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Abstract

Traditional methods of mycobacterial identification relied on a
battery of biochemical tests. Most of these tests were low
resolution—yes or no, for example—and could be subjective.
Chromatographic procedures have replaced these tests in
many laboratories because of ease of implementation and
greater objectivity in the interpretation of the results.

Liquid chromatography (LC) of bacterial extracts has been
demonstrated as a useful technique to separate the high
molecular weight mycolic acids that are species specific.
Multivariate analysis of the LC profiles can help the analyst
distinguish among the different bacterial species. Tuberculosis
is caused by one species of Mycobacteria—there are other
species in this genus which are also human pathogens—thus
reliable identification of species is critical.

Method

Mycobacterial extracts were analyzed by reversed phase LC
using a C,4 column, 7.5cm long by 4.6 mm diameter. A 10-
minute step gradient from 98% methanol in methylene chloride
was run to a final solvent composition of 35% methanol - 65%
methylene chloride.

Retention time variability is known to influence the outcome of
multivariate analysis, therefore, the chromatograms were
aligned using LineUp™ (Infometrix, Inc.) prior to further
analysis. Chromatographic profiles were assembled into a
database in the KnowltAll® Informatics System, then principal
component analysis (PCA) was run with the Analyzelt™ MVP
package. Profiles were normalized by area % and mean-
centering was used in preprocessing. Because the solvent
region is composed of peaks not representative of the mycolic
acid contribution, it was excluded from the computations.

Discussion

In Figure 1, the great variability among the different
mycobacteria species can be seen. This species specific
composition allows species to be distinguished based on their
LC profiles.

0.5

Figure 1. Overlay of LC profiles from ten mycobacteria species.

Subsequent PCA analysis was focused on the region from 3.5
to 9 minutes. The PCA scores are shown in Figure 2 where
clear distinctions among most of the species are evident.
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Figure 2. PCA scores of PC profiles of several strains of ten
mycobacteria species.

Adjacent to the scores plot is the legend for the plot symbols,
which were colored by their species designation. M.
tuberculosis (TB) is of course the most important among these
organisms, so it is imperative that it be separable from other
species. From the plot, it appears that there may be some
overlap among TB and two other species with similar profiles:
M. gordonae and M. kansasii. In fact, the overlap among these
three species is not so large.
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Figure 3. Overlay Density heatmap of profiles of three

mycobacteria species.

The red region of the overlap density (OD) heatmap indicates
those portions of the chromatograms that are of greatest
similarity. Although the overall similarity in the region of 7 to 8.5
minutes is significant, this plot indicates that it should be
possible to discriminate among the species: the region of the
heatmap in purple (unique features) covers a larger area of the
common peaks than the region in red (common features).

The profiles from these three species were transferred to
KnowltAll's Minelt™ application to make a separate hit list,
then this list of profiles were transferred back to Analyzelt MVP
in order to run a separate PCA. The same preprocessing
parameters were used but a more narrow time range was
specified—6.5 to 9 minutes—because the diagnostic peaks
were in this limited retention time region. The scores from this
analysis are shown below.
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Figure 4. PCA scores of three mycobacteria species.

From the analysis in Figure 4, it can be seen that M.
tuberculosis samples are totally separated from those of similar
profile, and the other two species are distinguishable as well.
This separation is borne out by observation of the
corresponding profiles, shown in the following figures. The
color-by-species legend allows selecting just samples from a
given species, and these can be shown as an overlap density
heatmap or as the actual profiles.
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Figure 5. LC profiles of M. gordonae, M. kansasii and M. tuberculosis.

Conclusions

This application note provides both a strategy and a procedure
for extracting the information content from large, complex
chromatography databases. If the data is aligned to remove
retention time variation, principal component analysis is
successful in organizing the data into natural groupings.

Using an interactive graphical display of PCA scores provides
a means to identify samples of interest, where the overlap
density map can take over to highlight portions of the
chromatogram that reflect similarities and differences.
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