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Previews

extended to decipher metabolic pathways. The author’sHow to Find “Missing” Genes
laboratory has used this approach to both discover pre-
viously unknown metabolic pathways and to verify novel
functions of enzymes in these pathways (these novel

Assigning function to “new” proteins is frequently the enzyme roles include conversion of the succinate to
rate-determining step for deciphering metabolic path- propionate in Escherichia coli by a novel methylmalonyl-
ways and regulatory networks. Osterman and Begley CoA decarboxylase [4]; utilization of L-ascorbate by E.
break down this barrier by demonstrating that com- coli by a novel Mg(II)-dependent 3-keto-L-gulonate
parative analyses of microbial genomes is a powerful 6-phosphate decarboxylase that is a homolog of the
strategy for identifying pathway components. metal-independent orotidine 5-monophosphate decar-

boxylase [5]; and catabolism of the murein peptide by
Determining the function of proteins encoded by “new” E. coli by a novel L-Ala-D/D-Glu epimerase [6]). Although
genome sequences is a major challenge for postgeno- genomic context and sequence homology are usually
mic biology. Protein sequence databases are rapidly sufficient to specify the types of reactions in a metabolic
expanding and will continue to do so as the result of pathway, e.g., kinase, dehydrogenase, dehydratase, and
numerous genome projects. As of October 17, 2003, the aldolase in the catabolic pathway for a carbohydrate,
TrEMBL nonredundant database contained sequences these often are insufficient to predict the identity of the
for 1,017,041 proteins. These sequences should be suffi- substrate for the pathway and, therefore, specify the exact
cient to describe and understand complex metabolic reactions catalyzed by the enzymes in the pathway.
and regulatory networks within cells, tissues, and whole Operons in different species that encode the same
organisms if the molecular functions of all of the proteins metabolic pathway need not contain the same genes.
in an organism are known. However, at least 50% of the Therefore, comparative analyses of genomic contexts
proteins have uncertain, unknown, or incorrectly as- in several organisms offers the potential to recognize
signed function. Without this accurate information, the and identify all of the genes that encode a metabolic
potential inherent in genome sequences cannot be real- pathway, even if analogous enzymes catalyze the same
ized. Today’s challenge is therefore to develop strate- reaction [7]. With this information, it is possible to find
gies to facilitate functional assignment. a solution to the “missing gene problem” in which se-

In some cases, sequence identity is sufficient to de- quence homology is not sufficient to allow identification
duce function, i.e., orthologs (isofunctional homologs) of the enzymes in a metabolic pathway in a newly se-
usually share �35% sequence identity [1]. But, conser- quenced organism.
vation of function sometimes occurs only with much Osterman and coworkers have advocated the use of
greater (or sometimes even much lower) levels of se- a comparative genomics approach to reconstruct the
quence identity. Additionally, enzymes that catalyze the metabolic pathways from genomic sequences. An early
same reaction may be analogs, not homologs, i.e., the example of this strategy was the identification of the
same function may be catalyzed by unrelated se- enzymes in the human pathway for coenzyme A biosyn-
quences and structures [2]. As a result, assignment of thesis [8]. Although E. coli and Homo sapiens both per-
function can be very difficult. So, what other approaches form de novo biosynthesis of coenzyme A, the se-
can be adopted to uncover protein function? quences of the E. coli proteins were insufficient to

Clues for functional identity also can be provided by directly identify the human genes. However, by realizing
(1) transcriptional analysis (gene chips), (2) identity of that (1) the human genome encodes a bifunctional en-
upstream DNA sequences that regulate transcription, zyme that catalyzes two steps in the pathway, whereas
(3) functions of multidomain proteins (coupled activities E. coli utilizes two separate enzymes; and (2) the se-
in a pathway sometimes are located in a multidomain quence homology relating the E. coli and human en-
protein), and (4) phenotypes of deletion/knockout mu- zymes is insufficient to assign function, but the mutual
tants. However, when sequence homology is used as sequence identity to the S. cerevisiae enzyme provides
the primary clue for functional assignments, as it is in the the “missing link,” the human genes that encode the
annotation of newly sequenced genomes, the resulting steps in coenzyme A biosynthesis were identified.
functional assignments are often misleading at best or This issue of Chemistry & Biology includes a paper
incorrect. This is particularly true for members of mecha- by Osterman, Begley, and coworkers that provides a
nistically diverse enzyme superfamilies for which neither further example of the use of comparative genomics
the identity of the substrate nor the overall reaction is to discover the enzymatic components of a metabolic
conserved [3]. pathway, thereby making them available for detailed

Functional assignment of unknown proteins encoded mechanistic analyses [12]. The pathway, the de novo
by microbes (eubacteria and archeae) can be facilitated synthesis of nicotinamide adenine dinucleotide (NAD�),
by information describing the gene’s genomic context is well known (Figure 1). Quinolinate is always a precur-
because enzymes in metabolic pathways are often en- sor to the nicotinamide ring, but the precise steps by
coded either by operons or clusters of genome-proximal which this intermediate is synthesized are not univer-
genes that are transcriptionally coregulated. Such infor- sally conserved. In microbes, aspartate and dihydroxy-
mation can be used to assign potential functions to acetone phosphate had been established as the precur-

sors [9], but in eukaryotes tryptophan is the precursorenzymes deduced by sequence homology and can be
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Figure 1. The Pathways for Synthesis of
Quinolinate, an Intermediate in the Biosyn-
thesis of NAD�

[10]. The enzymology of the microbial pathway for the The long-held notion that microbial and eukaryotic path-
ways for NAD� biosynthesis could be separately com-biosynthesis of quinolinate is well studied; however, the

molecular details of the conversion of tryptophan to partmentalized according to the strategy for quinolinate
biosynthesis is now shown to be incorrect, suggestingquinolinate in eukaryotes are vague, primarily due to

difficulties in obtaining the purified enzymes. that two microbial strategies for quinolinate biosynthe-
sis evolved in parallel, with one of these passed to theAccess to the complete sequences of �400 microbial

genomes (public and proprietary) allowed the authors eukaryotic progeny.
to discover that several species encode orthologs of
three of the enzymes in the eukaryotic pathway [11]. As
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detailed in their report, the genes encoding four of the
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kyneurenine formamidase (KFA), could not be located
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quence for the human enzyme that had been character-
ized as a serine protease. However, the comparative
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