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The fast-growing bacterium Mycobacterium smegmatis is a model mycobacterial system, a nonpathogenic soil bacterium
that nonetheless shares many features with the pathogenic Mycobacterium tuberculosis, the causative agent of
tuberculosis. The study of M. smegmatis is expected to shed light on mechanisms of mycobacterial growth and complex
lipid metabolism, and provides a tractable system for antimycobacterial drug development. Although the M. smegmatis
genome sequence is not yet completed, we used multidimensional chromatography and tandem mass spectrometry,
in combination with the partially completed genome sequence, to detect and identify a total of 901 distinct proteins
from M. smegmatis over the course of 25 growth conditions, providing experimental annotation for many predicted
genes with an ~5% false-positive identification rate. We observed numerous proteins involved in energy production
(9.8% of expressed proteins), protein translation (8.7%), and lipid biosynthesis (5.4%); 33% of the 901 proteins are
of unknown function. Protein expression levels were estimated from the number of observations of each protein,
allowing measurement of differential expression of complete operons, and the comparison of the stationary and
exponential phase proteomes. Expression levels are correlated with proteins’ codon biases and mRNA expression
levels, as measured by comparison with codon adaptation indices, principle component analysis of codon
frequencies, and DNA microarray data. This observation is consistent with notions that either (1) prokaryotic protein
expression levels are largely preset by codon choice, or (2) codon choice is optimized for consistency with average
expression levels regardless of the mechanism of regulating expression.

[Supplemental material is available online at www.genome.org. The mass spectrometry raw data from this study have
been deposited in the Open Proteomics Database http:/ /bioinformatics.icmb.utexas.edu/OPD, under accession nos.

opd00007_MYCSM-opd0003I_MYCSM. The following

individuals kindly provided reagents, samples, or

unpublished information as indicated in the paper: D. Graham.]

The fast-growing nonpathogenic bacterium Mycobacterium smeg-
matis is particularly useful in studying basic cellular processes of
relevance to pathogenic mycobacteria, such as the related species
Mycobacterium tuberculosis, the causative agent of tuberculosis.
Although the genome sequencing of M. smegmatis is nearly com-
plete (http://www.tigr.org; Brosch et al. 2001), much is unknown
about the mechanisms controlling growth in mycobacterial spe-
cies. The large-scale study of the proteins expressed by M. smeg-
matis in different growth states has the potential to generate
information about the mechanisms of cell growth, division, and
adaptation, as well as inform about mycobacterial proteomes in
general.

Until recently, the method of choice for profiling a com-
plete proteome was two-dimensional gel electrophoresis coupled
with mass spectrometry (2DE-MS). For example, using this ap-
proach, a total of 263 proteins were identified in M. tuberculosis
and Mycobacterium bovis BCG strains, the proteome of M. tuber-
culosis H37Rv was compared with that of M. bovis BCG Chicago,
and 25 proteins differing in position or intensity were identified
(Jungblut et al. 1999). Similarly, 137 proteins were detected in M.
tuberculosis H37Rv culture supernatant, and 27 unique proteins
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were identified in M. tuberculosis H37Rv by comparing proteins in
the culture supernatant of virulent M. tuberculosis H37Rv to that
of attenuated M. bovis BCG Copenhagen (Mattow et al. 2003).
However, recent advances in multidimensional liquid chroma-
tography coupled with tandem mass spectrometry (LC/LC/MS/
MS) (Washburn et al. 2001) have produced a technology capable
of direct analysis of the composition of protein mixtures as com-
plex as cell lysates (Aebersold and Mann 2003). In this method,
protein mixtures are digested with proteases, and the resulting
peptides are separated by multidimensional liquid chromatogra-
phy, bypassing potential limitations of gel electrophoresis and
protein insolubility; then the separated peptides are analyzed
sequentially by MS/MS. Interpretation of the MS/MS peptide
spectra, for example, by using algorithms such as SEQUEST (Eng
et al. 1994) or Mascot (Perkins et al. 1999), leads to identification
of the proteins in the mixture.

Using this method, ~1500 Saccharomyces cerevisiae proteins
were detected (Washburn et al. 2001; Peng et al. 2003). Similarly,
in mycoplasma, Jaffe et al. (2004) detected the expression of 557
open reading frames (ORFs) in Mycoplasma pneumoniae strain
M129 by using proteogenomic mapping, the mapping of pep-
tides detected in the cell lysate onto the uninterpreted genome.
Here, we apply LC/LC/MS/MS to characterize the expressed pro-
teome of M. smegmatis, and we report observation of 901 distinct
proteins under differing growth conditions, estimate relative
abundance of each protein, and demonstrate that the relative
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