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ABSTRACT 

Dextransucrase has been purified from the culture fluids of S_ sangrris 10558 by 
a combination of hydroxylapatite, ion-exchange, and gel-filtration steps. Two active 
proteins were isolated with specific activities approaching one order of magnitude 
higher than other preparations reported. The enzymes have mol. wt. on the order of 
100 000 and exhibit pH optima between 5.8 and 6.2. In addition, detaile’d analysis of 
one of the enzymes indicates that the enzyme undergoes two ionizations that are 
important for activity. One pK is at 4.4 and the second at 7.4. The structures of 
dextrans produced by the two enzymes have been examined by p.m.r. spectroscopy, 
and a substantial degree of similarity was observed, with onIy minor differences in the 
proportion of LY-( 1 +3) and a-(1+6) bonds. No evidence could be obtained that either 
of the enzymes was capable ofcatalyzing a rearrangement of a-( l-6) to a-( l-+3) bonds. 

INTRODUCTION 

The observed correlation between the utilization of sucrose by the cariogenic 
bacteria and caries formation has stimulated interest in the manner in which the sugar 
is metabolized. The piocess by which these bacteria utilize sucrose to form an insoluble 
polysaccharide, and to produce substantial quantities of organic acids appears to be 
essential to the cariogenic process’. The reaction that is of interest is the initial step 
in sucrose utilization in which a D-glucosyl or D-fructosyl residue is transferred to a 
growing polymer, while SimukaneousIy releasing monomeric D-frUCtOSe or D-ghCOSe 

residues. The monosaccharides are subsequently utilized by the organisms fok acid 
production. The enzymes that catalyze this first step are D-glycosyltransferases and 
are specific for either D-fructosyl or ~glucosyl residues depending upon the species 
of organisms. The D-fructosyl-transferase (levansucrase EC 2.4.1.10) has been char- 
acterized by Dedonder and assoc.2-4. The D-glucosyltransferase, dextransucrase 
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[sucrose:(l+6)-a-D-giucan 6-a-D-glucosy~transferase, EC 2.4.1.51 has not been as 

well characterized, although a number of investigators5-‘6 have been engaged in 

studies on it. We have attempted to study the enzyme derived from S. sangztis as a 

model for the reaction. The study has been initiated by the development of apuri- 
fication procedure that permits good yield of homogeneous enzyme fractions_ Such 
preparations will permit us to carry out studies on the mechanism of catalysis. We 

wish to report our findings and the properties of the purified enzyme preparations. 

RESULTS 

Eilzyine prtrificatioil- - The purification procedure described in the Experimental 
section employs an initial adsorption to hydroxylapatite, and subsequent elution with 

increasing concentration of phosphate buffer. The procedure is a modification of that 

described by Newbrun and Carlsson’. We have observed that adsorption to the gel 
is more complete and reproducible (see Table I), when the culture fluid has been sub- 

jected to prior dialysis as described, and when the pH is adjusted to 5.5 during 

adsorption. The requirement for dialysis may be related to the relatively high concen- 

tration of organic acids produced during cell growth. 

The first fractionation step on DEAE-cellulose, carried out at pH 6.0, resulted 
in the separation of two protein peaks that contained enzyme activity (Fig. I)_ A third 

peak was also observed; however, this peak was reIatively minor and quite variable 

from one preparation to the next, and no further work with it was performed_ The 

first peak (A) appeared to be eluted from the column with the nonretained materials, 

while the second peak (B) was eluted at a concentration of 0.05~ sodium chloride. 
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Fig. 1. Chromatography on DEAJZ-cellulose at pH 6.0. A solution of dextransucrase with a con- 
ductivity of 0.4 kA!Vm was applied to a 1.5 x 35 cm column, pH 6.0, of DEAE-cellulose, and eluted 
batchwise w&h 0.01~ phosphate buffer (280 mL), pH 6.0, followed by 0.05~ NaCl (415 mL). O.lhi 
NaCl(480 mL), and 0.2~ NaCl (330 mL) in the same buffer. Enzyme activity (0 - - - - 0) was 
measured as described in Methods, and protein (0 - 0) was measured by A280. 
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Fig. 2. Gel-filtration of dextransucrase: (A) Enzyme-fraction A from a DEAE I column was applied 
to a 1.1 x 51 cm column of Bio-Gel P-100, and eked with 0.01~ phosphate buffer, pH 6.0. (B) 
Enzyme-fraction B from a DEAE I column was applied to a 1.1 x51 cm column of Bio-Gel P-100, 
and eluted with 0.01~ phosphate buffer, pH 6.0; e - 0, units/ml; 0 - 0, &so. 

When these enzymes were dialyzed and applied to similar DEAE-cellulose columns, 
their elution behavior remained similar to that observed on the initial column. 

Both enzyme fractions obtained from the DEAE-cellulose column were excluded 
from Bio-Gel P-100 columns, as shown in Fig. 2 (A and B), and were effectively sep- 
arated from the bulk of the contaminating material absorbing at 280 nm. While many 
of the low-mol.-wt. contaminants were removed in the first two steps, the residual 
peptides and peptones derived from the growth medium were the major components 
that were removed in this step. Subsequent to the Bio-Gel P-100 step, the two enzymes 
were chromatographed on DEAE-cellulose at pH 6.8. The behavior of enzyme A on 
DEAE-cellulose at pH 6.8 is shown in Fig. 3A. As in the case of the chromatography 
at pH 6.0, it appeared to pass directly through the column. However, additional 
extraneous protein was retained on the column, and was eluted when the ionic strength 
was increased. The behavior of enzyme B under these conditions was not reproducible 
from one preparation to another. A major portion of the enzyme was always eluted 
with the nonretained materials, but it was also observed that variable amounts of 
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Fig. 3_ Chromatography on DEAE-cellulose at pH 6.8. Enzyme fractions A (3A) (upper fig.) and B (3B) 
(lower fig.) were applied to 1.1 x 20 cm columns of DEAE cellulose equilibrated at pH 6.8. Elutions 
were carried out with a linear gradient (600 mL) from 0.01~ to 0.1~ NaCI, and 4-mL fractions were 
collected. The gradient was initiated following a 40-mL wash of the column with O.Olhr phosphate 
buffer, pH 6.8. Fraction B-l was collected in a single fraction, and is not shown in 3B; 0 - - -0, 
units/ml; 0 __ 0, Azso. 

enzyme could be retained, and eluted at ionic strengths ranging from -0.05 to O_OW 

(see Fig. 3B). 

The purification described here permitted a total recovery of 13 % of the original 

activity in the two separated fractions. Recovery from each of the chromatographic 
steps ranged between 28 and 95 ‘%, as seen in Table I_ Losses of activity up to 40 o/0 were 

frequently encountered in steps requiring concentration_ These losses were taken into 

account in the calculation of the overall recovery. A variety of concentration tech- 

niques were studied, such as pressure filtration with Pelican filters (Millipore), hollow- 

fiber devices (Bio-Rad Laboratories), and readsorption and elution from hydroxyl- 

apatite. The results observed proved to be quite variable and in general not as good as 
the procedures described_ 
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TABLE I 

SUMMARY OF PLTRIFICATION OF DEXTRANSUCRASE 

Steps Activitp Spec. 
activ.” 

D.P.~ Recovery (%) 

Crude product (original) 
Crude product (dialyzed) 
Hydroxylapatite 

0.2~ Phosphate 
wash at pH 6.0 
0.5M Phosphate 
wash at pH 6.8 
Total 

DEAE-cellulose at pH 6.0 
Fraction A 
Fraction B 
Total 

Bio-gel P-100 
Fraction A 
Fraction B 
1 st Chromatography 
2nd Chromatography 
Totald 

DEAE-cellulose at pH 6.8 
Fraction A 
Fraction B 

B-l 
B-2 
B-3 
B-4 

Total 

10,400 0.09 1 100 - 
8,789 0.09 1 84.5 

2,684 2.10 22 25.8 

5,629 3.40 36 54.1 
8,313 80 

1,271 24.0 266 12.2 
4,075 12.6 140 39.2 
5,346 51.4 

573 313 5.5 

2,235 37.8 420 21.5 
1,886 44.6 496 18.1 
2,459 24 

389 197 2190 3.7 

136 296 3280 1.3 
446 202 2250 4.3 
300 28 309 2.9 
100 6.3 70 1.0 

1,371 13.2 

“Totalenzyme activities (units) as measured by method A. bspecific activity (unit/mg of protein)_ 
cDegree of purification (Spec. activ./spec. activ. of crude product). dSum of Fraction A and Frac-* 
tion B (2nd chromatography)_ 

The data shown in Table I summarize the purification procedure. It can be seen 
that the procedure affords about a 2200-fold purification with regard to enzyme A, 
which has a final specific activity of 197 units per mg of protein. The B enzyme has a 
variable specific activity, but reaches levels of 202 and 296, and thus represents an 
increase in purity of some 2200-to 3300-fold relative to the crude enzyme. 

Stability. - The enzyme at all stages of purification could be stored at 0 to 4” 
in the presence of 0.01% sodium azide. In the more highly purified stages, fractions A 
and B displayed quite different stabilities. Fraction A was observed to be much more 
labile, losing activity at a rate of between 25 to 30 % per week when stored at 0 to 4”. 
Freezing and thawing produced extensive losses of activity, i.e., 75 to 90 %_ Fraction B 
only lost activity at a rate of less than 10 0A per week when stored at 0 to 4”, and was 
virtually stable to freezing and thawing. 

Homogeneity and molecular weight. - The mol. wts. of Fractions A and B were 
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Fig. 4 3etermination of molecular weight. Enzyme fractions DEAE II-A (A) and -B (B) were applied 
to of 1 .I x 40 cm columns Bio-Gel P-200, and eluted with 0.01 M phosphate buffer, pH 6.0. Fractions 
of 0.8 mL were collected. The columns were calibrated with D-ghCoSe oxidase (I), alkaline phos- 
phatase (2), egg albumin (3), chymotrypsinogen (4), and ribonuclease (5) in decreasing order of mol. 
wt. The values were plotted as a function oFIog of mol. wt.: n - - - - a; Enzyme activity (8 -8) 
and protein (0 - - - - 0) were measured_ 

estimated by gel-filtration on Bio-Gel P-200 according to the procedure described by 
Andrewsi7. In both cases (Figs. 4A and 4B), the activity was eluted as a single peak 
corresponding to a mol. wt. of 102,000. As seen in Fig. 4B, only one protein peak, 
which superimposes with the activity, was found in Fraction B. The specific activity 
across the peak falls in the range of 42-50 units per absorbance unit at 280 nm. These 
data suggest that the enzyme preparation is homogeneous. The behavior of enzyme 
fraction A, on the other hand, suggests that an additional protein is present, since a 
distinct shoulder is observed (Fig. 4A). Estimates of the relative areas under the 
enzyme peak and the shoulder suggest that the enzyme is approximately 90% pure. 

Eficts of reagents. - Some preliminary information on the characteristics of 
dextransucrase was obtained by treatment with a variety of reagents (see Table II). The 
denaturing agents examined, guanidine and dodecyl sodium sulfate, were effective 
inhibitors of activity, whereas urea was less effective. EDTA had no inhibitory effect 
on enzyme activity up to a concentration of 0.1~, which supports the argument that 
the enzyme is not a metalo-enzyme. Disulfide reagents, such as 2-mercaptoethanol and 
dithiothreitol, produced partial inactivation of the enzyme at the concentrations 
examined. This may indicate that the activity is somewhat dependent upon the integrity 
of disulfide linkages. Whereas the thio reactive reagent p-mercuribenzoic acid had no 
effect on the activity of the enzyme, mercuric chloride caused complete inactivation_ 



S. HUANG, H. C. LEE, R. M. MAYER 293 

TABLE II 

EFFECTS OF VARIOUS REAGENTS ON DEXTRANSUCRASE= 

Reagents Final cont. of 
reagent 

Activity 
remaining ( %) 

None 
Urea 
Urea 
GuanidiniumCI 
Guanidinium-Cl 
Dodecyl Na sulfate 
Dodecyl Na sulfate 
EDTA 
EDTA 
EDT.4 
HgClz 
Dithiothreitol 
Dithiothreitol 
2-Mercaptoethanol 
2-Mercaptoethanol 
p-Mercuribenzoic acid 

- 100 
4 M 50.2 
2 M 82.6 
3 M 0 
I.5 M 9.7 
6.9 mM 5.6 
0.69 mhi 80.5 
0.1 M 123 
0.05 M 123 
5 rnbt 119 
0.13 M 0.6 
0.25 M 41.1 

25 m&f 68 
0.15 rkl 51.4 
0.05 hl 50.5 

33 jfhl 104 

“The DEAE-II-A enzyme (0.25 units) was mixed with each of the various reagents (0.1 mL) and kept for 
5 min at room temperature, at which time an aliquot of 0.1 mL of a 0.2hr [r%]sucrose (75 c.p.m./nmol) 
and of a IOmbt Dextran T-10 solution were added. The reactions were carried out for 15 min at 37’, 
and terminated by heating for 3 min at 100”. All reagents were buffered at pH 6.0, and the final con- 
centration refers to the concentration of the reagent after the addition of substrate. The analyses were 
carried out as described in Methods. 

3.0 4.0 5.0 6.0 7.0 8.0 
PH 

Fig. 5. pH-Rate profile. Dextransucrase (0.02 units) was mixed with 25 [CL of the indicated buffer at 
various pHs and allowed to stand at 27” for 4 min. Fifty /cL of substrate solution containing 0.7&t [r-C]- 
sucrose (97 c.p.m./nmol) and ~llhl Dextran T-10 was added to each tube. The reactions were carried 
out for 15 min at 37”, at which time the reaction was terminated by heating for 2 min at 100”. The 
analyses were carried out as described in Methods. Controls were run at selected pHs with heat- 
inactivated enzyme. Buffers used were e----e, 0.3~ citrate-phosphate; O----O, 0.5hl c-(A’- 

morpholino)ethanesulfonic acid. 
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In the latter case, it appeared that the protein was precipitated by the heavy metal. 
The fact that p-mercuribenzoic acid had no effect, however, suggests that sulfhydryl 
groups do not pIay an important role in the activity of the enzyme. 

Pro$Ie of the pH rate. - Fig. 5 shows the effect of pH on enzyme activity. The 
solid lines represent calculated curves, based on the assumption that only the mono- 
protonated form of the enzyme is active. The analysis of the curve was carried out by 
a curfit method”, which employs a least-squares linearization of a fitting function. 
The pKs were calculated and found to have values of 4.4 and 7.7, with the optimum 
pH ranging from 5.8 to 6.2. These vaIues are suggestive of a carboxyl group for the 
‘acid pK and an imidazole residue for the basic group. 

Prodircts of the enzyme-catalyzed reaction. - The dextran produced by S. 
sartgtris ATCC 10558 has been shown to contain D -glucosyl residues linked by either 
cr-(I 43) or m-L-( 1+6) glycosidic bonds . lg With the demonstration of hvo separate 
proteins having the ability to catalyze dextran formation, it became important to 
obtain some information about the structure of the products formed by each of these 
enzymes. It has been establishedlg*” that the p.m.r. spectra of dextrans can be used 
to determine the proportion of (1+6)- and non-( I -+6)-glycosidic bonds owing to the 
differences in the chemical shift of the anomeric protons involved in these linkages. 
The enzymes, at various stages of purification, were used to prepare polymers from 
sucrose as the only substrate. The reactions were carried out over an extended period 
of time in the presence of chloramphenicol or sodium azide to prevent bacterial growth. 
The progress of the reaction was followed by measurin, = the fructose concentrations 

TABLE III 

P.M.R. ANALYSIS OF ENZYhlICALLY FORMED DEXTRANS” 

Stare of pttrifcatiort 
of tlze entytte 

Bonds 
-__ 

(I-4) Non-(I-+6) 
(%I (%I 

Crude 
Hydroxylapatite 
DEAE I 

A 
B 

Bio-Gel 
A 
B 

DEAE II 
A” 
Bb 

12 25 
79 21 

77 23 
52 IS 

72 2s 
82 19 

73 27 
so 20 

aThe polysaccharides were produced in mixtures containing 30 to 50 units of enzyme from each of 
the indicated stages of purification in 0.2~ sucrose (100 mL), at pH 6.0, 37’ in the presence of 0.01~ 
NaN3. The isolation of the polysaccharides and preparation for p.m.r. analysis are described in rhe 
Methods section. * The spectra were recorded in the presence of 5.~ KSCN. 
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by reducing-sugar analysis. The reactions were terminated when about 50% of the 
substrate had been consumed. The polymeric products were isolated and purified by 
ethanol precipitation and exhaustive dialysis. The p-m-r. spectra of the products were 
recorded on solutions in deuterium oxide in the presence of -5~ potassium thio- 
cyanate with a Fourier-transform p.m.r. spectrometer. The resonances at 4.96 and 
5.33 p.p.m. have been assigned to the protons of the anomeric carbon atoms of the 
residues involved in (1+6)- and non-(1 +6)-glycosidic bondsl’*“, respectively. By 
integration of the peaks the proportion of (l-6)- and non-(1+6)-linkages was 
calculated (see Table III). Both enzyme fractions A and B catalyzed the formation of 
polymers that contain (1+6) and non-( 1 +6) bonds. As chemical analysislg had shown 
that the only non-(1 -+6) bond present was X-( 1 +3), we have assumed that the non- 
(1’6) peak is due solely to (143) bonding. Both enzyme preparations A and B 
produce polymers with (I 46) and (1~3) linkages, the product of the A enzyme 
consistently having a greater proportion of (1 -+3) bonds than that of the B prepara- 
tion. 

The observation that the enzyme fractions could catalyze both Z-( l-+6)- and 
Z-( 1+3)-bond formation raises the question as to the nature of the activity. One pos- 
sibility is the involvement of a transglycosylase activity, such that a rearrangement 

TABLE IV 

P.M.R. ANALYSIS OF DE-RAN AND OLIGOSACCHARIDES TREATED WITH EXZYME FRACTIOXS” 

Sttbstrare 

EttzytneJ’ractiott 

Destran OIigosaccharides 

Units U-W r1on-(I-+6) Unirs (l-4) trod1 46) 
of enzyttte (%) . (%I of enzyme (%) ( “4) 

None 
Crude 
Hydroxylapatite 
DEAE I 

A 
B 

Bio-Gel 
A 
B 

DEAE II 
A 
B 

92.4 7.6 90.8 9.2 
25.3 92.6 7.4 10.6 89.1 10.9 

31.2 91.6 8.4 

25.0 94.9 5.1 14.2 92.7 7.3 
26.3 95.2 4.8 23.8 92.5 7.5 

33.8 93.0 7.0 16.7 88.2 113 

48.0 92.5 7.5 14.8 90.3 9.7 

7.2 89.5 10.5 
3.9 90.6 9.4 

=Dextran T-10 (d-p. 60) or a mixture of oligosaccharides (d-p. 10) were incubated for 24 hat 37’. in 
the presence of 0.01~ NaN3, with the indicated units of dextran sucrase obtained at different stages 
of purification_ The products were lyophilized, and the p.m.r. spectra were recorded, with a Bruker 
HX 90 F-T. spectrometer, on solutions in DIO in the presence of 5M KSCN for dextran, or of 0.W 
KSCN for the oligosaccharides. 
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from an IX-(l-6) to an LX (l-+3) bond might occur, even though this is thermody- 

namically unfavorable. To examine this possibility, experiments were done in which 

enzyme preparations at various stages of purification were added to substrates that 
contained preponderantly (1+6) bonds. Following the reaction, the products were 
examined for increase in the proportion of (143) bonds by p-m-r. Two types of sub- 
strates were employed, a polymer having an average chain-length of 60 D-glucosyl 
residues, and an oligosaccharide mixture having an average chain-length of 10 

D-glucosyl residues. The data presented in Table IV indicate that no increase in the 
proportion of (l-3) bonding was observed when the enzyme from any step in the 
purification was utilized in the reactions. This appears to be true regardless of the size 
of the substrate. 

DISCUSSIOW 

A procedure for the purification of dextransucrase from .S_ satzgrtis ATCC 10558 

is reported. The purification scheme employs separations based on differences in 
charges and mol. wt., as well as in the adsorptive behavior on hydroxylapatite. The 
procedure yielded two protein fractions that are capable of catalyzing dex;ran forma- 
tion. One of the proteins (B) appears to be homogeneous, whereas the second (A) is 
- 90 ok pure. The overall yield for the two proteins was 13 %_ Recent reports’” have 
described a similar preparation from 5. satzgrris OMZ 9, which employs ion-exchange 
and gel-filtration steps. The authors isolated a single protein from the culture fluids 
in pure form with a recovery of - 13 %_ McCabe and SmithI have recently described 
a procedure for the isolation of dextran sucrase from S. r?lrrtatzswith a recovery of65 “/,; 
they employed affinity chromatography and gel filtration on a hydrophobic support. 
Ciardi et al.” have also achieved high recovery of enzyme from S. ttmtatts 67 15 
with the utilization of u!trafiltration, however, the homogeneity of these prepara- 
tions is uncertain, and the specific activities are relatively low. The individual steps 

in the purification described in this report provide reasonable recoveries; however, 
steps involving concentration routinely resulted in substantial losses of activity. A 
major feature of the purification is the separation of two enzymes that catalyze 
dextran formation from sucrose. The specific activities of these enzymes are higher 
than those reported for dextran sucrase purified from other organisms8*‘0*‘2.‘3.’ 6*’ ‘_ 

The mol. wts. of the two enzymes were found to be - 100 000. These values are 

comparable to similar data obtained on dextran sucrase isolated from other sour- 

ces 6*8*‘o-11, which range from 69 000 to 175 000. However, other preparations were 
obsecved’3 to have a much higher mol. wt. (SO0 000). The basis for these differences 
is not understood, but may be of importance_ It is possible that the enzymes are 
bound to endogeneous polysaccharide. The fact that endogeneous carbohydrate has 

been detected in our preparations and in the preparations described by Scales et al-l3 

and by Ciardi and associates7Y8*21 would be consistent- with this idea. It is also 
possible that the enzyme is capable of forming aggregates of some fundamental 
subunit’4_ 
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Two forms of dextransucrase were observed in our studies. Other investigators 
have also observed multiple forms of the enzyme from other organisms, either directly 
by purification’0*‘3*‘4 or indirectly”*‘2. In an attempt to better understand the func- 
tion of the two enzymes, we have investigated the structure of the two polysaccharides 
produced. Both are D-glucans and show very little difference in structural char- 
acteristics as determined by p.m.r. Both spectra contain resonances of anomeric 
protons corresponding to a-( l-+6)-glycosidic bonds and non-x-( l-6)-glycosidic 
bonds. As previous studieslg on the native polysaccharide indicate that only (l-6) 
and (1+3) bonds were present, we attribute the non-(1 -+6) bonds entirely to (1+3) 
bonds. This was confirmed by methylation analysis on the polysaccharide produced 
by each purified enzyme23. The proportion of (1 43) bonding in the polysaccharide 
produced by enzyme A is slightly greater than that found in the polymer produced 
by enzyme B. However, the differences are probably too small to be significant. Robyt 
and Taniguchi’” have suggested that non-(1 46) bonds and branches are formed-by 
transfer of nascent D-dextran chains, which are bonded to the enzyme, to acceptor 
molecules. Such a process could explain the ability of the purified enzyme to catalyze 
both a-(1 -+6) and a-( l-+3) linkages_ Alternative proposals for the mechanism of branch 
formation have been made, including the participation of a branching enzyme2’ as 
in the case of glycogen and starchZ6. However, the inability to observe such a re- 
arrangement by p.m.r. tends to argue against this suggestion. These observations are in 
agreement with the report by Sidebotham”. 

EXPERIMENTAL 

Materials. - Streptococcus sanguis ATCC 1055s was obtained from Dr. Samuel 
Rosen of The Ohio State University School of Dentistry. Stock cultures were stored at 
-20” in 50% glycerol suspension_ Dextran T-10, which has an average mol. wt. of 
10 000, is a product of Pharmacia Fine Chemical (Piscataway? NJ OSS54). This mate- 
rial was extensively dialyzed and lyophilized to a dry powder prior to use. A mixture 
of oligosaccharides with a degree of polymerization (d-p.) of 10 was prepared from 
Dextran T-10 by partial acid hydrolysis with 0.1 ht HCl for 75 min at 100”. Commercial 
enzymes were obtained from Sigma Chemical Co. (St. Louis, MO 1317S), as well as 
nucleotides, and D,O. All other chemicals were of reagent grade, and derived from 
commercial sources. [U-‘%I]Sucrose and o-[‘4C]glucose were obtained from New 
England Nuclear (Boston, MA 02118). 

~letl~oris. - Two procedures for enzyme activity measurements were utilized. 
Method A based on the measurement of D-fructose released, and method B based on 
the incorporation of radioactive D-glucose into polymeric form. 

Metlzod A. This procedure, which was utilized throughout the purification, is 
a modification of the procedure described by Carlsson et al.“, in which the 
D-fructose that is formed is measured enzymically in a coupled assay. The reaction 
mixtures contained 5rnbs Dextran T-10, 0.1~ sucrose, 0.01~ potassium phosphate 
buffer @H LO), and enzyme in a total volume of 0.2 ml. Although the reaction is not 
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dependent on Dextran T-10, the rate was stimulated about 4-fold in its presence. The 
controls were identical with the exception that the enzyme had been kept at 100” for 
3 min prior to the reaction. After 15 min at 37”, the reaction-was stopped by heating 
in a 100” bath for 2 min. Aliquots were withdrawn and added to reaction mixtures 
containing 0.2 units each of hexokinase, D-glucose phosphate isomerase, and D- 

glucose 6-phosphate dehydrogenase, NADP” (0.2 pmol), ATP (0.2 /lmol), Tris- 
hydrochloride (10 [cmol) (pH 7), and MgClz (0.4 pmol) per mL. The reaction mixtures 
were maintained at 37” for 20 min, and the absorbance at 340 nm was measured. The 

absorbance of each control was subtracted from the respective experimental reaction 
mixture. One unit of enzyme is defined as that amount of enzyme catalyzing the 
release of 1 pm01 of D-fructose per min. 

The results obtained with this assay when crude enzyme preparations were 
used were erroneously high due to the presence of an invertase in the culture fluid. 

However, the level of invertase was no greater than 10 % of the dextran sucrase levels, 

and the impurity was removed in large part in the initial steps of purification. 
Method B. The alternative assay used in some experiments was based upon the 

measurement of the incorporation of D-[‘“Clglucose into a polysaccharide. The reac- 
tion mixtures consisted of 0.1&r [U-‘%]sucrose (4.84 lo5 c-p-m.), 5mh% Dextran T-10, 
0.01~1 potassium phosphate buffer (pH 6.0) and enzyme in a volume of 0.1 mL. The 

reactions mixtures were maintained at 37”. Aliquots were withdrawn at 0 and 15 min, 
immediately spotted on Whatman 1 MM chromatography paper, and dried with a 
stream of hot air to halt the reaction. After development of the chromatogram in 

2 : 2 : 1 (v/v) butanol-pyridine-0.01 br sodium borate, the radioactive spots at the origin 

were counted in a liquid scintillation counter in 20 mL of a scintiliation fluid consisting 
of 3.S g of 2,5-diphenyloxazole and 45 mg of 1,4-bis[2-(5-phenyloxazolyl)]benzene 
per L of toluene. The difference in radioactivity between 0 and 15 min was used to 
calculate the lrmol of o-glucose incorporated. The assay was also performed with 
boiled enzyme-controls, incubated at 37”, in place of zero-time controls. 

P.mr. analysis. - The polysaccharides were synthesized by cell-free reactions 
employing enzyme preparations at various stages of purification_ The reaction mix- 

tures contained 0.2hr sucrose (buffered at pH 6.0), O.Olhr NaN,, and enzyme. The 
reactions were carried out for up to 4 days, and the polysaccharides were isolated by 
ethanol precipitation and exhaustive dialysis. Analysis of the polysaccharide structures 
by p.m.r. was based on the assignments of Pasika and Cragg2’. The p.m.r. spectra 
were recorded with a Bruker HX-90, Fourier-transform spectrometer on poly- 
saccharide solutions (N 100 mg/mL) in D20 and sodium 2,2-dimethyl-2-silapentane-5- 
sulfonate as an internal standard. Some spectra were recorded in the presence of up 
to 5&f KSCN. Up to 2500 scans were required for good spectra. Prior to introduction 
into the spectrometer, all samples were treated by repeated freeze-drying and dissolu- 
tion in DzO, to exchange the labile protons with deuterons. 

Other analytical procedures. - Protein was estimated by measurement of the 
absorbance at 280 nm or by a modification of the procedure described by Miller2’. 
Estimates of mol. wt. were obtained by gel filtration on Bio-Gel P-200 according to 
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the procedure described by Andrews17. Reducing sugars were measured by the 
procedure of Nelson3’, and hexoses by the anthrone procedure31. 

Ceil growth. - The cells were grown, at 37” with light stirring, on Brain-Heart 

Infusion broth (Difco Laboratories, Detroit, ML 48232) supplemented with 1% of 
D-glucose. Cultures of 10 L were inoculated with a 10% inoculum in order to minimize 
contamination_ The acid production was monitored, and the pH was maintained be- 
tween 6.5 and 7 by the regular addition of 10% NaOH. When acid production and 
cell growth (as measured by absorbance at 660 nm) had stopped, the culture was 
chilled and the ceils were removed by centrifugation in a Szent-Gyiirgi continuous 

flow centrifuge at 4”, or batchwise at 10 OOOg. 
Ellzyjtle purification. - All operations in the purification were carried out at 4” 

except where indicated. 
On hydroxylapatite. Sodium azide was added to the cell-free culture fluid to a 

concentration of 0.01~ The fluid was then concentrated in an Amicbn hollow-fiber 

concentrator to, l/lOth of the original volume. After dilution to the original volume, the 
sample was reconcentrated. This process was repeated until the concentrated sample 
had a conductivity of less than 4 kA/Vm, at which time hydroxylapatite was added at 
a rate of - 100 g/2 L of fluid. The pH was adjusted to 5.5, and the mixture was stirred 
overnight at 4”. After allowing the gel to settle, the major portion of the_ supernatant 
fluid was withdrawn, and the precipitate was collected by centrifugation at 4 000s for 
5 min. The precipitate was then washed sequentially with ZOO-mL batches of O.Olhr. 
0.1 AI, 0.2hr potassium phosphate buffer at pH 6.0, and then with 0.5&r buffer at pH 6-S 

and occasionally with hl buffer at the same pH. The major portion of the activity was 
eluted in the 0.5&r fraction, with lesser amounts in the 0.2>1 and bl fractions. The active 
fractions were pooled, and dialyzed and concentrated on the hollow-fiber concen- 

trator, until the conductivity of the concentrated sample was - 1 kA/Vm. 
On DEAE-celhrlose (step I, pH 6.0). The dialyzed sample was placed on a 

40~ 2.5 cm column of DEAE-cellulose that had been equilibrated with O.Olhr potas- 
sium phosphate (CH 6.0). The column was washed with 280 mL of the same buffer, 
and then batchwise with 0.05&r NaCl(415 mL), 0.1~ NaCl (480 mL), and O.ZhI NaCl 

(330 mL) in 0.01&1 phosphate buffer at pH 6.0, 8-mL fractions being collected. The 
enzyme was eluted with 0.0 1 XI phosphate and 0_05,c1 NaCl (see Fig. 1). The individual 
peaks were pooled, concentrated in a rotary evaporator under reduced pressure at a 
bath temperature of 25-30”, and dialyzed against distilled water. 

&o-Gel P-ZOO. Each of the two enzyme fractions obtained in the DEAE-cel- 
lulose purification step were lyophilized, redissolved in a small volume (l-2 mL) and 
applied to a 5 1 x 1.1 cm column of Bio-Gel P-100. Elution was carried out with 0.0 1 LI 

KC1 buffered with O.Olht potassium phosphate, pH 6.0, at a flow rate of approximately 
10 mL/h. The elution profiles of enzyme activity and protein were similar for the two 
enzyme fractions separated on DEAE-cellulose (Fig. 2). The enzyme activities in both 
fractions were eluted from the columns at the void volumes. 

DEAE-celfdose (step IZ, pH 6.8). The active fractions from each of the Bio-Gel 
P-100 columns were pooled and dialyzed against de-ionized water until the con- 



300 PURIFICATION OF DEXTRANSUCRASE 

ductivity was < 2 kA/Vm. The samples were then applied to a column (1.1 x 20 cm) 
DEAE-cellulose equilibrated with 0.01~ potassium phosphate buffer, pH 6.8, and 
elution was carried out with a linear NaCl gradient (600 mL) up to 0.1~ in the same 
buffer. Fractions were collected, and protein and enzyme activity estimated_ The 
active fractions were pooled, as shown in Fig. 3. 
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