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Abstract This computational study is a summary of structural
properties of the B-glucosidase subfamily B. Computations were
carried out using GCG package programs. All sequences used in
this analysis were taken from the protein data bank. The mul-
tialignment and the phylogenetic tree of the B-glucosidase sub-
family B are shown. The conserved patterns: DGP, GRNFE,
DPYL, KHF, SDW, GLD, VLLKN in the N-terminal region and
FGYGLSY in the C-terminal part should be pointed out. C-
terminal parts of the Butyrivibrio fibrisolvens and Ruminoccocus
albus B-glucosidase sequences can be aligned to the N-terminal
region of the other members of the subfamily. A crossed homol-
ogy model in sub-family B B-glucosidases is described.
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1. Introduction

B-Glucosidases  (1,4-8-p-glucoside glucohydrolases; EC
3.2.1.21) are defined as enzymes that hydrolyze compounds
containing B-glucosidic linkages by splitting off the terminal,
non-reducing B-p-glucose residues and releasing S-p-glucose
[1]. His, Glu and Asp are the amino acids thought to be in-
volved in enzymatic hydrolysis using an acid catalytic mecha-
nism [2]. Because of their biotechnological importance, a num-
ber of f-glucosidase genes have been cloned and attempts at
organizing f-glucosidase families and domains have been re-
ported [3,4]. In a previous study we described a S-glucosidase
family chart which was revealed by computer analysis of pro-
tein sequences [5]. Two sub-families A and B clearly exist.
Sub-family A includes vegetal B-glucosidases and prokariotic
enzymes. While sub-family B groups rumen bacteria and fungal
J-glucosidases. The aim of this work is to make an in depth
study of the well conserved amino acid motifs and the protein
identity of the amino acid sequences which are shared by the
S-glucosidases of sub-family B. The phylogenetic arrangement
of the B-glucosidases sequenced to date within the sub-family
is also shown. This paper reports data that is part of a program
for the study of enzymes which are involved in the degradation
of plant material.

2. Materials and methods

All sequences used in this analysis were taken from Swiss Protein
Resources (Swiss-Prot), Protein International Resources (PIR), Gen-
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Bank and EMBL sequence data bank. Table 1 shows the organisms,
gene, size (number of amino acids) and the individual access numbers
of the cloned sub-family B S-glucosidases taken from the data bank.
It should be noted that the Schizophyllum commune and Aspergillus
wentii data correspond to only a part of their amino acid sequences.
Multiple alignment was obtained using the PILEUP program that is
available in the GCG software package version 8.0 (Genetic Computer
Group, Inc. University of Wisconsin, Madison). Phylogenies of the
aligned B-glucosidase sequences were estimated using the DISTANCES
program. The phylogenetic tree was obtained by the GROWTREE
program using the UPGMA method. A protein search for similarity
between the query sequences was made by the FASTA program. Struc-
tural signature patterns were given by the PROSITE dictionary incor-
porated into GCG (Amos Bairoch. University of Geneva).

3. Results

Long tails were observed in the C-terminal region of the
whole subfamily multialignment corresponding to the Butyrivi-
brio fibrisolvens and Ruminococcus albus B-glucosidases (results
not shown). In order to characterize the structural basis of these
bacterial enzymes, first, the C-tails were computationally cut,
and two segments were obtained for each protein. Second, the
two tails were individually submitted to the protein data base
using the FASTA program. All the members of the sub-family
B B-glucosidases were the only proteins which showed signifi-
cantly high similarity scores. The C-tails matched the N-regions
of these B-glucosidases. Third, as FASTA provides only indi-
vidual comparisons, in an attempt to reveal new aspects of the
global homology, both the C-tails and the N-terminal frag-
ments of Butyrivibrio fibrisolvens and Ruminococcus albus en-
zymes were multiple aligned with the rest of the S-glucosidases
using the PileuUp program. Fig. 1 shows the amino acid align-
ment of seven of the more representative B-glucosidases of
sub-family B (S. fibuligera, T reesei, C. pelliculosa, K. fragilis,
A. tumefaciens, and C. thermocellum) plus the N- and C-termi-
nal fragments of B. fibrisolvens and R. albus. In this case the
C-fragments also matched the N-terminal regions of the whole
sub-family. A crossed homology model, based on a block-
inversion of the Butyrivibrio fibrisolvens and Ruminococcus
albus sequences is suggested for the sub-family B S-glucosi-
dases. The conserved patterns: DGP, GRNFE, DPYL, KHF,
SDW, GLD, VLLKN in the N-terminal region and
FGYGLSY in the C-terminal part should be pointed out. Fig.
2 shows the phylogenetic tree of the S-glucosidase sub-family
B. The fungal S-glucosidases such as Schizophyllum commune,
Trichoderma reesei and Clostridium thermocellum are a branch
of the phylogenetic tree.

4. Discussion
In the present work, a set of fourteen sub-family B -gluco-

sidases sequences were compared. On the basis of the sequence
comparison using the iterative, pairwise multiple alignment
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Fig. 1. Amino acid sequence multiple alignment of the S-glucosidase sub-family B. Amino acid residues are given in single-letter code, alignment
was maximized by introducing gaps, denoted by a point (.). Numbers are the multiple alignment position from the N-terminus. Residues which are
conserved in at least five sequences are red. Blocks of well conserved residues are indicated by red bars. Abbreviations are as follows: Bfi, Butyrivibrio
fibrisolvens; Ral, Ruminococcus albus; Sf1, Saccharomycopsis fibuligera (BGL1); Sf2, Saccharomycopsis fibuligera (BGL2); Cpe, Candida pelliculosa;
Tre, Trichoderma reesei; Kfr, Kluyveromyces fragilis; Atu, Agrobacterium tumefaciens; CtB, Clostridium thermocellum (BGLB). Bfi_N, Ral_N and
Bfi_C, Bfi_C mean the N- and C-terminal part of Butyrivibrio fibrisolvens and Ruminococcus albus B-glucosidase sequences.
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Fig. 1. (Contd.).
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Fig. 2. The resulting phylogenetic tree of the S-glucosidase sub-family B according to the GROWTREE (GCG) program.

program PileUp (GCG), two domaines showing similarity
scores were observed in the N-terminal part, and in the C-
terminal part, respectively. Consistenly with the B. fibrisolvens
and R. albus enzymes characteristics, it is remarkable that these
anaerobic bacteria f-glucosidases are grouped together in the
phylogenetic analysis. These results agree with the literature
which reports similarities between Butyrivibrio fibrisolvens and
Kluyveromyces fragilis, Clostridium Themocellum and Candida
pelliculosa sequences [6]. Of course the behaviour of B. fibri-

solvens and R. albus f-glucosidases requieres attention. To the
best of the author’s knowledge, no attempt to address this
problem has been made to date.

It is worth noting that the N-terminal region of the multiple
alignment groups together the well known sequence motifs
[2]- Legler et al. [21] observed that the conduritol B-epoxi inhib-
itor bound to the Asp residue of the SDW motif in Aspergillus
wentii. The PROSITE data bank uses this region as a signature
pattern. Based on mechanism studies with lysozyme [22], the

Table 1
Summary of cloned B-glucosidases sub-family B
Organism gene Size Protein data bank code Reference

(amino acids)

SwissProt GeneBank PIR

Butyrivibrio fibrisolvents BGLA 830 P16084 M31120 A44768 6
Ruminococcus albus BGLA 947 P15885 X15415 S08243 7
Schizophyllum commune - 192* P29091 - A28571 8
Trichoderma reesei BGLI 712 - - - 9
Saccharomycopsis fibuligera BGLI1 876 P22506 M22475 - 10
Saccharomycopsis fibuligera BGL2 880 - M22476 - 10
Aspergillus wentii A3 63* P29090 - A29171 11
Candida pelliculosa - 825 P06835 X02903 B23783 12
Agrobacterium tumefuciens CBGl 818 P27034 M59852 A42292 13
Kluyveromyces fragilis - 845 P07337 X05918 A29148 14
Clostridium thermocellum BGLB 754 P14002 X15644 504381 15
Microbispora bispora BGLA 1020 - L06134 - 16
Cellvibrio gilvus - 854 - - - 17,18,19
Escherichia coli BGLX 765 P33363 - - 20

*Partial sequence.
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hydrolysis of f-glycosidic bonds is considered to proceed by
general acid catalysis involving aspartic and glutamic acid res-
idues. In the case of lysozyme, Glu-35 promotes catalysis by
promoting the glycosyl oxygen, while the carboxylate form of
Asp-52 stabilizes the glycosyl carbonium ion intermediate [22].
Conceivably, the aspartic amino acid residue of the SDW motif,
as well as the conserved Glu residue nine amino acids upstream,
could fulfill a function similar to Asp and Glu of lysozyme.
Moreover, the protonated form of the strictly conserved His
residue at position 249 within the KHF motif, might act as
proton donor with Glu assisting in the stabilization of the
clevage intermediate. Another conserved sequence motif was
found around asparagine which shows the putative glycosyla-
tion site consensus N(K,R)(S,T)N-X-S/T, where X is not Pro
[9]. Alternatively, in view of their large size these enzymes may
possess more than one active site. With respect to this, the Asp
residue which falls in the VDYR motif has been described as
a catalytic site in the Schizophyllum comune f-glucosidase [8].

From the data in this paper, it is concluded that the C-
terminal parts of both B. fibrisolvens and R. albus p-glucosi-
dases are homologous with the N-terminal region of the others
members of the sub-family B and show the signature patterns
of these N-regions. This evidence suggests that B. fibrisolvens
and R. albus B-glucosidases have a block-inversion in their
amino acid sequences.
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