
SEPARATION OF AMINQ SUGARS AND RELATED COMFBtINDS BY 
TWCbDIMENSIONAL THIN-LAYER CHRCXvfAT0GRAPHY 

SUMMARY 

Separation of amino compounds, including gakctosamiae and ghxcosamiae, 
found ia lipopo3ysaccharide aad peptidoglycaa, caa be accomplished b+ two-dimen- 
sional &in-layer chromatography on cellulose layers. The solvent systea~ ased are: 
2-propaaol-90 % formic acid-water (80:4:20, viv) in the &st dimension aad lutidine- 
water (65:35, v/v) in the second dimension. Compounds were detected using a 
chromogenic aiahydria spray. 

WTRODUCXION 

As part of a detailed study on the cbaracterizatioa of iipopolysaccbaride 
(LPQ-defective mutants of Pseuabmorzas aerugzkosti we required a rapid, sensitive 
aad inexpensive tecbaique to screen the LPS preparations for anino compoaads- 
LPS from P. aen@rosa strains contain glucosamiae, giucosamine phosphate, gakc- 
to&e, alaaiae aad usually fucosanaine (kmiao-2,6-dideoxy-DL-gakctose) and/or 
quiaovosamiae (2-amiao-2_6-dideoxy-~glucose)X-3_ Using thin-layer chromatography 
(TLC), on celIaiose aad s&a, we had been unable to achieve adeqaate separation of 
gakictosamiae from glucosamia e even though many solvent systems, proported to 
give separation of these compouads, have been tried, 

In tbis paper we describe a two-dimensional TLC technique which in addition 
to separating galactosamiae and glucosamine also resolves ail amino compounds 
coamtoaly found in the LPS and peptidoglycaa layers of the bacterial cell walls. 

hSA-DZRL4S AND M!ZTHC?DS 

AIumiaam plates ‘(20 x 20 cm) preaated with cellulose (0.1 mm; without 
fluorescent indicator) were obtained from BDK Chemicals (Toronto, Caaada; Cat. 
5537).The developing solvents were: (I) 2-propanol-90% formic acid-water (80:4:20, 
v/vY aad (IQ lutidine (2&dimetbylpyridiae)-water (65:35, v/v)‘. 

It was fouad that TLC sheets from the supplier coataiaed a large tlmouat of 



impurity which manifest itself as a fairly wide yellow band at ffie solvent front_ 
This material interfered with the even ascension of solvent IL In an attempt to over- 
come this each plate was developed in solvent I and then dried prior to future use. 

Spray reagent6 
Solution A: 10 ml of acetic acid and 2 ml ofcollidine were added to a solution 

of 1 g of ninhydrin (Sigma, St. Louis, MO, U.S.A.) in 50 ml of absolute ethanol. 
Solution B: 0.5 g of cupric nitrate-trihydrate was dissolved in 50 ml of absolute 
ethanol. 

Prior to use solutions A and B were mixed in the ratio of SO:3 (v/v)_ We have 
found that the ten-fold higher concentration of ninhydrin used here gave better 
definition to the spots following heating (lO.YC, 2-3 min). 

Standards 
AU the amino compounds were from commercial sources except for thamnos- 

amine (2-amino-2,6dideoxy-y-L-mannose), quinovosamine and fucosamine which were 
kindly provided by Dr. IM. Perry (National Research Council of Canada, Ottawa, 
Canada)_ Since the latter two compounds were received as the N-acetyl derivatives 
they were converted to the hydrochloride salts by hydrolysis with 2 M HCl at lOQ”C 
for 2 h (ref. 7) (M. Perry, personal communication). Stock solutions (10 mgiml) were 
prepared in distilled water and frozen until used. 

Samples of Arthrohcter giaciarir cell walls, kindly provided by Dr. G. Greer, 
Max Planck Institute fti Immunbiologie (Freiberg, G.F.R.) and LPS purified from 
P. aeruginosa KCIIR were hydrolyzed in 6.1 M HCl (Sequinal grade, Pierce, Rock- 
ford, IL, U.S.A.) for 4 h at 105’C. Following this -period the hydrolysates were ex- 
tracted with hexane prior to drying. 

Procedure 
Samples (l-2 ,ug) were spotted at one comer of the TLC plates and these were 

developed in solvent I for .5& h at 30%. The plates were then dried and developed 
at right angles to the first solvent in solvent II (ca_ 6 h)_ Following drying the 
compounds were visual&d using a ninhydrin-cupric nitrate chromogenic spray_ 

Our objective was to develop a TLC system which would resolve constituents 
of LPS and peptidoglycan. Although a considerable number of solvent systems were 
examined by us, and also by Has, none adequately resolved galactosamine from 

gl ucosamineP-17. Their resolution has subsequently been achieved by two dimcn- 
sional TLC employing 2-propanol-formic acid-water (80:4:20)’ in the fust dimension 
and lutidine-water (65:35) in the second dimension. The separation of these two 
compounds together with other amino sugars and amino acids found in bacterial 
cell enveiopcs is illustrated in Fig_ 1. The difference in colour with the chromogenic 
ninhydrin spray reagent (Table I) also aids in the differentiation of glucosamine from 
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Fii 1. Red&ion of a mixture of 6ftesn ninbydrin-positive compounds by two-dimensional TJX 
on celIufose sheets. 1 = Gi ucosamine phosphate; 2 = diaminopimelic acid; 3 = etbanokmke 
phosphate; 4 = glycine; 5 = gakctosamine; 6 = g.lu cosamine; 7 = gktamic acid; 8 = fucoszmke; 
9 = /k&a&; 10 = y-aminobutyric acid; II = a-xninohutyric acid; I2 = mwamic acid; 13 = 
quinovosamine; 14.= pbenyklanke; I5 = leucine. For actua! RF values see Table I_ 

galactosamine. The ninhydrin spray reagent was that described by Stahl6 and calls 
for 0.1 g of ninhydrin (solution A; Materials and methods). We observed thr:t this 
amount gave very faint spots, the different colours of which could not be ckarly 
differentiated photographically. Increasing the ninhydrin concentration ten fo!d 
greatly increased the staining intensity. 

A total of 41 amino acids, polyamines and amino su_gars were chromato- 
graphed separately in the two solvent systems and their mobilities and colour responses 
to the spray reagent are recorded in Table I. One of the few drawbacks to this system 
-was its inability to resolve basic compounds, such as lysine and arginine. These amino 
compounds possess low mobilities in both solvents and tend to spread out upon 
chromatography in the second dimension. 

The application of this technique to separating amino compounds in LPS and 
cell wall hydrolysates can be seen in Figs. 2 and 3, respectively. Good separation 
of all expected components was obtained in both cases. All LPS hydrolysates tested 
(Salmonella typhtiurkm and P. ueruginosa) showed a smear near the origin which 
may mask the identification of compounds which run in that area. 

The TLC plates, which we obtained commercially, appeared to contain a high 
amount of impurities (see Materials and methods) and our early studies employed 
plates pre-run in solvent 1. More recently, however, it has been noted that the wash 
did not, in any way, improve the resolution of the compounds, and therefore in order 
to keep the procedure as simple as possibfe this step may be eliminated. 
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TABLE I 
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RF VAI_.I_XS OF AMINO ACIDS. AMINO SUGARS AND REJiATED COMPOUNDS ON 
CELLULOSE PLATES USING TWO SOLVENT SY!tX?ZhfS 

E&I vduc is the average of duplicate determination. 

No. COtYZpOKd &= 

2-Propanol-formii 
acid-water 
(l?O:4:20) 

cohr w&i 

b&&e-nmter 
tKscy&ifecupric 

(65:3S) 
nitrare spray 

1 Alanine 0.465 0.265 

2 &Alanine 043 0.18 

3 a-Aminobutyric acid 0.60 0.30 
4 y-Amtiobutyric acid 0.63 0.195 
5 Arginine 0.19 0.04 
6 Aspuagine 0.155 0.15 
7 Aspartic acid 0.235 0.24 
8 Cadaterine 0.26 0.065 
9 CitruIIine 0.235 0.16 

10 Cysteine 0.245 0.14 

11 a-.+DiaknopimeIic acid 0.08 0.006 
It Ethanohmine 0.42 0.11 
13 Ethanolamine phosplxxe 0.14 0.135 
14 Fmzosamine 0.46 0.39 
15 Galactoszmine o-27 025 
16 GIucosamhe 0.26 0.37 

17 Ghosamhe phosphate 0.01 I 0.045 
18 GIutamic acid 0.345 0.26 

19 Glutamine 0.185 0.22 

20 GIycine 0.29 0.19 
21 H&i&e O-i5 0.18 

22 -/-Hydroxy Iljsine 0.098 0.0125 
23 Boleucine 0.795 0.45 
24 LeUCiIl~ 0.765 0.43 
25 Lysine 0.195 0.043 
26 Mannosamine 0.35 0.3: 
27 Methiorine 0.64 0.415 
28 hi ummic acid 0.50 0.455 
29 Korleucine 0.79 0.50 
30 SO~&Iie 0.75 0.37 
31 Oi-&IlilX 0.16 0.035 
32 PknyMsnine 0.745 0.55 
33 Proline 0.425 0.27 
34 put.rekrie 0.25 0.055 
35 Quinovosamine O-525 0.525 
36 Rhamnosamine 0.405 0.46 
37 Seiine 0.255 0.24 

38 Threorline 0.37 0.24 
39 Tyroshe O-55 0.46 
$0 Tryptopb 0.525 0.47 
41 Valine 0.10 0.365 

Purpre 
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Purple 
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Blue-purple 

Grey-purpIe 
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The system reported here gives good resolution of glucosamine and g&c- 
tosamine together with other amino compounds commonly found in bacterial cell 
enveIopes. 
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Fig. 2. Chromatographic separation of amino compounds in hydra 
sac&wide. 1 = Galactosamine; 2 = glucosamine; 3 = alanine; 4 

lysates of P. aerugifrosa 
= quinowsamine. 

! iipopoly- 

Fig 3. TLC separation of amino compounds in A. grocialis cell ! 
pimelic acid; 2 = giycine; 3 = glucosamine; 4 = glutamic acid; 
amine; 7 = &nine; 8 = muramic acid. 
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