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Abstract 
Background: Glucosyltransferase is an 
extracellular enzyme produced by mutans 
streptococci responsible for polymerizing the 
glucose moiety of sucrose to form glucan. 
Objective: Isolation and purification of 
glucosyltransferase from mutans Streptococcus 
sobrinus. 
Methods: The enzyme was purified from 
mutans Streptococcus sobrinus by 
ultrafiltration , adsorption chromatography, 
ion-exchange by DEAE-cellulose  and gel 
filtration by Sephacryl S-200. 
Results:  Large scale production, concentration 
and purification of mutans streptococci 
(S.sobrinus) (serotype G) N10 
glucosyltransferase (GTF) were done by 
ultrafiltration-method using an Amicone-filter 
P50,adsorption hromatography (hydroxyapatite 
beads), ion-exchange chromatography (DEAE-
cellulose column) and gel-filtration 
chromatography using (Sephacryl S-200) 

column. Three purified GTF enzymes (GTF-Ia, 
GTF-Ib, GTF-II) were detected with a specific 
activity of (31.60; 31.50 and 66.270) Unit/mg 
protein respectively and the fold of purification 
are (27.59; 27.92 and 58.75 respectively with 
yield of enzymes (14; 10.94 and 17.11 %) 
respectively. 
Conclusion:The purified enzyme with 
accepted yield may open new approaches for 
its using in oral passive immunization against 
dental caries in experimental animals by using 
hen egg yolk antibodies specific for cell 
associated GTF of mutans streptococci 
bacteria.  
Keywords: glucosyltransferase , Streptococcus 
sobrinus,   purification, adsorption 
chromatography. 
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Introduction 

Glucosyltransferase is an 
extracellular enzyme produced by 
mutans streptococci responsible for 
polymerizing the glucose moiety of 
sucrose to form glucan which plays an 
important role in caries formation 
process (1, 2). Several methods have 
been used for purification of mutans 
streptococci GTF enzyme. Challacombe 
(3) purified glucosyltransferase (GTF) 
enzyme from culture fluid of S. mutans 
by the use of hydroxyapatite column 
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chromatography. Stepwise elution in 
0.2 M and 0.5 M phosphate buffer 
resulted in two pools of activity as 
determined by isoelectrical focusing of 
this preparation revealed it to be a 
mixture of at least seven GTFs. 

Other purification procedures were 
made from 20L culture supernatant of        
S. mutans by filtration through 
different ultrafiltration membranes in 
an Amicon Ultrafiltration cells in order 
to concentrate the enzyme and to 
remove any contaminating D-glucan. 
Polyacrylamide gel electrophoresis 
was used in order to quantitate the 
enzyme acitivity and the degree of 
purification (4-6). 

Taubman (7) purified two types of 
GTF enzymes from S. sobrinus using 
SDS-PAGE and named them GTF-I 
and GTF-S with molecular weights of 
153 KDa and 148 KDa, respectively. 
Purification procedures were 
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performed by Sephadex G-100 
column, Sepharose 4B-CL, and then 
the two enzymes were separated on a 
column of DEAE-Bio gel A as two 
peaks. 

Purification of S. sobrinus GTF 
enzymes was also done from culture 
supernatant of this bacterium by 
chromatography on Sephadex G-100. 
The GTF-rich pools were then 
subjected to fast protein liquid 
chromatography on Superose 6. The 
gel filtration step separates non-GTF 
and other glucan-binding proteins as 
demonstrated by (SDS-PAGE). S. 
sobrinus GTF preparation obtained 
after gel filtration on Superose 6 
contained a mixture of water (GTF-I)-
insoluble glucan product [IG], (GTF-
U) primer stimulated soluble glucan 
[SG] product and (GTF-S) primer 
independent SG-product (8, 9). 
 Methods 

Bacterial local  isolate S. sobrinus 
(serotype G) N10 which was isolated 
and identified as GTF producers isolate 
by Al-Mudallal (10) was grown on the 
surface of blood agar medium and 
incubated anaerobically at 37oC for 48 
hrs. 

A (2.5 ml) of this stock culture 
was inoculated into (250 ml) Todd-
Hewitt broth medium containing 
(1.8%) glucose and incubated 
anaerobically for 18-24 hrs at 37oC (11). 
Determination of GTF activity  

The amount of glucan produced by 
GTF was estimated following the 
method of phenol-sulfuric acid by 
Debois (13).  

The protein concentration was 
estimated in the supernatant by 
Bradford (12). 
Extraction of GTF     

 Large scale production of GTF 
was done from the chosen bacterial 
isolate after growing in (750ml) Todd-
Hewitt broth medium. Total viable 
count was determined for the stock 
bacterial culture (O.D. =0.25) by 

making a serial dilutions of the 
bacterial growth (10-1-10-6). After the 
extraction of GTF from bacterial 
culture was done the GTF activity and 
protein concentration as well as 
specific activity were calculated in (10 
ml) of bacterial suspension. 

The producible crude GTF was 
passed through an Amicon-filter P50 in 
(Ultrafiltration-cell) and concentrated 
to (40 ml). GTF activity and protein 
concentration then specific activity 
were also determined in (10 ml) of the 
concentrated suspension.  
 Purification of GTF by Adsroption 
Chromatography 

The purification of GTF was done 
by using adsorption chromatography 
using hydroxyapatite beads which was 
prepared and packed with the enzyme 
according the manufacturing company 
(Bio-Rad-USA) and following the 
batch-wise method described by 
Scopes (14). The 40 ml of crude 
concentrated GTF enzyme were added 
at (5°C) with a gentle stirring and left 
for a time to adsorb the enzyme with 
the beads. This mixture was then 
transferred to an Amicon-filter P50 in 
(Ultrafiltration-cell) and filtrated under 
pressure. To the remaining precipitates 
on the filter washing was made by the 
addition of 25 ml of 0.15M phosphate 
buffer pH 7.5 and fractions of 5 ml 
were collected from the out-part of the 
filter. Then 25 ml of 0.3M phosphate 
buffer pH 7.5 were used to elute the 
protein from the remaining precipitate 
on the filter then fractions of 5 ml were 
collected.  

The presence of GTF was 
estimated by measuring GTF activity 
for all fractions which represented the 
washing and elution parts then after 
collection of active GTF fractions 
together, protein concentration, GTF 
activity and specific activity were 
determined. 

The exchanger DEAE-cellulose 
was prepared and packed into a 
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column (7.5 x 3.5 cm) following the 
method described by Whitaker (15). 

Partially purified concentrated 
GTFs 12 ml were separately passed 
after loaded onto the column carefully. 
Then 100 ml of 0.05M phosphate 
buffer pH 7.5 were added. Proteins 
were eluted by using 200 ml of a 
gradient from 0.05-0.3 M phosphate 
buffer pH 7.5. Fractions of 5 ml were 
collected and absorbency was 
monitored at 280 nm. The presences of 
the GTFs was estimated from each 
fraction of the major peaks then 
protein concentration and specific 
activities were determined. 

 To Sephacryl S-200 column 
(67x2.1cm), a 3 ml sample of each 
concentrated partially purified GTFs 
were added to the column, Elutions of 
proteins were done with the application 
of 200 ml of 0.3 M phosphate buffer 
pH 7.5. A 5 ml fraction was collected 
and the absorbency was monitored at 
280 nm. 

Different standard proteins 
(Thyroglobulin, ferritin , catalase, 
aldolase, bovine serum albumin with 
molecular weight 660000,440000, 
230000, 158000 and 67000 
respectively were applied through 
Sephacryl S-200. 
Results 

Before the purification process, 
large scale production of GTFs was 
done from mutans streptococci 
(S.sobrinus) N10 bacteria chosen 
isolate. After extraction of GTF, 
protein concentration, GTFs activity 
then specific activity were determined 
in 10 ml of bacterial suspension. 
Results showed that bacteria about 
1x108 cells/ml were able to produce 
0.7 mg/ml of crude GTFs with an 
activity of 0.790 U/ml which had a 
specific activity of 1.128 U/mg protein 
after 1 fold of purification, when 
750ml crude GTFs concentrated by an 
Amicon-filter P50 in Ultrafiltration-
cell to 40ml . Table 1 indicates that 

protein concentration and GTFs 
activity were recorded to be 0.601 
mg/ml and 11.076 U/ml with a specific 
activity of 18.42 U/mg protein after 
16.32 folds of purification which 
represented 74.77% yield of enzyme. 

Purification of GTFs was done by 
Adsroption chromatography using 
hydroxyapatite beads. Results showed 
that when washing with 25 ml of 0.15 
M phosphate buffer pH 7.5 then 
elution with 0.3M of the same buffer, 
GTFs activity appeared in all fractions 
of the washing and elution parts. The 
collection of fractions of the washing 
part as well as for fractions of the 
elution part in separated sterile 
containers was done. GTFs activity, 
protein concentration and specific 
activity which were determined for 
these separated parts. Table 1 indicates 
that washing with 0.15M phosphate 
buffer produced a GTF-I  activity of 
6.699 U/ml, with a specific activity of 
18.66 U/mg protein after 16.54 folds of 
purification which represented 
28.265%  yield of enzyme. The elution 
with 0.3M phosphate buffer produced 
a GTF-II activity of 6.922 U/ml, 
protein concentration of 0.365 mg/ml 
and a specific activity of 18.96 U/mg 
proteins after 16.80 folds of 
purification which represented 29.206 
% yield of enzyme. 

Accordingly,adsorption chromato-
graphy (hydroxyapatite beads) is 
capable to produce two GTF enzymes 
with very close activity and protein 
concentration values. These two 
enzymes were named GTF-I and GTF-
II. GTF-I represented the collection of 
fractions after washing and GTF-II 
represented the collection of fractions 
after elution. Purification of GTF 
enzymes (GTF-I and GTF-II) were 
done by ion-exchange chromatography 
(DEAE-cellulose column). 12ml of the 
concentrated samples from the 
previous step (GTF-I and GTF-II)  
were passed separately through the 
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DEAE cellulose column. Results 
shown in figures (1) and (2) indicate 
that washing with 100 ml of 0.05M 
phosphate buffer pH 7.5 allowed the 
presence of two peaks which were 
represented by fractions 9-16 for GTF-
I and fractions 11-20 for GTF-II. Then 
after elution of proteins with 200 ml of 
a gradient from 0.05M to 0.3M 
phosphate buffer pH 7.5, two peaks 
were obtained for GTF-I which  were 

represented by fractions 20-26 and 32-
38 and one peak was obtained for 
GTF-II  represented by fractions 47-
52. Each fraction of GTF-I and GTF-II 
which represented the peaks after 
washing and elution processes were 
tested for GTF activity. Accordingly, 
only fractions 20-26 and 32-38 of 
GTF-I and fractions 47-52 of GTF-II 
were able to reflect GTF activity. 

 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 1: Purification of GTF-I enzyme by ion exchange chromatography 
(DEAE-Cellulose) column (7.5x3.5cm). The column was washed by using (0.05M) 
phosphate buffer pH (7.5), and then eluted by using a gradient of (0.05M) to 
(0.3M) phosphate buffer pH (7.5). 
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Figure 2: Purification of GTFII enzyme by ion exchange chromatography 
(DEAE-Cellulose) column (7.5x3.5cm).The column was washed by using (0.05M) 
phosphate buffer pH (7.5), and then eluted by using a gradient of (0.05M) to 
(0.3M) phosphate buffer pH (7.5). 
 

Table (1), indicates that specific 
activities of (17.52 U/mg protein), 
22.464 U/mg protein with purification 
folds of 15.53, 19.91 and yield of 
15.088%, 13.269% were obtained 
respectively for GTF-Ia and GTF-Ib. 
For GTF-II a specific activity of (26.88 
U/mg protein) was obtained with 
purification folds of 23.82 and yield of 
GTF of 17.353%. 

Accordingly, three GTF enzymes 
(GTF-Ia, GTF-Ib and GTF-II) were 
obtained after purification with ion-
exchange chromatography. Partially 
purified (GTF-Ia, GTF-Ib and GTF-II) 
were passed separately through an 
Amicon-Filter P50 in (Ultrafiltration-
Cell) to concentrate them to (5 ml). 

Figures 3, 4 and 5 indicate the 
presence of six peaks (two for GTF-Ia, 
three for GTF-Ib and one for GTF-II) . 
After the determination of GTF 

activity for all these peaks it is clear 
that fractions (30-33) of GTF-Ia, 
Fractions (32-36) of GTF-Ib and 
fractions (25-28) of GTF-II were able 
to produce GTF enzyme. Fractions 
(30-33) of GTF-Ia, fractions (32-36) of 
GTF-Ib and fractions (25-28) of GTF-II 
were pooled separately for each 
enzyme then GTF activity, protein 
concentration and specific activity 
were determined.  

Results shown in table (1), 
indicate that GTF-Ia, GTF-Ib and GTF-
II were able to reflect GTF activity, 
and specific activity of (5.531 U/ml), 
(4.320 U/ml), (6.760 U/ml);; (31.60 
U/mg protein), (31.50 U/mg protein), 
(66.270 U/mg protein) after (27.59), 
(27.92), (58.75) folds of purification 
and yield of 14.001%, 10.936% and 
17.113% respectively. 
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Figure 3: Purification of GTF-Ia by gel-filtration chromatography (Sephacryl S-200) 
column (67x2.1cm). Eluent: (0.3M) phosphate buffer pH (7.5) at a flow rate of 
(50ml/hour). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Gel filtration column chromatography (Sephacryl S-200) of GTF-Ib 
(67x2.1cm). Eluent: (0.3M) phosphate buffer pH (7.5) at a flow rate of (50ml/hour). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Purification of GTF-II enzyme by gel-filtration chromatography 

(Sephacryl S-200) column (67x2.1cm).  
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Table 1: Purification and yield of GTF enzymes from mutans streptococci (N10) 
(S. sobrinus) (serotype G). 

 
Steps Volume 

(ml) 
Enzyme 
activity 
(U/ml) 

Total 
activity 

(U) 

Protein 
Concen. 
mg/ml 

Specific  
activity  
(U /mg) 

Purificatio
n factor 

(fold) 

Yield (%)

Crude Enzyme 750 0.790 592.50 0.7 1.128 1 100 
Concentrated 
crude GTF by 
Amicon Filter 

40 11.076 443.05 0.601   18.42 16.32 74.77 

Adsorption 
chromatography  
hydroxyapatite 

beads (Batch wise) 

 

GTF-I 25 6.699 167.475 0.359 18.66 16.54 28.265 
GTF-II 25 6.922 173.05 0.365 18.96 16.80 29.206 

DEAE-Cellulose 
column 

chromatography 

 

GTF-Ia 25 3.576 89.40 0.204 17.52 15.53 15.088 
GTF-Ib 20 3.931 78.62 0.175 22.46 19.91 13.269 
GTF-II 25 4.113 102.82 0.153 26.88 23.82 17.353 

Gel-filtration 
Sepharcryl S-200 

column 
chromatography 

 

GTF-Ia 15 5.531 82.96 0.175 31.60 27.59 14.001 
GTF-Ib 15 4.320 64.80 0.137 31.50 27.92 10.936 
GTF-II 15 6.760 101.40 0.102 66.27 58.75 17.113 
 
Discussion 

Figures and Edwards (16) 
concentrated their GTF from three 
liters bacetrial culture (S. mutans) by 
using an Amicon "on-line" column 
effluent-concentration (Amicon-
module (ECI) equipped with a PMI10 
Ultrafiltration membrane). After 
concentration to (60 ml), protein 
concentration, GTF activity and 
specific activity were (0.660 mg/ml), 
(4 U/ml) and (12 U/mg protein) 
respectively. 

Al-Hayali (17) began the 
purification procedure of GTF of 
mutans streptococci (BiotypeI- S. 
mutans) and mutans streptococci 
(Biotype IV-S. sobrinus) with 
precipitation by saturated ammonium 
sulfate from (450 ml) and (400 ml) 
respectively. After precipitation, GTF 

activity and specific activity values for 
each were recorded to be 0.315 U/ml; 
0.406 U/ml; 0.16 U/mg proteins and 
0.15 U/mg protein respectively. Three 
types of GTF were obtained after the 
purification step by gel-filtration 
chromatography using (Sepharose CL-
6B). The purification scheme of this 
step for the third GTF reflected GTF 
activity, protein concentration and 
specific activity of 0.208 U/ml, 0.09 
mg/ml and 2.3 U/mg protein after 
153.3 folds of purification with yield 
of 20.8% respectively. 

Koga (18) purified GTF of mutans 
streptococci (S. sobrinus) (serotype D) 
by hydroxyapatite column after 
precipitation with 50% saturated 
ammonium sulfate. GTFase-S and 
GTase-I were separated with specific 
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activities of 3.7 U/mg protein and 1.8 
U/mg protein respectively. 

Yamashita (19) described the 
purification of four glucosyltransferase 
from mutans streptococci (S. sobrinus) 
(serotype G) by DEAE-cellulose 
chromatography. GTF fractions were 
collected from the first DEAE-
cellulose each separately and entered 
to the second DEAE-cellulose column. 
The specific activity, fold of 
purification and yield (%) for [P2] (one 
kind of glucosyltransferase enzymes) 
after the first and second DEAE-
cellulose were recorded to be 2.39 
U/mg protein, 8.35 U/mg protein; 8.54  
and 29.8 folds of purification with 
43.6% , 27.0% yields of GTF 
respectively. 

Turchi and Edwards (20) 
characterized and purified GTF from S. 
mutans (serotype C). The last step in 
the purification procedure was Gel-
filtration chromatography with the use 
of Bio-Gel A1.5cm. The purification 
scheme described the presence of three 
GTF enzyme with specific activity 
were recorded to be 37 U/mg protein, 
208 U/mg protein, 178 U/mg protein 
after 25 , 140 and 120 folds of 
purification with of yield of 50%. 

According to the specific 
activities, fold of purification and 
yields of enzyme purification of GTF  
by gel filtration chromatography using 
(Sephacryl- S-200) column is more 
efficient than purification by 
(Sepharose CL-6B) and less efficient 
than purification by (Bio-Gel A1.5 
cm). 
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