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ABSTRACT 

A D-glucosylated form of dextransucrase, whose preparation and characteris- 

tics have just been reported in Carhohydr. Res., was employed in a series of studies 

designed to explore the question of whether the bound sugars participate in the 

reactions catalyzed by the enzyme. When exposed to maltose, a good acceptor-sub- 

strate, monomeric D-glucosyl groups were rapidly transferred to the disaccharide, 

affording a trisaccharide. In the absence of an acceptor, monomeric o-glucose was 

released from the enzyme by hydrolysis. In a reaction with D-fructose, the charged 

enzyme catalyzed the formation of sucrose. Finally, in the presence of unlabeled 

sucrose, monomeric D-glucosyl groups were chased into enzyme-associated 

oligomers. Evidence is also presented which indicates that the various pathways for 

the bound D-glucosyl groups are competitive. The significance of these obrerva- 

tions is discussed. 

INTRODUCTION 

The preceding paper’ described the preparation of a D-glucosylated form of 

dextransucrase that is produced when the enzyme reacts with [‘4C]sucrose. The 

radioactivity is present in a mixture of monomeric D-glucose residues with oligosac- 

charides that have an average chain-length of 17. Several issues concerning the D- 

glucosylated enzyme needed to be addressed. Specifically, it is important to deter- 

mine whether the saccharide units arc bonded covalently or noncovalently. 

Directly related to this question is the matter of whether the saccharides are 

catalytically active. We now debcribo a series of experiments that examined the lat- 

ter question in reference to the monomeric D-glUCOSy1 groups. 

Dextransucrase is known to catalyze four types of reaction. The best de- 
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scribed is that in which the D-glucosyl group of SIICTOSC is transfcrrcd to nonreduc- 

ing positions of added. acceptor molecules-‘~ ‘. Multiple additions of single D-gluco- 

syl groups to each acceplur molecule may be viewed as one pathway tor polyrne~ 

tormation. The enzyme also appears IO catalyze the formation of polymer in the 

absence of added acceptors”~h. It has been suggested”,’ that this reaction proceeds 

by addition at the ledwing tcInlinuh r,f thr prowing p~~lymrr, which is rovatently 

hondcd to the enzyme. In addition. the enzyme has been shown to catalyze the hy- 

drolysis of s~~crose~~“. which is a reaction in which H20 i> the acceptor. The fourth 

reaction catalyzed by dextransucrase is an isotope-exchange reaction. in which 

[‘JC]sucrosc can be formed in reactions with unlabeled sucrose and n-[‘JC]fnlc- 
toseJ.lo.ll 

‘I‘he present report focuses on the question of whether the monomeric II- 

glucosyl groups that arc prcyent on the D-glucosylated enzyme can participate in 

the known reactions. ‘I‘hcsc would constitute a series of partial reactions. The intrr- 

relatmnship between thcze reactions has also been invrsligatrd. 

Activiry of charged enzynw. - Immobilized enzyme was prepared. and 

treated with radioaclive sucrose in order to generate the “charged” or D-glucosy- 

tated form of the enzyme’; this was utilized in expcrimcntsdesigned to evaluate the 

participation of the bound saccharide units in the various reactions catalyzed by the 

enzyme. 

In order to evaluate the ability of the charged enzyme to participate in D- 

gtucoq+transfcr rcaclions. It was treated with an acceptor according to the pro- 

tocol described in Schcrnc I. The immobilized, charged enzyme was divided into 

halvex at the end ot the final wash, and one half was treat4 wit11 maltox for 1 min. 

while the other WIIE maintained in buffer for the same length of iirne After ccn- 

trifugation. It was found that more isotope was released into the initial supernatant 

Huld in the presence of maltose (S-I vs. SIC). Additional isotope was released 

when pellets P-l and P-IC were heated at 93”. ‘I‘hc composition of the supsrnatanl 

fluids was examined by paper chromatography. Fig. 1. which indicates the producls 

obsrrved in S-l and S-TC. shows that the isotope was distributed in 3 peaks: non- 

mobile material. which has been shown to consist of ohgosaccharidcs formed dur- 

~np thr pulse’; material that migrates like a tnsaccharidc: and glucose. The wisac- 

charide was present only after exposure to maltose, and was formed hy the transfer 

of enzyme-bound D-glucwc to the added disaccharide; this point is illustlatcd moor 

clearly in *Table I. which summarizes the quantitative composition of the supernat- 

ant fluids. The majw proportion (82%) of the isotope in S-I IS comprised of tz-Isac- 

charide. whereas the corresponding control (S-IT) mainly consist- of glucose 

(917~). IIeating of the pellet\ (P-I and P-IC) released almost all of the residual 

“counts”, and. in both cases. the majority of the isotope-labctcd material ia im- 

mobile on paper chromatograms. 111 addilion. some trisaccharidc is Ireleased during 
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Scheme 1. Protocnl for maltose chase. [Dextransucraae (12 units) was lmmobilircd on hydroxylapatite 
as described in Mrthods. The slurry was pulsed with [‘%J sucrose (S.A. = 1.5 x IO” d.p.m./nmol) at a 
linal concrnlration of 0.05 mu in the presence of rn~ sodium phosphatr buffer, PII 6. At the end of 1 
min at ram? temperature, 5 mL of rn~ phosphate buffer. pH 6. at 4” was added, and the mixture was 
centrifuged for 30 s. The pellet was washed twice with 5 mI. of the same buffer at 4”. In the final wash, 
the mixture was divided into two fractions. To one pellet, 0.1~ maltv~c (100 &) WBS added, and the 
mixture was kept for 1 min at rwxn temperature: cold buffer (0.4 mL) was then added, and the mixture 
wntnfuged. The supcrnatant fluid is designated S-l and the pellet P-I. The second fraction was treated 
Identically, except that H,O (100 pL) was added, instead of maltose; the supcrnatant Ruid is designated 
SIC. and the prllrt is P-IC. Pellets P-l and P-IC were resuspended in buffer (500 mL), heated to 93”. 
and centrifuged. The supernatant flulds derived from this are designated S-II and S-IIC; the p-llcts are 
P-II and P-TIC. The numbers in Parentheses indicate the radioactivity at each step.] 

the heating of P-I; however, this probably represents the presence of some residual 

maltose that had undergone D-glucosyl transfer subsequent to the removal of S-l, 

but prior to the heating step. Similar experiments were conducted by the dual-label 
technique, cmpluyirty [lH]suc;rose and [‘4C]maltose. The data showed a 1:l 

stoichiometry between glucose and maltose in the trisaccharide, and confirmed the 

initial observations. 

The formation of the labeled trisaccharide in the presence of maltose de- 

monstrates that D-glucosyl groups on the charged enzyme participate in the trans- 
fer of single groups to acceptors. It must also be pointed out that, in the absence 

of acceptors, D-glucose is released spontaneously, as seen in S-IC; this is consistent 
with the concept that water can serve as an acceptor, and this probably constitutes 

the pathway by which the enzyme catalyzes the hydrolysis of sucroses”. 
Another type of acceptor for the enzyme is D-fructose, which reacts to form 

sucrose5,“,“. The reaction may be viewed as an isotope-exchange reaction, as 

labeled sucrose can be formed in reactions with D-[‘“C]fructose and unlabeled SU- 

crose. Because this reaction might involve the intermediacy of a D-glucosylated en- 

zyme, an experiment designed to determine whether the charged enzyme could 
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Fig. 1. Paper chromatography of supcrnatant Huids. [S-l (U ) IY.400 d.p.m and S-IC (e---O) 
7.780 d.p.m. WCE spotted on Wh.enan No I MM paper, and chromatographcd m solvent system II 

The chromatqqams wcrc cut !nto I-cm strips. and countsd by bquid scmtillafion countmp j 

Origin 

d.p.m. 

2.,x,0 
2 .lno 

% h 

2.7 
7.u 

s-11 ‘l9JKKl 65.11 12.1JtXl I7 l2.lnlll li 73.000 

s-IIC 63,ooO 66.0 >lOD 0 3U.OIK) 31 93_ixn, 

“The supcrnatimt tlulds were chromatographed as described m Fig. I, and the total radwactiwy as- 

sociated with each of the three componenti was determined. bTbis is the ?‘r of total d p m un the chro- 
mat<,gram. 

serve as a source of D-glucosyl groups for the formation of SUC~OSZ was performed. 

Immobilized enzyme was “charged” in a reaction with [ ‘JC]sucrose as de- 

scribed in Scheme 1. and then divided in two. n-Fmctosc was added LO one frac- 

tion, and Hz0 to the other; after 1 min. the mixtures WCTC heated to 93”. and then 

analyzed by paper chromatography (see Fig. 2). In the presence of u-fructose (see 
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Control 63.8 14.4 

Sucrose chase 95.8 3.2 
A(% d.p.m.) 12.0 11.2 

“Charged, immobilized enzyme was prepared as described in Scheme 1, and divided in two. To one frac- 
tion was added 50m~ sucrose (0.5 mL), and after S s, the mixture was heated for 10 min at 93”. cooled, 
and centrifuged. An aliquot (56 ILL) of the supernatant fluid was analyzed by paper chromatography in 
solvent system I, and the chromatogram was counted. Water (OS mL) was added to the second fraction, 
which was then treated identically. 

Relative mob,l,ty(RGlc) 

Fig. 2. Formation of sucrose by the “charged” enzyme. [The “charged” enzyme was prepared as dc- 
scrlbed in Scheme 1, utilizing 3.4 units of immobilized dextransucrase, and the sample was divided into 
two approximately equal fractions. (A) Toone fraction was added 0.1~ o-fructose, and the mixture was 
kept for 1 min at room tempcraturc. The sample was heated for 2 min at 93”. cooled, Hz0 (0.4 ml_) 
added, and the mixture centrifuged. An aliquot (50 PL) of the supematant liquor was analyzed by paper 
chromatography in solvent system I. (B) The second fraction was treated identically, except that 100 FL 
of rn~ phosphate buffer, pH 6, was used instead of o-fmctose. (C) An aliquot (50 FL) of the supernat- 
ant liquor in (A) was treated with invertase (0.07 unit) for 15 min. and the products were analyzed by 
paper chromatography in solvent system I.] 
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creased with an equivalent increase in the level of isotope in the nonmobile frac- 
tion. These data indicate that the D-giucosyl groups can be incorporated into the 
polymeric forms. 

Competition between D-gkosyl transfer and autopolymerization. -The data 
presented in Fig. 1 indicate Lhat, when an acceptor is present, the monomeric D- 
glucosyl groups on the charged enzyme are partitioned between the transfer and 
the autopolymerization reactions; this conclusion could be drawn, as the products 
of both pathways were observed. However, the amount of polymer formed when 

an acceptor was present was leas than in its absence. This observation raised the 
possibility that the two reaction-pathways compete for the same D-ghXOSy1 groups. 
To examine this question in more detail, an experiment was conducted in which the 
enzyme reacted with various concentrations of maltose, and the amounts of the 
transfer and polymerization products were measured. The results (see Fig. 3) 
showed that, as the acceptor concentration was increased, more product appeared 
in transfer products and less in the. polymer. This type of reciprocal behavior indi- 
cates that the two pathways are competitive. 

DISCUSSION 

We had already demonstrated’ that dextransucrase could be labeled with D- 
[‘4C]glucosyl groups during reaction with [%]sucrose. The radioactive sugars 
were present on the enzyme as monomeric D-glUcOSyl groups, and as oligosac- 
charides having an average chain length of 17. We have now examined the question 
of whether these saccharide units can participate in the reactions catalyzed by the 
enzyme. 

The results of these studies are summarized in Scheme 2, which is a reaction 
pathway proposed for dextransucrase action. Central to thk scheme is the involve- 
ment of an intermediate that contains monomeric o-glucosyl groups on the en- 
zyme; this is formed in the D-glucosylation reaction (Reaction l), and the reaction 
can be reversed in the presence of o-fructose. The latter step illustrates the 
mechanism by which dextransucrase catalyzes the isotope-exchange reactio6’“.“. 
In reaction 2, the hydrolysis of the D-glucosyl groups from the charged enzyme, is 
demonstrated. The sequence of reactions I and 2 constitutes the pathway by which 
dextransucrase catalyzes the hydrolysis of sucrose’.‘. The transfer of single D- 
glucosyl groups to acceptors is described by a combmation of reactions 1 and 3. We 
have been able to show that the D-glucosyl, groups on the charged enzyme can par- 
ticipatc in reaction 3. In addition, the rates of transfer from the charged species and 
from sucrose to an acceptor are approximately equivalent. Finally, the pathway for 
autopolymerization is described by reactions 1 and 4. The fact that monomeric D- 
glucosyl groups can be chased into polymer illustrates that this reaction can occur. 
It is presumed that this proceeds by insertion. as suggested by Robyt et al. 6. 

An important element in Scheme 2 is the hypothesis that the same 
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monomeric units have the potential to enter each of the catalytic pathways. ‘lhis 

concept is based on the results of a series ot experiments that demonstrated com- 

petition between the pathways. We had previously shown that both n-gtucosyl 

transfer and autopotymrrzation compete with the hydrolysis of sucrose”. We have 
now demonstrated that n-glucosyl transfer and :lutopotymcrlration compete with 

each other. Earher work”” in our laboratory had indicated that D-ghcuxyi transfer 

and the isotope-exchange reaction also compete. These observations suggest that 

the pathways compete for a form of the enzyme that is commor~ to all trf the path- 

wnyz. and we now propose that this 1s the n-glucosylated form. 

The nature of the bonding involved with the monomeric ill-gtuco\yl umts has 

not hcen determined. but the data presented here estabti4~ that they we activated 

toward transfer; thiq suggests that the bond is covalent, and is a high-energy bond. 

The observation that D-glucosyl groups arc hydrolyzed at room tcmprraturc. ,md 

at 93”. is also consistent with :I high-energy bond. The characteristics ot the bond 
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between the enzyme and the oligosaccharide units are also unclear; however, it is 
possible that these will undergo hydrolysis and transfer en bloc, as suggested by 
Robyt and Walseth”. The fact that these chains are released at 93” may illustrate 
a type of bonding that is analogous to that of the D-glucosyl groups. 

A major question raised by these studies is: why is it possible to isolate a 
mono-D-glucosylated form of the enzyme at all? It would be expected that such 
groups would spontaneously enter the autopolymerization pathway. The fact that 
this occurs rapidly when sucrose is present (see Table II) may indicate that the 
pathway requires the presence of sucrose. 

An important element in these studies is the rapidity of the pulse, and the iso- 
lation and utilization of the charged form of the enzyme. The hydrolysis of 
monomeric n-glucosyl groups occurs at a sufficiently high rate to preclude the utili- 
zation of inordinately long reaction-times or work-up times, such as have been rc- 
ported by other investigators’.“. 

The results described in this and the accompanying report’ describe the prep- 
aration of a charged derivative of dextransucrase, and its utilization in studies on 
the catalytic pathways. 

EXPERIMENTAL 

Materials. - Dextransucrase was purified by a modification of the procedure 
of Huang et aE. l3 The enzyme was free from extraneous proteins; however, multi- 
ple forms of the enzyme were presentr4. The enzyme preparations had specific ac- 

tivities ranging from 80 to 100 units/mg. [‘4C]Sucrose and ]‘H]sucrose were pur- 
chased from New England Nuclear Corp. (Boston, MA), as was ]“C]maltose, 
which was purified to radiochemical purity by paper chromatography in solvent sys- 
tem II. Hydroxylapatite was purchased from Sigma Chemical Co. (St. Louis, MO). 
All other enzymes and reagents were purchased from commercial sources and were 
of reagent quality. 

Methods. ~ Enzyme activity was mcasurcd ns previously dcscribcd’4. Im- 
mobilized enzyme was prepared by the procedure described by Parnaik et nl. I. The 
D-glucosylated form of the enzyme was prepared by incubating the immobilized en- 
zyme with 0.05mM [‘4C]sucrose, or [‘Hjsucrose (S.A. = 1.5 X lo6 d.p.m./nmol). 
After 1 min at room temperature, the mixture was diluted with 5 mL of mM sodium 
phosphate buffer, pH 6.0, at 4”, and centrifuged for 30 s. The pellet was washed 
with several 5-mL volumes of the same buffer, and resuspended in buffer (0.5 mL), 
and an aliquot was removed for counting. 

Paper chromatography was conducted in solvent system Z, namely, 9: 1: 1 
(v/v) butanone-acetic acid-H,0 saturated with boric acid, or in solvent system 17. 
6: I :3 (v/v) l-propanol-ethyl acetate-H,O. Radioactivity was measured as pre- 
viously described’. 
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