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Molecular mechanism and application of
bacterial glycosidases
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Based on amino acid sequence similarity, two bacterial enzymes, Escherichia coli
a-xylosidase (Yicl) and Lactobacillus johonsonii a-1,3-glucosidase (LJAG31), belong
to glycoside hydrolase family (GH) 31, containing many important human enzymes.
Up to now, only a few bacterial GH 31 enzymes have been characterized. The
molecular mechanism, physiological role, and applicability of the two bacterial GH 31
enzymes were studied by analyzing reaction products, kinetics, and structures of the

recombinant enzymes in combination with site-directed mutagenesis works.

1. Aglycone specificity of Yicl investigated by transxylosylation

The specificity of the aglycone-binding site of Yicl was characterized by
examining transxylosylation-catalyzing property of the enzyme. Acceptor specificity
and regioselectivity were investigated using various sugars as acceptor substrates and o-
xylosyl fluoride as the donor substrate. Comparison of the rate of transfer product
formation and its yield using various acceptor substrates showed that glucose was the
best complementary acceptor at the aglycone-binding site. Yicl preferred
aldopyranosyl sugars with an equatorial 4-OH as the acceptor substrate, such as glucose,
mannose, and allose, resulting in transfer products. This observation suggests that 4-
OH in the acceptor sugar ring made an essential contribution to transxylosylation
catalysis. The disaccharide transfer products formed by Yicl, a-D-Xylp-(1—6)-D-
Manp, o-D-Xylp-(1—6)-D-Fruf, and o-D-Xylp-(1—3)-D-Frup, are novel
oligosaccharides that have never been reported. Of the transxylosylation products, o.-
D-Xylp-(1—6)-D-Manp and a-D-Xylp-(1—6)-D-Fruf inhibited intestinal a-glucosidases

moderately.

2. Characterization of LJAG31 and its efficient overproduction in E. coli
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The heterologous production of LJAG31 in E. coli was so poor due to the formation
of inclusion body. To overcome this problem, high salt induced-osmolyte
accumulation, external-osmolyte addition, benzyl alcohol induced-chaperone secretion,
and plasmided chaperone coexpression were tested. High-salt concentration, addition
of benzyl alcohol, and chaperone coexpression were effective in preventing inclusion
body formation.

LJAG31 was an a-glucosidase with broad substrate specificity toward both
homogeneous and heterogeneous substrates. This enzyme displayed higher specificity
(in terms of k.a/Kym) toward nigerose, maltulose, and kojibiose than other natural
substrates having an a-glucosidic linkage at the non-reducing end, which suggests that
these sugafs are candidates for prebiotics contributing to the growth of L. johnsonii.
By western blot using antibody to the recombinant enzyme, the carbon source effect on
LJAG31 expression level in L. johnsonii was verified, and it was found that LJAG31
was constitutively expressed. To our knowledge, LJAG31 is the first bacterial a-1,3-
glucosidase to be characterized with a high k./Km value for nigerose [a-D-Glep-(1—3)-
D-Glcp]. Based on the comparison between LJAG31 and o-1,4 linkage-specific
glucosidase belonging to GH31, a distinguishing structural feature of LJIAG31, putatively
involved in specificity, was detected.

3. Chemical rescue and glycosynthase reactions derived from LJAG31

D409 residue in LJAG31 was thought to be a catalytic nucleophile based on the
sequence alignments of GH 31 enzymes. By mutating this residue with Gly, Ala, Ser,
or Cys, the chemical rescue and glycosynthase reactions were monitored with the
mutant enzymes. All D409 mutants showed a drastic decrease in the velocity of
fluoride liberation from a-glucosyl fluorides, but D409G among these mutants showed
the restoration of fluoride-liberating activity by externally added sodium azide. The [3-
glucosyl azide was found in the reaction mixture containing 0.8 M sodium azide and 2
mM oa-glucosyl fluoride incubated with D409G mutant. This finding demonstrates
that D409 is the catalytic nucleophile in LJAG31 because azide ions performed the
nucleophilic attack to anomeric carbon of a-glucosyl fluoride instead of D409G. In
addition, glycosynthase activity of those D409 mutants was verified with B-glucosyl
fluoride as a donor substrate and 4-nitrophenyl a-glucoside (pNP-Glc) as an acceptor
substrate. ~Of the mutants, D409G, D409S, and D409C showed o-glucosynthase
activity, producing 4-nitrophenyl o-nigeroside [c-Glep-(1—3)-a-Glcp-pNP] and p-
nitrophenyl a-isomaltoside [a-Glep-(1—6)-a-Glep-pNP].  D409S showed the highest
glycosynthaseﬂ activity, suggesting that Ser residue favorably interacted with fluorine group
of B-glucosyl fluoride.
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2 ODKEEESRE., 32> B Escherichia coli a-F¥ T a s #—€ (Yicl) & Lactobacillus johonsonii
a-1,3-ZNav X —E (LIAG3D) 1X. 73/ BEFIOELEN LI Vas K e RI—¥ 773
— (GH) BB IZHEINn5, BES THEBRRXD GHI3 BHEBRICET AR TR, &
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(1) BEEBEROEIFIZL 2 Yid 07 7' a &R D72

Yicl OEEFRE, FIT 7V a A (T AV TYHA ) ORERBERERL D, B
EBERZMET Lz, T2bb#t5EiCo-Fuiir 703 ) Fa, SEECEEEEL AV,
EBRARMOEREELHE Ls, SEFICEELZAWVWTHT A M+ 1 OFBBER~, =
—ANEHBRWVWERETHY, v/ —XLT7a—2LBRT22 00, C4 fLOKBENRZD
RN TATHDZ EEERLE, £RENZER 28O Y Ha-D-Xylp-(1—6)-D-Manp, a-D-Xylp-(1
—6)-D-Fruf 3 & Uo-D-Xylp-(1—3)-D-Frup BT TH Y . a-D-Xylp-(1—6)-D-Manp & o-D-Xylp-(1—6)-
D-Fruf 23/NMBo-Z NV a s F—BEEEEE L, RIC2HERLIEELZAEITAN, 7%/ b +2
E+3DORWBERANN, Bud Y IERLV ML) ITRELIVRVSEETHY ., 3EOFREWE
BEEEZEZDBI DL, VYT A M +2L+3118-T /XY v 7 #HEEHFAH, V7V A b+ 3
DEFAVE N LBRBO LN, ZORBIT. FBRORXKREE THLE X u /b4 25
DIFRIZEET D,

(2) LIAG31 OZNRAy 72 BFEE T4 L EMHE DR
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KRN 4-= b Tz =)l - Nvay R EOGEREEREZMAZ 5 & D409G, D409S X° D409C
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&L Aspd09 BIKIZ S I WN - VAT 2 —RIGE T T4 a v ZF—ERISEZBE L Aspd09 Dia-1,3-
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