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Trehalose esters of mycolic acids (2-alkyl long chain hydroxy fatty acids) and
their analogs are biologically important components of Corynebacteriae,
Rhodococci, Nocardiae, and Mycobacteriae (order Actinomycetales; for reviews,
see refs 1 and 2). These glycolipids have been studied by several groups (for
review, see ref 2). The isolation and partial characterization of trehalose dicoryno-
mycolate (1) from an acetone-insoluble fraction of Corynebacterium diphtheriae
was first reported by Ioneda et al.3. This corynomycolate was later found to be a
mixture of three components*~?, which could be separated as their trimethylsilyl
derivatives’. These compounds, termed Bl, B2, and B3, were characterized by
Puzo et al.” using electron-impact mass spectrometry (EIMS), as the dicorynomy-
colate, the monocorynomycolate-mono{(dehydrocorynomycolate), and the bis(dehy-
drocorynomycolate) **. A similar study was done by Puzo and Prome? on the
6-monocorynomycolate of a,a-trehalose (2) from the same organism.

Corynebacterium matruchotii also contain mycolate ester glycolipids. Shimakata
et al.’ tentatively identified trehalose monocorynomycolate as a product of synthe-
sis of corynomycolic acid by a cell-free system of C. matruchotii. In our work with
C. matruchotii, we have found that the composition of the mycolate ester glycolipid
fraction is relatively simple as compared to that of C. diphtheriae. Thus, it appears
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to be a better system for studying the biosynthesis of corynomycolic acids. For this
reason, we decided to complete the structural determination of the corynomyco-
late esters in C. matruchotii.

The dicorynomycolate fraction was isolated from cells of C. matruchotii, puri-
fied by column chromatography, and analyzed by TLC as the Me,Si derivative by
the method of Puzo et al.’”. A single major band (~ 95%) was observed that
cochromatographed with the Me;Si derivative of synthetic trehalose 6,6'-di-
corynomycolate'®. It was equivalent to Puzo’s Bl component’. A minor band
(< 5%), which could represent Puzo’s B2 component’, was observed at R 5 0.70 in
19:1 hexane-Et,0. The B3-like component observed by Puzo et al.” was absent in
our preparation. Thus, mycolate esters of C. matruchotii appear to contain only
small amounts of 3-oxo fatty acyl groups, in contrast to those of C. diphtheriae
where they are a major component (data not shown). Cf plasma desorption MS of
the purified dicorynomycolate from C. matruchotii showed molecular ions M + Na*
at m /z 1322 as the major component and m /z 1349 as the minor component.
These results indicated that the major fatty acyl group of this glycolipid is a
C,,-corynomycolic acid. This was confirmed by EIMS of the methyl ester of the
isolated fatty acid. A major M — 18 ion at m /z 492 and a characteristic pyrolysis
fragment (methyl palmitate) at m /z 270 were observed. The major fatty acyl
group of the dicorynomycolate from C. matruchotii is thus determined as 3-hy-
droxy-2-tetradecyloctadecanoyl. Saponification of the dicorynomycolate yielded a
water-soluble product identified to be trehalose. Acid hydrolysis yielded 2 mol of
glucose per mol of dicorynomycolate.

Puzo et al.” determined the position of acyl groups on trehalose by comparing
the mass spectrum of the Me,Si derivative of synthetic trehalose dicorynomycolate
with that of the natural isolate from C. diphtheriae. These authors noted that the
unsaturation in the acyl groups made the interpretation difficult because of the
superimposition of different ion structures’. We have found that 'H NMR gives a
spectrum clearly indicating the position of the acyl groups of trehalose dicorynomy-
colate without the need for derivatization'®. The synthetic 6,6’-di-O-[(2RS,3RS)-3-
hydroxy-2-tetradecyloctadecanoyl]-w,a-trehalose and its natural isomer isolated
from C. matruchotii gave similar 'H NMR spectra. The spectrum for the natural
isomer was simpler because of the presence of only one isomeric corynomycolic
acid (probably the 2R, 3R isomer, see below), unlike the synthetic analog which
contains a mixture of both (2R,3R)- and (28,35)-3-hydroxy-2-tetradecyloc-
tadecanoic acids!®. This was evident by comparing the spectrum with that of
trehalose dipalmitate. As expected, both spectra were similar (Fig. 1) in the region
from & 5.0-3.0, which contains the sugar CH and CH, signals. Downfield shift of
equivalent H-6a and H-6'a resonances to & 4.26 is consistent with the presence of
acyl groups at O-6 and O-6’ of trehalose.

The purified monocorynomycolate fraction from C. matruchotii was examined
by TLC after Me,Si derivatization. It gave a single band that comigrated with the
Me,Si derivative of synthetic trehalose monocorynomycolate. The Cf plasma-de-
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Fig. 1. Partial 'H NMR spectra of: (A) purified trehalose dicorynomycolate from C. matruchotii, and

(B) synthetic trehalose 6,6’-dipalmitate?,

sorption MS of this natural isolate showed a major M + Na* ion peak at m/z
843, indicating the presence of 3-hydroxy-2-tetradecyloctadecanoyl-a,a-trehalose
(also see ref 10). When the fatty acyl group was liberated from this compound and
analyzed by EIMS as its methyl ester, the spectrum was similar to that observed for
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the fatty acyl group of trehalose dicorynomycolate (see above). A M — 18 peak at
m /z 492 was observed for the fatty acyl group of this natural compound.

The position of acyl group on trehalose of trehalose monocorynomycolate was
determined by Shimakata et al.’ following the method of Puzo and Prome3.
However, Me,Si derivatization was required. We obtained a clear and inter-
pretable 'H NMR spectrum by use of the procedure described earlier'. When the
spectrum of this natural isolate was compared with that of its synthetic product,
they were identical, indicating O-6 as the position of the (2R, 3R)-corynomycoyl
group on trehalose. The H-6a resonance was at & 4.30.

In conclusion, this study showed that C. matruchotii synthesizes both trehalose
6-mono- and 6,6'-di-corynomycolates. Chromatographic evidence suggested that,
unlike those of C. diphtheriae, the trehalose esters of C. matruchotii contain only
small amounts of 3-oxo fatty acyl groups. Thus, C. matruchotii appears to be a
better system to use for the study of the biosynthesis of corynomycolic acids than
C. diphtheriae. We have utilized 'H NMR to determine the position of the fatty
acyl groups on the trehalose corynomycolates isolated from C. matruchotii. This
method is direct and the results are unambiguous. It offers certain advantages over
the method involving EIMS of the Me,Si derivative.

EXPERIMENTAL

General methods. —Melting points were measured with a Fisher—Johns melting
point apparatus and are uncorrected. Optical rotations were determined with a
Perkin—-Elmer Model 141 polarimeter. NMR spectra were determined in the
National Magnetic Resonance Facility at Madison by use of a Bruker AM-400 or
Bruker AM-500 spectrometer at ambient temperature. Samples were dissolved in
(CD,),SO with an added drop of trifluoroacetic acid. 'H Chemical shifts, quoted
from the signal of Me,Si, were measured from internal CHCl, signal at § 8.31 for
solutions in (CD,),SO. EIMS were recorded with an A.E.I. MS DS-50 instrument.
Cf plasma desorption MS was performed at the Middle Atlantic Mass Spectrome-
try Laboratory, Dept. of Pharmacology and Molecular Science, The Johns Hopkins
University School of Medicine, Baltimore, MD. Separations were accomplished by
open column chromatography on Silica Gel 60 (70-230 mesh, Merck) and DEAE-
cellulose (AcO~, Bio-Rad). TLC was performed on silica gel plates (250 um,
Merck). The glycolipids on the plates were detected by spraying with orcinol—
H,SO, (ref 11) and heating (for the detection of sugars) with K,CrO,-H,SO, (ref
12) for nonspecific charring, and with an Mo reagent!® (for the detection of
organic phosphates).

Growth of organisms.—Cells of C. matruchotii (ATCC 14266) were grown in
brain heart infusion broth with 2% yeast extract (Difco) at 37°C with shaking for 72
h to late-log growth and were harvested by centrifugation.

Isolation and purification of trehalose mono- and di-corynomycolates from C.
matruchotii.—Cells (45 g wet weight) were suspended in 2:1 CHCl;,-MeOH (1 L),
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and the lipids were extracted by the method of Folch et al.'%. The extraction was
repeated twice, and the pooled extracts were dried (6.85 g) and dissolved in 2:1
CHCl,-MeOH (15 mL). This solution was added to cold acetone (1.5 L) and
stirred, and the acetone-insoluble material was recovered by filtration (1.3 g). It
contained the glycolipids including trehalose mono- and di-corynomycolates along
with contaminating phospholipids. This sample was passed through a DEAE-cel-
lulose column to remove the phospholipids as follows: the acetone-insoluble
materials (1.26 g) were dissolved in 4: 1 CHCl,—~MeOH, converted to the free acid
form by passage through a Dowex 50 (H') column in the same solvent, and
applied to a column (4 X 35 cm) of DEAE-cellulose (AcO™). The column was
washed with CHCI, (1.2 L), 2:3:1 CHCI;-MeOH-H,0 (1.2 L), and then 0.1 M
NH,OAc (1.2 L) in 2:3:1 CHCl;-MeOH-H,0, each eluting solvent being
collected separately. The three eluates were evaporated to dryness, and the
residues were examined by TLC. The 2:3:1 CHCl;-MeOH-H,0 eluate con-
tained trehalose esters (321 mg dry weight) as judged by TLC in 39:11:1
CHCl ,-MeOH-~H,0. This fraction was completely free of phospholipids since the
Mo reagent'?® did not reveal organic phosphate on the TLC plates. The trehalose
esters (entire sample) were further fractionated on a 3.4 X 28 cm Silica Gel 60
column using a stepwise gradient of CHCIl, (300 mL), 9:1 CHCl;-MeOH (400
mL), 4:1 CHCl;-MeOH (400 mL), and 3:1 CHCI;-MeOH (400 mL). Fractions
were collected and analyzed by TLC using the solvent system of 39:11:1 CHCl,—
MeOH-H,0. The trehalose dicorynomycolate fraction eluted from the column in
19:1 CHCIl;-MeOH was pooled and dried (59.3 mg). TLC of this sample in
39:11:1 CHCl;-MeOH-H,0 showed a single band at R, 0.78 that co-chromato-
graphed with synthetic 6,6’-di-O-{(2 RS,3 RS)-3-hydroxy-2-tetradecyloctadecanoyl]-
a,a-trehalose”. It was a white solid, mp (deposited from MeOH) 146-147°C; [a]®
+82° (¢ 0.3, CHCl,) *; 'H NMR [(CD,),SO + CF,CO,H]: & 4.84 (br 2 H, H-1,1'),
426 (br d., 2 H, J 10.5 Hz, H-6a,6'a), 4.01 (m, 2 H, H-6b,6'b), 3.90 (m, 2 H,
H-5,5"), 3.60-3.05 (series of m, sugar CH and CH,, H-3 of acyl), 2.28 (m, 2 H, H-2
of acyl), 1.94 (m), 1.55-1.05 (series of m, acyl CH,), 0.80 (two superimposed t,
terminal CH,). Cf plasma-desorption MS: positive ion, molecular ion peaks at
m/z 1322 and 1349 (Caled M + Na* where R! =R?=Cj,, m /z 1322; Calcd
M + Na* where R' = C;,, R?=C,,, m /z 1350).

A part (300 pg) of this natural isolate was converted to its Me,Si derivative by
the scaled-down procedure of Puzo et al.” TLC of this product in 19:1 hexane—
Et,O gave a single major band at R, 0.87, cochromatographing with the Me,Si
derivative of the synthetic trehalose dicorynomycolate.

The 4:1 CHCl;—MeOH cluate of the Silica Gel 60 column fractionation of the
trehalose esters (see above) contained the trehalose monocorynomycolates. The

* The earlier isolate> from C. diphtherigze had lower mp (110-115°C) and [a]p +64°, presumably
because of the impurities*®, and the synthetic analog, which was a mixture of diastereoisomers (with
Tespect to corynomycoloyl groups), had mp 150-151°C and [« ] +42° (ref 10).
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appropriate fractions (based on TLC) were pooled and evaporated to dryness (15.9
mg); TLC in 39:11:1 CHCl,-MeOH-H ,0 showed a single band at R ¢ 0.41 that
cochromatographed with synthetic 6-O-[(2R,3R)-3-hydroxy-2-tetradecyloctade-
canoyl]-a,a-trehalose!®. After deposition from MeOH, a white solid, it had mp
194-196°C with softening at about 160-165°C (lit."° 195-196°C) and [a]® +7C°
(c 0.2, CHCI,) (1it.1° + 68°); 'H NMR [(CD,), + CF,CO,H] identical to that of
synthetic 6-0-[(2 R,3R)-3-hydroxy-2-tetradecyloctadecanoyll-a,a-trehalose®. Cf
plasma desorption MS: positive ion, major peak at m /z 843 for M + Na™.

After conversion of this natural isolate (~ 250 ug) to its Me,Si derivative as
described above, TLC in 19:1 hexane—Et,O showed a single band at R 0.53,
which cochromatographed with the Me;Si derivative of synthetic 6-O-[(2R, 3R)-3-
hydroxy-2-tetradecyloctadecanoyl]-a,a-trehalose!® (trehalose monocorynomyco-
late).

Characterization of the sugar.—The purified mono- and di-corynomycolates
(2 mg of each) were suspended in 2 M CF;CO,H (200 pL) and incubated at 100°C
for 6 h. The lipids were removed from the hydrolyzates by extraction with
petroleum ether. The aqueous layer was evaporated to dryness, the residue was
dissolved in of 1:1 EtOH-H,O (100 pL), and the solution (5 L) was spotted on
Whatman 3 M paper (12 X 42 cm), along with p-glucose. Two solvent systems of
12:5:4 EtOAc—pyridine-H,O and 7:1:2 2-propanol-EtOAc-H,0 were used.
The spots were visualized using silver nitrate reagent’>. In both solvents, the
monosaccharide derived from the purified corynomycolate esters comigrated with
the giucose standard.

The presence of trehalose in both samples of corynomycolate esters was
demonstrated as follows: samples (2 mg each) were incubated overnight in 5%
KOH in 1:1 EtOH-H,0 at 37°C and acidified with AcOH, and the fatty acids
were removed by extraction with petroleum ether. The remaining aqueous phases
were desalted by passage through a mixed-bed resin column. The residue was
analyzed by PC using the two solvent systems mentioned above. After spraying the
developed chromatogram with HIO,-benzidine reagent!®, a single spot appeared
which comigrated with trehalose. Both trehalose and sample spots were negative to
the AgNO, dip reagent',

Quantitative estimation of sugar.—The solutions obtained by CF;CO,H hydroly-
sis of the purified trehalose mono- and di-corynomycolates (see above) were used
for quantitation of the glucose content with the cysteine-H,SO, reagent!’. Stan-
dard p-glucose and synthetic 6-O-[(2 RS,3RS)-3-hydroxy-2-tetradecyloctadecanoyl]-
a,a-trehalose!® were used as controls. Based on 821 and 1300 as the average mol
wt for trehalose mono- and di-corynomycolates from C. matruchotii, the molar
ratios of trehalose to glycolipid were 1.03:1 and 0.98: 1, respectively.

Analysis of fatty acids.—The fatty acids obtained from trehalose mono- and
di-corynomycolates by saponification—acidification (see above) were examined by
TLC. These samples cochromatographed with synthetic (2 R,3R)-3-hydroxy-2-te-
tradecyloctadecanoic acid; R, (19:1 CHCI1;-MeOH) 0.34, (20:20:1 petroleum
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ether—Et,0-AcOH) 0.29. When examined by TLC, the methylated samples (by
diazomethane) also cochromatographed with synthetic methyl (2RS,3RS)-3-hy-
droxy-2-tetradecyloctadecanoate!® in CHCI, (R . 0.42) and 4:1 petroleum ether—
Et,0 (R, 0.38); EIMS of the methylated samples: m /z 492 (major) for M — 18,
299 for M — C,sH;;, and 270 for methyl palmitate. As reported earlier’®'’, a
homologous series of M — 18 were also observed at m /z 506 and 518 (minor).
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