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S1. Solubility of reaction mixture

With a high carbohydrate concentration (~200 g/L) in the reaction mixture (Figure S1, Original), the apparent
solubility of cello-oligosaccharide (COS) decreased.” A certain fraction of the total products gradually became
insoluble and precipitated (Figure S1, 1#) after 2-day storage at room temperature.

In comparison, the reaction solution after the yeast treatment (30 g/L yeast, 30 °C, 24 h) showed better stability
(almost no precipitation, Figure S1, 2#) over a two-week storage at room temperature.
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Supporting Figure S1. Storage stability comparison of the original reaction mixture and the yeast treated
solution. 1#, reaction mixture after 2-day storage at room temperature. 2#, yeast treated solution after 2-week
storage at room temperature. The original solution was obtained from the reaction using 0.5 M sucrose, 0.15 M
glucose, and 50 mM phosphate, 20 U/mL BaScP, 6 U/mL CuCbP and 2 U/mL CcCdP at 45 °C, pH 7.0 for 6 h.



S2. Purification of COS from reaction mixture

Through a simple two-step downstream processing (microbial treatment and acetone precipitation) plus further
lyophilization of the precipitated material (Figure S2A), the final product was obtained as a white powder
(Figure S2B) with a high purity (> 95%) and excellent storage stability.
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Downstream Processing:

1, Microbial treatment (30g/L yeast, 30 °C, 24 h);

2, Organic precipitation (acetone, 9:1 volume ratio, overnight);
3, Lyophilization (12 h).

Supporting Figure S2. A) Scheme of downstream processing for purification of the COS products from reaction
mixtures; B) Physical appearances of purified products (lyophilized). The original solution (Ori) was obtained from
the reaction using 0.5 M sucrose, 0.15 M glucose, and 50 mM phosphate, 20 U/mL BaScP, 6 U/mL CuCbP and 2
U/mL CcCdP at 45 °C, pH 7.0, for 6 h.



S3. Crystal structure of insoluble product during enzymatic reaction
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Supporting Figure S3. Wide-angle X-ray diffraction (WAXD) patterns of the insoluble product during enzymatic
reaction. It was obtained from the reaction using 0.5 M sucrose, 0.15 M glucose, and 50 mM phosphate, 20 U/mL
BaScP, 6 U/mL CuCbP and 4 U/mL CcCdP at 45 °C, pH 7.0, 8 h. The product was washed several times with water
to remove enzymes and lyophilized before WAXD analysis.



S4. Genomic analysis of putative transport/enzyme systems for COS utilization

Genomic analysis of transporters and catabolic enzymes for COS in probiotic bacteria was carried out via genome
searching on GenBank: https://www.ncbi.nlm.nih.gov/. Since the ABC transporter was reported for COS uptake in
some bacteria, the genome searching was done using keywords “ABC transporter” or plus “sugar” when necessary.
For catabolic enzyme searching, keyword of “phosphorylase” or “glucosidase” was used. The collective information

was shown in Table S1.

Table S1. Transporters and enzymes for the COS utilization in bacteria: reported and putative

Microorganisms DP of COS Transporter system Catabolic Genes Ref.
utilized (TS)* enzyme (CE)* (TS+CE) *
Bifidobacterium breve UCC2003 2-5 ABC transporter B-glucosidase cldEFG + cdIC 2
Clostridium thermocellum 2-6 ABC transporter CbP, CdP chpABCD 3.4
Ruminiclostridium cellulolyticum 2-5 ABC transporter CbP™ cuaABCD + 3
chpA
Streptomyces reticuli 2-3 ABC transporter B-glucosidase cebEFG + bglC 6
Thermobifida fusca 2-3/4 ABC transporter B-glucosidase bglAB + bgiIC !
Lactococcus lactis 2-6 Oligosaccharides ABC  a/B-glucosidase ostC, 8
transporter WP_003130089.1 +
WP 021723033.1
C. butyricum 2-6 Sugar ABC transporter ~ CbP (+CdP)™  WP_058142197.1,
WP 058146511.1 +
WP 058146708.1
Lactobacillus paracasei 2-6 Sugar ABC transporter n.d™ WP_016376967.1,
WP 003662470.1
L. rhamnosus 2-6 Sugar ABC transporter  a/B-glucosidase =~ WP_005685292.1,

WP_005684552.1

* In the reported literature, the gene clusters were revealed to encode ABC transporter + catabolic enzymes
responsible for COS utilization. For the probiotic bacteria used in this study, the genes encoding putative sugar ABC
transporter including substrate binding protein and permease, and catabolic enzymes possibly related with COS or
other oligosaccharides utilization were noted (GenBank: https://www.ncbi.nlm.nih.gov). Abbreviation: CbP,
cellobiose phosphorylase; CdP, cellodextrin phosphorylase.

*% Other unknown CdP or B-glucosidase is expected, but not revealed yet.* **

*** No direct enzyme was detected, but a 6-phospho-p-glucosidase was noted that might potentially work as -

glucosidase or link to the PTS system.’’



References

1. Nguyen, T. H.; Haltrich, D., 18 - Microbial production of prebiotic oligosaccharides. In Microbial Production of Food
Ingredients, Enzymes and Nutraceuticals, McNeil, B.; Archer, D.; Giavasis, 1.; Harvey, L., Eds. Woodhead Publishing,
Cambridge, United Kingdom: 2013; pp 494-530.

2. Pokusaeva, K.; O'Connell-Motherway, M.; Zomer, A.; Macsharry, J.; Fitzgerald, G. F.; van Sinderen, D., Cellodextrin
utilization by Bifidobacterium breve UCC2003. Appl Environ Microbiol 2011, 77, 1681-1690.

3. Nataf, Y.; Yaron, S.; Stahl, F.; Lamed, R.; Bayer, E. A.; Scheper, T. H.; Sonenshein, A. L.; Shoham, Y., Cellodextrin and
laminaribiose ABC transporters in Clostridium thermocellum. J Bacteriol 2009, 191, 203-209.

4. Zhang, Y.-H. P.; Lynd, L. R., Cellulose utilization by Clostridium thermocellum: bioenergetics and hydrolysis product
assimilation. P Natl Acad Sci USA 2005, 102, 7321-7325.

5. Fosses, A.; Maté, M.; Franche, N.; Liu, N.; Denis, Y.; Borne, R.; de Philip, P.; Fierobe, H.-P.; Perret, S., A seven-gene
cluster in Ruminiclostridium cellulolyticum is essential for signalization, uptake and catabolism of the degradation products
of cellulose hydrolysis. Biotechnol Biofuels 2017, 10, 250.

6. Schlosser, A.; Jantos, J.; Hackmann, K.; Schrempf, H., Characterization of the binding protein-dependent cellobiose and
cellotriose transport system of the cellulose degrader Streptomyces reticuli. Appl Environ Microbiol 1999, 65, 2636-2643.
7. Spiridonov, N. A.; Wilson, D. B., Cloning and biochemical characterization of 5g/C, a B-glucosidase from the cellulolytic
actinomycete Thermobifida fusca. Curr Microbiol 2001, 42,295-301.

8. Siezen, R. J.; Starrenburg, M. J. C.; Boekhorst, J.; Renckens, B.; Molenaar, D.; van Hylckama Vlieg, J. E. T., Genome-
scale genotype-phenotype matching of two Lactococcus lactis isolates from plants identifies mechanisms of adaptation to
the plant niche. Appl Environ Microbiol 2008, 74, 424-436.

9. Zhang, Y.-H. P,; Lynd, L. R., Kinetics and relative importance of phosphorolytic and hydrolytic cleavage of cellodextrins
and cellobiose in cell extracts of Clostridium thermocellum. App! Environ Microbiol 2004, 70, 1563-1569.

10. Vigsnaes, L. K.; Nakai, H.; Hemmingsen, L.; Andersen, J. M.; Lahtinen, S. J.; Rasmussen, L. E.; Hachem, M. A_;
Petersen, B. O.; Duus, J. O.; Meyer, A. S.; Licht, T. R.; Svensson, B., In vitro growth of four individual human gut bacteria
on oligosaccharides produced by chemoenzymatic synthesis. Food Funct 2013, 4, 784-793.



