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CHROM. 4526

Thin-layer and paper chromatography of dinitrophenyl derivatives of amino
acids from bacterial cell wall peptidoglycans

Recent studies on the structure of the diaminopimelic acid containing peptido-
glycan from Bacillus stearothermophilus cell walls! have led to improvements in the
thin-layer and paper .chromatographic separation of 2,4-dinitrophenyl! (DNP)-de-
rivatives of the amino acid constituents of these cell walls which are reported here.

Detection and identification of very small quantities of DNP-amino acids on
chromatograms is often facilitated by viewing under UV light. This increases the
apparent intensity of the spots and shows up certain marked colour differences be-
tween the various derivatives, thus improving ease of identification. However, the
thin layers of silica gel usually used?-2 for chromatography of DNP-amino acids give
an intense purple fluorescence under UV light which masks the presence of very faint

_Spots and decreases the colour conirasts. We have found that thin layers prepared
from a mixture of cellulose and silica gel give a much lower degree of fluorescence and
preserve the colour contrasts between the various derivatives. Such layers are also
more robust and may easily be marked with a soft pencil without damage to the layer
surface.

DNP-derivatives of amino acids from bacterial cell wall peptidoglycans are
only poorly resolved by one-dimensional thin-layer chromatography. Dinitrophenol
and DNP-alanine migrate close to the solvent front in the system of GHUYSEN ¢t al.?
and are difficult to separate, while DNP-glycine and DNP-serine are invariably only
partlally resolved. DNP-glutamic acid and di-DNP-diaminopimelic acid move too
slowly in most solvents to be absolutely distinguished from each other. The two-
dimensional system described here eliminates these difficulties, is relatively rapid, and
mcorporates the advantages of the mixed silica gel-cellulose layer for the detection
of Very small quantities of DNP-amino acids.

Thin layers (0.25 mm) of cellulose-silica gel were conventionally prepared from
a mixture of 10 g Cellulose MN300 (Macherey, Nagel & Co.) and 4 g Silica Gel H
(Merck) homogenised with 8o ml water for 10 min in a Waring Blendor (these quanti-
ties are suﬁiment for five 20 X 20 cm plates). When set (2o min) the plates were dried
overnight at 37 °. ' ’

Reference markers and unknown mixtures were chromatographed together in
the manner depicted in Fig. 1. >evelopment of chromatoplates in the 1st dimension
employed two solvent systems successively, viz. (I) 1sopropanol—acet1c acid-water
(75:10:15)4 for 15 min and, after drying in a stream of cold air, (II) #-butanol-o.15 N
ammonium hydroxide (1:1, upper phase)’ until the solvent front approached the top
of the plate (approx. 31 h). The layer was scraped off to a level 2 cm below the front
of solvent IT and the plate thoroughly dried in air. A second set of reference markers
was applied as indicated in Fig. 1 and the plate developed in the second dimension in
solvent III, 1.5 M sodium phosphate buffer, pH 6.08, until the front approached the
first set of reference markers (approx. 1 %-2 h). All operations were carried out in a
darkened room. DNP-alanine values for various DNP-amino acids in this system are
shown in Table I. The initial partial development of chromatoplates in solvent I was
devised to separate mono-DNP-diaminopimelic acid from DNP-glutamic acid. While,
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theoretically, mono-DNP-diaminopimelic acid can be separated from mixtures of other
DNP-amino acids by extraction of the latter into ether, in practice some contami-
nation of the ether phase by the aqueous phase is inevitable when working on a
micro scale. In such cases traces of mono-DNP-diaminopimelic acid can be errone-
ously identified as DNP-glutamic acid. Where mono-DNP-diaminopimelic acid is
known to be absent the partial development of chromatoplates with solvent I can be
omitted with little change in the pattern depicted in Tig. 1.

Preparative separation of larger quantities of DNP-amino acids on paper chroma-
tograms generally requires the inclusion of buffer salts in the developing solvent and
paper to prevent tailing”. Subsequent elution of separated components from paper

TABLE 1

CHROMATOGRATPHY OF DNTP-AMINO ACIDS ON THIN LAYERS OF CELLULOSE~SILICA GEL AND WHAT-
MAN No. 3MM PAPER

RI)NI’-nluntne

Cellulose—silica ge!l Paper
Solvent system: I + ITf IrI v
DNP-glutamic acid 0.45 1.57 0.80
DNP-glycine 0.74 0.83 0.61
DNDP-serine 0.76 1.26 0.62
Di-DNP-diaminopimelic acid 0.59 0.52 0.29
Mono-DNP-diaminopimelic acid 0.30 1.61 0.08
Dinitrophenol 1.13 . 0.82 1.30
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Fig. 1. Tracing of a two-dimensional separation of DNP-amino acids on a cellulosc-silica gel thin-
layer plate. 1 = Dinitrophenol, 2 == DNP-alanine, 3 = DNP-glycine, 4 = DNP-serine, 5 =
DNP-glutamic acid, 6 = di-DNP-diaminopimclic acid, 7 = mono-DNP-diaminopimelic acid,
O = origin of mixture of 1-7.
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':mustibe followed by a desaltmg procedure, wrth consequent loss of matenal if the
: pure compound is requlred ‘We have found that this difficulty can be obviated by
‘the use ‘of the" completely volatile solvent system IV, tert.-amyl alcohol—pyndme-—
‘dcetic; ac1d—water (r10:1.0:! 0. 08:25). Descending development on washed Whatman
No. 3MM paper for 30 h gave good resolution, without talllng, of DNP-amino acids
'-w1th the exceptlon of the DNP—glycme and DNP-serine pair (Table I).
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;CHROM 4521 o :
Spray detectlon of' blle acuds on thm-layer chromatograms

The detectlon ‘of bile- acrds in thln-layer chromatography (TLC) has been ac-
'fcomphshed by means of spray reagents namely, phosphomolybdic acid?, antlmony
“trichloride? or concentrated sulfuric acid®. But the usefulness of color detection in
f-"blle acid 1dent1ﬁcatron has been demonstrated by KRITCHEVSKY ef al.* and by AN-
“THONY. AND ‘BEHERS, The present study expands on the use of color detection, thus
'ardlng 1n the 1dent1ﬁcatlon of b11e amds

‘JWatermls and methods ' ' : :

: The bile.acids were obtained from Applied Science Laboratories, Inc., Pa., and
| 1sooctane, 1sopropyl alcohol and acetic acid were all Baker Analysed Reagent grade
A th1n—1ayer plate. precoated to-'a thickness of 0.5 mm with Silica Gel F,;, (Merck)
;~and a cornrnerc1a1 chromatographic chamber (Gelman Instrument Co., Ann Arbor,
. Mich.) were used. The plates were heated at 100° for 1 h and the chamber was saturated
w1th the  solvent" 1sooctane—1sopropy1 alcohol—acetic acid (40:10:1) prior to the
chromatogramphy at room temperature (23—25 ). When ' chromatograms were run,
20X 20 cm plates were used and the solvent front was perrmtted to rise 135 mm from
- the origin. The: chromatoplate. was then removed from the chamber, air dried for
g several mmutes and then dried thoroughly at 100° for 0 min. After cooling, the plate
""E was exposed to 1od1ne vapor for 15 min, sprayed with tap water and the color was
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