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The Phase Behavior of Langmuir Monolayer of
Mycolic Acids and Its Fine Structure
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Table 1. Molecular structures, compositions and average molecular weights of the mycolic acids of
Mycobacterium tuberculosis.
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MA ) | cis  19-14-11 50
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Temperature dependence of the Langmuir monolayer packing of mycolic acids from
Mpycobacterium tuberculosis

Phase diagrams of the Langmuir monolayer of dicyclopropyl alpha mycolic acid (a-MA),
cyclopropyl methoxy mycolic acid (MeO-MA), and cyclopropyl ketomycolic acids (Keto-MA) from
Mycobacterium tuberculosis were obtained by thermodynamic analysis of the surface pressure vs.
average molecular area isotherms at temperatures in the range of 10 —46 [0 . The Langmuir
monolayer of MAs were shown to exhibit various phases depending on the temperature and the 7T
values. In the Langmuir momolayer of Keto-MA, the carbonyl group in the meromycolate chain
apparently touches the water surface to give the molecule a W-shape in all the temperatures and
surface pressures studied. Keto-MA formed a rigid solid condensed film, with four hydrocarbon
chains packing together, not observed in the others. In contrast, the monolayer films of a- and MeO-
MAs having no such highly hydrophilic intra-chain groups in the meromycolate chain were mostly in
liquid condensed phase. This novel insight into the packing of mycolic acids opens up new avenues for
the study of the role of mycolic acids in the mycobacterial cell envelopes and pathogenic processes.
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Fig. 1 Phase diagram of methoxy-MA of M. bovis BCG , Brewster angle micrographs, and the
thickness of the Langmuir monolayer estimated by ellipsometry.
Temperature dependence of Langmuir monolayers of mycolic acid from Mycobacterium bovis
BCG

Phase diagrams of the Langmuir monolayer of methylene, methoxy-, and keto MAs
extracted from Mycobacterium bovis BCG, attenuated species used for vaccination, were obtained by
thermodynamic analysis of the surface pressure vs. average molecular area isotherms measured in the
temperature range of 10 —46 [J. The molecular packing in each phase was investigated by the
grazing incidence X-ray diffraction and ellipsometry, both in situ. The results were compared with
those for MAs from M. tuberculosis. Regarding the methoxy- and keto- MAs, the difference between
M. bovis BCG and M. tuberculosis is only the cis/trans ratios of cyclopropane in the mero-mycolate
chain.. The phase diagrams and the physicochemical properties of the MA monolayers were discussed

from the view-points of the functional groups and the cis/trans ratio of the cyclopropane in the mero-



mycolate chain and the following conclusions were deduced: (1) methoxy and keto MAs take W-shape
conformation in the Langmuir monolayer. This is due to the oxygenated functional groups in the
meromycolate chains; (2) W-shape conformation of methoxy mycolic acid changes to another one as
the temperature and surface pressure increase; and (3) the lower the trans content of cyclopropane, the
lower the surface pressure where phase transition of the same kind takes place.
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Phase behavior and X-ray diffraction studies on monolayers of several mycolic acids extracted
from Mycobacterium intracellulare
The phase diagrams of several MAs extracted from M. intracellulare constructed by
measurement of surface pressure vs. average molecular area isotherms at various temperatures ranging
from 10 to 48 [0 and plotting the surface pressure of the phase transition against the temperature. The
most prominent difference found between M. intracellulare and M. tuberculosis is that the phase
transitions occur at lower surface pressure for the former for all types of MAs. Biological

interpretation of the above difference is under discussion now.



