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A functional update of the Escherichia coli K-12 genome
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Abstract

Background: Since the genome of Escherichia coli K-12 was initially annotated in 1997, additional
functional information based on biological characterization and functions of sequence-similar
proteins has become available. On the basis of this new information, an updated version of the
annotated chromosome has been generated.

Results: The E. coli K-12 chromosome is currently represented by 4,401 genes encoding 116
RNAs and 4,285 proteins. The boundaries of the genes identified in the GenBank Accession
U00096 were used. Some protein-coding sequences are compound and encode multimodular
proteins. The coding sequences (CDSs) are represented by modules (protein elements of at
least 100 amino acids with biological activity and independent evolutionary history). There are
4,616 identified modules in the 4,285 proteins. Of these, 48.9% have been characterized, 29.5%
have an imputed function, 2.1% have a phenotype and 19.5% have no function assignment. Only
7% of the modules appear unique to E. coli, and this number is expected to be reduced as more
genome data becomes available. The imputed functions were assigned on the basis of manual
evaluation of functions predicted by BLAST and DARWIN analyses and by the MAGPIE genome
annotation system.

Conclusions: Much knowledge has been gained about functions encoded by the E. coli K-12 genome
since the 1997 annotation was published. The data presented here should be useful for analysis of
E. coli gene products as well as gene products encoded by other genomes.

Published: 20 August 2001

Genome Biology 2001, 2(9):research0035.1–0035.7

The electronic version of this article is the complete one and can be
found online at http://genomebiology.com/2001/2/9/research/0035

© 2001 Serres et al., licensee BioMed Central Ltd 
(Print ISSN 1465-6906; Online ISSN 1465-6914)

Received: 2 April 2001
Revised: 8 June 2001
Accepted: 10 July 2001

Background
���� %����� �%� ��������� ���� ����� �6�������� ��� �� ������ ����

�������������������������������	�
�� 743*��������1������4

������� ��� 3889� :3;
� 1���� ���� �������� ������� �%� ���������

�������� �6�������� <<� ����1���� �������� -<,� ��� ������ 1��

���������� ��� ���� �������� =������ >�������� ?�=�>@� :*;/

>����������� ���� %��������� �������� ��� ���� ����� ��������� �%

���������������������6�����������������������%����/�A�������

����������������������6����������
������������������������

��������� ���� �������������%�������� �������� ���� ����������


��������������� ����������� ��� ��������� ����������� ������ ��

����%��������������������1�����������������������%����������4

���� ��� B�������/� ���� 1������ �%� ����������� ��%��������� ��

�� �
�� ��� ������ ����������� :-;� ���� ��� ������������� ��� �� ������

�������������� �%� ����� �������� ��� 1���� ��� �%� %��������

�������� ��� ������ ���������/� C�� ��� �����%���� ���������� ����

�����������4��4�������%�������������� �
�� ����������������

�&�������������������������������/



2 Genome Biology Vol 2 No 9 
�������
	���


�&�����������������&�����������������%���&��������������%

0��1������������ ������ �
�� ������� :,48;� '�����������4

�������������%%������������������������������%%������������%

��%������������������������%���������%������������������/�C�

�����������'$���������
�1����&������� ��������� ��%����4

����������������������%����������������������������������%

����� ��������/� =����� ���������� ����� �������� �������� ��

����� �������� '��$��
� 1���� ��������� ��� ���������� ����4

1���� :<;
� ���� $�
$� ��������
� 1���� ��%��������� ��� ���

���������� ���� ����������� �%� ������� �������� :D;
� ���

'������
�1����� ��������� ��%���������������������������4

�����
� ���������&�� ����� ����������� ���� &���%���� �����4

��������������4�������B��������%���������������������:+;/

������ �
�� ����������E�����������.��&��������%�(��������4

���������������������������������� �
�� 743*����������4

���������������������:8;/

(������������ %����������������� %����� �
�� 743*����������4

����� ����� ������������� ��%��������� %���� ���� ����������� ���

��%�������� ���������� ��������� ������ ���� 3889� ���#��0

�������/� =��� %����� ���� ����� ���� ����������� %�������� �%� ���

�������������/�$��������B�������?$>
�@������������������

1����� %�����������&�������1��� ���������������0��1��1���

��4�&�������
�����������&��%���������1��������������������4

������&��������������������� %����#��
������>� (C��?����

��������� ���� ������&��� 1���� ����6��� ����������F�������

��B������@���������/���������C'�?����������������������

����������E������&�������������&��������@��������������4

������������:3);�1���������������/�����C'�����������������4

��&�������������%���������%������������������%������?= A�@/�

Results
Number of genes in the E. coli K-12 genome
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Table 1

A sample of annotated E. coli K-12 genes

Bnum Magnum Gene Gene product type* Gene product†

b0038 ec_0059 caiB e l-carnitine dehydratase, NAD(P)-binding

b0039 ec_0061 caiA pe Putative acyl-CoA dehydrogenase

b0019 ec_0026 nhaA t Na+/H+ antiporter, NhaA family

b0040 ec_0062 caiT pt Putative betaine/carnitine/choline transport protein, BCCT family

b0064 ec_0098 araC r Transcriptional regulator of arabinose catabolism, AraC/XylS family

b0076 ec_0116 leuO pr Putative transcriptional regulator of leucine biosynthesis, LysR family

b0814 ec_1234 ompX m Outer membrane protease, receptor for phage OX2

b0117 ec_0171 yacH pm Putative membrane protein

b0170 ec_0246 tsf f Protein chain elongation factor EF-Ts

b0236 ec_0334 prfH pf Putative peptide chain release factor

b0023 ec_0031 rpsT s 30S ribosomal subunit protein S20

b0138 ec_0200 yadM ps Putative fimbrial-like protein

b0684 ec_1032 fldA c Flavodoxin 1

b1697 ec_2618 ydiQ pc Putative electron transfer flavoprotein

b0251 ec_0359 yafY h CP4-6 prophage

b0054 ec_0083 imp ph Organic solvent tolerance

b0201 rrsH n 16S rRNA

b0001 ec_G0001 thrL l thr operon leader peptide

b0050 ec_0078 apaG o Conserved protein

b0081 ec_0123 mraZ o Conserved hypothetical protein

b0005 ec_G0005 yaaX o Unknown CDS

*Gene product type: c, carrier; e, enzyme; f, factor; h, extrachromosomal origin; l, leader peptide; m, membrane component; n, RNA; o, ORF of
unknown function; pc, putative carrier; pe, putative enzyme; pf, putative factor; ph, phenotype; pm, putative membrane component; pr, putative regulator;
ps, putative structure; pt, putative transporter; r, regulator; s, structure; t, transporter. †Gene products consisting of one identified module.
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Table 2

A sample of multimodular gene products of E. coli K-12

Module Magnum Gene Gene product type* Gene product

b0149_2 ec_0214 mrcB e Glycosyl transferase of penicillin-binding protein 1b (2nd module)
b0149_3 ec_0214 mrcB e Transpeptidase of penicillin-binding protein 1b (3rd module)

b0679_1 ec_1018 nagE t PTS family enzyme IIC, n-acetylglucosamine-specific (1st module)
b0679_2 ec_1018 nagE t PTS family enzyme IIB, n-acetylglucosamine-specific (2nd module)
b0679_3 ec_1018 nagE t PTS family, enzyme IIA, n-acetylglucosamine-specific (3rd module)

b0886_1 ec_1338 cydC t ABC superfamily (membrane) cytochrome-related transporter (1st module)
b0886_2 ec_1338 cydC t ABC superfamily (atp_bind) cytochrome-related transporter (2nd module)

b1241_1 ec_1883 adhE e Acetaldehyde-CoA dehydrogenase (1st module)
b1241_2 ec_1883 adhE e Iron-dependent alcohol dehydrogenase (2nd module)

b1439_1 ec_2214 ydcR pr Putative transcriptional regulator, GntR family (1st module)
b1439_2 ec_2214 ydcR pt Putative ATP-binding component of a transport system (2nd module)

b1621_1 ec_2503 malX t PTS family enzyme IIC, maltose and glucose-specific (1st module)
b1621_2 ec_2503 malX t PTS family enzyme IIB, maltose and glucose-specific (2nd module)

b2463_1 ec_3778 maeB pe Putative malic oxidoreductase (1st module)
b2463_3 ec_3778 maeB pe Putative phosphate acetyl transferase (3rd module)

b2537_1 ec_3905 hcaR r Transcriptional activator of hca cluster, LysR family (1st module)
b2537_2 ec_3905 hcaR pe Putative oxidoreductase (2nd module)

b2836_1 ec_4348 aas e 2-acylglycerophospho-ethanolamine acyl transferase (1st module)
b2836_2 ec_4348 aas e Acyl-acyl carrier protein synthetase (2nd module)

b3464_1 ec_5327 ftsY m Membrane-binding component of cell division protein (1st module)
b3464_2 ec_5327 ftsY e GTPase component of cell division membrane protein (2nd module)

b3692_1 ec_5701 dgoA e 2-dehydro-3-deoxygalactonate 6-phosphate aldolase (1st module)
b3692_2 ec_5701 dgoA e Galactonate dehydratase (2nd module)

b3730_1 ec_5762 glmU e N-acetyl glucosamine-1-phosphate uridyltransferase (1st module)
b3730_2 ec_5762 glmU e Glucosamine-1-phosphate acetyl transferase (2nd module)

b3846_1 ec_5942 fadB e 3-hydroxybutyryl-coa epimerase; delta(3)-cis-delta(2)-trans-enoyl-coa-
isomerase;enoyl-coa-hydratase (1st module)

b3846_2 ec_5942 fadB e 3-hydroxyacyl-coa dehydrogenase (2nd module)

b4035_2 ec_6229 malK r Phenotypic repressor of mal operon (2nd module)
b4035_1 ec_6229 malK t ABC superfamily (atp_bind) maltose transport protein (1st module)

*Gene product type: e, enzyme; m, membrane; pe, putative enzyme; pr, putative regulator; pt, putative transporter; r, regulator; t, transporter.
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Table 3

Gene products encoded by the E. coli K-12 chromosome

Gene product Characterized Putative Total (%)
type assignment 

Enzyme 1,042 578 1,620 ( 34.2)

Transport 382 364 746 (15.8)

Regulator 238 167 405 (8.5)

Membrane 53 158 211 (4.4)

Factor 117 33 150 (3.2)

Structure 92 35 127 (2.7)

Carrier 35 25 60 (1.3)

Extrachromosomal* 288 288 (6.1)

Phenotype 98 (2.1)

RNA 116 116 (2.4)

Leader 12 12 (0.3)

ORF 899 (19.0)

Total 2,375 1,360 4,732 (100.0)

Proteins are represented as modules. *Extrachromosomal origin.

Table 4

History of distribution of gene product types for E. coli K-12

Gene product type 1993* 1998† 2001

Enzyme 748‡ 906 990

Putative enzyme 452 550

Transporter 221 257 310

Putative transporter 281 298

Regulator 164 204 213

Putative regulator 168 151

Membrane 37 47

Putative membrane 55 132

Factor 36 68 109

Putative factor 52 33

Structure 113§ 83 90

Putative structure 58 35

Carrier 17 35

Putative carrier 6 25

Extrachromosomal origin 56 282

Putative extrachromosomal 15

Phenotype 314 148 98

RNA 104 112 116

Putative RNA 4

Leader 12 12

ORF 1,413 886

Total 1,700 4,404 4,412¶

*Adapted from Riley [24]. †Data from July 1998 record of GenProtEC.
‡Includes enzymes, leader peptides and enzyme activity. §Includes
membrane components. ¶This number includes overlap situations where
modules of a gene belong to different gene product type categories. The
total number of genes is 4,401. 
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