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One handful of solil:
10,000,000,000 microbes
100,000 different species



1. How do microbes interact with each other, and with
multicellular organisms?

Microbes in the Microbes in the
laboratory real world




Natural products: Medicinal relevance
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The metabolic cost of a natural product
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The metabolic cost of a natural product

NH,

daptomycm

Ribosome Daptomycin synthetase
Parts 55 proteins, 3 RNAs 37 proteins
Size ~2600 kDa ~3000 kDa

Product | Thousands of proteins One small molecule




1. How do microbes interact with each other, and with
multicellular organisms?

2. What are the natural roles of natural products?
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Natural products mediate mterspecies Interactions.



Old paradigm of natural product discovery




Connecting molecules to genes




Connecting molecules to genes
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Connecting molecules to genes




Connecting genes to molecules




Connecting genes to molecules
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Connecting genes to molecules
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From genome to biosynthetic gene clusters

4080001

4120001

4160001

4200001

4240001

4280001

4320001

4360001

4400001

4440001

4480001

4520001

4560001

4600001

4640001

MPL_KTZ_140.1 tPL_KTz_MI A |
EPL_KTZ_MI 1 |

MPL_KTZ 141.1 PL_KTZ_142.1

MPL_KTZ_143.1 | ;i

MPL_KTZ_144.1 MPL_KTZ_145.1 |
MPL_KTZ_145.1 MPL_KTZ_146.1 |
%“#“MJ-—-—“‘M-__J
%mm.‘.*‘mﬂd
%M
B g Bt S R L S g By
tPL_KTl_I ET tPL_KTZ_I 2.1 ._E
=4
MPL_KTZ_153.1 hPL_K.TZ_I 54.1 -
]
211;---_-_\——-—-_---—-—-‘-N o
O | SR

MPL_KTZ_158.1




From gene cluster to molecule
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Genomics reveals cryptic natural products
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Genomics reveals cryptic natural products
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Automating gene cluster identification

Peter Marnix Jan
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Automating gene cluster identification
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Biosynthetic genes in the human microbiome
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Gene clusters in the human microbiome
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Microbiome gene clusters: Facts and figures

2,430 human-associated | Average gut: 599 gene clusters

bacterial '
cCeTE 9emeTmeR Average oral cavity: 1,061 gene clusters
¢ ClusterFinder

Saccharides predominate, but other

44,000 predicted BGCs
classes well represented

¢ antiSMASH

14,000 BGCs in known Well-studied gene clusters are rare

classes

read recruitment from
752 metagenomes

3,118 BGCs present in
HMP metagenomic data

Donia et al, Cell (2014), 158, 1402



hiopeptide antibiotics
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Thiopeptides bind the 50S subunit

21y ribosomal
protein S11

50S ribosomal subunit
Harms et al, Mol Cell (2008) 30, 26



Thiopeptides bind the 50S subunit
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Gene clusters for thiopeptide antibiotics

Bacillus cereus ATCC 14579
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Gene clusters for thiopeptide antibiotics

Bacillus cereus ATCC 14579
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hiopeptides from the human microbiota
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hiopeptides from the human microbiota
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hiopeptides from the human microbiota
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Other thiopeptide clusters in the microbiota
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A widely distributed gut gene cluster family




A widely distributed gut gene cluster fami
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A widely distributed gut gene cluster family
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A widely distributed gut gene cluster fami
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A widely distributed gut gene cluster family
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A widely distributed gut gene cluster family
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A widely distributed gut gene cluster family
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A widely distributed gut gene cluster family
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A widely distributed gut gene cluster family
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A widely distributed gut gene cluster family
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Microbiota: Largest endocrine organ?
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Trp metabolism: Different end products
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Large differences at the strain level

Strains
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Trp metabolism: Different end products
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IS: Uremic solute from the gut microbiota

0
gut _
OH m:crob:ota host " host 0803
| NH | —_— |
N N \
H H

tryptophan mdole indoxyl indoxyl sulfate
(1S)

Level in humans: 10-200 mg/day
Strongly correlated with disease

A single gene responsible for its production; its
levels vary widely among people

http://www.usrds.org/atlas.aspx
Devlin et al, Cell Host Microbe (2016), 20, 709
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Single gene responsible for IS production
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Single gene responsible for IS production

Producers

Bacteroides thetaiotaomicron VPI-5482
Bacteroides ovatus ATCC 8483
Bacteroides uniformis ATCC 8492

Non-Producers

Bacteroides fragilis NCTC 9343
Bacteroides vulgatus ATCC 8482
Bacteroides caccae ATCC 43185

Devlin et al, Cell Host Microbe (2016), 20, 709



Modulating IS production in mice
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Synthetic communities with defined output
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Synthetic communities with defined output
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Synthetic communities with defined output
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