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Abstract: Details of the genomic changes that occurred in the ancestors of Eukarya, Archaea and Bacteria are elusive.
Ancient interdomain horizontal gene transfer (IDHGT) amongst the ancestors of these three domains has been difficult to
detect and analyze because of the extreme degree of divergence of genes in these three domains and because most evidence
for such events are poorly supported. In addition, many researchers have suggested that the prevalence of IDHGT events
early in the evolution of life would most likely obscure the patterns of divergence of major groups of organisms let alone
allow the tracking of horizontal transfer at this level. In order to approach this problem, we mined the E. coli genome for
genes with distinct paralogs. Using the 1,268 E. coli K-12 genes with 40% or higher similarity level to a paralog elsewhere
in the E. coli genome we detected 95 genes found exclusively in Bacteria and Archaea and 86 genes found in Bacteria and
Eukarya. These genes form the basis for our analysis of IDHGT. We also applied a newly developed statistical test (the node
height test), to examine the robustness of these inferences and to corroborate the phylogenetically identified cases of ancient
IDHGT. Our results suggest that ancient inter domain HGT is restricted to special cases, mostly involving symbiosis in
eukaryotes and specific adaptations in prokaryotes. Only three genes in the Bacteria + Eukarya class (Deoxy-
xylulose-5-phosphate synthase (DXPS), fructose 1,6-phosphate aldolase class II protein and glucosamine-6-phosphate
deaminase) and three genes—in the Bacteria + Archaea class (ABC-type FE3+ -siderophore transport system, ferrous iron
transport protein B, and dipeptide transport protein) showed evidence of ancient IDHGT. However, we conclude that robust
estimates of IDHGT will be very difficult to obtain due to the methodological limitations and the extreme sequence satura-
tion of the genes suspected of being involved in IDHGT.
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Introduction

While horizontal gene transfer (HGT) has been widely accepted as an important evolutionary force
among prokaryotes (Lawrence and Ochman, 1997; Jain et al. 1999; Ochman et al. 2000), the role of HGT
in the early evolution of life has been controversial (Woese, 2002). HGT has been suggested to occur
between organisms belonging to the different domains of life: Bacteria, Archaea, and Eukarya (Hilario
and Gogarten, 1993; Kandler, 1994, 1998; Gogarten, 1995; Katz, 1996; Aravind et al. 1998; Nelson et al.
1999; Woese, 2002; Klotz and Loewen, 2003). This kind of transfer is quite patent in the numerous cases
of mitochondrial and chloroplast genes found in the nuclear genomes of some eukaryotes (Martin et al.
1998; Berg and Kurland, 2000; Rujan and Martin, 2001). Besides the organelle case, however, the impor-
tance of ancient inter domain HGT (IDHGT) is still under debate (Teichmann and Mitchison, 1999;
Kyripides and Olsen, 1999; Logsdon and Faguy, 1999; Stanhope et al. 2001; Snel et al. 2002; Eisen and
Fraser, 2003). It has been suggested that IDHGT was so prevalent in the beginning of life that it would
prevent a good assessment of the early branching of the tree of life (Doolittle, 1999a, 1999b). Most
evidence for ancient ID HGT, however, is weak and/or based on non-phylogenetic methods that do not
support IDHGT versus alternative hypotheses (Kurland, 2000; Koski and Golding, 2001; Koski et al.
2001; Ragan, 2001; Kurland et al. 2003; Brown, 2003). For instance, CG content or distinctive genomic
characteristics have been used to suggest HGT in prokaryotes, but these genomic differences could also
be due to distinctive evolutionary trends in some lineages related to natural selection (Hayes and Boro-
dovsky, 1998). Another class of tests of HGT, the phyletic distributional profiles based on BLAST searches
could also be interpreted as gene loss and are largely affected by the database (Nelson et al. 1999; Sal-
zberg et al. 2001; Roelofs and Van Haastert, 2001; Genereux and Logsdon, 2003).
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Here we propose an approach for the detection
of HGT and use it to examine ancient classes of
IDHGT using phylogenetic analysis—the only
available method capable to distinguish HGT from
other hypothesis (Logsdon and Faguy, 1999;
Ragan, 2001). We also introduce and test a new
method based on node height differences in phy-
logenetic comparisons that is faster than phyloge-
netic tree searching. Our approach was to make a
general assessment of ancient IDHGT using these
methods and the available GenBank database. In
this way we assess the possibility of detecting reli-
able evidences of HGT (that can discriminate
among alternative explanations for an observed
pattern) and possible problems that are often times
not taken into account in HGT analyses. In addi-
tion, our approach is a first step in examining the
ability to detect ancestral IDHGT using robust
cladistic methods. By using phylogenetic methods
and taking advantage of the most commonly
accepted topology of the tree of life, we examine
IDHGT between Bacteria, Archaea and Eukarya
using the E. coli genome as a reference genome.

Since the importance of HGT following
endosimbiosis events is well recognized, we focus
on HGT that does not involve endosimbiotic asso-
ciations. Our approach is very conservative and
we intentionally do not offer this method as a
method to understanding endosymbiotic aspects
of inter-domain gene transfer. Several excellent
studies have examined the wholesale transfer of
genes via endosymbiotic relationships (Karlberg
et al. 2000; Palenik, 2002; Martin et al. 2002). Our
concern in this paper is to examine those extremely
difficult episodes of HGT that did not occur as a
result of endosymbiotic relationships. We also do
not attempt here to make a thorough search for
horizontally transferred genes, since our approach
also has several limitations, but the same method-
ology we propose here could be modified and used
in alternative, more thorough analyses. Neverthe-
less, the approach presented here allows for an
estimation of the frequency of HGT events that can
be detected within the limitations imposed by the
data and the methods available. Our results, using
a gram negative bacteria centric analyses indicate
that only a few instances of statistically supported
evidence of HGT exist. We suggest that this obser-
vation is due to substitution saturation and lack of
resolution of the phylogenetic trees and that these
problems may preclude any good estimation of
ancient interdomain transfers.

Materials and Methods

Screening for genes with potential

for IDHGT

In order to apply phylogenetic methods for detecting
HGT, one should be able to produce rooted trees. When
the ingroup of the phylogenetic analysis includes all
forms of life, the outgroup is usually a paralogous gene
and hence our first screening consisted of finding genes
with a suitable paralog to be used as outgroup. A list
of E.coli K-12 paralog genes with 40% or higher
similarity level was downloaded from http://www.tigr.
org/tigr-scripts/CMR2/LevelsOfParalogyl.
spl?db_data id=99. This list consisted of 1,268 genes
from a total of approximately 4,200 genes found in the
E. coli genome. E. coli K-12 was chosen as a guide
because it has a well-annotated and fairly large genome
among bacteria (Wernegreen et al. 2000).

Our second step in the screening was to look for
genes that have a taxonomic distribution in the three
domains that deviates from the expected. This
screen was based on the most accepted hypothesis
for the tree of life that suggests a closer relationship
of Archaea and Eukarya to the exclusion of Bacteria
(Searcy et al. 1978; Zillig et al. 1989, 1992; Iwabe
et al. 1989; Gogarten et al. 1989; Brown et al.
2001). Using a phyletic distributional profile with
the specific inter-domain distributions boxed in
Figure 1 as a guide, we focused on orthologs that

+ + -
+ - +
Bacteria Archaea Eukarya

Figure 1. Distributional profile method. Afirst screening for genes
involved in ancient IHGT was done using the distributional profile
method. Based on the most accepted hypothesis of phylogenetic
relationships between the three domains of life, genes that occur in
Eukarya and Bacteria, but not in Archaea, or genes that occur in
Archaea and Bacteria, but not in Eukarya were potential candidates
to have been horizontally transferred between domains. Genes found
in one of those two phyletic distributional categories were further
tested for HGT (see text).

1o
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exist in Bacteria AND either Archaea OR Eukarya.
Therefore among the 1,268 genes we examined, we
looked for those that were present in Archaea but
absent in Eukarya, and those that were present in
Eukarya but absent in Archaea. Based on the
(Bacteria(Archaea, Eukarya)) hypothesis, there are
two alternative explanations for these distributional
profiles: the gene was either present in the univer-
sal common ancestor and posteriorly lost in the
domain that lacks it, or the gene was horizontally
transferred after the split of the domains.

To obtain the distributional profile of the genes
in the first list, we used BLAST (blastp) searches
against the all the available data in the GenBank
at the time of the searches. To make the taxonomic
screen of the paralogs easier, we conducted
these searches using the “Blink™ option, which
shows the results of the search color-coded
by taxonomic group: Archaea, Bacteria, and
Eukaryotes subdivided into Metazoa, Plants,
Fungi, and other Eukaryotes. The “Blink” is a link
available for each sequence on the NCBI website.
Because the “Blink™ gives only the 200 best hits,
when this number was reached with hits for the
same gene, the distribution was double-checked
using Blastp to confirm absence of the gene in
Archaea and Eukarya. In this case, we used ¢ '’as
a cut off value for the presence of a gene in a given
domain. To be useful as an outgroup, a paralog
should have appeared in a duplication event that
occurred before the split of the three domains,
instead of being exclusive to Bacteria. Hence, we
used the “Blink™ as described above to check the
distribution of the paralogs. Only genes with a
paralog that seem to have appeared before the split
of the three domains were retained for further
analyses. We also discarded from the analyses all
the genes for which orthology and paralogy could
not be promptly and confidently determined, and
the genes that are known to be involved in mito-
chondrial or chloroplast metabolism. Amino acid
sequences of the genes included in the analyses
and their paralogs were downloaded and aligned
with ClustalX using standard parameters.

Phylogenetic analysis

Maximum parsimony trees were obtained with
PAUP4.01 (Swofford, 2003) using heuristic search
with 10 random stepwise additions. Analyses were
done using at least five paralog sequences. Full
bootstrap tests with 500 replicates were performed

to test consistency of the branches of strict
consensus trees. Evidence of HGT from bacteria
to eukaryotes (or archaeans) would be illustrated
by a paraphyly of bacteria, with some of them more
closely related to eukaryotes or archaeans than to
other bacteria. Our focus on parsimony approaches
1s reasonable and conservative. In fact, we avoid
making an inference about a HGT when we detect
saturation of sequence changes in our tests.

Node height test

The node height test, like the phylogenetic analysis,
has the objective to test the different hypotheses of
lineage extinction (gene loss in a determined lin-
eage) and HGT. Other approaches using rates of
evolution to test for HGT have been discussed in
Novichkov et al. (2004). The test we present here
compares substitution rates within and among
groups (here among domains). In the case of lineage
extinction, it is expected that the substitution rates
within groups will be higher than the rates among
groups (see Fig. 3 for a graphical explanation). In
the case of HGT, however, there should be no dif-
ferences in the average substitution rates within and
among groups. The test is dependable on homoge-
neous substitution rates across taxa. Homogeneity
of substitution rates across domains was tested with
the software RRTree (Robinson et al. 1998). The
rate test was done on the whole sequence alignment
for all genes. For the genes saturated with substitu-
tions, the regions with gaps and poor alignment
were trimmed and the test was redone on the
remaining residues. The node height test was per-
formed on the genes for which it was possible to
rule out substitution rate differences. A pair wise
distance matrix was obtained with PAUP* 4.01b
(Swofford, 2002) for each of those genes. Average
distances within Bacteria (B1-B1) and between
bacteria and the other domain in which the gene is
present (B1-E1 or B1-Al) were compared with
ANOVA. A node height effect was detected when
B1-E1 or B1-Al was not significantly larger than
B1-B1(Supplemental Material File 1).

Results and Discussion

Phyletic distributions of genes

across domains
Our first screen was based on the most accepted
hypothesis for the tree of life that suggests a closer
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relationship of Archaea and Eukarya to the
exclusion of Bacteria (Iwabe et al. 1989; Brown
et al. 2001) as described above. Among the 1,268
genes we examined, 402 were present in all three
domains, 545 were present only in Bacteria, 95
were also present in Archaea but absent in
Eukarya, and 86 were present in Eukarya but
absent in Archaea. For 140 genes it was not pos-
sible to determine if the hits obtained in the
BLAST searches were orthologs or paralogs,
mostly due to nomenclatural problems. These
categories of genes indicate some evolutionary
discontinuity if the sister pair Archaea and
Eukarya do not have the same distribution pattern.
We first examined if the patterns obtained using
phylogenetic analysis are consistent with HGT or
lineage extinction.

Bacteria—Eukarya exclusive

patterns

Among the genes present only in Bacteria and
Eukarya, 21 were involved in mitochondrial or
plastid metabolism, including those physically
localized either in the nuclear or organellar
genome. The horizontal transfer of those genes is
not under question and we excluded them from
further analyses. Twenty-six genes were also
discarded for having spotty distributions in the
three domains, and 19 for problems with orthology
and paralogy determination or absence of a useful
paralog (see Supplemental Materials File 2 for list
of genes and taxa examined). Twenty genes were
tested and for three of them the phylogenetic
analysis suggests ancient IDHGT from bacteria to
eukaryotes (Table 1). Lack of statistical support
prevented us from rejecting IDHGT or gene loss
for the remaining genes. All the 3 genes recovered
here as probable IDHGT cases had already been
described as such. Deoxyxylulose-5-phosphate
synthase (DXPS) is an enzyme that participates
in several pathways involving coenzyme and
carbohydrate metabolism. It is the first enzyme of
an alternative pathway for the production of
isoprenoids and is present only in bacteria and
plants (Lange et al. 2000). In our analysis DXPS
clusters with proteobacteria with a high bootstrap
support (Supplemental Material File 3). This group
of Bacteria includes plant-symbiotic species and
the ancestor of mitochondria, which may place
this gene in the general category of organelle to
nucleus HGT.

The second protein, fructose 1,6-phosphate
aldolase class II is involved in sugar metabolisms
and participates in the glycolysis I and
gluconeogenesis pathways. The study of this
enzyme is complicated by the presence of several
types that represent distinct paralogs (Sanchez
et al. 2002). The fructose 1,6-phosphate aldolase
class II protein is found in fungi and protists, but
those two groups do not form a clade in our analysis
(Supplemental Materials File 3).

The third protein, glucosamine-6-phosphate
deaminase, is also involved in sugar metabolism
and participates in the pentose phosphate and
Entner-Doudoroff pathways. Andersson et al.
(2003) had already reported this gene as a case of
HGT, but the lack of rooting precluded an inter-
pretation of the direction of the transfer by these
authors. The tree presented here clearly supports
an HGT from eukayotes in the lineage of animals
and fungi to proteobacteria (Fig. 2). Our analysis
also indicated a transfer involving the protist
Entamoeba histolytica and a group of bacteria, as
suggested by Andersson et al. (2003). However,
in disagreement with their results, all protists
clustered in the same clade and it seems more
likely that transfer occurred from the protist to the
bacteria.

Bacteria—Archaea exclusive patterns

The analysis of the genes present only in Archaea
and Bacteria showed that three genes were
probably transferred from the former domain
to thermophilic bacteria: ABC-type FE3+ -
siderophore transport system, ferrous iron
transport protein B, and dipeptide transport protein
(Table 2, Supplemental Materials File 3). All 3
genes are involved in cellular transport and two
of them specifically in iron transport. HGT from
Archaea to thermophilic bacteria has been reported
to be as high as 24%, but this percentage was
obtained based only on the overall similarity of
the genomes and most of the phylogenetic tests
we performed failed to support HGT (Nelson et al.
1999; Logsdon and Faguy, 1999). Although we
included many different species of thermophilic
bacteria, only the ones belonging to the genus
Thermotoga were found to be involved in the cases
of possible HGT. The Thermotogales are believed
to be the most basal group of bacteria and the
grouping of their genes with those of archaeans
may be due to retention of ancestral sequences
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Table 1. Summary of results for genes with a Bacteria—Archaea exclusive pattern. Results of the relative rate
test, rate test using only conserved gene regions, node height test, and support of HGT given by phylogenetic

analyses.
Gene name Rate Rate test Node height Trees
test cons. test
2-octaprenyl-6-methoxyphenol k.s. k.s. - no
ATP-dependent specificity component of clpP serine protease, k.s. k.s. - no
chaperone
glucosamine-6-phosphate deaminase k.s. k.s. - yes
GTP-binding elongation factor, may be inner membrane protein k.s. k.s. - no
poly(A) polymerase | k.s. k.s. - no
putative GTP-binding factor k.s. k.s. - no
guanylate kinase k.s. * - no
3-demethylubiquinone-9 3-methyltransferase k.s. n.s. > no
biosynthetic arginine decarboxylase k.s. n.s. > no
esterase D k.s. n.s. > no
glyoxylate-induced protein k.s. n.s. b no
heat shock protein hslVU, ATPase subunit, homologous to k.s. n.s. o no
chaperones
probable protein-tyrosine-phosphatase k.s. n.s. > no
pyridoxal kinase 2 / pyridoxine kinase k.s. n.s. > no
enoyl-[acyl-carrier-protein] reductase (NADH) k.s. n.s. > no
glutathionine S-transferase n.s. > no
polynucleotide phosphorylase n.s. ** no
probable 6-phospho-beta-glucosidase n.s. > no
1-deoxyxylulose-5-phosphate synthase n.s. n.s. yes
fructose-bisphosphate aldolase, class Il n.s. n.s. yes

Notes: *Significant at o 0.05, **Significant at o 0.01.

Abbreviations: k.s.: substitution saturation; n.s.: non-significant at o 0.05.

under strong selection on particular genes in a hot,
harsh environment (Kyripides and Olsen, 1999;
Logsdon and Faguy, 1999). Even convergence
cannot be ruled out.

A more careful analysis of the candidate genes
for HGT between those taxa is still needed to pro-
vide better support for HGT. Phylogenetic analysis
suggested HGT for 3 other archaeal genes, formate
dehydrogenase (cytochrome B556 subunit), glu-
cose-1-phosphate thymidylyltransferase, and ade-
nine deaminase, but the direction is not clear
(Supplemental Material File 3). For all other genes
the phylogenetic analyses gave very poor resolution
and was unable to recover both Bacteria and Archaea
as monophyletic groups. However, for one gene,
protein secretion membrane protein, HGT was sta-
tistically rejected and gene loss is clearly the most
likely hypothesis (the phylogenetic tree obtained for
this gene resembles the one shown in Fig. 3a).

The node height approach
to HGT detection

Here we introduce and show the results of an
alternative test that we propose discerns between
HGT and Lineage Extinction called the node height
test. Since differences in substitution rates may give
a similar effect, the test can be applied only to genes
that have homogeneous substitution rates across the
different domains. Tables 1 and 2 show the results
of'the rate test for the bacterial-eukaryotic exclusive
genes and bacterial-archaeal exclusive genes,
respectively. Most of the genes were saturated with
substitutions and could not be tested using the
node height test. Nevertheless, a positive effect
was detected for both DPXS and fructose 1,6-
bisphosphate aldolase class II (protists only), in
agreement with the results of phylogenetic analysis.
The test was not done on the glucosamine-6-
phosphate deaminase gene because it was saturated.
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Figure 2. Maximum parsimony analysis of the gene Glucosamine-6-phosphate (nagB, COG0363). The tree depicts the strict consensus
of 6 most parsimonious reconstructions. Bootstrap values above 75 are shown on nodes. Rooting was done with the paralog gene
Phosphogluconate. E stands for Eukarya, B for Bacteria, and A for Archaea. The number 1 refers to sequences of the gene under analysis,
and the number 2 to sequences of the paralog used for rooting.
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Table 2. Summary of results for genes with a Bacteria—Eukarya exclusive pattern. Results of the relative rate
test, rate test using only conserved gene regions, node height test, and support of HGT given by phylogenetic

analyses.
Gene name Rate Rate test Node height Phylogenetic
test cons. test analysis
ABC-type FE3+-siderophore transport system, permease k.s. ks. - yes
component
ATPase of high-affinity potassium transport system, B chain  k.s. k.s. - no
excision nuclease subunit A k.s. k.s. - no
ferrous iron transport protein B k.s. k.s. - yes
glucose-1-phosphate thymidylyltransferase k.s. k.s. - yes
phosphoheptose isomerase k.s. k.s. - no
pleiotrophic effects on 3 hydrogenase isozymes (HypD) k.s. k.s. - no
protein secretion, membrane protein k.s. k.s. - no
suppresses inhibitory activity of CsrA k.s. k.s. - no
thiamin-monophosphate kinase k.s. k.s. - no
transcriptional regulatory protein (HypAF) k.s. k.s. - no
transport of potassium k.s. k.s. - no
FKBP-type peptidyl-prolyl cis-trans isomerase k.s. k.s. - no
plays structural role in maturation of all 3 hydrogenases k.s. k.s. - no
(HypE)
site-specific recombinase, acts on cer sequence of ColE1, k.s. * - no
effects chromosome segregation at cell division
4-aminobutyrate aminotransferase k.s. n.s. > no
dipeptide transport protein k.s. n.s. n.s yes
formate dehydrogenase, cytochrome B556 (FDO) subunit  k.s. n.s. > yes
glucose-1-phosphate uridylyltransferase k.s. n.s. > no
high-affinity phosphate-specific transport system k.s. n.s. * no
part of maltose permease, inner membrane k.s. n.s. > no
phosphotransacetylase k.s. n.s. > no
regulator for asnA, asnC and gidA k.s. n.s. > no
spermidine/putrescine transport system permease k.s. n.s. b no
UDP-N-acetyl-D-mannosaminuronic acid dehydrogenase k.s. n.s. > no
probable adenine deaminase (synthesis xanthine) k.s. n.s. n.s. yes

Notes: *significant at o 0.05, **significant at o 0.01.

Abbreviations: k.s.: substitution saturation; n.s.: non-significant at o 0.05.

Among the bacterial-archaeal specific genes, a larger
number were saturated and could not be tested
(Table 2). A node height effect was detected for
adenine deaminase and dipeptide transport.
However, the effect detected for each gene suggest
opposite directions of HGT (Bacteria to Archaea,
and Archaea to Bacteria, respectively), corroborating
the results of the phylogenetic analyses.

IDHGT estimation

We found 3 genes that were involved in HGT
between Bacteria and Eukarya and 6 genes that
were involved in HGT between Bacteria and

Archaea. The results obtained here were expected
in view that IDHGT is for obvious biological
reasons more likely to occur between simple, uni-
cellular organisms. No instance of HGT involving
animals was detected. Although the results cor-
roborate the importance of IDHGT for some taxa,
it suggests that first, IDHGT is not so prevalent as
suggested before and second that it is mostly
restricted to some groups.

We acknowledge that the approach used here
restricted the number of genes that could be tested.
Some of these limitations were imposed by the
methodology itself, but some are related to the data.
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Figure 3. The node height test. (a) If an Euk-Bac distribution was caused by gene loss, than the E1-B1 (Eukarya to Bacteria) average
distance is expected to be higher than the average B1-B1 (Bacteria to Bacteria) distance. (b) However, if eukaryotic genes (E1) were gained
by transfer from a particular group of bacteria (B1), than the average E1-B1 distance should not be higher than the average B1-B1 distance.
These predictions were done based on the assumption that substitution rates are homogeneous across taxa.

In the first case, for instance, we did not include
genes that are present in the three domains, even
though these genes could also be involved in
IDHGT. It could happen that one gene was present
in the universal ancestral, lost in one of the
domains, or some species of one of the domains,
and reacquired through IDHGT. That includes the
402 genes found in all three domains. Nevertheless,
the approach, including the Node Height test, can
be easily automated and could be used in
highthroughput screens. We were also limited by
the starting dataset: genes present in E. coli.
Although this species has a fairly large genome
among Bacteria, it lacks many genes that are pres-
ent in other bacterial groups, for instance the gram
positive Bacteria. In fact, some gram positive bac-
terial genes and Archaeal genes appear to be more
similar to each other (Brown et al. 1994; Benach-
enhou et al. 1993) suggesting a focus on gram
positive or Archaeal genomes might reveal even
more cases of IDHGT. The approach used here
could easily be adapted to search for these genes
using the genome of a gram positive Bacteria as a
starting point, replacing the E. coli genome. In
addition, our dataset was limited by our cutoff for
paralogs. However, given the fact that many of the
paralagous gene families we examined at the 40%
cutoff showed saturation, we suggest that an even
lower cutoff would have resulted in even more
extreme saturation. Limitations due to the data
include sequence availability, substitution saturation
in the sequences, lack of paralogs, and nomencla-
tural problems. Many genes had to be discarded
for the latter reason, indicating the urge to find a
better way to name and classify genes.

Are there acceptable methods

of HGT detection?

The node height test corroborated the results of
the phylogenetic analysis in almost all the cases
we detected and may be used alternatively in cases
where the taxa are well represented, since it is
less time consuming. The weakness of this test is
its dependence on homogeneous substitution
rates, which makes it useful for testing only a
limited number of genes. Yet, the problem with
saturated substitution is likely to affect the results
of phylogenetic analysis in a similar way, produc-
ing poorly resolved trees and lack of statistical
support for nodes. The correct identification of
orthologs and paralogs is crucial for both meth-
ods. It is important to keep in mind that phyloge-
netic analysis, despite being the most reliable
method, can also give false evidence of HGT in
cases of convergence, retention of ancestral char-
acter states, and higher evolutionary rate in one
particular lineage (long-branch attraction). All
those problems are more likely to occur in highly
divergent genes that are saturated with substitu-
tions, as is the case of most of the genes studied
here. Hence, limitations of the methods may pre-
clude a good estimate of inter-domain HGT and
decrease considerably, the robustness of infer-
ences concerning IDHGT. Our results suggest that
ancient inter domain HGT is restricted to special
cases, mostly involving symbiosis in eukaryotes,
specific adaptations in prokaryotes, and specific
cases in single celled eukaryotes (Doolittle, 1998;
Andersson et al. 2003; Huang et al. 2004; Huang
et al. 2004; Andersson et al. 2005; Huang et al.
2005; Huang and Gogarten, 2006).
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Conclusion

We present a new method for detection of HGT
that corroborates most of the results obtained with
phylogenetic analysis. It is important to note that
we limited our study to just those genes in the
E. coli genome that have orthologs, but we suggest
this gene set is a good first approximation of the
utility of the approach. The node height test
although restrictive was reliable, corroborating the
results of the phylogenetic analyses. Since this
method is quick and easily automated, it could be
used in automates screens for HGT including a
larger dataset than the one analyzed here. The grand
majority of the genes that by our method are sug-
gested to be involved in ID HGT have also been
indicated in other studies that use phylogenetic
methods. Although our approach is very limited,
this result suggests that most HGT cases that can
be identified using phylogenetic methods have
already been identified and are in agreement with
previous claims that the occurrence of HGT has
been overestimated and alternative hypothesis
largely put aside (Kyripides and Olsen, 1999;
Kurland et al. 2003; Genereux et al. 2003). In
conclusion, we suggest that in general reliable
estimates of ancient IDHGT will be very difficult
to obtain due to methodological and data limita-
tions as discussed above.
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Supplemental Material

File T—The node height test

This file contains a figure detailing the steps involved in the node height test. a) The first step concerns
a rate test where substitution rates are examined and their similarity determined. b) If rates are not
similar across the tree or there are heterogeneous substitution rates among domains the node height test
should not be used; c) If (E1-B1) > (B1-B1) then lineage extinction in Archaea can be inferred. If (A1-
B1) > (B1-B1), then lineage extinction in Eukarya can be inferred. d) If (E1-B1) =~ (B1-B1) then ancient
IDHGT can be inferred between Eukarya and Bacteria. If (A1-B1) = (B1-B1) then ancient IDHGT can
be inferred between Archaea and Bacteria. The bottom of the figure shows a Flow chart outlining the
steps in the Node Height Test. ;

File 2—List of genes examined in study

This file contains the list of genes from the E. coli genome that have paralogs with 40% similarity
elsewhere in the genome. Column 1 indicates the distribution of the gene in other organisms where 1 =
bacteria only; 2 = all three domains; 3 = Bacteria and Archaea 4 = Bacteria and Eukarya; 5 = No infer-
ence. Column 2 shows the gene name, column 3 shows the most similar paralog, column 4 shows the
E value for the comparison of paralogs, column 5, and column 6 indicate simillarities. ;

File 3—Cladograms that support inter domain HGT

This file contains cladograms obtained for genes with phylogenetic evidence of IDHGT. Trees are strict
consensus cladograms and numbers shown are bootstrap values above 75 (500 reps). Bootstrap values
in bold font indicate possible HGT events. (a) 1-Deoxyxylulose-5-phosphate synthase (dxs,
C0OG3959/3958), paralog Transketolase 2 isozyme; (b) Fructose-bisphosphate aldolase, class II (fba,
COGO0191), paralog Tagatose-bisphosphate aldolase 1; (c) Dipetide transport protein (dppa, COG0747),
paralog Putative transport periplasmic protein; (d) ABC-type FE3+ -siderophore transport system,
permease component (HemU, COG0609), paralog ABC-type FE3+ -siderophore transport system,
ATP-binding; (e) Ferrous iron transport protein B (feoB, COG0370), paralog GTP-binding protein; (f)
Formate dehydrogenase (fdhF, COG0243), paralog Nitrate reductase 1; (g) Glucose-1-phosphate thy-
midylyltransferase (rmla, COG1213), paralog Glucose-1-phosphate adenylyltransferase; (h) Adenine
deaminase adeC, COG1001), paralog Putative N-acetylgalactosamine-6-phosphate deacetylase. To
facilitate viewing the figures we have colored taxa from the three major domains as follows: Bacteria
target genes (B1) are colored red; Bacteria paralog genes (B2) are colored orange; Archaea target genes
A1) are colored green; Archaea paralog genes (A2) are colored lime; Eukarya target genes (E1) are
colored blue; Eukarya paralog genes (E2) are colored aqua. ¥
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Trees explaining Node Height Test

a) Rate test: are substitution rates b) Heterogeneous substitution rates
similar? among domains: node height test
should not be used
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Flow chart showing decision making process in Node Height Test
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		type		Common Name		Common Name		P value		% Similarity		% Identity

		1		(3R)-hydroxymyristol acyl carrier protein dehydratase		beta-hydroxydecanoyl thioester dehydrase, trans-2-decenoyl-ACP isomerase		0.00057		52.845528		30.894308

		1		2,3-dihydroxybenzoate-AMP ligase		putative ligase/synthetase		7.90E-57		49.433964		31.132076

		1		2-acyl-glycerophospho-ethanolamine acyltransferase; acyl-acyl-carrier protein synthetase		putative ligase/synthetase		1.70E-27		50.588234		29.705883

		1		2-component transcriptional regulator		pleiotrophic regulation of anaerobic respiration: response regulator for nar, frd, dms and tor genes		0.051		50.515465		24.742268

		1		5-keto-D-gluconate 5-reductase		putative oxidoreductase		3.70E-27		52.066116		32.644627

		1		6-phosphogluconate dehydratase		dihydroxyacid dehydratase		2.50E-46		51.771652		31.102362

		1		aconitate hydrase B		3-isopropylmalate isomerase (dehydratase) subunit		6.60E-12		48.863636		32.954544

		1		acridine efflux pump		putative membrane protein		0.012		49.333332		29.333334

		1		acyl carrier protein phosphodiesterase		orf, hypothetical protein		0.058		42.741936		24.193548

		1		acyl-CoA synthetase, long-chain-fatty-acid--CoA ligase		putative ligase/synthetase		4.40E-49		51.244812		31.120333

		1		ADP-heptose--lps heptosyltransferase II; lipopolysaccharide core biosynthesis		heptosyl transferase I; lipopolysaccharide core biosynthesis		2.60E-08		48.10606		28.787878

		1		aerobic respiration sensor-response protein; histidine protein kinase/phosphatase, sensor for arcA		sensor-regulator, activates OmpR by phophorylation		6.90E-38		55.90406		34.686348

		1		aerotaxis sensor receptor, flavoprotein		methyl-accepting chemotaxis protein IV, peptide sensor receptor		3.10E-39		62.416107		39.932884

		1		affects pool of 3'-phosphoadenosine-5'-phosphosulfate in pathway of sulfite synthesis		enhances synthesis of sigma32 in mutant; extragenic suppressor, may modulate RNAse III lethal action		1.70E-15		47.36842		30.263159

		1		alpha-galactosidase		phospho-beta-glucosidase; cryptic		8.30E-30		48.41629		26.470589

		1		AMP nucleosidase		orf, hypothetical protein		0.067		53.92157		31.372549

		1		anaerobic dicarboxylate transport		anaerobic dicarboxylate transport		1.90E-53		62.929062		36.155605

		1		anaerobically inducible L-threonine, L-serine permease		putative transport system permease protein		2.90E-21		49.397591		26.26506

		1		arginine 3rd transport system periplasmic binding protein		periplasmic glutamine-binding protein; permease		2.20E-29		55.042015		34.453781

		1		arsenate reductase		putative oxidoreductase		1.20E-19		62.068966		41.379311

		1		ascBF operon repressor		L-idonate transcriptional regulator		2.40E-25		52.264809		26.480837

		1		aspartokinase II and homoserine dehydrogenase II		aspartokinase I, homoserine dehydrogenase I		1.70E-84		54.918034		35.109291

		1		ATP-binding component of a membrane-associated complex involved in cell division		putative ATP-binding component of a transport system		1.60E-35		64.018692		43.925232

		1		ATP-binding component of a transport system		putative ATP-binding component of a transport system		1.90E-46		53.162392		27.179487

		1		ATP-binding component of D-ribose high-affinity transport system		ATP-binding component of high-affinity L-arabinose transport system		6.80E-106		67.741936		42.741936

		1		ATP-binding component of high-affinity L-arabinose transport system		putative ATP-binding component of a transport system		4.90E-25		56.73077		36.53846

		1		ATP-binding component of histidine transport		ATP-binding component of transport system for glycine, betaine and proline		3.90E-32		64.634148		36.178864

		1		ATP-binding component of hydroxymate-dependent iron transport		ATP-binding component of a transporter		8.90E-26		54.666668		32.444443

		1		ATP-binding component of leucine transport		ATP-binding protein of glutamate/aspartate transport system		5.60E-24		54.464287		30.803572

		1		ATP-binding component of methyl-galactoside transport and galactose taxis		putative ATP-binding component of a transport system		2.90E-59		58.130081		34.552845

		1		ATP-binding component of sn-glycerol 3-phosphate transport system		putative ATP-binding component of a transport system		1.10E-61		64.615387		40.923077

		1		ATP-binding component of transport system for maltose		putative ATP-binding component of a transport system		1.30E-57		63.907284		40.39735

		1		ATP-binding protein of nickel transport system		putative ATP-binding component of a transport system		1.50E-32		54.545456		35.123966

		1		ATP-dependent serine activating enzyme (may be part of enterobactin synthase as component F)		2,3-dihydroxybenzoate-AMP ligase		8.40E-15		48.101265		29.535866

		1		beta-D-galactosidase		beta-D-glucuronidase		3.60E-12		47.665848		31.203932

		1		biodegradative arginine decarboxylase		ornithine decarboxylase isozyme, inducible		4.50E-86		54.054054		33.068363

		1		biotin biosynthesis; reaction prior to pimeloyl CoA		putative enzyme		4.70E-08		50		30.625

		1		biotin sulfoxide reductase		nitrate reductase 1, alpha subunit		4.70E-13		46.886448		26.007326

		1		biotin sulfoxide reductase 2		probable nitrate reductase 3		1.80E-05		45.54295		27.06645

		1		carbamoyl-phosphate synthetase, glutamine (small) subunit		p-aminobenzoate synthetase, component II		1.10E-06		49.650349		30.76923

		1		cardiolipin synthase, a major membrane phospholipid; novobiocin sensitivity		putative synthetase		1.00E-22		50.156738		30.407524

		1		catabolic regulation response regulator		transcriptional regulator in 2-component system		5.10E-30		54.298641		38.914028

		1		catabolite repression sensor kinase for PhoB; alternative sensor for pho regulon		putative 2-component sensor protein		1.50E-17		48.317307		28.365385

		1		cell division membrane protein		GTP-binding export factor binds to signal sequence, GTP and RNA		4.50E-38		58.844765		33.935017

		1		cell elongation, e phase; peptidoglycan synthetase; penicillin-binding protein 2		septum formation; penicillin-binding protein 3; peptidoglycan synthetase		3.90E-17		52.278179		29.736212

		1		chromosome replication; initiation and chain elongation		putative DNA replication factor		1.60E-58		72.727272		50.413223

		1		citrate-dependent iron(III) transport protein, cytosolic		hydroxamate-dependent iron uptake, cytoplasmic membrane component		1.80E-23		54.347828		34.782608

		1		cold shock protein 7.4, transcriptional activator of hns		cold shock protein; may affect transcription		9.90E-27		92.537315		83.582092

		1		cold shock protein; may affect transcription		cold shock-like protein		7.70E-11		60		45.714287

		1		curved DNA-binding protein; functions closely related to DnaJ		chaperone with DnaK; heat shock protein		1.00E-41		57.432434		40.87838

		1		cyclic AMP receptor protein		transcriptional regulation of aerobic, anaerobic respiration, osmotic balance		1.20E-08		48.888889		22.777779

		1		cytochrome b(561)		putative cytochrome		3.40E-24		62.222221		42.222221

		1		cytochrome c-type protein		putative cytochrome C-type protein		3.20E-37		65.14286		44.57143

		1		cytoplasmic trehalase		trehalase, periplasmic		7.80E-137		68.686867		50.909092

		1		D-alanyl-D-alanine carboxypeptidase; penicillin-binding protein 6		penicillin-binding protein 7		1.30E-09		48.249027		29.96109

		1		damage-inducible protein J		negative regulator of translation		0.0042		62.790699		37.209301

		1		D-amino acid dehydrogenase subunit		flavoprotein; probably electron transport		0.0021		57.943924		35.514019

		1		D-erythro-7,8-dihydroneopterin tri P epimerase		putative kinase		2.40E-09		54.954956		25.225225

		1		detox protein		orf, hypothetical protein		6.30E-09		68.674698		48.192772

		1		diadenosine tetraphosphatase		protein phosphatase 1 modulates phosphoproteins, signals protein misfolding		1.50E-05		54.666668		38.666668

		1		dipeptide transport system permease protein 2		homolog of Salmonella oligopeptide transport permease protein		6.50E-24		58.909092		32.727272

		1		DNA biosynthesis; initiation of chromosome replication; can be transcription regulator		putative DNA replication factor		4.40E-11		51.363636		29.09091

		1		DNA biosynthesis; primosomal protein i		orf, hypothetical protein		0.017		55.555557		41.666668

		1		DNA helicase, ATP-dependent dsDNA/ssDNA exonuclease V subunit, ssDNA endonuclease		DNA-dependent ATPase I and helicase II		0.071		45.833332		28.571428

		1		DNA polymerase III, delta prime subunit		DNA polymerase III, tau and gamma subunits; DNA elongation factor III		7.60E-10		50.574711		32.567051

		1		DNA repair protein		putative DNA repair protein, RADC family		2.50E-28		73.333336		48.333332

		1		DNA topoisomerase III		DNA topoisomerase type I, omega protein		3.30E-20		48.775055		27.171492

		1		DNA topoisomerase IV subunit A		DNA gyrase, subunit A, type II topoisomerase		4.80E-103		61.572052		39.15575

		1		DNA topoisomerase IV subunit B		DNA gyrase subunit B, type II topoisomerase, ATPase activity		4.70E-107		61.815338		41.158058

		1		DNA-binding protein HLP-II (HU, BH2, HD, NS); pleiotropic regulator		DNA-binding protein; H-NS-like protein; chaperone activity; RNA splicing?		1.50E-24		69.629631		57.777779

		1		DNA-binding protein HU-beta, NS1 (HU-1)		integration host factor (IHF), alpha subunit; site specific recombination		3.80E-09		57.777779		32.222221

		1		DNA-binding protein; H-NS-like protein; chaperone activity; RNA splicing?		DNA-binding protein HLP-II (HU, BH2, HD, NS); pleiotropic regulator		3.60E-29		69.629631		57.777779

		1		dnaK suppressor protein		orf, hypothetical protein		0.018		48.837208		34.88372

		1		D-ribose high-affinity transport system		putative transport system permease protein		2.70E-17		51.013512		29.054054

		1		D-ribose periplasmic binding protein		xylose binding protein transport system		4.30E-13		44.9827		24.567474

		1		D-serine dehydratase (deaminase) transcriptional activator		putative transcriptional regulator LYSR-type		7.00E-17		49.504951		30.198019

		1		enables flagellar motor rotation, linking torque machinery to cell wall		putative outer membrane protein		0.072		49.541283		27.522936

		1		endonuclease VIII and DNA N-glycosylase with an AP lyase activity		formamidopyrimidine DNA glycosylase		1.10E-05		43.939392		23.863636

		1		envelope protein; thermoregulation of porin biosynthesis		putative ARAC-type regulatory protein		0.034		51.020409		30.612246

		1		enzyme that may degrade or block biosynthesis of endogenous mal inducer, probably aminotrasferase		multi modular; putative transcriptional regulator; also putative ATP-binding component of a transport system		1.10E-09		42.950821		23.606558

		1		ethanolamine utilization; homolog of Salmonella acetyl/butyryl P transferase		putative multimodular enzyme		1.30E-36		54.6875		33.75

		1		evolved beta-D-galactosidase, alpha subunit; cryptic gene		beta-D-galactosidase		1.10E-146		56.340958		36.590435

		1		facilitated diffusion of glycerol		transmembrane water channel; aquaporin Z		9.00E-08		50.877193		31.578947

		1		ferredoxin-NADP reductase		putative oxidoreductase		7.90E-07		44.067795		24.152542

		1		ferric enterobactin (enterochelin) transport		putative transport protein		2.50E-14		45.015106		23.564955

		1		fimbrial morphology		putative fimbrial-like protein		0.0074		41.666668		22.777779

		1		fimbrial protein		putative fimbrial-like protein		4.40E-05		42.20779		27.922077

		1		fimbrial Z protein; probable signal transducer		positive response regulator for colanic capsule biosynthesis, (sensor, RcsC)		5.10E-14		47.290642		27.586206

		1		flagellar biosynthesis		flagellar biosynthesis; possible export of flagellar proteins		1.10E-80		63.120567		41.312057

		1		flagellar biosynthesis, cell-distal portion of basal-body rod		flagellar biosynthesis, cell-proximal portion of basal-body rod		3.50E-15		45.606693		28.870293

		1		flagellar biosynthesis, cell-proximal portion of basal-body rod		flagellar biosynthesis, cell-distal portion of basal-body rod		2.60E-19		48.898678		33.480175

		1		flagellar biosynthesis, hook protein		flagellar biosynthesis, cell-proximal portion of basal-body rod		0.045		50.406506		32.520325

		1		flagellar biosynthesis, hook-filament junction protein 1		flagellar biosynthesis; flagellin, filament structural protein		7.80E-05		49.180328		25.409836

		1		flagellar biosynthesis; alternative sigma factor 28; regulation of flagellar operons		RNA polymerase, sigma(32) factor; regulation of proteins induced at high temperatures		1.10E-06		50.5		29

		1		flagellar biosynthesis; flagellin, filament structural protein		flagellar biosynthesis; hook-filament junction protein		0.031		47.278912		25.170069

		1		flagellar biosynthesis; hook-filament junction protein		flagellar biosynthesis; flagellin, filament structural protein		0.019		46.830986		25.704226

		1		flagellar biosynthesis; possible export of flagellar proteins		flagellar biosynthesis		4.90E-80		63.120567		40.957447

		1		flagellar hook-length control protein		putative membrane protein; interferes with cell division		0.098		41.116753		27.918781

		1		flagellum-specific ATP synthase		membrane-bound ATP synthase, F1 sector, alpha-subunit		8.60E-23		51.791531		29.641693

		1		flavodoxin 2		flavodoxin 1		8.40E-37		66.666664		43.636364

		1		formate dehydrogenase-N, nitrate-inducible, cytochrome B556(Fdn) gamma subunit		formate dehydrogenase, cytochrome B556 (FDO) subunit		2.00E-42		68.720383		48.815166

		1		formate hydrogen-lyase transcriptional activator for fdhF, hyc and hyp operons		transcriptional regulation of aroF, aroG, tyrA and aromatic amino acid transport		1.20E-46		58.231709		36.890244

		1		formate-dependent nitrite reductase; a penta-haeme cytochrome c		periplasmic cytochrome c(552): plays a role in nitrite reduction		0.0029		50.76923		33.846153

		1		fructose-1-phosphate kinase		putative kinase		7.20E-06		45.724907		28.252789

		1		frv operon protein		putative lyase/synthase		3.20E-37		50.720463		31.123919

		1		fucose permease		putative transport protein		0.013		49.53846		26.153847

		1		galactose-binding transport protein; receptor for galactose taxis		putative LACI-type transcriptional regulator		1.50E-10		51.219513		30.487804

		1		galactoside permease (M protein)		MFS (major facilitator superfamily) transporter		0.011		48.417721		23.734177

		1		Gef protein interferes with membrane function when in excess		polypeptide destructive to membrane potential		2.40E-07		92		82

		1		glucitol (sorbitol)-6-phosphate dehydrogenase		NAD-dependent 7alpha-hydroxysteroid dehydrogenase, dehydroxylation of bile acids		2.60E-19		52.868851		30.327869

		1		gluconate kinase, thermosensitive glucokinase		gluconokinase 2, thermoresistant		3.40E-40		74.050636		47.468353

		1		glucuronide permease		putative permease		5.90E-36		49.890591		28.008753

		1		glutamate/aspartate transport system permease		histidine transport system permease protein		2.00E-12		51.184834		23.696682

		1		glutamate-aspartate symport protein		putative transport protein		2.30E-10		51.315788		26.052631

		1		glutaredoxin-like protein; hydrogen donor		glutaredoxin 3		0.0054		48.148148		24.074074

		1		glutathione synthetase		ribosomal protein S6 modification protein		0.00047		46.632126		29.533678

		1		haemolysin expression modulating protein		orf, hypothetical protein		3.00E-09		68.571426		38.57143

		1		heat shock protein hslJ		bacteriophage lambda Bor protein homolog		0.053		63.157894		50

		1		heptosyl transferase I; lipopolysaccharide core biosynthesis		lipopolysaccharide core biosynthesis		0.00062		44.486691		25.855513

		1		hexose phosphate transport protein		putative transport protein		0.041		47.936508		26.984127

		1		high-affinity amino acid transport system; periplasmic binding protein		high-affinity leucine-specific transport system; periplasmic binding protein		3.20E-147		86.95652		77.173912

		1		high-affinity choline transport		putative transport protein		2.30E-43		53.95034		28.668171

		1		high-affinity L-arabinose transport system; membrane protein, fragment 1		methyl-galactoside transport and galactose taxis		0.0026		50.909092		31.363636

		1		high-affinity leucine-specific transport system; periplasmic binding protein		high-affinity amino acid transport system; periplasmic binding protein		1.30E-152		86.95652		77.173912

		1		histidine protein kinase sensor for GlnG regulator (nitrogen regulator II, NRII)		putative 2-component sensor protein		1.40E-12		50.684933		32.876713

		1		histidine transport system permease protein		histidine transport, membrane protein M		3.00E-18		52.054794		31.96347

		1		histidine transport, membrane protein M		histidine transport system permease protein		1.90E-16		52.054794		31.96347

		1		Hnr protein		negative response regulator of genes in aerobic pathways, (sensors, ArcB and CpxA)		9.10E-09		51.181103		32.283466

		1		Holliday junction helicase subunit A; branch migration; repair		putative 2-component regulator		0.031		49.367088		30.379747

		1		homolog of Salmonella UTP--glucose-1-P uridyltransferase, probably a UDP-gal transferase		glucose-1-phosphate thymidylyltransferase		3.30E-07		54.347828		31.15942

		1		hydrogenase 4 Fe-S subunit		formate dehydrogenase-O, iron-sulfur subunit		0.011		46.875		35

		1		hydrogenase-1 large subunit		probable large subunit, hydrogenase-2		2.80E-116		64.716309		44.680851

		1		hydrogenase-2 operon protein: may effect maturation of large subunit of hydrogenase-2		pleiotrophic effects on 3 hydrogenase isozymes		2.30E-18		78.205132		56.410255

		1		hyperosmotically inducible periplasmic protein		putative periplasmic protein		5.10E-14		50.306747		30.674847

		1		inducible ATP-independent RNA helicase		putative ATP-dependent RNA helicase		1.10E-52		55.773956		38.329239

		1		initiation of chromosome replication		sulfite reductase (NADPH), flavoprotein beta subunit		0.0001		52.027027		29.054054

		1		inner membrane protein, membrane-spanning, maintains integrity of cell envelope; tolerance to group A colicins		uptake of enterochelin; tonB-dependent uptake of B colicins		4.20E-19		62.209301		41.279068

		1		integral transmembrane protein; acridine resistance		sensitivity to acriflavine, integral membrane protein, possible efflux pump		3.00E-295		78.100777		62.5

		1		integration host factor (IHF), alpha subunit; site specific recombination		DNA-binding protein HU-alpha (HU-2)		1.10E-11		58.888889		36.666668

		1		inversion of adjacent DNA; at locus of e14 element		putative transposon resolvase		1.70E-24		55.865921		38.547485

		1		involved in fimbrial asembly		putative fimbrial protein		0.0072		47.524754		26.732674

		1		involved in protein transport; multicopy suppressor of dominant negative ftsH mutants		putative oxidoreductase subunit		3.40E-77		58.585857		40.202019

		1		IS150 putative transposase		IS3 putative transposase		8.30E-30		50.553505		30.996309

		1		IS186 hypothetical protein		IS4 hypothetical protein		0.069		57.333332		33.333332

		1		IS2 hypothetical protein		orf, hypothetical protein		0.0088		41.85022		28.634361

		1		IS3 putative transposase		putative transposase		2.50E-14		62.068966		43.678162

		1		IS30 transposase		IS30 transposase		1.00E-196		100		99.738907

		1		IS911 hypothetical protein, variant (IS911A)		IS911 hypothetical protein (IS911B)		4.10E-44		95.918365		93.877548

		1		isoaspartyl dipeptidase		putative hydrolase		0.0073		48.924732		27.956989

		1		ketodeoxygluconokinase		putative kinase		7.60E-05		53		36

		1		L-arabinose-binding periplasmic protein		putative LACI-type transcriptional regulator		5.00E-05		43.354431		25

		1		large terminal subunit of phenylpropionate dioxygenase		orf, hypothetical protein		4.90E-13		50		28.767124

		1		L-asparagine permease		transport of lysine/cadaverine		9.20E-12		43.421051		22.105263

		1		leader peptidase, integral membrane protein		putative peptidase		3.50E-14		60		40.714287

		1		L-idonate transcriptional regulator		ascBF operon repressor		2.40E-25		51.211071		25.951557

		1		lipopolysaccharide core biosynthesis		heptosyl transferase I; lipopolysaccharide core biosynthesis		0.00062		45.660378		26.415094

		1		lipopolysaccharide core biosynthesis; phosphorylation of core heptose; attaches phosphate-containing substrate to LPS co		pH-inducible protein involved in stress response		1.70E-05		49.462364		32.258064

		1		lipoprotein-28		putative lipoprotein		4.80E-73		81.203011		62.030075

		1		low affinity tryptophan permease		putative transporter protein		0.022		44.295303		22.147652

		1		L-ribulose-5-phosphate 4-epimerase		putative epimerase/aldolase		0.067		54.216869		37.349396

		1		L-serine deaminase		putative L-serine dehydratase		7.40E-38		70.676689		60.902256

		1		lysine decarboxylase 2, constitutive		ornithine decarboxylase isozyme, inducible		5.30E-70		50.943398		33.176102

		1		lysine-, arginine-, ornithine-binding periplasmic protein		arginine 3rd transport system periplasmic binding protein		9.40E-38		54.958679		33.884296

		1		major type 1 subunit fimbrin (pilin)		putative fimbrial-like protein		6.80E-07		43.646408		26.519337

		1		maltodextrin glucosidase		trehalase 6-P hydrolase		2.10E-16		50.333332		34

		1		maltodextrin phosphorylase		glycogen phosphorylase		1.10E-176		68.068329		48.094612

		1		may modulate levels of hydrogenease-2		pleiotrophic effects on 3 hydrogenase isozymes		7.50E-29		71.929825		48.245613

		1		melibiose permease II		putative permease		1.20E-35		49.534885		26.976744

		1		membrane-bound lytic murein transglycosylase C		soluble lytic murein transglycosylase		0.00038		48.75		30

		1		membrane-spanning protein of hydrogenase 3 (part of FHL complex)		hydrogenase 4 membrane subunit		2.10E-08		49.650349		26.340326

		1		methyl-accepting chemotaxis protein I, serine sensor receptor		aerotaxis sensor receptor, flavoprotein		2.40E-32		66.564415		41.717793

		1		methyl-accepting chemotaxis protein II, aspartate sensor receptor		methyl-accepting chemotaxis protein III, ribose sensor receptor		4.50E-70		64.406776		45.386063

		1		methyl-accepting chemotaxis protein III, ribose sensor receptor		methyl-accepting chemotaxis protein I, serine sensor receptor		6.50E-62		68.867928		50.943398

		1		methyl-accepting chemotaxis protein IV, peptide sensor receptor		methyl-accepting chemotaxis protein II, aspartate sensor receptor		3.80E-89		64.85437		47.961166

		1		methyl-galactoside transport and galactose taxis		high-affinity L-arabinose transport system; membrane protein, fragment 1		0.00082		50.510204		32.142857

		1		mgl repressor, galactose operon inducer		repressor of malX and Y genes		7.20E-24		45.954693		28.15534

		1		minor curlin subunit precursor, similar ro CsgA		curlin major subunit, coiled surface structures; cryptic		2.80E-06		43.010754		31.182796

		1		minor fimbrial subunit, D-mannose specific adhesin		putative adhesin; similar to FimH protein		3.50E-70		65.886284		47.491638

		1		molybdate metabolism regulator, first fragment		orf, hypothetical protein		0.00011		65.714287		45.714287

		1		molybdate metabolism regulator, second fragment 2		putative regulator		6.30E-97		59.379845		40.155037

		1		molybdate metabolism regulator, third fragment		putative regulator		7.10E-40		61.423222		44.56929

		1		multidrug resistance protein K		multidrug resistance secretion protein		3.00E-89		68.351067		49.734043

		1		multidrug resistance protein Y		multidrug resistance; probably membrane translocase		1.20E-149		80.838326		63.073853

		1		multidrug resistance secretion protein		multidrug resistance protein K		1.30E-88		68.351067		49.734043

		1		multiple antibiotic resistance; transcriptional activator of defense systems		regulatory protein for 2-phenylethylamine catabolism		7.90E-06		53		29

		1		murein lipoprotein		orf, hypothetical protein		1.40E-13		74.626869		50.746269

		1		murein transglycosylase E		membrane-bound lytic murein transglycosylase C		6.50E-30		64.457832		40.361446

		1		N-acetylmuramoyl-l-alanine amidase II; a murein hydrolase		putative amidase		2.60E-39		57.967033		35.43956

		1		negative regulator of exu regulon, exuT, uxaAC, and uxuB		putative FADA-type transcriptional regulator		3.60E-07		46.929825		25.438597

		1		negative regulator of translation		damage-inducible protein J		0.0042		62.790699		37.209301

		1		negative response regulator of genes in aerobic pathways, (sensors, ArcB and CpxA)		transcriptional response regulatory protein (sensor BaeS)		8.60E-28		53.508774		32.456139

		1		negative transcriptional regulator of cel operon		positive regulator for rhaBAD operon		2.80E-07		46.530613		24.081633

		1		N-ethylmaleimide reductase		putative NADPH dehydrogenase		2.90E-15		50.602409		31.927711

		1		nitrate reductase 1, delta subunit, assembly function		cryptic nitrate reductase 2, delta subunit, assembly function		1.30E-38		73.451324		57.079647

		1		nitrate/nitrate sensor, histidine protein kinase acts on NarL regulator		sensor histidine protein kinase phosphorylates UhpA		9.40E-12		51.42857		28.571428

		1		nitrate/nitrite response regulator (sensor NarQ)		putative 2-component transcriptional regulator		1.30E-10		53.333332		30.370371

		1		nitrite extrusion protein 2		nitrite extrusion protein		1.40E-155		88.766518		75.770927

		1		non-essential phosphatidylglycerophosphate phosphatase, membrane bound		orf, hypothetical protein		0.061		48.717949		29.487179

		1		oligopeptide transport permease protein		putative transport system permease protein		8.50E-33		59.539474		33.552631

		1		oligopeptide transport; periplasmic binding protein		dipeptide transport protein		5.80E-28		43.449783		25.327511

		1		ornithine decarboxylase isozyme		lysine decarboxylase 2, constitutive		2.60E-80		54.329372		36.162987

		1		ornithine decarboxylase isozyme, inducible		lysine decarboxylase 1		4.10E-76		51.505016		35.284283

		1		outer membrane channel; specific tolerance to colicin E1; segregation of daughter chromosomes		putative resistance protein		2.00E-06		47.710842		24.578314

		1		outer membrane fluffing protein, similar to adhesin		putative ATP-binding component of a transport system		8.00E-39		53.186275		36.887257

		1		outer membrane pore protein E (E,Ic,NmpAB)		putative outer membrane protein		2.90E-52		73.91304		60.869564

		1		outer membrane porin protein; locus of qsr prophage		outer membrane protein 1b (Ib;c)		3.50E-95		75.659821		64.809387

		1		outer membrane protein 1a (Ia;b;F)		putative outer membrane porin protein		2.10E-24		70.833336		56.25

		1		outer membrane protein 1b (Ib;c)		putative outer membrane porin protein		1.80E-20		80.45977		62.068966

		1		outer membrane protein 3a (II*;G;d)		putative outer membrane protein		3.70E-14		55.752213		33.628319

		1		outer membrane protein receptor for ferrichrome, colicin M, and phages T1, T5, and phi80		outer membrane receptor; citrate-dependent iron transport, outer membrane receptor		1.40E-08		45.492664		25.366877

		1		outer membrane protein X		orf, hypothetical protein		0.00012		65.217392		43.47826

		1		outer membrane protein; export and assembly of type 1 fimbriae, interrupted		putative outer membrane protein		5.20E-10		47.906979		32.55814

		1		outer membrane receptor for ferric enterobactin (enterochelin) and colicins B and D		putative outer membrane receptor for iron transport		5.70E-06		45.891472		26.046511

		1		outer membrane receptor for ferric iron uptake		outer membrane receptor; citrate-dependent iron transport, outer membrane receptor		0.047		44.9692		25.462013

		1		outer membrane receptor for iron-regulated colicin I receptor; porin; requires tonB gene product		outer membrane receptor; citrate-dependent iron transport, outer membrane receptor		1.70E-10		47.757847		28.026905

		1		outer membrane receptor for transport of vitamin B12, E colicins, and bacteriophage BF23		putative outer membrane receptor for iron transport		2.00E-11		48.228882		31.60763

		1		outer membrane receptor; citrate-dependent iron transport, outer membrane receptor		outer membrane receptor for iron-regulated colicin I receptor; porin; requires tonB gene product		1.60E-10		47.105789		27.34531

		1		p-aminobenzoate synthetase, component I		anthranilate synthase component I		2.00E-35		55.42857		32.857143

		1		paraquat-inducible protein A		orf, hypothetical protein		1.00E-38		51.794872		30.256411

		1		paraquat-inducible protein B		orf, hypothetical protein		1.30E-37		56.23003		32.58786

		1		part of formate-dependent nitrite reductase complex		possible subunit of heme lyase		2.30E-17		66.666664		39.024391

		1		part of maltose permease, periplasmic		sn-glycerol 3-phosphate transport system, integral membrane protein		1.10E-17		55.605381		33.632286

		1		part of regulation of tor operon, periplasmic		putative LACI-type transcriptional regulator		0.012		49.586777		28.925619

		1		penicillin binding protein 6b		penicillin-binding protein 7		8.00E-11		47.410358		28.286852

		1		penicillin-binding protein 7		D-alanyl-D-alanine carboxypeptidase; penicillin-binding protein 6		5.50E-14		49.034748		30.115829

		1		peptidoglycan synthetase; penicillin-binding protein 1A		putative peptidoglycan enzyme		1.90E-40		51.118759		33.562824

		1		peptidoglycan-associated lipoprotein		outer membrane protein 3a (II*;G;d)		2.90E-06		51.515152		30.30303

		1		periplasmic binding protein for nickel		putative transport protein		1.60E-31		48.039215		29.656862

		1		periplasmic chaperone, required for type 1 fimbriae		putative membrane protein		2.50E-21		54.679802		33.004925

		1		periplasmic cytochrome c(552): plays a role in nitrite reduction		formate-dependent nitrite reductase; a penta-haeme cytochrome c		0.0029		48.529411		32.35294

		1		periplasmic glucans biosynthesis protein		putative glycoprotein		2.10E-81		55.918365		38.57143

		1		periplasmic glucose-1-phosphatase		phosphoanhydride phosphorylase; pH 2.5 acid phosphatase; periplasmic		4.20E-51		51.682693		32.932693

		1		periplasmic protein related to spheroblast formation		orf, hypothetical protein		1.10E-11		63.265305		31.632652

		1		periplasmic putrescine-binding protein; permease protein		spermidine/putrescine periplasmic transport protein		7.60E-36		56.923077		36.615383

		1		periplasmic serine protease Do; heat shock protein HtrA		orf, hypothetical protein		0.029		57.5		35

		1		periplasmic sulfate-binding protein		thiosulfate binding protein		7.70E-75		66.978195		46.417446

		1		persistence to inhibition of murein or DNA biosynthesis; regulatory protein		orf, hypothetical protein		2.20E-06		55.405407		31.081081

		1		phage lambda receptor protein; maltose high-affinity receptor		putative receptor protein		1.10E-18		46.928745		28.255527

		1		phenylacetaldehyde dehydrogenase		aldehyde dehydrogenase, NAD-linked		1.90E-64		53.911205		32.980972

		1		pH-inducible protein involved in stress response		lipopolysaccharide core biosynthesis; phosphorylation of core heptose; attaches phosphate-containing substrate to LPS co		2.00E-05		49.462364		33.333332

		1		PhoB-dependent, ATP-binding pho regulon component; may be helicase; induced by P starvation		putative ATP-binding protein in pho regulon		6.00E-43		63.902439		43.902439

		1		phosphoanhydride phosphorylase; pH 2.5 acid phosphatase; periplasmic		periplasmic glucose-1-phosphatase		4.90E-48		53.140095		34.299519

		1		phospho-beta-glucosidase B; cryptic		6-phospho-beta-glucosidase A; cryptic		3.20E-124		66.309013		51.931332

		1		phosphocarrier protein HPr-like NPr, nitrogen related, exchanges phosphate with Enzyme I, Hpr		PTS system, fructose-specific IIA/fpr component		1.20E-05		56.097561		30.487804

		1		phosphoglucomutase		similar to phosphoglucomutases and phosphomannomutases		0.00013		45.142857		32.57143

		1		phosphomannomutase		similar to phosphoglucomutases and phosphomannomutases		1.20E-23		48.311687		29.350649

		1		phosphonate metabolism		putative hydrolase		0.098		47.928993		31.952663

		1		phosphopentomutase		putative mutase		1.40E-25		51.254478		36.917564

		1		phosphotransferase system enzyme IIA, regulates N metabolism		PTS system, mannitol-specific enzyme IIABC components		3.80E-07		52.427185		27.184465

		1		pleiotrophic regulation of anaerobic respiration: response regulator for nar, frd, dms and tor genes		putative 2-component transcriptional regulator		1.70E-15		54.040405		27.777779

		1		polypeptide destructive to membrane potential		Gef protein interferes with membrane function when in excess		2.70E-17		92		82

		1		positive and negative sensor protein for pho regulon		probable sensor protein (histidine protein kinase), acting on arcA		5.20E-23		54.18502		30.396475

		1		positive regulator for ctr capsule biosynthesis, positive transcription factor		putative 2-component transcriptional regulator		0.082		54.237289		32.203388

		1		positive regulator for ilvC		transcriptional regulator cys regulon; accessory regulatory circuit affecting cysM		5.10E-14		47.36842		28.34008

		1		positive regulator for rhaBAD operon		regulatory protein for 2-phenylethylamine catabolism		1.60E-06		50.561798		26.404495

		1		positive regulator for rhaRS operon		putative ARAC-type regulatory protein		6.00E-11		49.787235		25.106382

		1		positive regulator of gcv operon		D-serine dehydratase (deaminase) transcriptional activator		3.00E-32		50.709221		31.914894

		1		positive regulator of mal regulon		putative 2-component transcriptional regulator for 2nd curli operon		9.80E-05		54.966888		33.774834

		1		positive regulator of the fuc operon		putative DEOR-type transcriptional regulator		3.20E-21		50		28.947369

		1		positive response regulator for colanic capsule biosynthesis, (sensor, RcsC)		putative positive transcription regulator (sensor EvgS)		4.00E-14		51.256283		25.628141

		1		positive response regulator for pho regulon, sensor is PhoR (or CreC)		regulator of kdp operon (transcriptional effector)		2.90E-34		58.823528		37.104073

		1		positive transcriptional regulator for cysteine regulon		regulator for metE and metH		1.50E-13		50.279331		27.374302

		1		possible NAGC-like transcriptional regulator		putative NAGC-like transcriptional regulator		7.10E-08		50.731709		29.756098

		1		possible synthesis of cofactor for carnitine racemase and dehydratase		putative transferase		4.10E-60		77.202072		59.067356

		1		primosomal protein N'(= factor Y)(putative helicase)		host restriction; endonuclease R		0.052		42.857143		24.829931

		1		probable crotonobetaine/carnitine-CoA ligase		acyl-CoA synthetase, long-chain-fatty-acid--CoA ligase		3.20E-42		54.324326		33.783783

		1		probable formate transporter (formate channel 2)		probable formate transporter (formate channel 1)		7.60E-68		67.028984		51.086956

		1		probable growth inhibitor, PemK-like, autoregulated		probable growth inhibitor, PemK-like, autoregulated		8.00E-09		54.368931		38.834953

		1		probable iron-sulfur protein of hydrogenase 3 (part of FHL complex)		putative oxidoreductase, Fe-S subunit		0.0047		50		33.898304

		1		probable large subunit, hydrogenase-2		hydrogenase-1 large subunit		2.80E-116		64.539009		44.858154

		1		probable nitrate reductase 3		anaerobic dimethyl sulfoxide reductase subunit A		2.80E-13		46.283783		28.040541

		1		probable outer membrane porin protein involved in fimbrial assembly		putative outer membrane protein		2.70E-09		47.867298		26.540285

		1		probable pilin chaperone similar to PapD		putative membrane protein		1.60E-17		50		28.947369

		1		probable RNA polymerase sigma factor		RNA polymerase, sigma-E factor; heat shock and oxidative stress		0.078		46.031746		27.777779

		1		probable sensor protein (histidine protein kinase), acting on arcA		putative 2-component sensor protein		3.00E-13		51.401871		30.529594

		1		probable serine transporter		putative transport system permease protein		3.90E-32		52.811737		28.606358

		1		probable sigma-54 modulation protein		putative yhbH sigma 54 modulator		7.20E-08		62.637363		39.56044

		1		probable small subunit of hydrogenase-3, iron-sulfur protein (part of formate hydrogenlyase (FHL) complex)		formate dehydrogenase-O, iron-sulfur subunit		6.20E-10		44.217686		34.013607

		1		probable transcriptional activator for leuABCD operon		putative transcriptional regulator LYSR-type		0.00026		42.412453		18.677042

		1		processing of HyaA and HyaB proteins		probable processing element for hydrogenase-2		2.00E-21		57.142857		39.751553

		1		processing of large subunit (HycE) of hydrogenase 3 (part of the FHL complex)		putative protein processing element		2.90E-27		64.122139		48.091602

		1		proline aminopeptidase P II		proline dipeptidase		1.30E-28		51.361866		35.408562

		1		proline permease transport protein		putative amino acid/amine transport protein		1.00E-10		45.380436		22.826086

		1		prophage CP4-57 integrase		putative phage integrase		0.036		42.622952		23.934425

		1		prophage DLP12 integrase		site-specific recombinase		0.00017		48.605579		28.685259

		1		prophage P4 integrase		putative prophage integrase		4.20E-51		59.836067		35.792351

		1		protein disulfide isomerase II		thiol:disulfide interchange protein		3.90E-05		50		31.904762

		1		protein export; molecular chaperone; may bind to signel sequence		nitrogen regulatory protein P-II 2		0.034		61.224491		30.612246

		1		protein histidine kinase/phosphatase sensor for OmpR, modulates expression of ompF and ompC		putative 2-component sensor protein		5.90E-12		48.57143		25.357143

		1		protein modification enzyme, induction of ompC		PTS system fructose-like IIB component 1		4.40E-16		65.957443		43.61702

		1		protein phosphatase 2		diadenosine tetraphosphatase		1.00E-05		55.714287		41.42857

		1		psp operon transcriptional activator		transcriptional regulation of aroF, aroG, tyrA and aromatic amino acid transport		2.80E-38		56.505577		37.174721

		1		PTS enzyme IIAB, mannose-specific		PTS system, cytoplasmic, N-acetylgalactosamine-specific IIB component 1 (EIIB-AGA)		2.90E-20		55.194805		33.766235

		1		PTS enzyme IIC, mannose-specific		PTS system N-acetylgalactosameine-specific IIC component 2		2.50E-12		53.488373		31.782946

		1		PTS enzyme IID, mannose-specific		PTS system, N-acetylglucosamine enzyme IID component 1		4.60E-29		60.526318		34.586468

		1		PTS system beta-glucosides, enzyme II, cryptic		low-affinity L-arabinose transport system proton symport protein		0.013		46.478874		25.352112

		1		PTS system enzyme II ABC (asc), cryptic, transports specific beta-glucosides		PTS system enzyme II, trehalose specific		2.30E-20		50.564335		28.668171

		1		PTS system enzyme II, trehalose specific		PTS system beta-glucosides, enzyme II, cryptic		3.00E-33		51.435406		26.076555

		1		PTS system fructose-like IIB component 1		putative PTS system enzyme IIB component		2.70E-17		69.607841		45.098038

		1		PTS system fructose-like IIB component 2		PTS system fructose-like IIB component 1		4.30E-17		59.223301		42.718445

		1		PTS system galactitol-specific enzyme IIC		putative PTS system enzyme IIC component		1.80E-57		62.877029		42.227379

		1		PTS system N-acetylgalactosameine-specific IIC component 2		PTS system N-acetylgalactosamine-specific IIC component 1		0.034		63.709679		38.709679

		1		PTS system protein HPr		putative PTS system enzyme IIA component, enzyme I		0.0048		57.8125		34.375

		1		PTS system, arbutin-like IIB component		PTS system, N-acetylglucosamine-specific enzyme IIABC		2.80E-09		55.944057		34.965034

		1		PTS system, arbutin-like IIC component		PTS system, maltose and glucose-specific II ABC		4.20E-42		52.830189		35.040432

		1		PTS system, cytoplasmic, N-acetylgalactosamine-specific IIB component 1 (EIIB-AGA)		PTS system, cytoplasmic, N-acetylgalactosamine-specific IIB component 2 (EIIB-AGA)		9.60E-29		67.567566		47.297298

		1		PTS system, fructose-like enzyme II component		PTS system, fructose-like enzyme IIBC component		1.40E-34		59.790211		37.762238

		1		PTS system, fructose-like enzyme IIBC component		putative transport protein		6.80E-11		51.136364		28.40909

		1		PTS system, fructose-specific IIA component		phosphotransferase system enzyme IIA, regulates N metabolism		1.90E-07		51.515152		27.272728

		1		PTS system, fructose-specific transport protein		protein modification enzyme, induction of ompC		7.70E-47		54.494381		34.269665

		1		PTS system, glucose-specific IIA component		PTS system beta-glucosides, enzyme II, cryptic		4.80E-25		61.643837		41.09589

		1		PTS system, glucose-specific IIBC component		PTS system, maltose and glucose-specific II ABC		5.00E-64		60.084034		39.915966

		1		PTS system, mannitol-specific enzyme II component, cryptic		putative PTS system enzyme II A component		1.00E-17		60		34.814816

		1		PTS system, mannitol-specific enzyme IIABC components		PTS system enzyme II ABC (asc), cryptic, transports specific beta-glucosides		0.0026		44.843048		30.493273

		1		PTS system, mannitol-specific enzyme IIABC components		PTS system, mannitol-specific enzyme II component, cryptic		6.60E-108		72.925766		54.366814

		1		PTS system, N-acetylglucosamine enzyme IID component 1		PTS enzyme IID, mannose-specific		6.30E-32		60.902256		34.962406

		1		putative 2-component regulator		Holliday junction helicase subunit A; branch migration; repair		0.031		45.3125		28.125

		1		putative 2-component regulator, interaction with sigma 54		response regulator for gln (sensor glnL) (nitrogen regulator I, NRI)		4.40E-57		63.456089		44.475922

		1		putative 2-component transcriptional regulator		putative 2-component transcriptional regulator		1.90E-53		76.605507		51.834862

		1		putative 2-component transcriptional regulator for 2nd curli operon		putative regulator		1.20E-09		67.85714		51.785713

		1		putative activating enzyme		probable pyruvate formate lyase activating enzyme 2		4.80E-08		48.444443		28

		1		putative adhesin; similar to FimH protein		minor fimbrial subunit, D-mannose specific adhesin		1.50E-60		65.886284		47.491638

		1		putative adhesion and penetration protein		split orf		0.00018		43.333332		26.666666

		1		putative aldolase		fructose-bisphosphate aldolase, class II		9.00E-07		52.192982		30.263159

		1		putative alpha helix protein		orf, hypothetical protein		1.50E-10		51.515152		28.282827

		1		putative an envelop protein		orf, hypothetical protein		3.00E-57		92.028984		78.985504

		1		putative ARAC-type regulatory protein		positive regulator for rhaRS operon		2.60E-05		43.852459		23.360655

		1		putative ATP-binding component of a transport system		flagellar biosynthesis; flagellin, filament structural protein		0.077		45.108696		28.804348

		1		putative ATP-binding protein of peptide transport system		homolog of Salmonella ATP-binding protein of oligopeptide ABC transport system		1.40E-41		57.232704		35.220127

		1		putative ATP-binding protein of xylose transport system		ATP-binding component of D-ribose high-affinity transport system		2.90E-114		67.46032		46.031746

		1		putative channel/filament proteins		putative resistance protein		3.80E-18		45.345345		27.627628

		1		putative cytochrome C-type biogenesis protein		putative enzyme		2.20E-26		50.356293		26.603325

		1		putative cytochrome C-type protein		trimethylamine N-oxide reductase, cytochrome c-type subunit		3.60E-52		54.407295		38.905777

		1		putative cytochrome oxidase		probable enzyme		0.022		53.781513		32.773109

		1		putative DEOR-type transcriptional regulator		split galactitol utilization operon repressor, interrupted		0.0079		43.448277		24.137932

		1		putative DEOR-type transcriptional regulator of aga operon		putative DEOR-type transcriptional regulator		1.50E-23		51.3834		24.505928

		1		putative DMSO reductase anchor subunit		anaerobic dimethyl sulfoxide reductase subunit C		2.20E-77		74.564461		56.794426

		1		putative DNA binding protein		curved DNA-binding protein; functions closely related to DnaJ		7.90E-05		67.213112		42.622952

		1		putative DNA ligase		orf, hypothetical protein		6.70E-76		77.822578		58.870968

		1		putative DNA replication factor		chromosome replication; initiation and chain elongation		3.80E-57		72.268906		50

		1		putative enzyme of polynucleotide modification		orf, hypothetical protein		3.60E-116		68.267227		50.521919

		1		putative epimerase/aldolase		putative epimerase/aldolase		0.00016		50.289017		28.901733

		1		putative factor		putative factor		1.20E-45		52.021564		33.153637

		1		putative FADA-type transcriptional regulator		orf, hypothetical protein		0.0056		58.73016		31.746031

		1		putative ferredoxin		orf, hypothetical protein		9.30E-31		78.723404		61.702129

		1		putative filament protein		orf, hypothetical protein		9.80E-07		53.900711		23.404255

		1		putative fimbrial protein		putative fimbrial protein		0.002		45.833332		26.666666

		1		putative fimbrial-like protein		putative fimbrial-like protein		0.00053		43.870968		29.67742

		1		putative flagellin structural protein		putative ATP-binding component of a transport system and adhesin protein		2.30E-10		45.566502		27.832512

		1		putative formate acetyltransferase		formate acetyltransferase 1		6.10E-38		51.568626		30

		1		putative function in exopolysaccharide production		putative polysaccharide export protein		9.20E-134		83.333336		64.285713

		1		putative galactosamine-6-phosphate isomerase		glucosamine-6-phosphate deaminase		3.20E-10		47.5		29

		1		putative general protein secretion protein		putative transport portein		6.30E-17		52.27882		29.490616

		1		putative general secretion pathway for protein export (GSP)		putative general secretion pathway for protein export (GSP)		0.0026		49.726776		28.4153

		1		putative glucarate dehydratase		o-succinylbenzoyl-CoA synthase; conversion of chorismate to 2-o-succinylbenzoyl-CoA		0.02		42.5		25

		1		putative heat shock protein		chaperone Hsp70; DNA biosynthesis; autoregulated heat shock proteins		2.60E-09		52.5		32.5

		1		putative hemin-binding lipoprotein		putative transport periplasmic protein		1.20E-22		50.197628		31.422924

		1		putative hexulose-6-phosphate isomerase		probable 3-hexulose-6-phosphate isomerase		2.20E-84		77.090912		60

		1		putative histone		putative GTP-binding protein		7.70E-27		65.745857		45.303867

		1		putative hydrolase		phosphonate metabolism		0.00016		47.928993		31.952663

		1		putative inner membrane component for iron transport		putative transport system permease protein		8.90E-49		48.559231		24.759872

		1		putative invasion protein		positive response regulator for pho regulon, sensor is PhoR (or CreC)		0.013		51.612904		27.956989

		1		putative kinase		putative kinase		2.30E-22		45.726494		27.564102

		1		putative LACI-type transcriptional regulator		L-arabinose-binding periplasmic protein		4.60E-06		43.887146		26.018808

		1		putative ligase/synthetase		2,3-dihydroxybenzoate-AMP ligase		1.60E-56		49.906891		31.657356

		1		putative lipoprotein		orf, hypothetical protein		8.30E-13		50.259068		30.051813

		1		putative LRP-like transcriptional regulator		regulator for leucine (or lrp) regulon and high-affinity branched-chain amino acid transport system		1.20E-19		58.278145		33.112583

		1		putative lyase/synthase		putative lyase/synthase		9.30E-70		73.793106		58.620689

		1		putative lysozyme		bacteriophage lambda lysozyme homolog		8.10E-16		51.282051		38.46154

		1		putative mutase		phosphopentomutase		1.40E-25		51.971325		36.917564

		1		putative outer membrane lipoprotein		murein lipoprotein		0.032		52.941177		41.176472

		1		putative outer membrane porin protein		outer membrane protein 1a (Ia;b;F)		2.10E-24		71.875		56.25

		1		putative outer membrane protein		peptidoglycan-associated lipoprotein		1.30E-06		43.589745		26.923077

		1		putative outer membrane protein, export function		putative membrane protein		4.90E-48		51.403248		29.985229

		1		putative outer membrane receptor for iron transport		outer membrane receptor for iron-regulated colicin I receptor; porin; requires tonB gene product		2.00E-13		49.880096		30.455635

		1		putative oxidoreductase		ethanolamine utilization; homolog of Salmonella enzyme, similar to iron-containing alcohol dehydrogenase		3.70E-14		43.589745		25.641026

		1		putative oxidoreductase component		putative oxidoreductase component		1.40E-18		51.396648		31.284916

		1		putative oxidoreductase, Fe-S subunit		hydrogenase-2 small subunit		5.10E-08		45.121952		28.04878

		1		putative oxidoreductase, major subunit		trimethylamine N-oxide reductase subunit		2.40E-71		50.972221		33.194443

		1		putative part of putative ATP-binding component of a transport system		putative ATP-binding component of a transport system and adhesin protein		4.60E-77		67.192429		49.526814

		1		putative peptide transporter		D-galactonate transport		0.017		51.304348		32.173912

		1		putative peptidoglycan enzyme		peptidoglycan synthetase; penicillin-binding protein 1A		1.90E-42		50.905796		32.427536

		1		putative periplasmic protein		hyperosmotically inducible periplasmic protein		2.00E-12		50.555557		29.444445

		1		putative phage integrase		putative prophage Sf6-like integrase		4.20E-05		48.584908		28.301888

		1		putative polysaccharide export protein		putative function in exopolysaccharide production		1.70E-132		83.068787		64.285713

		1		putative polysaccharide hydrolase		trehalase 6-P hydrolase		8.40E-08		43.271767		24.274406

		1		putative positive transcription regulator (sensor EvgS)		positive response regulator for colanic capsule biosynthesis, (sensor, RcsC)		0.00055		51.758793		25.628141

		1		putative prophage integrase		putative prophage Sf6-like integrase		9.30E-70		63.020832		41.145832

		1		putative prophage Sf6-like integrase		prophage CP4-57 integrase		4.90E-48		53.315651		33.421749

		1		putative propionyl-CoA synthetase		probable crotonobetaine/carnitine-CoA ligase		2.00E-25		50.793652		26.455027

		1		putative protein processing element		processing of large subunit (HycE) of hydrogenase 3 (part of the FHL complex)		2.90E-27		64.122139		48.091602

		1		putative protein transport		putative integral membrane protein involved in biogenesis of fimbriae, protein transport, DNA uptake		6.30E-32		58.362988		39.857651

		1		putative PTS enzyme II		PTS system, N-acetylglucosamine-specific enzyme IIABC		0.00072		49.45055		31.868132

		1		putative PTS enzyme II B component		PTS enzyme IIAB, mannose-specific		9.40E-07		46.774193		29.838709

		1		putative PTS system enzyme I		PTS system, enzyme I, transcriptional regulator (with NPR and NTR proteins)		0.00074		49.504951		27.722773

		1		putative PTS system enzyme II A component		phosphotransferase system enzyme IIA, regulates N metabolism		2.70E-08		51.578949		29.473684

		1		putative PTS system enzyme IIA component, enzyme I		phosphotransferase system enzyme IIA, regulates N metabolism		5.10E-07		53.947369		26.973684

		1		putative PTS system enzyme IIB component		protein modification enzyme, induction of ompC		1.50E-10		61.165047		34.951458

		1		putative PTS system enzyme IIC component		PTS system galactitol-specific enzyme IIC		9.90E-82		62.645012		42.227379

		1		putative pump protein		arsenical pump membrane protein		5.20E-69		98.255814		89.534882

		1		putative Rac prophage endopeptidase		bacteriophage lambda endopeptidase homolog		1.60E-44		95.959595		93.939392

		1		putative receptor		putative DNA ligase		4.90E-128		96.047432		94.4664

		1		putative receptor protein		orf, hypothetical protein		1.30E-47		80.645164		60

		1		putative regulator		pleiotrophic regulation of anaerobic respiration: response regulator for nar, frd, dms and tor genes		0.0013		42.635658		24.031008

		1		putative regulator of xyl operon		putative ARAC-type regulatory protein		0.001		61.290321		46.774193

		1		putative regulator, phn operon		orf, hypothetical protein		0.0039		51.666668		31.666666

		1		putative resistance / regulatory protein		putative transport protein		6.60E-20		51.744186		28.488373

		1		putative resistance protein		acridine efflux pump		0.0014		44.036697		29.357798

		1		putative sensor protein		putative 2-component sensor protein		1.40E-50		55.643566		29.306931

		1		putative sensor-type protein		orf, hypothetical protein		1.50E-20		48.492462		27.135679

		1		putative sensor-type regulator		putative 2-component transcriptional regulator		7.60E-36		52.960526		32.565788

		1		putative structural protein		orf, hypothetical protein		3.50E-31		78.571426		66.32653

		1		putative synthase		putative synthetase		1.30E-11		49.462364		28.673836

		1		putative tagatose 6-phosphate kinase 1		putative tagatose 6-phosphate kinase 2		3.30E-113		68.571426		53.095238

		1		putative tagatose 6-phosphate kinase 2		putative tagatose 6-phosphate kinase 1		3.30E-113		68.571426		53.095238

		1		putative tagatose-6-phosphate aldose/ketose isomerase		L-glutamine:D-fructose-6-phosphate aminotransferase		0.0007		46.546547		25.525526

		1		putative tail fiber protein		orf, hypothetical protein		2.70E-09		53.846153		35.256409

		1		putative tartrate dehydrogenase		3-isopropylmalate dehydrogenase		8.70E-51		55.248619		38.674034

		1		putative thioredoxin-like protein		thioredoxin 1		1.50E-09		57.64706		34.117645

		1		putative transcriptional regulator		acrAB operon repressor		0.039		50		27.142857

		1		putative transcriptional regulator LYSR-type		D-serine dehydratase (deaminase) transcriptional activator		1.70E-06		42.96875		21.875

		1		putative transport periplasmic protein		putative hemin-binding lipoprotein		1.90E-39		50.30426		31.643002

		1		putative transport protein, cryptic, orf, joins former yjiZ and yjjL		transport of hexuronates		1.60E-35		49.51923		25

		1		putative virulence factor		putative regulator		0.055		55		37.5

		1		putative xylanase		putative esterase (EC 3.1.1.1)		0.092		46.153847		26.035503

		1		putative yhbH sigma 54 modulator		probable sigma-54 modulation protein		7.20E-08		62.637363		39.56044

		1		pyruvate dehydrogenase (decarboxylase component)		transketolase 1 isozyme		6.60E-07		45.669292		27.952755

		1		pyruvate kinase II, glucose stimulated		pyruvate kinase I (formerly F), fructose stimulated		1.20E-69		56.050957		36.942677

		1		pyruvate oxidase		acetolactate synthase II, large subunit, cryptic, interrupted		6.20E-30		50.628929		32.07547

		1		recombinase involved in phase variation; regulator for fimA		site-specific recombinase		1.50E-13		49.45652		27.717392

		1		redox-sensing activator of soxS		putative transcriptional regulator		1.40E-09		54.166668		29.166666

		1		regulates ampC		putative regulator		4.50E-15		60.869564		43.47826

		1		regulates beta-lactamase synthesis		putative transport protein		0.006		46.774193		28.225807

		1		regulation of superoxide response regulon		regulatory protein for 2-phenylethylamine catabolism		0.032		52.336449		29.906542

		1		regulator for deo operon, udp, cdd, tsx, nupC, and nupG		L-idonate transcriptional regulator		7.50E-29		50.974026		27.597403

		1		regulator for gut (srl), glucitol operon		putative DEOR-type transcriptional regulator		1.60E-17		50.403225		24.193548

		1		regulator for leucine (or lrp) regulon and high-affinity branched-chain amino acid transport system		putative LRP-like transcriptional regulator		1.20E-19		58.278145		33.112583

		1		regulator for metE and metH		activator, hydrogen peroxide-inducible genes		7.10E-12		44.444443		29.39068

		1		regulator for prp operon		putative 2-component regulator, interaction with sigma 54		1.20E-55		66.449509		45.602608

		1		regulator for SOS(lexA) regulon		SOS mutagenesis; error-prone repair; processed to UmuD'; forms complex with UmuC		4.60E-13		56.451614		33.064518

		1		regulator for uxu operon		negative regulator of exu regulon, exuT, uxaAC, and uxuB		9.70E-52		65.079369		46.031746

		1		regulator for xapA		regulator of pssA		6.20E-11		63.888889		44.444443

		1		regulator of ebg operon		regulator for deo operon, udp, cdd, tsx, nupC, and nupG		9.40E-22		50.662251		28.145695

		1		regulator of gltBDF operon, induction of Ntr enzymes		putative transcriptional regulator		2.20E-20		50.847458		30.932203

		1		regulator of gluconate (gnt) operon		transcriptional repressor of the lac operon		2.40E-16		45.214523		25.742575

		1		regulator of kdp operon (transcriptional effector)		positive response regulator for pho regulon, sensor is PhoR (or CreC)		1.30E-26		58.823528		37.104073

		1		regulator of melibiose operon		multiple antibiotic resistance; transcriptional activator of defense systems		4.80E-06		50		23.148148

		1		regulator of nucleoside diphosphate kinase		transcription elongation factor: cleaves 3' nucleotide of paused mRNA		0.0011		47.872341		26.595745

		1		regulator of pssA		putative transcriptional regulator LYSR-type		5.20E-08		54.615383		32.307693

		1		regulator of transcription; stringent starvation protein A		glutathionine S-transferase		4.10E-05		43.57542		22.346369

		1		regulator of uhpT		putative resistance protein (transport)		1.90E-08		42.642643		24.324324

		1		regulator protein for dgo operon		transcriptional activator for glc operon		9.20E-06		55.882355		34.313725

		1		regulatory protein affecting appA and other genes		envelope protein; thermoregulation of porin biosynthesis		1.20E-19		71.134018		43.298969

		1		regulatory protein for 2-phenylethylamine catabolism		positive regulator for rhaRS operon		5.60E-05		47.752808		26.404495

		1		replication initiation inhibitor, binds to 13-mers at oriC		regulator of pssA		5.20E-05		56		45.333332

		1		repressor for mtl		putative transcriptional regulator		5.60E-05		56.190475		36.190475

		1		repressor of aceBA operon		putative regulator		9.40E-54		66.666664		41.666668

		1		repressor of galETK operon		mgl repressor, galactose operon inducer		5.50E-88		70.694862		55.891239

		1		repressor of malX and Y genes		repressor of treA,B,C		1.50E-06		54.88372		30.697674

		1		repressor of the glp operon		putative DEOR-type transcriptional regulator		9.70E-52		69.918701		44.715446

		1		repressor of treA,B,C		repressor of galETK operon		2.00E-11		42.671009		25.407166

		1		response regulator for gln (sensor glnL) (nitrogen regulator I, NRI)		putative 2-component transcriptional regulator		1.40E-66		61.971832		42.253521

		1		response regulator of ato, ornithine decarboxylase antizyme (sensor ATOS)		transcriptional regulation of aroF, aroG, tyrA and aromatic amino acid transport		1.10E-50		59.941521		39.473682

		1		response regulator of hydrogenase 3 activity (sensor HydH)		response regulator of ato, ornithine decarboxylase antizyme (sensor ATOS)		1.30E-95		68.949768		49.315067

		1		response regulator, positive activator of uhpT transcription (sensor, uhpB)		fimbrial Z protein; probable signal transducer		1.00E-15		52.659573		30.851065

		1		rhamnulokinase		glycerol kinase		0.0018		52.325581		30.813953

		1		right origin-binding protein		putative ARAC-type regulatory protein		6.20E-25		62.745098		36.601307

		1		RNA polymerase, sigma(70) factor; regulation of proteins induced at high temperatures		flagellar biosynthesis; alternative sigma factor 28; regulation of flagellar operons		4.50E-12		50		25.757576

		1		RNA polymerase, sigma-E factor; heat shock and oxidative stress		probable RNA polymerase sigma factor		0.078		47.482014		27.338129

		1		SbmC protein		orf, hypothetical protein		0.00038		48.360657		29.508196

		1		selenocysteinyl-tRNA-specific translation factor		protein chain elongation factor EF-Tu (duplicate of tufB)		1.70E-32		53.267975		35.294117

		1		sensitivity to acriflavine, integral membrane protein, possible efflux pump		putative transport system permease protein		2.39999798452073e-318		76.937988		61.14341

		1		sensitivity to microcin B17, possibly envelop protein		putative ATP-binding component of a transport system		4.50E-14		49.834984		27.722773

		1		sensor for high-affinity potassium transport system		putative sensor for regulator EvgA		8.60E-14		52.822582		26.612904

		1		sensor for nitrate reductase system, protein histidine kinase (acts on NarP and narL)		sensor histidine protein kinase phosphorylates UhpA		8.10E-08		51.442307		31.25

		1		sensor histidine protein kinase (RstA regulator)		protein histidine kinase/phosphatase sensor for OmpR, modulates expression of ompF and ompC		5.70E-27		54.104477		33.582088

		1		sensor histidine protein kinase phosphorylates UhpA		nitrate/nitrate sensor, histidine protein kinase acts on NarL regulator		8.50E-05		52.205883		29.044117

		1		sensor kinase for HydG, hydrogenase 3 activity		aerobic respiration sensor-response protein; histidine protein kinase/phosphatase, sensor for arcA		5.40E-11		53.75494		30.83004

		1		sensor protein (for BaeR)		probable sensor protein (histidine protein kinase), acting on arcA		1.40E-16		51.360546		27.55102

		1		sensor protein for basR		putative 2-component sensor protein		1.30E-18		52.649006		28.807947

		1		sensor protein PhoQ		probable sensor protein (histidine protein kinase), acting on arcA		8.00E-13		44.169613		24.734982

		1		sensor protein torS (regulator TorR)		putative sensor for regulator EvgA		5.90E-31		50.955414		28.237791

		1		sensory transducer kinase between chemo- signal receptors and CheB and CheY		putative 2-component sensor protein		0.081		47.863247		31.196581

		1		sequence similarity to Shigella regulator		response regulator of ato, ornithine decarboxylase antizyme (sensor ATOS)		1.10E-09		50.495049		32.673267

		1		serine endoprotease		protease		2.70E-40		63.333332		44.814816

		1		serine endoprotease		periplasmic serine protease Do; heat shock protein HtrA		6.30E-116		77.192986		59.649124

		1		sialic acid transporter		alpha-ketoglutarate permease		3.80E-16		51.100243		30.317848

		1		site-specific DNA inversion stimulation factor; DNA-binding protein; a trans activator for transcription		response regulator of ato, ornithine decarboxylase antizyme (sensor ATOS)		0.00052		64.473686		38.157894

		1		site-specific recombinase		site-specific recombinase, acts on cer sequence of ColE1, effects chromosome segregation at cell division		5.30E-44		61.724136		39.655174

		1		sn-glycerol 3-phosphate transport system; periplasmic binding protein		putative transport periplasmic protein		2.50E-10		43.788818		26.397516

		1		sn-glycerol-3-phosphate dehydrogenase (anaerobic), K-small subunit		glycolate oxidase iron-sulfur subunit		1.60E-09		43.864231		24.804178

		1		soluble lytic murein transglycosylase		putative periplasmic binding transport protein		0.029		53.174603		38.888889

		1		spermidine N1-acetyltransferase		orf, hypothetical protein		2.60E-06		53.719009		25.619835

		1		split galactitol utilization operon repressor, fragment 2		putative DEOR-type transcriptional regulator		5.30E-07		51.612904		35.483871

		1		split galactitol utilization operon repressor, interrupted		putative DEOR-type transcriptional regulator		1.60E-09		50.359711		25.899281

		1		split orf		outer membrane fluffing protein, similar to adhesin		1.30E-08		44.097996		30.289532

		1		suppressor of htrB, heat shock protein		heat shock protein		2.20E-29		50.836121		30.434782

		1		suppressor of inhibitory function of ChpA, PemI-like, autoregulated		suppressor of inhibitory function of ChpB, PemI-like, autoregulated		2.40E-07		55.696201		34.177216

		1		suppressor of inhibitory function of ChpB, PemI-like, autoregulated		suppressor of inhibitory function of ChpA, PemI-like, autoregulated		2.40E-07		56.962025		34.177216

		1		survival protein		putative protease maturation protein		2.20E-08		51.236748		30.388693

		1		tagatose-bisphosphate aldolase 1		fructose-bisphosphate aldolase, class II		9.30E-15		54.275093		29.739777

		1		tagatose-bisphosphate aldolase 2		fructose-bisphosphate aldolase, class II		1.10E-11		53.846153		30.76923

		1		thiamin biosynthesis, thiazole moiety		molybdopterin biosynthesis, protein A		0.0026		54.081635		31.632652

		1		thiol:disulfide interchange protein		protein disulfide isomerase II		3.90E-05		50.48077		30.288462

		1		thiosulfate binding protein		periplasmic sulfate-binding protein		3.00E-73		66.561516		47.318611

		1		transaldolase B		putative transaldolase		2.60E-07		52.105263		30

		1		transcription elongation factor and transcript cleavage		transcription elongation factor: cleaves 3' nucleotide of paused mRNA		5.20E-21		58.823528		35.294117

		1		transcription elongation factor: cleaves 3' nucleotide of paused mRNA		regulator of nucleoside diphosphate kinase		0.0059		46.728973		27.102804

		1		transcriptional activator for glc operon		transcriptional regulator for pyruvate dehydrogenase complex		1.90E-23		51.020409		28.571428

		1		transcriptional activator of cad operon		positive response regulator for pho regulon, sensor is PhoR (or CreC)		0.0067		51.162792		30.232557

		1		transcriptional activator of hca cluster		cyn operon positive regulator		6.20E-25		49.829353		30.03413

		1		transcriptional activator of nhaA		cyn operon positive regulator		1.60E-06		49.350651		25.974026

		1		transcriptional activator of tdc operon		regulator for metE and metH		6.70E-10		43.298969		21.649485

		1		transcriptional regulation of aroF, aroG, tyrA and aromatic amino acid transport		putative 2-component transcriptional regulator		3.60E-45		64.583336		43.75

		1		transcriptional regulator for ara operon		putative ARAC-type regulatory protein		0.0013		49.397591		30.120481

		1		transcriptional regulator for mhp operon		putative regulator		7.70E-10		52.521008		27.731092

		1		transcriptional regulator for nitrite reductase (cytochrome c552)		soluble lytic murein transglycosylase		0.028		45.405407		25.405405

		1		transcriptional regulator for pyruvate dehydrogenase complex		putative FADA-type transcriptional regulator		1.70E-13		53.254436		36.68639

		1		transcriptional regulator of ftsQAZ gene cluster		pleiotrophic regulation of anaerobic respiration: response regulator for nar, frd, dms and tor genes		0.0052		53.424656		31.506849

		1		transcriptional regulator of succinylCoA synthetase operon		putative transcriptional regulator		7.30E-15		55.555557		27.053141

		1		transcriptional regulatory protein, member of 2-component regulatory system,		regulator of kdp operon (transcriptional effector)		2.20E-22		57.990868		36.073059

		1		transcriptional repressor for deo operon, tsx, nupG		split galactitol utilization operon repressor, interrupted		2.70E-07		43.835617		26.027397

		1		transcriptional repressor for pur regulon, glyA, glnB, prsA, speA		mgl repressor, galactose operon inducer		5.40E-42		54.216869		33.73494

		1		transcriptional repressor of fru operon and others		L-idonate transcriptional regulator		8.00E-14		43.831169		24.350649

		1		transcriptional repressor of nag (N-acetylglucosamine) operon		putative NAGC-like transcriptional regulator		5.60E-79		63.523575		40.198513

		1		transcriptional repressor of rpiB expression		orf, hypothetical protein		1.20E-09		51.42857		24.081633

		1		transcriptional repressor of the lac operon		regulator for deo operon, udp, cdd, tsx, nupC, and nupG		1.60E-26		51.04895		32.517483

		1		transcriptional response regulatory protein (sensor BaeS)		transcriptional regulator in 2-component system		5.10E-30		60.909092		39.090908

		1		transmembrane protein affects septum formation and cell membrane permeability		acridine efflux pump		3.80E-121		82.124352		68.393784

		1		transport of D-alanine, D-serine, and glycine		putative amino acid/amine transport protein		1.20E-10		43.846153		22.051283

		1		transport of lysine/cadaverine		phenylalanine-specific transport system		1.00E-09		42.067307		21.875

		1		trehalase 6-P hydrolase		maltodextrin glucosidase		3.30E-17		50.335571		34.228188

		1		trimethylamine N-oxide reductase subunit		probable nitrate reductase 3		4.00E-08		45.590435		25.560537

		1		trimethylamine N-oxide reductase, cytochrome c-type subunit		cytochrome c-type protein		4.20E-42		67.2043		50

		1		tryptophan-specific transport protein		putative amino acid/amine transport protein		0.043		51.228069		31.228069

		1		two-module transport protein		galactoside permease (M protein)		0.031		49.390244		30.487804

		1		UDP-N-acetylmuramoylalanine-D-glutamate ligase		meso-diaminopimelate-adding enzyme		0.0094		48.768475		31.527094

		1		UDP-N-acetylmuramoylalanine-D-glutamate ligase		L-alanine adding enzyme, UDP-N-acetyl-muramate:alanine ligase		1.30E-05		46.774193		26.209677

		1		unknown function in glycerol metabolism		orf, hypothetical protein		4.70E-91		70.846397		57.993729

		1		uptake of enterochelin; tonB-dependent uptake of B colicins		inner membrane protein, membrane-spanning, maintains integrity of cell envelope; tolerance to group A colicins		1.20E-21		66.013069		42.483662

		1		uracil transport		putative transport protein		2.60E-11		50.65963		26.649076

		1		vancomycin sensitivity		orf, hypothetical protein		2.80E-29		60.576923		41.826923

		1		vitamin B12 transport permease protein		hydroxamate-dependent iron uptake, cytoplasmic membrane component		1.30E-20		52.830189		30.81761

		1		xanthosine permease		putative nucleoside permease protein		9.20E-42		58.838383		31.565657

		1		xylose binding protein transport system		D-ribose periplasmic binding protein		3.40E-06		46.643108		25.088339

		2		10-formyltetrahydrofolate:L-methionyl-tRNA(fMet) N-formyltransferase		putative transformylase		2.20E-32		51.465797		29.315962

		2		2,3-dihydro-2,3-dihydroxybenzoate dehydrogenase, enterochelin biosynthesis		2-deoxy-D-gluconate 3-dehydrogenase		1.50E-16		47.083332		28.333334

		2		2,3-dihydroxy-2,3-dihydrophenylpropionate dehydrogenase		2-deoxy-D-gluconate 3-dehydrogenase		5.10E-08		45.01992		24.30279

		2		2':3'-cyclic-nucleotide 2'-phosphodiesterase		UDP-sugar hydrolase (5'-nucleotidase)		7.70E-16		45.141701		24.696356

		2		2-amino-3-ketobutyrate CoA ligase (glycine acetyltransferase)		8-amino-7-oxononanoate synthase		1.00E-47		57.020058		34.95702

		2		2-deoxy-D-gluconate 3-dehydrogenase		NAD-dependent 7alpha-hydroxysteroid dehydrogenase, dehydroxylation of bile acids		1.30E-24		52.653061		31.836735

		2		2-hydroxy-6-ketonona-2,4-dienedioic acid hydrolase		biotin biosynthesis; reaction prior to pimeloyl CoA		0.004		54.639175		38.144329

		2		2-isopropylmalate synthase		4-hydroxy-2-ketovalerate aldolase		3.40E-06		52.466366		33.183857

		2		2-keto-3-deoxygluconate 6-phosphate aldolase and 2-keto-4-hydroxyglutarate aldolase		2-oxo-3-deoxygalactonate 6-phosphate aldolase and galactonate dehydratase		0.00013		50.427349		23.931623

		2		2-oxoglutarate decarboxylase; SHCHC synthase		acetolactate synthase III, valine sensitive, large subunit		0.076		44.935066		26.493507

		2		2-oxoglutarate dehydrogenase (dihydrolipoyltranssuccinase E2 component)		pyruvate dehydrogenase (dihydrolipoyltransacetylase component)		1.40E-42		54.411766		31.617647

		2		3-deoxy-D-arabinoheptulosonate-7-phosphate synthase (DAHP synthetase, phenylalanine repressible)		3-deoxy-D-arabinoheptulosonate-7-phosphate synthase (DAHP synthetase, tyrosine repressible)		2.20E-93		70.919884		55.192879

		2		3-isopropylmalate isomerase (dehydratase) subunit		aconitate hydrase B		1.50E-10		50.403225		34.677418

		2		3-oxoacyl-[acyl-carrier-protein] reductase		putative oxidoreductase		2.50E-28		55.465588		33.603237

		2		3'-phosphoadenosine 5'-phosphosulfate reductase		ATP:sulfurylase (ATP:sulfate adenylyltransferase), subunit 2		3.50E-06		47.741936		30.32258

		2		3-phosphoserine phosphatase		zinc-transporting ATPase		0.061		55.737705		42.622952

		2		4-amino-4-deoxychorismate lyase		branched-chain amino-acid aminotransferase		1.70E-05		47.058823		28.431372

		2		4-hydroxy-2-ketovalerate aldolase		2-isopropylmalate synthase		9.40E-07		51.111111		32.888889

		2		4-hydroxybenzoate-octaprenyltransferase		protoheme IX farnesyltransferase (haeme O biosynthesis)		0.026		46.913582		23.045267

		2		4-methyl-5(beta-hydroxyethyl)-thiazole monophosphate synthesis		orf, hypothetical protein		1.10E-07		46.285713		26.285715

		2		5-enolpyruvylshikimate-3-phosphate synthetase		first step in murein biosynthesis;UDP-N-glucosamine 1-carboxyvinyltransferase		0.00021		46.992481		28.947369

		2		6-phosphofructokinase II; suppressor of pfkA		D-alanine:D-alanine-adding enzyme		0.088		42.259415		24.267782

		2		7,8-diaminopelargonic acid synthetase		glutamate-1-semialdehyde aminotransferase (aminomutase)		2.60E-15		48.089172		27.707006

		2		8-amino-7-oxononanoate synthase		2-amino-3-ketobutyrate CoA ligase (glycine acetyltransferase)		4.90E-41		57.020058		34.95702

		2		acetate kinase		putative kinase		5.60E-79		63.682865		44.501278

		2		acetolactate synthase I,valine-sensitive, large subunit		putative enzyme		5.00E-39		50.76923		29.010988

		2		acetolactate synthase II, valine insensitive, small subunit		acetolactate synthase I, valine sensitive, small subunit		0.023		47.36842		26.31579

		2		acetolactate synthase III, valine sensitive, large subunit		2-oxoglutarate decarboxylase; SHCHC synthase		0.011		45.375721		26.300577

		2		acetyl-CoA acetyltransferase		putative acyltransferase		3.40E-47		59.390862		37.817261

		2		acetyl-CoA synthetase		2,3-dihydroxybenzoate-AMP ligase		3.50E-18		45.854923		27.720207

		2		acetyl-CoA:acetoacetyl-CoA transferase alpha subunit		putative enzyme		3.50E-08		49.107143		26.785715

		2		acetylornithine deacetylase		putative deacetylase		4.50E-15		45.723682		30.921053

		2		acetylornithine delta-aminotransferase		4-aminobutyrate aminotransferase		7.80E-50		52.972973		37.027027

		2		acid sensitivity protein, putative transporter		transport of lysine/cadaverine		2.60E-05		47.386761		22.648083

		2		aconitate hydrase 1		3-isopropylmalate isomerase (dehydratase) subunit		2.40E-13		44.606415		27.113703

		2		activator, hydrogen peroxide-inducible genes		nitrogen assimilation control protein		8.70E-19		47.540985		27.868853

		2		acyltransferase for 30S ribosomal subunit protein S18; acetylation of N-terminal alanine		putative resistance protein		9.40E-06		62.264153		41.509434

		2		adenine glycosylase; G.C --> T.A transversions		endonuclease III; specific for apurinic and/or apyrimidinic sites		3.10E-08		52.845528		32.520325

		2		ADP-L-glycero-D-mannoheptose-6-epimerase		UDP-galactose-4-epimerase		2.50E-05		49.350651		29.437229

		2		alanine racemase 2, catabolic		alanine racemase 1		6.60E-69		61.714287		42

		2		alanine-alpha-ketoisovalerate (or valine-pyruvate) transaminase, transaminase C		multi modular; putative transcriptional regulator; also putative ATP-binding component of a transport system		0.002		46.902657		26.548672

		2		alcohol dehydrogenase		galactitol-1-phosphate dehydrogenase		1.20E-10		42.792793		30.63063

		2		aldehyde dehydrogenase B (lactaldehyde dehydrogenase)		succinate-semialdehyde dehydrogenase, NADP-dependent activity		2.30E-59		53.684212		34.105263

		2		aldehyde dehydrogenase, NAD-linked		aldehyde dehydrogenase, prefers NADP over NAD		6.20E-57		53.94191		30.497925

		2		alkyl hydroperoxide reductase, F52a subunit; detoxification of hydroperoxides		nitrite reductase (NAD(P)H) subunit		1.20E-05		46.527779		25.347221

		2		alpha-amylase		trehalase 6-P hydrolase		3.60E-07		52.606636		28.909952

		2		amidophosphoribosyltransferase = PRPP amidotransferase		L-glutamine:D-fructose-6-phosphate aminotransferase		3.30E-11		50		31.132076

		2		aminopeptidase A/I		putative peptidase		2.10E-47		54.920635		38.412697

		2		anthranilate synthase component I		p-aminobenzoate synthetase, component I		2.00E-35		54.666668		32.533333

		2		anthranilate synthase component II, glutamine amidotransferase and phosphoribosylanthranilate transferase		GMP synthetase (glutamine-hydrolyzing)		0.0018		44.366196		30.281691

		2		argininosuccinate lyase		aspartate ammonia-lyase (aspartase)		9.10E-11		48.640484		26.586103

		2		aromatic amino acid transport protein		putative amino acid/amine transport protein		1.50E-06		43.92765		23.77261

		2		arsenical pump membrane protein		putative pump protein		7.10E-72		98.255814		89.534882

		2		arylsulfatase		putative sulfatase		7.50E-22		52.136753		33.048431

		2		asparagine tRNA synthetase		aspartate tRNA synthetase		6.70E-15		48.40295		26.781326

		2		aspartate aminotransferase		tyrosine aminotransferase, tyrosine repressible		3.60E-84		62.468513		42.317379

		2		aspartate ammonia-lyase (aspartase)		argininosuccinate lyase		2.70E-08		47.335423		25.70533

		2		aspartate carbamoyltransferase, catalytic subunit		putative carbamoyl transferase		3.40E-05		54.404144		32.642487

		2		aspartate tRNA synthetase		putative lysyl-tRNA synthetase		5.60E-05		56.68449		33.155079

		2		aspartate-semialdehyde dehydrogenase		putative PTS system enzyme II A component		1.00E-05		43.4375		25

		2		aspartokinase III, lysine sensitive		aspartokinase II and homoserine dehydrogenase II		3.30E-27		45.045044		25.900902

		2		ATP:sulfurylase (ATP:sulfate adenylyltransferase), subunit 2		3'-phosphoadenosine 5'-phosphosulfate reductase		3.50E-06		46.753246		29.220779

		2		ATP-binding component of cytochrome-related transport, Zn sensitive		ATP-binding component of cytochrome-related transport		2.20E-31		49.186993		27.845528

		2		ATP-binding component of molybdate transport system		putative ATP-binding component of a transport system		7.50E-15		47.582699		27.480917

		2		ATP-binding component of serine protease		ATP-dependent specificity component of clpP serine protease, chaperone		4.50E-06		52.360516		32.618027

		2		ATP-binding component of sulfate permease A protein; chromate resistance		ATP-binding component of sn-glycerol 3-phosphate transport system		5.50E-49		62.666668		39.666668

		2		ATP-binding transport protein; multicopy suppressor of htrB		ATP-binding component of a transport system		2.10E-49		54.214558		30.45977

		2		ATP-dependent RNA helicase		putative ATP-dependent RNA helicase		4.90E-48		55.097088		37.135921

		2		ATP-sulfurylase (ATP:sulfate adenylyltransferase), subunit 1, probably a GTPase		putative GTP-binding factor		3.90E-06		47.311829		30.46595

		2		bacterioferritin comigratory protein		thiol peroxidase		0.022		44.554455		30.693069

		2		beta-D-glucuronidase		beta-D-galactosidase		2.10E-15		48.641975		32.34568

		2		beta-lactamase; penicillin resistance		putative enzyme		1.10E-12		47.452229		28.025478

		2		bifunctional pyrimidine deaminase/reductase in pathway of riboflavin synthesis		putative deaminase		1.10E-11		55.072464		35.507248

		2		branched-chain amino-acid aminotransferase		4-amino-4-deoxychorismate lyase		1.70E-06		47.058823		28.431372

		2		bundles of cytoplasmic filaments		RNase E, membrane attachment, mRNA turnover, maturation 5S RNA		4.30E-53		56.935818		34.161491

		2		carbamoyl-phosphate synthase large subunit		phosphoribosylglycinamide synthetase = GAR synthetase		0.013		43.850266		21.390375

		2		carbonic anhydrase		putative carbonic anhdrase (EC 4.2.1.1)		1.80E-18		51.461987		32.748539

		2		carnitine racemase		dihydroxynaphtoic acid synthetase		5.10E-14		50.5		31.5

		2		CDP-diglyceride synthetase		putative phosphatidate cytidiltransferase		2.60E-19		62.5		43.75

		2		chaperone Hsp70; DNA biosynthesis; autoregulated heat shock proteins		putative dnaK protein		1.10E-50		57.251907		33.778625

		2		chaperone with DnaK; heat shock protein		curved DNA-binding protein; functions closely related to DnaJ		4.40E-26		57.67918		41.638226

		2		citrate synthase		putative citrate synthase; propionate metabolism?		3.40E-40		53.351955		32.960896

		2		cold shock protein		cold shock-like protein		1.30E-08		56.25		45.3125

		2		CTP synthetase		carbamoyl-phosphate synthetase, glutamine (small) subunit		0.073		48.148148		30.246914

		2		cyanate transport		putative amino acid/amine transport protein		4.80E-17		48.493149		26.849316

		2		cyn operon positive regulator		positive regulator for lys		3.10E-23		47.058823		26.98962

		2		cystathionine beta-lyase (beta-cystathionase)		cystathionine gamma-synthase		1.20E-37		52.522255		33.234421

		2		cystathionine gamma-synthase		cystathionine beta-lyase (beta-cystathionase)		2.10E-31		52.225521		33.234421

		2		cysteine synthase A, O-acetylserine sulfhydrolase A		cysteine synthase B, O-acetylserine sulfhydrolase B		2.20E-38		63.917526		45.360825

		2		cysteine synthase B, O-acetylserine sulfhydrolase B		tryptophan synthase, beta protein		0.0057		49.693253		30.06135

		2		cysteine tRNA synthetase		isoleucine tRNA synthetase		0.013		43.243244		27.027027

		2		cytochrome c-type biogenesis protein		formate-dependent nitrite reductase; possible assembly function		6.60E-89		61.764706		44.901962

		2		cytoplasmic alpha-amylase		alpha-amylase		3.60E-06		47.280334		24.686192

		2		cytoplasmic ferritin (an iron storage protein)		ferritin-like protein		2.50E-21		60.81081		35.81081

		2		cytoplasmic L-asparaginase I		periplasmic L-asparaginase II		5.30E-17		45.48872		30.827068

		2		cytosine deaminase		putative deaminase		2.60E-11		46		25.666666

		2		cytosine permease/transport		putative transport protein		0.00055		48.724491		26.530613

		2		D-3-phosphoglycerate dehydrogenase		fermentative D-lactate dehydrogenase, NAD-dependent		1.50E-18		48.471615		29.694323

		2		D-alanyl-D-alanine carboxypeptidase, fraction A; penicillin-binding protein 5		penicillin-binding protein 7		1.90E-10		50.450451		29.729731

		2		damage-inducible protein P; putative tRNA synthetase		SOS mutagenesis and repair		1.10E-13		49.523811		27.142857

		2		degrades sigma32, integral membrane peptidase, cell division protein		ATP-dependent specificity component of clpP serine protease, chaperone		0.00086		51.515152		28.030304

		2		dehydroshikimate reductase		putative oxidoreductase		1.10E-14		50.42017		33.193275

		2		dethiobiotin synthetase		orf, hypothetical protein		2.60E-51		68.181816		51.363636

		2		D-galactonate transport		regulator of uhpT		9.80E-10		43.377483		22.516556

		2		diaminopimelate decarboxylase		biosynthetic arginine decarboxylase		0.0071		47.916668		28.472221

		2		dihydrodipicolinate synthase		putative lyase/synthase		5.90E-29		50.20747		31.120333

		2		dihydropteridine reductase, ferrisiderophore reductase activity		putative oxidoreductase		2.10E-11		44.600941		28.638498

		2		dihydroxyacid dehydratase		6-phosphogluconate dehydratase		5.90E-44		51.089108		31.089109

		2		dihydroxynaphtoic acid synthetase		putative enzyme		1.80E-20		47.200001		28.799999

		2		DNA gyrase subunit B, type II topoisomerase, ATPase activity		DNA topoisomerase IV subunit B		5.50E-100		61.477989		41.194969

		2		DNA gyrase, subunit A, type II topoisomerase		DNA topoisomerase IV subunit A		3.10E-97		61.68639		39.201183

		2		DNA helicase IV		DNA helicase, ATP-dependent dsDNA/ssDNA exonuclease V subunit, ssDNA endonuclease		4.80E-06		45.474613		23.841059

		2		DNA polymerase III, epsilon subunit		orf, hypothetical protein		2.00E-07		55.660378		32.07547

		2		DNA polymerase III, tau and gamma subunits; DNA elongation factor III		DNA polymerase III, delta prime subunit		3.30E-13		50.222221		31.111111

		2		DNA topoisomerase type I, omega protein		putative DNA topoisomerase		0.044		53.947369		36.842106

		2		DNA-binding protein HU-alpha (HU-2)		DNA-binding protein HU-beta, NS1 (HU-1)		3.30E-26		80		67.777779

		2		DNA-binding, ATP-dependent protease La; heat shock K-protein		probable ATP-dependent protease		0.0007		54.651161		26.744186

		2		DNA-dependent ATPase I and helicase II		rep helicase, a single-stranded DNA dependent ATPase		2.90E-98		58.435581		38.650307

		2		D-ribulose-5-phosphate 3-epimerase		putative epimerase		2.80E-22		50.952381		29.047619

		2		dTDP-glucose 4,6 dehydratase		GDP-D-mannose dehydratase		1.20E-08		48		28.727272

		2		endonuclease III; specific for apurinic and/or apyrimidinic sites		adenine glycosylase; G.C --> T.A transversions		5.60E-06		48.799999		30.4

		2		erythronate-4-phosphate dehyrogenase		putative dehydrogenase		1.00E-05		47.767857		30.357143

		2		exopolyphosphatase		guanosine pentaphosphatase; exopolyphosphatase		3.60E-84		60.569107		38.414635

		2		fermentative D-lactate dehydrogenase, NAD-dependent		D-3-phosphoglycerate dehydrogenase		2.00E-20		47.161572		30.567686

		2		ferredoxin reductase subunit of phenylpropionate dioxygenase		putative oxidoreductase		2.50E-17		48.905109		28.10219

		2		ferritin-like protein		cytoplasmic ferritin (an iron storage protein)		2.50E-21		60.81081		35.81081

		2		first step in murein biosynthesis;UDP-N-glucosamine 1-carboxyvinyltransferase		5-enolpyruvylshikimate-3-phosphate synthetase		3.00E-08		44.673538		27.491409

		2		flavodoxin 1		flavodoxin 2		8.40E-37		66.666664		43.636364

		2		flavoprotein; electron transport		orf, hypothetical protein		3.60E-77		62.823528		41.882355

		2		formate acetyltransferase 1		putative formate acetyltransferase		3.60E-34		50.458717		29.174313

		2		formate acetyltransferase 2		probable formate acetyltransferase 3		1.60E-17		49.588478		27.98354

		2		formate dehydrogenase-O, iron-sulfur subunit		probable small subunit of hydrogenase-3, iron-sulfur protein (part of formate hydrogenlyase (FHL) complex)		7.90E-10		46.923077		33.076923

		2		formyltetrahydrofolate deformylase; for purT-dependent FGAR synthesis		phosphoribosylglycinamide formyltransferase 1		1.60E-17		61.81818		37.272728

		2		fumarase A = fumarate hydratase Class I; aerobic isozyme		fumarase B= fumarate hydratase Class I; anaerobic isozyme		1.70E-269		94.708031		89.963501

		2		fumarase B= fumarate hydratase Class I; anaerobic isozyme		fumarase A = fumarate hydratase Class I; aerobic isozyme		1.50E-261		94.708031		89.963501

		2		fumarase C= fumarate hydratase Class II; isozyme		aspartate ammonia-lyase (aspartase)		1.50E-71		61.368652		40.176601

		2		fumarate reductase, anaerobic, flavoprotein subunit		quinolinate synthetase, B protein		2.00E-51		55.13834		35.96838

		2		galactitol-1-phosphate dehydrogenase		putative oxidoreductase		8.50E-12		47.470818		29.571985

		2		galactose-1-epimerase (mutarotase)		putative aldose-1-epimerase (EC 5.1.3.3)		0.076		40.853657		25

		2		galactose-proton symport of transport system		putative transport protein		2.20E-11		46.875		24.739584

		2		galactoside permease (M protein)		two-module transport protein		0.034		49.16201		30.167597

		2		gamma-glutamylphosphate reductase		CoA-linked acetaldehyde dehydrogenase and iron-dependent alcohol dehydrogenase; pyruvate-formate-lyase deactivase		5.20E-06		45.816734		27.888447

		2		GDP-D-mannose dehydratase		UDP-galactose-4-epimerase		2.70E-10		45.061729		27.160494

		2		geranyltranstransferase (farnesyldiphosphate synthase)		octaprenyl diphosphate synthase		6.10E-18		49.596775		32.661289

		2		gluconate-6-phosphate dehydrogenase, decarboxylating		putative dehydrogenase		9.40E-09		50.761421		28.426395

		2		gluconokinase 2, thermoresistant		gluconate kinase, thermosensitive glucokinase		1.10E-34		74.050636		47.468353

		2		glucose-1-phosphate adenylyltransferase		glucose-1-phosphate thymidylyltransferase		0.025		48.603352		29.608938

		2		glutamate decarboxylase isozyme		glutamate decarboxylase isozyme		3.70E-249		99.785408		98.92704

		2		glutamate synthase, small subunit		putative oxidoreductase		5.00E-48		50		33.663368

		2		glutamate tRNA synthetase, catalytic subunit		glutamine tRNA synthetase		3.70E-10		50.485435		27.669903

		2		glutamate-1-semialdehyde aminotransferase (aminomutase)		7,8-diaminopelargonic acid synthetase		5.40E-21		47.79874		27.35849

		2		glutamine synthetase		putative glutamine synthetase (EC 6.3.1.2)		7.90E-17		46.285713		29.428572

		2		glutamine tRNA synthetase		glutamate tRNA synthetase, catalytic subunit		3.90E-10		50.485435		27.669903

		2		glutaredoxin 3		glutaredoxin1 redox coenzyme for glutathione-dependent ribonucleotide reductase		3.50E-08		63.768116		43.47826

		2		glutathione oxidoreductase		putative oxidoreductase		2.90E-36		48.226952		27.895981

		2		glyceraldehyde 3-phosphate dehydrogenase C, interrupted		D-erythrose 4-phosphate dehydrogenase		3.70E-20		62.5		43.382355

		2		glycerol dehydrogenase, (NAD)		L-1,2-propanediol oxidoreductase		3.60E-05		48.260868		30.434782

		2		glycerol kinase		L-fuculokinase		4.20E-10		47.409325		23.834196

		2		glycerophosphodiester phosphodiesterase, cytosolic		glycerophosphodiester phosphodiesterase, periplasmic		0.05		56.363636		32.727272

		2		glycogen phosphorylase		maltodextrin phosphorylase		1.90E-181		68.068329		48.094612

		2		glycolate oxidase iron-sulfur subunit		putative dehydrogenase subunit		1.90E-08		43.601894		20.379147

		2		glycolate oxidase subunit D		glycolate oxidase iron-sulfur subunit		0.038		47.933884		32.231403

		2		glyoxylate carboligase		pyruvate oxidase		2.00E-29		44.847328		25.954199

		2		GMP reductase		IMP dehydrogenase		5.40E-41		50.455929		33.43465

		2		GMP synthetase (glutamine-hydrolyzing)		anthranilate synthase component II, glutamine amidotransferase and phosphoribosylanthranilate transferase		0.0021		43.382355		27.941177

		2		GTP-binding export factor binds to signal sequence, GTP and RNA		cell division membrane protein		2.70E-40		58.27338		33.81295

		2		guanosine pentaphosphatase; exopolyphosphatase		exopolyphosphatase		6.40E-87		60.569107		38.414635

		2		heat shock protein, chaperone, member of Hsp70 protein family		regulator of ftsI, penicillin binding protein 3, septation function		1.30E-07		49.264706		26.102942

		2		heat shock protein, integral membrane protein		orf, hypothetical protein		0.00018		43.703705		28.148148

		2		helicase, ATP-dependent		ATP-dependent RNA helicase		0.077		50.505051		31.649832

		2		histidinol-phosphate aminotransferase		multi modular; putative transcriptional regulator; also putative ATP-binding component of a transport system		4.50E-07		46.184738		23.694778

		2		hypoxanthine phosphoribosyltransferase		guanine-hypoxanthine phosphoribosyltransferase		5.10E-07		56.880733		30.275229

		2		imidazole glycerol phosphate synthase subunit in heterodimer with HisH = imidazole glycerol phsphate synthase holoenzyme		N-(5'-phospho-L-ribosyl-formimino)-5-amino-1-(5'- phosphoribosyl)-4-imidazolecarboxamide isomerase		4.50E-15		48.034935		25.327511

		2		imidazoleglycerolphosphate dehydratase and histidinol-phosphate phosphatase		putative phosphatase		1.30E-15		54.838711		35.483871

		2		IMP dehydrogenase		GMP reductase		1.00E-21		52.39521		35.029942

		2		IS1 protein InsB		IS1 protein InsB		1.30E-86		97.005989		96.407188

		2		isochorismate hydroxymutase 2, enterochelin biosynthesis		anthranilate synthase component I		2.30E-10		45.662102		30.136986

		2		isochorismate hydroxymutase 2, menaquinone biosynthesis		p-aminobenzoate synthetase, component I		1.40E-08		47.783253		28.571428

		2		isocitrate dehydrogenase, specific for NADP+		3-isopropylmalate dehydrogenase		1.70E-11		49.850746		29.253731

		2		isocitrate lyase		putative phosphonomutase 2		1.10E-12		54.929577		33.333332

		2		isoleucine tRNA synthetase		valine tRNA synthetase		4.90E-24		44.384304		25.845737

		2		K+ efflux antiporter, glutathione-regulated		K+ efflux; NEM-activable K+/H+ antiporter		1.30E-104		69.557823		44.72789

		2		K+ efflux; NEM-activable K+/H+ antiporter		putative transport protein		3.50E-38		54.901962		30.980392

		2		L-1,2-propanediol oxidoreductase		ethanolamine utilization; homolog of Salmonella enzyme, similar to iron-containing alcohol dehydrogenase		4.70E-59		56.593407		40.934067

		2		L-alanine adding enzyme, UDP-N-acetyl-muramate:alanine ligase		putative ligase		8.30E-23		48.54586		27.964207

		2		large subunit of hydrogenase 3 (part of FHL complex)		hydrogenase-1 large subunit		5.10E-08		47.517731		29.078014

		2		l-carnitine dehydratase		putative enzyme		7.60E-20		46.857143		26.571428

		2		leucine tRNA synthetase		isoleucine tRNA synthetase		3.30E-14		48.019802		30.940594

		2		L-fuculokinase		L-xylulose kinase, cryptic		4.10E-11		43.358395		23.558897

		2		L-glutamine:D-fructose-6-phosphate aminotransferase		putative transport protein		8.00E-07		47.986576		20.805368

		2		L-idonate dehydrogenase		alcohol dehydrogenase class III; formaldehyde dehydrogenase, glutathione-dependent		7.20E-10		44.366196		27.464788

		2		lipoamide dehydrogenase (NADH); component of 2-oxodehydrogenase and pyruvate complexes; L-protein of glycine cleavage complex		glutathione oxidoreductase		6.60E-37		48.873875		27.927927

		2		low-affinity L-arabinose transport system proton symport protein		sialic acid transporter		3.70E-06		45.757576		25.151516

		2		low-affinity phosphate transport		low-affinity phosphate transport		3.60E-187		90.581161		80.76152

		2		L-xylulose kinase, cryptic		L-fuculokinase		7.30E-13		42.786068		23.383085

		2		lysine decarboxylase 1		ornithine decarboxylase isozyme, inducible		4.10E-76		51.298702		34.090908

		2		lysine tRNA synthetase, constitutive; suppressor of ColE1 mutation in primer RNA		aspartate tRNA synthetase		1.80E-27		52.64624		30.083565

		2		major sodium/proline symporter		putative cotransporter		6.70E-09		49.492386		27.411167

		2		malate synthase A		malate synthase G		0.00053		44.137932		23.908047

		2		member of ATP-dependent helicase superfamily II		ATP-dependent RNA helicase		0.059		44.871796		29.487179

		2		methionine aminopeptidase		proline aminopeptidase P II		2.60E-08		49.186993		27.235773

		2		methionine tRNA synthetase		putative tRNA synthetase		9.50E-06		54.128441		29.357798

		2		MFS (major facilitator superfamily) transporter		putative nucleoside permease protein		7.60E-08		50.173012		25.259516

		2		Mg2+ transport ATPase, P-type 1		putative ATPase		4.50E-25		51.501156		30.023094

		2		molybdopterin biosynthesis		putative enzyme		5.10E-13		57.364342		33.333332

		2		molybdopterin biosynthesis, protein A		putative enzyme		0.027		53.513512		30.81081

		2		molybdopterin biosynthesis, protein B		required for the efficient incorporation of molybdate into molybdoproteins		7.00E-10		58.75		38.75

		2		N-(5'-phospho-L-ribosyl-formimino)-5-amino-1-(5'- phosphoribosyl)-4-imidazolecarboxamide isomerase		imidazole glycerol phosphate synthase subunit in heterodimer with HisH = imidazole glycerol phsphate synthase holoenzyme		1.70E-08		48.471615		27.510918

		2		N-acetyl glucosamine-1-phosphate uridyltransferase		UDP-3-O-(3-hydroxymyristoyl)-glucosamine N-acyltransferase; third step of endotoxin (lipidA) synthesis		2.20E-05		47.19101		30.898876

		2		N-acetylglucosamine-6-phosphate deacetylase		putative N-acetylgalactosamine-6-phosphate deacetylase		1.90E-19		54.601227		33.128834

		2		N-acetylglutamate synthase; amino acid acetyltransferase		acetylglutamate kinase		5.20E-06		50.526318		28.421053

		2		NAD+-dependent betaine aldehyde dehydrogenase		aldehyde dehydrogenase, NAD-linked		1.10E-66		55.925156		34.303535

		2		NADH dehydrogenase I chain B		hydrogenase activity		5.20E-21		59.333332		39.333332

		2		NADH dehydrogenase I chain C, D		hydrogenase 4 subunit		2.50E-32		50.226246		31.674208

		2		NADH dehydrogenase I chain F		putative membrane protein		0.00024		44.855968		29.218107

		2		NADH dehydrogenase I chain H		membrane-spanning protein of hydrogenase 3 (part of FHL complex)		2.30E-10		48.083622		28.222996

		2		NADH dehydrogenase I chain I		probable iron-sulfur protein of hydrogenase 3 (part of FHL complex)		9.90E-11		59		35

		2		NADH dehydrogenase I chain L		membrane-spanning protein of hydrogenase 3 (part of FHL complex)		4.20E-21		55.497383		29.581152

		2		NADH dehydrogenase I chain M		membrane-spanning protein of hydrogenase 3 (part of FHL complex)		2.20E-15		53.157894		28.947369

		2		NADH dehydrogenase I chain N		NADH dehydrogenase I chain M		1.00E-15		50		27.053141

		2		NAD-linked malate dehydrogenase (malic enzyme)		putative multimodular enzyme		8.00E-05		51.41066		29.467085

		2		nitrite extrusion protein		nitrite extrusion protein 2		2.30E-144		88.766518		75.770927

		2		nitrogen assimilation control protein		putative transcriptional regulator LYSR-type		5.10E-12		44.664032		24.110672

		2		nitrogen regulatory protein P-II 2		protein export; molecular chaperone; may bind to signel sequence		0.034		61.224491		30.612246

		2		N-succinyl-diaminopimelate deacylase		acetylornithine deacetylase		4.70E-14		48.132782		32.780083

		2		O-6-alkylguanine-DNA/cysteine-protein methyltransferase		orf, hypothetical protein		5.20E-05		53.658535		36.585365

		2		O6-methylguanine-DNA methyltransferase; transcription activator/repressor		O-6-alkylguanine-DNA/cysteine-protein methyltransferase		2.60E-19		70.786514		51.685394

		2		octaprenyl diphosphate synthase		geranyltranstransferase (farnesyldiphosphate synthase)		1.40E-18		49.003983		32.669323

		2		ornithine carbamoyltransferase 1		putative carbamoyl transferase		2.50E-07		48.013245		29.139072

		2		ornithine carbamoyltransferase 2, chain F		aspartate carbamoyltransferase, catalytic subunit		5.40E-14		51.578949		32.63158

		2		o-succinylbenzoate-CoA ligase		probable crotonobetaine/carnitine-CoA ligase		2.20E-10		45.882355		26.117647

		2		o-succinylbenzoyl-CoA synthase; conversion of chorismate to 2-o-succinylbenzoyl-CoA		putative muconate cycloisomerase I (EC 5.5.-.-)		0.00027		42.066422		25.461254

		2		p-aminobenzoate synthetase, component II		GMP synthetase (glutamine-hydrolyzing)		5.40E-09		46.451614		27.741936

		2		pantothenate kinase		uridine/cytidine kinase		0.0013		46.575344		29.452055

		2		PEP-protein phosphotransferase system enzyme I		PTS system, fructose-specific IIA component		1.00E-08		46.527779		30.555555

		2		peptidyl-prolyl cis-trans isomerase A (rotamase A)		peptidyl-prolyl cis-trans isomerase B (rotamase B)		7.90E-41		70.625		56.875

		2		peptidyl-prolyl cis-trans isomerase B (rotamase B)		peptidyl-prolyl cis-trans isomerase A (rotamase A)		7.90E-41		69.811317		56.603775

		2		peptidyl-prolyl cis-trans isomerase C (rotamase C)		survival protein		1.50E-06		54.545456		33.766235

		2		periplasmic L-asparaginase II		cytoplasmic L-asparaginase I		7.00E-17		43.79562		28.832117

		2		phenylalanine tRNA synthetase, beta-subunit		putative tRNA synthetase		0.0013		54.736843		34.736843

		2		phenylalanine-specific transport system		putative amino acid/amine transport protein		1.90E-13		48.809525		25

		2		phosphatidylglycerophosphate synthetase = CDP-1,2-diacyl-sn-glycero-3-phosphate phosphatidyl transferase		probable enzyme		0.011		49.19355		25

		2		phosphatidylserine synthase; phospholipid synthesis		putative synthase		0.092		49.056602		27.35849

		2		phosphoenolpyruvate synthase		PEP-protein phosphotransferase system enzyme I		3.20E-18		51.985561		28.880867

		2		phosphoglyceromutase 1		phosphoglyceromutase 2		0.0038		55.319149		42.553192

		2		phosphoglyceromutase 2		homolog of Salmonella cobC, a phosphohistidine protein		2.70E-15		47.593582		26.737968

		2		phosphoglycolate phosphatase		putative phosphatase		1.00E-08		47.727272		30.113636

		2		phosphoribosylaminoimidazole carboxylase = AIR carboxylase, CO(2)-fixing subunit		phosphoribosylglycinamide formyltransferase 2		1.80E-10		50.370369		28.518518

		2		phosphoribosylaminoimidazole synthetase = AIR synthetase		plays structural role in maturation of all 3 hydrogenases		0.056		47.96748		24.390244

		2		phosphoribosylglycinamide formyltransferase 1		putative transformylase		0.00059		46.067417		25.842697

		2		phosphoribosylglycinamide formyltransferase 2		carbamoyl-phosphate synthase large subunit		0.038		52.63158		28.229666

		2		phosphoribosylglycinamide synthetase = GAR synthetase		carbamoyl-phosphate synthase large subunit		0.013		44.19643		22.767857

		2		possible protoporphyrinogen oxidase		putative adenine-specific methylase		3.80E-15		53.535355		33.333332

		2		possible subunit of heme lyase		part of formate-dependent nitrite reductase complex		9.10E-05		45.161289		23.11828

		2		probable amidotransferase subunit		CTP synthetase		0.058		48.58757		34.463276

		2		probable ATP-dependent protease		DNA-binding, ATP-dependent protease La; heat shock K-protein		0.005		47.008549		26.923077

		2		probable ATP-dependent RNA helicase		putative ATP-dependent RNA helicase		0.021		52.597404		33.116882

		2		probable carnitine operon oxidoreductase		putative oxidoreductase		2.80E-93		66.23037		48.167538

		2		probable FKBX-type 16KD peptidyl-prolyl cis-trans isomerase (a rotamase)		FKBP-type peptidyl-prolyl cis-trans isomerase (rotamase)		2.00E-12		49.655174		31.724138

		2		probable flavoprotein subunit, carnitine metabolism		putative flavoprotein		1.10E-68		63.694267		44.585987

		2		probable formate acetyltransferase 3		formate acetyltransferase 1		1.59999997385554e-317		90.672157		79.561043

		2		probable formate transporter (formate channel 1)		nitrite reductase activity		3.60E-06		51.923077		34.615383

		2		probable hydroxyacylglutathione hydrolase		orf, hypothetical protein		1.00E-09		50.292397		33.918129

		2		probable ornithine aminotransferase		acetylornithine delta-aminotransferase		7.00E-49		53.185596		36.011082

		2		probable oxidoreductase		sn-glycerol-3-phosphate dehydrogenase (anaerobic), large subunit		0.04		53.719009		34.710743

		2		proline dehydrogenase, P5C dehydrogenase		succinate-semialdehyde dehydrogenase, NADP-dependent activity		9.70E-42		48.706898		32.758621

		2		proline dipeptidase		proline aminopeptidase P II		1.30E-28		50.344826		35.517242

		2		proline permease transport protein		putative amino acid/amine transport protein		8.90E-11		45.923912		21.73913

		2		proline tRNA synthetase		threonine tRNA synthetase		4.10E-14		47.17514		25.423729

		2		protease IV, a signal peptide peptidase		putative protease		3.50E-08		51.973682		32.236843

		2		protease specific for phage lambda cII repressor		protease specific for phage lambda cII repressor		4.20E-07		47.058823		25

		2		protein of glp regulon		orf, hypothetical protein		0.00073		52.083332		22.916666

		2		proton motive force efflux pump		bicyclomycin resistance protein; transmembrane protein		9.20E-11		50.31847		25.477707

		2		purine-nucleoside phosphorylase		uridine phosphorylase		2.60E-19		52.702702		30.18018

		2		putative 2-component sensor protein		catabolite repression sensor kinase for PhoB; alternative sensor for pho regulon		1.00E-09		44.988865		27.171492

		2		putative acyl-CoA dehydrogenase (EC 1.3.99.-)		probable carnitine operon oxidoreductase		0.0011		48.198196		28.378378

		2		putative acyltransferase		3-oxoacyl-[acyl-carrier-protein] synthase II		0.036		52.554745		34.306568

		2		putative adenine-specific methylase		putative enzyme		0.0031		59.493671		31.645569

		2		putative aldehyde dehydrogenase		NAD+-dependent betaine aldehyde dehydrogenase		8.00E-19		43.505154		26.391752

		2		putative aldose reductase (EC 1.1.1.21)		putative NAD(P)H-dependent xylose reductase		5.70E-07		51.101322		29.07489

		2		putative aldose-1-epimerase (EC 5.1.3.3)		galactose-1-epimerase (mutarotase)		0.076		41.717793		26.380367

		2		putative alkaline phosphatase I		putative enzyme		8.30E-25		52.199413		32.551319

		2		putative amino acid/amine transport protein		aromatic amino acid transport protein		9.50E-08		43.152454		23.77261

		2		putative amino acid/amine transport protein, cryptic		transport of lysine/cadaverine		6.00E-75		62.94537		40.142517

		2		putative aminotransferase		putative aminotransferase		2.20E-20		54.347828		30.869566

		2		putative an aldehyde reductase		putative aldose reductase (EC 1.1.1.21)		2.70E-24		55.102039		30.204082

		2		putative arginine/ornithine antiporter		putative transport		0.00088		49.350651		27.272728

		2		putative arylsulfatase regulator		putative transcriptional regulator		0.0014		56.953644		31.78808

		2		putative ATP-dependent protease		DNA-binding, ATP-dependent protease La; heat shock K-protein		0.013		49.523811		35.238094

		2		putative beta-lactamase		putative enzyme		8.60E-09		45.658264		27.731092

		2		putative beta-phosphoglucomutase		putative phosphatase		1.30E-10		46.039604		26.732674

		2		putative carbamate kinase (EC 2.7.2.2)		putative kinase		2.40E-32		61.666668		43.666668

		2		putative carbamoyl transferase		ornithine carbamoyltransferase 1		1.00E-10		48.344372		29.801325

		2		putative carbonic anhdrase (EC 4.2.1.1)		carbonic anhydrase		2.50E-12		50.289017		31.213873

		2		putative cellulose synthase		orf, hypothetical protein		8.50E-09		43.376625		24.415585

		2		putative channel transporter		putative chloride channel		2.70E-08		49.504951		30.445545

		2		putative chloride channel		putative channel transporter		3.00E-09		50.368549		30.71253

		2		putative citrate synthase; propionate metabolism?		citrate synthase		6.90E-42		53.107346		32.203388

		2		putative cotransporter		sodium/pantothenate symporter		2.40E-13		47.599163		25.469728

		2		putative deacetylase		acetylornithine deacetylase		5.40E-18		46.640316		30.83004

		2		putative deaminase		cytosine deaminase		8.40E-14		44.147156		24.749165

		2		putative dehydratase		dihydroxyacid dehydratase		1.70E-25		51.385929		32.196163

		2		putative dehydrogenase		putative xanthine dehydrogenase (EC 1.1.1.20)		0.072		44.736843		26.973684

		2		putative dehydrogenase subunit		sn-glycerol-3-phosphate dehydrogenase (anaerobic), K-small subunit		3.00E-13		50.857143		30.285715

		2		putative DNA topoisomerase		orf, hypothetical protein		0.018		47.36842		31.578947

		2		putative dnaK protein		chaperone Hsp70; DNA biosynthesis; autoregulated heat shock proteins		2.30E-57		55.925926		32.407406

		2		putative flavoprotein		probable flavoprotein subunit, carnitine metabolism		4.20E-13		50.980392		28.431372

		2		putative glutamine synthetase (EC 6.3.1.2)		glutamine synthetase		7.90E-17		46.551723		30.344828

		2		putative glycosidase		orf, hypothetical protein		3.30E-35		49.034748		27.220078

		2		putative hydrogenase subunit		hydrogenase-1 small subunit		1.70E-61		63.80368		40.490799

		2		putative isomerase		IMP dehydrogenase		0.062		50.943398		28.301888

		2		putative ligase		UDP-N-acetylmuramoylalanine-D-glutamate ligase		1.70E-05		46.739132		34.239132

		2		putative lipase		orf, hypothetical protein		3.60E-13		50		27.631578

		2		putative lysyl-tRNA synthetase		aspartate tRNA synthetase		5.60E-05		54.587154		29.816513

		2		putative malate dehydrogenase (EC 1.1.1.37)		putative dehydrogenase		2.10E-18		46.861923		27.196653

		2		putative methyltransferase		S-adenosylmethionine-dependent methyltransferase		0.049		49.565216		31.304348

		2		putative muconate cycloisomerase I (EC 5.5.-.-)		o-succinylbenzoyl-CoA synthase; conversion of chorismate to 2-o-succinylbenzoyl-CoA		0.054		43.75		26.838236

		2		putative multimodular enzyme		NAD-linked malate dehydrogenase (malic enzyme)		5.20E-05		50.969528		29.085873

		2		putative NAD(P)H-dependent xylose reductase		orf, hypothetical protein		1.00E-23		52.063492		30.476191

		2		putative NAGC-like transcriptional regulator		putative NAGC-like transcriptional regulator		2.60E-11		48.292683		29.268293

		2		putative nucleolar proteins		orf, hypothetical protein		9.10E-17		56.737587		38.297871

		2		putative nucleoside permease protein		MFS (major facilitator superfamily) transporter		3.80E-07		50.519032		24.913494

		2		putative nucleotide di-P-sugar epimerase or dehydratase		dTDP-glucose 4,6 dehydratase		4.90E-07		46.325878		25.239616

		2		putative O-acetyl transferase		thiogalactoside acetyltransferase		0.00016		53.04348		37.391304

		2		putative O-sialoglycoprotein endopeptidase		orf, hypothetical protein		0.043		59.82143		33.035713

		2		putative oxidoreductase		CoA-linked acetaldehyde dehydrogenase and iron-dependent alcohol dehydrogenase; pyruvate-formate-lyase deactivase		6.50E-13		43.922653		27.348066

		2		putative oxidoreductase subunit		involved in protein transport; multicopy suppressor of dominant negative ftsH mutants		2.90E-59		58.739838		39.837399

		2		putative peptidase		aminopeptidase A/I		1.00E-38		54.603176		38.73016

		2		putative permease transporter		putative transmembrane subunit		0.05		50.76923		20

		2		putative phage repressor		SOS mutagenesis; error-prone repair; processed to UmuD'; forms complex with UmuC		1.10E-05		47.252747		35.164837

		2		putative phosphatase		phosphoglycolate phosphatase		0.0043		47.826088		28.985508

		2		putative phosphohydrolase		orf, hypothetical protein		0.023		49.382717		25.925926

		2		putative protease		protease IV, a signal peptide peptidase		2.10E-10		48.35165		29.67033

		2		putative RNA methylase		orf, hypothetical protein		2.90E-05		48.958332		31.25

		2		putative sugar nucleotide epimerase		putative oxidoreductase		0.081		50.746269		30.597015

		2		putative sulfatase		arylsulfatase		8.20E-06		52.014652		30.76923

		2		putative thiosulfate sulfurtransferase		putative thiosulfate sulfur transferase		1.20E-09		46.666668		23.333334

		2		putative transaldolase		transaldolase B		9.10E-05		51.020409		30.102041

		2		putative transferase		thiogalactoside acetyltransferase		1.20E-14		52.554745		33.576641

		2		putative transport protein, shikimate		alpha-ketoglutarate permease		4.10E-44		50.1292		32.041344

		2		putative xanthine dehydrogenase (EC 1.1.1.20)		putative dehydrogenase		1.20E-19		56.578949		38.815788

		2		putrescine transport protein		L-asparagine permease		2.00E-08		45.026176		20.157068

		2		pyridoxal/pyridoxine/pyridoxamine kinase		pyridoxal kinase 2 / pyridoxine kinase		3.20E-24		52.272728		29.924242

		2		pyruvate dehydrogenase (dihydrolipoyltransacetylase component)		2-oxoglutarate dehydrogenase (dihydrolipoyltranssuccinase E2 component)		7.80E-42		54.433498		31.773399

		2		pyruvate formate lyase activating enzyme 1		anaerobic ribonucleotide reductase activating protein		1.20E-05		50		25.555555

		2		pyruvate kinase I (formerly F), fructose stimulated		pyruvate kinase II, glucose stimulated		9.60E-68		57.872341		38.085106

		2		quinolinate synthetase, B protein		succinate dehydrogenase, flavoprotein subunit		7.20E-57		52.207294		34.548943

		2		quinone oxidoreductase		alcohol dehydrogenase		3.50E-10		50.431034		30.172413

		2		regulator of ftsI, penicillin binding protein 3, septation function		ATP-binding cell division protein, septation process, complexes with FtsZ, associated with junctions of inner and outer membranes		0.0018		47.517731		26.241135

		2		regulatory protein P-II for glutamine synthetase		nitrogen regulatory protein P-II 2		1.30E-33		83.035713		67.85714

		2		rep helicase, a single-stranded DNA dependent ATPase		DNA-dependent ATPase I and helicase II		1.50E-101		57.033638		38.379204

		2		required for the efficient incorporation of molybdate into molybdoproteins		molybdopterin biosynthesis, protein B		7.00E-10		58.75		38.75

		2		respiratory NADH dehydrogenase		nitrite reductase (NAD(P)H) subunit		1.90E-08		48.523209		29.535866

		2		response regulator for chemotaxis (cheA sensor); protein methylesterase		putative 2-component transcriptional regulator		5.00E-07		53.076923		26.923077

		2		ribokinase		fructose-1-phosphate kinase		1.30E-06		56.48148		36.111111

		2		ribosomal protein S6 modification protein		D-alanine-D-alanine ligase A		0.017		45.3125		25

		2		RNase E, membrane attachment, mRNA turnover, maturation 5S RNA		bundles of cytoplasmic filaments		1.50E-62		56.935818		33.954453

		2		RNase II, mRNA degradation		putative enzyme		3.70E-39		47.460594		28.54641

		2		RNase PH		polynucleotide phosphorylase; cytidylate kinase activity		0.0013		45.971565		26.540285

		2		S-adenosylmethionine-dependent methyltransferase		2-octaprenyl-6-methoxy-1,4-benzoquinone --> 2-octaprenyl-3-methyl-6-methoxy-1,4-benzoquinone		0.0089		47.619049		25.714285

		2		septum formation; penicillin-binding protein 3; peptidoglycan synthetase		cell elongation, e phase; peptidoglycan synthetase; penicillin-binding protein 2		4.70E-17		51.757812		29.492188

		2		serine acetyltransferase		putative transferase		2.50E-13		51.8797		33.834587

		2		shikimate kinase I		shikimate kinase II		6.80E-19		53.459118		33.962265

		2		shikimate kinase II		shikimate kinase I		6.80E-19		53.459118		33.962265

		2		sialic acid transporter		putative transport protein		3.10E-66		65.012405		39.702232

		2		similar to phosphoglucomutases and phosphomannomutases		phosphomannomutase		8.20E-19		45.168541		25.842697

		2		sodium/pantothenate symporter		putative transport protein		3.80E-09		45.662102		22.37443

		2		succinate dehydrogenase, flavoprotein subunit		fumarate reductase, anaerobic, flavoprotein subunit		5.50E-104		62.062939		43.531467

		2		succinate dehydrogenase, iron sulfur protein		fumarate reductase, anaerobic, iron-sulfur protein subunit		8.70E-35		53.508774		38.596493

		2		succinate-semialdehyde dehydrogenase, NADP-dependent activity		putative aldehyde dehydrogenase		1.10E-66		54.761906		32.467533

		2		succinyl-CoA synthetase, alpha subunit		putative oxidoreductase subunit		1.10E-08		48.550724		31.15942

		2		sulfate transport system permease W protein		molybdate transport permease protein		2.30E-11		52.517986		31.654676

		2		sulfate, thiosulfate transport system permease T protein		putative transport system permease protein		1.90E-08		48.167538		31.413612

		2		sulfite reductase (NADPH), flavoprotein beta subunit		initiation of chromosome replication		1.60E-08		51.70068		27.891157

		2		superoxide dismutase, iron		superoxide dismutase, manganese		1.30E-31		62.2449		45.408165

		2		thiol peroxidase		bacterioferritin comigratory protein		0.022		44.554455		30.693069

		2		thiolase I; 3-ketoacyl-CoA thiolase; acetyl-CoA transferase		putative acyltransferase		3.40E-47		57.180157		39.16449

		2		thioredoxin 1		putative thioredoxin-like protein		2.20E-09		57.64706		34.117645

		2		thioredoxin reductase		glutathione oxidoreductase		2.40E-06		47.486034		32.960896

		2		threonine deaminase (dehydratase)		cysteine synthase B, O-acetylserine sulfhydrolase B		0.0079		47.42268		23.195877

		2		threonine dehydratase, catabolic		cysteine synthase B, O-acetylserine sulfhydrolase B		0.035		46.820808		24.277456

		2		threonine tRNA synthetase		proline tRNA synthetase		7.90E-16		44.660194		25

		2		transaldolase A		putative transaldolase		9.90E-05		55.652172		29.565218

		2		transcription termination factor Rho; polarity suppressor		membrane-bound ATP synthase, F1 sector, beta-subunit		0.0015		44.036697		22.018349

		2		transcriptional regulator cys regulon; accessory regulatory circuit affecting cysM		putative transcriptional regulator LYSR-type		9.40E-14		50.833332		26.25

		2		transketolase 1 isozyme		transketolase 2 isozyme		3.90E-277		86.838127		75.340393

		2		transketolase 2 isozyme		pyruvate dehydrogenase (decarboxylase component)		3.10E-09		45.149254		27.425373

		2		transmembrane water channel; aquaporin Z		facilitated diffusion of glycerol		0.00017		51.948051		32.034634

		2		transport permease protein of gamma-aminobutyrate		putative amino acid/amine transport protein		3.00E-10		45.047169		21.933962

		2		tRNA nucleotidyl transferase		poly(A) polymerase I		8.80E-07		49.514565		30.744337

		2		tyrosine aminotransferase, tyrosine repressible		aspartate aminotransferase		3.60E-84		62.468513		42.317379

		2		UDP-galactose-4-epimerase		dTDP-glucose 4,6 dehydratase		5.70E-15		46.540882		28.301888

		2		UDP-glucose 6-dehydrogenase		UDP-N-acetyl-D-mannosaminuronic acid dehydrogenase; synthesis of enterobacterial common antigen (ECA)		5.20E-09		50.59761		27.49004

		2		UDP-sugar hydrolase (5'-nucleotidase)		2':3'-cyclic-nucleotide 2'-phosphodiesterase		7.10E-16		44.071587		24.384787

		2		universal stress protein; broad regulatory function?		putative regulator		1.50E-21		63.380283		35.915493

		2		uridine phosphorylase		purine-nucleoside phosphorylase		2.60E-19		54.708519		30.493273

		2		uridine/cytidine kinase		putative kinase		7.40E-05		45.967743		29.032259

		2		uridylate kinase		aspartokinase I, homoserine dehydrogenase I		0.047		47.560974		29.268293

		2		valine tRNA synthetase		isoleucine tRNA synthetase		4.80E-17		45.945946		25.462305

		2		xylose-proton symport		putative transport protein		6.40E-05		49.438202		28.089888

		2		xylulokinase		L-fuculokinase		8.90E-21		44.655582		28.028503

		2		zinc-transporting ATPase		ATPase of high-affinity potassium transport system, B chain		8.80E-28		51		31.4

		3		[2FE-2S] ferredoxin, electron carrer protein		putative oxidoreductase		3.90E-06		51.851852		37.037037

		3		1,4-alpha-glucan branching enzyme		part of glycogen operon, a glycosyl hydrolase, debranching enzyme		3.70E-09		48.101265		34.599155

		3		16S pseudouridylate 516 synthase		orf, hypothetical protein		3.00E-14		59.541985		38.931297

		3		1-deoxyxylulose-5-phosphate synthase; flavoprotein		transketolase 2 isozyme		1.30E-05		45.168541		26.516853

		3		2-octaprenyl-6-methoxyphenol--> 2-octaprenyl-6-methoxy-1, 4-benzoquinone		orf, hypothetical protein		7.00E-33		49.329758		32.707775

		3		30S ribosomal subunit protein S1		orf, hypothetical protein		1.90E-10		59.722221		34.722221

		3		3-demethylubiquinone-9 3-methyltransferase and 2-octaprenyl-6-hydroxy phenol methylase		S-adenosylmethionine-dependent methyltransferase		0.00011		49.056602		27.044025

		3		4-enzyme protein: 3-hydroxyacyl-CoA dehydrogenase; 3-hydroxybutyryl-CoA epimerase; delta(3)-cis-delta(2)-trans-enoyl-CoA isomerase; enoyl-CoA hydratase		putative enzyme		1.70E-95		55.637981		35.756676

		3		50S ribosomal subunit protein L31		putative ribosomal protein		1.50E-07		60.60606		46.969696

		3		5'-3' exonuclease		DNA polymerase I, 3' --> 5' polymerase, 5' --> 3' and 3' --> 5' exonuclease		5.30E-28		56.621006		33.789955

		3		6-phospho-beta-glucosidase A; cryptic		phospho-beta-glucosidase B; cryptic		4.10E-115		66.309013		51.931332

		3		acetyl CoA carboxylase, biotin carboxylase subunit		carbamoyl-phosphate synthase large subunit		3.10E-05		48.605579		29.482071

		3		alanine racemase 1		alanine racemase 2, catabolic		1.60E-65		61.714287		42

		3		alcohol dehydrogenase class III; formaldehyde dehydrogenase, glutathione-dependent		putative oxidoreductase		4.70E-10		44.9827		27.33564

		3		aldehyde dehydrogenase, prefers NADP over NAD		putative aldehyde dehydrogenase		1.80E-57		51.655628		33.554085

		3		altronate oxidoreductase		D-mannonate oxidoreductase		2.40E-20		45.454544		24.524313

		3		anaerobic dimethyl sulfoxide reductase subunit A		cryptic nitrate reductase 2, alpha subunit		4.80E-25		47.68		29.6

		3		aspartokinase I, homoserine dehydrogenase I		aspartokinase II and homoserine dehydrogenase II		4.40E-79		54.068241		33.333332

		3		ATP-dependent specificity component of clpP serine protease, chaperone		heat shock protein		0.05		50.48077		28.365385

		3		beta-hydroxydecanoyl thioester dehydrase, trans-2-decenoyl-ACP isomerase		(3R)-hydroxymyristol acyl carrier protein dehydratase		0.00057		53.57143		31.25

		3		cell division; membrane protein involved in shape determination		rod shape-determining membrane protein; sensitivity to radiation and drugs		1.10E-27		62.10191		32.165604

		3		CoA-linked acetaldehyde dehydrogenase and iron-dependent alcohol dehydrogenase; pyruvate-formate-lyase deactivase		putative oxidoreductase		3.50E-34		57.344631		37.00565

		3		cold shock-like protein		cold shock protein		2.10E-24		88.571426		77.14286

		3		CTP:CMP-3-deoxy-D-manno-octulosonate transferase		N-acetyl glucosamine-1-phosphate uridyltransferase		0.019		46.923077		26.153847

		3		D-alanine-D-alanine ligase B, affects cell division		acetyl CoA carboxylase, biotin carboxylase subunit		0.00088		49.707603		29.239765

		3		dATP pyrophosphohydrolase		orf, hypothetical protein		0.003		48.780487		28.04878

		3		D-erythrose 4-phosphate dehydrogenase		glyceraldehyde-3-phosphate dehydrogenase (second fragment)		9.90E-06		60.377357		35.849056

		3		dipeptidyl carboxypeptidase II		oligopeptidase A		3.30E-83		54.098362		32.488823

		3		D-mannonate oxidoreductase		altronate oxidoreductase		2.60E-18		45.182014		24.839401

		3		DNA helicase, resolution of Holliday junctions, branch migration		primosomal protein N'(= factor Y)(putative helicase)		0.022		49.130436		29.130434

		3		DNA polymerase I, 3' --> 5' polymerase, 5' --> 3' and 3' --> 5' exonuclease		5'-3' exonuclease		1.70E-19		57.534248		33.789955

		3		DNA strand exchange and renaturation, DNA-dependent ATPase, DNA- and ATP-dependent coprotease		probable ATP-dependent protease		0.0052		48.780487		26.341463

		3		elongation factor P (EF-P)		putative elongation factor		5.40E-19		53.513512		28.648649

		3		enoyl-[acyl-carrier-protein] reductase (NADH)		putative oxidoreductase		1.20E-11		44.047619		27.777779

		3		ferrisiderophore reductase; flavin reductase (NADPH:flavin oxidoreductase)		putative oxidoreductase		0.00011		46.327682		28.813559

		3		FKBP-type 22KD peptidyl-prolyl cis-trans isomerase (rotamase)		FKBP-type peptidyl-prolyl cis-trans isomerase (rotamase)		2.80E-29		58.454105		38.164249

		3		formamidopyrimidine DNA glycosylase		endonuclease VIII and DNA N-glycosylase with an AP lyase activity		2.10E-05		44.86692		24.3346

		3		formate acetyltransferase 1		formate acetyltransferase 2		1.10E-27		49.304176		28.230616

		3		fructose-bisphosphate aldolase, class II		tagatose-bisphosphate aldolase 1		9.30E-15		54.074074		29.629629

		3		glucosamine-6-phosphate deaminase		putative isomerase		1.20E-10		47.572815		27.184465

		3		glucose-1-phosphate adenylyltransferase		glucose-1-phosphate thymidylyltransferase		0.0088		51.968502		35.433071

		3		glutathionine S-transferase		regulator of transcription; stringent starvation protein A		0.0034		42.564102		23.589743

		3		glutathionylspermidine synthetase/amidase		putative synthetase/amidase		3.30E-24		47.90419		29.940121

		3		glyoxylate-induced protein		putative transient receptor potential locus		1.40E-07		53.097343		29.203539

		3		GTP-binding elongation factor, may be inner membrane protein		putative GTP-binding factor		3.00E-29		54.803493		32.096069

		3		guanylate kinase		ATP-binding component of phosphonate transport		1.30E-06		44.973545		26.984127

		3		heat shock protein hslVU, ATPase subunit, homologous to chaperones		degrades sigma32, integral membrane peptidase, cell division protein		0.00022		57.142857		39.285713

		3		L-serine dehydratase (deaminase), L-SD2		L-serine deaminase		3.90E-167		86.813187		77.14286

		3		lysine-specific permease		putative amino acid/amine transport protein		9.30E-15		49.520767		26.517572

		3		mannitol-1-phosphate dehydrogenase		altronate oxidoreductase		3.40E-05		47.863247		28.632479

		3		membrane-bound ATP synthase, F1 sector, alpha-subunit		flagellum-specific ATP synthase		5.90E-17		50.841751		29.292929

		3		modulator of drug activity B		putative NAD(P)H oxidoreductase		0.0015		44.615383		26.923077

		3		N-acetylneuraminate lyase (aldolase); catabolism of sialic acid; not K-12?		putative lyase/synthase		2.20E-22		48.763252		27.208481

		3		nitrite reductase (NAD(P)H) subunit		respiratory NADH dehydrogenase		4.90E-07		50.210972		30.379747

		3		O2-independent coproporphyrinogen III oxidase		putative oxidase		2.30E-21		54.771786		33.195023

		3		oligopeptidase A		dipeptidyl carboxypeptidase II		2.70E-79		54.074074		32.740742

		3		peptide chain release factor RF-1		probable peptide chain release factor		3.80E-13		61.111111		43.333332

		3		permease of transport system for 3 nucleosides		putative transport system permease protein		3.20E-44		59.950249		30.348259

		3		poly(A) polymerase I		tRNA nucleotidyl transferase		1.40E-07		52.112675		33.333332

		3		polynucleotide phosphorylase; cytidylate kinase activity		RNase PH		2.90E-05		46.698112		26.886793

		3		preprotein translocase; secretion protein		orf, hypothetical protein		0.0044		49.612404		36.434109

		3		probable peptide chain release factor		peptide chain release factor RF-1		1.10E-11		61.111111		43.333332

		3		probable protein-tyrosine-phosphatase		putative phosphatase		7.10E-40		74.647888		56.338028

		3		protease III		putative peptidase		0.00058		52.964428		30.039526

		3		protein chain elongation factor EF-Tu (duplicate of tufA)		protein chain elongation factor EF-Tu (duplicate of tufB)		5.80E-180		99.746193		99.492386

		3		protein chain initiation factor IF-2		putative GTP-binding factor		0.0095		56.097561		37.398373

		3		putative carrier/transport protein		orf, hypothetical protein		4.30E-05		53.179192		27.167629

		3		putative esterase (EC 3.1.1.1)		putative esterase (EC 3.1.1.-).		1.10E-80		72.36364		53.81818

		3		putative glutaminase		putative glutaminase		1.50E-39		57.823128		38.435375

		3		putative GTP-binding factor		putative GTP-binding factor		0.079		47.826088		30.434782

		3		putative L-serine dehydratase		L-serine deaminase		7.40E-38		70.676689		60.902256

		3		putative phosphatidate cytidiltransferase		CDP-diglyceride synthetase		1.00E-12		59.333332		39.333332

		3		putative synthetase/amidase		glutathionylspermidine synthetase/amidase		6.90E-24		51.136364		30.113636

		3		pyridoxal kinase 2 / pyridoxine kinase		pyridoxal/pyridoxine/pyridoxamine kinase		1.30E-22		52.272728		29.924242

		3		RNA polymerase, sigma S (sigma38) factor; synthesis of many growth phase related proteins		RNA polymerase, sigma(70) factor; regulation of proteins induced at high temperatures		1.20E-48		66.118423		39.802631

		3		RNA polymerase, sigma(32) factor; regulation of proteins induced at high temperatures		RNA polymerase, sigma S (sigma38) factor; synthesis of many growth phase related proteins		3.50E-22		54.085602		28.015564

		3		rod shape-determining membrane protein; sensitivity to radiation and drugs		cell division; membrane protein involved in shape determination		4.70E-27		59.55056		31.179775

		3		sn-glycerol-3-phosphate permease		putative resistance protein (transport)		0.011		42.995171		20.048309

		3		superoxide dismutase, manganese		superoxide dismutase, iron		3.10E-39		61.53846		46.153847

		3		suppressor of ftsH mutation		orf, hypothetical protein		3.20E-15		51.643192		30.516432

		3		transcription-repair coupling factor; mutation frequency decline		DNA repair; excision nuclease subunit B		1.70E-09		48.036953		26.327944

		3		trehalase, periplasmic		cytoplasmic trehalase		1.40E-132		68.307083		50.19685

		3		tryptophan-specific transport protein		putative transporter protein		0.05		47.619049		21.088436

		3		tyrosine-specific transport system		tryptophan-specific transport protein		6.00E-43		58.838383		33.838383

		3		UDP-3-O-(3-hydroxymyristoyl)-glucosamine N-acyltransferase; third step of endotoxin (lipidA) synthesis		putative transferase		0.0055		57.35294		41.176472

		3		UDP-D-glucose:(galactosyl)lipopolysaccharide glucosyltransferase		UDP-D-galactose:(glucosyl)lipopolysaccharide- alpha-1,3-D-galactosyltransferase		1.30E-42		57.605179		34.627831

		4		4-aminobutyrate aminotransferase		acetylornithine delta-aminotransferase		7.20E-47		52.432434		36.486488

		4		acetylation of N-terminal serine of 30S ribosomal subunit protein L7; acetyl transferase		acetylation of N-terminal alanine of 30S ribosomal subunit protein S5		1.10E-05		50.434784		28.695652

		4		alpha-ketoglutarate permease		putative transport protein		0.00021		48.022598		27.683617

		4		altronate hydrolase		putative hydrolase		3.40E-49		51.143452		31.392931

		4		anaerobic ribonucleotide reductase activating protein		pyruvate formate lyase activating enzyme 1		1.20E-05		49.612404		24.806202

		4		ATPase of high-affinity potassium transport system, B chain		zinc-transporting ATPase		4.20E-28		51.219513		31.485588

		4		ATP-binding component of ferric enterobactin transport		ATP-binding component of hydroxymate-dependent iron transport		2.60E-49		66.244728		45.147678

		4		ATP-binding component of glutamine high-affinity transport system		ATP-binding component of sulfate permease A protein; chromate resistance		1.70E-40		63.865547		42.857143

		4		ATP-binding component of high-affinity branched-chain amino acid transport system		ATP-binding component of sulfate permease A protein; chromate resistance		1.20E-23		53.75		29.583334

		4		ATP-binding component of high-affinity phosphate-specific transport system		putative ATP-binding component of a transport system		7.70E-27		53.877552		37.142857

		4		ATP-binding component of phosphonate transport		guanylate kinase		1.30E-06		47.089947		29.100529

		4		ATP-binding component of putrescine transport system		putative ATP-binding component of a transport system		2.00E-58		61.011906		40.773811

		4		ATP-binding component of spermidine/putrescine transport		putative ATP-binding component of a transport system		2.10E-61		64.285713		44.940475

		4		ATP-binding component of transport system for glycine, betaine and proline		putative ATP-binding component of a transport system		6.70E-44		61.316872		41.152264

		4		ATP-binding protein of glutamate/aspartate transport system		ATP-binding component of a transporter		1.10E-34		58.677685		37.603306

		4		carbon starvation protein		putative carbon starvation protein		2.70E-158		80.029152		63.702625

		4		chemotaxis regulator transmits chemoreceptor signals to flagelllar motor components		sensor for ctr capsule biosynthesis, probable histidine kinase acting on RcsB		0.0026		51.612904		37.096775

		4		citrate-dependent iron transport, membrane-bound protein		ferric enterobactin (enterochelin) transport		4.10E-19		55.149502		36.544849

		4		citrate-dependent iron transport, periplasmic protein		ferric enterobactin (enterochelin) binding protein; periplasmic component		5.10E-13		47.445255		28.467154

		4		cryptic nitrate reductase 2, alpha subunit		biotin sulfoxide reductase		8.40E-13		47.711269		26.760563

		4		cytochrome d terminal oxidase polypeptide subunit II		probable third cytochrome oxidase, subunit II		7.30E-118		74.406334		57.519791

		4		dipeptide transport protein		putative transport periplasmic protein		1.20E-21		43.652561		22.494432

		4		excision nuclease subunit A		ATP-binding component of leucine transport		2.90E-08		57.070705		33.333332

		4		ferredoxin-type protein: electron transfer		involved in electron transport from formate to hydrogen, Fe-S centers		0.00016		45		32

		4		ferric enterobactin (enterochelin) binding protein; periplasmic component		citrate-dependent iron transport, periplasmic protein		1.10E-12		48.35165		27.472527

		4		ferrous iron transport protein B		GTP-binding protein		7.60E-07		49.390244		25

		4		FKBP-type peptidyl-prolyl cis-trans isomerase (rotamase)		probable FKBX-type 16KD peptidyl-prolyl cis-trans isomerase (a rotamase)		2.00E-12		50.344826		31.724138

		4		formate dehydrogenase, cytochrome B556 (FDO) subunit		formate dehydrogenase-N, nitrate-inducible, cytochrome B556(Fdn) gamma subunit		7.80E-50		69.668243		48.815166

		4		gluconate transport system permease 3		low-affinity gluconate transport permease protein, fragment 2		2.00E-08		55.555557		34.343433

		4		glucose-1-phosphate thymidylyltransferase		homolog of Salmonella UTP--glucose-1-P uridyltransferase, probably a UDP-gal transferase		8.50E-10		48.547718		27.385893

		4		glucose-1-phosphate uridylyltransferase		glucose-1-phosphate thymidylyltransferase		1.90E-08		46.91943		27.014217

		4		glutamine high-affinity transport system; membrane component		arginine 3rd transport system permease protein		1.70E-09		52.970299		30.198019

		4		guanine-hypoxanthine phosphoribosyltransferase		hypoxanthine phosphoribosyltransferase		5.10E-07		56.880733		30.275229

		4		high-affinity branched-chain amino acid transport system; membrane component		high-affinity branched-chain amino acid transport		0.094		49.122807		28.070175

		4		high-affinity phosphate-specific transport system		sulfate, thiosulfate transport system permease T protein		0.012		47.035572		22.924902

		4		high-affinity transport of gluconate / gluconate permease		low-affinity gluconate transport permease protein, fragment 2		6.40E-10		64.948456		42.26804

		4		high-affinity transport system for glycine betaine and proline		putative transport system permease protein		4.30E-08		46.368713		29.608938

		4		IS1 protein InsA		IS1 protein InsA		4.70E-43		96.7033		92.307693

		4		IS5 transposase		IS5 transposase		8.00E-183		100		100

		4		L-fuculose-1-phosphate aldolase		putative epimerase/aldolase		7.10E-17		53.475937		34.759357

		4		L-lactate permease		putative permease		3.90E-151		80.399277		63.883846

		4		low-affinity gluconate transport permease protein, fragment 2		gluconate transport system permease 3		7.80E-07		57.575756		33.333332

		4		low-affinity transport system; proline permease II		putative transport protein		1.60E-10		50.877193		27.631578

		4		L-tartrate dehydratase, subunit A		fumarase B= fumarate hydratase Class I; anaerobic isozyme		4.20E-05		42.213116		27.049181

		4		L-tartrate dehydratase, subunit B		fumarase B= fumarate hydratase Class I; anaerobic isozyme		5.60E-12		53.005463		30.601093

		4		maturation of antibiotic MccB17, see tld genes		suppresses inhibitory activity of CsrA		6.60E-09		45.161289		24.193548

		4		methylviologen resistance		suppresses groEL, may be chaperone		3.30E-10		56		33

		4		molybdate transport permease protein		sulfate transport system permease W protein		8.60E-12		53.237411		32.3741

		4		molybdopterin ---> molybdopterin-guanine dinucleotide, protein Ar		orf, hypothetical protein		0.0087		45.502647		23.280424

		4		multidrug resistance; probably membrane translocase		putative transport protein		7.60E-36		53.132832		28.571428

		4		multiple antibiotic resistance protein; repressor of mar operon		regulator of plasmid mcrB operon (microcin B17 synthesis)		0.0011		43.47826		29.565218

		4		N-acetylmuramoyl-l-alanine amidase I		N-acetylmuramoyl-l-alanine amidase II; a murein hydrolase		2.90E-34		62.313435		38.805969

		4		nitrate reductase 1, alpha subunit		biotin sulfoxide reductase 2		3.20E-16		46.986088		26.429676

		4		nitrate reductase 1, beta subunit		formate dehydrogenase-N, nitrate-inducible, iron-sulfur beta subunit		1.90E-12		47.468353		30.379747

		4		nitrate reductase 1, cytochrome b(NR), gamma subunit		cryptic nitrate reductase 2, gamma subunit		1.00E-70		86.222221		71.555557

		4		part of maltose permease, inner membrane		sn-glycerol 3-phosphate transport system, integral membrane protein		4.20E-11		49.070633		27.137547

		4		periplasmic glutamine-binding protein; permease		histidine-binding periplasmic protein of high-affinity histidine transport system		4.40E-24		55		30.833334

		4		phosphoheptose isomerase		orf, hypothetical protein		1.20E-30		64.024391		42.682926

		4		phosphotransacetylase		putative multimodular enzyme		3.80E-38		55.031448		32.389938

		4		plays structural role in maturation of all 3 hydrogenases		thiamin-monophosphate kinase		0.00026		45.023697		28.43602

		4		pleiotrophic effects on 3 hydrogenase isozymes		may modulate levels of hydrogenease-2		7.50E-29		71.929825		48.245613

		4		potassium uptake, requires TrkE		trk system potassium uptake; part of Rac prophage		2.70E-79		65.581398		41.162792

		4		probable 3-hexulose 6-phosphate synthase		probable hexulose-6-phosphate synthase		3.50E-47		68.518517		45.833332

		4		probable adenine deaminase (synthesis xanthine)		putative N-acetylgalactosamine-6-phosphate deacetylase		0.063		56.790123		37.037037

		4		probable carnitine transporter		high-affinity choline transport		8.00E-38		48.902195		25.349302

		4		probable hexulose-6-phosphate synthase		probable 3-hexulose 6-phosphate synthase		8.40E-53		68.518517		45.833332

		4		probable pyruvate formate lyase activating enzyme 2		putative pyruvate formate-lyase 2 activating enzyme		1.50E-23		53.92857		38.92857

		4		probable third cytochrome oxidase, subunit I		cytochrome d terminal oxidase, polypeptide subunit I		1.90E-174		80.434784		61.66008

		4		probable third cytochrome oxidase, subunit II		cytochrome d terminal oxidase polypeptide subunit II		1.20E-106		74.670181		57.519791

		4		protease involved in processing C-terminal end of the large subunit of hydrogenase 3		processing of HyaA and HyaB proteins		0.0074		50.413223		28.099174

		4		protein secretion, membrane protein		protein secretion; membrane protein, part of the channel		1.20E-06		57.692307		28.205128

		4		putative ATP synthase beta subunit		orf, hypothetical protein		7.40E-11		52.287582		37.254902

		4		putative ATP-binding protein in pho regulon		PhoB-dependent, ATP-binding pho regulon component; may be helicase; induced by P starvation		6.00E-43		62.008732		41.484715

		4		putative carbon starvation protein		carbon starvation protein		6.70E-147		79.73568		63.436123

		4		putative collagenase		putative collagenase		4.80E-21		50		33.587788

		4		putative pyruvate formate-lyase 2 activating enzyme		probable pyruvate formate lyase activating enzyme 2		1.70E-22		53.92857		38.92857

		4		putative sugar transferase		polysaccharide metabolism		4.40E-06		55.263157		29.824562

		4		regulator for asnA, asnC and gidA		regulator for leucine (or lrp) regulon and high-affinity branched-chain amino acid transport system		2.60E-10		49.64539		24.822695

		4		regulator of plasmid mcrB operon (microcin B17 synthesis)		transcriptional regulator for cryptic hemolysin		6.40E-07		53.19149		26.595745

		4		repressor for uid operon		acrAB operon repressor		0.00041		51.612904		37.096775

		4		rhsA protein in rhs element		orf, hypothetical protein		3.40E-36		77.391304		66.95652

		4		rhsC protein in rhs element		rhsE protein in rhs element		3.10E-216		86.14801		77.419357

		4		short chain fatty acid transporter		high-affinity phosphate-specific transport system, cytoplasmic membrane component		0.03		47.761192		29.850746

		4		site-specific recombinase, acts on cer sequence of ColE1, effects chromosome segregation at cell division		putative transposase		0.0019		46.698112		26.886793

		4		sn-glycerol 3-phosphate transport system, integral membrane protein		putative transport system permease protein		6.80E-19		51.340996		26.436781

		4		spermidine/putrescine transport system permease		molybdate transport permease protein		1.60E-10		53.554501		27.014217

		4		suppresses inhibitory activity of CsrA		maturation of antibiotic MccB17, see tld genes		6.30E-07		45.967743		23.655914

		4		thiamin-monophosphate kinase		plays structural role in maturation of all 3 hydrogenases		0.00089		43.961353		25.603865

		4		threonine dehydrogenase		putative oxidoreductase		6.60E-21		51.038574		33.827892

		4		transcriptional regulatory protein		catabolic regulation response regulator		7.70E-27		55.963303		34.862385

		4		transport of nickel, membrane protein		putative transport system permease protein		1.10E-50		64.379082		41.503269

		4		transport of potassium		K+ efflux antiporter, glutathione-regulated		0.0028		48.113209		28.301888

		4		transport system permease (serine?)		high-affinity transport of gluconate / gluconate permease		2.00E-44		61.059906		35.944702

		4		trk system potassium uptake; part of Rac prophage		potassium uptake, requires TrkE		8.80E-74		65.700485		41.304348

		4		UDP-N-acetyl-D-mannosaminuronic acid dehydrogenase; synthesis of enterobacterial common antigen (ECA)		UDP-glucose 6-dehydrogenase		2.40E-10		49.599998		27.6

		5		(p)ppGpp synthetase I (GTP pyrophosphokinase); regulation of RNA synthesis; stringent factor		(p)ppGpp synthetase II; also guanosine-3',5'-bis pyrophosphate 3'-pyrophosphohydrolase		1.10E-101		56.030533		33.740459

		5		(p)ppGpp synthetase II; also guanosine-3',5'-bis pyrophosphate 3'-pyrophosphohydrolase		(p)ppGpp synthetase I (GTP pyrophosphokinase); regulation of RNA synthesis; stringent factor		1.30E-96		55.792683		33.536587

		5		2-module integral membrane pump; multidrug resistance		putative transport protein		0.066		44.507042		23.661972

		5		3-(3-hydroxyphenyl)propionate hydroxylase		2-octaprenyl-6-methoxyphenol--> 2-octaprenyl-6-methoxy-1, 4-benzoquinone		0.062		53.488373		33.720932

		5		alkyl hydroperoxide reductase, C22 subunit; detoxification of hydroperoxides		bacterioferritin comigratory protein		0.0005		57.692307		34.615383

		5		ATP binding protein of heme exporter A		ATP-binding component of hydroxymate-dependent iron transport		3.10E-06		55.434784		33.695652

		5		ATP-binding cell division protein, septation process, complexes with FtsZ, associated with junctions of inner and outer membranes		regulator of ftsI, penicillin binding protein 3, septation function		0.0018		48.591549		27.464788

		5		ATP-binding component of 3rd arginine transport system		ATP-binding component of a transporter		2.90E-34		59.734512		38.053097

		5		ATP-binding component of citrate-dependent iron(III) transport protein		putative ATP-binding component of a transport system		1.30E-24		53.648067		32.618027

		5		ATP-binding component of vitamin B12 transport system		ATP-binding component of cytochrome-related transport, Zn sensitive		1.20E-11		51.960785		32.843136

		5		B12-dependent homocysteine-N5-methyltetrahydrofolate transmethylase, repressor of metE and metF		putative enzyme		2.40E-13		47.402596		26.298702

		5		bicyclomycin resistance protein; transmembrane protein		putative transport protein		1.60E-07		46.449703		21.005917

		5		curlin major subunit, coiled surface structures; cryptic		minor curlin subunit precursor, similar ro CsgA		2.80E-06		43.010754		31.182796

		5		DNA ligase		putative enzyme		3.60E-06		49.18919		27.567568

		5		GTP-binding protein in thiophene and furan oxidation		GTP-binding protein		1.60E-09		51.851852		33.333332

		5		homolog of Salmonella peptide transport permease protein		transport of nickel, membrane protein		5.40E-26		50.965252		30.50193

		5		hydrogenase-2 small subunit		formate dehydrogenase-O, iron-sulfur subunit		6.20E-25		51.744186		36.046513

		5		L-idonate transporter		transport system permease (serine?)		6.30E-50		61.072262		32.634033

		5		L-ribulokinase		xylulokinase		0.027		46.542553		28.723404

		5		NAD-dependent 7alpha-hydroxysteroid dehydrogenase, dehydroxylation of bile acids		2-deoxy-D-gluconate 3-dehydrogenase		2.80E-22		52.2449		32.2449

		5		NADH dehydrogenase transcriptional regulator, LysR family		putative transcriptional regulator LYSR-type		2.80E-05		50.210972		24.894514

		5		protein phosphatase 1 modulates phosphoproteins, signals protein misfolding		diadenosine tetraphosphatase		1.50E-05		54.166668		36.111111

		5		putative ATPase		Mg2+ transport ATPase, P-type 1		9.90E-22		51.612904		29.953917

		5		putative EC 3.5. amidase-type enzyme		putative amidase		8.10E-12		47.90419		29.940121

		5		putative glycan biosynthesis enzyme		putative regulator		0.096		48.514851		31.683168

		5		putative membrane protein		acridine efflux pump		0.074		43.722942		25.974026

		5		putative permease		anaerobic dimethyl sulfoxide reductase subunit C		0.002		47.509579		26.05364

		5		putative phosphonomutase 2		isocitrate lyase		3.00E-10		55.868546		33.333332

		5		putative transport protein		periplasmic binding protein for nickel		1.60E-31		49.353447		28.879311

		5		putative transport system permease protein		low affinity tryptophan permease		0.045		44.217686		22.44898

		5		putative transposase		IS3 putative transposase		3.00E-14		63.366337		42.574257

		5		putrescine transport protein; permease		putative transport system permease protein		8.90E-06		52.941177		29.411764

		5		regulator of acetyl CoA synthetase		orf, hypothetical protein		2.20E-54		53.304905		32.835819

		5		ribonucleoside-diphosphate reductase 1, beta subunit, B2		ribonucleoside-diphosphate reductase 2, beta chain, frag		9.00E-11		49.541283		30.733946

		5		ribonucleoside-diphosphate reductase 2, beta chain, frag		ribonucleoside-diphosphate reductase 1, beta subunit, B2		3.40E-11		49.794239		29.629629

		5		sn-glycerol-3-phosphate dehydrogenase (anaerobic), large subunit		orf, hypothetical protein		0.0042		44.594593		25

		5		thiogalactoside acetyltransferase		putative O-acetyl transferase		6.70E-12		57.599998		40

		5		transcriptional regulator for cryptic hemolysin		multiple antibiotic resistance protein; repressor of mar operon		3.60E-06		51.724136		24.137932

		5		tRNA (uracil-5-)-methyltransferase		putative enzyme		4.30E-15		56.626507		37.349396

		5		uptake of C4-dicarboxylic acids		part of a kinase		7.70E-19		52.058113		23.970943

		5		2-oxo-3-deoxygalactonate 6-phosphate aldolase and galactonate dehydratase		starvation sensing protein		3.20E-44		52.356022		33.246075

		5		acrAB operon repressor		repressor for uid operon		0.00041		51.612904		37.096775

		5		attaching and effacing protein, pathogenesis factor		putative factor		1.60E-71		71.841156		49.458485

		5		bacteriophage DNA packaging protein		homolog of Qin prophage packaging protein NU1		9.00E-88		99.431816		98.86364

		5		bacteriophage lambda endopeptidase homolog		putative Rac prophage endopeptidase		1.60E-44		95.959595		93.939392

		5		bacteriophage lambda lysozyme homolog		putative lysozyme		1.20E-14		51.25		35

		5		cytochrome d terminal oxidase, polypeptide subunit I		probable third cytochrome oxidase, subunit I		8.80E-177		80.434784		61.66008

		5		D-alanine-D-alanine ligase A		D-alanine-D-alanine ligase B, affects cell division		2.10E-47		61.092152		39.590443

		5		DNA repair; excision nuclease subunit B		transcription-repair coupling factor; mutation frequency decline		1.80E-08		48.441246		28.057554

		5		enhances synthesis of sigma32 in mutant; extragenic suppressor, may modulate RNAse III lethal action		affects pool of 3'-phosphoadenosine-5'-phosphosulfate in pathway of sulfite synthesis		7.80E-18		50.785339		33.507854

		5		formate-dependent nitrite reductase; Fe-S centers		anaerobic dimethyl sulfoxide reductase subunit B		3.90E-23		47.619049		34.523811

		5		glutaredoxin1 redox coenzyme for glutathione-dependent ribonucleotide reductase		glutaredoxin 3		3.50E-08		62.31884		43.47826

		5		GTP - binding subunit of protease specific for phage lambda cII repressor		putative GTP-binding factor		5.80E-08		49.261086		27.093596

		5		GTP-binding protein		GTP-binding protein in thiophene and furan oxidation		1.80E-09		51.851852		33.333332

		5		GTP-binding protein chain elongation factor EF-G		peptide chain release factor RF-3		1.10E-27		51.034481		31.494253

		5		heat shock protein		suppressor of htrB, heat shock protein		2.20E-29		50.836121		30.434782

		5		histidine-binding periplasmic protein of high-affinity histidine transport system		periplasmic glutamine-binding protein; permease		1.70E-22		54.032257		31.048388

		5		homolog of Salmonella ATP-binding protein of oligopeptide ABC transport system		putative ATP-binding component of a transport system		1.60E-58		67.361115		44.097221

		5		homolog of Salmonella cobC, a phosphohistidine protein		orf, hypothetical protein		0.033		57.5		31.25

		5		homolog of Salmonella cold shock protein		cold shock protein		2.20E-13		67.741936		48.387096

		5		homolog of Salmonella FimH protein		putative fimbrial protein		8.30E-07		46.596859		27.22513

		5		homolog of Salmonella oligopeptide transport permease protein		transport of nickel, membrane protein		1.20E-21		56.928841		29.962547

		5		homolog of virulence factor		orf, hypothetical protein		0.0094		43.64407		22.457626

		5		host restriction; endonuclease R		primosomal protein N'(= factor Y)(putative helicase)		0.05		44.329895		25.429554

		5		hydrogenase 4 membrane subunit		NADH dehydrogenase I chain K		0.01		54.736843		29.473684

		5		hydrogenase 4 subunit		large subunit of hydrogenase 3 (part of FHL complex)		2.60E-225		85.171791		72.332733

		5		hydrogenase activity		NADH dehydrogenase I chain B		7.60E-20		59.259258		39.506172

		5		hydroxamate-dependent iron uptake, cytoplasmic membrane component		ferric enterobactin (enterochelin) binding protein; periplasmic component		0.045		47.457626		24.858757

		5		involved in either transport or processing of arabinose polymers		multidrug resistance protein Y		0.00067		49.43182		25

		5		involved in electron transport from formate to hydrogen, Fe-S centers		formate dehydrogenase-O, iron-sulfur subunit		2.90E-08		47.945206		33.561646

		5		lipoprotein		putative lipoprotein		2.70E-11		52.136753		33.333332

		5		multi modular; putative transcriptional regulator; also putative ATP-binding component of a transport system		putative regulator		7.30E-70		58.672379		35.331905

		5		negative regulator		putative regulator		0.00014		49.180328		30.327869

		5		negative regulator for fad regulon, and positive activator of fabA		putative FADA-type transcriptional regulator		5.50E-08		49.677418		30.967741

		5		peptide chain release factor RF-3		GTP-binding elongation factor, may be inner membrane protein		1.50E-11		50.97493		27.29805

		5		phage shock protein		orf, hypothetical protein		0.0049		49.397591		25.301205

		5		polysaccharide metabolism		putative glycan biosynthesis enzyme		0.0017		49.696968		30.30303

		5		positive regulator for lys		putative transcriptional regulator LYSR-type		1.20E-09		46.289753		23.321554

		5		possible chaperone		possible chaperone		9.40E-06		51.960785		33.333332

		5		possible enzyme		outer membrane fluffing protein, similar to adhesin		4.10E-23		50.709221		38.297871

		5		probable processing element for hydrogenase-2		processing of HyaA and HyaB proteins		5.00E-23		57.142857		39.751553

		5		probably ATP-dependent helicase		putative enzyme		2.60E-32		53.484322		33.275261

		5		probably transcriptional repressor of bet genes		putative DEOR-type transcriptional regulator		3.10E-05		52.941177		32.026142

		5		protease		periplasmic serine protease Do; heat shock protein HtrA		5.70E-47		60.681114		40.557274

		5		PTS system, enzyme I, transcriptional regulator (with NPR and NTR proteins)		putative PTS system enzyme I		1.60E-08		50.56818		27.272728

		5		putative amidase		N-acetylmuramoyl-l-alanine amidase I		5.70E-47		71.818184		48.636364

		5		putative binding-protein dependent transport protein		sn-glycerol 3-phosphate transport system, integral membrane protein		3.10E-16		55.849056		32.07547

		5		putative biotin synthesis protein		2-octaprenyl-6-methoxy-1,4-benzoquinone --> 2-octaprenyl-3-methyl-6-methoxy-1,4-benzoquinone		1.80E-06		59.016392		40.983608

		5		putative carboxylase		orf, hypothetical protein		0.037		44.144146		30.63063

		5		putative channel protein		orf, hypothetical protein		5.80E-22		57.948719		32.820515

		5		putative chaperone		putative chaperone		0.00042		44.642857		22.023809

		5		putative cytochrome		putative cytochrome		0.00032		42.528736		22.413794

		5		putative cytochrome subunit of dehydrogenase		orf, hypothetical protein		0.08		47.976879		23.699423

		5		putative diogenase beta subunit		putative oxidoreductase		6.10E-11		45.031055		24.223602

		5		putative DNA repair protein		DNA repair protein		2.00E-26		74.166664		47.5

		5		putative elongation factor		elongation factor P (EF-P)		5.40E-19		51.630436		29.347826

		5		putative enzyme		ferrisiderophore reductase; flavin reductase (NADPH:flavin oxidoreductase)		0.049		42.446045		20.143885

		5		putative epimerase		D-ribulose-5-phosphate 3-epimerase		1.00E-15		50.952381		28.571428

		5		putative excinuclease subunit		excinuclease ABC, subunit C; repair of UV damage to DNA		0.00043		48.076923		29.487179

		5		putative membrane pump protein		putative a membrane protein		2.90E-59		58.87265		35.073071

		5		putative oxidase		sn-glycerol-3-phosphate dehydrogenase (anaerobic), K-small subunit		3.90E-07		42.904289		23.432343

		5		putative polynucleotide enzyme		Holliday junction helicase subunit A; branch migration; repair		4.30E-07		52.475246		28.712872

		5		putative racemase		starvation sensing protein		2.20E-10		46.268658		29.104477

		5		putative reductase		putative dehydrogenase		6.20E-11		52.263374		27.98354

		5		putative regulator protein		orf, hypothetical protein		2.60E-09		48.695652		28.26087

		5		putative ribosomal protein		50S ribosomal subunit protein L31		1.50E-07		60.60606		46.969696

		5		putative RNA polymerase beta		orf, hypothetical protein		6.70E-28		65.753426		58.219177

		5		putative sensor for regulator EvgA		sensor protein torS (regulator TorR)		1.40E-26		50.743099		28.237791

		5		putative S-transferase		orf, hypothetical protein		1.10E-36		62.311558		44.221104

		5		putative tet operon regulator		putative transcriptional regulator		0.052		48		28.666666

		5		putative transformylase		10-formyltetrahydrofolate:L-methionyl-tRNA(fMet) N-formyltransferase		2.20E-32		51.47541		30.163935

		5		putative transient receptor potential locus		putative hexulose-6-phosphate isomerase		0.00083		48.288975		23.954372

		5		putative transmembrane subunit		orf, hypothetical protein		9.10E-06		49.824562		23.508772

		5		putative tRNA synthetase		orf, hypothetical protein		1.60E-58		60.784313		40.196079

		5		regulator of length of O-antigen component of lipopolysaccharide chains		ferric enterobactin (enterochelin) transport		9.90E-13		53.376205		29.581993

		5		response regulator (sensor, EnvZ) affecting transcription of ompC and ompF: outer membrane protein synthesis		transcriptional regulator in 2-component system		2.20E-38		64.159294		42.477875

		5		response transcriptional regulator for torA (sensor TorS)		negative response regulator of genes in aerobic pathways, (sensors, ArcB and CpxA)		4.90E-41		66.812225		43.231441

		5		rhsB protein in rhs element		orf, hypothetical protein		4.00E-37		87.234039		76.595741

		5		rhsD protein in rhs element		rhsA protein in rhs element		0		86.559998		78.080002

		5		rhsE protein in rhs element		rhsC protein in rhs element		1.10E-217		86.14801		77.419357

		5		sensor for ctr capsule biosynthesis, probable histidine kinase acting on RcsB		sensor protein torS (regulator TorR)		1.10E-36		53.131313		32.929295

		5		sensor protein AtoS for response regulator AtoC		sensor kinase for HydG, hydrogenase 3 activity		1.10E-33		59.071732		43.037975

		5		sensor-regulator, activates OmpR by phophorylation		putative sensor for regulator EvgA		4.80E-35		54.706928		30.195381

		5		SOS mutagenesis and repair		damage-inducible protein P; putative tRNA synthetase		1.40E-13		48.341232		27.014217

		5		SOS mutagenesis; error-prone repair; processed to UmuD'; forms complex with UmuC		regulator for SOS(lexA) regulon		3.70E-06		62.637363		36.263737

		5		starvation sensing protein		threonine dehydrogenase		2.40E-32		51.948051		30.194805

		5		suppresses groEL, may be chaperone		methylviologen resistance		1.20E-05		56		33

		5		suppressor of ftsI		orf, hypothetical protein		1.00E-55		55.411255		35.497837

		5		taurine ATP-binding component of a transport system		putative ATP-binding component of a transport system		4.70E-36		62.127659		39.148937

		5		taurine transport system permease protein		putative transport system permease protein		0.009		48.444443		26.222221

		5		transcriptional regulator in 2-component system		positive response regulator for pho regulon, sensor is PhoR (or CreC)		2.70E-24		61.363636		40.909092

		5		transport of dicarboxylates		putative transport protein		9.20E-47		61.486488		36.036037

		5		transport of hexuronates		fosmidomycin resistance protein		0.00081		45.358089		21.750664

		5		transport of nucleosides, permease protein		xanthosine permease		7.90E-128		77.033493		58.373207

		5		protein used in recombination and DNA repair		ATP-binding component of 3rd arginine transport system		0.067		57.142857		39.682541

		5		putative a membrane protein		putative membrane pump protein		6.50E-62		58.577404		34.728035

		5		putative DNA repair protein, RADC family		putative DNA repair protein		5.00E-55		90.540543		81.75676

		5		putative RNA		putative RNA		2.70E-08		81.818184		75.757576

		5		putative transport		putative transport protein		3.40E-05		51.121075		31.390135

		5		transcriptional regulator		transcriptional activator for glc operon		1.60E-19		51.23967		32.231403
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B1 Agrobacterium tumefaciens
B1 Sinorhizobium meliloti

B1 Mesorhizobium loti

B1 Brucella melitensis

B1 Caulobacter crescentus

E1 Arabidopsis thaliana

E1 Lycopersicon esculentum
E1 Artemisia annua

E1 Catharanthus roseus

E1 Morinda citrifolia

E1 Narcissus pseudonarcissus
E1 Medicago truncatula

E1 Mentha piperita

E1 Tagetes erecta

B1 Escherichia coli

B1 Salmonella enterica

B1 Yersinia pestis

B1 Vibrio cholerae

B1 Haemophilus influenzae
B1 Pseudomonas aeruginosa
B1 Xanthomonas campestris
B1 Xylella fastidiosa

B1 Neisseria meningitidis

B1 Ralstonia solanacearum
B1 Aquifex aeolicus

B1 Bacillus halodurans

B1 Listeria monocytogenes
B1 Clostridium acetobutylicum
B1 Thermoanaerobacter tengconge
B1 Corynebacterium glutamicum
B1 Mycobacterium leprae

B1 Kitasatospora griseola

B1 Streptomyces sp.

B1 Thermotoga maritima

B1 Deinococcus radiodurans
B1 Nostoc sp.

B1 Synechocystis sp.

B1 Synechococcus sp.

B1 Campylobacter jejuni

B1 Helicobacter pylori

B1 Chlamydia muridarum

B1 Fusobacterium nucleatum
A2 Methanococcus jannaschii
A2 Thermoplasmavolcanium
B2 Thermotoga maritima

B2 Agrobacterium tumefaciens
B2 Escherichia coli

B2 Deinococcus radiodurans
B2 Bacillus subtilis

B2 Chlorobium tepidum

B2 Mycobacterium leprae

B2 Aquifex aeolicus

B2 Chlamydia muridarum

B2 Campylobacter jejuni

B2 Ureaplasma urealyticum
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B1 Aquifexaeolicus

B1 Thermotogamaritima

B1 Deinococcusradiodurans
B1 Thermusaquaticus

B1 Bacillusanthracis

B1 Geobacillusstearothermophil
B1 Staphylococcusaureus

B1 Oceanobacillusiheyensis
B1 Listeriamonocytogenes
B1 Clostridiumacetobutylicum
B1 Mycoplasmagallisepticum
B1 Ureaplasmaurealyticum
B1 Lactococcuslactis

B1 Streptococcusagalactiae
B1 Brucellamelitensis

B1 Caulobactercrescentus
B1 Sinorhizobiummeliloti

B1 Nostoccommune

B1 Synechococcussp.

B1 Synechocystissp.

B1 Thermosynechococcuselongatu

E1 Cyanophoraparadoxa

B1 Xanthobacterflavus

B1 Neisseriameningitidis

B1 Pseudomonasaeruginosa
B1 Ralstoniasolanacearum
B1 Chlorobiumtepidum

E1 Entamoebahistolytica

E1 Trichomonasvaginalis

E1 Giardiaintestinalis

E1 Spironucleusbarkhanus
B1 Yersiniapestis

B1 Bifidobacteriumlongum
B1 Corynebacteriumglutamicum
B1 Mycobacteriumleprae

B1 Streptomycescoelicolor
B1 Borreliaburgdorferi

B1 Buchneraaphidicolai

B1 Cytophagahutchinsonii
B1 Escherichiacoli

B1 Vibriocholerae

B1 Haemophilusinfluenzae
B1 Microbulbiferdegradans
B1 Campylobacterjejuni

E1 Odontellasinensis

E1 Aspergillusoryzae

E1 Coccidioidesposadasii

E1 Schizosaccharomycespombe
E1 Kluyveromyceslactis

E1 Saccharomycescerevisiae
E1 Euglenagracilis

E1 Paracoccidioidesbrasilia
B1 Salmonellatyphimurium
B1 Lactobacilluscasei

B1 Listeriainnocua

B2 Klebsiellaoxytoca

B2 Escherichiacoli

B2 Shigellaflexneri

B2 Yersiniapestis

B2 Vibriofurnissii

B2 Clostridiumperfringens
B2 Clostridiumacetobutylicum
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A1 Aer pernix 515aa

A1 Pyr aerophilum dipeptide

B1 The maritima oligopeptide
B1 Bru melitensis PERIPLASMIC
B1 The tengcongensis ABC type
A1 Hal sp. dipeptide

B1 Agr tumefaciens AGR

B1 Rho sphaeroides dipeptide
B1 Mes loti ABC

B1 Rhi leguminosarum DppA
B1 Sin meliloti PROBABLE

B1 Rho rubrum dipeptide

B1 Esc coli1 dipeptide

B1 Sal typhimurium2 dipeptide
B1 Pas multocidal DppA

B1 Hae ducreyi heme binding
B1 Hae influenzae heme binding
B1 Bur fungorum1 COGO0747
B1 Chr violaceum1 probable
B1 Pse putida dipeptide

B1 Pse syringae2 dipeptide

B1 Pse syringae1 dipeptide

B1 Bur fungorum2 COGO0747
B1 Chr violaceum2 probable

B1 Erw chrysanthemi sapA

B1 Yer pestis peptide

B1 Esc coli2 Peptide

B1 Shi flexneri peptide

B1 Sal enterica peptide

B1 Sal typhimurium1 ABC

B1 Pas multocida2 SapA

B1 Vib alginolyticus SapA

B1 Vib vulnificus ABC type

B1 She oneidensis peptide

B1 Hel pylori dipeptide

B1 Bac halodurans dipeptide
B1 Oce iheyensis dipeptide

B1 Ral solanacearum PROBABLE
B1 Fus nucleatum Dipeptide

B1 Oce iheyensis oligopeptide
B1 Och anthropi dipeptide

A1 Pyr horikoshii 597aa

B1 Geo metallireducens dipepti
A1 Pyr abyssi Bacterial

A1 Met acetivorans dipeptide
A1 Met mazei Oligopeptide bi
B1 Vib cholerae peptide

A2 Met acetivorans nickel

B2 Bac halodurans nickel

B2 Fus nucleatum Nickel bindin
B2 Str agalactiae unknown

B2 Bru melitensis putative

B2 Esc coli NikA

B2 Shi flexneri periplasmic

B2 Wol succinogenes PUTATIVE
B2 Hel hepaticus nickel
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A1 Arc fulgidus iron

A1 Fer acidarmanus COG0609
A1 The acidophilum hemin

A1 The volcanium ABC type
A1 Hal sp. iron

B1 Pse syringae iron

A1 Met acetivorans iron

A1 Met barkeri COG0609

B1 Clo acetobutylicum ABC type
B1 Fus nucleatum Iron

B1 Azo vinelandii COG0609
B1 Rho rubrum COG0609

B1 Esc coli putative

B1 Shi flexneri putative

B1 Pas multocida HemU

B1 Chl tepidum iron

B1 Des hafniense COG0609
B1 Lac plantarum iron

B1 Zym mobilis hypothetical
B1 Wol succinogenes ABC TYPE
B1 Hae influenzae hemin

B1 Pas multocida unknown

A1 Met jannaschii hemin

A1 Met mazei Iron

B1 The tengcongensis ABC type
A1 Pyr furiosus iron

B1 The maritima iron

B1 Ent faecalis iron

B1 Sal typhimurium putative
B1 Hel pylori IRON

B1 Mic degradans COG0609
A1 Pyr abyssi hemU

A1 Pyr horikoshii 331aa

B1 Clo tetani iron

B1 Clo perfringens probable
B1 Bra japonicum HmuU

B1 Rho palustris COG0609

B1 Mag magnetotacticum COGO0609
B1 Mes loti permease

B1 Rhi leguminosarum HmuU
B1 Sin meliloti PUTATIVE

B1 Pho damselae putative

B1 Vib vulnificus ABC type

B1 She oneidensis hemin

B1 Chl aurantiacus hypothetica
B1 Dei radiodurans hemin

B1 Ent cloacae putative

B1 Yer enterocolitica hemin

B1 Yer pestis ABC type

B1 Cor diphtheriae HmuU

B1 Cor ulcerans permease

B1 Cor glutamicum ABC type
B1 Str coelicolor FecCD family
B1 The fusca COGO0609

B1 Nos sp. iron

B1 Bac halodurans ferric

B1 Str avermitilis hemin

B1 Des desulfuricans COG0609
B2 Bac cereus1 Ferrichrome
B2 Bac subtilis1 fhuC

B2 Clo acetobutylicum Ferrichr
B2 Oce iheyensis1 ferrichrome
B2 Lis innocua fhuC

B2 Chr violaceum enterobactin
B2 Esc coli ATP binding

B2 Str avermitilis putative

B2 Cor efficiens putative

B2 Rho sphaeroides COG1120
B2 Sin meliloti putative

B2 Nos sp. ATP binding

B2 Pse syringae COG1120
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A1 Arc fulgidus iron
A1 Met jannaschii ferrous
B1 The maritima iron Il
A1 Met acetivorans ferrous
A1 Met mazei Ferrous |
A1 Met thermautotrophicus ferr
B1 Bac anthracis ferrous
B1 Lis innocua lin2209
1 Lis monocytogenes Imo2105
B1 Sta aureus feoB
B1 Sta epidermidis feoB
B1 Lac plantarum ferrous
B1 Clo thermocellum COG0370
B1 Ent faecalis ferrous
B1 Ent faecium COGO0370
B1 Str mutans putative
B1 Leu mesenteroides COG0370
B1 Bac thetaiotaomicron putati
B1 Por gingivalis ferrous
B1 Mag sp. COGQ370 .
B1 Clo acetobutylicum FeoB lik
B1 Clo tetani ferrous
Met acetivorans2 ferrous
B1 The tengcongensis Ferrous
A1 Met kandleri Ferrous
A1 Pyr abyssi feoB

1 Pyr horikoshii 661aa
A1 Pyr furiosus ferrous
B1 Aqu aeolicus ferrous
B1 Cam jejuni ferrous
B1 Wol succinogenes FERROUS
B1 Hel ﬁylorl_lron .
B1 Cyt hutchinsonii COG0370
B1 Lep interrogans ferrous
B1 Nov aromaticivorans COG0370
B1 Ral metallidurans COG0370
B1 Ral solanacearum PROBABLE
B1 Xan axonopodis ferrous
B1 Xyl fastidiosa COG0370
B1 Rho palustris COG0370
B1 Azo vinelandii COGQ370
B1 Rho sphaeroides COG0370
B1 Mag magnetotacticum COGO0370
B1 Rho rubrum COGO0370
B1 Cox burnetii ferrous
B1 Leg pneumophila ferrous
B1 EsC coli Ferrous
B1 Shi flexneri ferrous
B1 Sal enterica ferrous
B1 Sal typhimurium ferrous
B1 Yer pestis ferrous
B1 Pse aeruginosa robable
B1 She oneidensis ferrous
B1 She putrefaciens ferrous
B1 Vib cholerae ferrous
B1 Vib parahaemolyticus ferrou
B1 Chl tepidum ferrous
B1 Mic deé;radans COG0370
B1 Dei radiodurans ferrous
B1 Chr violaceum ferrous
B1 The eIonqatu_s ferrous
B1 Des desulfuricans COG0370
A1 Pyr aerophilum iron
B2 Aqu aeolicus GTP bindin
B2 Bac anthracis GTP1 OB
B2 Ent faecium GTP binding
B2 Lac lactis GTP binding
B2 Str mutans putative
B2 Lac gasseri GTP bindin
B2 Clo thermocellum COG0536
B2 Hel mobilis SPOOB associate
B2 The tengcongensis predicted
E2 Ara thaliana GTP bindin
B2 The maritima conserve
B2 Cau vibrioides GTP binding
B2 Mes loti GTP bindin
B2 Chl trachomatis GT _
B2 Dei radiodurans GTP binding
B2 Cox burnetii GTP binding .
B2 Xan axonopodis GTP binding
B2 Xyl fastidiosa GTP binding
B2 Des desulfuricans GTP bindi
B2 Nos punctiforme GTP binding
B2 The elongatus GTP bmdm%_
B2 Geo metallireducens GTP bin
B2 Cor glutamicum predicted
E2 Sch pombe o
E2 Hom sapiens GTP binding
E2 Dro melanogaster GTP bindin
E2 Pla yoelii GTP binding
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A1 Met barkeri COG0243

A1A1 Met formicicum formate

A1 Met jannaschii formate

A1 Met maripaludis formate

A1 Met voltae formate

A1 The acidophilum Formate

A1 The volcanium Formate

B1 Agr tumefaciens formate

B1 Sin melilotii NAD dependent
B1 Sin meliloti2 PROBABLE

B1 Bra japonicum1 formate

B1 Mes loti NAD dependent

B1 Bor bronchiseptica2 NAD dep
B1 Bor parapertussis NAD depen
B1 Pse putida formate

B1 Ral eutropha NAD dependent
B1 Met extorquens2 NAD linked
B1 Ent faecalis NAD dependent
B1 Bra japonicum2 formate

B1 Met extorquens tungsten con
B1 Mag magnetotacticum COG3383
B1 Moo thermoacetica formate
B1 Eub acidaminophilumi1 FdhA |
B1 Eub acidaminophilum2 FdhA |
A1 Met kandleri Selenocysteine
A1 Met thermautotrophicus form
A1 Sul tokodaii 973aa

B1 Bac cereus Formate

B1 Lis innocua lin2731

B1 Lis monocytogenes Imo2586
B1 Bac subtilis formate

B1 Sta aureus formate

B1 Xan campestris formate

B1 Esc coli formate

B1 Sal enterica formate

B1 Sal typhimurium formate

B1 Rho rubrum COG0243

B1 Yer pestis formate

A1 Pyr abyssi fdhA

A1 The litoralis putative

A1 Pyr furiosus formate

A1 Pyr horikoshii 679aa

A1 Sul solfataricus Formate

B1 Bor bronchiseptical formate
B1 Bor pertussis formate

B1 Ral solanacearum PROBABLE
B1 She oneidensis formate

B1 Vib vulnificus Formate

B1 Met extorquensi formate

B1 Cam jejuni probable

B1 Wol succinogenes FORMATE
B1 Hae influenzae Formate

B2 Agr tumefaciens nitrate

B2 Mic degradans hypothetical
B2 Kle oxytoca nitrate

B2 Pse aeruginosa assimilatory
B2 Nos sp. narB

B2 Osc chalybea NarB

B2 Syn sp. nitrate

B2 The elongatus nitrate

B2 Aqu aeolicus nitrate

B2 Des desulfuricans nitrate

B2 Sal typhimurium periplasmic
B2 Str coelicolor nitrate

B2 Clo perfringens nitrate

B2 Pir sp. nitrate
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76 A1 Met acetivorans thymidylylt

100 A1 Met barkeri dTDP glucose
A1 Met mazei thymidylyltrans

% B1 Bac anthracis Nucleotidyl
B1 Bac cereus thymidylyltrans

B1 Bac subtilis thymidylyltran

B1 Bac halodurans coat

B1 Oce iheyensis coat

A1 Met thermautotrophicus thym

B1 Aci calcoaceticus thymidyly
B1 Aer hydrophila glucose 1 ph
B1 Vib cholerae thymidylyltran

B1 Yer pestis thymidylyltrans

78 B1 Hae ducreyi thymidyltransfe
_E B1 Nei gonorrhoeae thymidylylt
B1 Nei meningitidis thymidylyl

B1 She oneidensis thymidylyltr

B1 Kle pneumoniae thymidylyl

B1 Ane thermoaerophilus thymid

91

B1 Bac fragilis thymidyltransf
— B1 Bif longum thymidylyltrans

77

|_|: B1 Des hafniense dTDP glucose
B1 Lac gasseri dTDP glucose

100 B1 Bur mallei glucose 1 phosp
—E B1 Ral metallidurans dTDP gluc
B1 Ral solanacearum GLUCOSE 1

B1 Chr violaceum thymidylyltra

B1 Dei radiodurans thymidylylt

96

100 B1 Esc coli thymidylyltrans
_E B1 Sal enterica thymidylyltran
B1 Shi boydii thymidylyltrans

B1 Lep interrogans thymidylylt
—— B1 Cam jejuni glucose 1 phosp

L——— B1 Hel hepaticus hypothetical

B1 Cor glutamicum pyrophosphor

B1 Cox burnetii thymidylyltran
_E B1 Str avermitilis thymidyltra
B1 Str venezuelae phosphate

B1 Cyt hutchinsonii dTDP gluco
¢|: B1 Ent faecalis glucose 1 phos
B1 Ent faecium dTDP glucose

100 B1 Str mutans thymidyltransfe
_E B1 Str pyogenes thymidyl
B1 Str thermophilus thymidylyl

B1 Lac plantarum thymidylyltra

98 B1 Leu mesenteroides dTDP gluc
B1 Oen oeni dTDP glucose

B1 Lis monocytogenes thymidyly

B1 Geo metallireducens dTDP gl

B1 Leg pneumophila protein

B1 The elongatus thymidylyltra

B2 Bac halodurans adenylyltran
_‘_: B2 Oce iheyensis adenylyltrans

B2 The maritima adenylyltransf

B2 Str pneumoniae adenylyltran
B2 Bif longum adenylyltransfe

|_: B2 Cor efficiens glucose 1 pho
B2 Myc leprae glucose 1 phosp

B2 Bra japonicum adenylyltrans
_E B2 Nov aromaticivorans ADP glu
B2 Rhi tropici glucose

B2 Esc coli pyrophosphoryla

B2 Mag magnetotacticum ADP glu

B2 Nit europaea pyrophosphoryl

B2 Mic degradans ADP glucose





99

100
94 _|:

88 9
100
02| L

100

(111 FH

00

i

—

100—L__

99
85
80 100
g2
100
100 —__

T ‘ fH “ fH ‘ HT

A1 Arc fulgidus adenine

B1 Agr tumefaciens AGR C 4165p
B1 Sin meliloti2 PUTATIVE

B1 Bru melitensis PROBABLE
B1 Bru suis adenine

B1 Rho sphaeroides COG1001
B1 Esc coli probable

B1 Bac halodurans adenine

B1 Bac subtilis adenine

B1 Lac plantarum adenine

B1 Leu mesenteroides COG1001
B1 Oen oeni1 COG1001

B1 Lis innocua adeC

B1 Lis monocytogenes adeC

B1 Ent faecium COG1001

B1 Oce iheyensis1 adenine

B1 Clo acetobutylicum Adenine
B1 Des hafniense COG1001

B1 Bra japonicum blr3165

B1 Mag magnetotacticum COG1001
B1 Mes loti adenine

B1 Dei radiodurans adenine

B1 Sin meliloti1 probable

B1 Des desulfuricans COG1001
A1 Met acetivorans adenine

A1 Met barkeri COG1001

A1 Met mazei Adenine

B1 Bor burgdorferi adenine

A1 Met thermautotrophicus aden
A1 Met kandleri Adenine

A1 Met jannaschii adenine

—— B1 Clo perfringens probable

B1 Ent faecalis adenine

B1 Oen oeni2 COG1001

B1 Bac anthracis Adenine deam
B1 Bac cereus Adenine

B1 Oce iheyensis2 adenine

B1 Geo metallireducens COG1001
A2 Sul solfataricus N acetylgl

B2 Bac subitilis N acetylglucos

B2 Sta epidermidis N acetylglu

B2 Myc penetrans N acetylgluco
B2 Clo perfringens N acetylglu

B2 Bif longum N acetylglucosa

B2 Bru melitensis N ACETYLGLUC
B2 Mes loti N acetylglucosa

B2 Hae ducreyi N acetylglucosa
B2 Glo violaceus N acetyl gluc

B2 Nos sp. N acetyl glucos

B2 The elongatus N acetylgalac
E2 Cae elegans hypothetical

E2 Dro melanogaster CG27065 PA
E2 Hom sapiens Similar

E2 Mus musculus unnamed

B2 Esc coli putative

B2 Bur fungorum COG2820

B2 Dei radiodurans N acetylglu

B2 Lac lactis N acetylglucosa

B2 Str mutans putative
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