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Table 1. List of primers for site-directed mutagenesis at W675 position. 

primer name  primer sequence (5ʹ‐3ʹ)  remark 

F_altNcoI  GGGAGAGTAATCCATGGAACAACAAG  Forward primer 

R_Del7  CAGCCGGATCCTCGAGTTAAGCTTGC  Revered primer 

F_W675Y  CTATTTTAGAAGACTATAATGGCAAAGATCCTC  mutation at W675 to Y 

R_W675Y  GAGGATCTTTGCCATTATAGTCTTCTAAAATAG  mutation at W675 to Y 

F_W675F  CTATTTTAGAAGACTTTAATGGCAAAGATCCTC  mutation at W675 to F 

R_W675F  GAGGATCTTTGCCATTAAAGTCTTCTAAAATAG  mutation at W675 to F 

F_W675L  CTATTTTAGAAGACCTGAATGGCAAAGATCCTC  mutation at W675 to L 

R_W675L  GAGGATCTTTGCCATTCAGGTCTTCTAAAATAG  mutation at W675 to L 

F_W675I  CTATTTTAGAAGACATTAATGGCAAAGATCCTC  mutation at W675 to I 

R_W675I  GAGGATCTTTGCCATTAATGTCTTCTAAAATAG  mutation at W675 to I 

F_W675S  CTATTTTAGAAGACTCCAATGGCAAAGATCCTC  mutation at W675 to S 

R_W675S  GAGGATCTTTGCCATTGGAGTCTTCTAAAATAG  mutation at W675 to S 

F_W675H  CTATTTTAGAAGACCATAATGGCAAAGATCCTC  mutation at W675 to H 

R_W675H  GAGGATCTTTGCCATTATGGTCTTCTAAAATAG  mutation at W675 to H 

F_W675N  CTATTTTAGAAGACAACAATGGCAAAGATCCTC  mutation at W675 to N 

R_W675N  GAGGATCTTTGCCATTGTTGTCTTCTAAAATAG  mutation at W675 to N 

F_W675D  CTATTTTAGAAGACGATAATGGCAAAGATCCTC  mutation at W675 to D 

R_W675D  GAGGATCTTTGCCATTATCGTCTTCTAAAATAG  mutation at W675 to D 
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Figure S1. SDS-PAGE analysis of purified alternansucrase and variants. Lane M is protein 
molecular weight marker. Lane1 is WT ALT. Lane2-10 are W675Y, W675F, W675H, W675N, 
W675D, W675S, W675I, W675L, and W675A, respectively. 

   



3 
 

 

 Figure S2. Hydrodynamic size of alternan-nanoparticles. The purified polymer of WT, W675F, 
and W675Y were ananlysed by Malvern Nanosizer ZS at 25 °C. 
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Figure S3. 1H NMR spectra of glucan polymers.  The purified glucans polymer of WT, W675Y, 
and W675F were recorded at 500 MHz in D2O at 298 K. 
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Figure S4. HPAEC-PAD analysis of sucrose reaction. The oligosaccharide patterns of sucrose 
reactions produced from WT and variants were analysed by HPAEC-PAD. The reactions comprised 
200 mM sucrose, 50 mM sodium citrate buffer pH 4.0 and 0.1 U/mL enzyme. The reactions were 
incubated at 37 °C for 20 hr. 
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Figure S5. HPAEC-PAD analysis of maltose-acceptor reaction. The oligosaccharide patterns of 
maltose-acceptor reactions produced from WT and variants were analysed by HPAEC-PAD. The 
reactions were conducted in 100 mM maltose, 100 mM sucrose and 0.1 U/mL enzymes in 50 mM 
sodium citrate buffer pH 4.0. Then, the reactions were incubated at 37 °C for 20 hr. 
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Figure S6. Purification of products produced from WT reaction. The reactions comprised 200 mM 

sucrose, 50 mM citrate buffer pH 4.0 and 0.1 U/mL enzyme. The reactions were incubated at 37 °C for 

20 hr. Crud product approximately 300 mg were purified by Bio-Gel P-2 (Bio-Rad) column and then 

analysed by MALDI-TOF MS and TLC, respectively. 
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Figure S7. Purification of products produced from W675A reaction. The reactions comprised 200 mM 

sucrose, 50 mM citrate buffer pH 4.0 and 0.1 U/mL enzyme. The reactions were incubated at 37 °C for 

20 hr. Crud product approximately 300 mg were purified by Bio-Gel P-2 (Bio-Rad) column and then 

analysed by MALDI-TOF MS and TLC, respectively. 



9 
 

 

Figure S8. HPAEC-PAD profiles products produced from WT and W675A reaction via sucrose 
reaction. 
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Figure S9. Purification of maltose reaction from WT reaction. The reactions comprised 100 mM sucrose, 

100 mM maltose50 mM citrate buffer pH 4.0 and 0.1 U/mL enzyme. The reactions were incubated at 

37 °C for 20 hr. Crud product approximately 350 mg were purified by Bio-Gel P-2 (Bio-Rad) column 

and then analysed by MALDI-TOF MS and TLC, respectively. 

   



11 
 

 

Figure S10. Purification of maltose reaction from WT reaction. The reactions comprised 100 mM sucrose, 

100 mM maltose50 mM citrate buffer pH 4.0 and 0.1 U/mL enzyme. The reactions were incubated at 

37 °C for 20 hr. Crud product approximately 350 mg were purified by Bio-Gel P-2 (Bio-Rad) column 

and then analysed by MALDI-TOF MS and TLC, respectively. 
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Figure S11 HPAEC-PAD profiles of maltose reaction produced from WT and W675A 
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Figure S12: Ramachandran plot of the homology model of Leuconostoc citreum ABK-1 
alternansucrase. 

 

 

 

 

Fig S13: RMSD plots of alternansucrase with glc-D635 intermediate. The RMSD values of all 
atoms and backbone atoms are shown in black and grey, respectively. 
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Fig S14: Superimposition of the crystal binding conformation (black) and the best docked 
conformation (cyan). 

 

 

Fig S15: RMSD plots of A) maltose-ALTwt
 and B) maltose-ALTW675A complexes. The RMSD 

values of all atoms, backbone atoms and ligand atoms are shown in black, grey and blue, 
respectively. 
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Supplementary Information 

Methods 

Molecular dynamics simulations  

 The structure of maltose was obtained from the crystal structure of Lactobacillus reuteri 
glucansucrase (PDB: 3KLL [1]). LEaP module in AMBER18 [2] with GLYCAM06j-1 force 
field parameters [13] was used to build structure of maltose. To reduce the unfavorable 
interactions, this structure was immersed in an isomeric truncated octahedral box of TIP3P 
water molecules, and minimized using 2,500 steps of steepest descent and 2,500 steps of 
conjugate gradient. SWISS-MODEL server [3-6] was used to construct the homology model 
of Leuconostoc citreum ABK-1 alternansucrase based on the crystal structure of Leuconostoc 
mesenteroides Alternansucrase (PDB: 6HVG [7]), which has the highest sequence identity to 
the target sequence (97.40%). RAMPAGE server [14] was employed to construct 
Ramachandran plot to evaluate the quality of the constructed homology model of Leuconostoc 
citreum ABK-1 alternansucrase as shown in S12 Fig. The majority of amino acid residues are 
in favored region (96.6%) and allowed region (5.6%), indicating reasonable qualities of this 
homology model. Moreover, the catalytic residues of this homology model (D635, E673, and 
D767) were found in similar positions to those of Leuconostoc mesenteroides alternansucrase, 
where they should be able to catalyze the reaction. H++ server [8] was used to protonate all 
ionized amino acids at the experimental pH 4.0. To construct the structure of glucosyl-D635 
(glc-D635) intermediate, the structure of glc-D635 intermediate was obtained from the crystal 
structure of Neisseria polysaccharea amylosucrase (PDB: 1S46 [9]). Gaussian09 program [10] 
with HF/6-31G* basis set was used to calculate the atomic charges and the electrostatic 
potential (ESP) charges of the glc-D635 intermediate. Antechamber module in AMBER18 was 
employed to fit the ESP charge of the glc-D635 intermediate into restrained ESP (RESP) 
charge, and other force filed parameters were generated from general AMBER force field 
(GAFF). LEaP module was used to construct the structure of alternansucrase with the glc-D635 
intermediate, using ff14SB parameters. The structure of alternansucrase with the glc-D635 
intermediate was immersed in an isomeric truncated octahedral box of TIP3P water molecules, 
using the buffer distance of 13 Å. Sodium ions (Na+) were added to neutralize the system. This 
system was minimized to remove the unfavorable interaction using the five step procedure, all 
steps used 5,000 steps of steepest descent and 5,000 steps of conjugate gradient with different 
restraints on the proteins. At the beginning, the heavy atoms of protein were restrained with a 
force constant of 10 kcal/ (mol Å2), while the hydrogen atoms and water molecules were 
minimized. The backbone of the protein was then restrained with force constants of 10, 5 and 
1 kcal/ (mol Å2), respectively. The entire system was finally minimized without any restraining 
force. 

 The system was subsequently simulated with the periodic boundary condition using the 
GPU (CUDA) version of PMEMD module [15-17]. The SHAKE algorithm [18] was employed 
to constrain all bonds involving hydrogen atoms, allowing 0.002 ps time step simulations. The 
Langevin dynamics [19] was used to control the temperature with a collision frequency of 1.0 
ps-1. The system was simulated in the NVT ensemble to heat from 0 K to the experimental 
temperature of 310 K for 200 ps, while the backbone of protein was restrained with a force  
constant of 10 kcal/ (mol Å2). Then, the system was subsequently equilibrated for 300 ps in the 
NVT ensemble with no restraining force. The system was further simulated for 70 ns in the 
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NPT ensemble at 310 K and 1 atm. To analyze the structural stability of the system, Root Mean 
Square Deviation (RMSD) values were calculated (S13 Fig). The last 20 ns trajectories with 
stable RMSD values were selected for clustering by MMTSB tool set [11] based on their 
structural similarities as analyzed by RMSD values of heavy atoms. The structure that is the 
most similar to the average structure was selected to be a centroid, a representative structure, 
for further analyses. 

 The crystal structure of sucrose was redocked into the active site of the crystal structure 
of Lactobacillus reuteri glucansucrase (PDB: 3HZ3 [1]) to determine whether Vina-Carb 
program [12] and its parameters were reasonable for the studied system. The best docked and 
crystal binding conformations were similar with the RMSD value of 0.54 Å (S14 Fig), 
indicating that Vina-Carb and its parameters were reasonably appropriate for our system. To 
predict the catalytically competent binding conformations of maltose in the binding site of 
Leuconostoc citreum ABK-1 alternansucrase, the constructed structure of maltose was docked 
into the active site of the representative structure of alternansucrase with the glc-D635 
intermediate to construct maltose-ALTwt

 complex, using a grid box of 30 Å x 30 Å x 30 Å with 
a grid spacing of 1 Å. 20 independent docking runs were performed, resulting in the total of 
2,000 binding conformations. The catalytically competent binding conformation of maltose in 
the active site of alternansucrase was selected if the distance from O6 hydroxyl group of the 
non-reducing terminal glucose of maltose to C1 atom of the glc-D635 intermediate was less 
than or equal to 3.5 Å [7]. To identify the most reasonable catalytically competent binding 
conformation, 54 binding conformations that passed the distance criterion were superimposed 
with the crystal structure of maltose in the acceptor binding site of Lactobacillus reuteri 
glucansucrase (PDB: 3KLL); the binding conformation with the lowest heavy-atom RMSD 
values was selected. To construct the structure of W675A complex, W675 of maltose-ALTwt

 

complex was mutated to A675 to construct the maltose-ALTW675A
 complex. The maltose-

ALTwt
 and maltose-ALTW675A complexes were then immersed in an isomeric truncated 

octahedral box of TIP3P water molecules with a buffer distance of 13 Å and neutralized by 
sodium ions (Na+). All systems were minimized, heated, equilibrated and simulated for 100 ns 
of production runs with similar setup procedure.  

 RMSD values were computed to monitor the structural stability during the simulations 
of all systems. The proximity between atoms necessary for transglycosylation was measured 
by the distance between O2, O3, O4, O6 hydroxyl groups of the non-reducing terminal glucose 
of maltose and C1 atom of the glc-D635 intermediate. Hydrogen bond interactions were 
calculated based on hydrogen bond occupations between binding residues and maltose. 
Hydrogen bond was determined to occur if the following criteria were met: (i) a proton donor-
acceptor distance ≤ 3.5 Å and (ii) a donor-H-acceptor bond angle ≥ 120°. 
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