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ABSTRACT 

Members of a series of deoxyhaiosucrose analogs substituted at one, two, or 
three primary carbon atoms with bromine or chlorine were prepared. Dextran- 
sucrase isolated from ~~~e~~~c~cc~ surges was separately treated with 6-bromo-6- 
deoxysucrose, 6,6’-dibromo-6,6’-dideoxysucrose, 6,1’,6’-t~bromot~deox~ucrose, 
and 6,6’-dichlorodideoxysucrose, in order to determine if they were inactivators. 
Variation in time of exposure, and in the concentration of the sucrose analogs, did 
not yield significant irreversible inactivation. In supplementary studies, it was found 
that the compounds serve as weak, reversible inhibitors. 

Dextransucrase (EC 2.4.1.5) has been shown to play an important role in the 
development of dental caries1-4. The enzyme catalyzes the formation of dextran by 
transfer of the D-glucosyl groups of sucrose to a growing chainJIb, and yields a chain 
that is primarily cu-D-(l-+6)-linked, A detailed understanding of how the enzyme 

functions is essential. The characteristics of the active site of the enzyme are poorly 
understood, although a number of investigator have attempted to identify 
catalytically important functional groups. Some studies have suggested that 
protonation of a functionality is important for activity7-9. Inoue and Smith7 
reported that partially oxidized dextran is a potent inhibitor of dextransucrase, and 
proposed that the inhibition results from the interaction of dialdehydes with 

reactive groups that are close to the dextran binding site. Photochemical oxidation, 
in the presence of Methylene Blue or Rose Bengal, has been shown to inactivate 
the enzymes, and this has been attributed to the modification of L-histidyi residues 
at the active site. 

Several groups10-13 have shown that a-D-glucosyl fluoride is an ideal analog 

of sucrose, as it also serves as a D-glucosyl donor, and has K, and V,, values 
comparable to those of sucrose 14. Such sucrose analogs as 6-azido-6-deoxysucrose 

have been reported to be inactivators 15, Mono- and di-aminodeoxysucroses have 
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been reported to be inhibitors, and the suggestion has been made that inhibition by 
them is due to perturbation of basic groups at the active site. Another class of 

inhibitory sucrose analogs is that of the deoxyhalo derivatives. In a patent16, it was 
indicated that 6,6’-dichlorod$‘-dideoxysucrose and the 6,6’-dibromo analog 
could inactivate the enzyme. These halo derivatives appeared to have the requisite 
characteristics of a compound that might cause modifications at the active site. We 
therefore decided to examine some of these more carefully, prepared several halo 
derivatives of sucrose, and now report the results. 

RESULTS 

Halosucrose derivatives were synthesized as described in the Experimentat 

section, using the procedure of Anisuzzaman and Whistler]‘, which involves the 
reaction of sucrose with the appropriate carbon tetrahalide and triphenylphosphine 
in pyridine solution. Following purification, the products were characterized by 

13C- and ‘H-n.m.r. spectroscopy, or by mass spectral analysis of the peracetates. [It 
is important to point out that the spectra were free from signals caused by con- 

o!---I 
0 60 120 180 260 
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Fig. I. Inactivation of dextransucrase as a function of concentration. Dextransucrase (0.05 unit) was 
incubated with the compound indicated, namely, 6-bromo&deoxysucrose (U), 6,6’-dibromo- 
6,6’-dideoxysucrose (m--I), 6,1’,6’-tribromo-6,1’,6’-trideoxysucrose (O----0), and 6,6’-dichloro- 
6,6’-dideoxysucrose (O----U) at the indicated concentration in the presence of 0.1~ phosphate buffer, 
pH 6.0, in a final volume of 30 pL, for 60 min at 37”. It was then treated with [%]sucrose (final 
concentration, SOmM, I.5 X 105 d.p.m.) in the presence of 25mM Dextran T-10 and 0.1~ phosphate 
buffer, pH 6.0, for 5 min at 37”. Reaction was stopped by heating for 3 min at 100”; 10 PL from each 
was spotted on Whatman No. 1 MM paper, chromatographed, and counted as described under 
Methods. 
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taminants, especially such by-products of oxidation of triphenylphosphine as 

(halomethyl)~ph~nylphosphonium halide. We observed that (chloromethyl)t~- 
phenylphosphonium chloride is a good inhibitor of dextransucrase (50% inhibition 
at 8mM)], In this way, the following compounds were prepared: 6-bromo-6-deoxy- 
sucrose, 6,6’-dibromo-6,6’-dideoxysucrose, 63 ‘,6’-tribromo-6,1’,6’-trideoxy- 

sucrose; and 6,6’-dichloro-6,6’-dideoxysucrose. 

The ability of the sucrose analogs to inactivate dextransucrase was evaluated 
in two types of experiment. Under one protocol, the enzyme was pre-incubated 

b-Bromo-6-deoxysucrose 

80 

/ 

nlM 

L 6.6’- Dibromo-6,6’-dtdeoxysucrose 

Dschloro-6 6~d~deoxysucw.e 

rnM 

InFn 
105 

63 

97 

58 

29 

0 

Fig. 3. Kinetics of dextransucrase inhibition. Dextransucrase (0.05 unit in the case of 6,6’-dibromo-6,6’- 
dideoxysucrose and 6,6’-dichloro-6,6’-dideoxysuc~e, and 0.025 unit in the case of 6-bromo-6- 
deoxysucrose) was treated with the indicated concentrations of [14C]sucrose (1.5 x 10” d.p.m. in each 
reaction) in the presence of the indicated concentrations of the inhibitors and 25mM Dextran T-10 in 
0.1~ phosphate buffer, pH 6.0, in a total volume of 0.04 mL, for 2 min at 37”. Reactions were stopped 
by heating for 3 min at 100”. and aliquots (10 pL) were spotted on Whatman No. 1 MM paper, 
chromatographed, and counted as described under Methods. The percentage of the applied counts that 
remained at the origin was determmed, and plotted as the reciprocal of the rate against the reciprocal 
of the sucrose concentration 
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with various concentrations of the compounds for 60 min, and then assayed for 
activity. (Control pre-incubations were performed under each set of conditions, 
wherein the enzyme was kept in buffer for the prescribed period.) The second 
involved pre-incubation for various times, at fixed concentrations of the reagents. 
The results of the studies using the first protocol are shown in Fig. 1. It appeared 
that all of the compounds inactivated the enzyme. Because the concentrations 
required for 50% inactivation ranged between 180mM for the 6-bromo derivative 
and 482mM for the 6,6’-dichloro compound, it did not appear that any of these 
were exceptionally effective inhibitors. This was substantiated in studies conducted 
under the second protocol (see Fig. 2), in which only small differences between the 
control and experimental reactions were seen in 6-h reactions. Furthermore, where 
differences were observed, it appears that the shapes of the curves are very similar, 
and the zero time points reflect the changes. Were these halo derivatives covalently 
modifying the enzyme in such a way as to cause inactivation, much greater 
differences would have been expected. 

The apparent lack of active-site modification left unanswered the question as 
to the mode by which these compounds serve to inhibit dextransucrase. It was 
therefore decided to determine if they act as reversible inhibitors. A study of the 
kinetics of the reaction, as a function of sucrose concentration in the presence of 
fixed amounts of the analogs, was performed, but, because insufficient amounts of 
6,1’,6’-tribromo-6,1’,6’-trideoxysucrose were available to conduct this type of 

analysis, only the three other compounds were examined. Double-reciprocal plots 
of the results, shown in Fig. 3, indicated that 6,6’-dichloro-6,6’-dideoxysucrose, 
and 6-bromo-6-deoxysucrose are competitive inhibitors, whereas the 6,6’-dibromo 
derivative displays a mixture of competitive and noncompetitive inhibition. 
Inhibitor constants for these compounds were determined, and are given in Fig. 3; 
it may be seen that none of the analogs is a very active inhibitor, as the Ki values 
vary between 47 and 16OmM, compared with a K, for sucrose of 5mM under the 
reaction conditions used18. 

DISCUSSION 

The limited availability of sucrose analogs has deterred the development of 
our understanding of the substrate specificity of dextransucrase. Previous studies 
by Grier and MayerI attempted to evaluate substrate specificity by exploiting the 
observation that cy-D-glucosyl fluoride serves as an effective donor substrate, and a 
competitive inhibitor. Members of a series of a-D-glucosyl fluorides that were D- 

glucose epimers or derivatives were studied, and most of these also proved to be 
weakly competitive inhibitors. Of specific interest to the present study were a-~- 

glucosyl fluoride, 6-deoxy-a-D-glucosyl fluoride, and a-D-xylosyl fluoride, which 

have K, values of 9.3, 5.3, and 4.2mM, respectively13. Thus, it appears that, when 
the 6-hydroxyl group is replaced by a less bulky group, the binding of the analog 
increases. Based on these observations, the increase in the K, values for the 6-halo- 
substituted sucrose derivatives is not surprising. 
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TABLEt 

GBromo-6-deoxysucrose 240 62 47 
6,6’-Dibromo-6,6’-dideoxysucrose 2.50 57 160 
6,1’,6’-Tribromo-6,1’,6’-trideoxysucrose 240 50 - 
6,6’-Dichloro-6,4’-dideoxysucrose 240 23 1.54 

----___ ____ ---.-- ~ ____ -_ 

Because a-D-giucosyf fluoride acts as a donor substrae, with a K, similar to 
that of sucrose, it may be speculated that the rGructosy1 moiety may not play a 
significant role in binding to the enzyme. However: our studies indicate that bulky 

subst~tuents on C-6’ d~m~nish binding even more (compare 6-bro~o-6-deoxysue- 

rose with 6,6’-dibromo- and 4,4’-dich~oro-6,6’-d~deoxysucrose). This may be an 
indication that although the enzyme does not bind the D-fructosyl group tightly, 

there is only a limited spatial tolerance around it. 

In our studies, we were unable to demonstrate that any of the four 
halogenated derivatives of sucrose tested could irreversibly inactivate the enzyme. 
This was seen in experiments in which the enzyme was pre-incubated with the com- 
pounds. Sign~~cant inactivation could not be observed, either as a function of time, 

or as a function of the ~nce~tration of the analogs. The degree of inactivation at 
2~Kkr-t~ is shown in Table I. 6-~romo-6-d~oxysucrose produced 62% inactivation, 
and was the most effective of the four compounds tested. These results contrast to 
the report in a patent by Robyt and Z~kopoulosl~, who indicated that 6,6’-dibromo- 
6,6’-dideoxysucrose and f&6’-dichloro-i&h’-dideoxysucrose form “dead-end” corn- 
plexes with the enzyme at much lower concentrations. For example, 15OmM Con- 
centrations of 6,6’-dibromo-6,6’-dideoxysucrose or 6,6’-dichloro-6,6’-dideoxysuc- 

rose were reported to cause 100 and 80% inactivation, respectively, within 10 min. 
The evaluation of the effectiveness of their analogs involved pre-incubation of the 
enzyme with the test compounds, and was, therefore, similar to the method 
employed in our analysis. We are unable to explain the differences in the results; 
huwever, in our preiiminary investigations, significant inactivation was observed, 
which was eventually shown to be due to the presence of small proportions of 

(halomethy~)tr~phe~y~phosph~~ium halide, a by-product of the synthetic reaction. 
Once appropriate care was exercised to insure its removal, inactivation was no 

longer seen. 
The marginal inactivation observed in the pre-incubation studies may be a 

reflection of the fact that these compounds are weak, reversible inhibitors (see 
Table I), and were present during the measurement of enzyme activity. The 
reversible inhibition may also explain the fact that several ch~orod~oxysucros~ 
derivatives were found to decrease acid p~odnctian and adherence of S. mutans~~. 
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EXPERIMENTAL 

Materials. Highly purified dextransucrase (EC 2.4.1.5) from Streptococcus 
sanguis ATCC 10558 was obtained by the method of Grahame and Mayer20. 
Reagent-grade chemicals utilized in this study were obtained from the following 
sources: [U14C]sucrose from New England Nuclear (Boston, MA), carbon tetra- 
bromide and (chloromethyl)triphenylphosphonium chloride from Aldrich 
Chemical Co. (Milwaukee, WI), and Silica Gel 60 precoated t.1.c. plates, Silica Gel 

G 60, silicic acid, and triphenylphosphine from MCB (Gibbstown, NJ). All other 
reagents were of reagent grade, and commercially available from common chemical 
suppliers. 

Methods. - Chromatographic procedures. Descending paper-chromato- 
graphy and thin-layer and column chromatography were conducted in one of the 
following solvents: (Z) 45 : 5 : 3 (v/v) ethyl acetate-ethanol-water, (ZZ) 75 : 25 : 1 (v/v) 
acetonitrile-water-NH,OH, and (ZZZ) 6: 1: 3 (v/v) 1-propanol-ethyl acetate-water. 
Thin-layer chromatograms were developed in solvent I, and made visible by 
spraying with 1:3 H,SO,-methanol and charring at 100”. Aromatic compounds on 

plastic t.1.c. sheets impregnated with a fluorescent indicator were detected by U.V. 
light. L.C. separations were performed in a Varian 5000 liquid chromatograph 
having a Partisil M9, lo/25 PAC column (Whatman) by using solvent ZZ. Eluates 
were monitored by means of a refractive-index detector (Varian Series RI-3). 
Column chromatography was conducted on a column (3 X 85 cm) of silicic acid, 
using solvent Z as the eluant. Aliquots of the collected fractions were serially 
spotted on t.1.c. plates, which were developed and visualized as described. 

Spectroscopic analyses. N.m.r. spectra ‘H and 13C were recorded with a 
Bruker WP-200 Fourier-transform spectrometer. Sugars were dissolved in 

deuterium oxide (99.9%) with Me,Si as the external and acetone as the internal 
reference standard. Mass-spectral analyses were performed with a KRATOS 
MS 30 spectrometer, the data were analyzed, by the DS-55 Mass Spectrometry 
Data System, at the OSU Campus Chemical Instrumentation Center. 

Radioisotopic analyses. Radioactive samples were counted in a Packard 460 
C liquid scintillation spectrometer. Radioactive, paper-chromatogram strips (1 X 

2.54 cm) were counted in 10 mL of scintillation fluid (4.0 g of PPO and 0.1 g of 
POPOP per L of toluene). 

Synthetic procedures. In order to synthesize the primary halo derivatives of 
sucrose, a modification of the selective halogenation procedure of Anisuzzaman 
and Whistler17 was used under the reaction conditions they described. 

With the molar ratios of reagents kept constant, the time and temperature of 
the reactions were varied in an attempt to alter the product ratios. Reaction with 
CBr, for 5 h at 50” produced 6,6’-dibromo-6,6’-dideoxysucrose (RF 0.29) as the 
major product, along with minor proportions of 6-bromo-6-deoxysucrose (RF 0.09), 
6’-bromo-6’-deoxysucrose (R, O&l), and 6,1’,6’-tribromo-6,1’,6’-trideoxysucrose 
(RF 0.58), as well as some unidentified sugars. In 1 h at 40”, 6-bromo-6-deoxy- and 
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6’-bromo-6’-deoxy-sucrose were virtually the only products observed; however, 
~50% of the sucrose remained unreacted. When the reaction was conducted for 45 
min at 85”, the proportion of 6,1’,6’-tribromo-6,1’,6’-trideoxysucrose increased 

substantially, although the 6,6’-dibromo derivative was still the preponderant 
product. The brominated sugars were purified by chromatography on sililic acid, as 

already described, but the separation did not resolve the 6-bromo and the 6’-bromo 
analogs, and left them contaminated with (bromomethyl)triphenylphosphonium 
bromide; They were separated by l.c., which did not completely resolve the 6- 
bromo and 6’-bromo deoxysucrose. In order to resolve them, the leading edge of 
the peak (6’-bromo) and the trailing edge of the peak (6-bromo) were each 
rechromatographed. In this way, 6-bromo-6-deoxysucrose was obtained in pure 
form (final yield, 10%); however, the 6’-bromo-6’-deoxysucrose remained con- 
taminated. Following column chromatography, the 6,1’,6’-tribromo derivative was 
further purified by preparative, thin-layer chromatography, to give a final yield of 
-5%. 

Each of the isolated products was characterized by its ‘H- and 13C-n.m.r. 
spectra, and by its mass spectrum. 
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