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ABSTRACT 

a-D-GIucopyranosyl fluoride can serve as the D-glucopyranosyl donor for the 
glycosyltransferase from 5’treptococcz~~ mutans. The products of the reaction are a 
D-glucan of hrgh molecular weight and fluonde IOII The rate of reachon was measured 
by an electrode specific for the fiuonde ion The reaction was Itibxted by the substrate 
at concentrations >3Omhf, but was not affected by fiuonde ion There was httle 
mhxbrtion of the reaction by a senes of monosacchandes, except for Z-ammo-2-deoxy- 
D-glucose, D-marmrtol, and 3-deoxy-D-r%o-hexose Maltose, Isomahose, Isomalto- 
tiose, and D-fructose al! stimuIated the release of fluonde from a-D-glucopyranosyl 
fluonde 

LNTRODUCXION 

The capablhty of certan oral mxro-orgamsms to elaborate extracellular 
polysacchandes when cultured rn the presence of sucrose has been shown to be 
Involved m the formatlon of dental plaque The enzyme(s) catalyzmg the formation of 
erther dextrans or Ievans from sucrose have been Isolated and pu&ed from several 
Merent subtypes of Strepiococcu.s mzctan.sl-S and from Streptococcus saltvarru.@* 7. 

Several of these enzyme preparations from S mtctans also contain either mvertase’ or 
Ievansucrasel act~ty, m addItlon to the dextransucrase actlvlty. In general, the 
enzymic activity has been measured by the release of D-glucose, the increase of total 
reducmg sugar, or the formation of polymer The presence of several sucrase actrvltres 
In a partially putied preparation comphcates the analysis of any one of these 
competmg reactions We now describe the use of a-D-ghlcopyranosy~ ftuonde as the 
a-D-gIucopyranosy1 donor m D-&can formation by the dextran-sucrase [(1+6)- 
rz-D-glucan D-fructose 2-glucosyltransferase, EC 2 4 1 5j from S rnzr.~~~~ FAl The 
general assay employs an electrode specific for the fluonde Ion to measure the release 
of fluonde durmg D-glucan synthesis 
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MATERIALS AND MElTlODS 

Preparatron of the glywsyltrmtsferase. - The glycosyltransferase complex, 
which contams both dextransucrase and levansucrase, was Isolated from’ the culture 
broth of Streptococ~s mutans FAl. The enzyme preparation used in thrs study was 
punf?ed by ammomum sulfate precrpltatron, and gel f?ltratxon on a column of Bm-Gel 
P-60. As the punfied enzyme aggregates when the preparatron is concentrated, the 
P-60 punfied enzyme was not concentrated beyond 100 pg ml- 1 The ammonium 

sulfate precrpltate, used in several stu~es, wrll be referred to as the crude enzyme 
preparation jCEP) The CEP had a spec&c actrvrty of 0 26 U mg- I, and the matenal 
pun8ed on Blo-Gel P-60, an actrvrty of 0 45 U.mg- ‘_ One unit of actrvrty 01) releases 
one mole of fluoride per mmute from cc-D-glucopyranosyl fhronde at 25” in phosphate 
buffer (PH 6 0,5Om@ 

Synthesis of sugar derzvatlves. - D-AUoseg, 3-deoxy-D-rzbo-hexose10, and 
6-deoxy-D-glucose’ ’ were prepared by pubhshed procedures. Tnfiuoroacetic acid 
was routmely used to remove the isopropyhdene groups m these senes of rea&on-,, 
The a-D-glucopyranosyl fluonde12, a-D-allopyranosyl ffuondei2, 6-deoxy-sc-D-gluco- 
pyranosyl fluonde, and Z-deoxy-cr-D-arabmo-hexopyranosyl fluoride1 3 were prepared 
by treatment of the correspondmg per-O-acetylated hexosrdes wrth hqt Id hydrogen 
fhroride, followed by deacetylatron wrth sodium methoxrde14. The n m r. spectrum 
of tri-CLacetyI-ddeoxy-D-glucopyranosyl fluonde m chloroform-d had the following 
charactenstrcs- for H-l, r 4 25 Hz (J1 2 3.5 Hz, JI,r 56 Hz); for H-6, r 8.75 Hz, and, 
for acetyl H, r 7 90-8 10 Hz The other acetylated glycosyl fluorides showed n m r - 
spectral values comparable to pubhshed values’ 2* ’ 3 

The deacetylated glycosyl fluorides contamed -5 to 10% of free sugar, and 
were used without punfication, as nerther the free sugars nor fluonde mhrbrted the 
enzymic reaction The degree of punty of each glycosyl fluonde was deternuned by 
the merence between acrd-labrle fluonde (10 mm at 100°) m 5Ornbr sulfunc acrd and 
the free fluoride m the preparatron. The amount of D-glucose was confumed by 
D-glucose oxrdase-peroxldase analysis, and by paper chromatography wrth 4:l 5 (v/v) 
butanol-e’thanol-water In all cases, theglycosyl fluonde mrgrated farther than the free 
sugar The RF values of the fluondes on s~hca gel G wrth 4: 1 5 (v/v) butanol-ethanol- 
water are as foilows. cr-Dglucopyranosyl fluonde, 0 52, 2-deoxy-a-D-arabino-hexo- 

pyranosyl fluonde, 0 72, cr-o-allopyranosyl fluonde, 0.40: and 6deoxyd-D-gluco- 
pyranosyl fiuor,de, 0 74 

Measurement of fluonizre. - The release of fluoride was measured wrth a 
fluoride-specrfic electrode (Onon Instrument Co , Cambndge, Mass ) coupled to a 
recordmg pH-meter Routmely, the P-60-punfied enzyme (450 ~1, 0 045 U) and 
a-D-glucopyranosyl fluonde (50 ~1, 5Om~) were mrxed m a 5-ml polyethylene 
beaker and the electrode was Inserted About 20 set was required for equrhbratron of 
the electrode, due to the free fiuonde in the substrate preparatron The reactron was 
monitored for 15 min, and the mitral actrvlty was deterrmned The fluoride release 
was usually hnear during the first 5-15 min of the reaction. 
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Analytical methodr. - Total carbohydrate (D-glucan) was measured by the 
phenol-sulfinic acid method on dialyzed samples l5 D-Glucose was measured by the 
D-glucose oxidase-peroxidase method l6 Protein concentrations were determined by 
the Lowry method”, using bovine serum albumin as the standard 

Thm-layer chromatography. - Thm-layer chromatography (t.1 c ) was per- 
formed on sBca gel G plates (Eastman Chermcal Co ) developed with 4 I:5 (v/v) 
butanol-ethanol-water. Amhn&phenylamine-phosphonc acid spray-reagent was 
used to detect the sugarsis. 

Serologxal methoa3 - New Zealand wkte rabbits were unmunlzed by 
Intravenous m~ect~on of heat-lulled, whole cells of S. mutmts grown 1x1 tryptxase soy- 
broth supplemented with 5% of sucrose The ammals were bled by cardxac puncture 
The reactivity of the sera was determmed by standard, quantitatxve, preclpiti 
reactrons’g Reactions of the soIubIe D-glucan were compared to those of the dextran 
from Leuconostoc mesenter&des B512 and from S. mutmts cultured m the presence of 
sucrose. 

EXPFMMFINTAL 

Characterzation of the reacbon of a-D-gl~copyranosylfr~de wrth the glycosyZ- 
trmtsferase. - The rate of reaction was determmed durmg 10 to 15 mm at the various 
concentrations of enzyme. The release of fluoride was found to be linearly dependent 
on enzyme concentration (see Frg 1) The dependence of the reaction on a-D-gluco- 
pyranosyl fiuoride (I-10Om~) was measured at a constant concentration of enzyme 

I/O 
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2 4 6 6 1 
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Fig 1 Dependence of the rate of release of fhonde from a-D-&lCOpyraUOSy~ fhonde (SAM) on the 
amount of glycosyltransferase m the crude enzyme-preparation (0 20 U) (Identical results were 
obtamed vnth the P-60 punfied matenal ) 
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(see Fig. 2) At a concentration of a-D-glucopyranosyl fluoride >3Om~, there was a 
marked mhtbrbon of the reactron The double reciprocal plot of the data (see Frg 3) 
yields a I&, of 11 lm~ and a V_ of 13 pmole mm-’ 
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Fig 2 The effect of the concentration of a-D-glucopyranosyl fluonde on the rate of fluonde release, 
wxth a constant amount of P-60-punlied glycosyltransferase (0 045 U) 
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Fig 3 Double reciprocal plot of the rate of release of fluonde @mole 111111-l) at various concen- 
tratxons of a-D-ghICOpyTaIIOSyl fiuonde (Data from Fig 2 ) 

The products of the reactron from cr-D-glucopyranosyl fluoride were studied as 
follows A reactron mixture (40 ml) contammg a-D-ghIcopyranosyl fluoride (5mM) 
and glycosyltransferase (1 62 U) was incubated at 25” Aliquots (1 ml) were assayed 
for D-glucose by the D-glucose oxidase method, for glucan by the phenol%lfinic 
acrd assay (follo\Hm,o exhaustive dmlysrs), and for fluorrde by the ran-specrfrc 
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electrode (see Fig 4) D-Glucan was synthesrzed dunng the first 90 min of mcubanon 
However, fluonde was released m an amount greater than that correspondmg to 
glucan syntheses, and its release contmued after the glucan syntheses had stopped 
The enzyme appears to have the ablhty to hydrolyze the cr-D-glucopyranosyl fiuonde 
When the enzyme was denatured, there was httle release of fluoride. The amount of 

fluonde released durmg the first 90 mm was about equal to the amount of free 
D-glucose and D-ghIcan Aftertlzs,the amountoffluonderekasedwas greaterthan 

could be accounted for as correspondmg to D-glucose release and D-glucan syntheses; 
this may be the result of for-matron of ohgosacchandes, which would not be detected 
after dralysis 
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Fig 4 The hberation of fluonde and D-glucose, and formation of D-ghcan, dunng the mcubation of _- _ _- _ _ 
a-b-glUCOp~OSy1 tluonde (5mhQ and glycosyltrausferase (1 62 U) m phosphate buffer (pH 6 0, 
5Omv) (Fluonde release, --Cl-, D-ghCOSe release --A--, nonduxlyzaole &can -O- ) 

Characterrzatzon of the glrrcan formed - An mcubatlon nuxture contaming 

c+D-glucopyranosyl fluonde (5m~) and glycosyltransferase was Incubated for 24 h, 
during whrch, the mixture became opalescent, mdicatmg polymer formation. Thrs 
was followed by formation of msoluble matenal, probably a gluean The glucan was 
precrpuated from the mixture wrth ethanol (3 vol ), and then collected by centn- 
fuganon and dried wrth absolute ethanol The msoluble matenal was soluble m 
alkah, a property characteristic of “msoluble” dextran The glucan was analyzed by 
(a) the phenol-sulfuric acid method, (b> D-glucose oxldase assay followmg acid 

hydrolyses for 5 h at 100” wrth 2~ hydrochlonc acid, and (c) the Lowry protem assay 
Based on the dry we& of the matenal, 83% was carbohydrate and 17% was 
protein. The protein most hieIy was fom the enzyme preparation. T-1 c of the 
hydrolyzate showed that glucose was the only carbohydrate and the D-glucose 
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oxidase assay revealed this to be ~-glucose. The ~-&can was precipitated by anti- 
sera d~ected against (L-+~)-c+D-gh~cans, suggestmg that it contained a-~-(1 +6)- 
h&ages, as would be expected for a dextran. The isolated glucan and the dextran 
isolated from the culture broth of S. mutrms FAl gave identical, quantrtative- 
prefzrpitm curves with the anti-sera. 

Use of v~ri&.r sugars as possrble rnhlbitors of the glycosyItran$ermea - As 
dextran has been associated with dental caries, a number of sugars were added to the 
assay system to determine if any of them would r&bit dextran synthesis from 
a-r@ucopyranosyl fluoride The effect of mcreasing sucrose concentration (0-5Om~) 
on the release of fluoride from a-r+glucopyranosyl fluoride (30113~) IS shown in Fig. 5. 
Compeutron between the two substrates was apparent from the data, which show a 
decrease m fiuonde released as the sucrose concentration was mcreased; this nught 
be expected if both were substrates for the enzyme. Addition of sochum fluoride 
(0-lOOma/r, final concentration) to the standard reaction-mixture was urlthout effect 

10 20 30 40 50 

Sucrose (mm) 

Fig 5. The cfkct of sucrose on the release by the glycosyltransferase of fluoride from a-D-ghco- 
pyranosyl fiuonde (SAM) 

A selection of sugars and sugar derivatives (25 and SO~M, Gnal concentratron) 
were separately added to the a-n-glucopyranosyl fluonde-glycosyltransferase 
mixture, and the imtial rate of reachon was determined Most of the sugars and their 
alditol relatives had little inhrbrtory effect on the rate of fluoride release (see Table I) 
Of the sugars tested, Z-ammo-2-deoxy-D-glucose, D-snansu tol, and 3-deoxy-D-rzbo- 
hexose had the greatest inhrbrtory effect Neither Gdeoxy-n-glucose (75m~) nor 
Wkbdeoxysucrose had any effect on the release of fluoride, but 6,6’-dideoxysucrose 
appeared to protect t&e enzyme from inactkation by acid. However, severai sugars 
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TABLE I 
EFFECT OF VARIOUS CAREIOHYDRA’IES ON TkD2 RATE OF RELEASE OF FLUORIDE FROM 

a-D-GLUCGPYRANOSYL FLUORIDE (5ltlM) BY THE GLYCOSYLTRANSP A.UE FROM S mutans FAl 

Compound adiied Percentage of control 

25mM 

n-Galactose 100 
~-Glucose 100 
ii-Tagatose 100 
D-XyIose 100 
D-Glucltol 100 
Galactrtol loo 
a-Cyclodextnn 100 
I-Cyclodextnn 100 
n-Rrbose 8.5 
&kn.mo-2-deoxy-D-glucose 68 
D-b+dIlIUtOl 74 
%Deoxy-D-arablno-hexose 85 

3-Dcoxy-o-r&o-hexose 57 
L-Sorbosc 110 
n-Mannose 157 
D-Arsbmose 128 
D-AlIose 116 
D-Fructose 285 
L-Rhamnose 176 
Maltose 290 
Isomaltose 390 
Isomaltomose 415 

loo 
101 
100 
107 
101 
89 

101 
100 
85 
79 
76 
88 
54 

124 
121 
138 
125 
293 
224 

greatly stimulated the release of fluonde, VIZ D-fructose, maltose, zsomaltose, 
lsomaltotnose, and L-rhamnose When 2-deoxy-D-arabmo-hexopyranosyl fluonde, 
D-allopyranosyl fluonde, and Gdeoxy-D-glucopyranosyl fluonde (0 5-25Om~) were 
tested for their reactivity as glycosyl donors, there was 110 release of fluonde None 
of these gIycosy1 fluondes acted as an mtibltor of a-D-glucopyranosyl fluonde 

DKSCUSSION 

The presence of levansucrase and mvertase m ad&bon to dextransucrase m the 
punfied enzyme-complex from S. muirms has comphcated the routme analyses of the 
enzynuc reaction’ Hehre initiated the use of a-D-glucopyranosyl fluonde as the 
D-glucopyranosyl donor with dextransucrases from Leuconosstoc and Streptoccus2Q 
and with an amylosucrase” In both enzyme-systems, a glucan was synthesized and 
fiuonde was hberated. a-D-Gkosyl a-L-sorboslde has been eruymcally synthesized 
by sucrose phosphorylase from L-sorbose plus a-D-ghxcopyranosyl fluonde22. The 
use of a--D-glucopyranosyl fluoride has perrmtted us to momtor glucan synthe=s, 
even m crude preparations of the glycosyItransferase complex, without interference 
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by the levansucrase The use of the fluoride-specific electrode simplified the measure- 
ment of fluonde release, and allowed ready determmatron of the mlhal velocitxes of 
the reactron Moreover, thrs assay now provides an easy test for the possible effects 
of reducing sugars, of sugars that might Interfere wrth the D-glucose oxldase assay, 
and of pnmer glucans However, lugh concentrahons of certain Ions that are known 
to mfluence the electrode23 must be avorded. 

The mcubahon llwture of the glycosyltransferase and the a-D-glycopyranosyl 
fluonde became opalescent after 30 mm, and msoluble glucan was formed after 
longer per-rods of incubation The soluble glucan was excluded from a column of 
Bra-Gel P-60, mdlcating a molecular werght >60,000 Acrd hydrolysis showed the 
glucan to contam glucose (by t I c ), and this was shown to be D-glucose by the 
D-glucose oxrdase assay The D-glucan reacted wrth anhsera agamst dextran, m- 
drcahng that the D-glucan contains a-D-(l-,6)-linkages The presence of (l-3)- 
branches m thrs enzymrcally synthesized D-g&an has not been established The 
a-D-glucopyranosyl fluonde was also hydrolyzed by the enzyme preparahon, as free 
D-glucose was detected during the reaction (see Fig 4) The possrbrhty that ohgo- 
saccharides are formed durmg the reactron has not been Iscounted, as the amount 
of fluonde released after 90 min 1s greater than that correspondmg to the D-glucose 
released and the D-glucan synthesrzed Ohgosacchandes would have been lost dunng 
the dialysis, pnor to glucan analysis 

The enzyrmc acuvity was mhrblted by substrate concentrahons >3Om 
Genghof and Hehre ** described a sumlar phenomenon for the Leconosfoc dextran- 
sucrase, but at somewhat higher concentrations of a-D-glucopyranosyl fluonde The 
Mrchaehs-Menten constant for the glycosyltransferase achng on sucrose IS~ 55m~; 
it was determmed to be Ii lrmr for a-D-glucopyranosyl fluonde Gold and 0sher24 
reported a lower I& value for sucrose phosphorylase actmg on cr-D-glucopyranosyl 
fluonde than on sucrose The amount of glucan synthesrzed by the glycosyltransferase 
from cc-D-glucopyranosyl fluonde (5m~) was found to be - 6% and -31% of that 
synthesrzed from sucrose at 146m~ and 311~1, respectrvely It has been observed that 
the amount of glucan synthesrzed decreases as the concentratron of sucrose decreases1 

The genera1 lack of mlnbltion of the enzyme by the varrouS hexoses was not 
antrcrpated COmpetlhVe mhrbrtron by D-glucose, 6-deoxy-D-glucose, D-mannose, 
D-arabmose, D-xylose, D-gaiactose, and 6,6’-drdeoxysucrose nught have been 
expected, owmg to then general structural smularrtres to the D-glucopyranosyl 
moiety of sucrose The mhibrhon exhrbrted by 3-deoxy-D-rzbo-hexose may reflect 
interference wrth the branchmg process, which then slows down the hnear propagatron 
of the cham The dextran from S. mutans E49 contams about 20% of (143) branch- 
pomtSt5 The stunulatron of the release of fluonde by D-fructose may be due to 
formation of sucrose or leucrose rather than of glucan Genghof and Hehre” 
showed +&at sucrose and Ieucrose [a-D-glucopyranosyl-(l-*5)-D-fructopyranose] are 
synthesrzed by the Lezrconostoc dextransucrase when D-fructose is added to a reachon 
nuxture contarmng a-D-glucopyranosyl fluorrde. Concentratrons of D-fructose may 
occupy part of the enzynuc site of the dextransucrase, and accept the D-glucopymnosyl 
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group bound on the enzyme Maltose, lsomaltose, and rsomaltotnose may serve as 
pnmers for the formation of the glucan or ohgosaccLaride(s), and stimulate the 
release of fluonde. 

Slmllar stimulation of streptococcal dextransucrases by lsomaltose has been 
reported with sucrose as the D-glUCOSyl donor26 ” Dextrans havmg molecular 
weights ranging from 20,000 to 2 x lo6 m this study did not stimulate the release of 
fiuonde SnnJar enzyme preparations from other subtypes of S mutans are 

stimulated by the ad&bon of dextrans” 28 
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