones) (Leatiis) (Drumsticks, Egg Okra, Green Leafy erpenoids
Plant & Cabbage) Vegotables,
Phenolic Acids ) Banana Flower,
Condensed Phenolic Acids Carrot & Beans)
Tanning Flavonoids
Flavonoids (Anthocyanins) Phenolic Acids
(Flavanols and ST Flavenoids
FIBVOHO'S) Glucosinolates (lsoﬂavones] YALE JOURNAL OF BIOLOGY AND MEDICINE 91 (2018), pp.177-184
Saponins Tannins PERSPECTIVES E
Alkaloids

Ancient Thali Diet: Gut Microbiota, Imn

and Health

Kaitlyn Shondelmyer®, Rob Knight*<, Anusha Sanivarapu?, Shuji Ogino*/¥, and Jai

Vanamala®*+*




We Are What We Eat & Drink

&Il HaTI &dled dootel T THA |
Jeodd HeRfoaacy Iaa areelt uer ||

dlpo bhakShayate dhvAntam kajjalam cha prasUyate |
yadannam bhakShayennityam jAyate tAdRishl prajA ||

Lamp eats darkness and produces [black] soot!
What food (quality) [one] eats daily, so will [one] produce.

All Diseases Begin in the Gut
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