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A previously undescribed component of the cell wall polysaccharide of Pro-
pionibacterium acnes, 2,3-diamino-2,3-dideoxyglucuronic acid, has been identi-
fied and synthesized. The component occurs to the extent of about 3 to 5% in the
wall polysaccharides of P. acnes types I and II and in Propionibacterium avidum
types I and II; it also appears to be present, but in much smaller amounts, in the
cell wall of Propionibacterium granulosum.

Like most gram-positive organisms, Propioni-
bacterium acnes has a cell wall which is com-
posed largely of polysaccharide and peptidogly-
can. In the case of P. acnes and the related
species Propionibacterium avidum and Propion-
ibacterium granulosum, the cell wall polysac-
charide is known to contain some combination
of the hexoses glucose, galactose, and mannose,
together with the hexosamines glucosamine and
galactosamine (7, 8, 17). However, the detailed
structure has not been investigated, and since
the polysaccharide is acidic but has negligible
phosphate content (C. S. Cummins, unpublished
data), there are obviously other components
present.

In examining acid hydrolysates Qf the cell wall
polysaccharide from P. acnes to determine the
hexosamine composition, an unusual spot was
observed on thin-layer chromatography plates,
giving a bright blue color with the ninhydrin
reagent. This material has been isolated and
identified as 2,3-diamino-2,3-dideoxyglucuronic
acid.
Unknown material from P. acnes polysaccha-

rides giving blue spots with ninhydrin has been
reported previously (1, 2). However, beyond
establishing that the material was probably car-
bohydrate in nature, it was not identified fur-
ther.

Acidic polysaccharides released into the me-
dium by P. acnes during growth have been
described by Dawes et al. (12) and Belsheim et
al. (4), but neither group reported finding a
constituent similar to the one described here.

MATERIALS AND METHODS
Strains of bacteria. P. acnes 0009 and 6637, P.

granulosum 0507, and P. avidum 0575 and 0589 were

from the culture collection of the Department of
Anaerobic Microbiology, Virginia Polytechnic Insti-
tute and State University, Blacksburg.
Growth of bacteria and preparation of cell wails.

Bacteria were grown for 48 h under anaerobic condi-
tions in a Trypticase (BBL Microbiology Systems)-
yeast extract-glucose medium as described by Cum-
mins and Johnson (10). Cultures were killed by heating
at 561C for 30 min, centrifuged, washed, and lyophi-
lized. Cell walls were prepared as described by Cum-
mins and Johnson (9). After thorough washing in
distilled water, the cell walls were lyophilized and
stored at -15°C.
Extracon of polysaccharide. Cell walls were ex-

tracted with 5% trichloroacetic acid to liberate poly-
saccharide: as an example, 200 mg of cell walls was
extracted with 20 ml of 5% trichloroacetic acid for 30
min at 56°C with constant stirring. After centrifuga-
tion, the residual walls were extracted twice more
under the same conditions. The three supernatants
were pooled, 5 volumes of acetone and a few crystals
of potassium acetate were added, and the polysaccha-
ride was allowed to precipitate overnight at 4°C. The
precipitate was recovered by centrifugation, redis-
solved in the minimal amount of distilled water, and
dialyzed (8,000 to 10,000 molecular weight cutoff)
against several changes of distilled water. The final
solution from the dialysis sac was filtered through a
0.4S5-jm filter and lyophilized. The yield was generally
20 to 25% of the weight of the wall.

Separation of 2,3-dlamino-2,3-dideoxyglucuronic acid
from other components of the polysaccharlde. Polysac-
charide (10 mg) was hydrolyzed in 4 ml of 6 N HCI for
18 h at 100°C, and the solution was filtered and
evaporated to dryness under a heat lamp. The material
was redissolved in 0.5 ml of distilled water and centri-
fuged to remove insoluble material, and the solution
was applied to a 4.0- by 1.0-cm column of Dowex
50W-x12 (200 to 400 mesh) in H' form. The column
was washed with 10 ml of distilled water, and the
washings were discarded. A linear gradient of HCI
from 0 to 2.0 N was applied to the column, and 2,3-
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dideoxyglucuronic acid was eluted between 0.2 and
0.3 N HCI, shortly after glucosamine and galactos-
amine.

High-voltage electrophoresis. High-voltage electro-
phoresis was done in a Pherograph apparatus (type 64;
Brinkmann Instruments Inc.). Whatman no. 1 paper
was used, with the following buffers: pH 2.0, 150 ml of
glacial acetic acid, 50 ml of formic acid, and distilled
water to 1,000 ml; pH 3.5, 100 ml of glacial acetic acid,
10 ml of pyridine, and distilled water to 1,000 ml; pH
6.0, 100 ml of pyridine, 10 ml of glacial acetic acid, and
distilled water to 1,000 ml. The normal run was for 1 h
at about 2,000 V and 25 to 35 mA, depending on the
buffer.

Thin-layer chromotography. (i) One dimensional.
Avicel microcrystalline cellulose plates (20 by 20 cm;
250 ,um thick; Analtec Inc., Newark, Del.) were used.
The solvent system was pyridine-ethyl acetate-acetic
acid-water (36:36:7:21 [vol/vol]). Separation was by
ascending chromatography, with two successive as-
cents in the solvent; between ascents, the plates were
dried for 15 min in a current of air. Spots were
visualized by spraying the plates with a mixture of
2,4,6-trimethylpyridine (2 ml) and acetic acid (15 ml) in
0.1% ninhydrin in 95% ethanol (50 ml) and heating at
90°C for 3 min (6). Reducing substances were detected
by the alkaline silver method of Trevelyan and Harri-
son (31).

(ii) Two dimensional. Two-dimensional chromatog-
raphy was also done on Avicel 20- by 20-cm plates,
with the following solvents: solvent A, 1-butanol-
acetic acid-water (180:45:75 [vol/vol]); solvent B, phe-
nol-water-NH40H (166 ml of 88% phenol, 34 ml of
water, 1 ml of 30o NH40H). Each solvent was run up
to about 1 cm from the top of the plate. After develop-
ment in solvent A, the plate was thoroughly dried (1 h
in a current of air) and then run in the other dimension
in solvent B. The phenol solvent was removed by
washing the plate twice in acetone in a shallow dish
before visualizing the spots with the ninhydrin-colli-
dine reagent. Crystals of KCN were added to the tank
containing solvent B to prevent oxidation.

Preparation of n-butyl trifluoroacetate derivatives. A
0.1- to 1-mg amount of the sample to be derivatized
was placed in 1 ml of 3 M HCI in n-butanol (Burdick
and Jackson Laboratories, Inc.) and heated at 100°C
for 1 h. Then, with the sample maintained at 90°C, the
n-butanol was removed by a stream of nitrogen. The
resulting residue was cooled, and 0.5 ml of an equal
mixture of trifluoroacetic anhydride and methylene
chloride was added. After sitting overnight at room
temperature, the residue was concentrated to dryness
and placed in 50 ,ul of the same solvent for gas
chromatographic or gas chromatographic-mass spec-
trometric analysis.
Gas chromatography and gas chromatography-mass

spectrometry. A Varian MAT 112 gas chromatograph-
mass spectrometer modified with a single-stage glass
separator was used for the work described here.
Separations of the derivatives for either gas chromato-
graphic or gas chromatographic-mass spectrometric
analysis were performed with 6-ft by 1/8-in. (ca.
182.88- by 0.318-cm) glass columns packed with one of
the following: 3% OV-17 on 100/120 Supelcoport, or
3% SP-2100 or 10o SP-2100 on 80/100 Supelcoport
(Supelco, Inc.).

All gas chromatography was done by temperature

programming. The n-butyl trifluoroacetyl derivatives
were separated on the 10o SP-2100 column pro-
grammed from 160 to 300°C at 8°C per min and on the
3% OV-17 and 3% SP-2100 columns programmed from
100 to 300°C at 10°C per min. The trimethylsilyl (TMS)
derivatives were separated on the 3% OV-17 column
programmed from 200 to 300°C at 8°C per min.

All mass spectra were recorded at 70 electron volts
(eV) with an ion source temperature of 250°C. Isobu-
tane was used as the reagent gas to obtain the chemical
ionization mass spectra.

Preparation of 2,3-diamino-2,3-dideoxyglucuronic
acid. A 100-mg amount of 2,3-diacetamido-2,3-di-
deoxy-D-glucose (U.S. Biochemical Corp.) was placed
in 10 ml of 1.5 M HCI in CH30H and held at 60°C for 2
h. The methanol and HCI were then removed in a
vacuum. The resulting methyl glucosides were dis-
solved in 5 ml of water and adjusted to pH 8 to 9 with a
saturated sodium bicarbonate solution. A 200-mg
amount of 5% platinum on carbon (Engelhard Indus-
tries, Newark, N.J.) was added, and the contents were
oxygenated at 90°C by a fine stream of oxygen gas.
The gas was added at such a rate that the catalyst was
kept completely suspended in the medium. The reac-
tion was conducted with a reflex condenser attached
to6tke flask to reduce water loss. The pH of the
solution, which drops during the reaction, was brought
back to 8 to 9 by the addition of NaHCO3. At the
completion of the reaction, the catalyst was removed
by filtration, and the resulting solution of methyl 2,3-
diacetamido-2,3-dideoxyglucuronide was made 6 M in
HCI by the addition Of concentrated HCI. This materi-
al was then heated for 2 h at 110°C and dried in a
vacuum. The residue, after solution in water, was
purified by chromatography on a Dowex 50 H' col-
umn as described above. The fractions containing the
desired product were dried in vacuo and crystallized
from EtOH-H20 mixtures.

RESULTS
Gas chromatography of the n-butyl trifluoroa-

cetyl derivative of the unknown compound gave
a different pattern of peaks depending on the
chromatographic phase used for the separation.
In each case, a major peak was the first to elute,
followed by one or more smaller peaks. With the
first peak assigned an intensity of 100, the minor
peaks found with various phases were as fol-
lows: OV-17, one minor peak, intensity 49; 3%
SP-2100, two minor peaks, intensities 33 and 14;
10% SP-2100, three minor peaks, intensities -9,
-23, and 28. In every case, the smaller peaks
appeared as a cluster of unresolved peaks which
were well separated from the major peak. Gas
chromatography-mass spectrometry of the
peaks showed each of them to give almost
identical mass spectra, indicating that they were
isomers of a common compound. The genera-
tion of four peaks giving similar mass spectra
from a single compound when using the n-butyl
trifluoroacetyl derivatives is a general character-
istic observed when assaying derivatives of al-
doses or 2-amino-2-deoxyaldoses. The four
peaks originate from the a and p anomers of the
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FIG. 1. Mass spectrum of the n-butyl trifluoroacetyl derivative of 2,3-diamino-2,3-dideoxy-D-glucuronic acid.

n-butyl furanoside and pyranoside isomers of
the sugar. This is a general characteristic ob-
served during the preparation of derivatives
from equilibrium mixtures offree sugars (20, 30),
glycosides (26), 2-amino-2-deoxyaldohexoses
(18), and 2-amino-2-deoxyaldoglycosides (32).
That the amount of n-butyl glycosides observed
reflected an equilibrium mixture of glycosides
was confirmed in that their relative intensities
did not change on longer heating with the 3 M
HCI in n-butanol. Both the intensities of these
peaks and their retention times are definitive
characteristics of a given sugar (30). As a general
rule, the a-pyranoside derivatives have the shor-
test retention times, indicating that the major
peak is an a-n-butyl pyranoside (30). The mass
spectrum of this peak is shown in Fig. 1. The
highest mass ion seen in the 70-eV spectra is at
m/z 519. The mass spectrum, however, does not
show any fragment ions which would indicate
that this is the true molecular ion.

Assigning a molecular weight of m/z 592 to the
derivative, however, would give the following
fragment ions: M+ - C4H9O, m/z 519; M+ -

C4HqOOCH, m/z 490; M+ - CF3COO, m/z 479;
M+- C4H9OOC - CF3COOH, m/z 377; and
M+- C4H900C - CF3COO - C4Hq, m/z 321.
To confirm this molecular weight, the chemical
ionization spectra of the sample were obtained.
They showed three major ions at MH+, m/z 593;
MH+ - C4H9OH, m/z 519; and MH+ -

(C4H9OH)2, m/z 445, confirming that the deriva-
tive has a molecular weight of 592. The frag-
ments also show that the molecule contains two
butyl groups, since a major ion at MH+ -

(C4H9OH)2, m/z 445, was observed. This inter-
pretation of the chemical ionization mass spec-
trum is supported by the CI mass spectrum of
the n-butyl trifluoroacetyl derivative of gluco-
samine, which shows intense ions at MH+, m/z
620, and MH+ - C4H9OH, m/z 546, and no
MH+ - (C4H9OH)2.

Since, based on its chromatographic charac-
teristics and reaction with ninhydrin, the original
molecule is known to contain amino groups, and
since the derivative of the tnolecule has an even
mass, we must conclude that the molecule has
an even number of nitrogens. Assuming that the
correct even number is two, and considering the
observed molecular weight of the derivative and
the chemical methods used in its preparation,
there is only one logical structure which is
consistent with the data, a diaminodideoxyhex-
uronic acid.
The position of the amino groups in the com-

pound cannot be readily obtained from the mass
spectral data of the derivative. However, gas
chromatography of the derivative showed the
presence of both furanoside and pyranoside
forms of a sugar, which would strongly argue
that the hydroxyl groups are in positions 4 and 5.

If one of the amino groups had been ineither
position 4 or 5, this would have prevented
formation of the furanoside or pyranoside iso-
mer, respectively. This thus leaves only carbons
2 and 3 vacant for the two amino groups.
The fact that the compound failed to form a 3-

6 lactone during the treatment with acidified n-
butanol provides additional evidence for an ami-
no group at C-3. Compounds with a free
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FIG. 2. Outline of the chemical synthesis of 2,3-diamino-2,3-dideoxy-D-glucuronic acid.

hydroxyl group at C-3, such as glucuronic acid,
readily form a 3-6 lactone on acid treatment.
This would be completely blocked by an amino
group at C-3 in the same stereochemistry as the
glucose C-3 hydroxyl group, since the amino
group will not produce a cyclic lactam under the
acidic conditions.

Considering the above information, the recent
identification of 2,3-diamino-2,3-dideoxy-D-glu-
cose in Rhodopseudomonas spp. (19, 27), and
the identification of 2-amino-2-deoxyglucuronic
acid (14, 15, 25, 28, 33), 2-amino-2-deoxyman-
nuronic acid (24), and 2-amino-2-deoxygalactur-
onic acid (5, 21) in bacterial polysaccharides, it
was concluded that the compound was 2,3-
diamino-2,3-dideoxy-D-glucuronic acid.
To confirm the structure proposed for the

unknown compound, it was compared to a syn-
thetic sample of known structure prepared as
outlined in Fig. 2. The synthesis began with 2,3-
diacetamido-2,3-dideoxy-D-glucose, which is
converted into a mixture of the a and 1B methyl
glycosides by reaction with 1.5 M HCI in anhy-
drous methanol. (The progress of this reaction
and the subsequent reaction steps were followed
by gas chromatography of the TMS derivatives
of the sugars on the 6-ft by 1/8-in. 3% OV-17
column.) The conversion of the sugar to the
methyl glycosides was required to prevent oxi-
dation of the C-1 carbon in subsequent steps.
The TMS derivative of the starting material gave
two peaks, with the first and most intense peak
representing the (TMS)3 derivative of the a

isomer and the second peak representing the tri-
TMS derivative of the isomer. During the
formation of the methyl glycoside, two new
peaks appeared representing the a and methyl
glycosides. The mass spectra of these peaks
showed both to have a M+ - 15 ion at m/z 405,
indicating that they represented the (TMS)2 de-
rivative of the glycosides. Catalytic oxidation of
the glycoside mixture by oxygen in the presence
of platinum on carbon was next used for the
oxidation of the primary hydroxyl groups of the
methyl glucosides. This is a very well character-
ized reaction and has been used extensively for
the oxidation of the C-6 position in sugars (16).
Several examples are known for the direct oxi-
dation of both alkyl (3, 22) and aryl glycosides
(23) to glucuronides.

The product of this reaction produced a single
gas chromatographic peak with M+ - 15 at m/z
434, which is that expected for the methyl TMS
derivative of 2,3-diacetamido-2,3-dideoxy-D-
glucuronic acid. This product had a longer reten-
tion time than either the starting materials or the
methyl glycosides and presumably contains both
the a and anomers. Acid hydrolysis of the
oxidized material then gave 2,3-diamino-2,3-di-
deoxy-D-glucuronic acid, which was purified by
column chromatography on Dowex 50.
Apart from the identity of the mass spectra of

the natural and synthetic materials, they both
gave the same distinctive blue color with the
ninhydrin-collidine reagent on thin-layer chro-
matography plates and ran to identical positions
in one-dimensional and two-dimensional chro-
matography. The Rf values of 2,3-diamino-2,3-
dideoxyglucuronic acid and some other amino
sugars and amino acids are given in Table 1.

DISCUSSION
The presence of the unknown component

eventually identified as 2,3-diamino-2,3-dideox-
yglucuronic acid was originally noticed because
of the presence of a bright blue spot in thin-layer
chromatograms of acid hydrolysates of a cell
wall polysaccharide from a P. acnes strain.
These chromatograms were sprayed with a solu-

TABLE 1. Rf value of 2,3-diaminoglucuronic acid in
comparison with that of other components of

polysaccharide and peptidoglycana

Substance Rf relativeto
glucosamine

Muramic acid ........ .......... 1.14
Glucosamine ........ ........... 1.0
Galactosamine .................. 0.87
Alanine ........... ........... 0.74
2,3-Diamino-2,3-dideoxyglucuronic acid

(natural and synthetic) ..... ...... 0.74
Glutamic acid ........ .......... 0.43
Glycine ........... ........... 0.43
Aspartic acid ........ ........... 0.24
Lysine .............. ......... 0.21
Diaminopimelic acid .............. 0.09

a Conditions: 20- by 20-cm Avicel cellulose plate;
solvent, ethyl acetate-pyridine-acetic acid-water; two
ascents, each to within 3 cm of top of plate.

VOL. 153, 1983



1392 CUMMINS AND WHITE

tion of 0.1% ninhydrin in 95% acetone and
heated at 90 to 100°C for about 3 min. In typical
form, the unknown spot was bright sky blue in
color, resembling that given by aspartic acid
under favorable conditions.
There was, in fact, an element of serendipity

attached to the original discovery of the sub-
stance, since the bright blue color was subse-
quently found to be difficult to elicit under the
original conditions. However, it can regularly be
produced by using the ninhydrin-acetic acid-
collidine mixture described by Cowgill and Par-
dee (6). This was the reagent used by Adlam and
Reid (1) when they described an apparently
similar spot in their hydrolysates. In fact, Adlam
and Reid described two unknown components,
both giving a distinctive blue color, but we have
only been able to detect one such spot in our
material. Our original detection of the blue color
may have been due to the presence of residual
acetic acid and pyridine from the solvent in the
cellulose layer of the plate.
The material was weakly reducing in compari-

son with the strength of its reaction with ninhy-
drin, and it gave only a faint spot in thin-layer
chromatography by the alkaline silver tech-
nique. On high-voltage electrophoresis on paper
(ca. 50 V/cm), the substance moved toward the
cathode at pH 2.0, 3.5, and 6.0, indicating that it
carried a net positive charge under these condi-
tions. The Rf value was about 1.05, taking
glucosamine as 1.00. It was noticed that the
material gave a very diffuse spot after high-
voltage electrophoresis at pH 2.0, although at
the other pH values the spot was as compact as
those given by the standard amino sugars.

Suitable methods for the estimation of the 2,3-
diaminouronic acid have yet to be worked out; it
appears to give little or no color with the carba-
zole reagent used for uronic acid estimation or
with the p-dimethylaminobenzaldehyde reagent
used for amino sugars. As judged by the strength
of reaction with ninhydrin when compared with
known amounts of glucosamine on thin-layer
chromatography plates, it would appear to be
present to the extent of 3 to 5% of the polysac-
charide, but exact measurements will have to
await the isolation of larger amounts of pure
material.
The 2,3-diaminohexuronic acid component

was originally detected in hydrolysates of a cell
wall polysaccharide extracted from a strain ofP.
acnes serotype I (VPI 0009). Preliminary exami-
nations of cell wall polysaccharides from other
strains of skin propionibacteria indicate that the
diaminohexuronic acid is also present in strains
of P. acnes serotype II (VPI 6637) and in strains
of both serotypes of P. avidum (VPI 0575 and
0589). It also appears to be present, but in much
smaller amounts, in the polysaccharide from P.

granulosum (VPI 0507). This is of interest be-
cause P. avidum strains show about 50% DNA
homology with P. acnes, whereas strains of P.
granulosum show only about 12 to 15% (17).
Since P. granulosum is obviously much more
distantly related to P. acnes than is P. avidum, it
might be expected that the structure of its poly-
saccharide would be substantially different.
Although quite a wide variety of amino sugars

have been described from bacterial polysaccha-
rides (see, e.g., references 13 and 29), among
them 2-amino-2-deoxyglucuronic acid (25), it
does not seem that a diaminohexuronic acid has
been described previously. The presence in the
polysaccharide of P. acnes of a substance carry-
ing acidic groups would explain satisfactorily the
negative charge of the material. However, too
little is known as yet about the general structure
of these polysaccharides to determine what role,
if any, the diaminohexuronic acid might play in
the immunological reactions of the polysaccha-
ride or in the reticulo-stimulatory properties
shown by some strains of P. acnes (e.g., refer-
ences 1 and 11).
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