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Last year...

Krishna, et al., 2019

These are 10
times as many
outside
organisms are
there are
human cells in
the human body

3.3 million
number of non-
Reductant
genes in the
human gut
microbiome

80-90%
individuals
humans are
different from
one another

10-100 Trillion of symbiotic microbial cells harbored
by each person, primarily bacteria in the gut that
make up the human microbiota

22000
approximate
number of genes
in the human
gene catalog

99.90%
individual
human are
identical to one
~ another in

ns of host

>10000 number
A of different
microbes species
researches have
identified living
in the human
body

90% diseases can be raced in some way back
to gut health and microbiome
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Gut microbial changes Immunological changes Effects on CNS function
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Microbial influences in behaviour

Fig. 4 Life-cycle of Toxoplasma gondiiin cat. a Ingestion of prey containing tissue cysts. b The cyst wall is digested in the stomach and intestines,
liberating bradyzoites. ¢ Bradyzoites invade epitelial cells of the intestine. d In the enterocytes bradyzoites divide by schizogony giving rise to
merozoites. e Merozoites differentiate into microgamonts, or macrogametes (f). g Fertilization gives rise to an unsporulated oocyst excreted with
cat feces (h). i Sporulation occurs and generates two sporocysts with four sporozoites each (j) Attias, et aI., 2020.



Cell Reports

Neuroinflammation-Associated Aspecific
Manipulation of Mouse Predator Fear by Toxoplasma

gondii

Graphical Abstract

Toxopfasme gondii infection

£

-

&:Zbﬂ:“

anxiety & predator aversion

@ ()
immune response

Boillat, et al., 2020

Authors

Madlaina Boillat,

Pierre-Mehdi Hammoudi,

Sunil Kumar Dogga, Stéphane Pageés,
Maged Goubran, Ivan Rodriguez,
Dominique Soldati-Favre

Correspondence

ivan.rodriguez@unige.ch (I.R.),
dominique.soldati-favre@unige.ch
(D.S.-F.)

In Brief

Contradicting the prevailing model of a
selective loss of cat fear in Toxoplasma
gondii-infected rodents, Boillat et al.
show in a multiparametric analysis of host
behavior, physiology, and brain
transcriptome that the loss of predator
fear is not specific to felids and that the
severity of behavioral alterations
correlates with neurcinflammation.
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Figure 1. Life cycle of T. gondii. Schematic representation of the three virulence stages, main infection
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Microbiota — serotonin
pathway crosstalk
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Brain Function & Behaviors
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FIGURE 3 The potential role of tryptophan metabolism in the gut microbiota-brain axis. Manipulations of gut microbiota composition

and metabolism by various ways (e.g., antibiotics and probiotics) contribute to the shifts in the central tryptophan metabolism between

serotonin synthesis and tryptophan degradation pathways, which thereby influence the brain function and behaviors. The solid arrow

indicates the tryptophan metabolism-dependent effects of alterations in gut microbiota on the central tryptophan metabolism; the Gaol et al ., 2020.
dashed arrow indicates the tryptophan-independent effects on the central tryptophan metabolism. AhR, aryl hydrocarbon receptor; CNS,

central nervous system; SCFA, short-chain fatty acid.
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The Holobiont Blindspot: Relating
Host-Microbiome Interactions to
Cognitive Biases and the Concept of
the “Umwelt”

Jake M. Robinson'23* and Ross Cameron’
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Cognitive biases can lead to misinterpretations of human and non-human biclogy and
behavior. The concept of the Umwelt describes phylogenetic contrasts in the sensory
realms of different species and has important implications for evolutionary studies of
Gognition (including biases) and social behavior. It has recently been suggested that the:
microbiome (the diverse network of microorganisms in a given environment, including
those within a host organism such as humans) has an influential rele in host behavior and
health. In this paper, we discuss the host's microbiome i relation to cogritive biases and
OPEN ACCESS e concept of the Umwelt. Failing to consider the role of host-microbiome (collectively
Eatoany:  termed a *holobiont”) interactions in a given behavior, may underpin a potentially
Mareo Tullo Lizzs, i ortant cognitive bias — which we refer to as the Holobiont Blindspot. We also suggest
Universi of Magna Graccs,
ovowaary, [ Mictobially mediated behavioral responses could augment our understanding of
v ey the Umwett. For example, the potential role of the microbiome in perception and action
eleield Universty Garany could be an important component of the system that gives rise to the Umwelt. We also
[ :’;;“,;ﬁ:‘@r discuss whether microbial symbionts could be considered in System 1 thinking — that is,
Fabaggs,  decisions driven by perception, intuition and associative memory. Recognizing Holobiont
Westam Univarsit, Canads Blingispots and considering the microbiome as a key factor in the Umwelt and System
‘%:f;/’jmg 1 thinking has the potential to advance studies of cognition. Furthermore, investigating
Holobiont Blindispots could have important implieations for our understanding of social
behaviors and mental health. Indeed, the way we think about how we think may need
to be revisited.

Jmrobinson?@sherfioi ac.uk
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Abstract

All life on earth is intrinsically linked. At the very foundation of every evolutionary interaction are microorganisms, integral
components in the composition of both organisms and ecosystems. The available data and this perspective on the order of
life challenge the traditional conception of monogenetic biological individuals, suggesting living beings are actually composite
multi-species complexes: holobionts. In the present article, we introduce our perspective on the concept of the holobiont mind,
a biogenic conception of cognition compatible with the 4E approach and the holobiont theory. We furthermore expand on
the idea of the mind as the emerging product of multi-genomic morphology of a composite animal-agent, in ever-changing
interaction with its ecological niche. We thus briefly review recent evidence on the brain—gut-microbiome axis and the
Microbiome of the Built Environment in order to provide a bridge between the Holobiont Mind and the 4E approach to Cognition,
two complementary lines of evidence that have not been linked before, opening novel venues for research with direct
impact on health and disease.
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Abstract

The complexity of the human mind and its interaction with the environment is one of
the main epistemological debates throughout history. Recent ideas, framed as the 4E
perspective to cognition, highlight that human experience depends causally on both cere-
bral and extracranial processes, but also isembedded in a particular sociomaterial con-
text and is a product of historical accumulation of trajectory changes throughout life.
Accordingly, the human microbiome is one of the most intriguing actors modulating
brain function and physiology. Here, we present the 4E approach to the Human Micro-
biome for understanding mental processes from a broader perspective, encompassing
one's body physiology and environment throughout their lifespan, interconnected by
microbiome community structure and dynamics. We review evidence supporting the
approach theoretically and motivates the study of the global set of microbial ecosys-
tem networks encountered by a person across their lifetime (from skin to gut to nat-
ural and built environments). We furthermore trace future empirical implementation
of the approach. We finally discuss novel research opportunities and clinical interven-
tions aimed towarddeveloping low-cost/high-benefitintegrative and personalized bio-
psycho-socio-environmental treatments for mental health and including the brain-gut-

microbiome axis.

KEYWORDS
4E cognition, built ervironment, gut-brain axis, mental health, microbiome
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CHAPTER 6

SEMIOTIC SCAFFOLDING OF LIVING SYSTEMS* (rreen Letiers: Studies in Ecocriticism, 2015 E{
http//dx.doi.org/ 10,1080/ 14688417.2015. 1058 175 ““"‘"‘"‘““’”’

JESPER HOFFMEYER
Department of Biological Chemistry, University of Copenhagen, Denmark jhoffmever @mail.dk

Abstract:  The apparenﬂy purposeful nature of Iwmg systerns is obtained through a
network of by biochemical, physiological and behavioral processes
become tuned to the needs of the system. The operation of these semiotic controls takes
place and is enabled across a dwmlly of levels. Such semiotic controls may be distin-
guished from ordinary d istic control hani Ihmugh an inbuilt anticipatory

capacity based o  disinct ind of cassation that 1 callhore “semioic cawsation” o Semiotie scaffolding: a unitary principle gluing life and culture

denote the bringing about of changes under the guid of inter ion in a local

context. Anticipation through the skilled interpretation of indi of temporal relations

in the context of a particular survival project (or life strategy) guides organismic behavior tﬂg El-h er

towards local ends. This network of semiotic controls establishes an enormously complex

semiotic scaffolding for living systems. Semiotic scaffolding safeguards the optimal

perfon‘nance of orgamsms Ihmugh semiotic interaction with cue elements which are JES‘FEI‘ Hﬂﬂim}re-l‘*
istically present in dy ituations. At the cellular level, semiotic scaffolding

assures the proper integration of the digital coding system (the genome) into the myriad
of analogical coding systems operative across the membranes of cells and cell organelles

Biological Institute, University of Copenhagen, Kebenhavn, Denmark

(Received 15 April 2015; accepted 15 May 201 5)
Bioserniotics
DO 10.1007/512304-015-9231-6 Life processes at all levels (from the genetic to the behavioral) are coordinated by
ORIGINAL PAPER semiotic interactions between cells, tissues, membranes, organs, or mdividuals and
tuned through evolution to stabilize important functions. A stabilizing dynamics based
Semiotic Seaffolding of Multicellularity on a system of semiotic scaffoldings implies that genes do not control the life of
organisms, they merely scaffold it. The nature-nurture dynamies s thus far more
Jesper Hoffmeyer complex and open than 1s often clamed. Contrary to physically based interactions,
semiotic interactions do not depend on any direct causal connection between the sign

Received: 8 October 2014 /Accepted 26 January 2015
i Springer Science+Business Media Dordrecht 2015

Abstract The threshold from unicellularity to multicellularity has been crossed only in
three major living domains in evolution with any lasting success. The hard problem was to
create a multicellular self Such a self is vulnerable to breakdown due to the unavoidable
appearance of mutant anarchistic cells, and stringent semiotic scaffoldings had to emerge
to prevent this. While a unicellular self may go on to live practically forever, the
multicellular self most often must run through an individuation process ending in the
death of the individual. Due to basic differences in cells of plants, fungi and animals this
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Can biosemiotics help in the understanding of
the gut-microbiota-brain dialogue?

Certain terms may be insufficient in conveying a comprehensive concept or might become
overlooked in subsequent research so, biosemiotics emerges as a potent approach to encompass
entire concepts within this context.

A more appropriate definition for a host would be a "biosemiont" since it qualifies as a semiotic

organism.

Similarly, the microbiota warrants the term "microbiosemiota" as microorganisms function as

semiotic agents.

The holobiont then, can be more accurately described as a "holobiosemiont," signifying its role as

an interactive entity within the "holobiosemiontsphere."
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Bacterial observations: a rudimentary
form of intelligence?
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Chemotactic behavior and signaling pathway. (A), Two prominent types of bacterial flagellar motility patterns, run-tumble and run-reverse-flick swimming. (B),
Schematic representation of the chemotaxis pathway of E. coli, featuring clustered chemosensory complexes formed by receptors bound to histidine kinase CheA

and adaptor protein CheW.
Colin, R., Ni, B., Laganenka, L., & Sourjik, V. (2021). Multiple functions of flagellar motility and chemotaxis in bacterial physiology. FEMS microbiology reviews, 45(6), fuabo38.



Receptor binding sites of the CheA—CheW complex. The binding sites determined by NMR are shown in red.
Wang, X., Vuy, A,, Lee, K., & Dahlquist, F. W. (2012). CheA-receptor interaction sites in bacterial chemotaxis. Journal of molecular biology, 422(2), 282—290.



Methyl-accepting chemotaxis protein |. PDB



Extracellular colle
concet:tmion continue to
Intracellular replicate
concentration
Extracellular
Replicated
concec:tmion PTIEA
Intracellular m:
concentration Ciiduoas
(Al
Extracellular Intracellular
concentration Al stops
> moving out
Intracellular of the cell
concentration
Higher Al
tration
downmr:gulates Extracellular
“itself by inhibiting oom:et:trauon
its own
transcription Intracellular
factor concentration

Overview of how quorum sensing works in bacteria. Source: W. Jon
Windsor



Production, expression and Alteration of mucus and biofilm
turnover of neurotransmitters / production.
BN (o]
Protection of intestinal barrier g oA : d - Alteration of intestinal
and tight junction integrity = ppetiteand energy s permeability
f é homeostasis -
Modulation of enteric sensory = * Emotions and attitude a At fanrit
A fierents '3 * Response to stress z eration of immune function
] m .
Bacterial metabolites (Effect of ) 18 g anc n.lemory E Enteric podraendocrin
Metabolome and proteome) = * Response to pain = s ; 5
~ s modulation
s O ”
Gut Hormone secretion \\ =<
‘ Regulation of intestinal motility
Enteric immune regulation \ :
Diaz-Garcia, F. J., Flores-Medina, S., & Soriano-Becerril, D. M. (2019). Interplay between Gut Microbiota
Human Intestinal Microbiota and Gut-to-Brain Axis: Relationship with Autism Spectrum Microbial diversity and abundance

Disorders. In Microorganisms. IntechOpen.



RECEFTOR

Alteration of mucus and biofilm

Production, expression and OIRG In”

turnover of neurotransmitters / production.
=
Protection dfinﬁeshnal barrier ~] Alteration of intestinal £r
and ughtmehon integrity * Appdtite and energy 5 permeability et e
homgdostasis - — L
* Emofjions and attitude ?3 o : £ E
e catoctiaes z Alteration of immune function ¥ ::::! E E‘
Bacterial metabolites (Effect of arfing and n}emory o F ‘ pral LLl
Metabolome and proteome) pnse to pain = Enteric nemtoendocrine O (1 3
_ s modulation £ i (.
_ E S8 |£0
Regulation of intestinal motility 5 FE E
L ::=
L
I| lal
L e
— : - —

EFFELCTLIR
Gut Microbiota

phial diversity and abundance




S

-

= =
(= 5

(L23rao)
HAEH YOI I
HNLOMHLS
ONILAIRNOD FALL

40103443 Feh T
Production, expression and m I:I 1 :I :I 3 Alteration of mucus and biofilm
tgmover of neurotransmitters / ’ production.
! o (v -
tection of intestinal barrier ; oA _ > 3 Alteration of intestinal
d tight junction integrity = 2 Rpentean & mb5 eability
1& i omeostasis 1= ?
odulation of enteric sensory = * Emotions and attituede- E o
afferents 'S * Response to strpss g o}
) . .
Bﬁterial metabolites (Effect of Cg Le g and memoE I:r:l g
etabolome and proteome) t * Response to pain m -
A o 12
Gut Hormone secretion \\ O j i |-'=‘<
\ ]
Enteric immune regulation \ T

HOLdI0Tn o eriaanesa (G e

B .-"-. Gut Microbiota

.-"-. -_ "Microbial diversity and abundance
— o ty

L e—————c——



mRNAs are

Donor Neuron encapsulated by Arc

S ‘;:-:T' . _—
{ AR

O
t| ' mRNAs travel
| | neuron-to-neuron in

| [ ACBARs

v

O

N

mRNAs are released
in recipient neurons

e

Recipient Neuron

Arc Capsids Transfer Arc mRNA into Neurons

Arc protein (norm. fold-change)

KO+1 hr prArc

w
N

2.54

-
- o N
s A A

o
. i

o
n

KO+4 hr prArc

KO

1 hr

prArc

P
I.

KO+1 hr prArc

12 - r 1
10 4

9l
8d
6 4
4‘
2-4
|
KO WT

Arc mRNA (norm. fold-change)

—
-
-
-

prArc

Pastuzyn, E. D. et al. (2018). The neuronal gene arc encodes a repurposed retrotransposon gag protein that

mediates intercellular RNA transfer. Cell, 172(1-2), 275-288.




Viral envelope

Viral receptor

WA/, e i I
NS ome _’%“{l—’ SRR
Viral Gag Release Reverse
mRNAs  polyproteins > transcription

Dendrite/Postsynaptic region

Extracellular vesicles

b W W, arc/darcl mRNAs
\ a\ u‘\ t.\

: e el CL}Q: an n
! e ' - %j .>:-| @ Release %:’: r ".ﬁoc)OO
o —e® 05~ 1=
© D Arc/dArct

A S N Arc/dArct capsids
3 = monomer y
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Parrish. N. F. & Tomonaaa. K. (2018). A viral (Arc) hive for metazoan memorv. Cell. 172(1-2). 8-10.



"Nature is everywhere gothic, not
classic. She forms a real jungle, where
all things are provisional, half-fitted

to each other, and untidy.”

William James

"Frederic Myers's Service to Psychology”. Proceedings
of the Society for Psychical Research, 200—201.
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Thank you !



Clostridium sporogenes, spore forming, SEM. Dennis Kunkel Gram staining of Gram-positive C. sporogenes. Adapted from Figure 1 of Pohlein
Microscopy / Science Photo Library et al (2015).
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. S.: qualitative (“Qualisign”)
3 S, S, Szi smg.ular”( S|n.5|.gn”)
S.: lawlike (“Legisign”)
1. Immediate 1. Immediate

; \?V);lr)‘/ar:gi%nal object? OR1% %ﬁ; ; g)r/;?mic

Object Interpretant
OR:iconic (“Icon”) IR.: rhematic (“Rhema”)
OR.: indexical (“Index”) IR.: dicent (“Dicisign”)

OR,: symbolic (“Symbol”) IR,: argumentative ("Argument”)



A. Proto-icon

B. Proto-index

C. Proto-symbol

Peptide @_el

AUG_GUU GGC/GAU AGU UUC CGA AAA UGA
Met "Val—Gly"~ Asp Ser Phe Arg Lys Stop

Types of molecular signs in living cells classified by immediate interaction. Sharov, A. A.
(2017). Molecular biocommunication. In R. Gordon & J. Seckbach (Eds.), Biocommunication.
Sign-mediated interactions between cells and organisms (pp. 3—35). World Scientific.



Quasi-signs : “Proto-signs” (Bennett, 2021; Sharov & Vehkavaara,
2015)

Sign
. S.: qualitative (“Qualisign”)
S S, S S.: smg.ular"(”Sln.s!gn:)
L 3 S.: lawlike (“Legisign”)

1. Immediate
\R 2. Dynamic
\ | 3. Final
IR,
IR, .

Interpretant

IR,: rhematic ("Rhema”)
IR.: dicent (“Dicisign”)
IR,: argumentative ("Argument”)



Quasi-signs : “Post-signs” or “Tardo-signs” (Bennett, 2021; Sharov & Vehkavaara,
2015)

Sign
. S.: qualitative (“Qualisign”)
S S, S S, 5|ng.ularH(”S|rTS|.gn:)
L 3 S.: lawlike (“Legisign”)

1. Immediate
2. Dynamic

3. Why no final object? OR1%
.OR2 OR.
Object

OR;:iconic (“lcon”)
OR.: indexical (“Index”)
OR,: symbolic (“Symbol”)
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