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Abstract − Glucanases are involved in degradation of glucans.

Here, we report a new endo-β-1,3-glucanase Mzl86 identified in

Mesoflavibacter zeaxanthinifaciens S86. The deduced amino-acid

sequence of Mzl86 showed highest similarity (45.1%) with

Leeuwenhoekiella blandensi and thus placed in glycosyl hydrolase

family 16. Purified recombinant protein (rMz186) showed an

optimum enzyme activity against laminarin at 50°C and pH 8.

The enzyme was stable at 50°C for 1 hour (maintaining 80% of

its maximum activity) and was strongly activated (187%) in the

presence of 2.5 mM manganese. Substrate-specific activities of

rMzl86 against laminarin, barley β-glucan and lichenan were 261,

128 and 115 unit/mg, respectively. rMzl86 degraded laminarioli-

gosaccharides (lager than biose) and laminarin while producing

mainly biose and glucose. Molecular and biochemical properties

reveal that rMzl86 shares typical features of β-1,3-glucanase

(EC 3.2.1.39) and thus is a potential candidate for use in agriculture,

drug, chemical and bioethanol industries. 

Key words−β-1,3-glucanase, Mesoflavibacter zeaxanthinifaciens,
recombinant enzyme, laminarinase activity, biochemical properties

1. Introduction

Polysaccharides, including D-glucose monomers linked

by β-1,3-glycosidic bonds, are essential cell wall components

in fungi and are also widely distributed in plant and lichen.

In the marine environment, β-1,3-glucan has been extracted

from brown seaweed (Miyanishi et al. 2003a). There are four

main types of endo-acting enzymes capable of depolymerizing

β-1,3-1,4-glucan (Planas 2000; McCarthy et al. 2003): i) β-

1,3(4)-glucanases (EC 3.2.1.6) which can randomly hydrolyze

β-1,3 and β-1,4-glycosidic bonds in β-glucan; ii) β-1,3-glucanases

(EC 3.2.1.39, also known as laminarinases) which can randomly

hydrolyze only β-1,3-glycosidic bonds in β-glucan; iii) β-

1,3-1-4-glucanases (EC 3.2.1.72) which can degrade only

β-1,4-linkages adjacent to the reducing terminal side of

β-1,3-linkage in mixed β-glucans; and iv) β-1,4-glucanases

(EC 3.2.1.4) which hydrolyze β-1,4-glycosidic linkages,

prominently present in cellulose.

The endo-β-1,3-glucanases are further classified into glycosyl

hydrolase (GH) families, e.g. family 16, 17, 55, 64, and 81, based

upon the structure and similarity of amino acid sequences

(Krah et al. 1998; Song et al. 2010). These enzymes can be

found in various organisms including plants, animals, fungi,

archaea and bacteria (Wong 1979; Delacruz et al. 1995;

Gueguen et al. 1997; Hong et al. 2002; Masuda et al. 2006;

Genta et al. 2009; Kumagai and Ojima 2010; Shi et al.

2010b; Song et al. 2010). The bacterial β-1,3-glucanases

and β-1,3-1,4-glcuanases are classified as glycosyl hydrolases

family 16 (GH16) (Shi et al. 2010b). Endo-β-1,3-glucanases

are widely used in diverse industrial applications. It can

convert algal biomass to fermentable sugar for bioethanol

production (Nisizawa K 1963). In agriculture, β-1,3-glucanases

can be applied to control fungal diseases in combination

with chitinase (Joosten and Dewit 1989; Castresana et al.*Corresponding author. E-mail: och0101@kiost.ac
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1990). The hydrolytic products of the glucan polymer due

to the action of endo-β-1,3-glucanases are useful in diverse

processes, such as yeast extract production (Ryan et al. 1995),

immuneactivation (Mohagheghpour et al. 1995; Akramiene

et al. 2007), and wine extraction clarification (Pretorius

1991).

With the potential for a broader application, in this study

we identified a new endo-β-1,3-glucanase from Mesoflavibacter

zeaxanthinifaciens S86 (designated as Mzl86) using Next

Generation Sequencing (NGS) technology. The newly identified

gene encoding Mzl86 was cloned and expressed in E. coli

BL21 (DE3) expression system. Subsequently, the hydrolytic

activity and the biochemical properties of Mz186 were

characterized using the purified recombinant protein. 

2. Materials and Methods

Experimental bacterial strain and identification of

laminarinase coding sequence

Experimental bacterial strain was collected from seawater in

Chuuk State of Micronesia and isolated following the

previously described procedure (Oh et al. 2011). The bacterial

strain was confirmed by 16S ribosomal DNA sequencing

and designated as M. zeaxanthinifaciens S86. The draft

genome (GenBank accession No. AFOE00000000) of M.

zeaxanthinifaciens S86 was sequenced by Genome Sequencer-

FLX System (GS-FLXTM), a next generation sequencing (NGS)

technology (Macrogen, Republic of Korea). Subsequently,

a unique nucleotide sequence that encodes a protein with

high homology to known laminarinases was identified by

the Basic Local Alignment Search Tool (BLAST) algorithm,

and the putative enzyme was designated as Mzl86. 

Sequence analysis 

The signal peptide of Mz186 was predicted by the SignalP 4.1

server (http://www.cbs.dtu.dk/services/SignalP/) (Petersen et al.

2011) and the identity/similarity percentage values of Mzl86

sequence against other homologues were calculated by

EMBOSS Pairwise sequence alignment tool (http://www.

ebi.ac.uk/Tools/psa/) (Larkin et al. 2007; Goujon et al.

2010). The NCBI conserved domains database (CDD;

http://www.ncbi.nlm.nih.gov/cdd/) (Marchler-Bauer and Bryant

2004; Marchler-Bauer et al. 2009; Marchler-Bauer et al.

2011) and Simple Modular Architecture Research Tool

(SMART; http://smart.embl-heidelberg.de/) (Schultz et al.

1998; Letunic et al. 2009; Letunic et al. 2012) were used to

identify active sites, catalytic sites and functional domains

in Mz186.

Cloning of mzl86 for overexpression

Genomic DNA of M. zeaxanthinifaciens S86 was isolated

using Accurprep® Genomic DNA Extraction Kit (Bioneer,

Republic of Korea) and was used as the template for PCR.

The laminarinase coding sequence without signal peptide

was amplified using primers (Lam-EF, 5′- gag aga CAT

ATG ATG CAT CAT CAT CAT CAT CAT TGC CAA

GAA GAA GAA CCA GAA-3′; and Lam-ER, 5′-gag aga

GGA TCC TTA TTG ATA TAC GCG TAT ATA GTC CAC

TTC-3′), which included restriction sites (NdeI and BamHI)

and 6 histidine-coding sequence for cloning the amplicon

into pET-11a expression vector (Novagen, USA). The PCR

mixture (50 μL) consisted of 5 units of LA Taq polymerase,

5 μL of 10X LA PCR buffer II (Mg2+ free), 5 μL of 25 mM

MgCl2, 500 ng of gDNA, and 10 pmol of each primer. The

thermal cycling condition included an initial denaturation

step (94°C, 5 min), 25 PCR cycles of amplification (94°C,

30 s; 45°C, 30 s; 72°C, 150 s), and a final extension step

(72°C, 5 min). The PCR product and pET-11b vector were

digested with respective restriction enzymes and ligated

together at 16°C for 30 min using T4 DNA ligase (Takara,

Japan). The pET-11a-Mzl86 expression plasmid was then

transformed into E. coli DH5α competent cells, and putative

recombinants were selected followed by sequencing confirmation.

Finally, the recombinant pET11a-mzl86 plasmid was transformed

into E. coli BL21 (DE3).

Overexpression and purification of recombinant Mzl86

(rMz186)

The E. coli BL21 (DE3) containing pET11a-mzl86 was

cultured overnight at 37°C in 5 mL LB broth supplemented

with 100 μL of ampicillin (100 mg/mL). The 2.5 mL culture

was then inoculated into 250 mL of fresh LB broth at 37°C

in a shaker until the culture reached a mid-logarithmic phase

(OD600nm=0.50-0.60). Isopropyl-β-D-thiolgalactoside (IPTG)

was added to a final concentration of 1 mM and the temperature

was adjusted to 25°C. After 16 h of induction, cultured pellet

was collected by centrifugation at 11,000 rpm for 10 min.

The cell pellet was re-suspended in 20 ml of binding buffer

(Novagen, USA) and frozen at -20°C overnight. After thawing

on ice, cells were disrupted by cold sonication and centrifuged

(11,000 rpm, 15 min, 4°C) to obtain the supernatants. The

rMzl86 was purified from the supernatant using the His·Bind
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Kit (Novagen, Germany). Then the purified protein was

analyzed by 8% sodium dodecyl sulfate-polyacrylamide

gel electrophoresis (SDS-PAGE). The concentration of the

purified recombinant protein was determined by the BCA

protein assay reagent kit (Thermo Fisher Scientific Inc, USA).

Enzymatic characterization of rMzl86

To determine biochemical properties of rMzl86, laminarin

was used as the substrate. The optimum temperature for rMzl86

enzyme activity was determined by monitoring its relative

activity at temperatures ranging from 30-80°C with 5°C

intervals at pH 7.0. The optimum pH for rMzl86 activity

was determined using pH range of 3-11 at 50°C. Citrate-

phosphate buffer, phosphate buffer and glycine-sodium

hydroxide buffer were used to generate pH ranges 3-7, 7-8,

and 9-11, respectively. The thermostability of rMzl86 was

determined using pre-incubated enzyme at temperatures of

50 or 60°C for 10, 20, 30, 40, 50 and 60 min. The sensitivity of

rMzl86 to various metal ions and chemical reagents was

determined in 0.5% laminarin solution supplemented with

1 and 2.5 mM of KCl, MgSO4, NaCl, CaCl2, EDTA, MnSO4,

FeSO4, CuSO4, and ZnSO4.

The specific activity of purified rMzl86 was determined

by using the 3,5-dinitrosalicylic (DNS) method (Miller 1959)

with 0.5% larminarin (Sigma, USA), 0.5% barley β-glucan

(Sigma, USA), 0.5% lichenan (Megazyme, Ireland), 0.5%

carboxymethyl cellulose (CMC; Sigma, USA), and 0.5%

β-1,4-xylan (Tokyo Chemical Industry, Japan) as substrates.

Identification of hydrolysis products from rMzl86

To determine the hydrolytic pattern of rMzl86 upon its

putative substrates, degradation products of different substrates,

including laiminarin, barley β-glucan, lichenan and

laminarioligosaccharides, were analyzed by thin layer

chromatography (TLC) upon hydrolysis by rMzl86. The

hydrolysates were applied to silica gel 60 plates (Merck,

Germany), developed with ethyl acetate/acetic acid/water

(2:2:1, v:v:v). Finally, the reducing sugars were visualized

using 10% H2SO4 in ethanol and subsequent charring.

3. Results and Discussion

In this study, we investigated the molecular characteristics

and biochemical properties of a new β-1,3-glucanase identified

in M. zeaxanthinifaciens S86. This is the first report of such

enzyme isolated from the genus Mesoflavibacter. The DNA

sequence of mzl86 was obtained from M. zeaxanthinifaciens

S86 by NGS technology, and the nucleotide and amino

acid sequences are shown in Fig. 1. The ORF comprised of

2,106 bp which encodes for a putative 703-amino-acid protein

with a predicted molecular mass of 77 kDa and theoretical

isoelectric point of 4.0. Sequence information was deposited

in NCBI GenBank database under the accession no.

WP_010517842.1. According to our in silico analysis the

predicted signal peptide was observed at amino acid position

1-22. Hence, mature protein of Mzl86 consisted of 680

amino acids. Moreover, the predicted glycosyl hydrolase

family 16 (GH16) laminarinase-like domain was observed

in the C-terminal region. In addition, seven active sites were

identified at GH16 domain, as per our predicted information.

GH16 domain is generally observed in bacterial species,

and has been classified into two subfamilies based on substrate

specificity: endo-β-1,3-glucanases (EC 3.2.1.39) and β-1,3-1,4-

glucanases (EC 3.2.1.73). The results of amino acid sequence

comparison and motif prediction of Mz186 suggested that

the enzyme can be classified as a β-1,3-glucanase (EC

3.2.1.39).

The amino acid sequence of Mzl86 had a low sequence

identity with other bacterial β-glucanases. Furthermore, we

observed a long sequence gap at 379GAE - GPA536, compare

to other bacterial β-glucanases. The Mzl86 showed the highest

identity (34.9%) and similarity (45.1%) with laminarinase

counterparts from bacterial species Leeuwenhoekiella blandensi

(data not shown). This observation convinced us that Mzl86 is

a new laminarinase. Subsequently, IPTG-induced overexpression

of His-tagged Mzl86 fusion protein was verified by SDS-

PAGE (Fig. 2). A strong single band similar to the predicted

molecular mass of rMzl86 (75 kDa, including the 6-his tag)

was detected corresponding to the purified recombinant protein.

This confirmed the successful overexpression of rMz186

along with sufficient purity and integrity for eluted fusion

protein. Due to the detectable prominent stability of the

percent activity of rMzl86 at 50°C we can logically assume

that it is stable at lower temperatures. On the other hand,

temperatures higher than 60°C probably make it highly

unstable.

Optimum temperature for hydrolyzing activity of rMzl86

was determined under different temperatures (range 30-80°C,

5°C interval). The hydrolysis reaction was performed for

10 min. The activity of Mzl86 increased from 30 to 50°C,

then gradually decreased along with temperature increase

and no activity was observed over 80°C (Fig. 3). We observed
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the highest activity of rMz186 at 50°C and more than 60%

of its relative activity was retained at 45 and 60°C. Most of

the reported β-1,3-glucanases have shown their optimal

activity between 45-55°C (Pang et al. 2004; Monteiro and

Fig. 1. Complete nucleotide and amino acid sequences of Mzl86. The predicted signal sequence and glycosyl hydrolase family 16
laminarinase-like domain are double underlined and shaded in gray color, respectively. The active sites and catalytic sites are
boxed and bolded, respectively
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Ulhoa 2006; Kumagai and Ojima 2010; Song et al. 2010),

and therefore a similar pattern was observed for rMzl86.

On the other hand, thermostability of Mzl86 was determined

at two different temperature values of 50 and 60°C. Mzl86

showed 80% of its relative activity at 50°C even when pre-

incubation was carried out for 60 min. However the activity

was significantly lost after pre-incubation at 60°C, even

just for 10 min (Fig. 4). The rMzl86 showed maximum activity

at pH 8, and the enzyme was stable and retained more than

80% of its activity after pre-incubation at 50°C for 1 h.

However, the enzyme retained less than 20% of its activity

after pre-incubation at 60°C, even for 10 min. While these

results are similar to the report by Song et al. (Song et al.

2010), we could not find any detectable activity in media

with pH 3 and 4 (Fig. 5).

The effects of metal ions and chemical reagents on rMzl86

activity are shown in Fig. 6. rMzl86 was not affected by

the presence of potassium, magnesium, sodium ions or EDTA.

However, rMzl86 activity was markedly enhanced by

Fig. 2. SDS-PAGE analysis of the purified rMzl86. Lanes M,
molecular weight maker; 1, whole cell lysate before induction; 2,
whole cell lysate after induction; 3, soluble lysate after
induction; 4, purified his-tagged fusion protein (rMzl86)

Fig. 3. Effect of temperature on rMzl86 activity

Fig. 4. Effects of thermostability on rMzl86 at different temperatures.
Thermostability was evaluated by measuring the activity
remaining after pre-incubation at 50 and 60°C for different
time duration (10-60 min at 10 minute intervals)

Fig. 5. Effects of pH on activity and stability of rMzl86. pH effects
on rMzl86 activity at different pH ranges (pH 3-7: citrate-
phosphate buffer, pH 7-8: phosphate buffer, pH 8-10: glycine-
sodium hydroxide buffer). pH stability was assessed following
30 min incubation at different pH

Fig. 6. Effect of metal ions and chemical reagents on rMzl86
activity. Enzymatic activity was measured in phosphate
buffer (pH 7.0) containing 1 or 2.5 mM of different metal
ions and chemicals reagents at 50°C for 10 min
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manganese amendment. In contrast, iron, copper and zinc

ions strongly suppressed the enzyme. The presence of 2.5

mM (187%) of manganese had a more prominent effect on

rMz186 when compared to 1 mM manganese (151%). This

result agrees with the previous reports on glucanases. B. clausii

NM-1 β-1,3-glucanase was activated in the presence of

Mn2+, and strongly inactivated in the presence of Fe2+ and

Cu2+ (Miyanishi et al. 2003b). The recombinant Agl9A of

Alicyclobacillus sp. A4 also showed 123% activity in the

presence of 2 mM Mn2+, while strongly inactivated by Cu2+

(Bai et al. 2010).

The highest substrate specificity of rMzl86 was observed

against laminarin (261 unit/mg) followed by barley β-glucan

(128 unit/mg) and lichenan (115 unit/mg), thereby affirming

the prominent potency of rMzl86 to hydrolyze β-1,3-glucans

and β-1,3-1,4-glucans. In contrast, they could not hydrolyze β-

1,4-glucans, e.g. CMC and β-1,4-xylan (Table 1). The substrate

specificity of the enzyme was compatible with the proportion

of β-1,3-glycosidic bonds present in their structure. According

to our observation, rMzl86 catalyzed the hydrolysis of β-

1,3-glycosidic bonds in β-1,3-glucan rather than in β-1,3-

1,4-glucan. Thus Mzl86 can be clearly classified as an endo-

β-1,3-glucanase. The β-glucanase from Bacillus clause NM-1

showed 100 and 32% of relative activity against laminarin

and curdlan, respectively, but no activity against lichenan

and barley β-glucan (Miyanishi et al. 2003b). However,

several β-1,3-glucanses from bacterial species shared similar

substrate candidates when compared to our enzyme, e.g.

Streptomyces sp. S27 (Shi et al. 2010b), Paenibacillus sp.

(Cheng et al. 2009) and Streptomyces sioyaensis (Hong et

al. 2002). BglS27 from Streptomyces sp. S27 showed 100,

50.43 and 34.69% of its relative activity against laminarin,

barley β-glucan and lichenan, respectively (Shi et al. 2010a).

LamA from Paenibacillus sp. showed 3.7, 1.5 and 1.3 U/mol

of substrate specificity against laminarin, β-D-glucan and

lichenan, respectively.

We confirmed the degradation products of various

polysaccharides and oligosaccharides upon rMzl86 hydrolysis

by thin layer chromatography (Fig. 7). The major products

of laminarin hydrolysis were laminaribiose and glucose.

Similarly the major products of laminarioligosaccharides

hydrolysis were also found to be biose and glucose. While

rMzl86 did not degrade laminaribiose and failed to produce

glucose, the enzyme was able to degrade barley β-glucan

and lichenan and mainly produced trisaccharide. Kumagai

and Ojima (Kumagai and Ojima 2010) have already explained

the catalytic mechanism of β-1,3-glucanase (HdLam; EC

3.2.1.39). Initially, the laminaribiose unit of laminaritriose

is transferred to a laminaribiose producing laminaritetraose

and glucose by transglcosylation. Then laminaritetraose is

hybrolyzed to laminaritriose and glucose. Finally, laminaritriose

is degraded to laminaribiose and glucose (Kumagai and

Ojima 2010). HdLam33 from Haliotis discus hannai showed a

similar degradation pattern as with rMzl86. HdLam33 degraded

laminarin and laminarioligosaccharides and mainly resulting

in biose and glucose. Further, the enzyme also degraded

lichenan and produced mainly triose. Hence, Mzl86 also has

the same enzymatic properties as HdLam33. Along with the

Table 1. Substrate-specific activities and relative activities of rMzl86 against various substrates. Relative activity is expressed as %
against laminarin

Laminarin Barley β-glucan Lichenan β-1,4-Xylan CMC

Structure
1,3-β-Glucan contains 
some 1,6-β-linkages

1,3/1,4-β-glucan 1,3/1,4-β-glucan β-1,4-xylan β-1,4-glucan

Specific activity (unit/mg) 261 128 115 - -

Relative activity 100 ± 3.5 49 ± 2.6 45 ± 2.0 - -

Remark
Major structural and 

storage polysaccharide
Linear, ~30% 1,3-β and 70% 1,4-

β; extended coil conformation

Fig. 7. TLC analysis of rMzl86 hydrolysis products with different
substrates; D-glucose (G), laminaribiose (L2), laminaritriose
(L3), laminaritetraose (L4), laminaripentose (L5), laminarihexose
(L6), L2-L6 mixture (LM), laminarin (LAM), Barley β-
glucan (BBG), lichenan (LIC). G and LM were used as
standards
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results obtained from our pairwise sequence alignment and

deduced molecular properties of the enzyme, the hydrolytic

activity against laminarioligosaccharides clearly affirmed

that rMzl86 is an endo-acting β-1,3-glucanase enzyme.

4. Conclusion

In summary, we identified a laminarinase from Mesoflavibacter,

a first such discovery from that genus. We isolated laminarinase-

producing bacterium and the strain was designated as M.

zeaxanthinificiens S86. A new laminarinase gene was identified

by whole genome sequencing and in silico analyses. Mzl86

shared the standard characteristics of laminarinse homologues

in its molecular characterization, biochemical properties

and TLC analyses. All together, key features of Mzl86 will

benefit the agriculture, drug, chemical and bioethanol

industries.
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