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In recent years many laboratories have become interested in the quantitative 
estimation of quaternary ammonium and tertiary sulphonium compounds. In par- 
ticular, the role of glycinebetaine in relation to salt and water stress has been exten- 
sively investigated, both in plants’ and animals’. Unfortunately most ofthe analytical 
methods which are available for many quatemary ammonium compounds lack sensi- 
tivity, selectivity or reproducibility. One method which combines simplicity, tolerance 
of impurities and versatility is the combination of thin-layer electrophoresis (TILE) 
with scanning reflectance densitometry’*3. 

In this paper we describe the procedure which we have developed over the past 
few years for the estimation of glycinebetaine in particular, but which can also be 
used for 2 wide variety of other quatemary ammonium and tertiary sulphonium 
compounds. 

EXPERIMENTAL 

Chemicals 
Unless otherwise stated, the chemicals used were commercially available_ fi- 

Alaninebetaine was synthesised from acrylic acid and trimethylamine as described by 
Le Berre and Delacroix4, and stachydrine was produced by the methylation of proline 
using the method of Cornforth and Henry’. 3-(Dimethylsulphonio)propionate, 3- 
(dimethylsulphonio)-2-methyl-propionate and S(dimethylsulphonio)pentanoate 
were obtained from the reactions between dimethylsulphide and acry@, methacrylic 
and 5-bromovaleric acids, respectively. Methyl and n-butyl esters were produced by 
treatment of the acids with freshly prepared, dry 4 M HCl in methanol or n-butanol. 

E,rtraction of Srraeda maritima 
Young shoots (1 g fresh weight) from Suaeda maritima seedlings grown in 9 

strength Hoagland and At-non’s No. 1 solution’ were extracted with methanol<hlo- 
~ ___ 
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Fig. 1. Standard curves for onium compounds subjected to thin-layer electrophoresis in citrate-phosphate 
buffer (pH 2.6) for 30 mm, sprayed with Dragendorff reagent and scanned at 550 nm in a reflectance 
densitometer_ Ah the standards were run on the same plate. Regression equations and coefficients of 
determinations were: glycinebetaine a): y = 0.144~ f 1.983, rz = 0.99; 3-(dimethylsulphonio)propio- 
nate. HCI (0): y = 0.316x + 3.698, rz = 0.98; choline chloride (0): y = 0.81 lx + 8.212, rz = 0.99. 

only four or five samples may be run together. Five replicates of 20 ~1 of the Suaeda 
extract were run on a plate together with four different standards for glycinebetaine 
and choline. The choline in the extracts was below the range of the standard curve, 
but the gIycinebetaine spots were estimated at 60.5, 62.3, 57.0, 62.1 and 68.0 pg, 
giving a mean of 61.98 pg with a standard error of 1.78 pg. For extracts of tissues 
containing very small quantities of onium compounds a purification step such as 
passage through ion-exchange resins’ may be necessary, although for many tissues 
precipitation of the inorganic salts with cold methanol is sufficient. Since a11 the 
onium compounds tested here were highly soluble in methanol this technique can be 
used for al1 of them. The combination of strong cation-exchange materials with 
alcoholic solvents should be avoided because of the ease of esterification of the carbox- 
ylic acid groups of the betaines. Ion exchange is also not recommended for 3- 
(dimethyIsulphonio)propionate or fl-alaninebetaine because of the alkali-lability of 
these two compounds. 

The technique described here allows the estimation of individual otium com- 
pounds with the minimum of preliminary purification. WhiIst it is not particularly 
sensitive (limits are about 10 ,ug/spot for glycinebetaine and 5 eg/spot for choline and 
3-(dimethylsulphonio)propionate), it is relatively simple and very adaptable. Work is 
in progress on the development of techniques for the estimation of very smaI1 
amounts of onium compounds in plants. 
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