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Today'’s talk:

A primer on Microbiology: Its all bacteria!
DNA at the origin of life and biodiversity

Cuatrocienegas, Coahuila

= Geology, ponds in a desert, and phosphorus limitation
= Diversity: How we study it through DNA

» |s Cuatrocienegas a Lost world?

Community assembly, focus on the genus Bacillus
 Interactions, food web-like

Synthetic Ecology
 How bacterial competition influences the
structure of bacterial communities
 Emergent properties and early response to antagonism



Bacteria grow exponentially and divide every 40 min
Each colony on these Petri dishes started as a single cell
“last night”

Soil sample Water sample Sediment sample

100 million bacteria group of species

All cultured in Marine Medium in a Petri dish



Your body has more bacteria
than cells

e Human microbiome:
All the bacteria in your
body

- 3,000,000,000,000
bacteria (3 times more
than human cells)

« How can we count
them?




Evolutionary studies through DNA

Terminal taxa

A B “CDE FG H

“Branch

- —— Nodes

The affinities of all the beings of the same class
have sometimes been represented by a great
tree. | believe this simile largely speaks the
truth.

— Charles Darwin
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Dispersion of organisms on Earth
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How can our skin microbiome be

stable?

Different bacterial
communities

Y\ Bacteria L,{)Fungi oVirus -Phage

* Cell, Oh and Byrd et al.: "Temporal Stability of the
Human Skin Microbiome"



The DNA molecule explains the Planet Earth’s
diversity

Obtain “the sequence” of any
organism’s DNA (the information for
all their genes = the genome)

The new taxonomy (count, classify)
Obtain valuable information of its

family relations (past millions of
years)

Deduce evolutionary patterns and
functions



We are but a tiny part of the
biodiversity: Opisthokonta

Cristidiscoidea (Nuclearia, Fonticula etc.)

Fungi (microsporidia, chytrids, yeasts, molds, mushrooms etc.)

Ichthyosporea (Ichthyophonus, Amoebidium etc.)

Corallochytrea (Corallochytrium)

Filasterea (Capsaspora, Ministeria)

Choanoflagellates (Monosiga, Codosiga, Salpingoeca etc.)

Metazoa (sponges, corals, C. elegans, "Drosophila”, vertebrates etc.)

Metazoans
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Metazoan Evolution, a combinatorial of genes
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Barcodes to identify bacterial species: 16S ribosomal gene

Aislado 1
GGAACCTT

I

Aislado 2
GTTCGAGG

[l

Aislado 3
TTCCAAGG

1CHE

is de oficial 1.D.

DATA BASE

TTCCAAGG

GGAACCTT

GTTCGAGG

Camylobacter




Metagenome, when you can't count one by
one: windshield spatter analysis

- B o
- .t < Insect’s diversity in

a given transect

>
» _.

Colect the death
bugs, sequence
thieir DNA

Check database for
identity

Kosakovsky Pond et al. 2006



A huge task to describe life’s diversity

“The several hundred kinds of howthorns laugh
at the single name they are forced to share”

The overstory, R. Powers

(Howthorns: in spanish, espinos)



Sequences are aligned and “trees” are constructed to
reflect genetic relationships

60 65 75 80 140 145 230 235 245 255

:) ATCC 14581 (*1) TTATAT «eeeee TTTGAT TATTCA ACCAAT AACAGTATGTT
IFO 12108 (*1) TTATAT e TTTGAT TATTCA ACCAAT AACAGTATGTT
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The diversity and evolutionary history
of howthorns told by their DNA
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Xiao Du et al. Frontiers in Evolutionary history of Chinese Crataegus (Bayesian
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https://www.frontiersin.org/articles/10.3389/fpls.2019.00443/full

One of the main objectives in the
field of microbial ecology is to be
able to project a future scenario
of microbial community
structure and functions in a
changing environment



Cuatro Cienegas, Coahuila, Mexico
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Where was Coahuila
100 millon years ago?

Today

Coahuila




Cuatro Cienegas: One o .he most
biologically rich and divgiidZ
In the V@

‘I8
.‘.

Half of the 20 species of fish, and 23 o1 2 34
species of freshwater mollusks are endenic
(i.e. Cichlasoma minckleyi)

Extremely low leves of phosphorus limit size of
living organisms in ponds but not
diversity...there is an amazing diversity of
bacteria



Cuatrociéenegas

stromatolites




Stromatolites: evidence of
appeareance of life on Earth

7, ] : ) n .
2 . Atmospheric i
L | oxygenation, g ;
E  continental <
Jz : stabilization :

: :

Billions of
years ago 35 2.7 25 24 0.6
Fosforo P C Cu
: P-0-C o
Phosphite

NATURE|Vol 448|30 August 2007



Microbial mats: The Earth’s biochemistry invented
through evolution

Phototrofs oxigenic t

Phototrofs oxigenic

Phototrofs
anoxigenic

Sulfooxidant

Sulforreductors

Evolution of the
planet’s chemistry
and its atmosphere
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Now I’ll tell you about my favorite bacter
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At Cuatro Cienegas we uncovered 25% of all known
Bacillus species diversity

WORLD: 1019 OTUs
CCC: 265 OTUs

N

6% of Bacillus

species are

from CC

7

Souza et al. 2018. The lost

Dendogram of the 1284 strains of the
world of Cuatro Cienegas Basin genus Bacillus reconstructed from 16S
5 relictual bacterial niche in 3 rRNA. All taxa have a sequence divergence

desert oasis eLIFE, accepted over 97%.




Conceptual frame-work of species diversification:
name of the game, limit gene flow

A Everything is everywhere and the environment selects

Actual sites :43 0 o o

2 @ [ )
?;1. T8 8 0 ®
8.0

. . Populations
»¢ Extinct lineages g

<» Migration
--------- Rare migration

B Isolation by distance

s 0O OO0
3 o g
Actual sites - 3%_'_
x
" B
f
- %
Populations

occurs in most plants and animal phyla

C “Galapagos island” model, Isolation and diversification

, 00 0
Isolation by distance 3 [
- 2 @ ®
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island \
o0
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Populations

Continental sites

Island refuge o _ .
adaptive radiation due to isolation
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JAVAVAVAN

5
Lost world site A a 0O 0 O
A 3 g &
- 2 o @
> 1 g @
g TR,
¥ k
®
Actual sites 88
K

@ * Common ancestor
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The core of my work: understanding how
microbial communities are ensambled

Blue species

Stocastic Model
(birth, death, extinction, speciation) ()

. . \/
Random selection from the environment *Z) | o
The site- to-site variation in species
composition due to stochastic processes is

unpredictable.

This is called Compositional stochasticity.

Equivalence of species,

any green or blue bacteria v
will do .

@
<

Green species




Complex network of interactions in
communities lead to competitive phenotypes

Deterministic model Cooperation
Niche theory: all

e e \) )
species/individuals are
ecologically and functionally v .

different and environments
play important roles in
governing species abundance
and distribution

Q ?o“u

Competition



To understand bacterial diversity we have to count
species and genes

ID GENE
16S rRNA
Core Specialized
$2° Total Genes
\(\6\4\6 (2,600 genes) (Unique)
A | | ) [ | ) [ ) [ ) [ ) | ) | | EZZ7 2T 3,600(405)
B | | | | ] | ] | ] | ] | ] | | Bamaeisd) [0 /1 (1111111 3,640(576)
C | | [ | | | | | | | | | | [ ] | ] [ ] 55N I B 3,626(470)
o XS
Conserved genes: S o é&\o Oé" & o
general metabolism (,’Z’Q 0(90Q ,&(\’ °§‘§ ,\;’&\9,\@@
N
A\@ & Q§ Qé) N X
&2 N

Gomez Lunar et al., Frontiers in Microbiology, 2016



Functional diversity supports a deterministic model

B. cereus

B. subtilis

v Sl

3

|

B. aquimaris

=
=

o2 o B. horikoshii

? @ Swimming > @E=D
" S

o o
‘o‘:.

o O Collective movement

1 (Swarming)
. @ Biofilm formation
)
= B =
I .S
(R @ Make their own food
o ..’ (Prototrophy)
e

Rodriguez et al. Frontiers in
Microbiology, 2017



How significant is diversity in a deterministic model?
Enzymes (genes) are public goods

Phosphorus utilization is a All is converted to edible Pi outside the cells
distributed trait
o /
Genes for phosphorus utilization U
transfer between the bacteria in the
community DNA Phosphonate e
| Cﬁ Pi " o CaPO,
The enzymes are public goods: Ph hi ,'[
some bacteria contribute but ospnite < >
everybody benefits U @
Expanded capabilities for P utilization - C
The environment is modified! 5 8 Phosphatase

— 8 Phosphonatase
Tapia-Torres, Y., et al. Appl. Environ. Microbiol. 2016 § DNase




At what scale should communities be
studied? Will each simple be different?




Microbial Ecology: Evaluate interactions among
members of sediment communities

Deterministic hypothesis
Community structure is
influenced by antagonic
interactions?

Compare interference
within-site and across-site,
interactions would be
different.

Sample: 0.05 ml

Relevant for diffusion of metabolites

The Churince water
system 350 m long

Approx. 30 m
between consecutive
sampling sites



Antagonic interactions

Group A
(B. pumilus)

Group B
(B. subtilis)

Antagonized

Group C
(B. alcalophilus)

Group D
(B. aquimaris)

Group
Isolate

CH95a

CH112a
CH160a
CH150a

cHz1 W
- CH43

CH90
CH109a W

CH190

Antagonists
A B C D E F G|

IPTPEPTL O | POTPOPEIION. ([ | |
o] Al e

CH144b I .l r o
CH145 I
CH144a

r.ll I‘l-.l.

:-- o
CH159% AN W a

CH200 a 2]
cHisa B H BN BER N B 1

Musso. B

Pérez-Gutiérrez, et al. 2012
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Network representation of
antagonisms

Each strain is a node

/

® @@®® & K,.and K;,=0degrees node (no interactions)
) /° = K,.= 6 degrees node (antagonizes 6 strains)

N\

@-@° = K,=4 degrees node (antagonized by 4 strains)

Hierarchical network
showes
Directionality



Networks of antagonic interactions in Bacillus spp.

ROLES: For each
isolate define
whether it is
antagonic,
resistant, or
sensitive

A Site 2 " " Site 3

Tada 145

_“ﬂ\

"wh e 1427 .'t;m ."‘. -

e ——— ¥

Perez-Gutiérrez et al. ISME J 2013




In a structured space antagonist bacteria
don’t lead sensitive bacteria to extintion

@ Antagonistic O Sensitive O Resistant

200 g
150 RIS ORI

Y

150 200 200

o 50 ~ 100

Initial state Final state

Cellular automaton, simulation of the spacial
organization of isolates with different Zapien et al. Frontiers
antagonism/resistance properties in Microbiology 2015
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111 (B. cereus)

Synthetic Ecology

Resistant and

®
Antagonistic

Resistant and ‘
Antagonistic

Non resistant and
non antagonistic Q

- Different colony phenotypes to count
even in mixtures

- Different species to identify their genes
in transcriptome

20a (B. horikoshii)




Setup of interaction experiments

Triple interactions

Double interactions

Plate on Marine Medium Agar after 0, 5, 15, etc. min



Rapid killing of the sensitive strain in a non-
structured environment, followed by

stabilization
S strain, w/o
6 E8 e / interaction

) ) s
T = 2E8
: g Q-©®

S~
8 <
s o 4E7 ‘ ;
Z ° 2E7 _

0 5 10 15 20 25 30

\ Time (min)

25% killing of the sensitive strain in the first
five minutes, but stabilized 30 min later



Emergent property 1
Killing is prevented in the presence of the resistant

1E 10
= = 1E 9 Antagonist Sensitive
5% -
2 5 1E8 s ,
o 0O I
=Z O

I
1E7 Resistant
0 5 10 15 20 25 30

Time (min)



. Islands of resistance
in a structured environment, similar to cell
automaton

Antagonist Sensitive

o-@®

’ Resistant

Antagonist  Sensitive

®-®




Small molecules determine antagonism

@ por
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Separate bacterial species with a membrane that allows molecules to cross: bacteria will be



PN/

Colony Forming Units/ml

X

5e9

3e9

le9

Killing (10 min) followed by stability d

< B. horikoshii 20a "Iin"
= B. pumilus 145 "out"

Antagonist
/
Sensitive -— \\ d
10 20 o 4 5 6
Minutes
0 0 0
Strain



In a triple interactions S is no longer killed

;

= B. pumilus 145 "in"

16+09d o . - a
R
_EI 364084 T —\\//\
—
LOL /
1e+08
/ \
3e+07 4
0 10 20 30 40 50 60
Minutes
Qr
Strain
- = B. cereus 111 "out"
Xy = B. horikoshii 20a "in"
(]



Emergent property 2: Stability in the S X A
Interaction

“Fresh” inoculum of S strain

l

~-1E10
.T:UE 5E9 -
Q5
O o
S5
28 189 y

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time (min)
A S

®
1
®




surviving S° is transferred to Antagonist

SS

&0 o Control ﬁ
N N T N

Uk
Sensitive S (“fresh”) S $(survivor)
Antagonist Antagonist Antagonist

(we know that 75%
survive S°)



3e+09 o

Emergent property 3: S° cells can tolerate A

SS. + A
\ _—— |
\// \ S (control)
+ A
0 10 20 30 40 50 60
Minutes
Strain

= B. horikoshii 20a "in"
B. horikoshii 20a ctrl
B. horikoshii 20a survivor



Complexity of the study of communities

This was the model This is now the model




Bacterial diversity: count species and genes

Core Specialized
Species Total Genes
R e e e e e o == zmE==s 3600
A e s G e=mmn 3,640
G | ] o e s e e e o 222 5 3,626

Conserved genes:
general metabolism

Gomez Lunar et al., Frontiers in Microbiology, 2016



Genes can be “ON or “OFF”
RNA means ON genes, reflecting ecological

Importance
SpECIGS Core Specialized
R | | [ | [ ] [ ] [ ] [ ] [ ] [ | | ] [ | EELD s B DNA 5,040
aaaaaaaaa —_— —— RNA
A | ] | | ] | ] | ] | ] | ] | ) Ems) [0 s [ DNA 4,640
aaaaaaaaaa — RNA
S | ] | ] | | | | | | ] [ ] | | AR [ EET= DNA 3,626
RNA
" Q, "

Gbomez Lunar et al., Frontiers in Microbiology, 2016



Map the RNA immediate response (5 min) of the

S (20?)

A (145)

R (111)

Reference
genomes

Interactions

) E—_—:

RNA (mix from all
strains)

\

/

Mapping and counting
expressed genes



Sensitive strain response to antagonism after
5 min: Desintoxication response!

®-@®

Antagonist Sensitive

Catalase 2H,0, —— 2H,0 + O,

Inactivate antibiotics

(o)
o HS FosB \\P/OH OH
—
FosB O\P/L\ — S
n
o// “SOH e ° S

Fosfomycin ring is opened and the antibiotic is inactivated

Addition of a thiol cofactor to fosfomycin. L-cysteine is
probably the physiological thiol donor.



Perspectives

Understanding of microbial competition will allow us to
better predict the behaviour of bacteria in microbial
communities (ndustrial, environmental, and medical
purposes)

Identification of functional traits important for microbial
community assembly and ecosystem functioning

Explore competition in a combined nutrient limiting-antibiotic
interaction

Determining when and under which conditions a microbial
community will be more sensitive to stochastic processes



Is stability maintained adding more strains...how
many?
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Can stable combinations be predicted?

Species
R @ ® 0 O
\[
A OOTOOT
S © O O O O O O



uatrocienegas, an endangered
ecoystem

Feb 2011 Oct 2011

What happened to the water at the Churince?




Archean domes, more to explore
about ancient life




Science for high school students

Molecular Biology laboratory

Inaugur’?lj[ion at th_e Taller Ciencia Viva at
Cuatrociénegas high school CINVESTAV and at

Cuatrocienegas

Since 2012
Anual workshops

Anual workshops since 2003
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