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The  profile  of mycolic  acids  from  Mycobacterium  confluentis  has  not  been  adequately  published.  However,
the definition  of the composition  of mycolic  acids  is a critical  element  for describing  new  mycobacterial
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species.  Thus,  an erroneously  published  profile  can  lead  to confusing  citations.  The  aim  of  this  article  is  to
make the protocols  clear,  by using  thin  layer  chromatography  as  a  tool,  for defining  the  discrete  pattern
of  mycolic  acids  of any  newly  reported  mycobacterial  species.  By  using  this  method,  and  corroborated
using  nuclear  magnetic  resonance  analysis,  we demonstrated  that  M.  confluentis  contains  �-mycolates
(type  I) and  epoxymycolates  (type  V mycolic  acids).

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Mycobacterium confluentis (DSM 44017T) is a saprophytic
ycobacteria described in 1992 by Kirschner et al. [1]. Based on

 unique sputum isolate, the authors described a non-pigmented
apid grower of no clinical significance. Later, it was  confirmed that
.  confluentis is a non-pathogenic mycobacteria in animal mod-

ls, being cleared after intravenous infection in BALB/c and even in
nterferon-gamma knockout mice [2].  From the isolate described
y Kirschner et al. [1],  no other isolates of M.  confluentis have been
escribed in the literature.

One of the important features for defining a new Mycobacterium
pecies is its pattern of mycolic acids. The description of the profile
f mycolic acids is a key point for identifying mycobacterial species
3,4]. These lipids are the main components of the mycobacterial
ell wall. There are seven different types (representative figures of
he different mycolic acid structures are shown in Fig. 1) and each

ycobacterium has a determined pattern that can be shared with
ther mycobacteria. All of them have a common �-alkyl, �-hydroxy
ore structure of high molecular weight, ranging from 60 to 90 total
arbons, with two long chains. Whereas the �-branch, except for

ength, is fundamentally constant in all types of mycolic acids, the
-chain (called meromycolate chain) may  consist of a wide vari-
ty of chemical structures [7].  There are usually two  positions that

Abbreviations: HPLC, high performance liquid chromatography; NMR, nuclear
agnetic resonance; TLC, thin layer chromatography.
∗ Corresponding author. Tel.: +34 93 581 3096; fax: +34 93 581 2387.
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could be occupied by cyclopropane rings, methyl branches, com-
binations of cis and trans double bonds (unsaturated chains), and
hydroxy, methoxy, ester or epoxy groups (Fig. 1).

With very few exceptions, each mycobacterium species has a
determined composition of mycolic acids, for which reason they
are considered to be taxonomically marked. In fact, mycolates are
essential elements of the mycobacteria cell wall, not only for taxo-
nomic studies but also because of their functions. Mycolic acids are
critical building blocks in the mycobacteria structure conferring
properties such us low permeability of the cell wall to hydropho-
bic compounds and resistance to dehydration, which is critical for
survival inside host cells [8,9]. They are potential targets for anti-
mycobacterial drugs. Moreover, these lipids are recognized for the
host immune system being implicated in the immunopathology of
mycobacterial diseases [10,11].

There are different techniques for defining the pattern of
mycolic acids, all of which are based on chromatographic tools.
Reverse-phase high performance liquid chromatography (HPLC) is
the most employed method in medical/routine laboratories for ana-
lyzing the mycolic acid content of mycobacterial isolates. Although
different species share the same mycolic acids pattern, the exact
proportion of each class of mycolate and their structure vary among
different species [6,7]. In HPLC analysis, the mycolic acids are sepa-
rated on the basis of their polarity and the carbon chain length, with
the more polar and shorter eluting first [12]. Using this technique,
it is possible to obtain a chromatogram with clusters of peaks. The

arrangement and height of major peaks together with their position
on the basis of retention times can be compared to commer-
cially available software libraries of reference patterns, allowing
the identification of the majority of clinically interesting species

dx.doi.org/10.1016/j.jchromb.2011.08.001
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:esther.julian@uab.cat
dx.doi.org/10.1016/j.jchromb.2011.08.001
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Fig. 1. Structures of the different types of mycolic acids. Modified from [5,6]. A, distal; B, proximal. I, �-mycolates; II, �′-mycolates; III, methoxymycolates; IV, ketomycolates;
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,  epoxymycolates; VI, carboxymycolates. The values of a, b, and c are ranging from
yclopropane ring. At B, adjacent methyl branches can be present.

12,13].  Using HPLC, it is not possible to identify the different struc-
ural types of mycolic acid; however, they can be distinguished by
ne- or two-dimensional thin layer chromatography (TLC) anal-
sis. TLC allows the differentiation of the seven known mycolic
cid types. The methyl esters of mycolic acids were found to
igrate on TLC in accordance with the nature of their characteris-

ic functions rather than with other differences in their molecular
tructures [14]. For instance, the same mycolate type with double
onds instead of cyclopropane rings maintain the same polarity
o-migrating in TLC analysis [15].

On analyzing the mycolic acid content of different mycobacteria
sing TLC, we realized that M.  confluentis possesses type V mycolic
cid instead of type IV mycolic acid as was described before. We per-
ormed an acid methanolysis procedure to extract the lipids from
he mycobacterial cell wall. Using this technique, type V mycolic
cid molecule is characteristically broken down, leading to the
resence of more polar long-chain components: dihydroxy deriva-
ives and hydroxymethoxy compounds [16,17], and this may  be
bserved by TLC analysis. The purpose of this article is to clarify
hich mycolic acid content has M.  confluentis and make it clear
hich protocols are to be followed using TLC chromatography to
escribe the mycolic acid composition of a mycobacterium.

. Materials and methods
.1. Strains and culture conditions

M.  confluentis DSM 44017T was obtained from the German Col-
ection of Microorganisms and Cell Cultures, and Mycobacterium
o 19. The value of d is ranging from 19 to 23. A and B symbolize a double bond or

smegmatis (ATCC 35797), Mycobacterium phlei (ATCC 11758) and
Mycobacterium bovis BCG (ATCC 35737, Japan strain) were obtained
from the American Type Culture Collection. All the strains were
grown on Middlebrook 7H10 agar (Difco Laboratories, Surrey,
United Kingdom) supplemented with 10% oleic-albumin-dextrose-
catalase enrichment media at 37 ◦C for 7 days, with the exception
of BCG which was cultured for 15 days.

2.2. Mycolic acid extraction

Cells were treated following two  different protocols. Some of the
cells were saponified and then the lipids extracted were methy-
lated with diazomethane as previously described [18]. Briefly, a
spadeful of bacteria (10 mg  wet weight) was  scraped from the sur-
face of Middlebrook 7H10 agar plates and treated with 2 ml of a
methanol-benzene solution (8:2, v/v) containing 5% (w/v) potas-
sium hydroxide in a test tube. The mixture was heated at 110 ◦C
for 3 h. After cooling at room temperature, the samples were acid-
ified by the addition of 20% (v/v) sulphuric acid, and the lipids
were extracted into diethyl ether. The ether extracts were washed
with water until neutral, dried over anhydrous sodium sulphate, fil-
tered and concentrated by evaporation to dryness. Lipids were then
methylated with freshly prepared diazomethane. Three grams of N-
Nitroso-N-methylurea (Sigma, St. Louis, MO,  USA) were dissolved
in a pre-cooled solution containing 45 ml  of diethyl-ether, and 9 ml

of 40% (w/v) KOH in distilled water. The mixture was agitated, and
the supernatant was  then removed and placed in a new tube cooled
in ice containing potassium hydroxide pellets. A 2-ml portion of this
solution was  poured into each tube containing the dried lipids, and
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Fig. 2. One-dimensional thin-layer chromatography of methyl mycolates from M.
smegmatis (lanes 1 and 5), M.  confluentis (lanes 2 and 6), M.  phlei (lanes 3 and
7)  and BCG (lanes 4 and 8) obtained by saponification (lanes 1–4) or by acid
methanolysis protocol (lanes 5–8). I, �-mycolates; II, �′-mycolates; III, methoxymy-
colates; IV, ketomycolates; V, epoxymycolates; VI, carboxymycolates. TLCs were
S. Secanella-Fandos et al. / J. Ch

ethylation was achieved within 15 min. Diazomethane was  then
vaporated. Lipid extracts were resuspended in n-hexane, and then
pplied to silica gel plates.

From the rest of the cells, lipids were extracted and methy-
ated by acid methanolysis as previously described [19] with slight

odifications. Briefly, a spadeful of bacteria was  scraped from the
urfaces of agar plates. The cells were mixed with 2 ml  of a reagent
omposed of 30 ml  of methanol, 15 ml  of toluene, and 1 ml  of con-
entrated H2SO4 in a screw-cap test tube. The mixture was  heated
t 80 ◦C overnight. After being cooled at room temperature, the
amples were extracted twice with 2 ml  of n-hexane. The hex-
ne upper layer was then removed, placed in a clean tube, and
vaporated to dryness in a bath at 40 ◦C under a stream of nitro-
en. The residue was dissolved in n-hexane to be applied to silica
el plates.

.3. TLC analysis

Methyl mycolates were developed in one-dimensional (1D)-
LC using hexane/diethyl-ether (85:15, v/v) three times, or using
ichloromethane (100%) once, and in two-dimensional (2D)-
LC using a triple development with petroleum ether (b.p.
0–80 ◦C)/acetone (95:5, v/v) in the first direction followed by a
ingle development with toluene/acetone (97:3, v/v) in the sec-
nd direction [20,21]. TLC plates were then sprayed with 10%
w/v) molybdophosphoric acid in absolute ethanol and heated
t 120 ◦C.

For each TLC run, mycolate profiles obtained from M. confluentis
trains were compared with those from reference strains chosen to
epresent the various mycolates [14,20,21].

.4. NMR  spectroscopic analysis

NMR  analysis were performed on pure mycolates purified by
reparative TLC. The mycolic acid methyl ester scraped from the
LC plates were recovered with diethyl ether. Etereal extracts
ere concentrated by evaporation and dissolved in 600 �l of CDCl3

99.80% D, Cortecnet, Voisins-le-Bretonneux, France) and trans-
erred to NMR  tubes.

NMR  spectra of the resolved analytes were obtained on a
ruker Avance II 600 spectrometer (Bruker Biospin, Rheinstetten,
ermany) equipped with a 5 mm TBI probe with Z-gradients, oper-
ting at a 1H and 13C NMR  frequencies of 600.13 and 150.90 MHz
espectively and at 298.0 K of temperature. 1D 1H NMR  spec-
ra were acquired using a standard 90◦ pulse sequence, with an
cquisition time of 1.71 s and a relaxation delay of 2 s. The data
ere collected into 32 K computer data points, with a spectral
idth of 9590 Hz and as the sum of 128 transients. The resulting

ree inductions decays (FIDs) were Fourier transformed, manu-
lly phased, and baseline corrected. 2D NMR  experiments such as
H–1H COSY (Correlation Spectroscopy) and 1H–13C HSQC (Het-
ronuclear Single Quantum Correlation) were performed using
tandard pulse sequences (Bruker) and acquired under routine
onditions. All the spectra were calibrated using the residual sol-
ent signal (CHCl3, 7.27 and 77.0 ppm for 1H and 13C respectively).
hemical shift data are expressed in ppm and coupling constant
alues in Hz.

. Results and discussion

As the first four lanes of Fig. 2 show (lanes 1–4), the pattern

f mycolic acids of M.  smegmatis,  M.  confluentis,  M.  phlei and BCG
eems to share type I and type IV mycolic acids. Only in the other
our rows (lanes 5–8) is it possible to observe that M. smegmatis and

. confluentis have type V mycolic acid but M. phlei and BCG have
developed three times with hexane/diethyl-ether (85:15, v/v), and revealed with
molybdophosphoric acid.

type IV mycolic acid. If the samples are run in a 2D-TLC the situ-
ation is similar than in the 1D-TLC analysis. As Fig. 3(A–C) shows
mycolic acid IV and V have a similar mobility pattern. Again, only
in Fig. 3a–c, it is possible to differentiate the spot corresponding
to mycolic acid V (Fig. 3a and b) and IV (Fig. 3c). The presence of
type V mycolates in the mycobacterial cell wall is only confirmed
when the result of acid methanolysis is shown. In both cases, 1D-
and 2D-TLC analysis, the absence of the spot corresponding to type
V mycolic acid can be appreciated together with the presence of
more polar long-chain components next to the application point
of the TLC. Thus, the results show that M.  confluentis contain �-
mycolates (type I) and epoxymycolates (type V) (Fig. 2, lane 2;
and Fig. 3B).

In order to describe M. confluentis,  Kirschner et al. [1] anal-
ysed the mycolic acid pattern of the isolate by TLC, comparing
the profile with the known pattern of other mycobacteria run in
parallel. They identify the two spots obtained as �-mycolates and
keto-mycolates (type I and IV mycolic acids, respectively), when
compared with M. smegmatis or M. phlei profiles among others. But
there were some misinterpretations. On the one hand, M. smegma-
tis has three mycolic acids (type I, II and V) [17,22],  but does not
possess type IV mycolate, and the spot corresponding to type V
mycolic acid appears in the same position as the type IV mycolic
acid of M. phlei. Indeed, following the 2D-TLC protocol described
by the authors, the spot corresponding to type IV could be con-
fused with that belonging to type V mycolates (epoxymycolates)
as we  (Fig. 3) and others [16,23] have shown. Thus, neither in one-
dimensional, using hexane/diethyl-ether (Fig. 2 and Table 1), nor
in two-dimensional ([16,23], and Fig. 3) TLC elution systems it is
possible to discern between type IV and V mycolic acids, since both

lipids present the same mobility. On the other hand, Kirschner et al.
followed an acid methanolysis procedure but there appears to be
an acid-stable component both in M.  smegmatis and M.  confluen-
tis analysis. As was  showed before (Figs. 2 and 3) in agreement
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Fig. 3. Two-dimensional thin-layer chromatography of methyl mycolates from M. smegmatis (A and a), M. confluentis (B and b) and M.  phlei (C and c) obtained by saponi-
fication (A–C) or by acid methanolysis protocol (a–c). I, �-mycolates; II, �′-mycolates; IV, ketomycolates; V, epoxymycolates; VI, carboxymycolates; E, long-chain alcohol
(2-eicosanol and homologues); ×, components derived from epoxymycolates by acid methanolysis. TLCs were developed using a triple development with petroleum ether
(b.p.  60–80 ◦C)/acetone (95:5, v/v) in the first direction, followed by a single development with toluene/acetone (97:3, v/v) in the second direction, and revealed with
m
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olybdophosphoric acid.

ith the literature [16,17], type V mycolates are acid-sensitive and
hey degrade to hydroxymethoxy derivatives on release by acid

ethanolysis. Therefore, although it is possible that Kirschner et al.,

onfused the pattern of mycolic acids due to the TLC elution sys-
ems used, it is not possible that the spot corresponding to type V

ycolic acid appear after acid methanolysis extraction procedure.
There are two  options to differentiate both mycolic acids: type
IV and V. First, in order to avoid possible misidentifications and
to know exactly which types of mycolic acid a mycobacterium

has, the best option is to always carry out two different proto-
cols: saponification and methanolysis of the cell wall, run both
extracted lipids in parallel using TLC and compare the patterns
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Table  1
Rf values of the different mycolic acid methyl esters on different 1D-TLC analysis.

Mycolic acid type Rf values

Acid methanolysisa Saponificationa

Hexane/diethyl-ether
(85:15, v/v)b

Hexane/diethyl-ether
(85:15, v/v)b

Dichloromethane
(100%)b

I 0.43–0.44 0.44–0.45 0.37–0.39
II 0.38 0.4 0.33
III 0.39 0.41 0.29
IV 0.31–0.33 0.35 0.27–0.29
V  – 0.31 0.21
VI  0.23 0.23 0.18

I, �-mycolates; II, �′-mycolates; III, methoxymycolates; IV, ketomycolates; V, epoxymycolates; VI, carboxymycolates. 1D-TLC, one-dimensional thin layer chromatography.
Rf,  retardation factor. Rf of each separated spot on the TLC plate was  calculated using the following equation: distance traveled by the mycolic acid divided by distance
t
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Fig. 4. One-dimensional thin-layer chromatography of methyl mycolates from M.
smegmatis (lane 1), M.  confluentis (lane 2), M.  phlei (lane 3) and BCG (lane 4)
obtained by saponification. I, �-mycolates; II, �′-mycolates; III + IV, methoxymy-
raveled by the solvent front.
a Extraction procedure to obtain mycolic acids methyl esters as indicated in Secti
b Solvent system used to run TLC.

btained (Fig. 2 and Table 1). A second option to differentiate type
V and V mycolates is to use dichloromethane as an elution sys-
em in TLC analysis. As Fig. 4 and Table 1 show, when TLC were
un using dichloromethane and the saponification procedure was
erformed, type IV mycolic acid can be differentiated from type V,
ecause type IV has the same mobility as type III mycolic acid, both
type III and IV) being combined at a unique spot (Fig. 4, lanes 1–4;
able 1).

Results described above were unambiguously confirmed by
eans of NMR  spectroscopic analysis of the TLC spots assigned as
ycolic acid methyl ester type V for M.  smegmatis and M. confluentis

nd type IV for BCG (Fig. 5).
Fig. 5A shows the 1H NMR  spectrum of mycolic acid methyl

sters isolated from the TLC spot assigned as type V for M.  smegmatis
Fig. 2, lane 1). The spectrum shows a doublet of triplets at 2.72 ppm
coupling constants, J, 5.6 and 2.2 Hz) corresponding to the protons
f the epoxy group [24]. An analogous peak is observed in the 1H
MR spectrum of analytes isolated from the TLC spot assigned as

ype V for M.  confluentis (Fig. 2, lane 2) (Fig. 5B). In the case of the
CG, shown in Fig. 5C (mycolic acid methyl esters isolated from the
LC spot assigned as type IV, Fig. 2, lane 4), no signal of protons
rom an epoxy group were observed. Furthermore, a multiplet at
.51 ppm corresponding to a methynic proton adjacent to a keto
roup and a doublet at 1.06 ppm (J, 6.9 Hz), assigned to a methyl
roup bounded to the former methynic group were observed [25].
hese peaks were corroborated by 2D NMR  experiments such as
H–1H-COSY and 1H–13C-HSQC.

In addition, peaks corresponding to ethylenic protons were
bserved in the M.  confluentis sample (5.34 and 5.24 ppm), along
ith those of the methylene adjacent to double bond (2.01 ppm).
haracteristic signals of cis-substituted cyclopropyl rings (0.65,
.57 and −0.33 ppm) were observed in the BCG sample. In all
ases typical signals of mycolic acid methyl esters were identified,
uch as the methyl ester singlet (3.72 ppm), �-carboxylic proton
3.66 ppm), �-carboxylic proton (2.44 ppm), methylene protons
djacent to the �-carboxylic group (1.71 ppm), methylene chains
1.27 ppm, broad), and terminal methyl groups (0.89 ppm, triplet)
indicated in Fig. 5C as an example) [24,25].

As far as we know, the only mention of the lipidic composition
f an M.  confluentis cell wall after Kirschner’s [1] description was  in
he later review by Butler and Guthertz [12] who  reported, using
PLC, that M.  confluentis shares a late-emerging, complex, single-
luster peak pattern of mycolic acids with other mycobacteria. As
e mentioned before, using HPLC it is not possible to determine the

iscrete composition of these lipids. The question remained unclear
ntil now, the profile described initially by Kirschner et al. having
een widely accepted [7,26].

colates + ketomycolates; V, epoxymycolates; VI, carboxymycolates. TLCs were
developed once with dichloromethane (100%), and revealed with molybdophos-
phoric acid.
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ig. 5. 1H NMR  spectra of purified mycolic acid methyl esters from M. smegmatis, 

LC  spot from M. confluentis (Fig. 2, lane 2) and (C) type IV TLC spot from BCG (Fig. 2

. Conclusion

In recent years, newly described mycobacteria species have
een emerging incessantly. Due to the importance of the mycolic
cid pattern for describing new species, it is important to make
he content of each species clear, being thin-layer chromatography
n advantageous tool. Accordingly, M.  confluentis has to be consid-
red to contain �-mycolates (type I) and epoxymycolates (type V
ycolic acids).
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