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erapeutic needs
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What’s the first antibiotic you can think of?

Do you know where it’s coming from?



Two common examples

4 Augmentin®

icilli jure 125 mg
| cillin 875 mg/Clavulansaure 1
f ﬁmggcilline 875 mg/acide clavulanique 125 mg

Antibiotikum/Antibiotique

12 Filmtabletten/comprimes filmes

Amoxicillin

GENTAMICINE 80 mg/ mL

Teoenir hors de 1la vue ot de la portéoe dos enfants.
Lire la notice aasvant utilisation.
Maédicament autorisé N” 34009 326 951 8 8

‘ I Titulaire /7 Exploitaant ¢
FPANPFPHARMA

Z. 1. du Clairay
Liste | - Uniquemeent sur ordonnance 35133 Luitré - France

. &
Solution injectable ~s“
4
m Voie intramusculaire ~§:Q~’Q
Voie intraveineuse g ~Q.0.
- & £
(perfusion) 0o 0.%.°
....":I,,/
.. ®r,,.7
& .'II/
ey,
L 227
¥ ¥ 7714
Wmrr//
T4
1
1
(I
&x1 | & Wr[AIN[PIH[ARIM][A f

Gentamicin



Discovered/derived from microbes

Augmentin®

Amoxicillin 875 mg/Clavu
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Microbes as a source of natural product drugs

Source of FDA-approved
antibacterial natural products
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Fungi
46%




Microbial metabolism as a source of
biotechnological and therapeutic innovation
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Unicellular eukaryotes
R

Can you think of a major advance

In molecular biology and

therapeutics?
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tous on our planet

Te[8]

Microbes are ub

Cavicchioli et al. 2019



Microbiomes as a source for new applications




Cultivation- and genomics-based discovery

-

Sampling



Cultivation- and genomics-based discovery

Sampling Cultivation



Cultivation- and genomics-based discovery

Sampling Cultivation Sequencing

Access the genome:

- Functional blueprint

Bioinformatic mining



Uncultivated majority
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Cultivation Sequencing

Sampling

Access the genome:

- Functional blueprint

95% Uncultivated lineages

Bioinformatic mining

Hug et al. 2016; 2018; Lloyd 2018



Uncultivated majority

Fibrobacteres, Aquificae, Nomurabacteria,
Gemmatimonadets, Caldiserica, Kaiserbacteria,
Zixibacteria, Dictyoglomi, Adlerbacteria,
Claocimonetes, Thermotagae, Campbellbacteria,
WOR-3, Deinococcus-Thermococcus, ) Giovannonibacteria,
TAOS, Synergistetes, Armatimonadetes Wolfebacteria,
Poribacteria, Fusobacteria, Jorgensenbacteria,
Latescibacteria, Atribacteria, Actinobacteria Azambacteria,
BRC1 Calescamantes . i Yanofskybacteria,
Chlor oﬂex: Firmicutes Moranbacteria

Cyanobacteria

Marinimicrobia Melainabacteria

7/

—RBX1,
WOR1

Ignavibacteria, Caldithrix

Bacteroidetes, Chlorobi\

Magasanikbacteria,

Elusimicrobia Uhrbacteria, .
Planctomycetes _ Falkowbacteria,

ay SM2F11
Chamydiae, Lentisphaerae, Verrumicrobia

Peregrinibacteria,
Gracilibacteria,
Acidobacteria, Absconditabacteria
Nitrospinae,
Nitrospirae, _ T~ Saccharibacteria,
Deltaproteobacteria, Berkelbacteria
Deferribacteres,
Chrysiogenetes,
Spirochaetes,
Epsilonproteobacteria | Woesebacteria,

Omnitrophica,

Shapirobacteria,
Aminicentantes,

Amesbacteria,

Rokubacteria, . Wirthbacteria Collierbacteria,
NC10, Alphaproteobacteria N Pacebacteria,
Tectomicrobia, Zetaproteobacteria Beckwithbacteria,
Modulibacteria, S . Roizmanbacteria,
Dadabacteria, Acidithiobacillia Gottesmanbacteria,
Hydrogenedentes, Bet f teri Levybacteria,
NKB19, elaproteobacteria Daviesbacteria,
TM6 Curtissbacteria,
WWES3,
Katanobacteria,
. PR
Gammaproteobacteria 8PR?:
Dojkabacteria
Micrarchaeota —
Diapherotrites
Nanohaloarchaeota, /
Aenigmarchaeota, A
Parvarchaeota,
Pacearchaeota, Eukaryota
Nanoarchaeota,
Woesearchaeota
Methanopyri, .
. Lokiarchaeota
Methanococci, Halobacteria ’
Hadesarchaea, Thorarchaeota
Thermococci,
Methanobacteria,
Thermoplasmata, Korarchaeota,
Y ':;C 37 aeogl 0 bi ; Crenarchaeota, Thaumarchaeota
, , . , ethanomicrooia Aigarchaeota,
Lineage with cultivated representatives Altiarchaeales, Beﬁhyarch aeota.

Lineage without cultivated representatives Z7ME43 YNPFFA

Adapted from Hug et al. 2016; 2018; Lloyd 2018



Microbiomes as untapped
treasure troves for
biotechnological and
therapeutic solutions
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Cultivation-independent approach

-
O
=
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Sampling




Metagenomics: community-level genomics

-

Sampling

Extraction

DelLong 2005; Allen and Banfield 2005



Metagenomics: community-level genomics

Sampling Extraction Sequencing

Small DNA fragments
(a tenth of a gene in
length)

DelLong 2005; Allen and Banfield 2005



Cultivation-independent genome reconstruction




Cultivation-independent genome reconstruction

Contigs
assembly



Cultivation-independent genome reconstruction
= -
2\ A

Contigs

assembly Binning



Cultivation-independent genome reconstruction

assembly

How does it work?



Metagenomic binning












Metagenomic assembly
Basically a puzzle with bits of DNA






ConNTig #
GTTTTGGCAT



ConNTig #

GTTTTGGCAT
TTTTGGCATG



ConNTig #

GTTTTGGCAT
TTTTGGCATG
TTTGGCATGA



ConNTIg #

GTTTTGGCAT
TTTTGGCATG
TTTGGCATGA
TTGGCATGAT
TGGCATGATT
GGCATGATTA



ConNTIg #

GTTTTGGCAT
TTTTGGCATG
TTTGGCATGA
TTGGCATGAT
TGGCATGATT
GGCATGATTA

GTTTTGGCATGATTA













Sequence composition

Computing k-mer frequencies



GTTTTGGCATGATTAAGGAGTTTCTTTTGTGCTTC




GTTTTGGCATGATTAAGGAGTTTCTTTTGTGCTTC
A [AC|AG |AT |cAlcc |caler |at|ac|ea |6 | Ta|Te | Ta|TT
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ACTTCCGCAGQTCGQGGCATTACGCGTTGTGGAATGA
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Abundance correlation

Counting stuff across samples
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METAGQENOM\IC READS
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METAGENOMIC READS

METAGENOMIC SART REN)S




METAGENOMIC READS

METAGENOMIC SMRT REN)S




METAGENOMIC SHKT REN)S
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Material

This course uses a lot of material from https://merenlab.org/momics/, | invite you to have a look.

If you want details on the bioinformatics behind you can start by having a look here:
https://astrobiomike.github.io/genomics/metagen anvio

Mike Lee

OO0 Web O Email O Twitter O Linkedln O Github

A. Murat Eren (Meren) (PI)

O Web OEmail O Twitter O LinkedIn O Github O ORCiD
[0 Address: Knapp Center for Biomedical Discovery, 900 E. 57th St., MB 9, RM 9118, Chicago, IL 60637
USA

» NASA Space Biology Fellow, NASA Ames Research Center.
O Phone: +1-773-702-5935 [ Fax: +1-773-702-2281

» JCVI Research Fellow, J. Craig Venter Institute.

I am a computer scientist with a deep appreciation for the complexity of life. I design

algorithms and experiments to better understand microbes and their ecology. [photos: & Combining reference genome annotations with your own in Pangenomes (Sat, Dec 01, 2018)
1,2, 3]. Z= Anvio 'views' demystified (Mon, May 08,2017)

Z. Making anvio use your own HMM collection (sat,May 21, 2016)
» MBL Fellow, Marine Biological Laboratory.

» Assistant Professor, The Department of Medicine at the University of Chicago.
» Committee on Microbiology, The Biomedical Sciences Cluster at the University of Chicago.


https://merenlab.org/momics/
https://astrobiomike.github.io/genomics/metagen_anvio

Mining genomes for biosynthetic pathways




Synthetic biology: from sequences to compounds

S~—"

Pathway Model bacteria New compound
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Global ocean metagenomes
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A genomic resource for the global ocean

>1,000 metagenomes

- Biinformatic
pipeline

Recovery of >26,000
genomes from ~8,000

Ocean Microbiomics
Database (OMD)

microbiomics.io/ocean

species, 2/3 of which
had not been described




A genomic resource for the global ocean

>1,000 metagenomes

- Biinformatic
pipeline

Recovery of >26,000
genomes from ~8,000

Ocean Microbiomics
Database (OMD)

microbiomics.io/ocean

>7,000 microbial pathways

species, 2/3 of which
had not been described
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How novel is that biosynthetic
potential?

i ¢

=3 Helena Klein




Comparison to sequenced or characterised BGCs

NCBI el & il
RefSeq Characterised
~200,000 genomes biosynthetic pathways
1.2 M BGCs 2,000 BGCs
BIGFAM MIBIG

w_

- P P

| )’

Kautsar et al. 2020, 2021



Reveals large potential for new compounds

GCF count

&
' | I ’ | MIB|G
BIGEAM 3%
A LU -
w ’

- P P v

L 2= oGl - mstabat dbeh
NCBI RefSeq Characterized
~200,000 genomes  biosynthetic pathways
\4
1.2M BGCs 2,000 BGCs
_____ MBG
3,861 (56%) 6,688 (97%)
1200 - __Novel (d >0.2) o
800 - &
2]
400 - 2
/)]
O -

O 025 05 075 1 O 025 05 0.759 1
Mean min. cosine distance of BGC members (d)

Kautsar et al. 2020, 2021
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Distribution of the ocean’s biosynthetic potential

Taxonomy

B Myxococcota

) Rhodobacteraceae
[ Planctomycetota
I Chioroflexota

) Patescibacteria (CPR)
) Cyanobacteria

E® Nanoarchaeota
E) Euryarchaeota

—Taxonomy

BGC-rich lineages

(>15 BGCs)
ED Sandaracinaceae
o D Tistrella
S I&) Planctomycetota
g D Eremiobacterota
‘% E» Rhodococcus
%

KD Synechococcus

%

Parks et al. 2018



Distribution of the ocean’s biosynthetic potential
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Eremiobacterota: unexpected BGC-richness

30

Taxonomy
B Myxococcota

) Rhodobacteraceae
[ Planctomycetota

I Chioroflexota

) Patescibacteria (CPR)
) Cyanobacteria

E® Nanoarchaeota
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—Taxonomy
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Is this computational approach
) sufficiently- powerful to predict new “‘

enzymology and natural products®?
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Experimental characterisation of this potential

Ectoine -
T1PKS/PUFA/Olefin -
Siderophore -

T3PKS (alkylpyrone) -
Hopanoid #1 -
Carotenoid -

Bacteriocin (DUF692) -
Proteusin/Bacteriocin #1 -

hosphonate. Characterising two predicted novel

NRPS-like #1 - Ribosomal BGCs using:

Proteusin/Lanthipeptide -
T1PKS/NRPS-like -
Proteusin/Bacteriocin #2 -

NRPS-like #3 - * Non-standard heterologous expression

Glycosylated microviridin -

NRPS-like #4 - * Tandem Mass Spectrometry (MS/MS)

Hopanoid #2 -

Microviridin - * [sotope labelling
NRPS-like #2 - .
NRPS-ikelbstalactone - » Nuclear Magnetic Resonance (NMR)
NRPS-like #5 -
Aryl polyene -
Phosphorylated peptide -




The logic of ribosomal natural products synthesis

NHLP precursor FkbM-like B -dependent rSAM
peptide methyltransferase methyltransferase
ereA erel ereM ereD ereB
Asp/Arg PoyD-like rSAM

hydroxylase epimerase



Intricate BGC reveals new enzymology

NHLP precursor FkbM-like B -dependent rSAM

peptide methyltransferase methyltransferase
) (e )—
ereA erel ereM ereD ereB
Asp/Arg PoyD-like rSAM ]
hydroxylase .» epimerase
NHLP‘Ieader g ”“W‘w‘

B @%‘* O

%%%%%@%

N O RO O O




With unique trans amide-N-methylation

NHLP precursor FkbM-like B -dependent rSAM
peptide methyltransferase methyltransferase

—— >

ereA erel ereM ereD ereB

Asp/Arg PoyD-like rSAM
hydroxylase epimerase




Application to the coral microbiome:;
an endangered treasure trove
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>1,500 coral and sponge metagenomes
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% 99% of the species recovered from
4, reef-building corals are undescribed
-
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% 99% of the species recovered from
reef-building corals are undescribeo
E. " Mg

" Many of which are candidate super-
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- > . 99% of the species recovered from
-, reef-building corals are undescribeo
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Leading to the discovery of new |
bloactive compounds and enzymology




New biosynthetic potential

Transport/regulation Lanthionine synthetase Transport/regulation

Acidobacteriota (phylum) thaM

-S| ubgroup 21 (class) —@___—*—ﬂ_—< H— >0 —
MAG1 3 (SpeCIGS B abundance-based matCh) Lanthipeptide precursor GMC-family Oxidoreductase

—Vicinamibacteraceae (family) thaA thaO

——Thermoanaerobaculaceae/Subgroup 10 (genus)
LMAG48 (species - 98.9% id.)
—Acanthopleuribacteraceae (family)

—MAG20 (species - 100% id.)

—Sulfidibacter corallicola (species - 100% id.)
—Acanthopleuribacter pedis (species - 99.5% id.)




Reveals hew enzymology

Transport/regulation Lanthionine synthetase Transport/regulation

Acidobacteriota (phylum) thaM
LSubgroup 21 (class)
L—MAG13 (species - abundance-based match) [
—Vicinamibacteraceae (family)
——Thermoanaerobaculaceae/Subgroup 10 (genus)
LMAGA48 (species - 98.9% id.)
—Acanthopleuribacteraceae (family)

—MAG20 (species - 100% id.)

—Sulfidibacter corallicola (species - 100% id.)
—Acanthopleuribacter pedis (species - 99.5% id.)




Reveals hew enzymology

i} i} Transport/regulation Lanthionine synthetase Transport/regulation
Acidobacteriota (phylum) thaM
-Subgroup 21 (class) Y — —— S
L—MAG13 (species - abundance-based match) [

—Vicinamibacteraceae (family)
——Thermoanaerobaculaceae/Subgroup 10 (genus)
LMAG48 (species - 98.9% id.)
—Acanthopleuribacteraceae (family)

—MAG20 (species - 100% id.)

—Sulfidibacter corallicola (species - 100% id.)
—Acanthopleuribacter pedis (species - 99.5% id.)
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As well as bioactivity

Transport/regulation Lanthionine synthetase Transport/regulation

Acidobacteriota (phylum) thaM
LSubgroup 21 (class)

L—MAG13 (species - abundance-based match)
—Vicinamibacteraceae (family)
——Thermoanaerobaculaceae/Subgroup 10 (genus) RS ©

LMAG48 (species - 98.9% id.)
—Acanthopleuribacteraceae (family)

—MAG20 (species - 100% id.)

—Sulfidibacter corallicola (species - 100% id.)
—Acanthopleuribacter pedis (species - 99.5% id.)

Human Neutrophil Elastase Inhibition

1004 v modified ThaA
g0l C50 =2.6 UM /
ATP-independent S /
thiazole formation g 60— |
5 40— /
= /
20—
/
/'
0 1 T T T T T T T T
Qéﬁo \@&@ SNV X D0

Concentration [uM]



Unlocked the biosynthetic potential of
the ocean and coral microbiome

Unveiled uncharacterised BGC-rich
lineages for the discovery of new pathways
and compounds

Manifold consequences of current
and projected reef biodiversity loss




cell-death
effectors




