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Supplementary Results
Annotation Conflicts

Here we give some detailed examples of protein localizations that have been
resolved:

a. Uniprot annotates proteins that are part of the flagellar filament (e.g. FIiC and
FliD) and hook (FIgK and FIgL) with the specified GO term "flagellum” with no
clear sub-cellular location (Supplementary Table 4B). STEPdb classifies them as
OM proteins facing the extra-cellular space (Figure 1).

b. YdeS, a protein of unknown function, is homologous to FimF that is a
structural element of type 1 fimbriae (1). FimF along with the major fimbrial
subunit protein, FimA, and FimH are required for mannose-specific adhesion (2).
Therefore, YdeS was also classified as a peripheral outer membrane protein
facing the extra-cellular space in STEPdb (F4; Figure 1).

c. The proposed integral IM proteome (3) was re-evaluated making use of the
last generation bioinformatics tools and/or existing experimental evidence.
Specifically, 222 of 1108 proposed to be IM proteins have been re-assigned in
STEPdb to other sub-cellular locations (Supplementary Table 9). Most of them
had been predicted as bitopic IM proteins (e.g. DapB and lIvA) (4) but are no
longer predicted as IM proteins by the latest bioinformatics tools and do not have
obvious TMs. These proteins were re-classified as cytoplasmic. Four proteins
(Pta, HofP, YbfL and YncH) had their N-terminal regions predicted as a TM in
past version of TMHMM whereas in TMHMM v2.0 it is predicted as a signal
peptide (3). This is an inherent problem of signal peptide and TM helices
prediction due to some similarity of a TM region with the hydrophobic core (H-
domain) of the signal peptide (5,6). These four proteins were re-classified as
periplasmic.

d. 220 cytoplasmic proteins were re-classified as nucleoid-associated, based on
experimental evidence (7-9).

e. Five proteins (RpoE, Psd, ArtP, GInK and GInQ) were registered in
EchoLOCATION as cytoplasmic “experimental”. These are now proposed as PIM
proteins in STEPdb due to strong evidence of their association with the inner
membrane. RpoE apart from its role as a sigma factor (oE) is a PIM protein that
senses miss-folding of periplasmic proteins by interacting with membrane protein
RseA (10).

Psd is an interesting enzyme that is processed in a post-translational event into
the heterodimer. This enzyme is unique among the known pyruvoyl-dependent
decarboxylases because it is membrane-associated; this has been shown by both
proteomic (11) and biochemical processes (12-14).

ArtP is the ATP carrier protein of arginine-uptake system (artPIQM); it has been
detected in association with the inner membrane (11). GInK binds to the
membrane in an AmtB-dependent manner and acts as a negative regulator of the
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transport activity of AmtB (15). Finally GInQ has been isolated in association with
the inner membrane in to proteomic studies (11,16)

f. Another functional class is the DNA-binding proteins that are localized on the
nucleoid. STEPdb lists 264 nucleoid-localized proteins, amongst them seven
sigma factors (RpoD, N, S, H, F, E and Fecl) and other transcription factors that
have been identified via genomic searches for nucleic-acid protein interactions

(7).
De novo discovered experimentally verified proteins

Here we give some examples of newly identified proteins with validated
topologies:

a. YbgT and YneM are small membrane proteins that have been found to co-
fractionate with the inner membrane and have their orientation on the IM
identified experimentally (17).

b. SodM and SodF are E.coli proteins that are close homologues of the
RISodA (Rhizobium leguminosarum) that lack any known signal peptide
motif. RISodA in is targeted to the periplasm in a SecA-dependent manner
by a novel mechanism (18). Therefore by similarity these proteins are
annotated as periplasmic proteins

c. YagT protein contains a 49 amino acid Tat leader peptide that allows the
export of the active heterotrimer to the periplasm. Tat substrates are
matured in the cytoplasm prior to their translocation (19,20).

d. PyrH is a PIM protein that has been shown via fluorescence microscopy
to predominantly localized near the bacterial membranes of different cells
undergoing septation and division (21,22).
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e. Supplementary Figures
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Supplementary Figure 1 — Gene Ontology Tree of corresponding GO terms of
STEP nomenclature. This is a schematic representation of the GO tree of only

the subset of GO terms that correspond to STEP topological categories. A
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105

cartoon of a bacterial cell is drawn alongside the GO tree. Here the sub-cellular
compartments are in a bottom up order from the cytoplasm to the extra-cellular

space.
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110  Supplementary Figure 2 — Prediction tools and criteria scheme

111 Here we describe in more detail the criteria we used in order to combine the

112 predictions of the bioinformatics tools. Some of the bioinformatics tools that we

113 utilized have overlapping prediction abilities. For example three tools, TMHMM,

114 Phobius and LipoP can predict transmembrane regions. Tools that predict

115 transmembrane alpha-helices lead to direct assignment to the IM protein class.

116  However the prediction of a Sec signal can only lead to the assumption that the
117  protein is localized somewhere across the IM (periplasm, in the OM or even

118  secreted fully from the cell). To further clarify the unique sub-cellular localization
119  we relied on experimental data (trancriptomic, proteomic and biochemical).
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Supplementary Figure 3 — Decision tree of the annotation process

In this flowchart we summarize the steps that we followed for the topological
annotation of E.coli K-12 proteome. Three primary sources (Uniprot,
EchoLOCATION, theoretical IM proteome (3)) were combined and the proposed
sub-cellular topologies were compared. Proteins were separated into three cases
“Matching”, “Conflicting”, “Uknown”. For proteins that were annotated as
experimentally verified by Uniprot (23) or EcholOCATION (24) we accepted the
proposed topologies. To de novo annotate the “Uknown” and resolve the
“Conflicting” we combined bioinformatic prediction tools, high throughput

proteomic, genomic and biochemical data and manual literature survey.
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Supplementary Figure 4 — Screenshot of the “more info” slide panel
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138 Supplementary Figure 5 — Screenshot of Flagellum protein complex as it is
139 drawn in the STEPdb web interface

140  Protein complexes can be drawn dynamically in STEPdb web interface. This
141  screenshot shows an example of a macromolecular complex, the flagellum,
142 which consists of various types of proteins from cytoplasmic to surface

143  appendages.
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Supplementary Tables

Supplementary Table 1 - Mobile elements E.coli K-12 and BL21

a. Summary comparison: A comparison between the two E. coli strains regarding
their proteomes, mobile elements and pseudogenes. Mobile elements include
prophage integrases, transposases, insertion and Rhs elements (for further
explanation, refer to the actual table). A set of 381 genes (out of a total of 624)
located within gene islands that upon deletion have no effect in the growth of the
bacterium in LB medium (25) are also considered as mobile elements in this
study. The E.coli “core proteome”, as defined by proteome comparison between
43 E.coli strains (Supplementary Table 10) is also shown here. A similar
comparison was performed for the K-12 and BL21(DE3) proteomes were 4037
and 4483 proteins correspondingly were found to belong to the “common
proteome” between the two strains. In both strains there were proteins with
multiple homologs, 464 and 52 E.coli K-12 and BL21 proteins correspondingly
were matched to more than one homologue (data not shown in table).

b. Detailed list of E. coli K-12 and BL21(DE3) mobile elements.

Supplementary Table 2 - Analysis of E.coli K-12 pseudogenes
Summary comparison:

a. Breakdown table of possible pseudogenes as reported in Uniprot , EcoGene
(26) and by Ochman (27). The potential pseudogenes have been differentiated
according to their protein existence annotation in Uniprot (evidence at protein and
transcript level, predicted, inferred from homology and uncertain).

b. Detailed list of K-12 pseudogenes. Pseudogenes marked with purple have
been reported to synthesize protein (28) indicating that these are functional
genes.

Supplementary Table 3 - Correlation between GO terms and STEP
nomenclature.

STEP classifies proteins into thirteen categories which correspond to different
sub-cellular localizations. This table maps STEP categories to the most closely
related gene ontology terms. GO name and ID are provided (29).

Supplementary Table 4 - Synopsis of previously existing protein annotation and
newly proposed STEP annotation.

a. STEPdb and summary of the sub-cellular annotations of the two E.coli strains
b,c. Existing topological annotations of Uniprot (23) and EchoLOCATION (24)
are summarized in terms of STEPdb nomenclature. Some of the existing Uniprot
or EchoLOCATION annotations could not be discriminated in order to be
assigned to a distinct STEPdb class. d. theoretical IM proteome as defined in
Bernsel and Daley (3). In total, 1108 out of 1133 proteins where mapped to the
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K-12 reference proteome maintained in Uniprot. e. List of predicted proteins in
EchoLOCATION. 4243 of the 4345 listed proteins were mapped to the reference
E.coli proteome. The remaining proteins are unknown coding sequences,
pseudogenes not existing or deleted from Uniprot and in some case duplicates of
the same protein.

Supplementary Table 5 - Annotation Criteria

List of formalized rules that describe the way we handled the contradictions
among the bioinformatic tools. These criteria were applied only at the last step of
the annotation process and if during manual curation step no indication of
experimental evidence was discovered.

Supplementary Table 6 — Manually curated E.coli K-12 proteins and protein
complexes

a. Inventory of 1205 experimentally verified proteins that have been discovered
during the manual curation process. Each verified protein is accompanied by the
corresponding list of pmids that justified the proposed location in STEPdb. The
proposed topology is associated with a characterization of the level of evidence.
There are two levels of evidence: “Experimental” and “Probable”. The term
“‘Experimental” is used in cases of strong experimental data whereas the term
“‘Probable” indicates that there exists some experimental evidence.

b. Manually curated E.coli K-12 complexes
List of 61 protein complexes discovered during manual curation process.

c. High-throughput studies used to identify proteins with verified sub-cellular
topology

List of high throughput studies and the corresponding experimentally identified
proteins. Among these studies: 11 proteomic studies coupled with sub-
fractionation methods, two genomic studies, two biochemical analysis and one
fluorescent microscopy study.

Supplementary Table 7 — Proteins of unknown sub-cellular localization

List of 36 proteins that were previously of unknown sub-cellular topology, based
on the three resources (Uniprot, EchoLOCATION, Bernsel (10)). Proteins that
their sub-cellular location has been experimentally confirmed are highlighted with
light yellow. The remaining proteins were assigned to sub-cellular class based on
the prediction of the tools.

Supplementary Table 8 - Conflicts in current proteome databases concerning
the annotation of sub-cellular topology of E.coli proteins
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Topological annotation conflicts initially existed even between the two databases,
Uniprot and EchoLOCATION and/or the experimental set of IM proteins
(3,23,24). This table lists 601 proteins with conflicting topologies among the three
resources (Uniprot, EchoLOCATION, Bernsel and Daley, 2009) exhibited
contradicting sub-cellular topologies.

Supplementary Table 9 - Re-evaluation of IM proteins

This table lists the predicted IM proteins that have been proposed by Bernsel and
Daley (2009) that STEP re-classifies them as non IM proteins. This
reconsideration of topology was based on next generation prediction tools:
TMHMM v2.0, Phobius, LipoP, SignalP4.0 (5,30-32), current annotation in
Uniprot and EchoLOCATION (23,24) and existing experimental data found in
literature.

Supplementary Table 10 - Common core E.coli Strains

Detailed names of the 43 E.coli strains used to define the core proteome (see
also “experimental procedures”).
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