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1 Materials and Methods 

Gene selection and cloning 

Sucrose phosphorylase (ScP) from Bifidobacterium adolescentis (BaScP, GenBank identifier 

AF543301.1) used here was previously reported and characterized [1, 2]. The gene sequence 

was codon-optimized for its expression in Escherichia coli (subject sequence in Supporting 

Figure S1). The synthetic gene was ordered from GenScript (Piscataway, New Jersey, U.S.), 

sub-cloned into pQE30 from Qiagen (Hilden, Germany, Supporting Figure S1). The 

recombinant enzyme, carrying an N-terminal His-tag (MRGSHHHHHHGS-), has a calculated 

molecular mass of 56.5 kDa (Supporting Figure S2). The enzyme was characterized for 

efficient recombinant protein production and glucosyl transfer activity from sucrose to 

α-D-glucose 1-phosphate (αGlc1-P) at pH 7.0. Further biochemical and kinetic 

characterization studies of BaScP are described in the manuscript. 

Thermodynamic analysis  

The Gibbs free energy change (ΔG) in each step of the cascade reaction was calculated based 

on the Eq. 1, where R is the gas constant (8.314 J/(mol∙K)) and temperature (T) was used at 

298.15 K (25 °C), Keq is the corresponding equilibrium constant of each phosphorylase 

reaction.  

ΔG = -RT lnKeq  (1) 

For sucrose phosphorylase reaction (sucrose + phosphate  αGlc1-P + fructose), the Keq was 

obtained from literature [3], where a Keq of 9.0 was measured (pH 7.0). The ΔG for this 

reaction was thus calculated as -5.4 kJ/mol. Similarly, the cellobiose phosphorylase reaction 

(αGlc1-P + glucose  cellobiose + phosphate) exhibited a ΔG of -3.7 kJ/mol (pH 7.0) 

calculated from the reported Keq of 4.3 [4].  

For cellodextrin phosphorylase, the Keq was determined from a series of experiments that 

used different initial concentrations of cellobiose (4-20 M) and αGlc1-P (1-5 mM) dissolved 

in 50 mM MES buffer, pH 7.0. The reaction to give cellotriose as the only (or major) 

cellodextrin product (αGlc1-P + cellobiose  cellotriose + phosphate) at apparent 

equilibrium was used for the Keq determination. At equilibrium, the final concentration of 

phosphate was measured, and Keq was accordingly calculated. A value of 2.3 was obtained. 

The reaction thus exhibited a ΔG of -2.1 kJ/mol.  
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2 Figures and Schemes 

ATGGGTATGGCGTCTATGAAAAATAAAGTCCAACTGATTACCTATGCGGATCGTCTGGGTGATGGCACCAT

TAAAAGCATGACGGACATCCTGCGTACCCGCTTTGATGGCGTTTATGACGGTGTCCACATTCTGCCGTTTT

TCACCCCGTTTGATGGCGCCGACGCAGGTTTCGATCCGATCGACCATACCAAAGTTGATGAACGTCTGGGT

AGCTGGGATGACGTCGCCGAACTGTCTAAAACCCACAACATTATGGTGGATGCAATCGTTAATCACATGTC

ATGGGAATCGAAACAGTTCCAAGATGTTCTGGCCAAAGGCGAAGAATCAGAATATTACCCGATGTTTCTG

ACCATGAGCAGCGTGTTCCCGAACGGTGCCACGGAAGAAGACCTGGCAGGCATTTATCGTCCGCGTCCGG

GTCTGCCGTTTACCCACTACAAATTCGCAGGCAAAACGCGTCTGGTCTGGGTGTCTTTTACCCCGCAGCAA

GTGGACATCGATACGGACAGTGATAAAGGTTGGGAATATCTGATGTCCATTTTCGACCAAATGGCGGCCA

GCCATGTGTCTTATATCCGCCTGGATGCGGTTGGCTACGGTGCCAAAGAAGCAGGCACCAGTTGCTTTATG

ACCCCGAAAACGTTCAAACTGATTTCCCGTCTGCGCGAAGAAGGCGTGAAACGCGGTCTGGAAATTCTGA

TCGAAGTCCACAGCTATTACAAAAAACAGGTGGAAATCGCGTCTAAAGTGGATCGCGTTTATGACTTTGC

CCTGCCGCCGCTGCTGCTGCATGCCCTGAGTACCGGCCACGTCGAACCGGTGGCCCATTGGACGGATATTC

GTCCGAACAATGCTGTTACCGTCCTGGATACGCATGACGGCATCGGCGTTATTGATATCGGTTCAGATCAG

CTGGACCGCTCGCTGAAAGGTCTGGTGCCGGACGAAGATGTGGATAACCTGGTGAATACGATTCATGCGA

ACACCCACGGCGAATCACAGGCAGCTACCGGTGCGGCGGCATCGAACCTGGATCTGTACCAAGTTAATAGT

ACCTACTACTCCGCTCTGGGCTGTAACGATCAGCACTACATCGCTGCGCGTGCGGTGCAGTTTTTCCTGCC

GGGTGTTCCGCAAGTCTATTACGTGGGCGCCCTGGCAGGTAAAAATGATATGGAACTGCTGCGCAAAACC

AACAATGGTCGTGACATTAACCGCCATTATTACAGCACGGCCGAAATCGATGAAAATCTGAAACGTCCGG

TGGTTAAAGCACTGAACGCTCTGGCGAAATTTCGCAATGAACTGGATGCTTTTGACGGCACCTTCTCATA

TACCACGGATGACGATACGAGTATTTCCTTTACCTGGCGTGGTGAAACGTCGCAGGCCACCCTGACGTTCG

AACCGAAACGCGGCCTGGGTGTTGATAATACCACGCCGGTCGCAATGCTGGAATGGGAAGACAGTGCTGG

TGACCATCGCTCCGACGACCTGATCGCTAATCCGCCGGTTGTTGCGTAA 

 

Supporting Figure S1. Codon-optimized gene sequence of the sucrose phosphorylase from 

Bifidobacterium adolescentis (BaScP, GenBank identifier AF543301.1). Start and stop codon 

are marked in bold (upper panel). The synthetic gene was ordered from GenScript 

(Piscataway, New Jersey, U.S.) for sub-cloning into pQE30 (lower panel) from Qiagen (Hilden, 

Germany).
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Supporting Figure S2. Scheme of the cascade reaction designed for the synthesis of 

cellodextrins from sucrose and glucose: A) sequential two-step reaction; B) simultaneous 

reaction. For the soluble cellodextrins (DP ≤ 6), n is 1 - 4. ScP, sucrose phosphorylase; CbP, 

cellobiose phosphorylase; CdP, cellodextrin phosphorylase. 

 

 

Supporting Figure S3. SDS polyacrylamide gel showing the purified recombinant enzymes 

expressed in E. coli. M, PageRuler™ Prestained Protein Ladder (10-180 kDa); 1, purified 

sucrose phosphorylase from B. adolescentis (BaScP); 2, purified cellobiose phosphorylase 

from Cellulomonas uda (CuCbP); 3, purified cellodextrin phosphorylase from Clostridium 

cellulosi (CcCdP). 
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Supporting Figure S4. Time-course analysis on A) cellodextrins solubility and B) αGlc1-P 

content in simultaneous reaction at varied enzyme activity ratios (200 mM sucrose, 50 mM 

glucose and phosphate, pH 7.0, 45 °C). The soluble mole ratio of cellodextrins is the mole 

ratio of total glucosyl units in the cellodextrins that remained soluble to the glucosyl units 

transferred from αGlc1-P in the overall reaction. Enzyme activity ratios (BaScP: CuCbP: 

CcCdP, U/mL): ○ reference reaction, 10:3:2; ◆ 10:1:2; ▼ 10:5:2; ▲ 10:3:1; ■ 10:3:3. The data 

are from single representative time-course experiments, but agree within typically ≤ 10% 

with replicates performed (N = 3). 

 

 

Supporting Figure S5. Time-course analysis on sucrose conversion and soluble 

cellodextrins release in simultaneous reaction (200 mM sucrose, 50 mM glucose, 10 U/mL 

BaScP, 3 U/mL CuCbP and 2 U/mL CcCdP at 45°C and pH 7.0) at varied phosphate 

concentrations: A) 25 mM and B) 80 mM as compared to the reference (50 mM phosphate): 

● sucrose (reference in grey), ■ total soluble cellodextrin (reference in grey), Δ cellotriose 

(G3), ✖ cellotetraose (G4), + cellopentaose (G5), ○ cellohexaose (G6). The data are from 

single representative time-course experiments, but agree within typically ≤ 10% with 

replicates performed (N = 3). 
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