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Xylan, the second most abundant renewable carbohydrate resource globally,
is a heterogeneous polysaccharide with diverse potential applications. In this study,
the BsXynAll gene from Bacillus subtilis was cloned into pMAL-p5x and pMY202
vectors to express two recombinant xylanases, namely MBP-BsXynA11l and BsXynAl11-
His. These recombinant xylanases were evaluated for their ability to convert xylan from
beechwood (BW) and sugarcane bagasse (BG) xylan into functional xylooligosaccharides
(XOS). The optimal conditions for the MBP-BsXynAll expression in Escherichia coli
were 0.2 mM IPTG for 20 h, at 32 °C, while BsXynAl1-His expression was optimal using
0.1 mM IPTG at 27 °C for 20 h. Under these conditions, MBP-BsXynAl1l exhibited a
higher expression yield of 44.6 mg/L compared to 5.5 mg/L for BsXynA11-His. SDS-PAGE
analysis showed molecular weights of 66 kDa for MBP-BsXynAll and 23 kDa for
BsXynAll-His. Both enzymes demonstrated optimal activity at 60 °C and pH 6.5;
however, MBP-BsXynAll displayed a higher specific activity of 7,900 U/nmol,
compared to 4,800 U/nmol for BsXynAll-His. In comparison with BsXynAl1-His, the
thermostability of MBP-BsXynAll was superior. In the presence and absence of the
BW-xylan, the remaining activity of MBP-BsXynA11 after 72 h of incubation at 40 °C was
76.5% and 81%, and at 50 °C, 58.5% and 22.5%, respectively. For BsXynA11-His, 65.5%
and 2.3% of the activity were retained at 40 °C, and 10.7% and 1.6% were retained at
50 °C, in the presence and absence of BW substrate, respectively. Kinetic analysis
revealed that MBP-BsXynA11 also exhibited a higher Vmax of 4,530 [mol-min™-nmol’
' and kcat of 5976 s, compared to 3,470 [,lmol-min'l-nmol"1 and 4,788 s for
BsXynAl1-His, respectively. However, BsXynAl1-His showed better substrate affinity for
BW-xylan, i.e., at Km of 12.9 mg-mL", compared to 19.3 mg-mL™" for MBP-BsXynA11. At
the optimal bioconversion reaction of 2% (w/v) WB xylan, pH 6.5 at 40 °C for 48 h,
52% and 50% of XOS could be generated from BW-xylan using 500 U/mL MBP-
BsXynAll and BsXynA11-His, respectively. Remarkably, over 90% of the XOS products

comprised xylobiose, xylotriose, and xylotetraose, which are highly bioactive components.



Next, the biological activities of MBPBW-XOS (XOS derived from beechwood
xylan by MBP-BsXynAll) was investigated. The results showed a notable prebiotic
effect in synthetic media on seven probiotic strains, i.e., Bifidobacterium longum
(Omniflora, Austria), Lactobacillus acidophilus DSM20079 (DSMZ), L. amylovorus
DSM20552 (DSMZ), L. delbrueckii sub. bulgaricus DSM20081 (DSMZ), L. gasseri
(Omniflora, Austria), Streptococcus salivarius DSM2059 (DSMZ), and S. thermophilus
APC151. Moreover, MBPBW-XOS’s ability to support the growth of two probiotic strains
(L. delbrueckii subsp. bulgaricus and S. thermophilus) in yogurt after three weeks of
storage at 4 °C was also revealed. Most importantly, the anti-inflammatory activity of
MBPBW-XOS, MBPBG-XOS (XOS from sugarcane bagasse xylan by MBP-BsXynAll),
XOSBW-HIS (XOS from beechwood xylan by BsXynA11-His), and XOSBG-HIS (XOS from
sugarcane bagasse xylan by BsXynAl1-His) were also demonstrated on LPS-induced
human mature monocytes, in a dose-dependent manner, with the optimal
concentration at 50 Jlg/mL. While further studies are needed to assess XOS toxicity at
high doses, these findings underscore the potential of enzymatically produced XOS as

functional food ingredients with health-promoting effects for humans and animals.
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