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Dextransucrase: The direction of chain growth during autopolymerization* 
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The formation of dextran from sucrose can proceed by two reaction path- 

ways, both of which are catalyzed by dextransucrase (EC 2.4.1.5). One pathway in- 

volves chain elongation via sequential transfers of D-glucosyl groups to nonreduc- 

ing positions of acceptor saccharides’ 4. The second pathway, which occurs in the 

absence of added acceptors, is considered to be an autopolymerization reaction, 

and may account for the de nova synthesis of dextran4-‘. Previous studies’,’ indi- 

cated that the dextranyl chains formed may be bound to the enzyme. The early ex- 

periments by Robyt et al.’ provided evidence that supports the proposal that chain 

growth occurs at the reducing terminus. In their work, a crude enzyme prepara- 

tion, immobilized by chemical cross-linking to Bio-Gel P-2, was treated with a low 

concentration of [‘4C]sucrose for 10 h, during which time, the isotope became 

bound. Analyses showed that the bound isotope was a mixture of D-glucose and 

dextranyl chains. When the labeled enzyme was subsequently reacted with a high 

concentration of unlabeled sucrose, radioactivity at the reducing terminus di- 

minished, and the conclusion was drawn that chain growth occurs at the reducing 

end. 

Several criticisms have been made of these studies’. Firstly, the crudeness of 

the enzyme preparation, and the fact that the cells had been grown in the presence 

of sucrose, call into question the availability of endogenous, acceptor chains. Sec- 

ondly, the cross-linking process yielded an enzyme that retained only 1% of the 

original activity. Finally, the extended reaction-time with [14C]sucrose cannot be 

considered to be representative of a catalytic process. 

Recently, we have obtained’ highly purified enzyme preparation from S. san- 
guis ATCC-10558, and have developed a procedure for immobilization of the en- 

zyme, such that a minimum of 80% of the akivity is expressed in the immobilized 

state’. With these developments, we considered it important to reexamine the is- 

sues raised by the work of Robyt et al.‘. and now report the results of these studies. 

*Supported, in part. by USPHS Grant No. DE03731, 

000%6215/84/$03.(10 0 1984 Elsevier Science Publishers B.V. 
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RESULTS AND DISCUSSION 

In order to examine the matter of the direction of chain growth during the auto- 

polymerization of dextran, enzyme preparations that showed MOO% 

homogeneity were employed. The enzyme was immobilized on hydroxylapatite by a 

published procedure’. This procedure results in a minimum of 80% of the original 

activity being expressed in the immobilized state. The immobilized enzyme was 
treated with [ 14C]sucrose, and then the unreacted substrate and the soluble product 

(D-fructose) were rapidly removed by a series of three washes and centrifugations. 

The total elapsed time from the addition of tracer to the completion of the washes 

was <5 min. Under these conditions, the concentration of radioactive sucrose in 

the immobilized enzyme was <l nmol. The radioactive components, which re- 

mained with the enzyme, were released as described in the Experimental section. 

As previously observed’, they were a mixture of D-glucose and D-gluco-ohgosac- 

charides. 
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Fig. 1. The average chain-length of oligosaccharides formed during pulse. [Immobilized enzyme (6 
units) reacted with 0.3 mL of [14C] sucrose (2.4 x 10’ d.p.m.), as described in the Experimental section. 
Aliquots (100 yL) were withdrawn at 10, 20, and 30 s, and added to chilled water (5 mL). After three 
rapid washes, the bound products were released from the enzyme by the procedure described in the Ex- 
perimental section. The oligosacchande fractions isolated by chromatography on Bio-Gel P-30 were re- 
duced with 0.54~ NaBH4 for 14 h at 50”. The samples were made neutral, and hydrolyzed in M HCI for 
5 h at 95”. The hydrolyzates were analyzed by paper chromatography, and the average chain-length de- 
termined from the ratio of (glucose + glucitol)/glucitol.] 
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Fig. 2. Gel chromatography of enzyme-bound products following the chase with cold sucrose. [Im- 
mobilized enzyme (8 units) was “charged” for 10 s, as described in the Experimental section. The 
washed pellet was resuspended in 50mM unlabeled sucrose (0.4 mL) at 4”. Aliquots (100 pL) were with- 
drawn at 0 (H), 5 (O-O), 15 (O---O). 25,45. and 60 s, and the bound products released as described 
in the Experimental section, and then chromatographed on Blo-Gel P-30.1 

The formation of the oligosaccharides was monitored as a function of the 

length of time of reaction with [‘4C]sucrose. Following release of radioactive prod- 

ucts, the oligosaccharides were isolated by gel chromatography on Bio-Gel P-30, 

and subjected to chain-length analysis by reduction with NaBH4 followed by acid 
hydrolysis. The resultant D-glucose and D-glucitol were separated by paper chro- 

matography, and the average chain-length was calculated’. These data are plotted 

in Fig. 1, which shows an increase in chain length as a function of time. 

To examine the direction of chain growth, immobilized enzyme was 
“charged” for 10 s, rapidly washed, and then treated with a high concentration of 

unlabeled sucrose. Samples were withdrawn at several elapsed times, and, follow- 

ing release of the labeled products, the samples were chromatographed on Bio-Gel 

P-30, as shown in Fig. 2. It may be seen that the relative, molecular weight in- 
creased as a function of time of reaction with the unlabeled sucrose. 

If chain growth during the cold chase occurred at reducing termini, the newly 

incorporated, or unlabeled D-glucosyl residues, would be located at those posi- 
tions. Thus, it would be expected that any isotope at the reducing ends following 

the “charging” reaction would be displaced. In order to evaluate this matter, the 
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Fig. 3. Reducing-end analysis of cold chase products. [The oligosaccharides isolated as described in Fig. 
2 were reduced, and the products hydrolyzed as described in Fig. 1. Following paper chromatography, 
the radioactivity in the D-ghCitOl was measured, and plotted as a function of time.] 

oligosaccharides obtained as described in Fig. 2 were reduced with NaBH4, to con- 

vert the reducing ends into D-glucitol residues. The radioactivity in the D-glucitol 

was measured following acid hydrolysis and paper chromatography. These data, 

plotted in Fig. 3, show that there was a rapid decline in the level of isotope in the 

D-glucitol during the chase with cold sucrose. 

These data indicate that chain growth does occur at the reducing terminus of 

a growing chain during the autopolymerization reaction. This supports the propos- 

als of Ebert and Schenk’ and Robyt et aL6, who suggested that the mechanism of 

chain elongation in this reaction involves insertion of new monomers between the 

reducing end and the enzyme. It has been established that the enzyme catalyzes 

two types of chain elongation reactions that compete with each other for a common 

intermediate’, one being D-glucosyl transfer to acceptors, and the other, the au- 

topolymerization reaction. It thus appears that the two principal chain-elongation 
reactions differ in the direction of chain growth, and as regards their dependence 

on added acceptors. 
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EXPERIMENTAL 

General. - Dextransucrase was obtained, and purified, as described previ- 

ously*. Bio-Gel P-30 was purchased from Bio-Rad Laboratories (Richmond, CA), 

and hydroxylapatrte (25% of solid in suspension), from Sigma Chemical Co. (St. 

Louis, MO). New England Nuclear (Boston, MA) was the source of [U-‘4C]su- 

crose. All other chemicals were purchased from common suppliers, and were of 

reagent grade. 

Immobilization of enzyme. - Dextransucrase was immobilized on hydro- 

xylapatite (HA) by a modification of the procedure described previously’. To each 

0.1 mL of a 25% suspension of HA was added enzyme (2 units) and the mixture 
was kept for 30 min at 4”. Following centrifugation, and removal of the supernatant 

fluid, the enzyme was ready for use. In all cases, the immobilized enzyme retained 

a minimum of 8ScG of its original activity. 

Charging of immobilized enzyme. - The immobilized enzyme was 

“charged” by the addition of 0.1 mL of 0.05mM (‘4C]sucrose (8 X 10’ d.p.m./mL) 

in mM sodium phosphate buffer, pH 6.0, containing, for every 2 units of im- 

mobilized enzyme, 50 pg of Triton X-lOO/mL. The mixture was immediately stir- 

red, and kept for 10 s at 4”, unless otherwise noted. The concentration of sucrose 

was lowered by addition of water (5 mL) prechilled to 4”, and the samples were 

centrifuged for 20 s. Following removal of the supernatant fluid, the pellets were 

rapidly washed and centrifuged (three times). The total, elapsed time to comple- 

tion of the washes was 4.5-5 min, and the amount of [‘4C]sucrose remaining in the 

pellets was < 1 nmol. 

Release of bound products. - Products bound to the immobilized enzyme 

were released by addition of a 0.5% solution of sodium dodecyl sulfate (0.5 mL per 

0.1 mL of immobilized enzyme). The samples were incubated for 10 min at room 

temperature, and centrifuged. To remove the SDS from the supernatant fluids, 0.1 

mL of saturated KC1 was added, and after 5 min at 4”, the samples were centrifuged 

to remove the precipitate of potassium dodecyl sulfate. Over 85% of the bound iso- 
tope was recovered, except in instances in which very prolonged reaction-times had 

been employed. 

Analytical procedures. - Paper chromatography was conducted on What- 

man No. 1 MM paper in 9: 1: 1 (v/v) butanone-acetic acid-water saturated with 

boric acid. Gel filtration was performed on columns (1 x 45 cm) of Bio-Gel P-30, 

using water as the eluant. Measurements of radioactivity were made in a liquid 
scintillation counter. Aqueous samples were counted in Insta-Gel (Packard Instru- 

ment Co., Downers Grove. IL); paper chromatograms were cut into strips (1 X 2.4 

cm), and counted as previously described4. Dextransucrase activity was measured 

by the procedure described by Luzio et al. “. 
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