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Abstract 

Glucansucrases are exclusively found in lactic acid bacteria and synthesize a 

variety of α-glucans from sucrose. They are large multidomain enzymes 

belonging to the CAZy family 70 of glycoside hydrolase enzymes (GH70). The 

crystal structure of the N-terminal truncated GTF180 of Lactobacillus reuteri 180 

(GTF180-∆N) revealed that the polypeptide chain follows a U shape course to 

form five domains, including domains A, B, and C, which resemble those of 

family GH13 enzymes, and two extra and novel domains (domains IV and V), 

which are attached to the catalytic core. To elucidate the functional roles of 

domain V, we have deleted the domain V fragments from both the N- and C-

terminal ends (GTF180-∆N∆V). Truncation of domain V of GTF180-∆N yielded 

a catalytically fully active enzyme but with heavily impaired polysaccharide 

synthesis ability. Instead, GTF180-∆N∆V produced a large amount of 

oligosaccharides. Domain V is not involved in determining the linkage specificity 

and the size of polysaccharide produced, as the polysaccharide produced by 

GTF180-∆N∆V was identical in size and structure with that of GTF180-∆N. The 

data indicates that GTF180-∆N∆V acts nonprocessively, frequently initiating 

synthesis of a new oligosaccharide from sucrose, instead of continuing the 

synthesis of a full size polysaccharide. Mutations L940E and L940F in GTF180-

∆N∆V, which are involved in the acceptor substrate binding, restored 

polysaccharide synthesis almost to the level of GTF180-∆N. These results 

demonstrated that interactions of growing glucan chains with both domain V and 

acceptor substrate binding sites are important for polysaccharide synthesis.  
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Introduction 

Glucosyltransferases (GTFs, commonly named glucansucrases) are large 

multidomain enzymes found in lactic acid bacteria, such as Lactobacillus, 

Leuconostoc, Streptococcus and Weissella (22,28,29). They catalyze the synthesis 

of a variety of α-glucans with different types of glucosidic linkages from sucrose, 

for example dextran with mainly (α1→6) linkages, mutan with mainly (α1→3) 

linkages, alternan with alternating (α1→6)/(α1→3) linkages, and reuteran with 

mainly (α1→4) linkages. The glucansucrase DSR-E of Leuconostoc 

mesenteroides NRRL B-1229 produces dextran with large amounts of (α1→2) 

branches (47,48). Glucansucrases catalyze polysaccharide synthesis, 

oligosaccharide synthesis, and hydrolysis using growing glucan chains, short 

chain oligosaccharides, and water as acceptor substrates, respectively (28,29).  

Glucansucrases are classified within glycoside hydrolase family 70 (GH70) (192). 

They are structurally, mechanistically, and evolutionary closely related to the 

family GH13 and GH77 enzymes; together, they form clan-H. So far, the crystal 

structures of four truncated GH70 glucansucrases (GTF180-∆N of L. reuteri 180, 

GTFA-∆N of L. reuteri 121, GTF-SI of Streptococcus mutans and the ∆N123-

GBD-CD2 of DSR-E of L. mesenteroides NRRL B-1299) have been determined, 

revealing a common domain organization (48,100,102,103). A striking feature of 

glucansucrase structures is that the polypeptide chain follows a U-shape course to 

form five domains (A, B, C, IV, and V). Except for domain C, each of these 

domains is formed by two discontinuous polypeptide chains from both N-

terminal and C-terminal polypeptides. The catalytic core consists of three 

domains (A, B, and C), which resemble the family GH13 enzymes. However, 

glucansucrases from the family GH70 have two extra domains (IV and V), 

elongating the overall structure. Interestingly, comparison of the crystal structures 

of different glucansucrases revealed a positional variability of domain V. 

Compared to the crystal structure of GTF180-∆N, the position of domain V of 

GTFA-∆N showed a shift of about 20 Å (at the top) while the position of the 

other domains (domain A, B, C, and IV) were highly similar (103). Surprisingly, 

domain V of ∆N123-GBD-CD2 of DSR-E adopted a completely different position 

close to the catalytic core, resulting in a much more compact overall structure 

than those of GTF180-∆N and GTFA-∆N (48). Nevertheless, domain V of DSR-
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E adopts a similar fold as that of GTF180-∆N (48). Intrinsic flexibility of domain 

V in GTF180-∆N was further shown by elucidation of a new crystal structure of 

this protein with about 120o rotation of domain V at a hinge located between 

domains IV and V, and also supported by the observation of flexibility of domain 

V in solution (106). This domain V flexibility may contribute to the in vivo 

functioning of GTF180, but the precise roles of domain V have remained unclear. 

It has been proposed that domain V may facilitate polysaccharide synthesis by 

bringing the glucan chain toward and away from the catalytic site (102,106).  

Before crystal structures of these proteins became available, attempts to assign 

functional roles to the different glucansucrase regions were based on the 

assumption of a linear domain organization. Alignment of the amino acid 

sequences of different glucansucrases revealed the presence of four different 

regions: (i) signal peptide, (ii) N-terminal variable region, (iii) conserved catalytic 

domain, and (iv) C-terminal glucan-binding domain (GBD) (28,71,88,89). The N-

terminal variable region and C-terminal glucan-binding domain contain different 

amino acid sequence repeat units (28,70,93,94,105,117). These repeats are also 

present in the glucan-binding protein of S. mutans, toxin A of Clostridium 

difficile and the lysins of Streptococcus pneumoniae. Truncation of the N-

terminal variable domain (GTF180-∆N, deleting the first 741 amino acids) did 

not change the linkage distribution of the α-glucan produced (71). C-terminal 

sequential deletion studies demonstrated that the C-terminal domain had glucan-

binding ability (70,88,89,94). Importantly, previous truncation studies of the N- 

and C-terminal regions of glucansucrases before the availability of crystal 

structures have been targeting only one protein terminal end, leaving the other 

terminal end intact. Functional studies involving the complete removal of domain 

V therefore have not been performed before. 

In the present study, domain V of GTF180-∆N of L. reuteri 180 was removed 

from both the N- and C-terminal ends, based on the crystal structure information. 

The reaction and product specificities of the truncation mutant were compared 

with GTF180-∆N to investigate the functional roles of domain V. Our study 

revealed that truncation of domain V heavily impaired polysaccharide-

synthesizing ability. However, polysaccharide synthesis of GTF180-∆N∆V was 

restored by mutations near the acceptor binding site (GTF180-∆N∆V L940E and 
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L940F), which indicates that domain V is important but not essential for 

polysaccharide synthesis ability. 

Materials and methods 

Bacterial strains, plasmids, and growth conditions 

Escherichia coli DH5α (Phabagen, Utrecht, The Netherlands) was used as host 

for cloning purposes. Plasmid pET15b (Novagen, Madison, USA) was used for 

expression of the truncated gtf180 genes in E. coli BL21 star (DE3) (Invitrogen, 

Carlsbad, USA). Plasmid p15GTF180-∆N (71), carrying the N-terminally 

truncated L. reuteri 180 gtf180 gene (encoding GTF180 amino acids 742-1772), 

was used as the template for construction of the truncated enzymes. E. coli strains 

containing recombinant plasmids were cultivated in LB medium with 100 µg ml-1 

ampicillin at 37 oC. LB agar plates were made by adding 1.5 % agar to the LB 

medium.  

Molecular techniques 

General procedures for cloning, E. coli transformations, and DNA isolation were 

as described (211). Restriction and ligation with T4 DNA ligase were performed 

as recommended by the enzyme suppliers (Fermentas, Landsmeer, The 

Netherlands). Primers were synthesized by Sigma-Aldrich (St. Louis, USA). 

Sequencing was performed by LGC genomics (Berlin, Germany). 

Construction of GTF180-∆N∆V deletion mutants 

Based on the crystal structure of GTF180-∆N (PDB entry 3KLK), the gtf180-

∆N∆V gene fragment (encoding GTF180 amino acids 794-1636) was amplified 

by PCR using High Fidelity PCR enzyme mix (Thermo Scientific, Landsmeer, 

The Netherlands) with p15GTF180-∆N as template and the following primers 

FwdV 5’-CCATGGATGAGCAATATCGTCGAGGAAATGAAGCC-3’ and 

RdV 5’-GGATCCTTAGTGATGGTGATGGTGATGATCTTGAACTGATAA- 

TTGAGACGGTAAGAA-3’. Nucleotide sequences encoding 6×His-tag 

(underlined) was fused in-frame to the 3’ end of the gtf180-∆N∆V gene by the 

reverse primer. The PCR fragment was cloned in pGEM-T vector (Promega, 

Leiden, The Netherlands) by blunt ligation. It was subcloned into pET15b vector 

(Novagen) using NcoI and BamHI restriction sites yielding p15GTF180-∆N∆V. 
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The gene sequences were verified by nucleotide sequencing (LGC genomics, 

Berlin, Germany).   

Expression and purification of GTF180-∆N and GTF180-∆N∆V 

For expression of truncated enzymes, fresh LB medium was inoculated with 1 % 

overnight culture of E. coli BL21 star (DE3) strains containing p15GTF180-∆N 

or p15GTF180-∆N∆V and was incubated at 37 oC. Expression of enzymes was 

induced with 0.1 mM IPTG when the cultures had reached OD600nm of 0.4-0.6. 

These induced cultures were incubated overnight at 18 oC. The recombinant 

GTF180-∆N and GTF180-∆N∆V enzymes carrying C-terminal 6×His-tag were 

purified by Ni2+-nitrilotriacetic acid (NTA) affinity chromatography (Sigma-

Aldrich, St. Louis, USA) and Resource-Q (GE Healthcare, Eindhoven, The 

Netherlands) anion exchange chromatography as previously described. Purity and 

homogeneity were analyzed by SDS-PAGE, and the protein concentrations were 

determined using a Nanodrop 2000 spectrophotometer (Isogen Life Science, De 

Meern, The Netherlands). 

Enzyme activity assays 

Enzyme activities of GTF180-∆N and GTF180-∆N∆V with sucrose were 

determined as previously described (33). Briefly, the hydrolytic activities were 

determined by measuring the release of glucose from sucrose in time. Total 

activities were determined by following the amount of released fructose. 

Transferase activities were calculated by subtracting hydrolytic activities from 

total activities. One unit of enzyme activity was defined as the release of 1 µmol 

of monosaccharide per minute. Enzyme assays were routinely performed in 25 

mM sodium acetate buffer pH 4.5 containing 1 mM CaCl2 using 30 nM protein 

unless specified otherwise. Samples of 25 µL incubation were withdrawn every 1 

min within a 5-min period, inactivated with 2.5 µL 1 M NaOH, and used to 

determine the amount of glucose and fructose released from sucrose. 

Optimum pH and temperature determination 

Optimum temperatures of GTF180-∆N and GTF180-∆N∆V were determined by 

measuring the activity at 30-65 oC in 25 mM sodium acetate/1 mM CaCl2 buffer, 

pH 4.5. The half-lives of the GTF180 mutant enzymes at 50 oC were determined 

as described (212). Briefly, the enzymes were incubated at 50 oC, and samples 



Domain V truncation of GTF180 

111 
 

were withdrawn after 15 min, 30 min, 1 h, 2 h, 4 h, 6 h, and 8 h. Samples were 

cooled down on ice immediately. Subsequently, the remaining enzyme activities 

were measured under the optimum conditions. Optimum pH was determined by 

measuring the GTF180-∆N and GTF180-∆N∆V enzyme activities at different pH 

values in 25 mM sodium acetate buffer (4.0 to 5.5) or in 25 mM MES buffer (pH 

5.5 to pH 6.5) at 50 oC.  

Kinetic parameter determination 

Kinetic studies of GTF180-∆N and GTF180-∆N∆V were performed at the 

corresponding optimum pH and temperature values using sucrose concentrations 

ranging from 0.5 mM to 1000 mM. SigmaPlot software was used for curve fitting 

of the data and determination of kinetic parameters (Km and kcat). 

Effects of maltose on initial activity  

The effects of maltose on the initial hydrolytic and transferase activities of 

GTF180-∆N and GTF180-∆N∆V were determined using 50 mM sucrose and 100 

mM maltose.  

Thin-layer chromatography 

Product mixtures from incubations with GTF180 mutant enzymes were analyzed 

by TLC. Samples (1 µL) were spotted on TLC sheets (Merck Silica Gel 60 F254, 

20 × 20 cm). A mixture of glucose and malto-oligosaccharides (DP2 to DP7) was 

used as standard. The TLC plates were developed with 2-butanol/acetic 

acid/water=2:1:1 and stained with orcinol/sulfuric acid. 

High-pH anion-exchange chromatography 

Product mixtures from incubations with GTF180 mutant enzymes were analyzed 

by HPAEC on a Dionex DX500 workstation (Dionex, Amsterdam, The 

Netherlands), equipped with an ED40 pulsed amperometric detection (PAD) 

system. The separation of oligosaccharides was performed on a CarboPac PA-1 

column (250 × 5 mm; Dionex) by using a linear gradient of 25-300 mM sodium 

acetate in 100 mM NaOH (1 ml/min).  
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Determination of the percentages of sucrose used for polysaccharide 

synthesis, oligosaccharide synthesis, and hydrolysis 

GTF180-∆N and GTF180-∆N∆V (1.0 U ml-1) were incubated with 0.1 M sucrose 

in 25 mM sodium acetate/1 mM CaCl2 buffer, pH 4.5 at 37 oC. The depletion of 

sucrose was confirmed by TLC analysis, after which the reaction was stopped by 

boiling for 10 min. The percentages of sucrose used for polysaccharide synthesis, 

oligosaccharide synthesis, and hydrolysis were determined as previously 

described (118). Glucose released by hydrolysis from sucrose was determined by 

converting it to gluconate-6-phosphate with hexokinase and glucose-6-phosphate 

dehydrogenase and measuring the NADH release at OD340nm (33). The 

polysaccharide fraction (void volume) was isolated by separation on a Bio-Gel P-

6 column using 10 mM NH4HCO3 as eluent at a flow rate of 48 mL h-1. The 

amount of sucrose used for polysaccharide synthesis was determined by 

measuring the mass of polysaccharides after lyophilization. The percentage of 

sucrose used for oligosaccharide synthesis was calculated by subtracting the 

summed amount of sucrose for hydrolysis and polysaccharide synthesis from the 

total amount of sucrose added to the incubation mixture. The amount of sucrose 

used for polysaccharide synthesis, oligosaccharide synthesis, and hydrolysis thus 

can be calculated and expressed as the percentage of sucrose used for each 

reaction. 

Characterization of the polysaccharides produced by GTF180-∆N and 

GTF180-∆N∆V  

The linkage compositions of the isolated polysaccharides were analyzed by 1H 

NMR and methylation analysis. The 1D 500-MHz 1H NMR spectra were 

recorded in D2O on a Varian Inova Spectrometer (NMR Center, University of 

Groningen) at a probe temperature of 350K. Methylation analysis was performed 

using CH3I and solid NaOH in DMSO as previously described (108). The size of 

polysaccharides was determined using a SEC system (1260 Infinity, Agilent 

Technologies) from Polymer Standard Service (Mainz, Germany) as described 

(213).  
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Site-directed mutagenesis of amino acid residue L940 in GTF180-∆N∆V 

Plasmid p15GTF180-∆N∆V was used as template for mutagenesis. Mutations 

were introduced by PCR using the Quikchange site-directed mutagenesis kit 

(Stratagene).  The following primers were used: L940E, 5’-

CGGTGGTTTGCAAGAGCAAGGTGGATTC-3’; L940F: 5’-

CGGTGGTTTGCAATTCCAAGGTGGATTC-3’ (complementary primers not 

shown,  mutated nucleotides are underlined). Mutations were verified by 

nucleotide sequencing (LGC genomics, Berlin, Germany). 

Results 

 

Figure 1. (a) Linear schematic representation of the domain organization of GTF180-∆N 
(with truncated N-terminal variable region) and GTF180-∆N∆V (with further truncation 
of domain V). The amino acid residue numbers between different domains and the 
starting and ending amino acid residue numbers are indicated in GTF180-∆N and 
GTF180-∆N∆V. (b) Crystal structure of GTF180-∆N (PDB entry 3KLK). The first and 
last amino acid residues of the GTF180-∆N∆V construct, and the location of L940 and 
active site are indicated. Five different domains are highlighted in red (domain V), yellow 
(domain IV), green (domain B), blue (domain A), and magenta (domain C). 
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Construction and expression of GTF180-∆N∆V 

Intially, the recombinant GTF180 enzyme was produced without its N-terminal 

variable domain (Fig. 1a, GTF180-∆N retaining amino acids 742-1772) resulting 

in a clearly enhanced protein expression (71). This deletion of the N-terminal 

variable domain had no effect on its product spectrum (71). Based on the crystal 

structure of GTF180-∆N (100), we constructed the domain V truncation mutant, 

GTF180-∆N∆V (residues 794-1636) (Fig. 1a) by deleting the relevant fragments 

from both N- and C-terminal ends, allowing further investigation of the functions 

of domain V. 

The recombinant GTF180-∆N and GTF180-∆N∆V proteins were expressed at 

comparable levels and purified to homogeneity from E. coli BL21 star (DE3). 

The predicted molecular mass (Mr) of both truncation mutants corresponded well 

with the results obtained by SDS-PAGE analysis (Fig. 2).  

 

Figure 2. SDS-PAGE of the purified truncated GTF180 enzymes. Lane 1, GTF180-∆N 
(predicted Mr: 117 kDa); lane 2, GTF180-∆N∆V (predicted Mr: 95 kDa). 

Biochemical characterization of GTF180-∆N and GTF180-∆N∆V 

Comparison of the biochemical properties of GTF180-∆N∆V and GTF180-∆N 

showed that there was no obvious change in the optimum pH and temperature. 

Both enzymes showed maximum hydrolyzing and transferase activity at 50 oC 

and at pH 5.5 and pH 4.5, respectively. The thermostability of GTF180-∆N and 

GTF180-∆N∆V was similar, as indicated by their comparable half-lives at 50 oC 

(3.9 and 3.7 h, respectively). The ratios of sucrose consumed for hydrolysis and 
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transglycosylation reactions of GTF180-∆N (23.9/76.1) and GTF180-∆N∆V 

(21.4/78.6) were measured after depletion of 100 mM sucrose and were found to 

be virtually identical. Concerning kinetic properties, GTF180-∆N displayed 

Michaelis-Menten type kinetics for hydrolysis activity, transferase activity, and 

total enzyme activity (Fig. 3a). However, only the hydrolysis activity of GTF180-

∆N∆V showed Michaelis-Menten type kinetics (Fig. 3b). GTF180-∆N∆V 

showed a two-times lower Km value for hydrolytic activity (1.1 mM sucrose) 

compared to GTF180-∆N (2.4 mM sucrose) (Table 1). At sucrose concentrations 

lower than 50 mM, GTF180-∆N∆V had very low transferase activity, and 

hydrolysis was the main activity (Fig. 3b). At higher sucrose concentrations, 

transferase activity gradually increased, but no saturation was reached with the 

sucrose concentrations used (Fig. 3b). 

 

Figure 3. Effects of sucrose concentration on initial activity of GTF180-∆N (a) and 
GTF180-∆N∆V (b) at 50 oC in 25 mM sodium acetate/1 mM CaCl2 buffer, pH 4.5. The 
total and transferase activities of GTF180-∆N∆V were measured using upto 1000 mM 
sucrose but could not be saturated. 

Table 1. Kinetic analysis of the GTF180-∆N and GTF180-∆N∆V enzymes using sucrose 
as substrate 

Truncated enzymes 
Hydrolysis activity Transferase activity Total activity 

Km (mM) kcat (s-1) Km (mM) kcat (s-1) Km (mM) kcat (s-1) 

GTF180-∆N 2.4±0.2 182.1±2.2 13.9±1.8 125.4±2.2 5.0±0.3 303.0±3.6 

GTF180-∆N∆V 1.1±0.1 149.8±3.8 NDa 167.7±7.6b NDa 291.8±7.4b 

aThe Km and kcat of total and transferase activity of GTF180-∆N∆V could not be determined due to 
failure to reach saturation of these enzyme activities at the sucrose concentrations used. bThe 
apparent kcat depicted are the values determined at the highest sucrose concentration used (1000 
mM).  
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In the presence of 50 mM sucrose, GTF180-∆N∆V showed a hydrolytic activity 

similar to that of GTF180-∆N (Table 2). In contrast, under the same conditions, 

GTF180-∆N∆V displayed an eight times lower initial transferase activity than 

GTF180-∆N (Table 2). It has been reported that maltose has a stimulating effect 

on transferase activity and a negative effect on the hydrolytic activity of GTFA 

from L. reuteri 121 with sucrose (70). In the presence of both 50 mM sucrose and 

100 mM maltose, the hydrolytic activities of both GTF180-∆N and GTF180-

∆N∆V were reduced by about 60%. Surprisingly, under these conditions, both 

enzymes displayed similar transferase activities. Maltose stimulated the 

transferase activity of GTF180-∆N∆V eight times more than that of GTF180-∆N.  

Table 2. Effects of maltose on the initial activities of GTF180-∆N and GTF180-∆N∆V  

Truncated 
enzymes 

50 mM sucrose 50 mM sucrose+100 mM maltose 

Hydrolytic 
activity (U/mg) 

Transferase activity (U/mg) 
Hydrolytic 

activity (U/mg) 
Transferase 

activity (U/mg) 

GTF180-∆N 70.5±1.8 25.0±1.6 27.1±0.8 473.7±11.5 

GTF180-∆N∆V 68.5±0.8 3.0±0.3 22.7±1.8 455.3±11.6 

Polysaccharide and oligosaccharide synthesis 

The product spectra of GTF180-∆N and GTF180-∆N∆V were explored after 

incubating the enzymes with 0.1 M sucrose. As shown by TLC (Fig. S1), 

GTF180-∆N∆V produced much less of the high-molecular-mass polysaccharide 

and more oligosaccharides than GTF180-∆N. Size-exclusion chromatography 

analysis showed that GTF180-∆N used 16.3% of sucrose for polysaccharide 

synthesis, 23.9% for hydrolysis, and 59.7% for oligosaccharide synthesis under 

the conditions used (Table 3). In case of GTF180-∆N∆V, polysaccharide 

synthesis decreased to only 2.0% while oligosaccharide synthesis increased 

correspondingly (Table 3). The amount of sucrose used for hydrolysis was similar 

for GTF180-∆N and GTF180-∆N∆V (Table 3). HPAEC analysis of the 

saccharides produced (Fig. 4) showed similar oligosaccharide profiles for 

GTF180-∆N and GTF180-∆N∆V, which means, in view of the foregoing, the 

molecular ratios of the generated oligosaccharides in the two ensembles are 

comparable. 
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Table 3. The percentage of sucrose consumed for polysaccharide synthesis, 
oligosaccharide synthesis, and hydrolysis 

Enzymes Hydrolysisa Polysaccharide synthesis Oligosaccharide synthesis 

GTF180-∆Nb 23.9±0.7 16.3±0.7 59.7±1.2 

GTF180-∆N∆V 21.4±0.2 2.0±0.4 76.6±0.5 

GTF180-∆N∆V L940E 29.0±0.6 9.0±0.7 62.0±0.3 

GTF180-∆N∆V L940F 17.4±0.6 12.4±1.0 70.2±1.5 

GTF180-∆N L940Eb 23.9±0.8 29.9±0.3 46.2±0.9 

GTF180-∆N L940Fb 15.8±0.1 30.4±0.5 53.8±0.5 

aValues show the percentages of sucrose used for hydrolysis, polysaccharide synthesis, and 
oligosaccharide synthesis of the total amount of sucrose (100 mM) present initially in the 
incubations bData from previous study (118).       

 

 

Figure 4. HPAEC analysis of the oligosaccharides produced by incubation of GTF180-
∆N or GTF180-∆N∆V (1.0 U mL-1) with 0.1 M sucrose. G glucose, F fructose. The Y 
axis is enlarged for better visualization. 

Structures of polysaccharides formed by GTF180-∆N∆V 

The 1H NMR spectra of the polysaccharides formed by GTF180-∆N (Fig. 5a) and 

GTF180-∆N∆V (Fig. 5b) were identical. The splitting of the (α1→6) anomeric 
1H signal indicated that at least two different structural elements of (-)-α-D-Glcp-

(1→6)-residues are present as well in GTF180-∆N∆V, as seen previously for 

GTF180-∆N (108). The similar linkage distribution in the polysaccharides 

produced by GTF180-∆N and GTF180-∆N∆V was also confirmed by 

methylation analysis (Table S1 in the Supplementary Material). Analysis of the 
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polysaccharide sizes also showed no major differences between GTF180-∆N 

(22.6 MDa) and GTF180-∆N∆V (21.0 MDa).  

 

Figure 5. 1H NMR spectra of the α-glucan polysaccharides formed by GTF180-∆N (a) 
and GTF180-∆N∆V (b) recorded in D2O at 350K. 

Polysaccharide synthesis by GTF180-∆N∆V L940 mutants 

As mentioned above, compared to GTF180-∆N, GTF180-∆N∆V synthesizes a 

reduced amount of polysaccharide from sucrose. In a previous mutagenesis study 

with GTF180-∆N, we have shown that mutations in the L940 residue close to the 

acceptor substrate binding sites (Fig. 1b, L940E, L940F) increased (about 2-fold) 

the amount of polysaccharide produced (118). To further investigate whether 

domain V is essential for polysaccharide synthesis, we analyzed the effects of the 

same mutations in GTF180-∆N∆V. In GTF180-∆N∆V L940E and L940F, the 

polysaccharide synthesis increased to 9.0% and 12.4%, respectively (Table 3), 

which was lower than observed for the same mutations in GTF180-∆N but closer 

to the level of wild-type GTF180-∆N. The size of polysaccharides produced by 

GTF180-∆N∆V L940E and L940F showed no major change, and the effects of 
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mutation on the linkage specificity were the same as that in GTF180-∆N (data not 

shown) (118). 

Discussion 

Current understanding of glucansucrases has made a big step forward with the 

elucidation of several crystal structures of these family GH 70 enzymes 

(29,48,100,102,103). The crystal structures revealed the precise domain 

organization of GH70 glucansucrase proteins showing that, compared to the 

structurally related GH13 enzymes, they have two extra remote domains, named 

IV and V. Interestingly, the recently published second GTF180-∆N crystal 

structure from different crystallization conditions showed a large movement of 

domain V toward the catalytic domain, with minor movements of domain IV and 

no significant structural changes in domains A, B, and C (29,106). It has been 

speculated that such flexibility of domain V of glucansucrases could contribute to 

move intermediate-bound glucan products away from or toward the active center 

(102,106). Indeed, domain V contains different amino acid sequence repeat units, 

which are also present in the glucan-binding protein of Streptococcus mutans 

(28,70,93,94,105,117). Although variations of sequence repeats occur in different 

glucansucrases, structural analysis of domain V revealed the presence of a 

consensus β-solenoid module with multiple copies (29). C-terminal sequential 

deletion studies showed that C-terminal regions defining part of domain V had 

glucan-binding ability (70,105,117,214).  

Previous deletion and mutagenesis studies aimed at elucidation of the functional 

roles of regions outside the catalytic core and targeted only at the C-terminal 

region and not at a complete domain. In the present study, we constructed a 

GTF180 mutant by precise deletion of domain V from both N- and C-terminal 

polypeptides, thus removing it completely. GTF180-∆N displayed Michaelis-

Menten type kinetics for all three reactions, i.e. hydrolysis activity, transferase 

activity, and total enzyme activity (Fig. 3a). The truncation of domain V 

(GTF180-∆N∆V) strongly affected its kinetic properties. No saturation of 

transferase and total activity of GTF180-∆N∆V was reached with increasing and 

relatively high sucrose concentrations used (Fig. 3b). Transferase activity 

continued to increase with increasing sucrose concentrations (Fig. 3b), suggesting 

that GTF180-∆N∆V acts nonprocessively and relatively frequently initiates 
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synthesis of oligosaccharides instead of producing full size polysaccharides. The 

same kinetic properties were previously observed upon deletion of the C-terminal 

YG repeats of GTFA (70). Regarding hydrolysis, truncation of domain V of 

GTF180 resulted in a moderate decrease in Km for sucrose (by a factor of 2, Table 

1). Together, these experimental data provide clear evidence that domain V 

facilitates the transfer of the acceptor substrate to the active site, as has been 

hypothesized previously (102,106). The availability of the acceptor substrate 

appears to be the rate-limiting step in the transferase reaction catalyzed by 

GTF180-∆N∆V. Indeed, the transferase activity of GTF180-∆N∆V increased 

significantly upon addition of maltose (100 mM) as acceptor substrate (Table 2). 

The stimulatory effect of maltose on the initial transferase activity of  GTF180-

∆N∆V was 8-fold higher than that of GTF180-∆N. Maltose has been shown to be 

a better acceptor substrate than other carbohydrates for glucansucrases (215). It is 

conceivable that maltose but not sucrose binds efficiently to acceptor binding 

sites without domain V being present. However, it has also been reported that the 

stimulating effect of the addition of acceptor substrate on transferase activity is 

not due to the primer effects with nonreducing ends (216), since modified dextran 

which was blocked at the nonreducing end and unable to function as acceptor 

substrate could still increase the activity of dextransucrase from S. mutans OMZ 

176 by a factor of 4 to 6. Other possibility to explain the stimulatory effect of 

maltose is that the binding of maltose or another acceptor substrates to the 

enzyme induces a conformational change at the active site of glucansucrase, 

thereby stimulating its transferase activity. Recently, it has been reported that 

mutations of T654 in glucansucrase of L. mesenteroides NRRL B-1118 (close to 

the active site) modified the dextran activation effect (166). 

Our studies with GTF180-∆N∆V and its site-directed mutants suggest a 

functional role for domain V in α-glucan polysaccharide synthesis. Truncation of 

domain V in GTF180-∆N has no effect on the linkage type distribution and the 

size of the remaining polysaccharide produced (Fig. 5b). Domain V therefore is 

not involved in determining linkage specificity, e.g. by determining the correct 

orientation of the growing glucan chain (acceptor substrate) toward the active site. 

In contrast, the size distribution of products synthesized by GTF180-∆N∆V is 

affected drastically, showing the loss of virtually all high-molecular-mass 

polysaccharide synthesis (Table 3). Instead, GTF180-∆N∆V produces more 
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oligosaccharides than GTF180-∆N∆V (Fig. S1 in the Supplementary Material). 

C-terminal sequential deletion studies showed that C-terminal regions defining 

part of domain V had glucan-binding ability (117). Previous mutagenesis studies 

in GTF180-∆N demonstrated that mutations at residues close to acceptor binding 

sites in domain B (Fig. 1b, L940E, L940F) resulted in a significant increase 

(around 2-fold) in the amount of polysaccharide produced (118). In our current 

study, the introduction of the same mutations in GTF180-∆N∆V almost restores 

polysaccharide synthesis close to the level of GTF180-∆N, but not to that of the 

same mutants of GTF180-∆N (Table 3). This suggests that the constant 

interaction of the enzyme with growing glucan chains at both acceptor sites and 

remote sites (domain V) is essential for polysaccharide synthesis. Although the 

details of remote binding in domain V are still unknown, our observations 

provide important experimental evidence for the involvement of domain V in 

polysaccharide synthesis.  

Glucansucrases are considered as promising enzymatic tools for the synthesis of 

oligosaccharides and glycoconjugates as they use sucrose, a renewable and cheap 

agro-resource, as α-D-glucopyranosyl donor (201). For example, enzymatic 

synthesis of novel oligosaccharides and glycosylation of organic molecules using 

glucansucrases have been investigated as a strategy to improve their 

physicochemical and biological properties (137,138,141,142,148,217). In the 

current study, we demonstrate that domain V of glucansucrase GTF180 can be 

truncated to yield a fully active and stable enzyme variant with heavily impaired 

polysaccharide synthesis. This mutant enzyme is especially useful for 

glycosylation of a low affinity acceptors (including oligosaccharides and organic 

molecules), as polysaccharide is easily formed as a side product in these reactions, 

limiting the productivity.  

To conclude, truncation of domain V of GTF180-∆N yields a fully active enzyme 

but with a heavily impaired polysaccharide synthesis. Mutations L940E and 

L940F in domain B of GTF180-∆N∆V restore the polysaccharide synthesis to the 

level close to that of GTF180-∆N. These results suggest that during the synthesis 

of glucan chains, interactions occur between both the acceptor substrate binding 

site in domain B near the active site and the remote domain V. Clearly, domain V 

is not involved in determining the linkage specificity and the size of the 
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polysaccharide produced. Truncation of domain V in GTF180-∆N thus yields an 

interesting and powerful glucansucrase enzyme for applications in 

oligosaccharide synthesis and glycosylation of small organic molecules.  
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Supplementary data 

 

Table S1. Methylation analysis of polysaccharides formed by GTF180-∆N and  GTF180-
∆N∆V. Linkage distribution data are shown in molar percentages based on GLC 
intensities. 

Enzyme Glcp(1→ →3)Glcp(1→ →6)Glcp(1→ →3,6)Glcp(1→ 

GTF180-∆N 11 23 54 12 

GTF180-∆N∆V 12 23 52 13 

 

 

Figure S1. TLC analysis of products formed by incubation of GTF180-∆N and GTF180-
∆N∆V with 0.1 M sucrose. The GTF180-∆N and GTF180-∆N∆V enzymes (1.0 U mL-1) 
were incubated with 0.1 M sucrose in 25 mM sodium acetate/1 mM CaCl2 buffer, pH 4.5. 
G1-G7 depict the malto-oligosaccharide mixture (glucose to maltoheptaose) used as a 
standard. M, standard; 1, GTF180-∆N; 2, GTF180-∆N∆V. 
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