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Central questions in microbial ecology
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ot of P is avallable for plant

Who is there and how many?
What are they doing?

How do they interact?
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Who is there and how many?
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Who is there and how many?

100%
90%
80% —

70% — .
60% — » \
50%
. . . 40%
Microbial community Dr. Benjamin Callahan
30%
bcallah@ncsu.edu
20%
10% . Computational tools for
®) . 0% : ; : . 16S/18S rRNA and

% of total  FISH 16S/18S rRNA Meta- metagenomes
count amplicons genomes
100% -
90% +—— L
80% —
70% +— —
60% —
50% | —
40% -
30% -
20% -
10% -
0% -
% of total
biomass



NC STATE UNIVERSITY College of Agriculture and Life Sciences

Who is there and how many?

100%
90%
80% —

70% — .
60% —
50% '
. . . 40%
Microbial community o Dr. Benjamin Callahan
’ bcallan@ncsu.edu

20% @
10% Computational tools for
0% : ; : . 16S/18S rRNA and

% of total ~ FISH 165/18S rRNA Meta- metagenomes
count amplicons genomes

100% -
90% +—— —
80% +—— —
70% +—— —
60% +— —
50% +—— —
40% -
30% -
20% -
10% -

0% -

Assessing species biomass contributions in microbial
communities via metaproteomics

Kleiner et al. (2017) Nature Communications 8, 1558
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What are they doing and how do they interact?

Metaproteomics:
The large-scale characterization of the entire
protein complement of environmental
microbiota at a given point in time
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How does metaproteomics work?

Sample collection

: Starting material needed:
protein
mixture
be"’ds\‘ >0.5 mg wet weight
microbial  [Reg| ————Pp
community cell lysis protein digest >5x10e7 cells
sample e.g. by bead
beating .
More is always better
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How does metaproteomics work?

Data acquisition: LC-MS/MS

1D- or 2D- high resolution ™
liquid chromatograph MS
q grapny mass spectrometry

Peptide and protein identification and quantification

Input Output 1: identified Output 2: identified and
FASTA file eptides guantified proteins
prO‘tEIrI Sequences Fllter ldentlfled AVNQPK Accession | Description Sample 1 [Sample 2 [Sample 3|
from metagenome pephdes QETTPLVK 23234 sRu'::ii.‘C[D large 25 31 09
. ; YLGLARNK in i sy
or mEtatranSCﬂPtome . (false dISCO\fery NS%TKTQK Protein Inf.erenf:e 23235 gg?:?:ﬁ 21 27 21
Peptide rate cutoff) LHHGFGK and quantification[zszfru, 34 29 | 34
identification | —————Jp [AoUAuSHNT | e L
| ith EMQRLK E. col
/ a gOrlt m MDESELGVEIMNYSK 23238|ABC transporter, | 0.8 21 | 18
2 wwl—-—w SSIYLYLNGTELNTCK £.col
MS Spectra .. |l l | COAGYEFDPYIPK 23239 i:memgenasa 0.08 015 | 203
j‘;: ,.:J JI‘ " 23240 ég%tii:s 0.7 a7 07
_ 23241|...
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What questions can we address?

Who is there and how many? What are the nutrient and energy sources?
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S e Nature Communications : Kleiner et al. 2012
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) Our analyses Sediment X

=9 ¢ 4 4 fre &
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How do microbial species interact?
- What carbon sources are used by
A mutualistic individual species in microbial
bacteria-protist communities?
symbiosis based
NZO on hydrogen Available as preprint:
Px N2 transfer M Kleiner et al. (2018) bioRxiv, 245290
0
Hamann et al. 2016 Nature 534: 254258
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What are the nutrient and energy sources?

The gutless marine oligochaete Olavius algarvensis from Elba, Italy

.

Kleiner et al. 2011

Sandy sediments Photo: Christian Lott
Poor in energy and nutrient sources
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What are the nutrient and energy sources?

host tissue

Sulfur
compounds

y3-symbiont
sulfur oxidizer

External energy sources ??7??

sediment COZ
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What are the nutrient and energy sources?

Metagenomics
and

metaproteomics

Woyke et al. 2006 Nature
443:950-955

Kleiner et al. 2012 PNAS
109:E1173-E1182

from symbionts
'

Cuticle

Sediment

Host cells
Organic
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What are the nutrient and energy sources?

Host cells
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Kleiner et al. 2015 Environ Microbiol 17:5023-5035
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Technology for metaproteomics develops rapidly

2010 > 2016 > 2017

15 cm columns, 400 bar 50 cm columns, 1000 bar « 1200 bar

« 2 h chromatographic » 8 h chromatographic e 75cm columns
separations separations

« ~100,000 MS?

« ~4,000 MS? spectra/hour « ~40,000 MS? spectra/hour
« Car sized instruments * Benchtop instruments
* pre-separation of peptides or « > often no pre-separation
proteins needed to get good needed
proteome coverage .

> low input material needed
* |lots of material needed

~20,000 worms sacrificed . 1worm (~ 1 mg wet weight)

e ~500 h machine time « 5 h machine time

>>> in total 2819 Proteins
identified and quantified

>>> in total 4500 Proteins
identified and quantified

14



NC STATE UNIVERSITY College of Agriculture and Life Sciences

What about metaproteomics for the rhizosphere and soils?

Challenges:
- Interfering substances from soil >> new sample preparation methods

- High microbial diversity >> Improved technology

> :

- Plant PSMCC sponsored project on: |
o . “Development and evaluation of metaproteomics
= Soil methods for root-associated microbes”

= [ ]

S Microbial

L]

| ] ]

= Community

(7] = Contact for PSMCC:

— consortlum Dr. Megan Andrews

= o= , . . - megan_andrews@ncsu.edu
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