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MANNANASE, CODING GENE AND PRODUCTION THEREOF

Technical Fields

The present invention relates to a novel mannanase, the coding gene

thereof, a recombinant vector and a host cell comprising the gene, and

expression of the enzyme in E . coli using the recombinant vector and

production of the enzyme in yeast cells using the recombinant vector. The

present invention further relates to a new wild-typed subspecies of Bacillus

Megaterium, in particular, Bacillus Megaterium FB101, which was deposited

with the China General Microbiological Culture Collection Center under

CGMCC No. 4162 on September 13, 2010.

Backgrounds

Plant hemicellulose is the second most abundant natural polysaccharides,

only next to cellulose. Mannan and its derivatives constitute the second largest

component of hemicellulose, and widely exist in plant cell wall, endosperm,

and plant gum (e.g., bean gum, locust bean gum, and guar gum). They are the

main components of the cell wall of leguminous plant, and represent substantial

quantity in other plant-based feed raw materials, such as corn, wheat, rapeseed

meal, and wheat bran and so on. Mannan, as one component of hemicelluloses,

is mainly present in the forms of glucomannan, galactomannan, and

galactoglucomannan.

Mannan resources are abundant in China. Many plants, such as konjac,

coconut, and a variety of plant gums (e.g., locust bean gum, sesbania gum, and

guar gum) are rich in mannan. Unfortunately, human and most of the livestock

and poultry do not secrete any mannan-digesting enzymes, so only a small



portion of mannan are used as food gel and most of mannan have not been

effectively utilized.

β-mannanase (also known as -l,4-mannan mannohydrolase,

l ,4-mannanase, or -l,4-D-mannanase, EC 3.2. 1.78) is a class of

endohydrolase that can hydrolyze mannose-oligosaccharides,

mannose-polysaccharides (including mannan, galactomannan, glucomannan,

and etc.) containing -l,4-D-mannoside linkage.

In recent years, with the discovery of the physiological functions of

mannose-oligosaccharides, the development of the green feeds, and the

increasing awareness of environmental protection, the research and utilization

of β-mannanase has entered a new stage β-mannanase has been widely used in

many technical fields, e.g., food, medicine, feed, paper making, textile dyeing,

petroleum exploration, fine chemistry, and biotechnology. It represents a new

group of industrial enzymes with great potential values.

In food industry, β-mannanase can produce mannose-oligosaccharides by

degrading mannan, and the mannose-oligosaccharides have the physiological

properties of liver protection, anti-tumor activity, enhancing immunity and

among others, and they can also be used as sweeteners. In paper industry, use

of β-mannanase can produce a better pulp performance than use of chlorine

bleaching and alkaline extraction, and produce an additional advantage of

reduced environmental pollution due to reduced use of chlorine and alkali. In

petroleum exploitation, β-mannanase is a superior bio-enzyme gel breaker of

oil well fracturing fluid, with the advantages of high efficiency, low cost, wide

applications, and reduced damage to the lower floors.

Mannan is highly hydrophilic. After absorbing large amount of water in

the gastrointestinal tract of monogastric animals, mannan can increase the

viscosity of gastrointestinal contents, and thereby reduce the gastrointestinal

motility, which in turn results in adverse effect on digestion and absorption of

nutrients β-mannanase acts not only as a general enzyme for non-starch



polysaccharides (NSP) to degrade NSP and decrease intestinal viscosity, and

thereby promote the digestion and absorption of nutrients, but also possesses

the functions of promoting the secretion of insulin-like growth factor IGF-I,

promoting protein synthesis, and increasing lean meat rate. Thus, β-mannanase,

as a feed additive, can be used to degrade mannan to oligosaccharides which

can be easily absorbed by animals, facilitate the digestion and absorption of

nutrients, and substantially improve feed availability.

β-mannanase belongs to hemicellulase, and it is a broad- spectrum

inducible multifunctional enzyme with the cellulase activity. It is widely

present in animals, plants and microorganisms. Because microorganisms are

easier to be grown and produce more products than plants and animals,

commercially available β-mannanases are mostly derived from microorganisms.

The recent research mainly focuses on the screen of the enzyme-producing

strains, isolation/purification of the enzyme, and among others, and cloning of

new β-mannanases and isolation of highly-active β-mannanases has become a

new research trend.

Recently, research on β-mannanase has been greatly advanced in China

and many other countries. But the research and application of β-mannanase are

limited to experimental stage. Therefore, it is still required to further increase

the production of β-mannanase in strains, investigate the regulatory mechanism

of synthesis of β-mannanase, and improve cloning and expression of

β-mannanase genes, and promote their industrial application.

Since β-mannanases are utilized in more and more fields, those

β-mannanases with special performances are increasingly needed in the art.

Although it has been reported that β-mannanase can be obtained from a variety

of microorganisms, there is still a need for high-quality enzyme sources in the

industrial application, particularly the feed industry. Not only highly-active

enzymes but also enzymes that are stable under an acidic environment or high

temperature are needed. And therefore, it is of great significance to develop a



highly efficient β-mannanase that has good properties and is more suitable for

practical applications.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides the following technical

solutions and produces excellent technical effects.

The present invention provides an isolated polypeptide having the

l ,4-mannanase activity. In another embodiment, the polypeptide has the

l ,4-mannanase activity and the following properties:

a) a theoretical molecular weight of 39kDa;

b) a theoretical pi value of 5.29;

c) an optimal enzymatic reaction pH of 5.0-8.0, preferably 6.0-7.0, more

preferably 6.5;

d) an optimal reaction temperature of 35-60°C, preferably 45-55°C, more

preferably 55°C;

e) high specific activity of more than HOOOU/mg, preferably more than

15000U/mg, more preferably 16718.2U/mg; and

f) high resistance to protease hydrolysis, preferably to pepsin and trypsin.

In another embodiment, the present invention provides a polypeptide

consisting of the amino acid sequence set forth in SEQ ID NO: 2 . In still

another embodiment, the present invention provides a polypeptide comprising

an amino acid sequence having at least about 70%, at least about 75%, at least

about 80%, at least about 85%, at least about 90%, at least about 95%, at least

about 98%, at least about 99% or even 100% sequence identity to SEQ ID NO:

2 . In one embodiment, the subject polypeptide is encoded by a polynucleotide

hybridizable to the complementary strand of the polynucleotide set forth in

SEQ ID NO: 1 under stringent conditions. In one embodiment, the subject

polypeptide is encoded by the allelic or natural variant of the polynucleotide set

forth in SEQ ID NO: 1. In one embodiment, the subject polypeptide comprises



an amino acid sequence derived from amino acid sequence set forth in SEQ ID

NO.2 by substitution, deletion, and/or addition of one or more amino acid

residues. In a preferred embodiment, the amino acid sequence does not

comprise a sequence of an endogenous signal peptide derived from

microorganism. In a preferred embodiment, the amino acid residue at the

position corresponding to position 153 of SEQ ID NO: 2 in the subject amino

acid sequence is identical to the amino acid residue at position 153 of SEQ ID

NO: 2 .

In one embodiment, the present invention provides a nucleic acid

encoding the inventive polypeptide. In one embodiment, the present invention

provides a nucleic acid encoding the polypeptide consisting of the amino acid

sequence set forth in SEQ ID NO: 2 . In one embodiment, the present invention

provides a nucleic acid encoding an amino acid sequence having at least about

70%, at least about 75%, at least about 80%, at least about 85%, at least about

90%, at least about 95%, at least about 98%, at least about 99% or even 100%

sequence identity to SEQ ID NO: 2 . In a preferred embodiment, the amino acid

residue at the position corresponding to position 153 of SEQ ID NO: 2 in the

subject amino acid sequence is identical to the amino acid residue at position

153 of SEQ ID NO: 2 . In another preferred embodiment, the present invention

provides a nucleic acid consisting of the nucleotide sequence set forth in SEQ

ID NO: 1. In another preferred embodiment, the present invention provides a

nucleic acid consisting of the nucleotides 1-1008 of the nucleotide sequence set

forth in SEQ ID NO: 1. In another preferred embodiment, the present invention

provides a nucleic acid comprising a nucleotide sequence having at least about

70%, at least about 75%, at least about 80%, at least about 85%, at least about

90%, at least about 95%, at least about 98%, at least about 99% or even 100%

sequence identity to SEQ ID NO: 1. In a preferred embodiment, the nucleotide

residue at the position corresponding to position 458 of SEQ ID NO: 1 in the

subject nucleotide sequence is identical to the nucleotide residue at position



458 of SEQ ID NO: 1. In another preferred embodiment, the present invention

provides a nucleic acid comprising a nucleotide sequence having at least about

70%, at least about 75%, at least about 80%, at least about 85%, at least about

90%, at least about 95%, at least about 98%, at least about 99% or even 100%

to the nucleotides 1-1008 of the nucleotide sequence set forth in SEQ ID NO: 1.

In a preferred embodiment, the nucleotide residue at the position corresponding

to position 458 of SEQ ID NO: 1 in the subject nucleotide sequence is identical

to the nucleotide residue at position 458 of SEQ ID NO: 1. In a preferred

embodiment, the subject nucleotide sequence does not comprise a sequence of

an endogenous signal peptide derived from microorganism.

In one embodiment, the present invention provides a recombinant vector

comprising the inventive nucleic acid. In one embodiment, the inventive

recombinant vector may comprise a vector suitable for the expression in

prokaryotic cells. In one embodiment, the inventive recombinant vector may

comprise a vector suitable for the expression in eukaryotic cells. In one

embodiment, the inventive recombinant vector may comprise a vector suitable

for the expression in E . coli. In one embodiment, the inventive recombinant

vector may comprise a vector suitable for the expression in yeast or Pichia

pastoris. In particular, the inventive recombinant vector may comprise

pMD18-T or pPIC9.

In one embodiment, the present invention provides a host cell comprising

the inventive recombinant vector, wherein the recombinant vector can be

integrated into the genome of the host cell. In one embodiment, the inventive

host cell may be a prokaryotic cell. In one embodiment, the inventive host cell

may be a eukaryotic cell. In one embodiment, the inventive host cell may be E .

coli. In one embodiment, the inventive host cell may be a yeast cell or a cell of

Pichia pastoris. In particular, the inventive host cell may be Pichia pastoris

GS1 15.

In another respect, the present invention provides a method for producing



β-mannanase, comprising:

i) incubating the inventive host cell,

ii) inducing expression,

iii) harvesting the expression product, and

iv) optionally, purifying the expression product.

In another respect, the present invention further provides a wild-typed

Bacillus Megaterium FB101 which produces -l,4-mannanase comprising the

amino acid sequence set forth in SEQ ID NO: 2 and/or includes a nucleic acid

comprising the nucleotide sequence set forth in SEQ ID NO: 1. The strain was

deposited with the China General Microbiological Culture Collection Center

(1-3 West Beichen Rd., Chaoyang District, Beijing, P.R. China) under CGMCC

No. 4162 on September 13, 2010.

In another respect, the present invention further provides a composition

comprising an effective amount of the subject polypeptide, and a

bromatologically- or industrially-acceptable vehicle or excipient. In a preferred

respect, the composition of the present invention may further comprise one or more

additional enzymes selected from the group consisting of protease, cellulase,

β-xylanase, β-dextranase, a-amylase, lipase, pectinase, and combination thereof.

In a more preferred respect, the composition can be used in feed, food, deinking,

and pulp bleaching.

A recombinant producing strain which can express and secrete

β-mannanase in a highly efficient manner is obtained by genetic engineering in

the present invention, so that large scale production of β-mannanase and a

superior β-mannanase product are obtained. After analyzed for the physical and

chemical properties such as optimal reaction temperature, optimal reaction pH,

pH stability, thermostability and specific activity by using enzymatic assays,

the inventive -l,4-mannanase is shown to have good pH stability, good

thermostability, and resistance to protease hydrolysis.



BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts the nucleotide sequence (SEQ ID NO: 1) and the amino

acid sequence (SEQ ID NO: 2) derived from the β-mannanase gene BM-Man of

Bacillus Megaterium FB 101.

Figure 2 depicts the schematic representation of the recombinant vector

comprising the β-mannanase gene BM-Man inserted in the yeast plasmid

pPIC9.

Figure 3 depicts the optimal reaction pH of the β-mannanase of Bacillus

Megaterium FB101 expressed in Pichia pastoris, as compared to the

β-mannanase of Bacillus subtilis WL-7 and the β-mannanase of Bacillus

subtilis MA139.

Figure 4 depicts the optimal reaction temperature of the β-mannanase of

Bacillus Megaterium FB 101 expressed in Pichia pastoris, as compared to the

β-mannanase of Bacillus subtilis WL-7 and the β-mannanase of Bacillus

subtilis MA139.

Figure 5 depicts the pH stability of the β-mannanase of Bacillus

Megaterium FB101 expressed in Pichia pastoris, as compared to the

β-mannanase of Bacillus subtilis WL-7 and the β-mannanase of Bacillus

subtilis MA139.

Figure 6 depicts the thermostability of the β-mannanase of Bacillus

Megaterium FB101 expressed in Pichia pastoris, as compared to the

β-mannanase of Bacillus subtilis WL-7 and the β-mannanase of Bacillus

subtilis MA139.

Figure 7 depicts the enzymatic activity and wet weight vs. time for the

fermentation of Pichia pastoris expressing the β-mannanase derived from the

BM-Man gene.

Figure 8 is the SDS-PAGE electrophoretogram showing the proteins vs.

time for the fermentation of Pichia pastoris expressing the β-mannanase

derived from the BM-Man gene.



Figure 9 is the SDS-PAGE electrophoretogram of the purified

β-mannanase of the present invention with molecular weight of about 39kDa.

Figure 10 shows the resistance to pepsin and trypsin of the β-mannanase

derived from the BM-Man gene expressed in Pichia pastoris.

Figure 11 shows the thermostability of the solid preparation comprising

the recombinant β-mannanase of the present invention.

Figure 12 shows the shelf stability of the solid preparation comprising the

recombinant β-mannanase of the present invention.

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

I . Definitions

The following terms are used throughout the description, and they have

the meanings well known in the art unless otherwise specified.

As used herein, the term "comprising" means the presence of the stated

features, integers, steps, or components as referred to in the claims, but that it

does not preclude the presence or addition of one or more other features,

integers, steps, components or groups thereof.

As used herein, "isolated" refers to a substance separated from the initial

environment, which is the natural environment in the case of a natural

substance. For example, the polynucleotides and proteins in a living cell in a

natural environment are not isolated, while the polynucleotides and proteins

separated from the other substances which are present in the natural source are

isolated.

As used herein, "isolated β-mannanase" refers to β-mannanase

substantially free from the other proteins, lipids, saccharides and the like that

are naturally associated therewith. It is well within the skills in the art to purify

β-mannanase by using standard protein purification method. A single band is

shown in the non-reductive polyacrylamide gel electrophoresis for a

substantially pure protein. The purity of the β-mannanase is amenable to



analysis of the amino acid sequence.

As used herein, "β-mannanase", also known as " -l,4-mannanase", could

be a recombinant protein (polypeptide), a natural protein, or a synthetic protein,

preferably a recombinant protein. The inventive β-mannanase could be a

purified natural product or a chemically synthetic product, or a product

prepared from a prokaryotic or eukaryotic host (e.g., a bacterial cell, a yeast

cell, a higher plant cell, an insect cell, and a mammalian cell) by using the

recombinant methodology. Depending on the host cell used in the recombinant

methodology, the β-mannanase of the invention may be glycosylated or

non-glycosylated. Further, the β-mannanase of the invention may or may not

comprise the initial methionine residue.

As used herein, the term "β-mannanase activity" refers to the ability to

randomly cleave the β-l,4-D-mannoside linkage in the saccharide chain of

mannose-oligosaccharide or mannose-poly saccharide (including mannan,

galactomannan, glucomannan, and etc.). The said enzyme consists of 6 loops,

i.e., loop 1 (F37-M47), loop 2 (S103-A134), loop 3 (F162-N185), loop 4

(Y215-I236), loop 5 (P269-Y278) and loop 6 (W298-G309), all of which

surround the active site. Mannan binding and hydrolyzing of mannanase is

mainly mediated by a surface containing a strip of solvent-exposed aromatic

rings of W72, W172, W298 and W302. The said enzyme also contains a special

H1-H23-E336 metal-binding site.

The present invention further relates to the fragments, derivatives, and

analogues of the β-mannanase. As used herein, the term "fragment",

"derivative" or "analogue" refers to the protein with substantially the same

biological function or activity as the inventive natural β-mannanase. The

fragments, derivatives, and analogues of the inventive β-mannanase may be (i)

a protein wherein one or more conservative or non-conservative amino acid

residues, preferably, one or more conservative amino acid residues are

substituted, and those substituted amino acid residues may or may not be



genetically encoded, or (ii) a protein wherein one or more amino acid residues

have substituted group(s), or (iii) a fusion protein comprising a mature protein

and another compound (e.g., a compound that extends the half life of the

protein, such as polyethylene glycol), or (iv) a protein formed by an additional

amino acid sequence fused with the subject protein sequence (e.g., a leading

sequence, a secretory sequence or a sequence useful in purifying the subject

protein or a proteinogen sequence, or a fusion protein with an antigenic IgG

fragment). In light of the teachings of the present application, all these

fragments, derivatives, and analogues are well within the common knowledge

of a person skilled in the relevant art.

The invention further provides the β-mannanase and variants thereof. In

accordance with the present invention, the term "β-mannanase" refers to a

polypeptide or protein with the β-mannanase activity, and it could be a protein

consisting of or comprising SEQ ID NO: 2 . This term further comprises the

variants of SEQ ID NO: 2 with the same function as the β-mannanase. These

variants include, but are not limited to, the sequence formed by deletion,

insertion, and/or substitution of one or more (normally 1-30, preferably 1-20,

more preferably 1-10, most preferably 1-5) amino acids in SEQ ID NO: 2,

and/or addition of one or more (normally 20, preferably 10 and less, more

preferably 5 and less) amino acids at the C terminus and/or N terminus of SEQ

ID NO: 2 . For example, it is well known in the art that the substitution with an

amino acid with similar properties will normally not affect the function of the

protein. As another example, addition of one or more amino acid residues at the

C terminus and/or the N terminus will normally not affect the function of the

protein. These variants may further include an amino acid sequence having at

least about 70%, at least about 75%, at least about 80%, at least about 85%, at

least about 90%, at least about 95%, at least about 98%, at least about 99% or

even 100% sequence identity to SEQ ID NO: 2; preferably, the amino acid

residue at the position corresponding to position 153 of SEQ ID NO: 2 in the



variant sequences is identical to the amino acid residue at position 153 of SEQ

ID NO: 2 .

The variants of the β-mannanase further include a homologous sequence,

a conservative variant, an allelic variant, a natural mutant, an induced mutant, a

protein encoded by a DNA sequence hybridizable to the DNA sequence of

β-mannanase under the high or low stringent conditions, and the polypeptide or

protein obtained by using the anti-serum of the anti - -mannanase. The

invention further provides other proteins, for example, a fusion protein

comprising the β-mannanase or a fragment thereof. In addition to the nearly

full-length protein, the invention comprises a soluble fragment of the

β-mannanase. Generally, the fragment has at least about 10 consecutive amino

acids, normally at least about 30 consecutive amino acids, preferably at least

about 50 consecutive amino acids, more preferably at least about 80

consecutive amino acids, most preferably at least about 100 consecutive amino

acids of the sequence of the β-mannanase.

The invention also provides analogues of the β-mannanase. The analogues

may differ from the natural β-mannanase in the amino acid sequence, in the

modification that does not affect the sequence, or both. These proteins include

natural or induced genetic variants. The induced variants can be obtained by a

variety of methods, for example, exposure to irradiation or a mutagen for

producing random mutants, or site-directed mutagenesis or other molecular

biological methods well known in the art.

These analogues also include the analogues with a residue different from

any natural L-amino acid (for example, a D-amino acid), or the analogues with

a non-naturally occurring amino acid or a synthetic amino acid (for example, β-,

γ -amino acid). It is appreciated that the inventive β-mannanases are not limited

to the above-exemplified proteins. Modifications that do normally not affect

the primary structure include chemical derivatization of a protein in vivo or in

vitro, e.g., acetylation or carboxylation. Modifications also include



glycosylation, for example, the protein can be glycosylated in the synthesis and

processing or downstream processing. These modifications can be carried out

by exposure of the protein to an enzyme associated with glycosylation (e.g.,

glycosylase or deglycosylase of mammalian animals). The modifications

further include phosphorylation of amino acid residue of a sequence (e.g.,

phosphorylation of tyrosine, serine, or threonine). The present invention also

relates to a protein modified to improve its resistance to protease hydrolysis or

optimize its solubility.

In addition, the present invention provides an isolated polypeptide or

protein comprising the amino acid sequence set forth in SEQ ID NO: 2 .

Preferably, the polypeptide or protein is encoded by the polynucleotide set

forth in SEQ ID NO: 1 or the degenerate sequence thereof. In accordance with

the present invention, "conservative variant protein (polypeptide) of the

β-mannanase" refers to a protein derived from amino acid sequence set forth in

SEQ ID NO.2 by substitution with amino acids with similar properties, deletion,

and/or insertion of at most 10, preferably at most 8, more preferably at most 5,

most preferably at most 3 amino acid residues, and having the β-mannanase

activity. Families of amino acid residues having similar side chains have been

clearly defined in the art. These families include amino acids with basic side

chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid,

glutamic acid), uncharged polar side chains (e.g., glycine, asparagine,

glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g.,

alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,

tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and

aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).

Accordingly, substitution in the β-mannanase of one or more residues with any

other residues from the same amino acid families respectively will not

substantially affect the β-mannanase activity. Additionally, it is well known in

the art that it is often needed to design a suitable restriction site in the genetic



cloning manipulation, which certainly will introduce one or more irrelevant

residues at the terminus of the protein to be expressed, but it does not affect the

activity of the target protein. As another example, for the purpose of

constructing a fusion protein, promoting the expression of the recombinant

protein, obtaining a recombinant protein that is automatically secreted by cells,

or facilitating the purification of the recombinant protein, it is often needed to

add a few amino acids to the N-terminus, C-terminus or elsewhere of the

recombinant protein, for example, including but not limited to, a suitable linker

peptide, a signal peptide, a leading peptide, terminal extension,

glutathione -S-transferase (GST), maltose E binding protein, protein A, such as

6 His tag or Flag tag, or factor Xa or the cleavage site of thrombin or

enterokinase.

The subject polynucleotide may be in DNA or RNA form. The DNA form

comprises cDNA, genomic DNA or artificially synthetic DNA. DNA may be

single-stranded or double-stranded. DNA may be the coding strand or the

non-coding strand. The coding sequence encoding a mature protein may be the

coding sequence set forth in SEQ ID NO: 1 or the degenerate variant thereof.

As used herein, the term "degenerate variant" refers to a nucleic acid sequence

encoding a protein comprising SEQ ID NO. 2 but different from the coding

sequence set forth in SEQ ID NO. 1.

A polynucleotide encoding the mature protein of SEQ ID NO: 2 comprises

the coding sequence only encoding the mature protein; the coding sequence of

the mature protein and a number of additional coding sequences; the coding

sequence of the mature protein (and optionally an additional coding sequences)

and a non-coding sequence.

As used herein, the term "protein-coding polynucleotide" may refer to the

polynucleotide which encodes the protein, and may further includes an

additional coding sequences and/or a non-coding sequence.

The present invention further relates to the variants of the



above-mentioned polynucleotides, encoding a protein with the amino acid

sequence in accordance with the present invention, or a fragment, an analogue,

a derivative, or a variant thereof. A variant of the subject polynucleotide may

be a naturally occurring allelic variant or a non-naturally occurring variant.

These variants may include a substituted variant, a deleted variant and an

inserted variant. As known in the art, the allelic variant, as an alternative of a

polynucleotide, may comprise substitution, deletion, or insertion of one or

more nucleotides, but has function substantially the same as the non-variant

protein.

In still another embodiment, a protein with β-mannanase activity in

accordance with the present invention includes an amino acid sequence

encoded by a nucleotide sequence hybridizable to the nucleotide sequence set

forth in SEQ ID NO: 1 under stringent conditions. As used herein, the term

"hybridizable under stringent conditions" depicts typical hybridization and

washing conditions under which a nucleotide sequence can be hybridized to

another nucleotide sequence having at least 60% homology to the former

nucleotide sequence. Preferably, stringent conditions are conditions under

which a sequence can generally be hybridized to another sequence having at

least 65%, preferably at least 70%, more preferably at least 80% or even higher

sequence identity to the former sequence. The stringent condition is well

known to a person skilled in the art. A preferred non-limiting example of the

stringent condition is: (1) hybridization and elution under lower ionic strength

and higher temperature, such as 0.2 x SSC, 0 .1%SDS, 0°C; or (2) hybridization

in the presence of a denaturant, such as 50%(v/v) formamide, 0 .1% bovine

serum/0. l%Ficoll, 42°C, etc; or (3) hybridization occurring only between two

sequences having at least 90%, more preferably more than 95% identity.

Moreover, the biological function and activity of the protein encoded by the

hybridizable polynucleotide are the same as the mature polypeptide set forth in

SEQ ID NO: 2 .



The present invention also relates to a nucleic acid fragment hybridizable

to the above-mentioned sequence. As used herein, "a nucleic acid fragment" is

at least 15 nucleotides, preferably at least 30 nucleotides, more preferably at

least 50 nucleotides, most preferably at least 100 nucleotides or more in length.

Amplification of nucleic acid (such as PCR) can be carried out on a nucleic

acid fragment to identify and/or isolate the polynucleotide encoding the

β-mannanase.

The inventive nucleic acid may comprise the nucleotide sequence of SEQ

ID NO: 1, or nucleotides 1-1008 of nucleotide sequence of SEQ ID NO: 1. The

inventive nucleic acid may comprise a nucleotide sequence having at least

about 70%, at least about 75%, at least about 80%, at least about 85%, at least

about 90%, at least about 95%, at least about 98%, at least about 99% or even

100% sequence identity to SEQ ID NO: 1. In a preferred embodiment, the

nucleotide residue at the position corresponding to position 458 of SEQ ID NO:

1 in the subject nucleotide sequence is identical to the nucleotide residue at

position 458 of SEQ ID NO: 1. The inventive nucleic acid may comprise a

nucleotide sequence having at least about 70%, at least about 75%, at least

about 80%, at least about 85%, at least about 90%, at least about 95%, at least

about 98%, at least about 99% or even 100% sequence identity to the

nucleotides 1-1008 of SEQ ID NO: 1. In a preferred embodiment, the

nucleotide residue at the position corresponding to position 458 of SEQ ID NO:

1 in the subject nucleotide sequence is identical to the nucleotide residue at

position 458 of SEQ ID NO: 1.

The inventive protein and polynucleotide are preferably provided in their

isolated forms, preferably purified to homogeneous.

Typically, the full-length nucleotide sequence of the subject β-mannanase

or a fragment thereof can be obtained by using the PCR amplification,

recombination, or artificial synthesis. For PCR amplification, primers can be

devised in light of the relevant nucleotide sequences, particularly the



nucleotide sequences of the open-reading frames disclosed herein, and cDNA

library commercially available or prepared by the convention method well

known to a person skilled in the art can be used as templates, and desired

sequences are obtained by amplification. When the sequence is quite long, it is

usually needed to perform PCR twice or multiple times, and then ligate the

amplified fragments in a correct order.

Once a desired sequence is obtained, a large amount of the desired

sequence can be obtained by a recombination method. It generally comprises

cloning the sequence into a vector, transforming the vector into a host cell, and

then isolating the sequence from the proliferated host cell by a conventional

method.

In addition, the desired sequence, especially a shorter fragment can be

created by artificial synthesis. In general, multiple small fragments are first

synthesized, and then ligated together to prepare a long fragment.

Currently, it is possible to obtain the DNA sequence encoding the

inventive protein (or fragment or derivative thereof) by chemical synthesis.

Then, this DNA sequence can be introduced into various existing DNA

molecules (e.g. vectors) and cells known in the art. In addition, some mutations

can be introduced into the inventive protein by chemical synthesis as well.

The method of PCR amplification of DNA/RNA (Saiki et al, Science 1985;

230: 1350-1354) is preferably used to obtain the inventive gene. Especially

when it is hard to obtain the full-length cDNA from a library, the RACE

method is preferably employed (RACE-Rapid amplification of cDNA ends,

Elizabeth Scotto-Lavino et al, NATURE PROTOCOLS 2006, Vol. 1 No. 6 :

2555-2562 and Elizabeth Scotto-Lavino et al, NATURE PROTOCOLS 2006,

Vol. 1 No. 6 : 2742-2745), the primers used in PCR can be appropriately

selected in light of the sequence information of the present invention as

disclosed herein, or be synthesized by a conventional method. The amplified

DNA/RNA fragment can be isolated and purified by conventional methods,



such as gel electrophoresis.

In one embodiment, the genomic DNA of Bacillus Megaterium FB101

was extracted, degenerate primers were designed according to the conservative

sequence of β-mannanase derived from Bacillus (e.g., Bacillus Megaterium),

and then the full-length sequence encoding the β-mannanase is obtained by

PCR. Consequently, the nucleic acid sequence set forth in SEQ ID NO: 1 was

obtained.

The invention also relates to a recombinant vector containing the

inventive polynucleotide, host cells resulted from genetic engineering using the

inventive vector or β-mannanase-encoding sequence, as well as a method for

preparing the inventive protein by recombinant techniques.

By conventional DNA recombinant techniques (Science, 1984; 224: 143 1),

the inventive polynucleotide sequence can be used to express or produce the

recombinant β-mannanase, which generally comprising the following steps:

(1) transforming or transducing suitable host cells with the inventive

polynucleotide (or its variants) encoding β-mannanase, or recombinant

expression vector containing said polynucleotide;

(2) culturing the host cells in an appropriate medium;

(3) isolating and purifying the protein from the medium or cells.

In still another respect, the present invention relates to a vector containing

the β-mannanase gene, a recombinant host cell transformed with said vector or

said gene, and a method for expressing the said β-mannanase in the host cell.

As used herein, the term "recombinant expression vector" and "recombinant

vector" are used interchangeably, and they mean bacterial plasmid, phage,

yeast plasmid, plant cell virus, mammalian cell virus such as adenovirus and

retrovirus, or other vectors well-known in the art. All these vectors are capable

of replicating and stabilizing in the host. An important feature of these

recombinant vectors is that they contain a replication origin, a promoter, a

maker gene, and a translation control element. A recombinant vector suitable



for the invention includes, but is not limited to yeast plasmid. The inventive

recombinant expression vector comprises the inventive nucleic acid in a form

amenable to be expressed in the host cell, that is to say, the recombinant

expression vector comprises one or more regulatory sequences selected

according to the host cell used in the expression, which is operationally linked

to the nucleic acid to be expressed. For the recombinant expression vector, the

term "operationally linked" refers to the association of the target nucleotide

sequence and a regulatory sequence in a manner allowing for the expression of

the nucleotide sequence. The method for constructing an expression vector

comprising the DNA sequence encoding the β-mannanase and suitable

transcription/translation controlling signal is well known in the art. These

methods include in vitro recombinant DNA technology, DNA synthesis, in

vitro recombinant technology, and etc. The said DNA sequence can be

effectively linked to a suitable promoter in an expression vector to direct the

synthesis of mRNA. The representative examples of the promoters are the lac

or trp promoter of E . coli; a PL promoter of λ bacteriophage; an eukaryotic

promoter including a CMV immediate early promoter, an HSV thymidine

kinase promoter, early and late SV40 promoter, an LTR of a retro virus, and

some other promoter known to control the expression of a gene in a prokaryotic

or eukaryotic cell or a virus. An expression vector also includes a ribosome

binding site for translation initiation and a transcription terminator.

It is to be appreciated to the person skilled in the art that the design of the

recombinant expression vector may depend on some factors such as the

selection of the host cell to be transformed, the desired expression level of the

protein, and the like. The inventive expression vector can be introduced into

the host cell to obtain a protein or peptide, including a fusion protein.

In addition, the recombinant expression vector preferably comprises one

or more selectable marker genes to provide phenotypes useful in selecting the

transformed host cells, such as dihydrofolate reductase useful in eukaryotic



cells, neomycin resistance, or tetracycline resistance or ampicillin resistance

useful in E . coli culture.

In one embodiment, the coding sequence of the inventive β-mannanase

without a sequence encoding an endogenous signal peptide is cleaved by Xho

and Noil, and then ligated to pPIC9 cleaved by Xho and No l, to obtain a yeast

recombinant expression vector PIC9-BMMan.

A recombinant vector containing an appropriate DNA sequence described

above and an appropriate promoter or control sequence described above can be

used to transform suitable host cells for expression of the proteins.

As used herein, the term "host cell", also known as "recipient cell", refers

to a cell that is capable of accepting and accommodating a recombinant DNA

molecule. It is the location where the recombinant gene is amplified, and

ideally, a recipient cell should be easy to be obtained and proliferated. In

accordance with the present invention, the host cells can be a prokaryotic cell

such as a bacterial cell; or a eukaryotic cell, such as a yeast cell, an insect cell,

and a mammalian cell.

The inventive recombinant expression vector can be designed to express

β-mannanase in a prokaryotic or eukaryotic cell. Thus, the present invention

relates to a host cell, preferably a cell of Pichia pastoris , which has been

transformed with the inventive recombinant expression vector. The host cell

may be any prokaryotic or eukaryotic cell. The representative examples include

but not limited to a bacterial cell such as E . coli, Streptomyces, or Salmonella

typhimurium, a fungi cell such as yeast, a plant cell, an insect cell such as

Drosophila S2 or Sf9, CHO, COS, 293 cell line, an animal cell such as Bowes

melanoma cell, and the like. The host cell is preferably any of various cells

facilitating the expression or the production of the gene product, which are well

known and commonly used in the art, e.g., various strains of E . coli and yeast.

In one embodiment of the present invention, Pichia pastoris GS115 is

selected to construct the host cell expressing β-mannanase.



Those of the ordinary skill in the art understand how to select appropriate

vector, promoter, enhancer, and host cells.

Transformation of host cells with recombinant DNA can be carried out

using routine technique well known by one skilled in the art, such as

transformation and transfection. As used herein, the terms "transformation",

"transfection", "conjugation" and "transduction" refer to the techniques

well-known to introduce an exogenous nucleic acid (e.g., a linear DNA or RNA

(e.g., linearized vector or a separated gene construct without a vector)) or a

nucleic acid in the vector form (e.g., a plasmid, a cosmid, a bacteriophage, a

phasmid, a phagemid, a transposon or other DNA) into the host cell, including

calcium phosphate or calcium chloride coprecipitation, DEAE-mannan

mediated transfection, lipofection, natural competence, chemical-mediated

transfection or electroporation. For prokaryotic host, such as E . coli, the

competent cells capable of absorbing DNA can be obtained by harvesting cells

after exponential growth phase and treating with CaCl 2, and the preparation

methods are well known in the art. Another method uses MgCl .

Transformation can also be carried out by electroporation if necessary. For

eukaryotic host, the following DNA transfection method can be used, e.g.

calcium phosphate coprecipitation, routine mechanical method such as

microinjection, electroporation, liposome-encapsulation, and the like.

The resulting transformant can be cultured by a conventional method to

express the inventive β-mannanase. Depending on the selected host cells, the

medium used in culture may be any of a variety of conventional media.

Culturing is carried out under the condition suitable for the growth of the host

cells. After the host cells are grown to the desired cell density, a suitable

method (e.g., temperature switch or chemical induction) is used to induce the

selected promoter, and the cells are then further maintained for a while.

For the above methods, the recombinant protein can be expressed within

the cell or on the cell membrane, or be secreted by cells. If necessary, the



recombinant protein can be isolated and purified by using any of various

isolation methods according to its physical, chemical or other property. These

methods are well known in the art. The examples of said methods include, but

are not limited to, conventional renaturation treatment, treatment with protein

precipitant (salting out), centrifuge, breaking bacteria by osmosis,

ultratreatment, ultracentrifugation, molecular sieve chromatography (gel

filtration), adsorption chromatography, ion exchange chromatography,

high-performance liquid chromatography (HPLC), and other liquid

chromatography, and combination thereof.

In one embodiment, the β-mannanase is produced by fermentation of the

yeast cell (e.g., Pichia pastoris GS1 15) containing the inventive coding

sequence of β-mannanase, and the target protein in the form of a pure enzyme

is obtained by ammonium sulfate sedimentation, ion exchange chromatography

and gel chromatography.

The inventive β-mannanase may be used in, for example, but not limited

to, hydrolyzing mannan, galactomannan, glucomannan, and etc. The inventive

β-mannanase has a superior effect of hydrolyzing mannan, galactomannan,

glucomannan, and etc., and has good thermostability and pH stability,

enhancing its application prospects.

The present invention further provides a composition comprising an

effective amount of the β-mannanase and a bromatologically- or

industrially-acceptable vehicle or excipient. The vehicle includes, but is not

limited to, buffer, water, and the like. The composition can be formulated as

solution, powder, or the like. The said "effective amount" refers to the amount

that produces the function or activity of the β-mannanase and meanwhile can

be accepted. The effective amount can be readily determined by those skilled in

the art in light of the enzymatic activity of the β-mannanase.

A recombinant producing strain which can express β-mannanase and a

superior β-mannanase product are obtained by genetic engineering in the



present invention. After analyzed for the physical and chemical properties

such as optimal reaction temperature, optimal reaction pH, pH stability,

thermostability and specific activity by using enzymatic assays, the inventive

l ,4-mannanase is shown to have good pH stability, good thermostability, and

resistance to protease hydrolysis.

Examples

Hereinafter, the present invention will be described in more detail with

reference to the following examples. These examples are merely illustrative of

the present invention and should not be construed as limiting the scope of the

invention.

The methods not specified in the following examples are carried out

according to conventional protocols, see, e.g., Sambrook et al, Molecular

cloning: A Laboratory Manual , Cold Spring Harbor Laboratory Press, New

York, 1989; Yongfang Zhao et al, Mechanisms and Applications of

Biochemical Technology (2nd edition) (Science Press, Beijing, 2008); Jian Zhu

et al, Biochemical Experiments M Shan hai Scientific & Technical Publishers,

1995), or manufacturer recommended protocols. Unless otherwise indicated, all

parts and percentages are by weight.

I. Materials and Reagents

1. Strains and vectors:

E . coli DH5a and T vector pMD 18-T are commercially available from

Novagen (NORTH RYDE NSW, AUSTRALIA);

pGEM®-T Easy Vector systems is commercially available from Promega

(2800 Woods Hollow Road, Madison, WI 5371 1 USA);

Pichia pastoris GS1 15 and the expression vector pPIC9 are

commercially available from Invitrogen (Carlsbad, CA, USA).

2. Enzymes and other biochemical reagents:

The restriction endonucleases, the DNA markers, and the protein markers



are commercially available from Fermentas (MBI) (830 Harrington Court,

Burlington, Ontario, Canada);

Locust bean gum, the substrate for determining β-mannanase activity, is

commercially available from Sigma (St.Louis, MO, USA);

Other conventional reagents are purchased from Sangon Biotech

(Shanghai) Co., Ltd. (Shanghai, P.R. China).

3. Media:

LB medium, YPD medium, and YPAD medium are formulated according

to Manual for Pichia pastoris of Invitrogen.

4. Methods

4 .1 β-mannanase activity assay

The terms "enzymatic activity" or "enzyme activity" as used in the

examples of the invention refers to the β-mannanase activity, which may be

determined by using locust bean gum as the substrate. The quantitation of the

enzymatic activity is carried out by the DNS (3,5-dinitrosalicylic acid) method

(see, e.g., Miller G.L., Apal. Chem., 1959, 3 1 : 426).

In particular, 0.5 ml of a 0.5%(m/v) substrate solution for β-mannan

(adding locust bean gum in 0.5% aqueous NaOH, heating to dissolve all the

gum, adjusting to pH 6.5 using glacial acetic acid) is added into a 5 ml tube,

and preheated for 5 min in a 50°C water bath. The enzyme solution is serially

diluted 1:10 in a 50mM sodium hydrogen phosphate-citrate buffer at pH6.5,

and the dilution with satisfying developing appearance (absorbance between

0.2 and 0.4) is selected. The enzyme solution diluted in accordance with the

selected dilution (N) is preheated for 5 min in a 50°C water bath, and 0.5 ml

sample is removed and added into the substrate solution in the tube. After

agitated to mix well, the sample is maintained at 50°C for 10 min. Then 1.0 ml

DNS reagent (dissolving 182.0 g sodium potassium tartrate in 800 mL distilled

water, heating (no more than 50°C), sequentially adding 6.3g

3,5-dinitrosalicylic acid, 20.96g NaOH, 5.0 g phenol, and 5.0 g anhydrous



sodium sulfite to the heated solution, stirring while heating to completely

dissolve the solid, cooling, adding distilled water to 1000 mL, filtering the

solution with Whatman ® filter paper no. 1 if it is not clear, and keeping the

solution in a brown bottle at room temperature for 7 days until use) is added.

The reaction is agitated to mix well, and heated in boiling water for 10 min,

and then quickly chilled to room temperature to quench the reaction and

develop. The absorbance A of the reaction is measured at 540 nm using a

spectrometer (if it is not clear, the reaction should be centrifuged at 4000 rpm

for 10 min and the supernatant is used to measure absorbance).

The blank control is prepared as follows: 0.5 ml enzyme solution at the

same dilution (preheated in 50°C water bath for 5 min) is added into a 5 ml

tube, 1.0 ml DNS reagent is added. The reaction is agitated to mix well, 0.5 ml

substrate solution (preheated in 50°C water bath for 5 min) is added, the

reaction is kept at 50°C for 10 min and heated in boiling water for 10 min. And

then it is chilled to room temperature, the absorbance A0 of the reaction is

measured at 540nm (if it is not clear, the reaction should be centrifuged at 4000

rpm for 10 min and the supernatant is used to measure absorbance).

The standard curve of the proteolytic product (mannose) is constructed as

follows: 1.6 umol/ml standard solution of mannose is diluted to 1.60, 1.28, 0.96,

0.64, 0.32 umol/ml in sodium hydrogen phosphate-citrate buffer (50 mM,

pH6.5), the resulting solutions are processed as described above. The standard

curve is constructed by plotting mannose concentration (C, umol/ml) on the

ordinate versus the absorbance (A) on the abscissa, and the equation of linear

regression (C=KA+b) is provided.

The definition of a β-mannanase activity unit: 1 activity unit (U) is

defined as the capacity of a unit amount of β-mannanase to produce 1 µιηο ΐ

mannose per minute by decomposing mannan (locust bean gum).

The β-mannanase activity Uof a sample can be calculated as:
Kx(A-A )+bU= — xV xN

txV



wherein:

U β-mannanase activity of a sample, U/mL;

K slope of the standard curve;

A absorbance of the sample solution;

A0 absorbance of the blank control;

b intercept of the standard curve;

t reaction time, min;

V added volume of the enzyme solution in the reaction, ml;

V0 total volume of the reaction, ml;

N dilution of the sample;

For each sample, results from duplicated measurements are obtained to

calculate the arithmetic mean rounded up to the nearest integer.

The specific activity of β-mannanase is calculated as:

U = Ul c

wherein:

specific activity of β-mannanase in the sample, U/mg;

U β-mannanase activity of the sample, U/ml;

c protein content of the sample solution, mg/ml.

The purification fold X is calculated as:

X = Uc /Uco

wherein:

X purification fold;

U specific activity of β-mannanase in the sample post-purification,

U/mg;

Uco specific activity of β-mannanase in the sample pre-purification,

U/mg.

4.2 Electrophoresis methods for protein and nucleic acid



Electrophoresis methods for protein and nucleic acid are commonly-used

experimental methods as described in the usual biochemistry and molecular

biology references, see, e.g., Yongfang Zhao et al, Mechanisms and

Applications of Biochemical Technology (2nd edition) (Science Press, Beijing,

2008); Sambrook et al, Molecular cloning: A Laboratory Manual Cold Spring

Harbor Laboratory Press, New York, 1989.

Unless otherwise indicated, the protein electrophoresis as mentioned

herein is SDS-PAGE, wherein the particular conditions are as follows: 12%

separating gel and 5% stacking gel are used; the electrophoresis is run at a

constant voltage of 120V for 30 min, then at a constant voltage of 150V for 60

min; then the electrophoresis gel is stained by Coomassie blue.

The nucleic acid electrophoresis and DNA electrophoresis as mentioned

herein refer to agarose gel electrophoresis, wherein the particular conditions are

as follows: the electrophoresis is run in 1% agarose gel at a constant voltage of

120V for 40 min, and the gel is stained by the in-gel EB (ethidium bromide).

Example 1 Isolation of the source strain of the β-mannanase

The source strain of the β-mannanase was isolated from a soil sample

collected in the Zhongshan Park, Xiamen, P.R. China.

In particular, in order to isolate the source strain of the β-mannanase, soil

samples were collected in the Zhongshan Park, Xiamen, P.R. China. The

samples were suspended in sterile water and diluted. Next, the suspensions of

the different samples were used to inoculate an LB media without agar. Then

they were maintained at 15°C, 20°C, 25°C, and 30°Cfor 1-2 days β-mannanase

activities of the cultures and the lysed cell solutions of the different samples

maintained at different temperatures were measured by using the DNS method

as described in 4 . 1 β-mannanase activity assay β-mannanase activity was

detected in the cultures, indicating that these strains can secrete β-mannanase.

At first, a sample with β-mannanase activity was picked out, and the



suitable culturing temperature thereof was determined to be 30°C. After

dilution, the sample was coated on a LB plate containing 1.5% agar, and

maintained in the incubator at 30°C for 1 day. Individual colony with distinct

morphology was picked out, placed in 5ml LB media and maintained overnight.

The β-mannanase activity of the culture of each of the above colonies was

tested, and eventually the strain showing the highest β-mannanase activity was

selected from all of the colonies, the serial number of which is FB 101.

Example 2. Characterization of the source strain of the β-mannanase

Bacillus megaterium FB101 isolated by example 1 is a gram-positive

bacterium as determined by the Gram staining test. This bacterium is a typical

bacillus, showing the size similar to Bacillus Megaterium under a microscope.

Parts of its physio-biochemical properties are further assayed.

The result shows that this strain is aerobic, gram-positive, rod-shaped,

round-ended, present as separate cells or in a short-chain, in a diameter of

1.2-1.5 2.0-4.0 microns, and movable. The spore is 1.0-1.2 1.5-2.0

microns, ellipsoid, and centrally or sub-terminally budding. The optimal

growth temperature of this strain is 30°C, and can be observed under an optical

microscope. The 16s rRNA of the strain is sequenced (Sangon Biotech

Shanghai), and the 16s rRNA sequence of the strain is aligned with the

reference sequences in GenBank using BLAST and CLUSTRAL W for

multiple sequence comparing. The result shows that the 16s rRNA sequence of

the strain is 99% identical to the 16s rRNA sequences of Bacillus megaterium

B188, CNR9 and UFV-E26. Considering the morphology, physiology and

biochemistry, and the 16s rRNA sequence, the selected strain is identified as a

new subspecies of Bacillus megaterium.

In light of the above results and the accession number used in the research,

the subject strain was named as "Bacillus megaterium FB101", and deposited

with the China General Microbiological Culture Collection Center under



CGMCC No. 4162 on September 13, 2010.

Example 3 Cloning and Obtaining the coding gene of the Bacillus

megaterium β- 1,4- as

Extraction of genomic DNA: In nutrient broth medium (10.0 g peptone,

3.0 g beef extract, 5.0g NaCl, 1000 ml distilled water, pH 7.2-7.4) the Bacillus

megaterium FB101 isolated by example 1 was incubated at 30°C for 3 to 4 days

to cell concentration of 0.5 ~ 0.8 OD 0onm 50 ml of the incubated bacterial

suspension was centrifuged at 10000 rpm for 10 min. 50 mg of the pellet was

removed, into which 500 µΐ of sterile water was added to wash the pellet.

Subsequently the bacterial suspension was centrifuged and the pellet was

harvested. The pellet was re-suspended in 500 µΐ of 1 mg/ml lysozyme solution,

and incubated at 37°C for 30min. Following further addition of 100 µΐ of 1

mg/ml lysozyme solution the bacterial suspension was further incubated at

40-50°C for 30 min to become clear. Next, 10% SDS was added to a final

concentration of 2% (m/v), and the suspension was stirred for about 5 min so

that the viscosity was decreased significantly. The suspension was centrifuged

at 15000 rpm for lOmin to remove cell debris. The supernatant was extracted

sequentially with equal volumes of phenol, phenol: chloroform (1: 1), and

chloroform. To the upper solution resulted from the chloroform extraction

0.6-1 volume of isopropanol was added to precipitate nucleic acids at room

temperature for 10 min. Next, the solution was centrifuged at 16000 rpm for 15

min. The precipitate was washed with 70% (v/v) ethanol, then centrifuged at a

low speed, and dried. The dried precipitate was dissolved in 30µ1 sterile water

until use.

Cloning the coding gene of the β-mannanase: After a comprehensive

alignment of DNA sequences of the coding genes of the Bacillus-derived

β-mannanases in the NCBI database (National Center for Biotechnology

Information), the following degenerate primers were designed: FI:



5'-TGAAGCGCATACTGTGKCKCCTGTRAATCCTAATGCC-3' (SEQ ID

NO: 3) and RI: 5'-TCAYTCAACGATTGGCGTTAAAGAATCRCCRYTCC-3 '

(SEQ ID NO: 4).

PCR amplification was carried out by using the genomic DNA of the

Bacillus megaterium FBlOl as a template. The parameters of the PCR reaction

consisted of denaturation for 3 min at 94°C, cooling down to 4°C; followed by

32 cycles of denaturation for 30 sec at 94°C, annealing for 30 sec at 50°C, and

extension for 1 min at 72°C; final incubation for 10 min at 72°C. The

full-length gene of the β-mannanase was obtained, identified by agarose gel

electrophoresis and recovered as the DNA of 1000 bp by a gel recovery kit

(E.Z.N.A. gel extraction kit, OMEGA (1850-E Beaver Ridge Circle, Norcross,

GA, USA)).

The recovered DNA (4 ul) was ligated to the plasmid pMD 18-T. In

particular, the reaction was carried out as follows:

Reaction: pMD 18-T vector lul

the recovered DNA 4ul

ligation solution 5ul

Total lOul

Condition: ligation for 2hr at 16°C (in a water bath or a metal bath).

DH5a was transformed with the ligated plasmid pMD 18-T-BM Man, then

plated in an LB-agar plate containing 100 ug/ml ampicillin, and incubated

upright at 37°C for lh, then inversely overnight. The resistant colonies were

picked out from the plate and placed in a 10ml tube containing a 2ml LB

medium with 100 ug/ml ampicillin, then incubated at 37°C with shaking at 200

rpm for 4-6h. The culture was collected, centrifuged at 10000 rpm at room

temperature for lOmin to harvest the cell pellet. The plasmid from the cell

pellet was prepared by a plasmid kit (E.Z.N.A. Plasmid Mini Kit I, Omega).

The cloned PCR product was sequenced by using the BcaBEST™ sequencing

primers and the Ml 3 primers (pMD 18-T vector, TaKaRa (Otsu, Shiga,



520-2193)) by Invitrogen (Shanghai, P.R. China). The coding sequence of the

β-mannanase thus obtained consisted of 101 lbp, wherein position 1009-101 1

corresponded to the stop codon TGA, and position 1-1008 corresponded to the

coding sequence of the β-mannanase (Figure 1, SEQ ID NO: 1) that encodes

the mature protein without a signal peptide. The mature protein consisted of

336 amino acids (Figure 1, SEQ ID NO: 2).

The sequencing method comprised the following steps. 4 fluorescent dyes

were used to label the terminator ddNTP or the primers, and thus the 3' end

(when labeling the terminator) or the 5' end (when labeling the primer) of the

product was labeled by different fluorescent labels after Sanger sequencing.

The fluorescent labeled fragments were separated by electrophoresis, and

simultaneously scanned by a laser detector. The emitted fluorescence was split

by a grating to distinguish the fluorescent beams with different colors

representing different bases. Simultaneously, it was imaged on a CCD

(charge-coupled device) camera, producing a plot of fluorescence absorbance

peaks or the base sequence.

Example 4 Construction of the yeast recombinant expression vector

The following primers were designed based on the coding sequence of the

β-mannanase mature protein without a signal peptide obtained in accordance

with example 3:

ManF: 5' -CCGCTCGAGCCATACTGTGTCGCCTGTGAATC-3 ' (SEQ

ID NO: 5) and

ManR: 5'-AAGCGGCCGCTTATCACTCAACGATTGGCGTTAA-3'

(SEQ ID NO: 6),

wherein the inserted restriction sites for Xhol and Notl were underlined.

PCR amplification was carried out using the above primers, with the DNA

recovered in accordance with example 2 used as a template, to produce the

coding gene of the β-mannanase. The PCR conditions consisted of: 94°C for 5



min; 32 cycles of 94°C for lmin, 55°C for lmin, 72°C for lmin; and 72°C for

lOmin. After cleaved by Xhol and Noil, the PCR product was ligated to the

vector pPIC9 cleaved by the above two enzymes, to obtain a recombinant

expression vector PIC9-BMMan comprising the coding gene of the

β-mannanase (see, e.g., Figure 2).

PCR amplification was performed with the recombinant plasmid used as a

template and the specific primers for the original gene BM-Man (BMF:

5'-CTGTTCAGGCCGCTGCATGAAATGAACGGTG-3'(SEQ ID NO: 7) and

BMR: 5 '-TCACTCAACGATTGGCGTTAAAGAATCG-3 '(SEQ ID NO: 8)),

and the specific primers for the original plasmid including the inserted

fragment (a-factor primer: 5-'TACTATTGCCAGCATTGCTGC-3 '(SEQ ID

NO: 9) and 3 'AOXl primer: 5'-GCAAATGGCATTCTGACATCC-3'(SEQ ID

NO: 10)). The PCR products were resolved by agarose gel electrophoresis (1%

agarose, a constant voltage of 120v, 40min). Two pieces of DNA containing

lOOObp and 1200bp were recovered by a gel recovery kit, and then sequenced

(Invitrogen, Shanghai, P. R . China). In the two pieces of DNA, the target DNA

is 101 lbp, consistent with the sequence and other properties of the original

gene of the source strain. Consequently, the insertion site, orientation and

sequence of the target gene were correct.

Example 5 Production of the β-mannanase in Pichia pastoris

The recombinant plasmid pPIC9-BMMan resulted from example 4 was

digested by Stul or Bglll to obtain the linearized plasmid pPIC9-BMManl.

50ug of the linear recombinant plasmid DNA thus obtained was added to

the competent cell (Pichia pastoris GS115) maintained at <0°C; 1.0 ml of

solution II (40%(w/v) polyethylene glycol 1000, 0.2M N,N-dihydroxylethyl-

glycine, pH8.35) comprising 5 ug/ml salmon sperm DNA (Sigma) was added,

or 1.0ml of solution II was added prior to addition of 5 ul of 1 mg/ml salmon

sperm DNA to mix well; it was maintained at 30°C in a water bath for more



than lh, with blending every 15 min; then maintained at 42°C for lOmin; and

centrifuged at 3000 g at room temperature for 5 min. After the supernatant was

discarded, the pellet was resuspended in 1.0 ml of solution III (0. 15M NaCl,

lOmM N, N-dihydroxylethylglycine, pH8.35). The suspension was centrifuged

again at 3000 g at room temperature for 5 min, and 800 ul of supernatant was

removed. The pellet was resuspended in the remaining 200 ul of supernatant.

The 200 ul fungal suspension was coated on a YPD plate (YP (5%(w/v) yeast

extract and 10%(w/v) peptone) and 20%(w/v)D(glucose), sterilized separately,

20%D was added to YP at a ratio of 1:9 immediately prior to preparing the

plate; the selecting pressure was 80 ug/ml ampicillin), it was inversely

incubated at 30°C for 3 to 4 days. The colony growing on the selecting plate

was a positive colony containing the recombinant plasmid.

The positive colony of Pichia pastoris GS1 15 transformed with the

recombinant plasmid pPIC9-BMManl was plated in 150 ml YPD medium, and

then incubated at 30°C with shaking at 250 rpm for about 20h to OD 0onm of

0.3~0.5. Next, it was used to inoculate 3L fermentation minimum medium

(26.2 ml/L phosphoric acid, 0.80 g/L calcium sulfate, 18.7 g/L potassium

sulfate, 15.5 g/L magnesium sulfate, 4 .17 g/L potassium hydroxide, 40 g/L

glucose), which was then fermented in a 5L fermenter.

In the initial phase—the growing phase, the fermentation is adjusted to pH

6.5 using 25% ammonia, and PTM1 (30 mM copper sulfate, 0.54 mM sodium

iodide, 17.6 mM manganese sulfate, 0.80 mM sodium molybdate, 0.32 mM

boric acid, 2.4 mM cobalt chloride, 0 . 18 mM zinc chloride, 0.24 mM ferrous

sulfate, 1.6 mM biotin, 0 . 19 M sulfuric acid) was added at 4.0ml/hr in a

continuous flow. The system was incubated with stirring and ventilation for

20-24 hr. During the growing phase, the dissolved oxygen was decreased

gradually to lower than 100%. After the carbon source was completely depleted,

the dissolved oxygen was increased gradually to more than 80%, when the wet

weight of the yeast cells may be up to 90g/L.



In the carbon source feeding phase, a solution comprising 25% (w/v)

glucose and 12ml/L PTM1 in distilled water was added at 25ml/hr in a

continuous flow for 4-6hr, with ventilation being adjusted to maintain the

dissolved oxygen at around 20%. At the end of this phase, the wet weight of the

yeast cells may be up to 160g/L.

In the induction phase, a 12ml/L solution of PTM1 in methanol was added

at 10-15ml/hr in a continuous flow, so as to maintain the final concentration of

methanol in the medium at no more than 0.3% (v/v). The ventilation and the

stirring speed were adjusted to keep the dissolved oxygen at about 20%. In the

induction phase, 10 ml samples were collected from the fermentation every

8-16 hr. The samples were centrifuged at 10000 rpm for 5 min, and the

supernatants were collected to determine the β-mannanase activities of the

samples, and also analyzed by SDS-PAGE. The results were depicted by

figures 7 and 8 . When the fermentation was carried out for 139 hr, the wet

weight of the yeast cells may be up to 340g/L, and the expression of the

β-mannanase, based on the enzymatic activity of the supernatants, may be up to

21458 U/ml, indicating that the β-mannanase gene derived from Bacillus

Megaterium was well expressed and accumulated in Pichia pastoris .

Example 6 Purification of the recombinant β-mannanase

The fermentation culture resulted from example 5 was centrifuged at

10000 rpm for 10 min. The supernatant was used as a crude enzyme solution.

The crude enzyme solution was placed in an ice bath, and ammonium sulfate

was slowly added to 80% with stirring. The reaction was centrifuged at 13000

rpm for 15 min, and the precipitant is redissolved in the buffer (disodium

hydrogen phosphate-citrate, pH6.5, 50 mM).

The solution thus obtained was dialysed to remove residual ammonium

sulfate. The particular conditions consisted of: selection of the dialysis bag

with the molecular weight cutoff of 12-14kDa (5cm wide), the external dialysis



solution being disodium hydrogen phosphate - citrate (pH 6.5, lOmM) buffer,

the volume ratio of the external dialysis solution to the internal dialysis

solution (i.e., the solution obtained as described in the previous paragraph) of

greater than 15, dialysis at 4°C for 24hr with the external dialysis solution

being replaced every 8hr. After the dialysis, the internal dialysis solution was

collected, freeze-dried, and stored at -80°C until use.

An appropriate amount of the freeze-dried sample thus obtained was

dissolved in PBS (pH 7.0, 20mM) buffer to a concentration of 5-10mg/ml. 1-2

ml of the preparation was loaded on the Sephacryl™ S200 normal pressure gel

filtration column (<B1.6x200cm) (GE Healthcare, SE-75 1 84 Uppsala, Sweden),

following equilibration of the column with 20 mM PBS buffer at pH 7.0. Next,

the column was eluted with 1.5 column volume of 20 mM PBS buffer at pH 7.0

at a flow rate of 1.0 ml/min, with the elute being collected by the fraction

collectors (each tube comprising 6 ml). Then the collected samples were

analysed for β-mannanase activities and analysed by protein electrophoresis.

The active peaks were collected after separation by gel filtration,

concentrated, desalted, freeze-dried and dissolved in 50mM disodium hydrogen

phosphate - citrate buffer at pH6.5 (5-10 mg/ml). The preparation was loaded

on the Mono Q™ 5/5 0GL high performance anion exchange column (GE

Healthcare, SE-75 1 84, Uppsala, Sweden), following equilibration of the

column with 0.05mM Tris-HCl buffer at pH 8.0. Next, the column was

gradiently eluted with 5 column volume of 0-1.0 mol/L NaCl in the same buffer

at a flow rate of 1.0 ml/min, with the elute being collected according to the

peaks. Then the collected samples were analysed for β-mannanase activities

and analysed by protein electrophoresis.

After purification, the specific activity of the β-mannanase derived from

BM-Man was increased from 3427.8U/mg for the crude enzyme solution to

16718.2U/mg for the pure enzyme, with a purification factor of 4.88. The

results (Fig. 9) showed that the purified β-mannanase derived from BM-Man



was run as a single band in the SDS-PAGE gel with molecular weight of about

39kDa.

Example 7 Enzymological analysis of the recombinant β-mannanase

Enzymatic reactions employing the pure β-mannanase resulted from

example 6 were carried out at different pH to determine the optimal enzymatic

reaction pH. The pH range as used in the reactions was from 3.0 to 10.0,

wherein 50 mM Na2HPO4-C6H O7 buffer was used for the range of pH 3.0-8.0

and 50 mM Gly-NaOH buffer was used for the range of pH 8.0-10.0. The pH

compatibility assay was performed with β-mannanase in buffer solutions at

different pH values at 50°C. The results showed that the optimal enzymatic

reaction pH of the β-mannanase derived from BM-Man was pH 5.0-8.0 (see

Figure 3).

The β-mannanase solutions were treated in buffers at different pH values

at room temperature for 60 min, and then the residual enzymatic activities were

determined to evaluate the pH stability of the β-mannanase. The results showed

that the residual activities of the β-mannanase derived from the BM-Man gene

that had been treated at pH 3.0-4.0 for 60 min were more than 70%; and the

residual activities of the β-mannanase derived from the BM-Man gene that had

been treated at pH 4.5-10.0 for 60 min were more than 90% (see Figure 5).

These results indicated that the β-mannanase derived from the BM-Man gene

was compatible with a very broad pH range and had good pH stability.

The enzymatic reactions were also performed in disodium hydrogen

phosphate - citrate (pH6.5, 50mM) buffer system at different temperatures

(20°C-80°C) to determine the optimal reaction temperature. The results showed

that the optimal reaction temperature for the β-mannanase derived from the

BM-Man gene was 45-55°C (Figure 4).

The enzymatic activity was measured after the enzyme had been treated at

different temperatures for 60 min to evaluate the thermostability. The results



showed that the residual enzymatic activity of the β-mannanase that had been

treated at 20°C-55°C for 60 min was remained at more than 90%; the residual

enzymatic activity of the β-mannanase that had been treated at 60°C and 65°C

for 60 min was remained at 88% and 78% respectively; and the residual

enzymatic activity that had been treated at 70°C for 60 min was remained at

45%(Figure 6). These results indicated that the β-mannanase derived from the

BM-Man gene had good thermostability.

To the solution of the β-mannanase derived from the BM-Man gene was

added 0.05ml of 0 . 1 mg/ml trypsin in PBS buffer at pH7.0 or 0 .1 mg/ml pepsin

in glycine-HCl buffer at pH 2.0, maintained at 37°C for 120min, diluted and

then analysed for β-mannanase activity. After incubation with trypsin or pepsin

for 120 min, the residual enzymatic activity of the β-mannanase was more than

95% (Figure 10), indicating that the β-mannanase derived from the BM-Man

gene had good resistance to protease hydrolysis.

Example 8 Comparison of the inventive β-mannanase to β-mannanases

from other species of Bacillus

After comparison of the specific activity of the inventive β-mannanase

(see, e.g., example 6) to that of the β-mannanases from Bacillus subtilis WL-7

(see, e.g., KWEUN, MIN A, MI-SUNGLEE and JOON HO CHOI 2004

Cloning of a Bacillus subtilis WL-7 Mannanase Gene and Characterization of

the Gene Product. J . Microbiol. Biotechnol. 14(6): 1295-1302), it can be seen

that the specific activity of the inventive β-mannanase (16718.2 U/mg) was

substantially higher than that of the β-mannanases from Bacillus subtilis

WL-7(10080 U/mg).

Also, the physical and chemical properties such as the optimal reaction pH,

optimal reaction temperature, pH stability and thermostability of the pure

recombinant β-mannanase of the invention were compared to those of the pure

β-mannanases from Bacillus subtilis WL-7 (KWEUN, MIN A, MI-SUNGLEE



and JOON HO CHOI. 2004. Cloning of a Bacillus subtilis WL-7 Mannanase

Gene and Characterization of the Gene Product. J . Microbiol. Biotechnol. 14

(6): 1295-1302) and from Bacillus subtilis MA139 (Jiayun Qiao, Zhenghua Rao,

Bing Dong, and Yunhe Cao. 2010. Expression of Bacillus subtilis MA139

β-mannanase in pichia pastoris and the Enzyme Characterization. Appl

Biochem Biotechnol. 160: 1362-1370 and Wang Chunlin, Cao Yunhe, A

Coding Gene of β-Mannanase and The Use Thereof, Chinese Patent

Application no. 200910084472.9), and the results were shown in figures 3 to 6 .

It can be seen that the three recombinant β-mannanases were similar with

respect to pH stability and thermostability, but the inventive β-mannanase was

compatible with a broader pH range and a broader temperature range than the

other two β-mannanases.

Example 9 Stability of the dried preparation of the recombinant

β-mannanase

The pure recombinant β-mannanase resulted from example 6 was

processed as a preparation. Specifically, in the enzyme solution was added 25%

(w/v) starch, 5% (w/v) sodium sulfate, 10% (w/v) dextrin, 2.5% (w/v) sodium

chloride, 1.5% (w/v) potassium sorbate and 1% (w/v) calcium sulfate. The

resultant solution was mixed well and spray-dried. Next, the resultant solid

preparation of the recombinant β-mannanase was incubated at different

temperatures (50-100°C) for 60min. The residual β-mannanase activity was

measured as described above, and the thermostability of the said solid

preparation was also determined.

The residual activities of the solid preparations that had been incubated at

50-90°C for 60 min were more than 90%; and the residual activity of the solid

preparation that had been incubated at 100°C for 60 min was 78% (Figure 11);

which indicates that the solid preparation of the inventive recombinant

β-mannanase has good thermostability and can be applied in such industries as



pellet feed processing.

The solid preparation of the inventive recombinant β-mannanase prepared

as described above was placed in a constant temperature and constant humidity

chamber (temperature of 25°C, relative humidity of 50%) for 15 months,

wherein samples collected once a month were analyzed for the residual

enzymatic activity of the solid preparation, in order to evaluate the shelf

stability of the solid preparation. The residual enzymatic activity of the solid

preparation which had been stored for 15 months was 94% (Figure 12),

indicating that the inventive β-mannanase had good storage stability.

It can be seen from the above experimental results that the β-mannanase

derived from the BM-Man gene prepared by using the strain and the method of

the present invention has a broad prospect for industrial application, it can be

widely used in many technical fields, e.g., food, medicine, feed, paper making,

textile dyeing, petroleum exploration, fine chemistry, and biotechnology.



Claims

1. An isolated polypeptide having the -l,4-mannanase activity.

2 . The polypeptide of claim 1, wherein said polypeptide has the following

properties:

a) a theoretical molecular weight of 39kDa;

b) a theoretical pi value of 5.29;

c) an optimal enzymatic reaction pH of 5.0-8.0;

d) an optimal reaction temperature of 45-55°C;

e) high specific activity of more than HOOOU/mg; and

f) high resistance to protease hydrolysis, particularly to pepsin and trypsin.

3 . The peptide of claim 1 or 2, wherein said polypeptide consists of the

amino acid sequence set forth in SEQ ID NO: 2 .

4 . The peptide of claim 1 or 2, wherein said polypeptide comprises an amino

acid sequence having at least about 70%, at least about 75%, at least about 80%,

at least about 85%, at least about 90%, at least about 95%, at least about 98%, at

least about 99% or even 100% sequence identity to SEQ ID NO: 2 .

5 . The peptide of claim 1 or 2, wherein said polypeptide is encoded by a

polynucleotide hybridizable to the complementary strand of the polynucleotide set

forth in SEQ ID NO: 1 under stringent conditions.

6 . The peptide of claim 1 or 2, wherein said polypeptide is encoded by the

allelic or natural variant of the polynucleotide set forth in SEQ ID NO: 1.

7 . The peptide of claim 1 or 2, wherein said polypeptide comprises an amino

acid sequence derived from the amino acid sequence set forth in SEQ ID NO.2 by

substitution, deletion, and/or addition of one or more amino acid residues.

8 . A nucleic acid encoding the polypeptide of any one of claims 1-6.

9 . The nucleic acid of claim 8, wherein said nucleic acid comprises a

nucleotide sequence having at least about 70%, at least about 75%, at least about

80%, at least about 85%, at least about 90%, at least about 95%, at least about



98%, at least about 99% or even 100% sequence identity to SEQ ID NO: 1.

10. The nucleic acid of claim 8, wherein said nucleic acid consists of the

nucleotide sequence set forth in SEQ ID NO: 1.

11. A recombinant vector comprising the nucleic acid of any one of claims

8-10.

12. A host cell comprising the recombinant vector of claim 11.

13. The host cell of claim 12, wherein said host cell is a eukaryotic cell.

14. The host cell of claim 13, wherein said host cell is a yeast cell.

15. The host cell of claim 14, wherein said host yeast cell is of Pichia

past oris.

16. The host cell of any one of claims 12-15, wherein said recombinant

vector is integrated into the genome of the host cell.

17. A method for producing β-mannanase, comprising:

i) incubating the host cell of any one of claims 12-16,

ii) inducing expression, and

iii) harvesting the expression product.

18. The method of claim 17, further comprising:

iv) purifying the expression product.

19. A composition comprising an effective amount of the polypeptide of any

one of claims 1-7, and a bromatologically- or industrially-acceptable vehicle or

excipient.

20. A composition comprising an effective amount of the polypeptide of any

one of claims 1-7, and one or more enzymes selected from the group consisting of

protease, cellulase, β-xylanase, β-dextranase, a-amylase, lipase, pectinase, and

combination thereof.

21. The composition of claim 19 or 20 used in feed, food, deinking, and pulp

bleaching.

22. A wild-typed Bacillus Megaterium FB 101, which is deposited with the

China General Microbiological Culture Collection Center under CGMCC No.

4162 on September 13, 2010.
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