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Dear Editor, 

Rate-limiting enzymes, because of their relatively 
low rates of catalysis, are essential for flux control in 
metabolic pathways [1, 2]. They themselves are often 
extensively regulated, such as by transcription factors 
and post-translational modifications, and thus play the 
important role of linking metabolic pathways to gene 
expression regulatory networks and signal transduction 
networks. Identification and classification of rate-limiting 
enzymes and their regulators are the first steps towards 
understanding their roles in metabolic flux control. How-
ever, currently this information is scattered in the litera-
ture and, to date, there has been no systematic analysis. 
A comprehensive and well-annotated database of rate-
limiting enzymes, with an emphasis on the regulation of 
these enzymes, may provide a useful resource for bio-
chemists and molecular biologists. Here, we present the 
first literature-based Rate-Limiting Enzymes database 
(RLEdb), covering 383 rate-limiting enzymes in five 
organisms, including human, rat, mouse, yeast and E. 
coli, and their detailed regulatory information. RLEdb is 
freely available at http://rle.cbi.pku.edu.cn.

This comprehensive collection of rate-limiting en-
zymes in RLEdb was curated from published literature 
in the following four steps: (1) All known enzyme names 
and enzyme code were extracted from the IntEnz da-
tabase; (2) PubMed was searched using the keywords 
"rate-limiting enzyme" together with each enzyme 
name and enzyme code; (3) The retrieved abstracts were 
grouped using the Related Articles function in Entrez 
(This allowed us to quickly and easily assess if and how 
the searched enzyme name or code is related to rate-
limiting enzymes and provided cross-checking between 
different publications); (4) The abstracts were read 
manually to collect the rate-limiting enzymes and other 
related information such as organisms. We focused on 
five organisms and collected 383 rate-limiting enzymes 
in total, including 148 in human, 107 in rat, 97 in mouse, 
16 in yeast and 15 in E. coli, respectively. For best ac-

curacy, we did not assume that a rate-limiting enzyme in 
one organism is also a rate-limiting enzyme in another. 
For example, cyclooxygenases were reported to be not 
rate-limiting in guinea pigs [3], although many reports 
confirmed their rate-limiting role in human.

Next we retrieved and integrated extensive functional 
information about the rate-limiting enzymes from public 
databases such as GeneRifs [4], Uniprot [5], KEGG-
Ligand 44.0 [6], BRENDA 7.1 [7], and HPRD [8]. For 
example, 1476 protein-protein interaction pairs involving 
rate-limiting enzymes were integrated from the BioGRID 
[9], HPRD [8], and BIND [10] databases. Other informa-
tion includes chromosome localization, subcellular lo-
calization, tissue expression, protein functional domain, 
gene ontology assignments, and known disease association.

In particular, we collected information on the regu-
lation of the rate-limiting enzymes. We focused on 
three classes of regulators: transcription factors, post-
translational modifications (especially phosphorylation), 
and regulatory inhibitors (such as allosteric and feedback 
effectors). Reviewing the literature on these particular 
rate-limiting enzymes showed that there are 40 transcrip-
tion factors that commonly regulate metabolic pathways, 
such as the SREBP family, HNF4alpha and PPARalpha. 
For post-translational modifications we not only col-
lected information from the literature, but also integrated 
data from PhosphoSite [11] and SwissProt databases 
[5]. Enzyme inhibitor information was extracted from 
BRENDA 7.1 [7], and a similar semi-automatic method 
was used to convert the available text information about 
inhibitors to KEGG compound identifiers as described in 
a previous study [12]. In addition, we filtered out those 
inhibitors that can not be produced by enzymes in vivo.

All data and information in RLEdb were stored in a 
MySQL relational database on a Linux server. Web-based 
queries to the database were implemented in Perl scripts 
running in an Apache environment. RLEdb allows users 
to query by enzyme or gene, to browse by regulatory in-
formation, KEGG pathway maps, tissue expression, sub-
cellular localization and chromosome number, or to run 
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BLAST searches against the sequences in RLEdb. Bulk 
download files are also provided. A feedback page was 
implemented to collect comments on existing records or 
suggestions of new rate-limiting enzymes from users.

A quick analysis of the data in RLEdb revealed in-
teresting findings. For instance, only two rate-limiting 
enzymes in human were not related to diseases; this 
may be a consequence of their central role in the control 
of metabolic flux and metabolic regulation. A total of 
95 rate-limiting enzymes were involved in 478 regula-
tory pairs with upstream transcription factors, creating a 
bridge between the transcription regulatory networks and 

metabolic networks. The regulatory relationship between 
a few common human transcription factors and the rate-
limiting enzymes they regulate is shown in Figure 1.

RLEdb is the first high-quality resource on rate-limit-
ing enzymes and their regulation. By integrating diverse 
functional data in one place, RLEdb can assist biochem-
ists and biologists to study not only each individual rate-
limiting enzyme, but also the broader molecular net-
works. As more data and information become available, 
we will maintain and update RLEdb quarterly using our 
automated retrieval and annotation pipeline followed by 
manual quality control.

Figure 1 The regulatory pairs between 11 common human transcription factors and 46 rate-limiting enzymes they regulate. 
The 11 transcription factors are represented with their gene symbol. All 46 enzymes are represented with their enzyme code. 
Enzymes involved in the same pathway group are marked and included in circles with the same color.
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L: Enzymes in lipid metabolism
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