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ABSTRACT

We have compiled the DNA sequence data for E.coli
available from the GENBANK and EMBL data libraries
and over a period of several years independently from
the literature. This is the fifth listing replacing and
increasing the former listings substantially. However,
in order to save space this printed version contains
DNA sequence Information only, If they are publically
available in electronic form. The complete compilation
including a full set of genetic map data and the E.coll
protein index can be obtained in machine readable form
from the EMBL data library (ECD release 15) as a part
of the CD-ROM issue of the EMBL sequence database,
released and updated every three months. After
deletion of all detected overlaps a total of 2 353 635
individual bp is found to be determined till the end of
April 1993. This corresponds to a total of 49.87% of
the entire E.coli chromosome consisting of about 4,720
kbp. This number may actually be higher by 9161 bp
derived from other strains of E.coli.

INTRODUCTION
Within this sequence supplement issue we were able to publish
a compilation of DNA sequences of Escherichia coli in four
contiguous years since 1989 and asked our colleagues from all
over the world for additions and corrections [1-4]. Over the
recent years the number of newly published E. coli sequence data
increased substantially (see Fig. 1). The velocity of adding new
data increased also. A rough calculation allows the prediction,
that the complete sequence of E. coli may be known by 1998,
using a noncoordinate effort only. This target may be reached
earlier, because at least two groups have devoted their research
to systematic sequencing of certain areas of the E. coli
chromosome. According to our data a total of 2 353 636 bp is
sequenced till April 1993. Almost one halve of these nucleotides
is published more than once. The data presented here may serve
as a basis for encouragement to our colleagues to either send
us their unpublished, mostly flanking material or to determine
additionally the sometimes very small gaps towards known
neighbouring sequences. This may finally help to produce the
Escherichia coli K12 DNA sequence as the first complete
sequence of a living organism. This compilation is available in
its full form quarterly from EMBL data library together with their
current release on tape (ECD) or from the EMBL file server [5].
It may also be received from the EMBL data library on CD-

ROM together with a service stand alone program for quick
database search and direct access to collected sequences.

PREVIOUS AND SUPPORTING EFFORTS
The most famous collection of E.coli data is the linkage map
compiled by B.Bachmann [6]. These data were updated for the
last time in 1990 and we tried to follow this update as close as
possible. Thus the electronic full version of ECD contains all
known genes, except the open reading frames with no genetic
function known, but including all recent updates found in the
literature. Three other groups [7-13] started a program to fit
the DNA sequence data directly onto the physical map compiled
by Y.Kohara et al. [14]. We still prefer the genetic map positions
rather than the physical map coordinates, since it seems to be
more comfortable to find the most important genetic cross
references within the Bachman map, directly. However these
numbers are often subject to small changes, if a new contig could
be formed. In general one may obtain the physical data simply
by multiplying the genetic 'map' data by a factor of 47.2. This
operation needs to pay attention to a large inversion within the
Kohara restriction map, which however is considered in two other
cosmidbanks [15,16]. In order to merge our data with those
regarding the Kohara map data directly [7-13] we have
compared our data with those of K.Rudd (Bethesda,MD) and
paid attention to all other collections as far as possible. Thus,
we also included the unpublished material available exclusively
to us or to K.Rudd. However, these data were given to us for
statistical purposes only; for an example see references 17 and
18. The respective information may be available on personal
request from the authors named in Listing 1. Additions and
corrections of several colleagues are indicated in the main list
within the comment column (see Listing 1; for abbreviations see
Table 1).
Although the sequence is only semifinished now, a number

of refined functional analyses of the sequence data are perfonmed,
namely on promoter [19] and termiinator structures [20], as well
as on ribosomal binding sites [21] and on the distribution ofREP
sequences [22].

SYSTEMATIC SEQUENCING EFFORTS

1992 the first two reports on systematic sequencing of the E. coli
chromosome were released [23,24]. According to announcements
made on international conferences at Madison, Wisconsin and
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at Paris dealing with the chromosomal organisation of small
genomes, these projects have reached a fairly advanced status,
already. One group headed by F.Blattner (Madison,WI) has
almost finished the systematic sequencing of about 20% of the
genome located between min 80 and 100. This group has
performed their sequencing independently from any sequence data
known from other laboratories. Thus, their first report was upon
91.4 kb with about 75% sequenced in other laboratories before.
A second report from this group increases the size of this contig
to 245 kb [25].
Another group is formed by a number of independent

laboratories in Japan. They are devoted to systematic sequencing
of the area between min 0 and 33. The coordinator is K.Isono
(Kobe University). The first reports are released from the
laboratory of M.Mizobuchi (Tokyo) [24]. This group uses a
completely different stategy by sequencing gaps only. According
to a most recent personal communication, the group of
Dr Mizobuchi finished a contig of 274 kb spanning the entire
area from min 0 to 6.4. Their first report on 111 kb included
about 65% sequence data from other laboratories [24]. The other
areas finished now contain considerably more new data.

PERFORMED COMPILATION
The general scope of this collection is to allow a compilation
of all uncoordinated sequence information to finally end up with
a complete Escherichia coli nucleotide sequence data bank,
including all sequenced mutants. In order to give a visual
impression about the availability of sequence information ofE. coli
DNA we include an appropriate figure. This Figure 1 is printed
automatically on a high resolution printer and is to scale as far
as possible. The extent of the black bars represents the mainly

Fgu 1. To date seqcd areas witiin the circular chromosome of Escherihia
coUi K12. The sequenced areas are calculated in percent of the total chromosome
according to the main list. All contigs over 2000 bp are shown in scale black
bar at the respective genetc map position. Some prminent markers are included
as well. The areas between min 0 and 33, and between min 80 and 100 are subject
to systematic sequencing efforts in Japan and the U.S.A., respectively (see text).

sequenced areas. All sequences with more then 2000 contiguous
basepairs are shown. The final print may not give enough
resolution, thus the comparison with the main list (Listing 1) is
strongly recommended.

Besides the pure sequence information some specified additions
are introduced, mostly if restriction maps could be found in the
original paper. We introduced B.Bachmann's genetic map data
completely and used them to sort the sequences roughly by a
tenth of a minute. Fine assortnent was by a hundredth of a
minute, if the sequences overlap. A hundredth of a minute
corresponds to 472 bp, which seems to be a sufficient resolution.
If the sequences were mapped in either of the compilations using
the Kohara map [7-13], we preferred to use their assignment
including the respective orientation. However, these numbers may
not be used as experimentally determined data, as long as we
deal with interrupts of any kind. Contigs are only accepted, if
either sequence extends over the respective restriction site.

Note, the given map coordinate may vary somehow within
different issues of this collection, due to increasing number of
recognized overlaps. If the numbers are not consecutive witiin
collected entries, you may find the missing entries within the
electronic ECD data bank only. Numbers higher then 100 witiin
this line refer to DNA sequences, which could not be localized
witiin the chromosome yet. The numbers refer to the following
tpe of information:
101-126 Unlocalized structural genes in alphabetical

order
>200 Insertion sequences in quasi numerical order

(e.g. 200.05 is IS5; 201.50 is IS150)
> 300 tRNAs filed as RNA sequences and

unlocalized tRNA genes in alphabetical order
of the corresponding amino acids (RNA
sequences neglected here)

>400 unlocalized RNAs
>500 reviews and sum res (neglected here)

The gene symbols are either according to the Bachmann list or
to the respective paper. Several symbols have been changed in
the past for different reasons. In order to provide a basis for
comparison, we added Listing 2, which is part of the main list
but sorted on names. Note, some names denoted by '*' seem
to be biased. Thus the given entry names within the EMBL or
GenBank entries differ sometimes from the given gene symbol.
These differences are indicated as much as possible mostly using
the ' =' symbol in the last position of the name column pointing
to the comment column. If more then two gene symbols are
necessary to describe the content either of a single or a condensed
entry, the '&' symbol points to the comment column, in order
to indicate that this area consists of more than two genes. Thus
the two columns should be read as one consecutive item. We
tried to use each gene symbol at least once in the first position.
Since a fairly compressed form had to be used witiin this
databank, some terms and abbreviations had to be used and are
explained in Table 1.
This fourth edition of ECtD contains a major increase of

information by adding the exact coordinates for the performed
overlaps, the entire genetic map data [6] and the 2D-protein index
numbers [26]. In order to make the calculations transparent, we
preferred to keep all references with contributions to the
respective area. However, we can only give one reference per
data bank entry in this printed version. The full set of information
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is provided in the electronic ECD version, which also includes
some structural information and other functional data, restriction
map data, corrections or sequenced mutations. Most tRNA
sequences are compiled together with their respective anticodon
sequence. For crossreferences to the tRNA collection [27] see
our previous listing [1]. Most ribosomal operons are not fully
sequenced witiin their 16S and 23S RNA genes. Thus the
compiled sequences are sometimes only analogs. Insertion
sequences are compiled using the known copy number within
E.coli K12 strain W3110 [28,29]. Only those insertion elements
which are sequenced together with flanking areas may be found
at the respective genetic locus.

Strains other then E.coli K12 are indicated. However, the
respective sequence data are not included in the final calculation.
Names not found within the Bachmann list or not genetically
defined within the original paper are abbreviated but explained
with the full name. Undetermined or open reading frames (urf
or orf) are indicated mostly according to the original paper and
the resulting protein size. Regions with no specific genetic
function are marked as intergenic or flanking regions. Some
reviews on the genetic or functional structure as well as on cosmid
banks are included, but neglected in this printed version.
The accession number column gives the first accession number

for any EMBL entry. This number remains constantly with the
quoted nucleotide sequence. It is therefore the most important
cross reference. According to the general databank policies the
accession number will even be part of any condensed entry after
removing overlaps. Thus an EMBL EC entry may be found via
different accession numbers, but each accession number points
to one individual EC entry only. If the EMBL-accession number
differs from the GenBank accession number, the GenBank
accession number is given in the comment column. Published
sequences, which are not yet included into EMBL databank are
now added and received internal accession numbers either from
K.Rudd's [8] or our own collection. Unpublished material still
not publically available, may be obtained directly from those
individuals, who are named in the comment column (see
Listing 1).
The EMBL column gives the EMBL entry name for the given

reference, usually beginning with the identification EC...... The
respective GenBank entry name usually begins with ECO......
and is given in the respective column. This may be used to find
Escherichia coli sequences directly either within the EMBL
databank or Genank. However, this identification may also point
to plasmid borne and other sequences (for a list of these entries
see our previous listing [1]).

Note, that the EC or ECO entry name may have been changed
between different database releases, especially due to compressing
overlapping sequences or to changing preliminary names (usually
the respective accession number). Numbers in brackets after the
name point to the position of this reference within the list of
references of the respective GenBank/EMBL entry. Incorporation
of these numbers is still incomplete. In order not to depend on
these changes the respective invariant accession number is always
given in the accession number colurnn.
There are five columns giving different types of numbers of

basepairs:
1) The basepair ('bp') column gives the number of basepairs

found in the reference quoted. The number is mostly consistent
with the respective number given in the EMBL or GenBank entry.

information is used as illustration only and not originally
determined here, the entry within this column is 0. If the text
allows to complete restriction sites the flanking nucleotides are
added, or if it allows to recognize vector sequences, these
sequences are omitted. Thus the given number may differ from
the EMBL or GenBank entry. This is mostly indicated in the
comment column.

2) The 'offset' column is a control number for ascending order
in the map column and describes the number of nucleotides
collected up to the previous entry. This column is deleted in the
printed version now.

3) The 'from' column defines the address number of the
nucleotide to begin with in the respective collection.

4) The 'to' column defines the respective nucleotides to
terminate the respective collection. Ifthefrom number is higher
then the to number our program automatically inverses the
sequence.

5) The total column gives the number of basepairs added to
a total number after deletion of all repeats and overlaps from
different entries. This number is given only once per added area
in the first entry after a sort by the genetic map position. Data
from strains other hn E.coli K12 are ignored in this calculation.
If there is no overlap to other entries the numbers given in the
bp and total column are identical. Adding up all entries in this
column we arrive at the actual number of sequenced basepairs
of the entire E.coli genome. The actual number oftotal basepairs
sequenced up to April 1993 is 2 353 635 bp = 49.87%

In order to distinguish between the different entries, e.g. for
this printed version of the data base, an additional one letter
column (*) is included as well. T defines the start of a completely
collectable entry. P defines the start of an entry only partially
collectable. F defines an entry missing in the EMBL data base.
C defines any collectable entry other then the starting one.
B, J, U, andW define entries from strains other then E.coli K12.
The article column line gives the references for the quoted

sequence information in a fairly condensed format and indicates
the volume and first page of each entry, only. The appropriate
year is added in a special year column to allow the calculation
of an annual index given in Table 2. A list of abbreviations for
the respective journals is given in Table 3.
The gene-protein database of Escherichia coli (Edition 5) of

VanBogelen et al. [26] is included in a separate column. Only
very few proteins addressed in the 2D gels are not found in the
genetic map. Note, the full information is again given in the
electronic version only.

DATA DISTRIBUTION IN MACHINE READABLE FORM

This compilation is available as a flat file (ECD) from the EMBL
data library [4] and is automatically distributed with the each
release the EMBL data library. In addition, this compilation is
available together with a stand alone service program on the CD-
ROM version of the EMBL data library. This CD-ROM is
produced in cooperation with IRL-Press and contains the other
collections of this supplement issue, too. However our version
may also be available on disk on request from Gief3en; email
address KROEGER@EMBL-HE1DELBERG.DE. Using our
service program one may assemble the entire nucleotide sequence
directly from the CD-ROM or may extract each single or

If it is clear from the original text, that the given sequence coflected entry individuaUy.
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Table 1. Databank cross references and abbreviations. Some differences between the two databases or repeated entries, as well as accession numbers given in most
recent papers are indicated directly

points to a difference mostly in the accession number between GenBank and EMBL databank [see also AC line].
is introduced, if the actual issue of GenBank data bank may not contain this more recent entry. However, caused by a certain
difference in updating these entries, they may already be incorporated into the most actual GenBank version. They are always
available using the EMBL/GenBank file server.
indicates entries primarily found by K. Rudd [3]
acknowledges the contribution of Bobby Baum, 6607 Pyle Road, Bethesda, Maryland 20817, USA.
Entries marked by BB are added [new] or corrected [length, map location, overlap] using a listing compiled by Bobby Baum. His
collection may be available as Ec.lis file via the National Biomedical Research Foundation (USA).
[Ruth VanBogelen]
[Manfred Kroger] and
[Peter Rice or other colleagues at EMBL] point to unresolved differences to the datbases found by these individuals.
characterition of genetic elements
comparison with other organisms
correction of published data
functional description
small undetermined gaps
genes not sequenced till now
restriction or genetic map data
sequenced mutations
characterized promoter sequences
characterized regulatory sequences
summation or review
unpublished material quoted in the respective article or in either of the databases referred to

Gb
GbNew

KR
BB

RVB
MK
HD
char
comp
corr
func
gap
gene map
map
mut
prom
regul
summ
unpub
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Table 2. Annual growing of the E. coli DNA-sequence information. This table Table 3. List of abbreviations for journals
compiles all published sequence information according to the annual growth in
number of publications (entries) and nucleotides given therein. The final number ABB Archives of Biochemistry and Biophysics
for total information (bp) exceeds the actual number of sequenced nucleotides AcMB Archives of Microbiology
(2 353 635 bp) roughly by one third AdER Advances in Enzyme Regulation

AgrB Agricultural Biochemistry (Tokyo)
Year annual total annual total AEMb Applied Enviromental Microbiology

entries entries information (bp) information (bp) AInP Annales nstitute Pasteur Microbiologie
AMbP Acta Microbiologica Polonica

1967 1 1 600 600 AnMi Annales of Microbiology
1968 2 3 205 805 ANYA Annales of New York Academy of Science
1969 4 7 349 1154 BBA Biochemica Biophysica Acta
1970 3 10 249 1403 BBRC Biochemical Biophysical Research Communcations
1971 10 20 841 2244 BChF Biochemie (France)
1972 5 25 426 2670 BCHS Biological Chemistry Hoppe Seyler's
1973 6 31 434 3104 BiCh Biochemistry (USA)
1974 4 35 205 3309 BInt Biochemistry International
1975 9 44 820 4129 BioE BioEngineering-Forschung und Praxis (VAAM-Germany)
1976 7 51 530 4659 Bioo Bioorganic Chemistry (UdSSR)
1977 9 60 1116 5775 BiRp Bioscience Report
1978 22 82 6911 12686 BJ Biochemical Journal (UK)
1979 43 125 20122 32808 CJMi Canadian Journal of Microbiology
1980 56 180 36312 68934 CRC Carlsberg Research Communication
1981 72 252 101793 170727 CSHQ Cold Spring Harbour Symposium of Quantitave Biology
1982 95 347 83314 254041 Cell Cell
1983 135 482 131952 385993 DANs Doklady Akademia Nauk (UdSSR)
1984 141 623 178748 564741 DNA DNA
1985 167 790 163921 728662 DNAS DNA Sequence-Journal of DNA Sequencing and Mapping
1986 176 966 248308 976970 EJB European Journal of Biochemistry
1987 150 1116 204359 1181329 Elph Electrophoresis
1988 186 1302 248615 1429944 EMBO EMBO Journal
1989 206 1508 291660 1721604 FEBS FEBS Letters
1990 205 1713 327797 2049401 FedP Federation Proceedings
1991 244 1957 402797 2452198 G Genetics
1992 277 2234 617365 3069563 GAnT Gene Analysis Techniques
1993 96 2330 479262 3548825 GeDV Genes and Development

Gene Gene
Geno Genomics
GlyB Glycobiology
JBCh Journal of Biological Chemistry
JBac Journal of Bacteriology
JBio Journal of Biochemistry (Japan)
JBSc Journal of Biological Sciences
JCBc Journal of Cellular Biochemistry
JGMi Journal of General Microbiology
JJGe Japanese Journal of Genetics
JMAG Journal of Molecular and Applied Genetics
JMB Journal of Molecular Biology
MBE Molecular Biology and Evolution
MGG Molecular General Genetics
MoMB Molecular Microbiology
MuRs Mutation Research
N Nature
NBio New Biology
NAR Nucleic Acids Research
NNB Nature New Biology
PNAS Proceedings of the National Academy of Science (USA)
Prot PROTEINS: Structure, Function and Genetics
PSDA Protein Sequence Data Analysis
PRSB Proceedings of the Royal Society B; Biol. Sciences
Scie Science
Unpub. unpublished material quoted in the databanks or quoted in the

collection of K.Rudd (not yet available)
ZNfC Zeitschrift fMr Naturforschung Part C (Biological Sciences)
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Listing 2: Partial main list sorted on genetic names

name mDin.

cbt 16.25
cca 66.81
cdd 46.10
cdh 88.28
cds 4.35
cdsS 69.25
ceiABCDEF 37.92
cet 99.77
cfa 36.65
cheABRWYZ 41.51
chiAM 17.71
chiB 86.80
chiC (nar) 26.94
chlDJ 17.30
chiEN 18.20
chlG 0.45
chmn 103.00
cir 46.40
citA 17.60
cipA 19.11
clpB 56.36
cipPX 9.93
cis 26.85
ciniA ? 19.50
cintAB 63.57
coaA 89.89
codAB 7.60
colicin A 46.50
corA 86.00
corB 96.30
cpdB 95.70
cpsABCDE 44.*50
cpsF 90.20
cpxA 88.21
cpxB 40.30
crg 28.65
cr1 5.81
crp 73.54
crp* 64.12
crr 52.23
cscB 51.10
csg 23.15
csi 59.00
cspA 78.80
cstA 13.61
cup 97.60
cutE 14.70
cvpA 50.10
cxm 6.40
cyaAF 85.81
cybA 16.31
cybB 31.00
cybC 103.00
cycA 95.60
cydAB 16.60
cydCD 18.90
cynRSTX 7.85
cyoABCDE 9.80
cyr 91.77
cysB 28.32
cysCHIJK*NP 59.31
cysEX 80.81
cysG 74.22
cysQ 95.73
cysS 12.23
cysT* 42.31
cysAKMTW 52.31
cytR 88.80
dacA 14.43
dacB 69.11
dacC 18.60
dadAX 26.00
dadB 1.77
dadQ 98.65
dadR 26.05
dam 74.30
dapAE 53.01
dapBl 0.62
dapCD 4.25
dapF 85.85
dapX 53.20
dbpA 29.90
dcd 45.60
dcm 42.90
dcp 30.95
dctA 79.40

name

aas

aat

aat*

abc

abpS
abs

accA

accD

acd

aceBAK

aceEF

aceK

ackA

ackB
acn

acpP

acpS
acrA

acrC

act

ada

add

adhE

adhR

adi

adk

ads

a diBC
air

alaS

aiaUV

alaV*
alaW

aid

ALDH

aikA

aikB
air

ais

aisB
aiu

aix

amiA

amn

ampC
ampDE
ams
amtA

amyA
ana

anr

ansA

ansB
ant

antizyme
apaGH
apeA

aphCF
appACB
applI
appR

appY = MS

apt
araABCD

araE
araFGH

araJ

arcA

arcB

argA
argBCEH
argD
argF
argG
argI
argM
argP
argR
argS
argT
argU
argV
argX
aroA

aroB

min.

61.16
19.15
54.50

101.00
60.40
94.65
4.49

50.02
62.40
90.65
2.95

90.70
49.50
38.90
28.34
24.41
43.15
10.60
4.60

20.12
47.60
35.83
27.42
71.45
93.40
10.89
11.90
22.60
95.30
92.80
58.01
87.31
5.15

52.03
32.10
29.50
44.80
47.63
91.92
93.02
19.40
79.02
67.50
51.50
43.10
94.41
2.90

24.13
95.72
42.64
27.28
37.94
38.80
63.80
0.46

101.00
1.10

101.00
14.20
22.50
116.03
59.05
12.81
10.82
1.49

61.38
41.80
9.00
99.80
69.71
60.60
89.34
74.00
6.51

68.98
96.62
88.70
63.30
70.70
41.30
49.90
12.34
57.90
85.70
20.24
74.37

name

aroC
aroDH
aroE
aroF
aroG
aroI
aroK
aroLM
aroP
aroT
artIQM4J
artP
ascG
asd
asiAB
asnAC
asnB
asnS
aunT
asnUV
aspA
as]pC
aspS
aspT
aspU
aspV
aspV*
asu
atoCDAB
atp
atpBX
att el4R
att phi80
atti86
att2S3
attb lam
attHKl39
attHK22
attP1,P7
attP2 II
attP2 III
attp22
attP2H
attP4
attPA-2
avtA
azaA
azaB
azl
bacA
baeSR
baiF
barA
basRS
bax
bcp
betABI
betT
betT*
bfm
bfr
bglBCRST

bloABFCD
bioH
bioP
biotin
birA
bisC
bolA
brnQR
brnS
brnT
btuB
btuCDE
btuR
bymh
cadABC
cadR
caiABCDET
calA
caiC
calD
can
capR
carAB

min.

50.42
37.00
72.00
56.63
16.85
83.90
74.38
8.90
2.71

27.53
19.30
18.95
58.60
75.64
85.92
84.42
15.15
20.74
43.20
43.40
94.12
20.66
41.14
84.75
5.18
5.20

43.30
33.20
47.95
59.21
84.18
25.20
27.56
57.10
6.10

17.44
43.65
22.40
66.70
87.60
32.20
5.86

43.60
97.05
51.00
80.31
43.55
69.85
55.30
102.00
102.00

0.76
59.84

102.00
80.30
53.23
7.53
7.50
0.80

85.55
72.95
84.01
27.36
17.45
75.02
86.45
17.47
89.86
79.30
9.91
8.40
1.40

62.15
89.70
37.45
28.20
92.90
94.00
46.55
0.78

95.20
15.50
9.35
63.35
9.96
0.64

name

ddl
ddlA
deaD
dedA
dedB
dedF
degP
de?
deoABCDR
dfp
dga
dgd
dgkA
dgkR
dgoADKRT
dgsA
dgt
DH1
dicB*
dicBACF
dinA
dinF
dinG
dinH
divE

dIcsA
did
dmsABC
dnaAN
dnaB
dnaE
dnaG
dnaI
dnaJK
dnaL
dnaQ
dnaTC
dnaX
dnaY
dnaZX
dniR
dpj
dpp
dppA
dps
drdX
dr AA

dsdAC
dsf
dtu
dut
dvl
dye
ebgjRABC
ecfA
ecfB
eci
ecosl
ecos2
eda
edd
efg~endA
endB
eno
entABCD
envA
envB
envCD
envM
envN
envP
envQ
envT
envY
envZ
era

e:oidium
evgAS
exbBD
exbC
excC

mDin.

2.16
8.60

68.82
1.60

50.03
49.90
3.86

61.50
99.40
81.80
89.72
69.75
91.80
93.75
83.00
35.20
3.*81

104.00
90.18
34.90
1.*47

91.86
17.80
19.42
22.31
55.50
3.54

46.20
20.01
83.48
91.90
4.48
66.94
39.50
0.27
28.70
5.*34

98.76
10.80
12.*30
10.83

104.00
55.51
13.90
79.01
18.00
27.37
4.80

87.40
26.20
50.90
87.40
74.00
81.90
7.*40

99.78
67.80
64.80
87.98
49.40
34.60
12.75
40.80
40.80
38.10
63.70
19.60
59.60
13.59
2.02
70.90
73.80
28.90
3.95

90.40
57.80
14.10
12.90
74.83
55.52
17.40

105.00
105.00
65.00
58.95
16.73
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Listing 2: (continued)
exph 22.20
exuTR 68.00
fabh 21.67
fabB 50.20
fabDG* 24.40
fabiG 71.14
fabH 24.17
fadAB 87.20
fadD 39.90
fadE 4.95
fadI 106.00
fadL 50.60
fadR 25.90
fam 75.96
fatA 69.15
fba 63.41
fbp 95.95
fcsA 87.00
fda 63.41
fdhDE 88.15
fdhF 92.60
fdnGHI 33.40
fdv 58.86
fdx 56.45
fecZDCBARI 97.20
feeB 15.14
feo 38.70
fepABCDEG 13.43
fes 13.45
fexB 86.50
ffs 10.20
fhlA 58.84
fhuABCD 3.61
fhul 24.72
fhuF 98.90
fic 74.04
fimABECDFGH 97.82
firA 4.42
fis 71.60
fiu 17.90
fixABCX 0.84
flaA (1,II) 42.74
flaGHI 41.35
flbB 41.57
flbC 42.60
fldA 15.41
flgABCDEFG 23.90
flgHIJXL 21.91flhABCD 41;40
fliADSTEFGH 42.50
fliIJKLM 42.72
fliNOPQR 42.80
flpB 85.95
flpC 72.30
flrD 87.12
flu 43.50
fms 72.10
fmt 72.10
fnr 29.80
folA 0.98
folC 49.97
folD 11.90
folz 45.00
folK 3.50
folP 69.01
fpg 81.29
fpp 79.00
fpr 88.44
frdABCD 94.44
frdR 26.50
fre 87.10
frr 4.21
fruABFK 46.80
fruR 1.97
fts36 2.00
ftsAILMQWZ 2.02
ftsESYX 75.97
ftsJH 69.30
ftsN 106.00
fucOAPIXR 60.30
fumB 93.50
fumCA 35.66
fur 15.40
fusA 73.07
fuaD 14.90
920.3 23.60
g30k 24.15

gadA 77.60
gadB 33.70
gadSR 81.60
gal TK 17.01
galP 63.85
galR 61.35
galS 46.33
galU 27.30
gapB 63.44
gapDH 39.35
garA 15.55
garB 3.40
gatCAD 45.50
gcd 3.10
gcl 11.60
gcpE 54.12
gcvHT 62.60
gdhA 38.44
gef 0.31
gen-165 42.00
geneX 2.33
genF 93.51
ggt 75.80
gidAB 84.30
glc* 52.25
glc 64.60
glgABCDPSXY 75.54
glgS* 107.00
glk 51.80
glmS 84.11
glnALG 87.70
glnB (PIZ) 54.94
glnD 4.12
glnHPQ 18.01
glnR 23.80
glnSTUV 1S.21
glpABCTQ 48.70
glpKFX 88.40
glpRGBD 75.50
gltA 16.30
gltBDEF 70.01
gltz 80.75
gltH 21.35
gltM 42.45
gltN 76.70
gltP 107.00
gltR 92.30
gltSTU 84.71
gltV 90.S8
gltW 56.25
gltX 52.04
glyAX 54.91
guyS 79.51
glyT 89.94
glyU 62.01
glyV 94.75
glyW 42.30
gnd 44.41
gntR 75.70
gntS 95.40
gntT 75.10
gntV 96.90
gor 77.20
gp24' 72.95
gppA 85.12
gppB 85.92
gprAB 0.20
gpsA 80.95
gpt 5.76
greA 69.10
grolLS 94.16
groNB 10.41
grpD 71.50
grpl 57.00
grx 18.50
GSA 3.65
gahA 57.75
gshl 58.40
gshll 63.75
gsk 13.10
guaAB 53.91
guaC 2.70
gurB 73.70
gurC 17.85
gurD 68.05
gutABDQ 58.50
gyrA 48.21

H-NS 27.32
hag(48) 42.60
hap2 ?? 108.00
hdh& 35.80
hel 85.10
helD 22.00
helAM 26.65
hemB 8.21
hemCDXY 85.75
hemE 90.30
hemF 17.25
hemG 86.90
hemH 11.10
herC 62.20
het 84.44
hevABCDEFG 58.80
hevOP 58.81
hflB 69.20
hflCKX 94.93
hfq 94.88
hga 40.81h"KAB 37.46
himD 20.43
hip 33.90
hip (himD) 20.43
hisABCDEGHI 43.91
hisJMPT 49.75
hisS 54.11
hisW 48.24
hlpA 4.40
hmp 54.90
hnr 27.26
hns 27.33
holA 14.60
holBE 108.00
holC 96.74
holD 99.11
hpt 3.25
hsdRMS 98.45
htgA 0.22
htpG 10.88
htpR 75.93
htpX 40.40
htrA 3.83
htrB 23.41
htrC 90.12
htrD 19.21
htrM 81.72
htrP 66.65
HU-1 10.01
HU-2 90.30
hupAB* 90.31
hupB (lon) 9.99
hyaABCDEF 22.10
hyc S8.88
hydCD 77.30
hydGli 90.51
hydL 64.70
hyp 58.88
hypABCDEFN 58.61
iap 59.20
ibphD 83.25
icd 25.41
iciA 62.80
iclR 90.73
ict 80.70
ihb 19.46
ileR 99.90
ileS 0.55
ileV 5.15
ilvACDEGMY 84.84
ilvHl 1.87
ilvBN 82.63
ilvF 54.30
ilvJ 1.42
ilvR 99.95
ilvU 7.10
inaA 48.54
infA 19.12
infB 68.87
infc 37.50
inm 78.50
intX 58.24
ior 45.30
ispA 9.50
katC 6.70
katE 37.90

katG
kba
kbl
kch
kdgx
kdgR
kdgT
kdpABCDE
kdsA
kdsB
kdtA
kefB
kefC
kgtP
kpsDMT
kagA
ksgB
ksgC
ksgD
kpsS
laoAIOPYZ
lamBD
lepA(B)
leuABCDOP
leuJ
leuR
beuS
louTlouTleuu
louVX
leuW
leuX*
leuY
leuZ
lev
lexA
lig
linB
lipAB
lit
livHJK
livR
lon
lpcA
lpcB
lpd
lpd*
lpp
lpxAB
lrp
lrs
lsp(A)
luxH
lysAR
lysC
lysP
lysS
lysT
lysU
lysv
lysX
lytA
M5 protein
mac
mafB
malA
malBEFGKM
malIXY
malPQT
malS
malZ
manA
manc
manYZ
map
marAR
aazG
MBP16-1

mcrBCD
mdh
mdl
mdoA
mdoB
mdrA
malABR
menA

89.07
69.80
81.11
27.55
78.00
40.20
87.96
15.61
26.70
84.66
81.27
73.40
0.96
56.20
64.31
1.12

36.75
12.10
30.70
64.37
7.89

91.63
55.60
1.80

13.70
78.20
14.63
85.72
69.00
99.1S
15.11
15.14
9.70

42.30
8.95

91.82
52.11
29.25
14.40
25.50
75.*85
19.90
9.97
5.60

65.50
27.55
2.97
36.80
4.45
19.40
2.65
0.57
66.64
61.37
91.20
46.20
62.22
16.50
93.01
52.02
60.45
57.85
12.80
10.10
1.90
0.93

91.49
35.81
75.21
80.30
9.10

35.67
87.90
40.12
4.15
33.60
59.81

113.00
25.81
98.30
70.71
113.00
23.05
99.00
19.15
93.41
88.60
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gabTPD 57.60
mepA 50.40
met 84.82
metA 90.62
metBFJL 89.00
metC 65.01
metD 4.70
metEH*R 86.30
metG 45.92
metH 90.74
metK 63.62
metT 15.10
metX 113.00
metYZ 68.97
metZ* 60.20
mfd 25.30
mglABCD 46.31
mgt 92.50
miaA 94.85
micA 63.90
micF 47.82
minBCDE 26.10
mioC 84.39
mlt 113.00
mmrA 85.14
mng 38.95
moaABCDE 17.70
modABCD 17.32
molA 91.66
molR 65.30
momR 89.63
mopA* 24.00
mopBA 94.15
mor 89.60
motAB 41.55
motD 42.76
mprA 57.40
mraABRY 1.98
mrbABC 90.22
mrcA 74.60
mrcB 3.60
mrdAB 14.47
mreBCD 71.00
mrp 45.90
mrr 98.46
msbA 20.50
msbB 40.96
magB 53.01
msd 113.00
msr 113.00
msyA 27.31
mayB 23.10
mtlACD 80.62
mtlOP 80.60
mtr 68.80
mukA 66.10
mukB 20.60
mul 82.80
mureine 12.65
murA 113.00
murB 89.85
murCDEFG 2.05
murH 99.05
murZ 69.45
mutD 5.30
mutH 61.05
mutL 94.86
mutM 81.70
mutS 58.87
mutT 2.31
mutY 63.91
mvrA 88.43
mvrB 28.45
mvrC 12.37
NAD(P)H 0.95
nadA 16.80
nadB 55.81
nadC 2.80
nagABCDE 15.18
nalB 57.70
nalD 89.15
nanA 70.30
narGHJIKLRX 27.02
narQ 114.00
narZYWV 33.10
ndh 24.80
ndk 54.20
neaB 73.90
nek 72.35
rhsA 80.52

gyrB
neuAC
neuRS
nfnA
nfnB
nfo
nfsA
nfsB
nhaAR
nhaB
nirBDEC
nirR
nlp
nlpA
nlpB
nmpC
non
npl
nrdAB
nrdB*
nrdD
nth
ntr-like
ntrA
ntrC
nuo
nupC
nupG
nur
nusA
nuaB
nusG
nuvA
nuvC
ogr
ogt
ompA
ompBCR
ompF
ompH
ompR*
ompT
oppABCD
oppE
oppI
opr
ops
optA
oriC
oriJ
osiB
08mC
osmY
osmZ
otsBA
oxyR
pabA
pabB
pabC
pac
pal
panBCD
panF
papABDEHFG
parC
parE
pbpA
pbpB
pcm
pcnB
pcaA
pdxA
pdxB
pdxH
pdxJ
pel
pep2
pepD
pepN
pepP
PePQ
pfa
pfkA
pfkB
pf1
pfrA
pfa
pa
rpI S9

83.43
114.00
64.37
80.20
13.20
46.60
21.40
11.40
0.47

25.91
74.20
29.80
69.50
82.50
53.21
12.61
44.60
70.31
48.51
88.04
96.20
36.40
37.95
69.60
87.81
49.20
51.60
64.11
59.08
68.94
10.40
89.98
9.30

43.05
87.62
29.82
21.75
47.80
20.65
4.40
74.82
12.83
27.51
98.60
19.46
18.70
63.50
3.85

84.38
30.40
28.83
32.40
99.25
27.34
41.60
89.61
74.01
39.80
25.00
90.13
16.72
3.30

71.12
84.16
66.41
66.50
14.48
2.04

74.81
59.10
3.51

81.75
1.13

50.01
36.01
55.50
40.14
63.00
5.73

20.77
116.00
87.23
49.65
88.26
37.71
20.10
26.64
3.80

90.16
70.50

katF
Pgi
pgk
pgl
pgm
pgpA
pgpB
pg A
pheA
pheP
pheRU
pheiST
pheV
pheW
phnA-Q
phoA
phoBR
phoB
phoH
phoM
phoPQ
phoSTU
phr
phrA
phxB
pilA
pinl
pit
pldAB
plsB
ploc
plax
pmbA
pal
pncA
pncB
pnp
pntAB
poaR

pogApoiB
polB
polC
popC
popD
potABCD
potE
potFHGI
poxA
poxB
ppa
ppc
ppfA
ppiA
ppiB
ppk
ppsA
ppx
prc
prfA (RFl)
prfB (RF2)
priA
priB
priC
prlA
prlB
prlC
prlD
prlF
prmA
prmB
proAB
proC
proK
proL
proM
proP
proS
proT
protein E
proU(VWX)
prp
prrBCD
pra
pod
ps 51
paiC
psiD

prmS

59.01
91.22
63.40
17.35
15.05
9.55

28.50
42.33
56.61
13.00
93.86
37.48
64.00

316.00
93.31
8.70
9.05
5.82

23.70
99.76
25.60
84.04
15.70
17.20
16.90
97.85
25.70
76.50
86.16
91.79
66.40
24.17
96.10
15.05
38.75
20.76
68.83
35.41
63.10
70.10
87.50
1.45
4.48
3.65
0.15
15.00
15.60
19.00
94.6D
18.81

116.00
89.22

116.00
74.05
12.20
53.73
37.11
116.00
40.41
26.68
62.24
88.82
95.51
10.70
72.49
84.64
70.80
2.60
68.41
71.40
50.50
5.83
8.86

79.21
46.00
85.73
92.70
4.80

83.60
21.66
58.30
97.50
29.30
26.60
94.70
48.73
75.84
93.32
91.48

119.00

menBCDE 48.95
psiF 8.82
puie 23.72
psiJKR 116.00
puiQ 70.02
papABCDE 29.10
pus 56.21
pssR 84.62
pstBAC 84.07
pau 1.65
pth 26.40
ptr 60.65
ptrII 116.00
ptaF 45.80
ptaG 24.70
ptsHl 52.24
ptsMPL 40.10
pufXY 48.20
purA 95.00
purB 25.62
purC 53.20
purDH 90.54
purEK 12.00
purF 49.91
purL 55.20
purMN 53.71
purP 83.84
purR 36.61
pus 19.80
putACP 22.80
pykA 40.85
pykF 36.70
pyrBI 96.50
pyrC Z3.50
pyrD 21.20
pyrE 81.92
pyrF 28.81
pyrG 59.80
pyrH 4.65
pyrS 80.90
qmeA 28.95
qmeC 74.10
qmeD 61.60
qmeZ 36.90
qor 91.90
queA 9.12
racC 30.21
radA 99.55
radC 81.33
ranA 55.82
rap 26.40
rarB 118.00
rarD 86.01
ras 9.75
rbaB 55.80
rbsABCDKR 84.52
rcsA 43.00
rcaCB 48.10
rcsF 4.90
rdgA 16.15
rdgB 64.20
recAN 58.10
recBD 60.63
recC 60.66
recZ 30.20
recF 83.45
recG 82.15
recJ 62.25
recO 55.54
recQ 86.15
recR 10.87
regX 118.00
relA 59.82
relBEF 34.70
relX 59.90
rep 85.11
rer 89.55
rfaBCDFGIJ 81.20
rfaH 86.70
rfaLKPQYZ 81.20
rfbABCMK 44.40
rfe 85.45
rffDl 85.50
rfa 42.61
rglB 98.42
rhaABCDRST 88.00
rhlB 85.13
rhlE 118.00
rho 85.19
trkG 30.50
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-Listing 2: (continued)
rhsB
rhaC
rhsD
rhal
ribA
ribB
ribC
ridA
ridB
riaB
riaC
rimD
rimZ
riaFG
riaH
riml
rLia
riaK
riLm
rLt
ripAB
raf
rna
RNA 7 S
RNAse iOSb
rnb
rnc
rnd
rne
mnhA
rnhB
rnpA
rnpB
rnBA
rnt
rob
rod
rodh
rph
rpiA
rplA Li
nplB L2
rplC L3
mplD L4
rplE L5
rplF L6
mplI L9
rplJ L10
rplK Lii
rplL Li2
rplM Li3
rplN Li4
rplo Li5
rplP Li6
rplQ Li?
rplR Li8
rplS Li9
rplU L2i
rplV L22
rpiW L23
rplX L24
rpiY L25
rpmh L27
rpmB -L28
rpaC L29
rpmD L30
rpal L31
rpmF L32
rpaG L33
rpalH L34
rpml A
rpaJ x
rpoA
rpoBC
rpoD
rpoHi
rpoN
rpos
rpoZ
rpsA Si
rIpsB 82
rpsC S3
rpsD S4
rpsE 85
rpsF S6
rpsG 87
rpsH 88

77.4i
i5.67
ii.Si
3i.90
28.34
66.00
40.00
7i1.30
85.30
37.80
26.75
87.93
72.25
0.70
i3.80
99.iO
23.6i
i9 .05
32.*60
89.1i0
14.45
2i.65
14.30
7i. 82
68.23
28.75
55.56
39.60
24.11
5.35
4.47

83.55
68.i9
i4 .30
36.ii
99.75
44.20
i4.46
8i.96
63.25
90.00
72.7i
72.74
72.73
72.62
72.59
95.50
90.01l
89.99
90.02
70.50O
72.64
72.5i
72.67
72.40
72.58
56.80
69.40
72.69
72.72
72.63
47.70
69.41

72.*66
72.56
89.08
24.16
8i.32
83.54
37.52
72.48
72.4i
90.04
66.96
75.98
69.*60
59.00
82.i2
20.40
4.*16

72.68
72.44
72.57
95.50
73.08

rpsJ Sio
rpsK Sii
rpsL Si2
rpsM 813
rpsM Si4
rpso 815
rpsQ Si7
rpsR Si8
rpsS 819
rpsT 820
rpsU 821
rpsV 822
RRF

rrnB
rrnC
rrnD

rrnG
rrnHi
rsl
rts
ruvABC
sad
sbaA
sbcB
sbcC
sba

sbp
sdahB
sdhAB
sec63
secA
secB
secc
secDF
secE
secY
sefA
Beg
selABC
selD
semA
serA
serB
serC
serR
serS
serT
serU
serV
serW
serX
sfa.A EC536
sfcA
sfiB
sfiC
sfrB
sfrC

sfuABC
shiA
shi
sipCD
sKp
sloB
sit
slyDX
smbA

sampAB
sodA
sodB
sohA
sohBS

soxRS
speABC
speDE
speF
spi
spoRTU
spoV
sp A

72.75
72.45
73.12
72.46
72.61
68.85
72.65
95.50
72.70
0.*52

66.93
118.00

4.21
87.26
89.73
84.69
71.92
90.56
56.36
5.11

56.34
89.*88
41.10
34.30
96.40
43.70
9.03
62.80
8.*50

88.27
119.00
16.36
1.*20
2.30

81.00
68.50
9.*15

89.98
72.*50
4.*30
0.29

80.40
38.55
39.70
62.*82
99.50
20.24
1.94

20.00
22.30
43.24
57.90
19.12
23.*20
119.00
33.*50
2.*28
26.35
86.70
7.*00
3.55
1.70

43.35
1.*88

82.45
4.44
73.60
99.71
119.00
4.18

99.51
58.22
99.60
88.03
36.50
68.40
28.30
33.80
92.23
63.61
3.01

15.60
87.5S2
82.10
14.46
38.59
58.53%

srn&
ss,aD
ssal
ssaG
ssaHi
ssb
soBAB
sspAB
ssr
ssrA
ssyA
ssyB
ssyD
stpA
strM
stsA
sucABCD
sufI

asuugE
suhB
sulA
sulB
supO
surA
tabC
tag
tap
tar
tau
tcp
tdcABCR
tdh
tdi
tdk
terCl
terC2
terC3
terC4
terN
terF
tesA
tesB

tet2
tgt
thdA
thdC
thdD
thdF
thiABC
thiD
thiK
thiL
thrABC
thrS
thrTU
thrV
thrW
thyA
tig
tkt
tlnA
tis
tak
tnaABC
tna
toc
to1ABQR
toiC
toiDl
toiIJ
tolM
toiZ
tonA
tonB
topA
topB
torA
tpi
tpr
treh

trA
trkD
A.rkE,

traA
trafB
traC
traD
trmiF
trnA
trpABCDEG
trpP
trpR
trps
trpT
trxA
trxB
ts8
tsf
tsp
tsr
tsx
tufA
tufB
tuis
tynA
tyrA
tyrB
tyrP
tyrR
tyrS
tyrTV
tyrU
ubiAC
ubiB
ubiDl
ubiF
ubiG
ubiHi
ubiX
udhk
udk
udp

uidA

unicABDEFI
ung (1)
upp
UPS
urfA
usgA (1,2)

uspA
uup
uvrA
uvrB
uvrC
uvnD
uxaA
uxaB
uxaC
uxuABR
vaiS
valU
valV
valW
visA
visBC
vsr
weeA
witA
x96
xapAfR
xerB
xerC
xseh
xseB
xthA
xyihB
xylose
xlRF

zwf

9.45
9.25
50.30
41.20
94.55
92.15
119.00
70.15
62.90
58.25
54.40
9.40
3.20
57.95
76.20
83.88
16.39
66.40
94.20
76.90
54.60
21.71
2.*28
43.22
12.70
1.14

86.05
79.31
41.49
41.50
35.61
23.*35
68.12
81.10
4.00

27.38
28.82
35.*60
34.40
27.06
23.00
48.12
120.00
10.30
0.12
0.*89
9.13
10.55
94.80
99.65
83.70
90.44
45.*20
24.90
9.60
0.03

37.57
89.95
71.83
5.85

60.67
9.92
63.56
10.50
41.15
24.60
83.74
92.00
66.85
16.71
66.61
22.90
0.11
72.20
77.70
27.59
27.57
28.30
38.55
28.10
88.29
27.15
26.30
31.10
72.15
84.46
29.00

89.69
7.20

50.45
56.81
83.*80
59.50
27.72
83.82
99.70
74.31
84.77
85.16
19.20
63.42
4.17

40.42
98.95
9.*18
73.06
89.96
35.64
26.80
56.60
91.95
42.21
29.20
36.00
27.15
89.93
91.76
87.11
86.*60
14.95
48.25
63.01
49.85
89.68
44.65
86.40
75.*83
82.61
35.70
25.93
84.12
55.83
53.70
25.45
37.20
49.99
11.30

121.00
21.45
92.10
17.51
42.37
85.87
67.90
34.50
67.91
98.20
96.73
52.00
36.20
36.20
10.90
63.*00
42.91
66.75
56.22
96.00
52.40
96.77
85.86
53.93
9.65

38.31
79.70
91.46
124.01
79.75
75.16
40.82


