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ABSTRACT

Dextransucrase from Streptococcus sanguis ATCC 10558 was photolabeled using p-azidopheny!
a-D-glucopyranoside with an apparent rate constant of inactivation of 1.40 min~'. The dissociation constant
for this compound, which acts as an acceptor molecule in the enzymatic reaction, is 90uM. Apparently two
acceptor binding sites exist on dextransucrase as shown by (i.) photolabeling the enzyme with p-azidophenyl-
a-p-[5,6-"H]glucopyranoside and (ii.) fluorescence titration experiments.

INTRODUCTION

Dextransucrase [EC 2.4.1.5] is an exoceliular glucosyltransferase produced by
various Lactobacillus 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 b-glucan (i.e., dextran) by polymerization of
D-glucosy! 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 intermediate*”. The autopolymerization reaction proceeds
with reducing end chain growth*® while the chain appears to be covalently attached to
the enzyme™®. 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-2,2-biquinoline); DS, dextransucrase [EC 2.4.1.5]; [HJAPG, p-azidophenyl-a-p-[5.6-*H]glucopyra-
noside.

* Address for carrespondence: Comprehensive Cancer Center, The Ohio State University, 410 W. 12th
Avenue, Columbus, OH 43210.
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Scheme 1. Proposed reaction mechanism of dextransucrase. Nu, nucleophilic side chain on the enzyme:
A:B. proton donor/acceptor side chain: R, linkage to another sugar residue (glucosyvl transfer reaction).
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Fig. 1. Kinctics of dextransucrase in the presence of APG. Dextransucrease (0.05 unit) was reacted with
varying concentrations of sucrose in the presence of the indicated concentrations of APG. Reactions.
buffered with sodium phosphate (10my. pH 6.3} in « final volume of 300 L. were maintained at 37 . At
intervals abiquots (50 pl) were withdrawn for activity analvsis as deseribed in the Experimental.
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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"'° that may be distinct from catalytic sites. It has been
postulated that there are two such sites based on indirect evidence'®. 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 a-D-glucopyranoside 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, p-[U-"*C-glucosejsucrose
(100mm, 0.05 Ci) and APG (200mm) were reacted for 120 min at 37° in sodium phosphate buffer (10mm, pH
6.3)in a final volume of 200 uL. An aliquot (50 uL) was spotted on Whatman 3MM paper and developed in
3:1:6 2-propanol-ethyl 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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strates'®. A more direct evaluation of this point was accomplished by using b-[U-"C-
glucose]sucrose and APG in the reaction mixtures. The products of this reaction were
separated by paper chromatography. The results (Fig. 2) show thata homologous series
of low molecular weight products were formed. This is similar to the pattern of product
formation observed with acceptors such as maltose and methyl z-n-glucopyranoside
These data indicate that APG most likely serves as an acceptor substrate in the reaction
with dextransucrase.

Thin-layer chromatographic analysis of reactions of dextransucrase with APG
indicated no hydrolysis of APG for reaction times up to 48 h {data not shown). Thus we
conclude that APG, unlike p-nitrophenyl-a-np-glucopyranoside’ . is not a donor sub-
strate for this enzyme.

Photoinactivation of dextransucrase.-— Ateither 25 or 0 in the absence of APG.
dextransucrase was inactivated very rapidly (within 30 $) by exposure to radiation at 254
nm or 300 nm, and more slowly (within 2 min) at 350 nm. However. in a frozen matrix at
77 K., the rate of photoinactivation in the absence of APG was sufticiently slow so that
the effect of increasing quantities of APG could be measured accurately. Samples were
irradiated at 300 nm. which activated the azido group of APG and produced the
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Fig. 3. Photoinactivation of dextransucrase with APG. Solutions containing dextransucrase (2 U-mL).
APG (0 50 pM) and sodium phosphate buffer (530mm, pH 6.3) were dripped into liguid nitrogen from a
syringe fitted with a 26-gauge necdle. Photolysis of the sumples was performed usmg 300 nm light for O to 15
min. Foliowing photolysis. samples were thawed at 257, and enzyme activity was determined. Pseudo-first
order rate constants were calculated from the slopes of semi-log plots for cach concentration of APG.
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triplet-state nitrene derivative'®. Inactivation of dextransucrase is enhanced by the
matrix photolysis technique because the triplet nitrene does not decay to the sin glet 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); K, = 1/x-intercept = 90uM. The
apparent rate constant of photoinactivation (k,,, is 1.40 (+0.32) min~', as given by
equation 1:

k,n = kK, [APG] (1)

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 [/x-intercept
= K, (90um). Inset: Plot of ki as a function of [APG] to determine the rate constant of photeinactivation.
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activity is retained at 20uM p-glucose (which is an [APG]:[D-glucose] ratio of 0.5) as
illustrated in Fig. 5. These data indicate that the specifity of photoinactivation for the
APG-binding site of DS resides principally with the p-glucosyl moiety.

D-Glucosvl-binding sites of dextransucrase. — Approsimately 2.5 mol. equiv. of
PH]JAPG were incorporated into DS, with about 40% residual activity (Fig. 6). follow-
ing matrix photolysis at 300 nm. The results from several experiments indicated that
approximately two molar equiv. of [[HJAPG per mol. equiv. of enzyme were in-
corporated following photoinactivation, although the inactivation was not greater than
80%. All attempts to determine the specifity of labeling and the extent of non-specific
labeling, by peptide mapping, were unsuccessful. This wis due to the relatively small
amounts of protein that could be photolyzed using the matrix technique.

An alternative method to determine the number of binding sites is utilization of
spectrofluorometry. The intrinsic fluorcscence of DS decreases when dextran binds to
the enzyme. Two dextran-binding sites were observed for dextransucrase when fluo-
rescence measurements of the enzyme were determined as a function of dextran
concentration {Fig. 7). The titration curve is biphasic with linear segments between
0-75um and 75-130um 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 §. mutans".
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Fig. 5. Protection against photoinactivation. Dextransucrase (2 U/mL), APG (10um) and p-glucose
(0-60xm) in sodium phosphate buffer (10mm, pH 6.3), in a final volume of 1.0 mL. was dripped into liquid
nitrogen to form frozen pellets. Approximately 100 1L of these enzyme pellets were photolyzed for § min at
300 nm, as described in the Experimental section. Enzyme activity was determined on aliquots of each
solution after the pellets were thawed at 25,
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Fig. 6. Photoinactivation with 'HJAPG. Photoinactivation was performed as described for Fig. 3. Dextran-
sucrase (2 U/mL), H]APG (0-504M; 1.51 ¢Ci gmol ') in sodium phosphate buffer (10 mm, pH 6.3),ina
final volume of 1.0 mL, was frozen as described in the Experimental. Approximately 200 uL of enzyme
pellets were irradiated (300 nm) for 5 min. After thawing at 25°, 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 (7.2uM) and dextran (0-180uM) in SmM 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 (F,,,) was corrected for dilution from successive addition of stock dextran
solution.

obs.
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EXPERIMENTAL

Materials. - - p-Nitrophenyl a-D-glucopyranoside was obtained from Aldrich
Chemical Co. Bio-Beads SM-2 resin, AG S0W-XS8 [H '] resin. AG S01-X8 mixed-bed
resin, and hydroxyapatite (HTP) were from Bio-Rad Laboratorics. np-Glucose was
purchased from Sigma Chenical Co. Dextran T-10 (Pharmaciu) was dialvzed extensive-
ly against water (dialysis tubing molecular weight cut-off = 6000 8000} and Ivophilized
to dryness. New England Nuclear Corp. was the source of p-[5.06-"T]glucose and
p-[U-"C-glucose]sucrose. Bieinchoninic acid (BCA) protein assay was obtained from
Pierce Chemical Co.

Methods. ra; Synthesis of p-azidophenyl a-D-glucopyranoside. - p-Aznidophenyi
a-p-glucopyranoside (APG) was synthesized according 1o a general procedure reporied
for the fanomer™ except that reduction of the nitre group was achieved using Ni-S.0,
(ref. 22). The final purification step !ﬂLlUdL d adsmplmn chromatography on Bio-Beads
SM-2. Yield: 77%: m.p. 142143 T R, = 2 (Silica Gel G 3101 othvl acetate acetic
acid-water); 2 max 252 nm (£ 15500y H n.m.r. (200 MHz, D.O) 6 349 (2 HL sh. 3658
(1 H.dd). 3.87(2H, m. 403 (1 H.dd). 5.7 (EH. )L 7254 Hompvr (Nwolmully 3110,
2950, 2120, 1460, 1375, 1225, 1100, 1020, 725 em " mus. (=0 %0y 2971 {0.26) 269,11
(1.74). 1350 (24.3). 1090 (100). 107.0 (48.6). 850 (21.8). 73.0 (274 exact mass
calculated for €, H ;O N 29727 found 297.11

Anal, Cale for C.H O N C 48 49:H. 5 )0 N TR0 3220 Found: CL48 47
H, 548 N, 13.90; O, 32,13 (hy differencet,

(b)Y Synthesis of p-azidophenyl 2-D-[5.6- ' H]glucopyranoside. p-Azidoheny! x-p-
[5.6- H]glucopyranoside (["HJAPG) was synthesized from p-[5.6- H]glucose. The start-
ing material. consisting of 4.1 mCi of [5.6-"H]glucose {£2.9 Ci mmaol ') plus 70 my of
D-glucose. was peracetylated ™. The peracetylated glucose (4 mixture of » und f anom-
ers) was separated {rom starting material and partially acetylated forms by preparative
thin-layer chromatography (Stlica Gel G, 500 gm. ethyl acetate ). Rudiolabeled products
were Jocated using a Berthold counter. and 80% of the sugar waus deternuned 10 he tully
acetylated. The peracetylated v-glucose derivatives was p-nitrophenvlated at the ano-
meric position using ZnCl, as a catalyst™, p-Nitrophenyl z-p-[5.6- H]glucopyranoside
was isolated by preparative thin layer chromatography (Silica Geol G, 500 gm: 723
benzene-ethyl acctate). Tsotope scanning indicated that 30% of the startimg muterial
was converted to the z derivative. The p-azidophenyl derivative was synthesized s
described for the non-radicactive compound. The overall vield was 30%. and the
specific activity of PHIAPG = 15.09 £Ci gmol . The purity of this compound wus
assessed by thin-layer chromatography. liquid scintillation counting. and by uv. vis,
spectroscopy before and after photolysis.

{e)y Assay procedures. Dextransucrase activity was determined using a coupled-
enzyme assay system™. ['HJAPG and photolysis by-products were removed {rom
labeled protein by adsorption onto a column (.7 x 8 cm) of Bio-Beads SM-2 equili-
brated in water. Bicinchoninic acid microassay was used 1o determing protein concen-
tration. The radioactivity of the Tabeled protein was measured by liquid semtillation
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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-500C spectrofluorometer. A Kontron Uvikon 810 spectrophotometer was
utilized for u.v.—vis. spectroscopic measurements.

(d) Enzyme preparation. Dextransucrase was prepared as previously described”.
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 45cm) 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°.

ACKNOWLEDGMENTS

This work was supported by Grant No. DE-3731 (from the United States Public
Health Service) awarded to and admuinistered by the late Professor Robert M. Mayer, to
whom this paper is dedicated.

Special thanks are due to Dr. Marita M. King and Dr. Matthew S. Platz for their
gracious loan of equipment for some of these experiments. The mass spectra were
obtained at The Ohio State University Chemical Instrumentation Center.

REFERENCES
I S. Hamada and H. D. Slade, Microbiol. Rev., 44 (1980) 331-384.
2 G. A. Luzio, V. K. Parnaik, and R. M. Mayer, Carbohydr. Res., 121 (1983) 269-278.
3 G. Mooser and K. R. Iwaoka, Biochemistry, 28 (1989) 443-449.
4 J. F. Robyt, B. K. Kimble, and T. F. Walseth, Arch. Biochem. Biophys., 165 (1974) 643-640.
5 S. L. Ditson and R. M. Mayer, Carbohydr. Res., 126 (1984) 170-175.
6 V.K.Parnaik, G. A. Luzio, D. A. Grahame, S. L. Ditson, and R. M. Mayer, Carbohydr. Res., 121 (1983)

257-268. .
7 G. A. Luzio and R. M. Mayer, Carbohydr. Res., 111 (1983) 311-318.
8 S. Huang, H. C. Lee, and R. M. Mayer, Carbohydr. Res., 74 (1979) 287-300.
9 S. Huang, D. A. Grahame, and R. M. Mayer, unpublished results.
10 M. F. Callaham and J. R. Heitz, Int. J. Biochem., 8 (1977) 705-710.
11 T. Koga and M, Inoue, Carbohydr. Res., 93 (1981) 125-133.
12 D. Fuand J. F. Robyt, Carbohydr. Res., 183 (1989) 97-109.
13 A. M. Chludzinski, G. R. Germaine, and C. F. Schachtele, J. Dent. Res. Special Issue C, 35 (1971)
C75-C86.
14 A. Shimamura, H. Tsumori, and H. Mukasa, Biochim. Biophys. Acta, 702 (1982) 72-80.
15 G. Mooser and C. Wong, Infect. Immun., 56 (1988) 880-884.
16 R. M. Mayer, M. M. Matthews, C. L. Futerman, V. K. Parnaik, and S. M. Jung, Arch. Biochem.
Biophys., 208 (1981) 278-287.



326 S. 1. KOBS, R M, MAYER

17
18
19

20
21

el

23

24
25
26

27

T. P. Binder and J. F. Robyt, Curbohydr. Res., 124 (1983) 287 299,

E. Leyva, M. S Platz. G. Persy, and J. Wirz, J. dm. Chem. Soc., 10X (1986) 3783 3790,

K. Kanakarajan, R. Goodrich. M J. T. Young. S Soundararajan, and M. S, Plate, 7 dm. Chemn. Soc
110 (1988) 65366541,

C. P I Glaudemans and M. L Jolley. Methods Carbohydr. Chermn 8 (19805 145 {49,

E. Saman, M. Claevssens. H. Kersters-Hilderson, and €. K. Debruyne, Carbofivde. Res o 30 (1973)
207 210.

R. Bloch and M. M. Burger. FFBS Lot 44 (1974) 286 289,

H. Bavley. Photogenerated Reagents in Biochenistry and Maolecular Biofogy, Tlisevier. New York, [981
pp. 16 37,

M. L. Wolfrom and A. Thompson, Methods Carbohyvdr. Chem. . 2 (19631 211 215,

M. Appuru, M. Blanc-Muesser, . Defaye. and H. Driguez. Cun. J. Chem 3901981 314 32400

G AL Luzio. DAL Grahame, and RO M. Mayer, Arch. Biocheni, Biophy e, 2Ta (1982 751 757

S F o Kaobs. DLW Husman, KoM, Cuwthern, and ROM. Maver, Carbofivdr. Res ) 203 (19907 156 161



