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ABSTRACT 

The acceptor reaction of dextransucrase consists of the transfer of D- 
glucosyl groups from sucrose to other carbohydrates, and occurs at the expense of 
dextran synthesis. In the present study, solutions of [‘4C]sucrose and of each of se- 
venteen acceptor sugars were digested with highly purified Let~orzostoc mesen- 
teroi&s B-S12F dextransucrase. The products were separated by paper chromatog- 
raphy, and quantitated by liquid scintillation counting. Maltose was the most effec- 
tive acceptor; its products, members of an isomaltodextrinyl-maltose series (d.p. 3 
to 6), accounted for ~75% of the D-glucosyl groups of sucrose. Other acceptors 
giving rise to a similar series of oligosaccharide products were (in order of decreas- 
ing effectiveness): isomaltose, nigerose, methyl cy-u-glucoside, l,%anhydro-D- 
glucitol. D-glucose, turanose, methyl P-D-glucoside. cellobiose, and L-sorbose. 
Lactose, raffinow, melihiose, n-galaclose, and D-xylose each gave a single, mono- 
D-glucosylatcd product; D-fructose and D-mannose each gave a pair of mono-D- 
glucosylated (disaccharide) products. Another series of digests contained sucrose 
and various proportions of maltose. As the level of maltose increased, the size of 
the largest oligosaccharide acceptor-product decreased, and less dextran was pro- 
duced. The virtual absence OC high-d.p. (8 to 13) oligosaccharide products in all ac- 
ceptor digests is interpreted as evidence against a role for acceptors as primers of 
dextran synthesis. 

INTRODUC”I ION 

Dextransucrase polymerizes the D-ghicosyl moiety of sucrose. to give the 
cu-(1+6)-linked polysaccharide, dextran. When carbohydrates other than sucrose 
arc added to sucrose-dextransucrase digests, the D-ghnZosy1 group of sucrose is di- 
vcrted from the synthesis of dextran and is added to the carbohydrate’. This car- 
bohydrate has been called an acceptor I-4 When the acceptor is a sugar of low 
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nwlrcular weight. such as a monosaccharide. disaccharide. or trisaccharidr. Ihe 

product is also of low molecular weight, increased only hy the molecular weight ot 

the added o-glucosyl group. Some of these acceptor pruducts arc also acceptors’. 

and. in these cases. a series of homologous acceptor-prL>ducts resulls -‘. One such 

scrics 1s that of the mcthvl wisomaltosidcs that result where mrth%l tt-u-glucosldc 

is the acceptor’. With other acceptors. the lirst acceptor product (i e., the product 

t” which one D-glucosyl group has been added to the acceptor) i> n poor acceptor 

or a “ottacceplor, and a single acceptor product preponderates. An example of thts 

1s the reaction of D-fructose as a” acceptor. to give leucroec’ (5.l)-a-D-gluco- 

pyranosyl-D- fructopyrnno~.c). 

It tub been observed that many dilferrrlt oarbohydt-ate? will act as acceptors. 

A total of twenty-six different acceptor\ has brert rrcog”ixd”. and the structures 

of “w\t of the product\ have hcc” detertnined ’ 7 Initially. the acceptor was con- 

sidcrcd to bc a pritncr or dcxtran-chain initiator-‘? 7‘1~ additiw r~f lo\*-mc>lccular- 

weight acceptors, however-. diverts the D-glucosyl group of sucrose away from ~nak- 

ing drxtran. and the arncaunt of devlrar~ and its molecular wright are actually de- 

creawd’-“. rh e mechanism of the acceplur rwcti~r”\ ha\ bee” studied’; it wit:. 

found that the acceptor interacts with a covalent cn~yme-D-glucosyl LIT cnzyme- 

dextranosyl intet-mediate to release the r)-~lucosyl or drxtranosyl units from the c”- 

7yme active-\ite. with formatlo” of a cwalcnl linkage hctuer” n-glucose or 

dcxtran and the acceptor’. The acceptor reaction thus terminates the polymerira- 

tion of dextrn” by rclcasing it from tttt, active Eittz. and thsrchy dwrrasc~ the 

ittnuunt and molecular weight of the dextr-an. ‘The amount and six of the dextran 

is alho decreased by the release of the I,-glucuxyl unit. which would otherwise be ill- 

corporated into the dextra” molecule. 

13rz_vme. Highly purified L. rnesenwroiries B-512F dextransucrasc (76 LU/ 

mg). containing about 0.2 pg of carbohydrate/ILJ, was obtained by the method of 

Miller and Robvt” Enzyme activity was determined by a radiochemical assay 
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using [‘4C]sucrose”, and is given in International Units (IU), that is, in pmol of D- 

glucose incorporated per min into dextran at pH 5.3 and 22”. 

Carbohydrates. - [U-‘4C]Sucrose was obtained from New England Nuclear, 

Boston, MA. D-Xylose, D-fructose, D-galactose, D-gluCOse, D-mannOSe, methyl p- 
D-glucoside, L-sorbobe. cellobiose, lactase, melibiose, raffinose, and turanose were 

obtained commercially. Methyl cr-D-glucoside and maltose were obtained commer- 

cially, and recrystallized. l.%Anhydro-D-glucitol was synthesized from D-gluco- 

se”; isomaltose was prepared by hydrolysis of B-512F dextran with endodex- 

tranase and was purified by chromatography on a column of silica gel; nigerose was 
prepared by acetolysis of L. mesenferoides B-1355 glucan-S (altcrnan)13, and was 

purified by chromatography on a column of silica gel. 

Acceptor-reaction digests. - Dextransucrase acceptor-reaction digests (75 

PL) contained 80mM [U-‘4C]sucrose (3.7 MBq; 1 yCi), 80mM acceptor sugar, 
20mM pyridine-acetic buffer (pH 5.3), 2mM calcium chloride, 0.01% sodium azide, 

and 120 mlU of dextransucrase. The reactions were conducted for 3 h at 27”, and 

all of the sucrose was consumed. Aliquots (25 pL) were spotted onto Whatman 

3MM paper (23 x 57 cm) for descending chromatography at 37” with (a) 10:4:3 (vi 

v/v) ethyl acetate-pyridine-water (14 h) or (b) 2: 1 (Y/V) 1-propanol-water (24 h). 

Both chromatographic sovents were used for all digests. They are complementary 
in their separating properties: solvent (n) resolves various monosaccharides (e.g.. 

D-glucose, D-fruCtOSc, and D-galaCtOSe), whereas solvent (b) resolves ohgosac- 

charide series up to d.p. 8, and moves oligosaccharides of up to d.p. 13 from the 

origin. Labeled products were located by autoradiography (8 days exposure). The 

individual labeled compounds were cut out from the chromatogram, and the pa- 

pers were added to toluene scintillation cocktail (20 mL), and counted in a liquid 

scintillation spectrometer. 

Acceptor reaction as a funcfion of acceptor concentration. -Various concen- 

trations of maltose acceptor (&2OOmM) were added to a constant concentration 

(8omM) of [‘4C]sucrose under the same conditions as in the other acceptor reac- 
tionb already described. The amount of [14C]dextran formed (measured as 

methanol-insoluble material) was determined by adding aliquots (25 pL) to 1.5~cm 

squares of Whatman 3MM paper, which were then subjected to six lo-min washes 

in methanol (100 mL). The 14C label remaining on the paper was determined by 

liquid scintillation counting. 

RESULTS AND DISUUSSION 

The quantitative incorporation, by B-512F dextransucrase, of D-glucose from 

sucrose into products, in the presence of each of 17 acceptors, is summarized in 

Fig. 1 and Table I. Ten of the acceptors gave a series of homologs, which were 

formed from each of the preceding acceptor-products; i.e., d.p. 3 gave d.p. 4, 

which gave d.p. 5, etc. Each higher homolog was produced in decreasing amounts. 
In no case did oligosaccharides having a d.p. of 8 to 13 contain more than 2% of 

the total D-glUCOSy1 groups transferred. 
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glucosyl groups of sucrose away from dextran and into G series of homologs of 

panose [O-n-D-Glcp-( l--+6)-U-a-D-Glcp-( 1 -.+I)-n-Glcp] containing one 10 live 

transferred n-glucosyl units (d.p. 3 to 7). Higher homologs. of d.p. X to 13. WCK 

absent (see Fig. 1 and Table 1). The next tivc tnOSt effcctlvc acceptors (isomaltosc. 

n&rose, methyl n-u-glucosidr. I .5-anhydro-u-glucitol. and I)-pluc~se) each gave 
a Series of homologs m which ~glu~opyranosyl nnd is~,maltnd~xtt-irlyi units were 

attached to O-6 of the accrptol sugars- ’ 5.17. For is~~maltose and nigerose, as with 

maltose. the attachment was to O-h d the nonretiuc~ng residue A scr~es ot 

homologs was also observed for turanow and methyl P-n-glucosidc. tho seventh 

and eight best acceptors. hut the structurea of these cr)mpounds have not yet been 

determined. Presumably, the scric\ is composed of isorn;lltodrxt~ins attached to O- 

6 of tht- a-glucosyl pr uup in hut11 caxb. 

Lactose and cellobiosc, 11x ninth and tenth most effective acceptors, are both 

known to form acceptor prmlucts at O-2 of the (reducing-end) D-glucose residue’. 

In the present Study. cellobiose was also observed to fcmn a writs ot acceptor prod- 

ucts. d.p. 3 to 6, which are. moqt probably. 7-C)-lsomaltodextrirlyl-cellobi~)ses. In 

contrast. lactose. an isomer of cellobiost: having a D-galactopyranosyl instead of a 

D-glucopyranosyl group al the nonreducing end, gave only a single. mono-n-&co- 

sylated product (see Fig. 1 and Table I). It is interesting that the other u-galnctosc- 

containing saccharides studied. raffinose [P-D-Fruf O-U-D-Galp-( I-->h)-cu-~gluco- 

pyranoside] and melibiose [<I-D-Galp-(I -6).D-Glq~]. also gave only ii single 

mono-n-glucosylated acceptor-product. The raffnnscr product x? known tn have a 

D-glucopyranosyl group attached a-( I -2) to the n-glucosidc rcsiduc’“. and prc- 

sumably. the melibiosc acceptor-product has a Similar structure. with a o-gluco- 

pyranosyl group attached a-( I +Z) ta the (reducing) O-gluco~c residue 

u-Fructose gave two monoglucosylated products. leucrose (-I.Z’i, of incorpo- 

ratal n-glucose) and isomaltulosr (0.6%~ ). D-Mennosc also gave two products. ‘I‘hc 

major product (2% of incorporated wglucose) is on unusual. nonreducing disac- 

charide, rr-u-glucopyranosyl B-u-maunopyranoside”. The trace (Cl.2P:xf of a mono- 

D-glucosylated product is of unknown structure. D-Galactose gave a smgle accep- 

tor-product (I .7% of incorporated n-glucose), namely. the nonreducing disac- 
charide a-D-glucopyranosyl P-D-galactofuranoside’. II-Xylvse. which had previ- 

ously been reported to be a nonacceptor. gave a tract ((1.4% of incorporated D- 

glucose) of a mono-D-glucosylated product. m.n-‘l’rrhalosu. as prcviousl?; re- 

ported’. did not give any acceptor products. 

The amount ot D-glucose diverted from dextran into acceptor products is de- 

pendent on the ratio of the concentration of the acceptor to that of the sucrose. Pig. 

2 shows the cffcct on thr fog maticm ofdcxtran when various concrntratmns of mal- 

tose ((&20UmM) were added to digests containing 8omM 1’ ‘C’]sucroSr. ‘l‘he amount 

of dextran dropped rapidly as the maltose concentration was incrcnsed tr, 60m~: at 

higher concentrations. the anmunl of dexlran decreased more slowly. but. even at 

7OOmM (a maltose to sua0s~ I-atio of 3.5: I), dcxtran was still produced at --Yc; of 

the amount produced in the alwencr of maltose. At this rano. [)nly the first four 
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Fig. 2. Incorporation of o-[‘4C]glucose from sucrose into dextran, as a function of maltose concentra- 
tion. (The initial sucrose concentration was 80mM.) 

Accepm Percenr of roral moles of acceptor product 

d.p. 2 d.p. 3 d.p. 4 d.p. 5 d.p 6 d.p. 7 d.p. 8 d.p. 28 

Maltose 54 36 9 1 0.2 0 0 
lsomaltose - 60 28 9 2 co.5 co.2 0 
NtgWSe - 31 40 20 7 1 a <I 
Methyl a-o-glucosidc 57 28 11 3 1 <OS 0 0 
1.5.Anhvdro-I,-elucitol 20 37 2s 10 3 2 1 <2 

I r _ 

~-Glucose 53 2s 13 6 1 1 LI <2 
TUraIlOsC 56 20 12 7 2 2 -c2 

“Included with d.p. >8 products 

oligosaccharide homologs were detected in t.1.c. (on plates of Whatrnan KSF silica 

gel irrigated twice with 5: 2: 4: 4 (v/v/v/v) l-propanol-nitromethane-acetonitrile- 

water). Further increases in the concentration ratio to 10: 1 have been reported to 

give mainly a single D-glucosylated product, namely, panose”. 
With regard to the possible priming-mechanism of the acceptor for dextran 

synthesis, it is seen that all of the acceptors giving rise to a homologous series gave 

decreasing amounts of oligosaccharide acceptor-products with increasing d.p. (see 



Table IT). Even with the best acceptor, namely, maltose. WC found a discontinuou< 
distribution of label into low-molecular-weight acceptor-products and dextran; in- 
termediate acceptor-oligosaccharides of d.p. 7 to 10 arc present at very low Icvels. 
if at all. If the acceptors were acting as primers for dextran synthesis. it would be 
expected that the rcvcrse would he ohscrved, i.e., the amounts of oligosaccharidc 
intermediates would increase with increasing d.p., and would merge vvlth the mate- 
rial of higher d.p., namely, dcxtran. Furthermore, It would be expected that. as the 
concentration of the so-called primer is increased. there would bc a stimulation of 
higher oligosaccharide and dextran synthesis due to the increase in the concentra- 
tion of priming site<. The opposite is. however, observed; as the concentration of 
the acceptor is increased, there is a decrease in the amount of dextran (see Fig. 2), 
and there arc no intermediate otigosaccharidcs of d.p. 7 and higher. I‘he 
mechanism of action of the acceptors is thus, as has previously been shown’. not 
one of priming dextran synthesis, but one of terminating dextran synthesis by the 
release of u-glucose and dextran from the active: sile of dextransucrssc t<l form ac- 
ceptor products. 
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