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AJ3sTRAcT 

An improved procedure for determination of composition of heteropoly- 
saccharides by radiochromatography of sodium [3HJborohydride-reduced hy- 
drolyzates has been developed. The method is accurate and sensitive, is less cumher- 
some and more reiiable than similar procedures currently in use, and permits, for the 
first time, compositional analysis of hydrolyzates containing both hexoses and uranic 
acids in a single radiochromatographic procedure. 

IN-IXODUClTON 

Because there is today such widespread interest in the study of heteropoly- 
saccharides of plant, animal, or microbial origin, facile methods for their quantitative 
compositional analysis are continuaIly being sought. At this Laboratory, extra- 
cellular microbial polysaccharides are being studied for their potential industrial 
usefuIness. Most of the products studied thus far contain a uranic acid and two or 
three hexoses. The ideal analytical method for such substances is one in which a 
complete carbohydrate analysis could be achieved in a single procedure, and on a 
microscale. 

Radiochromatography, because of its accuracy and sensitivity, is an attractive 
method for such analysis. Techniques for obtaining radioactive alditols from poly- 
saccharide hydrolyzates by sodium [3H]borohydride reduction have been describedlm3. 
However, because paper-chromatographic separation of aklitols derived from the 
common hexoses is poor, use of radiochromatography for analysis of carbohydrate 
mixtures has been limited. Conrad et aL4 reported chromatographic techniques that 
utilize -ion-exchange chromatography papers with various solvents to separate 
alditols of hexoses, pentoses, and amino sugars. However, their method for separating 
hexitols was found to be unsuitable for several reasons. First, +&e concentration of 
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acid hydrolysis, into the sodium salt. This mixture (5 ~1) was then treated with 5 fi of 
0.125~ NaB3H4 (in 0.1~ NaOH) (200 mCi/mmole) in a microreduction vial for 
40 min at 50”. The excess of borohydride was decomposed with 5 ~1 of acetone. The 
entire sample, having 14C activity of 30,000 c.p.m. and 3H activity of 600,000 c.p.m., 
was then spotted directly on chromatograms. Samples tested were D-gkcose, D- 

mannose, D-gakiCtOSe, D-ghKUrOniC acid, and the acid hydrolyzate (M HCI, I-24 h, 

100”) of the extracellular polysaccharide produced by Bacillus po~pyxa NRRL 
B-1528. 

Paper chromatography. - AX chromatograms were made on Whatman No. 1 
chromatography grade paper that had been dipped in saturated, aqueous boric acid 
soIution and air-dried before appbcation of the sample. Single-dimension chromato- 
graphy was done on strips (57 x 2 cm) and two-dimensional separation on 46-cm 
squares, to which the sample had been applied at a point 35 cm from each leading 
edge. Solvents were 9:l:l butanone-acetic acid-saturated aqueous boric acid 
(So3vent 1)6, and a modification of Conrad’s solvent4 (Solvent II), consisting of 3:2:1 
ethyl acetate-pyriciine-saturated aqueous boric acid. All development was at 20’. 
The time of development for Solvent I ranged from 20 to 30 h and for Solvent II from 
14 to 16 h. When two-dimensional analysis was used, the first development was 
always made with Solvent I in the vertical direction. Descending development was 
used throughout. 

Liquid-scintillation counting. - Quantitative measurements were made by 
direct liquid-scintillation counting on the paper, cut into segments and placed in 
IO ml of liquid scintillation mixture (0.4% 2,5-diphenyIoxazole in toiuene). Samples 
were counted for 5 min or to a 2a accuracy of 1% in a Beckman LS-250 liquid- 
scintillation counter. 

For single-dimension work, the entire strip was cut into l-cm segments and 
counted. The composition of mixtures and hydrolyzates was determined as described 
by Conrad et aA4. Total c.p.m. per peak was calculated, background was subtracted, 
and proper corrections were applied for the 3H c.p.m. due to the presence of [14c]- 
glucose as the internal standard. Comparison of 14C c.p.m. to a known amount of 
[14C]glucose gave percent recovery, and total pmoles of each sugar was calculated by 
comparison of total c.p.m. to that of a standard D-glucose sample in which specik 

activity in terms of c.p.m&mole was known. 
Two-dimensional chromatograms were cut into 5.1 x 35cm strips so that the 

radioactive areas could be located with a Packard Model 7201 radiochromatogram 
scanner. These strips were then cut into three 1.7 x 35-cm strips and the radioactive 
areas cut into segments of 0.5 cm. The procedures used for calculation were the same 
as for single-dimension chromatograms, but the counting technique was modiiied 
because the hexito1 spots were somewhat diffused. This diffusion caused detectable 
amounts of radioactivity to be deposited over a rather large area, thereby increasing 
the number of segments to be counted and introducing the possibility of error because 
of spots overlapping in the peripheral areas. However, most of the radioactivity was 
found in a comparatively smalI area. This fact, plus the fact that the size and shape of 
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each spot was consistent and characteristic, made it possible to determine total 
radioactivity from the proportion found in a given area of the spot. 

Repetitive trials with each hexitol established the pattern of segments that best 
represented its migration behavior. To avoid errors caused by slight variations in 
migration distances, patterns were measured outward from the segment containing 
the greatest radioactivity. The best pattern was arbitrarily defined as the smahest 
number of segments containing at least 75% of the total radioactivity, reproducible 
within a standard deviation of less than 5%. The patterns established were: D-gkuzitol, 

+4 to -4 vertical, + 1 to -2 horizontal (36 segments), standard deviation 4.0% ; 
D-mannitol, +4 to -4 vertical, + 1 to -1 horizontal (27 segments), standard 
deviation 1.3%; and D-galactitol +3 to -3 vertical, + I to -2 horizontal (28 seg- 
ments), standard deviation 2.9%. These patterns contained 83.3, S6.2, and 77.4% of 
total hexitol radioactivity, respectively. These factors were used in all subsequent 
experiments to determine total hexitol radioactivity. This method afforded con- 
siderable reduction in handling and in counting time, as the number of segments to 
be counted was at least halved in all cases, without loss of accuracy. No study of 
migration behavior was done for aldonic acids, which diffused littIe and their total 
areas could be measured conveniently. 
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