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CycloamyIoses are known inhibitors of a number of bacterial, plant, and 

animal amylases’-‘. In addition, their ability to include certain aromatic compounds 

within the ring formed by the glucose oligomer4 has been extensiveiy used in research 

and has potential industrial application. For many studies involving these com- 
pounds, the availabiiity of a radioactive form wouId be an advantage. A method 
for the preparation of ‘“C-labelled cycloamyloses has been published5 and has been 
used successfully in equilibrium-dialysis stndies6. It is, however, a long process 

requiring the preparation of radioactive starch by feeding potatoes with ‘“CO2 
fo!lowed by treatment with Bacillm maceram amyiase to produce cycloamyloses. 

The cycloamylose of choice must then be fractionated from the mixture of products_ 
We have developed a method for preparing [3H]cycloheptaamylose from a 

commercial preparation of the nonradioactive compound_ The procedure is based 
on oxidation of C-6 of the glucose residues by chromium(VI) oxide’, followed by 
reduction with sodium borotritide. The method avoids the lengthy procedure in- 
volved in the preparation of [‘4C]cycloamyloses. 

E)(rERIMEKTAL 

Oxfdatiowredrrction of cycloheptaamylose. - The oxidation step is an adapta- 
tion of the Jones oxidatior for allylic alcohols by chromic acid’. The oxidizing 
solution was prepared by dissolving chromium(W) oxide (2.7 g) in concentrated 
sulfuric acid (2.3 mL) fol!owed by dilution to 10 mL with distilled water. Cyclo- 
heptaamylose (Sigma, 100 mg) was dissolved in 10 mL of distilled water. The 

glucosyl content, determined by the phenol-sulfuric acid method’, was 86.8 mg. The 
oxidizing solution (0.15 mL) was added to the solution of cycIoheptaamyIose, and the 
mixture was kept for is h at room temperature_ An excess of solid barium carbonate 
was then added to precipitate sulfate and chromate and to neutralize any organic acid 
formed during the reaction. Further deionization was performed after precipitation 

with barium carbonate by passing the supematant solution through three columns of 

0008-62 15//82~ooo(Mooo /S 02.75, @ 1982 - Elsevier Scientific Publishing Company 



NO-E 335 

mixed-bed ion-exchanger containing 5 mL each of Rexyn 300 (Fisher Chemical 

Company) having an exchange capacity of OS2 meq/mL. Reducing activity of the 
column effluent was estimated by the Nelson adaptation of the Somoai method 

for the determination of glucoseg, using reagents recommended by Robyt and Whe- 

Ian”_ 
The partially oxidized carbohydrate (15 mL) was reduced with tritiated sodium 

borohydride according to a modification of the method of McLean et al.". Sodium 

borotritide (New England Nuclear) was added to a solution containing sodium 
borohydride (26 mg), prepared in 5 mL of SOmar potassium hydroxide, to give a final 

specific activity of 1.27 x lo7 d.p.m./~mol. The radioactive sodium borohydride was 
added gradually to the oxidized cycloheptaamylose. The reaction was carried out in 

a fume hood. After IS h, the solution was treated with - 2.5 mL of 0.651 hydrochloric 

acid to terminate the reaction. The slightly acidic solution was then adjusted to 
neutrality with 0.1~1 potassium hydroxide, and the neutral solution evaporated to 
dryness with a rotary evaporator_ The dried material was redissolved in 30 mL 0:’ 

distilled water and evaporated to dryness a second time. The material was redissolved 

in distilled water (5.75 mL) and applied to a column (2.5 x 28 cm) of Biogel P-4 
(200-400 mesh) equilibrated with distilled water. An upward flow of 20 mL/h was 

used to elute the column, and 6-mL fractions were collected. The fractions were 

assayed for radioactivity and carbohydrate. Radioactivity was measured by using a 
Searle Analytic Mark III liquid scintillation spectrometer. The radioactive carbo- 

hydrate peak was pooled and lyophilized for storage. 
Radiochemical purity was assessed by t.1.c. on silica gel G, based on a method 

by Weindenhofr2 for separating cyclohexaamylose, cycloheptaamylose, glucose, and 
maltose. Radioactive cycloheptaamylose (5-10 pg) was spotted onto plates (20 cm x 
20 cm) of silica gel G (Fisher Scientific Company). The plate was first irrigated with 
6 : 3 : 1 I-butanol-acetic acid-water. After the solvent front had migrated 12.5 cm 

beyond the origin, the plate was remo ved and dried. The plate was developed a 

second time in the same direction using 6 : 3 : 1: 2 :4 I-butanol-acetic acid-water- 

pyridine-NJV-dimethylformamide to a point 6 cm past the origin. The plates were 
dried and developed with iodine vaporX3. The lane containing the radioactive cyclo- 

heptaamylose was collected in l-cm sections, suspended in a gel prepared from Aquas- 

sure (New England Nuclear Corporation) and water, and assayed for radioactivity. 
Recovery of radioactivity was > 95 %_ In another experiment, designed to check for 
contamination by linear malto-oligosaccharides, only the first solvent-system was 
developed. The plate was then dried and irrigated a second time in the same direction 
with the same solvent-system. Radioactive cycloheptaamylose was compared with 
the same material that had been exposed to sweet-potato beta amylase (Sigma). 

Both maltose and maltotriose were used as standards in separate lanes and were 
made visible by the detection reagent of Stahl and Kaltenbachi4, which contained 
95 Y0 ethanol (9 mL), anisaldehyde (0.5 mL), and a few drops of acetic acid. The plate 
was developed by placing it for 30 min in an oven at 100”. 
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TABLE I 

RECOVERY OF PRODUCTS DUMSG THE RE4CTIOSS FORWSG t3H] CYCLOHEFTAA3lYLOSE 

Oxidation by 
cros 

Reduction by 
NaBaH 

---- 

Yield. rng (O,) 
Reducing activity (.~rnol gfucose) 
Specific activity (d.p.m_f>rmol) 

31.5 (38) 
4.68 

- 

29.9 (95) 
n-d.* 
1.0s x 10s 

*Not detectable. 

RESULTS AND DISCUSSION 

The Jones oxidation with chromic acid15 is frequently used for oxidation of 
ahylic akohols. It is performed under relativeIy miId conditions that wouId not be 
expected to hydrolyze the r-(1 +4) linkages in cycloheptaamylose. 

The recovery of carbohydrate for this stage of the reaction was 38 % (Table I), 
based on the determination of total carbohydrate as g!ucosyI unit in the efhuent 
from ion-exchange chromatography. It is apparent, therefore, that a considerable 
proportion of the reaction proceeds beyond the aldehyde stage to form the corre- 
sponding glucuronic acid. This product would be removed through ion-exchange 
chromatography. The amount of reducing activity was 4.68 pmol of glucose, indicating 
that --2.S”? of the available glucose equivalents in the product had been oxidized_ 
The carbohydrate yield after reduction by borohydride was 94% and the product had 

Migration distance km) bligatkx distance (cm) 

Fig. 1. Thin-layer chromatography of [JH]cycloheptaamylose on silica gel G. The chromatogram 
was first irrj@ted with 6:3:1 I-butanol-acetic acid-water to a point 13.5 cm past the origin, 
followed by irrigation with 613 : 1~2~4 l-butanol-acetic acid-water-pyridine-Ar,-N,N-dimethyl- 
formamide to a point 6.0 cm past the origin. 

Fig. 2. Thin-layer chromatography of [aHIcycIoheptaamyIos before (O- 0) and after (a---e) 
exposure tos weet potato beta an-tyke. The cbromatogram was irrigated with two ascents of 6:3 : 1 
I-butanol-acetic acid-water to a point 12.5 cm past the origin. 



NOTE 337 

no detectable reducing activity. The specific activity of the final product was about 
half that expected from the apparent carbonyl content of the oxidized cyclo- 
heptaamylose and the specific activity of the borohydride used. 

A number of potential impurities could contaminate the fina! product. Deioniza- 
tion after oxidation removed most of the charged species, as the conductivity of the 
solution after ion-exchange chromatography was 7 itmho. Saccharides ranging 

from D-glucitol to maltoheptaitol could be present after reduction by sodium boro- 
hydride. The tritiated cycloheptaamylose was eluted in Biogel P-4 chromatography 
as a single included peak of consiant specific activity_ Radioactive contaminants of 
lower molecular weight and salt ions were eluted after [3H]cycloheptaamylose. TLC. 
of the purified product gave a single spot (Fig. I). Treatment of radioactive cyclo- 

heptaamylose with beta amylase, followed by t.l.c., showed no radioactive spots other 

than cycloheptaamylose (Fig. 2) indicaiing that the preparation did not contain 
linear oligosaccharide. 

The procedure is relatively straightforward and avoids the problems in prepar- 
ing ‘“C-labelled cycloheptaamylose. The specific activity of the final product may be 
greatly increased, if necessary, by using NaB3H, of higher specific activity_ We have 
been using the [3H]cycloheptaamylose for equilibrium-binding studies with cereal 
alpha amylase. It should also be possible to prepare [“H] cyclohexaamylose similarly_ 
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