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SUMMARY 

Dextransucrase (EC 2 4 1 5) activity of Leuconostoc mesenteroldes N R R L  
B-1299 strain was shown to be inducible by sucrose, and detected both in the culture 
supernatant and centrifuged residue fractions The total enzyme activity reached a 
maximum m 18-24 h after inoculation, with the extracellular and intracellular en- 
zymes in the ratio of 2 3 From the sediment, 41 3 ~ of the total intracellular activity 
was solublhzed by successive treatments with disruption, lysozyme digestion, and 
deoxycholate extraction The extracellular enzyme gave a number of active bands on 
acrylamide-dlsc electrophoresls, whereas the intracellular enzyme gave only two 
bands Furthermore, the multiple forms of the extracellular enzyme, with the monomer 
having a molecular weight of 42 1300, acted as the ohgomerlc lsoenzymes by gel electro- 
phoresls according to Hedrick, J L and Smith, A J ((1968) Arch Blochem Biophys 
126, 155-164) On the other hand, the antracellular enzymes with a similar molecular 
weight of  74 000, were characterized as the charge isomer proteins These isoenzymes 
also differed from each other in their enzymatic characteristics (i e opt imum pH, 
temperature, and Kin) 

INTRODUCTION 

The biosynthesis of the dextran has been extensively studied mainly with the 
extracellular dextransucrase (sucrose 1,6-a-o-glucan 6-a-glucosyltransferase, EC 
2 4 1 5) from N R R L  B-512 and B-512F strains of  Leuconostoc mesenterotdes [1, 2], 
and some properties of  the partially purified enzyme have been clarified [2] Recently, 
however, it has been shown that the dextrans elaborated by L mesenteroMes N R R L  
B-1299 have a highly branched structure [3], with different solubility and heterogene- 
ous molecular weight distributions among the five fractions [4], in contrast to the 
B-512 dextran thus far studied Little is known about  the formation of branching 
point and non-a-l ,6-hnkages in the highly branched dextrans 

As an approach to the study of dextran synthesis in the B-1299 strain, the 
dextransucrase of this strain was studied The present paper shows that the enzyme 
occurs in the extracellular and lntracellular forms in this strain and that both exhibit 
the respective, characteristic lsoenzyme patterns 
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MATERIALS AND METHODS 

Culttvatton 
L mesenterolde~ N R R L  B-1299 was grown on the following medmm for 18- 

24 h at 27°C The medium was composed of 2 ~  sucrose, 1 5 ~  KzHPO4, 05~o 
peptone, 0 5~o yeast extracts, 0 001 ~o MgSO4 7HzO, 0 001 ~ MnCI2 4H20 and 
0 001 ~ NaCI The pH was adjusted to 7 4 

lsolatton of the extracellular enzyme 
Cells m the late log phase were harvested by centnfugatlon at 8000 × g for 

20 mln at 0 °C The clear supernatant was subjected to (NH,)2SO4 fractlonatlon, and 
the fraction of 30-70 ~ satn was collected, redlssolved m 0 005 M sodmm phosphate 
buffer (pH 5 2), dialyzed against the same buffer at 4 °C, and used for assaying the 
extracellular dextransucrase The sedlmented cells were washed twice with 0 2 M 
sodium acetate buffer (pH 5 2), and stored as a freeze-dried powder, which was stable 
for several months 

Solubthzatton of the mtracellular enzyme 
The washed cells were disrupted by grinding with an equal amount of quartz 

sand in 0 2 M sodmm acetate buffer (pH 5 4) at 0 °C, the cell debris were removed by 
centrlfugatlon at 8000 × g for 20 mm, and the sedzment was submitted to the same 
procedure two more times The supernatant was dialyzed overnight against 0 005 M 
sodmm phosphate buffer (pH 6 0) The sedlment was suspended m the acetate buffer, 
and digested with lysozyme (1 0 mg/ml) for 60 mm at 30 °C The digest was then 
centrifuged at 8000 × g for 20 mm, and the resulting residue was washed wah the 
same buffer, and extracted with 0 0 4 ~  (w/v) sodmm deoxycholate with mechanical 
stirring for 60 mm at 0 °C The solubfllzed protein fraction thus obtained was combin- 
ed with the supernatant fractions from disruption and lysozyme dlgestmn, and 
dialyzed overmght against 0 005 M sodmm phosphate buffer (pH 6 0) The actwlty 
of this solublhzed fraction was designated as the "mtracellular" enzyme activity The 
final sediment fraction, designated as the cell-bound enzyme fraction, contamed cell 
debris and water-msoluble dextran 

Enzyme assay 
Dextransucrase activity was determined by measuring the release of reducing 

sugar by the Nelson-Somogyl method [5, 6] The crude extracellular enzyme activity 
was assayed by incubating a statable amount of the enzyme at 35 °C for 60 min m a 
mixture containing sucrose (125 mg/ml) and Mcllvame's buffer (pH 5 2) The assay 
of the crude mtracellular enzyme activity was carried out at pH 6 0 (Mcllvalne's 
buffer) and 40 °C One unit of the enzyme actlvlty was defined as the quantity that 
produced reducing sugars eqmvalent to 1 0 mg of fructose per mln under the above 
conditions [7] 

Enzyme reaction with [14C]suerose 
[U-14C]Sucrose (10 0 Cffmole) was purchased from Danchl Pure Chemicals 

Co ,  Tokyo The reaction mixture contained m a final volume of 50/zl 5 #1 of [U-14C] - 
sucrose (855/zg, 4 104 cpm), 10/~1 of Mcllvame's buffer, and 30/~1 of enzyme solution 



443 

(40 unlts/ml) After incubation at 35 or 40 °C for a suitable period of time, the reac- 
tion was stopped by heating for 3 rain at 100 °C, and applied to a Toyo-Roshi No 51A 
filter paper Paper chromatography was carried out by the descending method using 
water-saturated n-butanol as the solvent The chromatogram was cut into segments 
(1 cm × 2 cm) and each was counted for radioactivity in a scintillatmn solution 
containing 4 g dlphenyloxazole and 0 1 mg p-bis[2-(5-phenyloxazolyl)]-benzene per 1 
of  toluene, using a hquld-sclntlllatlon spectrometer (Horlba Model LS-500) 

Proteln 
Protein was determmed by the absorbance at 280 nm or by the method of 

Lowry et al [8] with crystalline bovine serum albumin as a standard 

Polyacrylamlde-gel electrophorests 
Gel electrophoresis was performed according to Maurer [9], using the gel 

system No 6 with 5 0-11 0% acrylamlde Veronal buffer (pH 7 5) was used as the 
electrode buffer Samples were applied to the spacer gels in 50 % (v/v) glycerol solu- 
tion The columns were electrophoresed at 4 °C, applying 5 mA to each column 
Duplicate columns were run for each sample, one column being stained with 0 25 % 
Coomassle brilliant blue solution in a mixed solvent of water-methanol-acet ic  acid 
(5 5 l, by vol ) to disclose the protein bands, and the other cut into 2-mm segments 
to assay for the enzyme activity by incubating with the usual assay components under 
opt imum conditions with gentle stirring The following proteins were used as markers,  
ovalbumln (4 6 104), bovine albumin (6 7 l04, dtmer 1 34 l0 s, tr lmer 2 01 10s), 
7-globuhn (1 60 10s), and horse apoferrltln (4 5 l05) 

RESULTS 

Enzyme production 
The production of  dextransucrase in L mesenterotdes N R R L  B-1299 usually 

occurred logarithmically 2-4 h behind the growth of the cells and reached a maximum 
m 18-24 h after inoculaUon As shown in Fig 1, while the amount  of  reducing sugar 
(fructose) in the medium reached a maximum in 9 h and decreased rapidly [10], the 
dextransucrase activity continued to increase, reaching a maximum in 18-24 h At 
this stationary state, the ratio of  the total activity in the cell-free medium to that in 
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Fig 1 Production of dextransucrase m L mesenterotde~ NRRL B-1299 Cells were grown on 2% 
sucrose as a sole sourse of sugar, and tl'le extracellular enzyme (©--G), the mtracellular enzyme 
(tk-O], and fructose (A---A) were measured 
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the sediment was 2 3 and gradually decreased to about 1 2 with the prolonged 
mcubaUon 

Induclbth O, o f  the dexttan3ucrase acnwb '  
The culture of L meaentetoldes grown on 2% sucrose, having the enzyme 

actiwty of about 40 umts/ml, was inoculated into a fresh medmm containing 2% 
glucose as the sole carbon source After a 24-h incubation and successive re-inocula- 
tions, the enzyme activity diminished to less than 1/10 of the lnltml activity (Fig 2) 
However, the enzyme activity was restored to the initial level when the culture on 
2 yo glucose was transferred back to a 2 % sucrose medium Therefore, the dextran- 
sucrase of this strain seems to be inducible by sucrose, as that in other strains of L 
mewnterolde~ [10] 
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Fig 2 Induction of dextransucrase by sucrose The activity of the extracellular (------) and mtra- 
cellular ( ,) enzymes, grown on 2% glucose (0) or 2% sucrose (C,), was assayed The cells 
grown on 2 %00 sucrose were inoculated into the medium containing 2 700 glucose After several re 
inoculations into 2 % glucose medmm, the cells were again transferred, as indicated by an anow, to 
the medium containing 2 % sucrose 

Solublhzatton o f  the lntracellular enzyme 
The freeze-dried sediment, containing the cells and water-insoluble dextran, 

was disrupted by grlndmg with quartz sand The precipitate was collected by centrlfu- 
gatlon, redlssolved m 0 1 M sodium acetate buffer (pH 5 4) and digested with lyso- 
zyme at 30 °C The digest was then centrifuged and the residue was treated with 
deoxycholate, and the extract was separated from the residue by centrlfugation The 
combined supernatants from the above three extraction plocedures were dialyzed 
against 0 005 M sodium phosphate buffer (pH 6 0) This cell-free extract, designated 
as the lntracellular enzyme fracUon, was examined for activity against sucrose and 
its enzymatic properties The total enzyme activity solublhzed by these procedures 
amounted to approx 41 3 % of the whole activity of the sediment (Table I) After 
these treatments, however, 42 3 % of the lmtlal enzyme activity was still retained in 
the residual cell-bound fraction 

Dextrans ucrase action demon~ trated }~ lth labeled ~ ucrose 
The synthesis of dextran from sucrose by dextransucrase was studied with 

14C-labeled substrate As shown in Fig 3a, the extracellular dextransucrase actually 
converted the glucose residue of [14C]sucrose into the polymer fraction, concomitant 
with the liberation of fructose Both the incorporation and liberation increased with 
reaction time The intracellular enzyme also showed essentially the same lncorpora- 



445 

TABLE I 

SOLUBILIZATION OF THE INTRACELLULAR ENZYME BY VARIOUS TREATMENTS 
FROM THE CELLS OF L MESENTERO1DES NRRL B-1299 

500 mg of freeze-dried cells (1 1 104 units) was employed 

Fraction Enzyme acttvlty (%) 

Supernatant* Precipitate* Recovered 

Extraction procedure 
(1) disruption 16 0 84 0 100 
(2) lysozyme digestion 10 4 89 6 98 7 
(3) deoxycholate extract]on 28 7 71 3 89 9 

Total** 41 3 42 3 83 6 

* After centnfugatlon at 8000 x g for 20 mm 
** These values were corrected for the recovery 

txon pattern as that of the extracellular enzyme (Fig 3b) It can be noted that glucose 
was formed in the course of the reaction only in a small amount in both cases Thus, 
the action of the sucrose-hydrolyzlng enzyme such as lnvertase would be excluded, 
and the production of glucose should be explained on the basis of the interme&ate 
formation of glycosyl radicals from sucrose [11] 
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Fig 3 Dextran synthesis from [U-x4C]sucrose by dextransucrase The assay conditions were de- 
scribed in the text (a) Incorporation of [14C]glucose into the polymer fraction by the extracellular 
dextransucrase as a function of the incubation time (b) Incorporatom of [14C]glucose into the 
polymer fraction by the mtracellular dextrans,_-rase after 180 mln of reaction txme 
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The lsoenzyme pattern of the extracellular dextransucra~e 
The heterogeneity of  the extracellular dextransucrase was examined with poly- 

acrylamlde-gel electrophoresls The enzyme fraction showed the presence of two major 
bands and at least six minor bands with enzyme activity The two main components 
had the Rm (relative moblhty) values of  0 15 a]~d 0 93, respectively, at a gel concen- 
tration of 7 5 % Investigation of the relationship of these multiple forms was made 
by the method of Hedrlck and Smith [12] When the logarithm of the Rm of a protein 
was plotted as a function of the gel concentration, a linear relationship was observed 
Plots of  log Rm versus gel concentration for each component  of  the extracellular 
enzyme y]elded several nonparallel lines (Fig 4a) Extrapolation of each line showed 
that the hnes are intersected in the vicinity of  a 0% gel concentration A nearly 
proportional decrease in the slope of each oligomerlc form is the characteristic of 
the s]ze of  the ]somer proteins [12] 
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Fig 4 The effect of gel concentrations on the moblhty of dextransucrase lsoenzymes The negative 
slopes of each 1me are noted on the right of the figure (a) The extracellular lsoenzymes (b) The mtra- 
cellular lsoenzymes 

The molecular weight of  these lsoenzymes were estimated from a cahbratlon 
curve Fig 5 dlustrates the relat]onship between the slope of the plotted lines and the 
molecular weight of  the various protein markers The molecular weights of  the extra- 
cellular lsoenzymes were calculated as follows, 42 000 for lsoenzyme I (monomer), 
83 000 for lsoenzyme II  (dlmer), 127 000, 169 000, 212 000 and so on Isoenzyme N 
had a value of over 450 000 Among these extracellular lsoenzymes, forms I and N 
occurred consistently but other lsoenzymes w]th molecular weights up to 212 000 were 
detected with varying frequency Isoenzyme N seemed to be a highly aggregated form 
and it was impossible to decide its exact molecular weight by this gel system alone 
These results demonstrated that the extracellular lsoenzymes of dextransucrase may 
be classified into a size Isomer family as described by Hedrick and Smith 

The extracellular dextransucrase was eluted m five peaks from a DEAE- 
cellulose column (Fig 6a) The first peak, eluted with 0 1 M NaC1, corresponding to 
lsoenzyme N as evidenced by polyacrylam]de-gel electrophores]s, was the aggregated 
form ofIsoenzyme I The following three peaks, eluted w]th 0 1-0 2 M NaC1, probably 
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Fig 5 The molecular weight deterrmnatlon of the lsoenzymes by the slope-molecular weight rela- 
tionship The procedures were essentially the same as described by Hedrlck and Smith [12] The slopes 
of the lsoenzymes were calculated from the data shown m Fig 4 Enzymes plotted ((3) were as fol- 
lows 1, extracellular ]soenzyme I (monomer), 4, mtracellular lsoenzyme I and II, 5, extracellular 
tsoenzyme II (dlmer), 6, III (thiner), 9, IV (tetramer), 11, V (pentamer), 12, VI (hexamer), 13, VII 
(heptamer) Marker proteins (0) used were as follows 2, ovalbumm, 3, bovine albumin (monomer), 
7, bovine albumin (dlmer), 8, 7-globuhn, 10, bovine albumin (trlmer), 14, horse apoferrltm 

Fig 6 EluUon pattern of dextransucrase from a DEAE-cellulose column 0 - - ( 3 ,  dextransucrase 
activity, Q~---O, protein, - -  - - ,  concentration of NaC1 (a) The extracellular dextransucrase The 
column (2 8 cm × 18 cm) was equlhbrated with 0 005 M sodmm phosphate buffer at pH 5 4 Frac- 
tions of 15 ml were collected and assayed for the enzyme actlwty at 35 °C as described in the text 
(b) The mtracellular dextransucrase The column (2 2 cm × 18 cm) was eqmhbrated with 0 005 M 
sodmm phosphate buffer at pH 6 0 Frachons of 10 ml were collected and assayed at 40 °C 

corresponded to mixtures of  l soenzymes  II -VI  The last peak, eluted with 0 3 M 
NaC1, corresponded to ]soenzyme I, the monomeric  subunlt  

The tsoenzyme pattern of the mtracellular dextransucrase 
The lntracellular enzyme was also analyzed by gel electrophores]s and two 

distinct bands with enzyme actwlty were observed And,  m this case, two parallel 
hnes were obtained by plott ing log R m against the gel concentration (Fig 4b) This 
showed that the mtracellular enzymes  differed in net charges but were the same in 
the molecular size Thus,  they should be classified into the charge isomer family. 
Their molecular weights were est imated as approx 74 000 from the calibration curve 
(Fig 5) Furthermore,  Fig 6b shows a clear separation o f  the l soenzymes  by the 
DEAE-ce l lu lose  co lumn The first peak, eluted with 0 15 M NaCI, corresponded to 
the s low mov ing  l soenzyme II, shown in Fig 4b The second peak, eluted with 0 3 M 
NaCI, was identical to the fast mov ing  l soenzyme I Compared with the monomerlc  
form of  the extracellular l soenzymes,  the molecular weight o f  the mtracellular ]so- 
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enzymes were found to be somewhat high These results suggest that a marked differ- 
ence exists between the extracellular and mtracellular lsoenzymes 

DISCUSSION 

The present study has shown that the dextransucrase activity of  L mesente- 
tomes N R R L  B-1299 was induced by sucrose but not by glucose, as in the case of 
other stratus [10] 

Hehre et al [13] and Suzuki [14] described the mtracellular dextransucrase 
activity f rom the cells of  this strata In contrast to these findings, Smith [l 5] reported 
that the major part  of  the dextransucrase activity was retamed an the particulate 
fraction and could not be solublhzed by various procedures 

The present study has m&cated that the dextransucrase activity occurred both 
in the supernatant and m the sediment of  the culture in a ratio of  2 3 m terms of total 
enzyme activity 

Various methods of solubfllzmg the enzyme from the cells were attempted, 
and 41 3 ~o of the activity of  the cells was recovered by three steps of  solubihzatlon 
procedures However, 42 3 % of the enzyme activity was still retained m the resldual 
fraction, containing the cell-debris and water-insoluble dextran Whether the residual 
activity was bound to the cell-membrane or to the water-insoluble dextran remains to 
be clarified 

Evidence for the dextransucrase reaction was obtained by experiments with 
[14C]sucrose, the enzymes of both lntra- and extracellular origin transferred glucosyl 
residues of  the labeled sucrose into the polymer fraction On the other hand, there 
are few reports on the presence of a second enzyme with activity on sucrose in some 
dextran-producmg bacterm, L mesenterotdes N R R L  B-512, Streptococcus boris 
(strain 1) [16] and Lactobactllus strata RWM-13 [17] In the present experiment, 
however, the amounts of  glucose produced m the course of  reaction was very small, 
as compared with fructose (Figs 3a, b) There is no work available concerning the 
~solatlon and characterization of mvertase in the L mesentelotdes B-1299 strain 
These results indicate that the lnvertase activity of  this strain may not play a slgmfi- 
cant, if any, role in the extracellular and mtracellular enzyme reactions 

The loenzyme pattern of  the extracellular and the lntracellular dextransucrase 
was demonstrated by the electrophoresls in polyacrylamlde gel The method proposed 
by Hedrlck and Smith [12] proved convement for the rapid and accurate determina- 
tion of the molecular weight of  these enzymes, since the molecular weights of ~mpure 
proteins can be determined by this method prowdlng that a specific chemical or bio- 
logical test for the identification of the protein is available An apphcatlon of this 
techmque has been reported for the demonstration of multiple forms of phospho- 
rylase in sweet corn [18] 

The extracellular lsoenzymes differed each other in their properties, such as 
pH optima and Mlchaehs constants (data not shown) The elution pattern of  the 
extracellular dextransucrase from a DEAE-cellulose column also clearly demonstrated 
the multiplicity of  this enzyme Thus, the monomerlc lsoenzyme I and its highly 
aggregated form, lsoenzyme N, were well separated by DEAE-cellulose column 
chromatography, whereas the Intermediate ohgomenc lsoenzymes appeared between 
them m three peaks as a mixture of these ohgomers 
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Two ln t racel lu lar  enzymes,  shown to be long to the charge i somer  famdy,  were 
e lu ted  m two peaks  f rom a DEAE-ce l lu lose  co lumn at  p H  6 0 by  a l inear  N a C l  
g ra&en t  These enzymes also &ffered m their  p H  op t ima  and Mlchaehs  cons tants  
(da ta  no t  shown) Puri f icat ion of  these enzymes and the s t ructure  o f  their  reac t ion  
produc ts  wdl be r epor t ed  elsewhere 

The occurrence of  &fferent  t ransglucosytases  m t h e L  mesenteroldes species has 
no t  ye t  been observed But in the case o f  p r e d o m i n a n t  s t reptococcal  groups  isolated 
f rom h u m a n  denta l  plaque,  such as S sanguls [19] and  S mutans [20], several  dis t inct  
t ransglucosylases  were isola ted Al though  these enzymes were charac ter ized  by their  
l soe lecmc  points ,  p H  opt ima,  Km values and e lec t rophore t lc  mobdl t les  m polyacry l -  
am~de gel, their  role in the po lysacchande  synthesis has not  yet  been clarified sutii- 
clently 

Dex t ran  e l abora ted  by L mesenteroldes N R R L  B-1299 is he terogeneous  m its 
molecu la r  weight  and  so lublh ty  [4] M e t h y l a t m n  analysis  o f  five f rac tmns o f  this 
dex t ran  has shown the occurrence o f  a - l , 3 -  and  a - l , 2 -hnkages  In the dextran [3] 
Thus it is Impor t an t  to e lucidate  the funct ional  roles of  each lsoenzyme m the dex- 
t ransucrase  reactmn,  corre la t ing  them with the  s t ructura l  character is t ics  o f  the pro-  
duct  dext ran  
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