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ABSTRACT 

Dextransucrase from Streptococcus sanyuis ATCC 1055X was photolabeled using p-azidophenyl 

a-u-glucopyranoside with an apparent rate constant of inactivation of I .40 min-‘. The dissociation constant 

for this compound, which acts as an acceptor molecule in the enzymatic reaction. is 90pM. Apparently two 

acceptor binding sites exist on dextransucrase as shown by (i.) photolabeling the enzyme withp-azidophenyl- 

a-D-[5,6-‘Hlglucopyranoside and (ii.) fluorescence titration experiments. 

Dextransucrase [EC 2.4.1 S] is an exocellular glucosyltransferase produced by 
various Lactohacillus and Streptococcus species. The enzyme from oral streptococci 
(e.g., S. sanguis and S. mutans) appears to play a role in dental cariogenicity’. 

Dextransucrase (DS) produces a D-glucan (i.e., dextran) by polymerization of 
D-ghCOSy1 units from the substrate sucrose. Although the catalytic mechanism is 
unknown, the reactions (glucosyl transfer to acceptors, autopolymerization, isotope 
exchange, and sucrose hydrolysis) catalyzed by dextransucrase probably proceed 
through a glycosyl-enzyme intermediatels3. The autopolymerization reaction proceeds 
with reducing end chain growth4,5 while the chain appears to be covalently attached to 
the enzyme5,‘. Glucosyl-residue transfer to acceptors competes with the autopolymer- 
ization reaction’ for enzyme-bound glucosyl residues and results in the addition of 
monomeric units to the non-reducing terminus of the acceptor. A general catalytic 
scheme which could describe the glucosyl transfer reaction is shown in Scheme 1. 

Information regarding the nature of the functional groups on the enzyme that 
participate in catalysis is limited and equivocal. Measurement of the rate of the reaction 
as a function of pH indicates the presence of catalytically important groups with pK, 

values of 4.5 and 7.5 (ref. 8). Chemical modification of the enzyme with carbodiimides 
and glycine methyl ester results in non-specific modification of carboxylates and loss of 

* Abbreviations used: APG, p-azidophenyl a-D-glucopyranoside: BCA. bicinchoninic acid (4,4’-dicar- 
boxy-22.biquinoline); DS, dextransucrase [EC 2.4.1.51; [‘H]APG. p-azidophenyl-cr-D-[5.6-‘Hlglucopyra- 
nosidc. 
+ Address for correspondence: Comprehensive Cancer Center, The Ohio State University, 410 W. 12th 
Avenue, Columbus, OH 43210. 
: Deceased. 
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activity”. Dye-sensitized photooxidation of dextransucrase (from various sources) pro- 
duced inactive enzyme, but the modification was not selective’&‘*. In the present study 
the use of probes that can be photoactivated was investigated to determine their 
suitability as active-site labels. 

The enzyme from both S. mutans and Streptococcus sobrinus has been reported to 
have glucan-binding sites’3m’5 that may be distinct from catalytic sites. It has been 
postulated that there are two such sites based on indirect evidence14. Using photoaffinity 
labelling we provide evidence that the enzyme from S. sanguis has two sites that bind 
acceptor sugars. 

RESULTS AND DISCUSSION 

Kinetics of reaction of p-azidophenyl cc-u-glucopyrunoside with dextransucrase. - 

In order to determine whether APG is a substrate for dextransucrase, reactions were 
carried out at several APG concentrations in the presence of varying of sucrose. The 
results (Fig. 1) indicate that the rate is stimulated as a function of APG concentration. 
This behavior is similar to that observed for compounds that serve as acceptor sub- 
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Fig. 2. Product analysis of reactions with APG. Dextransucrase (0.05 unit, o-[U-‘4C-glucosejsucrose 
(IOOmM, 0.05 &i) and APG (200mM) were reacted for 120 min at 37” in sodium phosphate buffer ( IOmM, pH 
6.3) in a final volume of 200 PL. An aliquot (50 pL) was spotted on Whatman 3MM paper and developed in 
3: I:6 2-propanokthyl acetate-water. Radioactivity was determined by liquid scintillation counting after 
the chromatogram was cut into strips (0.5 x 2 cm). 
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triplet-state nitrene derivativeix. Inactivation of dextransucrase is enhanced by the 

matrix photolysis technique because the triplet nitrene does not decay to the singlet state 
at 77 K, and diffusion of the reactive species from the binding site is limited”. 

The photoinactivation of dextransucrase in the presence of APG follows pseudo- 
first order kinetics (enzyme concentration limiting) as shown in Fig. 3. The pseudo-first 
order rate constants of inactivation show a linear relationship to APG concentration 
(Fig. 4, inset). The binding constant of APG with DS was determined from a double- 
reciprocal plot of the photoinactivation data (Fig. 4); KC, = 1 /x-intercept = 90~~. The 
apparent rate constant of photoinactivation (k,+,, is 1.40 (f 0.32) mini’, as given by 
equation 1: 

kapp = kv& WGI (0 
The specificity for binding of acceptor substrates to dextransucrase is dependent 

upon the structural charateristics of the sugar moiety at the non-reducing end. A 
D-glucosyl group provides the most effective substrate. Thus, obvious choices of 
active-site protecting reagents are molecules which contain D-glucose units. Sucrose is 
unattractive because of its reactivity in the autopolymerization reaction, and dextran is 
unsuitable due to its size and difficulty of removal prior to activity determinations. 
D-Glucose was selected since it is non-reactive and meets the structural requirements for 
binding to the active site of the enzyme. Photoinactivation with APG was carried out in 
the presence of varying amounts of D-glucose. Approximately 80% of the enzymic 
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Fig. 4. Determination of the dissociation constant of APG with dextransucrase. General conditions were 
the same as those cited for Fig. 3. The double-reciprocal plot of ky VS. [APG] is linear, with the I/x-intercept 
= Kd (90pM). Inset: Plot of kri/ as a function of [APG] to determine the rate constant of photoinactivation. 



activity is retained at 2opM v-glucose (which is an [APG]:[r+glucose] ratio of 0.5) as 
illustrated in Fig. 5. These data indicate that the specifity of photoinactivntion for the 
APG-binding site of DS resides principally with the I)-glucosyl moiety. 

V-GIUc’(~.~,~l-hiJJ~~i~l~J SilCS Of‘ii~~.~t~~JJJ.~J~~~tJ~~l’. Approximatcl>- 3.5 mol. equiv. 01 

[‘H]APG were incorporated into DS, sith about 40% residual activity (Fig. 6). follow- 

ing matrix photolysis at 300 ntn. The results from several experiments indicated that 
approximately two molar quit. of [‘H]APG per mol. cqui\:. of enz)mc were in- 
corporated following photoinactivation, although the inactivation n-as not greater than 
8O”L. All attempts to determine the specifity of labclink: and the extent of’ non-specific 
labeling, by peptide mapping. wcrc unsuccessful. This u’ax due to the relafivel> small 
amounts of protein that could bc photolyled using the matrix technique. 

An alternative method to determine the number of binding s~trs is utilization of 
spectrofluoromctry. The intrinsic fluorescence of DS decreases when dextran binds to 
the enqmc. Two dextran-binding sites were observed for derttransucrasc when fluo- 
rescence measurements of the enzytne were determined at; :I function of destran 
concentration (Fig. 7). The titration curve is biphasic with linear segments between 
Ok75/1~ and 75 130/~ dextran. which suggests the presence of two binding sites with 
different affinity”’ for dextran. These data substantiate an hypothesis of differential 
affinity binding of dextran to DS from S. r,l~t~.c.“. 

Fig. 5. Protection against photolnactivation. Destransucrasc (2 lj mLj. APCi (lO~ll~) xxi II,-glucose 
(0 60p~) m sodium phosphate bufTer t IOmM, p1-l 6.31, in a final voiumc of I 0 ml.. was dripped into liquid 
nitrogen to form frozen pellets. Approximately 100 ,tL of thcsc cwqmc pcllcts were photolyzcd for 5 min :II 
300 nm. as described in the Experimental section En7pe actlvity mas determlncd on aliqunts of CLICII 
solution after the pellets were tha\\ed st 25 
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Fig. 6. Photoinactivation with [‘H]APG. Photoinactivation was performed as described for Fig. 3. Dextran- 
sucrase (2 UjmL), [jH]APG ((t5OpM; 1.51 &i prnol-‘) in sodium phosphate buffer (10 mM, pH 6.3), in a 
final volume of 1.0 mL, was frozen as described in the Experimental. Approximately 200 PI_ of enzyme 
pellets were irradiated (300 nm) for 5 min. After thawing at 2S”, aliquots were withdrawn for activity 
determinations and the measurement of radioactivity. The remainder was chromatographed on Bio-Beads 
SM-2 to adsorb materials not bound to DS. Protein and radioactivity measurements were made on aliquots 
of each column eluate. 
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Fig. 7. Fluorescence of dextransucrase as a function of dextran binding. Fluorescence measurements were 
made on solutions containing dextransucrase (7.2~~) and dextran (0-l 80~~) in 5mM sodium phosphate, pH 
6.3, in a final volume of 1.15 mL. Excitation light was at 295 nm and emission intensity was measured at 325 
nm. Observed fluorescence (Fobs) was corrected for dilution from successive addition of stock dextran 
solution. 
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counting (Packard Tri-Carb 460CD instrument) of an aliquot of the mixture solubilized 
in ScintiVerse E cocktail (10 mL). Fluorescence spectra were obtained using an SLM 
Aminco SPF-5OOC spectrofluorometer. A Kontron Uvikon 8 10 spectrophotometerwas 
utilized for u.v.-vis. spectroscopic measurements. 

(d) Enzymepreparation. Dextransucrase was prepared as previously describedZ7. 
Samples for photolysis were prepared with appropriate amounts of enzyme and APG 
and frozen by dripping from plastic tuberculin syringes, equipped with 26-gauge 
needles, into liquid nitrogen. 

(e) Photolysis. Photolysis was performed on samples immersed in liquid nitrogen, 
using low-pressure mercury vapor lamps (Rayonet RPR-3000 A). Frozen pellets of 
enzyme were placed into Pyrex tubes (0.4 x 45 cm) that were suspended in a Dewar flask 
containing liquid nitrogen, which was placed between two lamps in the photolysis 
apparatus. The sample was centered 2.5 cm from the lamp surface, and the Pyrex tubing 
was rotated 90” during photolysis to ensure equivalent irradiation of the entire sample. 
Photolysis was continued for a designated time interval, at which time the tube was 
removed, excess liquid nitrogen was allowed to evaporate, and the sample was stored at 
- 15” until it was ready for analysis. Prior to analysis, the frozen enzyme pellets were 
allowed to thaw at 25”. 
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