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INTRODUCTION 

Dextransucrase (sucrose: 1,6-a-D-glucan 6-cc-D-glucosyltransferase, EC 2.4.1.5) is 

produced by various bacteria including Leuconostoc and Streptococcus species. This 
enzyme synthesizes dextran by polymerization of glucosyl moieties from the substrate 

sucrose with the concomitant production of fructose. The enzyme catalyzes four 
discrete reactions: (i) glucosyl transfer to acceptor molecules, (ii) autopolymerization, 

(iii) sucrose hydrolysis, and (iv), an isotope exchange reaction’. These reactions prob- 
ably proceed uia a glucosylated enzyme intermediate’,‘. Dextransucrase may possess 

multiple active sites or a catalytic domain which contains areas both for catalysis (i.e., 

formation of the glucosyl+nzyme intermediate) and acceptor substrate binding4. 
There have been numerous attempts to prepare immobilized forms of dextran- 

sucrase5-7, Major problems with previous preparations include large losses of activity 

upon immobilization6 and alterations in the reaction kinetics of the immobilized 

enzyme5. The products of the enzymatic reaction either act as acceptor molecules 

(D-fructose) or clog the pores of the support matrix (dextran), thereby greatly limiting 

the utility of the immobilized enzyme preparation5. This report describes the use of fully 
active, affinity-immobilized’ dextransucrase (from Streptococcus sanguis ATCC 10558) 

and the role this system could play in the study of the reaction pathways and the 

structural characteristics of this enzyme. 

EXPERIMENTAL 

Materials. ~ Sephadex G-200 (4&l 2Opm) was from Pharmacia Fine Chemicals; 

D-glucose, sucrose, D-fructose, and D-glucitol were obtained from Sigma Chemical Co. 
[U-‘4C-Glucose]sucrose and [U-‘4C]maltose were obtained from New England Nuclear 

Corp. and Amersham Corp., respectively. Bicinchoninic acid (BCA) protein assay was 
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Paper chromatography (descending technique) was performed on Whatman 3MM 

paper using 9: 1: 1 2-butanone-acetic acid-H,BO,-saturated water as solvent. The 
chromatograms were cut into 0.5 x 2-cm strips which were immersed in ScintiVerse E 
cocktail (10 mL), and the radioactivity was determined by liquid scintillation counting 
(Packard Tri-Carb 460 CD instrument). A test chromatogram of D-glucose, D-glucitol, 
sucrose, maltose, and oligosaccharide standards was stained using a modified silver 
nitrate dip procedure’*. Thin-layer chromatography was run using H,BO,-impregnated 
Silica Gel G plates developed in 3: I: 1 2-butanone-acetic acid-water solvent. Plates were 
exposed to Kodak SB film for 5-7 days at -7O”, and the film was subsequently 
developed using Kodak film-processing reagents. 

RESULTS AND DISCUSSION 

Dextransucrase was affinity immobilized on Sephadex G-200 gel with at least 
90% retention of enzyme activity (activity present in solution prior to immobilization). 
The immobilized enzyme exhibits exclusively acceptor activity, and the kinetics of this 
reaction are remarkably similar to the enzyme-acceptor activity in solution. The 
double-reciprocal plots are linear (Fig. 1) in contrast to results with other immobilized 
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Fig. 1. Kinetics of reaction of sucrose with affinity-immobilized dextransucrase. Reactions were run at 25” 
using I: 1 gel suspension (1 .O mL) as described in the Experimental; sucrose concentration ranged from 0.5 to 
IhM. D-Fructose concentration was measured using the coupled-enzyme assay system. 
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that addition of D-[‘4C]glUCOSe was to the reducing end of dextran chains or (ii) that the 
enzyme was not immobilized though interaction with the catalytic site which was free to 
synthesize oligomer(s) by the autopolymerization pathway. Following reduction and 
hydrolysis of 14C-labeled Sephadex gel, paper chromatography showed that no 14C- 
labeled D-glucitol was present (Fig. 3). Also, no labeled oligomer or polymer was found 
after extensive washing of the gel (prior to reduction/hydrolysis), and no sugar was 
detected in column eluates that contained protein. The initial column washes contained 
large amounts of D-fructose and a quantity of unreacted sucrose that was barely 
detectable on paper chromatograms. 
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Fig. 3. Chromatographic analysis following hydrolysis of reduced ‘Y-labeled Sephadex G-200. [The 

affinity-immobilized dextransucrase preparation was reacted with “C-labeled sucrose as described in the 

legend for Fig. 2. The %labeled gel was reduced with NaBH, and hydrolyzed in HCI; the products were 
separated by paper chromatography as described in the Experimental. The chromatogram was cut into 

strips which were analyzed by liquid scintillation counting; l = %labeled Sephadex G-200 hydrolyzate, o 

= [‘4C]maltose hydrolyzate. The positions of o-glucose and D-glucitol standards (stained by AgNO, dip 
procedure) are indicated by arrows]. 
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These data indicate the presence of a catalytic domain in this enLyme that 

contains two non-equivalent sites. One site confers the ability to bind to iicceptor 

molecules. such as delctran (Sephadex) with high atinit),. This characteristic has been 

exploited for purification ofdextransucrasc “. The other site \vlthin the catalytic domain 

is responsible for formation ofthc glucosyl cnryme intw~~odiate b! sucros~‘h~drol~~~z. 

Transfer of this I~-~~LIC~X residue to the acceptor tn~~lecul~~ would then complete a 

catalytic cycle for the acceptor reaction pathv’ay. This tape of trwch;inism has b~~:n 

postulated for dextransuwtst’:. 

The immobilized dcxtrsnsucrasc preparation is quite stable (retention of .> 85”,0 

acceptor activity) at 4 and even during the course ol‘ length! ( .:, 2 11) rc;rction\ at 3.1 

The deYtran?I chains 011 the Sephadex gel ma> provide some stability ag!ain$t 1 hcrmal 

dctiaturatioti of the eiv~~me” 

In summary. dcutransucrase was affinity immobih/-ed to Sephadcx C-200 gel 

yielding an cnzymc preparation Lvhich rekns moat ( > 9i)‘1.~l) ofits c)rIFinal acti\it>. The 

kinetics of the immobilized enzyme are similar to the ewyme in homogeneous solution 

(A’,,, = 1.3111~. ii,,,,: =: Xl.1 /lmol’tnin’mg) for the acccpt~~r reacttc!n :lctiCt!. The 

limitations (~.<g,. saturation e&t. low acti,.ity) found ~rth dextransucrssc immc~bilized 

by conventional chemical methods arc not bctn with atfirtlt4-ln7rnobililod en/qrnc. 

I,-Fructose is produced 111 stoichiometric amounts it\ a l,l-product \)1‘ the polq’mer- 

ization reaction and is casil~~ removed by simply washing the -1~1 0 ith aqueous solutic~n. 

The enzyme rna>f be elutcd and quantitatively recovered. i.tlld the modified support can 

bc obtained free of protcin. buffer salts. and monosaccllaridci. 

Affinity-immobllizcd cn7)mc systems maq 13~ useful 111 the study of polymer- 

iation reactions of this type. This particular affinitv-imnli~tlili~ed preparation ha.; been 

used (this study) to examine the wactions ol‘de-utr:lnsucr:is~ and to identif! funrtion:!l 

domains of the en7ymc (manuscript in preparation) 
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