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Overview

* Proteomics data analysis of mixed (complex) organism

samples such as microbial communities is challenging, due

to:

— Increased ambiguity and complexity in the peptide-to-
protein relationship due to the presence of multiple
variants of similar proteins across different species

— Long processing times, data storage of GB-sized files,
and related data management

» We developed a protein sequence similarity and clustering
approach to address these issues that utilizes high-
performance computing hardware and parallel processing
algorithms.

Introduction

Two sites, two projects

Eel River Basin (ERB)

North
America

Bermuda

Dive T201 on the southern ridge of the
Eel River Basin.

Push core PC45 sampled below bacterial
e_ mat. Cells enriched from 6-8 cm interval
associated with methane oxidation.

Figure 1. (A) The Eel River Basin is a site
of high methane production and is being
studied at the Hallam lab in the University
of British Columbia. (B) Oregon State
University performs regular sample
collection off the Bermuda coast, and the
Giovannoni lab is interested in seasonal
cycling of marine microbes.

Methods

1) Microbial populations were extracted, lysed, enzymatically digested,
and analyzed by LC-MS/MS

2) Community proteome files were generated from either the genome
sequences from ocean sequencing efforts (GOS database at
CAMERA) or a composite of shotgun genome sequences and
fosmid reads for sediment communities

3) Proteins in proteome files were clustered into groups by either e
value from ScalaBLAST" output or from assembly prediction
algorithms

4) Peptides and proteins identified using SEQUEST or InsPecT? were
mapped to the protein groups

Table 1. Proteome files used for matching MS/MS spectra to peptide sequences

Proteome Protein Entries Amino Acids
Open Ocean Microbial Community 6,115,750 1,226,044,980
Sea Sediment Microbial Community 171,973 28,386,466

Results

Determining peptide confidence

SEQUEST identifications for the sediment community were modeled to determine confidence.
InsPecT calculates a p-value for each identification.

Table 2. For both communities, the number of confident peptide and protein
identifications fell into a small number of protein clusters. Two or more peptides were
required for a protein identification.

Community ClusterCount ProteinCount PeptideSequenceCount
Sea Sediments 1757 2946 2813
Open Ocean 16,446 297,364 290,437
08 FDR = 5.0%
. * P value Histogram
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Protein clustering

The sea sediment proteome file
was condensed by combining
entries with exact sequence
duplication before being
submitted for a ScalaBLAST?
sequence comparison on a
supercomputer of all proteins
against all other proteins to
determine similarity. Searches
used 700+ cpu processors.

ScalaBLAST

Open ocean community file
» clustered and assembled by JCVI3
» downloaded via ftp from CAMERA?# (http://camera.calit2.net/)

Sea sediment community file

» clusters generated using BLAST e-
value threshold and single linkage -
clustering D-K

» performed using a VB.NET script

B-E Group2=C,D,F, K

Single linkage clustering involved
grouping member pairs sequentially
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Figure 3. A maximum p-value of
0.375 resulted in 1 reversed hit from
an InsPecT search using a combined
forward and reversed protein
database, indicating an FDR less
than 0.01%.

Figure 2. The false discovery of each
identified peptide was assessed by applying
a multivariate Gaussian distribution model to
the 2-dimensional representation of
SEQUEST scores®. Subsequent modeling
allowed FDR thresholds to be set between 1
and 5%.

Function group identification

Dominant Protein Groups

Avg Peptides per Cluster
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Figure 4. Organizational mapping of &

protein clusters by peptide coverage
highlighted pathways that shared
common proteins. The dominant
pathway expressed by the sea sediment
microbial community was methanogenic
processing, and high coverage was
observed confidently across those
protein clusters.

Figure 5. The dominant processes expressed by
open ocean microbial populations were energy
metabolism and active membrane transport, and
these were confined to a small number of protein
clusters, even though the proteome file used for
searching contained over 6 million entries.
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Conclusions

» Methods were developed to enable the processing of large
metaproteomics datasets

— Utilized high performance computing and reduced time
of analysis from several weeks to hours

— Allowed for characterization of dominant functional
pathways from ocean surface waters and sea sediment
samples

« Statistical relevance was determined for peptide and
protein identification from large composite protein
databases (over 6 million ORFs)

+ Evidence indicates that the dominant protein pathways
expressed in marine sediments involved methanogeneis
function

* Protein pathways dominant in open ocean water were
involved in the active transport of nutrients across
membranes and energy metabolism

« Biological conclusions consistent with previous studies®
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