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Abstract Rhodothermus marinus ATCC 43812, a
thermophilic bacterium isolated from marine hot
springs, possesses hydrolytic activities for depolymeris-
ing substrates such as carob-galactomannan. Screening
of expression libraries identi®ed mannanase-positive
clones. Subsequently, the corresponding DNA se-
quences were determined, eventually identifying a cod-
ing sequence specifying a 997 amino acid residue protein
of 113 kDa. Analyses revealed an N-terminal domain of
unknown function and a C-terminal mannanase domain
of 550 amino acid residues with homology to known
mannanases of glycosidase family 26. Action pattern
analysis categorised the R. marinus mannanase as an
endo-acting enzyme with a requirement for at least ®ve
sugar moieties for e�ective catalytic activity. When ex-
pressed in Escherichia coli, puri®ed gene product with
catalytic activity was mainly found as two protein
fragments of 45 kDa and 50 kDa. The full-length pro-
tein of 113 kDa was only detected in crude extracts of
R. marinus, while truncated protein-containing fractions
of the original source resulted in a major active protein
of 60 kDa. Biochemical analysis of the mannanase re-
vealed a temperature and pH optimum of 85 °C and
pH 5.4, respectively. Puri®ed, E. coli-produced protein
fragments showed high heat stability, retaining more
than 70% and 25% of the initial activity after 1 h in-
cubation at 70 °C and 90 °C, respectively. In contrast,

R. marinus-derived protein retained 87% activity after
1 h at 90 °C. The enzyme hydrolysed carob-galacto-
mannan (locust bean gum) e�ectively and to a smaller
extent guar gum, but not yeast mannan.

Introduction

The cell walls of higher plants consist of varying
amounts of mannose-containing polysaccharides, such
as galactomannans and glucomannans. Mannans consist
of a b-(1,4)-linked backbone of mannose residues car-
rying other carbohydrate or acid substitutions (Ethier
et al. 1998). Galactomannans have a b-(1,4)-mannan
backbone substituted with single a-galactosyl residues at
C6 and are primarily found in the endosperm cell wall of
Leguminosae, constituting the main reserve of seed
carbohydrates (Bacic et al. 1988), and in the beans of
carob trees (Ceratonia siliqua; Dekker 1985). Mannans
and xylans constitute the major components of hemi-
celluloses in plant cell walls (Bacic et al. 1988).

Softwood pulps are particularly enriched in hemicel-
luloses which, due to the environmental disadvantages
of the commonly used chemical process (Kantelinen
et al. 1993), cause problems in the bleaching process of
hardwood and softwood pulps. Therefore the applica-
tion of enzymes in pulp treatment has attracted con-
siderable interest. Although xylanases are the main
enzymes used in pulp bleaching, synergistic actions with
mannanases have been shown (Buchert et al. 1993).

Biodegradation of b-mannans is carried out by a
b-mannanase [(1,4)-b-D-mannan mannanohydrolase;
EC 3.2.1.78], which hydrolyses the b-(1,4)-linkages in the
backbone of the mannan polymer, producing short-
chain oligomannosides. These can than be further
degraded by the action of b-mannosidase [(1,4)-b-D-
mannosidase; EC 3.2.1.25; Clarke et al. 1997].

Several bacterial b-mannanase genes have been
cloned and characterised, such as those from Bacillus
subtilis (Mendoza et al. 1995), Caldocellum saccharolyt-
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icum (Bicho et al. 1991) and Streptomyces lividans
(Arcand et al. 1993). Among the bacterial enzymes are
some from mesophilic organisms like Pseudomonas
¯uorescens (Braithwaite et al. 1995) and Vibrio sp.
(Tamaru et al. 1995) while others are from extremely
thermophilic bacteria like Thermotoga neapolitana
(Du�aud et al. 1997) and Caldicellulosiruptor Rt8B.4
(Gibbs et al. 1996). b-Mannanase enzymes have also
been isolated from fungi like Trichoderma reesei
(Stalbrand et al. 1995) and from plants such as Lycop-
ersicon esculentum (Bewley et al. 1997).

Important enzymatic properties in the bleaching
process are high thermostability and a broad pH opti-
mum, preferably with high activity at 100 °C in alkaline
conditions.

In order to ®nd new thermostable carbohydrolases,
we screened several thermophilic bacteria for the ability
to hydrolyse complex carbohydrates. Here, we report
the identi®cation and characterisation of a b-mannanase
of high thermostability, puri®ed from the marine
thermophilic bacterium Rhodothermus marinus. This
enzyme has a pH optimum at 5.4 but exhibits around
20% optimal activity at pH 7.8.

Materials and methods

Materials

Chemicals were analytical grade and purchased from local suppli-
ers if not stated otherwise. Guar gum, locust bean gum and yeast
mannan used as substrates for b-mannanase were purchased from
Sigma (Deisenhofen, Germany). Both the azurine dye-coupled
AZCL-carob-galactomannan and the unlabelled version were ob-
tained from Megazyme, Bray Company, Ireland.

R. marinus ATCC 43812 was obtained from the American Type
Culture Collection. It was cultivated in complex modi®ed medium
162 (Degryse et al. 1978) and propagated at 65 °C on a rotary
shaker.

Escherichia coli DH5a was used for subcloning and E. coli
LE392 for propagation of lambda EMBL3 phages containing the
genomic library. The vectors used for subcloning and plasmid
library construction were pTZ18/pTZ19 and pUC18/pUC19
(Amersham Pharmacia Biotech, Freiburg, Germany).

DNA isolation and phage library construction

Genomic DNA from R. marinus was isolated from logarithmic
growing culture by conventional phenol/chloroform extraction
followed by caesium chloride density gradient ultracentrifugation
(Sambrook et al. 1989).

GenomicDNAwas partially degraded by digestionwithSau3AI.
Following electrophoresis, resulting fragments of 3±15 kbp were
eluted from agarose gels using a Qiaex system (Qiagen, Hilden,
Germany). Fragments were ligated into BamHI-digested EMBL3
vectors. Lambda DNA was packed with the ``Ready-to-go Packag-
ing'' system (Amersham Pharmacia Biotech), according to the sup-
plier's instructions and subsequently propagated in E. coli LE392.

Library screening, cloning and sequence analysis

Agarose supplemented with 0.2% (w/v) AZCL galactomannan
was used as top-agar to screen for plaques expressing b-mannan-
ase. Positive plaques were ampli®ed and subjected to two addi-

tional rounds of screening in order to obtain a homogenous phage
stock. DNA from these phages was isolated using the lambda
isolation kit (Qiagen) and digested with SalI and EcoRI to obtain
the insert for further subcloning into a plasmid vector. DNA se-
quences were determined by the chain termination method (Sanger
et al. 1977), using an ALF DNA sequencer (Amersham Pharmacia
Biotech). Both DNA strands were analysed and assembled with
Geneskipper software (EMBL, Heidelberg, Germany) and PC-
Gene (IntelliGenetics, Mountain View, USA). Comparisons
to database sequences were done with the BLAST programs
(Altschul et al. 1990).

To analyse expression of the gene corresponding to the cloned
sequence, total RNA from R. marinus was isolated with the
RNA-Midi Kit (Qiagen). cDNA was made by ``Ready-To-Go
You prime ®rst strand synthesis kit'' (Amersham Pharmacia
Biotech) using a lower strand primer, annealing 1657 bp down-
stream of the translational ATG start codon (5¢ GCC CCC TCG
TCC AGC CAG AT). RT-PCR was then carried out with a
direct strand primer starting at the ATG (ATG-Dir1: 5¢ GGA
ATT CCA TAT GGT CGC CTT CCG GGG TGA AGT C) and
two nested lower strand primers (Rev1: 5¢ GGG CGG CCT
CGG CCG GGG TGT T; Rev2: 5¢ GCC GCC TCG TCC AGC
CAG AT) using the Advantage cDNA polymerase system
(Clontech, Heidelberg, Germany). The resulting fragments were
puri®ed after agarose gel electrophoresis by QiaexII (Qiagen) and
then sequenced.

PCR was also used to generate a probe for Southern blot
hybridisation, using a direct strand primer annealing at the start
codon ATG (ATG-Dir1) and a lower strand primer (Rev1: 5¢ GGG
CGG CCT CGG CCG GGG TGT T) using the Advantage cDNA
polymerase system. An internal SalI-BamHI restriction fragment of
656 bp was labelled with the DIG-DNA labelling and detection
system (Boehringer Mannheim, Mannheim, Germany) and used as
probe.

Expression and puri®cation

The protein coding region for the R. marinus mannanase gene was
ampli®ed using two primers annealing at the ATG start codon
(ATG-Dir1) and at the TGA stop codon (5¢ CCA TCG ATT CTA
GAC GGG TTC CGG CCG GTC AGC GAA CGC TTA) and
cloned into vector pT7-7. The resulting plasmid was introduced
into E. coli BL21pLysS (Calbiochem-Novabiochem, Bad Soden,
Germany) by the standard transformation procedure. Active
mannanase was obtained from the cell lysate of induced 2 l cultures
of the transformed strain. Cells were resuspended in 100 ml LCR
bu�er [20 mmol l)1 BisTris pH 7.5, 1 mmol l)1 MgCl2, 1 mmol l)1

DTT, 10% (v/v) glycerol, 0.02% NaN3] followed by the addition
of 10 ll ReadyLyse (Ambion, Wiesbaden, Germany) solution and
5 ll Benzonase (Merck, Darmstadt, Germany). Lysis was com-
pleted during incubation at 37 °C for 15 min, followed by freezing
and subsequent thawing at 65 °C (10 min). The crude lysate was
cleared by centrifugation at 20,000 g for 15 min and passing
through a 0.22-lm ®lter. The cleared lysate was loaded on a
Resource Q anion exchange column (Amersham Pharmacia Bio-
tech). Bound protein was eluted by a linear NaCl gradient over
0±1 mol l)1 NaCl.

Active fractions were pooled and heat-treated for 15 min at
75 °C. The solution was clari®ed by a centrifugation at 20,000 g for
15 min and ®ltered again. Salt was removed on BioGel P6-DG
(BioRad, Munich, Germany) and the fractionation on Resource-Q
was repeated. The ®nal puri®cation was achieved by size exclusion
chromatography on Superdex-200 (Amersham Pharmacia Bio-
tech). The purity of the preparation was analysed by SDS-PAGE
using 12% denaturing gels.

b-Mannanase from R. marinus was puri®ed in the same way as
from E. coli, omitting the initial Resource-Q step.

Extracellular, periplasmic and cellular fractions were isolated as
described by Cornelis et al. (1982). Periplasmic b-mannanase was
taken as the activity found in the supernatant following osmotic
shock with cold water.
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Zymogram analysis

Enzyme activity could also be detected after SDS-PAGE. Substrate
for the enzyme, either carob-galactomannan or azo-carob-galac-
tomannan, was included in the gels at a concentration of 5 mg ml)1

and 0.1%, respectively. After electrophoretic separation proteins
were renatured in ethanol water 1:1 (v/v) for 2 ´ 15 min followed
by equilibration in 0.1 mol l)1 phospho-citrate (PC)-bu�er. Active
protein bands were scored by incubation at 65 °C and staining with
Congo red [0.1% (w/v) in water] when galactomannan was used as
substrate or directly by release of the blue dye from the azo-labelled
galactomannan.

Analysis of mannanase activity

Mannanase activity was determined according to the method of
Miller et al. (1960) by measuring reducing sugars released after
incubation with mannans in PC bu�er. Incubation was at pH 5.4
and 75 °C if not stated otherwise. Alternatively mannanase activity
was determined using azo-carob-galactomannan (Megazyme) ac-
cording to the manufacturer's instructions.

For determination of the catalytic parameters Km and Vmax as
well as substrate speci®city, PC-bu�er with the substrates locust
bean gum, guar gum, yeast mannan and carob-galactomannan
(Sigma) were used at concentrations of 0.1±10 mg ml)1.

Thin-layer chromatography

The end products of mannanase action were analysed by thin-layer
chromatography (TLC) on Silica 60 plates (Sigma), using a solvent
system of ethyl acetate:acetic acid:water 2:1:1 (v/v). The reaction
was performed at optimum pH and temperature conditions over-
night with an excess of enzyme in order to obtain a complete di-
gestion of substrates. Plates were developed by spraying with 20%
(v/v) sulphuric acid in ethanol and the dry plates have been sub-
sequently incubated for 5±10 min at 100 °C. Mannose, mannobi-
ose, mannotriose and mannotetraose TLC markers were obtained
from Megazyme, and mixed in equal amounts.

Results

Cloning of mannanase gene from R. marinus

Screening of a lambda genomic library gave rise to one
mannanase positive plaque. DNA isolation and se-
quencing of the insert showed that this clone contained a
3.6-kb SalI fragment encoding a polypeptide with high
similarity to the carboxy-terminal portion of known
endo-(1,4)-b-mannanases. Southern blot hybridisation
of genomic DNA from R. marinus gave an approxi-
mately 20-kb EcoRI fragment, hybridising to the manA
probe. Analysis of a plasmid library of EcoRI fragments
of genomic DNA of R. marinus subcloned into pUC18
revealed one mannanase-expressing clone carrying an
insert of 22 kb. The integrity of this insert in comparison
to the genomic locus was validated by Southern blot
analysis using di�erent restriction endonucleases. We
further subcloned a 5.8-kb SfuI fragment and obtained
the full-length gene as a contig of 4,832 bp. The encoded
protein consists of 997 amino acid residues, giving a
calculated molecular mass of 113 kDa. There is no ob-
vious promoter sequence upstream of the ATG start
codon, but alternative consensus sequences for the DNA

polymerase may be employed by R. marinus, similar to
those shown for Thermus thermophilus, a related thermo-
philic bacterium (Hartmann et al. 1991). Sequence
analysis identi®ed a terminator structure 153±207 bp
downstream of the TGA stop codon.

The DNA sequence has been deposited in the
GenBank database under accession number X90947.

Sequence analysis

Comparison of the deduced protein sequence of the
R. marinus b-mannanase with the GenBank and EMBL
databases revealed highest similarities to the endo-(1,4)-
b-mannanases of family 26 glycosyl hydrolases (Hen-
rissat and Bairoch 1993), such as ManA, ManB, and
ManC from Piromyces sp. (Millward-Sadler et al. 1996),
ManB from Bacillus subtilis (Mendoza et al. 1995) and
ManC from Pseudomonas ¯uorescence (Braithwaite
et al. 1995). It should be noted that only 550 amino acid
residues of the carboxy-terminal end have been included
in these alignments, since the function of the amino
terminal part remains unknown and shows no similari-
ties to other database entries.

We also analysed the protein for a carbohydrate-
binding domain as found in several cellulases and
xylanases (Beguin and Lemaire 1996; Tormo et al. 1996;
Hazlewood and Gilbert 1998). But no obvious sequence
motif was found in ManA from R. marinus. To search
for putative transmembrane segments, the entire protein
sequence was analysed using the TMpred programme
(Hofman and Sto�el 1993). This resulted in the identi-
®cation of four putative transmembrane segments sur-
rounding the putative catalytic domain (Fig. 1).

Heterologous expression and puri®cation
of the mannanase

The mannanase gene was cloned into vector pT7-7
utilising PCR-mediated addition of restriction sites at
the ends of the coding region. Subsequently, the whole
construct was transformed into E. coli cells of strain
BL21pLysS. Cultures were grown in shaking ¯asks to
late logarithmic phase, induced and harvested after 3 h
further cultivation. Expression in E. coli resulted in
several active protein bands of 45±60 kDa.

Since the mannanase exhibits high heat-stability, we
attempted to remove endogenous E. coli proteins from
the crude cell extract by heating at 75 °C for 15 min.
Unfortunately, almost all mannanase activity was lost as
a result of this procedure. Therefore we removed the
bulk of proteins by an initial Resource Q separation in
order to avoid co-precipitation of the mannanase with
E. coli-derived proteins. This was followed by incuba-
tion at 75 °C for 15 min, without signi®cant loss of
mannanase activity.

A homogeneous protein preparation showing only
a single band in SDS-PAGE was obtained after an
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additional fractionation on Resource Q followed by gel
®ltration (Fig. 2a).

It was not possible to purify the full-length protein
from either R. marinus or E. coli. A protein product of
46 kDa corresponds to that of the proposed catalytic
domain.

Due to the low expression level of mannanase in
R. marinus, it was only possible to obtain a preparation
of partially puri®ed enzyme from the thermophile or-
ganism. Full-length mannanase was, however, detect-
able when crude extracts of R. marinus were separated
by SDS-PAGE followed by zymogram analyses using
carob-galactomannan (Fig. 2b).

Protein bands with mannanase from the E. coli
activity were isolated but, possibly due to N-terminal
blockage, we could not determine the sequence of these
protein fragments.

RT-PCR was performed to verify the presence of the
full-length mRNA. Although no signal in a Northern

blot could be obtained with total RNA from R. marinus,
clear fragments were produced in a RT-PCR by a 5¢
primer annealing at the postulated ATG start codon and
di�erent 3¢ primers (Fig. 3). The major bands in lanes 3
and 5 were puri®ed and sequenced to con®rm identity
with the manA gene. Northern blot analysis of total
RNA from E. coli expressing manA showed several
signals, but all observed fragments were truncated
compared with the full-length gene. Therefore it might
be possible that there are di�erent transcription starting
points for the manA gene when expressed in E. coli.

Biochemical characterisation of ManA

The hydrolytic activities of the truncated mannanase
puri®ed from crude extracts of transformed E. coli and
from R. marinus were analysed. The maximum catalytic
activity was found at 85 °C, pH 5.4 using the labelled
substrate azo-carob-galactomannan. Although the
b-mannanase from R. marinus shows a maximum of
activity in the acidic pH range, substantial activity
remains around neutral pH (Fig. 4). However, di�erent
temperature optima were detected, depending whether
the enzyme expression was homo- or heterologous. A
slightly higher temperature optimum was observed for
the enzyme puri®ed from its natural host R. marinus,
possibly caused by the larger N-terminal truncation of

Fig. 1 Protein sequence of b-
mannanase from Rhodothermus
marinus. The protein sequence
of the catalytic domain is shown
on grey background and puta-
tive segments are indicated in
underlined bold type. The con-
served putative catalytic resi-
dues are given with white letters
on black background

Fig. 2A,B SDS-PAGE showing puri®cation of b-mannanase. 0.1%
azo-carob-galactomannan was included in the gel and the enzyme was
renaturated after electrophoresis. Active bands appeared after
incubation at 65 °C for 30 min. A SDS-PAGE of R. marinus
b-mannanase puri®cation from heterologous expression in E. coli,
lane 1 Broad range marker prestained (New England Biolabs), lanes
2±4 20 ll fractions of ®nal gel-®ltration of b-mannanase puri®cation.
B SDS-PAGE of R. marinus crude extracts: lane 1 broad range
marker prestained (New England Biolabs), lane 2 40 lg crude extract
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the E. coli-expressed enzyme. Alternatively, co-precipi-
tation of the mannanase with contaminating E. coli
proteins, as seen during the puri®cation process, may
have caused a reduction of enzyme activity. However,
similar di�erences were observed during analysis of en-
zyme thermostability.

The E. coli-produced enzyme exhibited 25% residual
activity after 1 h at 90 °C, while the R. marinus-derived
enzyme retained 87% of the initial activity after 1 h at
90 °C (Fig. 5).

The b-mannanase was also analysed for substrate
speci®city by incubation with di�erent mannans, fol-
lowed by separation of the enzymatic products by TLC.
The enzyme depolymerises carob-galactomannan, locust
bean gum and guar gum but not yeast mannan (Fig. 6).
The latter represents a substrate without any side
chains. Accordingly, it is proposed that the b-mannan-
ase of R. marinus acts only on substituted substrates.
Using galacto-manno-oligosaccharide substrates fol-
lowed by analysis of the products on TLC plates dem-
onstrated that the b-mannanase exhibits only low
activity on mannotetraose, while signi®cantly higher
enzymatic activity was observed with oligosaccharide
substrates having a degree of polymerisation (DP) of
more than ®ve. Hence, the b-mannanase of R. marinus
exhibits a clear endo pattern action with a demand for
at least ®ve sugar moieties for e�ective cleavage of the
substrate.

Catalytic parameters for the b-mannanase were
determined with the reducing sugar method using carob-
galactomannan and locust bean gum. Due to the di�-
culties in dissolving these complex substrates at higher
concentrations, it was impossible to obtain reproducible
results. Consequently, common double reciprocal plots
were used to obtain an estimation of Km and Vmax val-
ues. We got values for Km of 3.2 mg/ml and 1.9 mg/ml
and for Vmax of 1,220 U/mg and 3,524 U/mg for the two
substrates carob-galactomannan and locus bean gum
respectively.

Discussion

The use of hemicellulose-degrading enzymes in bio-
technological applications, such as the bleaching of
softwood pulps, has attracted increasing interest within
recent years. Some of these enzymes may function
at elevated temperatures, an important feature for a

Fig. 3 RT-PCR of total RNA from R. marinus isolated from late log-
phase culture. Lanes 1, 2 ®rst PCR ampli®cation with primer 6856
(ATG) and cDNA synthesis primer 6824: lane 1+reverse transcrip-
tase, lane 2)reverse transcriptase (negative control). Lanes 3, 4 second
PCR ampli®cation using nested 3¢ primer 6823 of ®rst PCR (lanes 1,
2) after Microspin S200 puri®cation. Lanes 5, 6 second PCR
ampli®cation using nested 3¢ primer 6825 of ®rst PCR (lanes 1, 2)
after Microspin S200 puri®cation. Lane M 1 kb ladder (Promega)

Fig. 4 pH Optimum of ManA. Activity of the mannanase was
determined for 10 min at 75 °C in PC bu�er with azo-carob-
galactomannan as substrate

Fig. 5 Comparison of thermostability for ManA produced in E. coli
and R. marinus. The enzyme preparations were preincubated at 90 °C
for the indicated time and residual activity determined at 75 °C, pH
5.4, with azo-carob-galactomannan as substrate
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number of industrially used hemicellulases. This paper
reports the identi®cation, cloning and characterisation
of an extreme thermostable b-mannanase which can
degrade various branched galactomannans.

Based on sequence comparison analysis, the protein
appears to be composed of two domains, with the
C-terminal part exhibiting high similarities to mannan-
ases of glycosyl hydrolase family 26 as classi®ed by
hydrophobic cluster analysis (Bolam et al. 1996). The
R. marinus mannanase contains well-conserved putative
catalytic residues E752, D809 and E845 within a region
that is highly conserved among family 26 members. It
has been suggested that the members of family 26
evolved from an ancestral sequence that had an (a/b)8
barrel structure. It is postulated that the acid±base cat-
alytic glutamate is at the C-terminal end of strand b-4
and the nucleophilic glutamate at the C-terminal end of
strand b-7. Furthermore the HCA-plots indicate that the
invariant glutamic acid residues are preceded by a region
clustering with shapes compatible with a helix followed
by a strand (Bolam et al. 1996).

It was not possible to assign a de®ned function to the
N-terminal domain of ManA. There are no similarities
to entries in the SwissProt database or to translated se-
quences of EMBL.

When the ManA sequence was analysed for putative
transmembrane segments, it was possible to identify
membrane-spanning helices N-terminal to the catalytic
domain and one in the C-terminal part of the protein.
Although there is no obvious signal peptide motive at
the N-terminus of ManA, the majority of enzymatic
activity was found in the periplasmic fraction, whereas
no b-mannanase activity was detectable in the superna-
tant and only very low activity was found in the cyto-
plasmic fraction of R. marinus cultures. It therefore
seems that the enzyme is directed to the outer com-
partments of the cell in order to depolymerise high
molecular weight substrates.

Only a minor portion of active b-mannanase from
cultured R. marinus cells was present as a full-length
protein of 113 kDa. The main fraction of active enzyme
was �62 kDa. It remains to be clari®ed whether this was
due to proteolytic degradation or to processing of the
mannanase protein, although the possibility of detection

of additional b-mannanases, coded by di�erent genes,
cannot be excluded. Yet, we identi®ed only one manA
gene in R. marinus by Southern blot analysis utilising a
manA probe.

The elevated temperature optimum for growth of
R. marinus of 65 °C implies also higher thermostabilities
of Rhodothermus-derived enzymes, which could make
them interesting for industrial applications like bioble-
aching of softwood pulps. The b-mannanase of R.
marinus described in this report displayed high activity
at temperatures around 80 °C at acidic and neutral pH
combined with a stability at even higher temperatures.
Comparable data were also found for other R. marinus-
derived enzymes such as laminarinase, ligase, xylanase
and cellulase (Krah et al. 1998; Dahlberg et al. 1993;
ThorbjarnardoÂ ttir et al. 1995; Karlson et al. 1997;
Hreggvidsson et al. 1996).

The stability of recombinant ManA puri®ed from
E. coli is dependent on the enzyme purity: the purer the
preparation, the higher the thermostability. These e�ects
were not observed for the mannanase expressed and
puri®ed from R. marinus. As ManA puri®ed from E. coli
cells showed reduced heat stability in comparison with
the homologously expressed enzyme. It seems likely that
truncations in¯uence the physico-chemical characteris-
tics of the protein.
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