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Abstract

-Mannanase was extracted from coconut (Cocos nucifere Linn) haustorium and purified fhrough
ammoniuin sulfate precipitavon and sepharose 6B-lectin affinity chromatography. Cocongt
fJ-mannanase is an acidic proten with a pl of 3.75. The molecular mass of ceconut -mannangge
(sedium dodecyl sullute-polyvacrylamide gel clectrophoresis) was found to be 44 kDa aud g
confirmed by matrix-assisted laser desorption sonization time-of-flight mass spectromerry, Th.e,l,‘
optimum temperature and pH for enzyme activity was 70°C and 5.2. The enzyme was used for
the preparation of ncutraceutical dictary supplement from galactomannans of guar gum and
tender coconut kernel having a B-(1,4)-linked D-mannose backbone. Depolvmerized guar Znm
has 92% of oligosaccharides with a degree »f polymerization of 3 and 7. Tender coconut kernel
has a degree of polvinerization of 9-39 olhigosaccharides along with disacchandes and trisacchar-
ides. Hence this mannanase will be useful to depolymerize B-(1,4)-linked D-mannose poly-
saccharides from most piane sources to producce prebiotics in a cost-cffective technique,
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Intrgduction

B-Mannanase (endol, 4-f-D-mannan mannohydrolase, EC 3.2.1.78) hydrolyzes the
1 4-B-D-manuopyranosyl linkage backbone of mannans, glucomannans, gaiactoman-
nans and galactoglucomannans to produce mannanoligosaccharides. Mannanoligo-
saccharides are sccond-generation prebiotics (Gibson and Roberfrcid  1995).
Mannanoligosaccharides are non-aigestable oligosaccharides possessing imporgant
physiological properties to behave as dictary fiber and prebiotics. Prebiotic olige-
saccharides are also advantageous as they are selectively utilized by Bifidobacteria,
decrease enteric pathogenic bacteria, regulate immunoreactionss, and improve e
integrity of intestinal mucosa, thereby increasing the human health level and the
worth of a breeding animal (Wong and  Saddler 1993; Gomes and Steiner
1998; Kobayashi et al. 1987; Dhawan and Kaur 2007; Moreira and Filho 2008).
Endo B-mannanases catalyze the cleavage of the internal -1,4 mannopyranosyl
3j111<nglJS of the mannan polymer randomly ro mannanoligosaccharides. Mannanases

el —

Cinrest " Abrahan, Chemicnl Scionees and Techaology Division, Natinnal Instituie for [ntercwsciplinary
jeace COSIRY, Trvandrum 085 010, Tndie Telr 91 471 2315233 lax 91 470 2491712

I il enliatealed vahoo.com

ISSN 0903-7150 pont [SSN 1465- 3175 onlin 20100 Informa UK Tad

(O 13109 O FSOUO3YTO LTS




Isolation of B-mannanase from Cocos nucifera 273

aso useful for the enzymatic analysis of polysaccharide structures
‘5 and Matheson 1986). -Mannanase occurs widely in microorganisms
sing different characteristics in terms of molecular weight, isoelectric focusing
ptimum pH and temperature, so forth (Reese and Shibata 1965; Araujo and
11990; Hossain et al. 1996; Gomes and Steiner 1998). The microbial mannanases
Streptomyces sp. (Takahashi et al. 1984), Bacillus subtilis (Mendoza et al.
Zakaria et al. 1998), Sclerotium (Athelia) rolfsi (Sachslehner and Haltrich
Bacillus stearothermophilus (Zhang et al. 2000), Aspergillus awamori (Kurakake
: ‘omaki 2001) and Trichoderma harzianum (Ferreira and Filho 2004) have been
: ed and characterized. A few B-mannanases have been purified and characterized
from higher organisms such as blue mussels (Myulus edulis) and snails (Helix pomatia)
(Yamaura and Matsumoto 1993; Yamaura et al. 1996; McCleary 1988). Mannans are
on important component of the hemicellulose tamily, and can be classified into four
5ubig‘a;milies: linear mannan, glucomannari, galactomannan and galactoglucomannan.
Galactomannans are the reserve pelysaccharides in endosperm of plaats in the
loguminoszae family. Guar gum (Cyamopsis tetragonolobus) has a linear back bone of
(1;;4)-dicquatorially linked B-D-mannose residues, some of which carry singie-sugar
sice chains of o-1-gaiactose attached by (1—6) linkages. The molar ratio of mannose to
. salactose ratio 1s ~1.6. Coconut meal contains 20% mannans, 61% gaiactomannans
.1 13% cellulose. Even thougli there are studies on the .ndo manannase gene
'prmg of plants such as arabidopsis, rice, poplar and tomato, there is no report
~ on the characterization of endo B-mannanase isolated from coconut haustorium and its
use in the production of prebiotics. Previous studies in our laboratory have shown that
: -ﬁéiconut haustorium is a rich source of lipase, B~-mannanase and o-galactosidase. In the
present study we have purified and characterized a thermo-stable f-mannanase from
coconut haustorium to make the prebiotic mannanoligosaccharides from guar gum and
coconut kernal.

Materials and methods
Materials

p-Nitro-phenyl-B-D manopyranoside (PNPM), p-mannanase from H. pomata,
p-nitrophenyl-o-D-galactopyranoside (PNPG), «-galactosidase from green coffee
bean, bovine serum albumin, locust bean gum, guar gum, sepharose 6B, and molecular
weight markers were purchased from Sigma-Aldrich (St Louis, MO, USA). Ampho-
Iytes for Rotofor were from Bio-Rad (Trivandrum, Kerala, India). Lectin was isolated
and purified from locally available Jack fruic seed. Coconut haus:orium was procured
itom the laboratorcy plantation. All the other reagents used were of analytical grade.

“nzyme assay and protein determunations

The cpecific B-mannanase activity of haustorium was assayed with PNPM as a
substrate, PNPM (1 mM) was incubated with an aopropriaie wmount of enzyme
sampic in 9.1 M acetate buffer (pH 5) at 40°C for 10 min. The reaction was stopped by
adding 0.5 ml of 1 M Na,CO; and ilie absorbance of the reieased p-nitro-phenol was
leterinined ar 400 nm using a spectrophntometer. One unit of R-mannanase was
defined as the amount of enzyme neeced to produce ! umol/min p-nitro-pienol per
minute (Kurakake and Komaki 2001). The o-galactosidase activity of coconut
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haustorium was assayed using PNPG as the substrate. 'The assay mixture hag 4 St
concentration of 43 mM citrate, 5.3 mM o-nitro-phenyl o-D-galactoside and appmi‘
imately 0.015-0.03 units o-galactosidase. One unit of o-galactosidase wil] hydrol i
I pwmol/min o-nitro-phenyl o-D-galactoside to o-nitro-phenol and D-galactoge ’
minute at pH 4 at 25°C (Borooah et al. 1961). The general glycosidase enzym
assay was carried out with 0.5% locust bean gum (galactomannan) in citrate phosphy
buffer (50 mM, pH 5.2) with 100 pl mannanase, incubated at 50 + 0.5°C for 3¢
and the reducing sugar released was determined by the dinitrosalicylic acid methg
(Stalbrand et al. 1993) at 540 nm. A standard curve was made with diffem
concentrations of D-mannose. One unit of the general mannanase actvity is define
as the micromoles of mannose released per minute per milliliter of the enzyme llndé‘y
the experimental conditions.

The concentration of the protein was determined using the Bie-Rad proten
assay according to the method of Bradford (1976), using bovine serum albumip as
standard. The concentration of protein was monitored by observing the absorbange at
595 um.

Extractien and purification of f-mannanase. All of the purification steps were performeq
at +'C unless stated otnerwise. The crude extrucellular and intracellular mannangse
was vhuained from coconut haustoriumn by macerating the haustorium into a pulp with
0.05 M phosphate buffer (pH 7.0) and sand, and filtering the mashed pulp through
cheesecloth. The filtrate was centrifuged at 2,655 x g for 10 min at 4°C. The cryde
supernatant was subjected to 20-90% ammonium sulfate saturation. The precipitated
protein was collected by centrifugation (2,655 x g) and dissclved in 0.05 M pbosphs&é
(ptl 7) buffer. Further purification was donc oy affinity chromatography using aglags |
column of 30 cm height and 2.1 c¢cm inner diameter filled with sepharose 6B beads
(diameter 45-165 um) loaded with jack lectin. The column was loaded with 8.5 mi
dialyzed erzyme sample (specific activity, 39.86 mg/ml) and equilibrated with phos-
phate saline buffer, pH 7.4. The void volume of the column was 3.72 ml. The bound
rrannanase was selectively eluted with D-galactose (5 to 100 mM) in the same bufferat
a flow rate of 3 ml/min. The active fractions were combined and dialvzed against the
same buffer and the dialysate was used in further experiments as the purified
mannanase.

414
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[soclectric focusing

[soclectric focusing was performed using & mini-Rotofor (Bio-Rad Laberatoriés).
Purified coconut haustorium extracts at 4°C were dialyzed against phosphate buffer
of pH 7 for 30 min, along with 2% ampholyte (pH 5-8; Bio-Rad) and is focused at4°C
for 5 lvat 12 W. The fractions were harvested and the isoelectric point of the enzyme
~was determined.

)

Folvacrvliamide gel electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (3DS-PAGE) «wvas per

N .
wormed na 10% wiv polyacrvlamude gel by the method of Laecmmli (1970). ¢ fo“‘g‘
bands were visualized by Coomassie brilliznt blue R-250 craining. A mulecular Weg
marker for SDS-PAGE ranging from 14.3 to 97.4

— s |

kDa (Genie, India) was used.
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ssisted laser desorption tomzation time-of-flight mass spectrometry of pB-mannanase
2 lactomannans

; '_Venzed galactomannan samples was done with 2,5-dihydroxy benzoic acid
i the linear mode.

dichroism spectroscopy

circular déhroism spectrum of -manannase was carried out in a spectropolari-
¢ (Jasco J-810, USA) scanned from 190 to 300 nm under a nitrogen atmosphere.
data were analyzed by K,D, software (Perez-Iratxeta and Andrade Navarro, Bio
entral Ltd, 2008).

3-7 under standard assay conditions. The effect of temperature on the
ananase activity was determined by incubating the purified enzyme with the
sirate at temperatures ranging from 30 to 80°C in 0.1 M citrate phosphate buffer

~ kinetics software (Sigma plot, version 7.01, 2001, Richmond, California, USA), and
"EK,,. and 1, were calculated from the Hanes Woolf plot [S] versus [S] / [V]. From
- these values, the catalytic constant for the conversion of substrate to product (R, and
- the catalytic efficiency ratio were calculated (Cornish-Bowden 2004).

- Depolymerization of B-1,4-p-galactomannans

f-1,4-Galactomannan from guar gum and tender coconut kernel 1% (w/v) were
suspended in 0.1 M citrate phosphate buffer of pH 5. 2. After the addition of purified
mannanase, the solution was incubated at 30 + 2°C for 24 h and 72 h. The solution was
then passed first through ‘hyflow’ supercel and then through 0.45 um and 0.22 pm
Millipore ultrafiltration membranes. The supernatant was applied to MALDI
TOF-MS analysis.

LR . e kil
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Results and discussion

s e

Agueous extract from coconut haustorium contains lipases, o-galactosidase as
well as B-mannanase. The activity of lipase was 90.5 olive oil units/ml and that of
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o-galactosidase using the specific substrate PNPG was 0.1374 units. The B“m‘&nna : -
enzyme was very difficult to separate from the abundant acidic lipaseg :
a-galactosidase by the classic purification methods such as ion exchange chromgygg
raphy and gel permeation chromatography.

Purification of mannanase enzyme by sepharose—lectin affinity chromatography

The results of the ammonium sulfate precipitation and afhnity chmmamgrap
>

purification of [-mannanasc from the coconut haustorium are U Marisad enz
in Table I. The -mannanase was purified 693-fold with a specific activity of 0534" %
units/mg protein. The enzyme activity was assayed using PNPM as the speciﬁg‘f_ & L
substrate. Affinity chromatography using lectin (specifically binds to D-galacroge ;
and D-mannose) was successful in separating f-mannanase from « ;u?actosi‘}asé ?m
and lipases. The lipase was excluded from the column along with the void volume, uec.
The J-mannanase was cluted with a D-galactose gradient of 5 to 10 mM apg the }ﬂm
o-galactostdase was cluted by a higher molarity (40 mM) of D-galactose. &
mo
fro
Lsocleciric focusing pH
Isoelectric focusing analysis gave an isoclectric point ot 3.75 for the coconut haygte. ‘,-'H‘
rium B-mannanase, and hence 1s an acidic protein. It is reported that many bacterialgs 19.
well as fungal -manannases have acidic pl values (Viikari et al. 1993). B-Mannanase g : .GU
an acidic protein in H. pomarnia (snail) and also 8. (Athelia) rolfsii, which has a pl of 2,75 -
(Sachslehne and Haltrich 1999), whereas the enzyme from M. edulis 1s basic havingapl — § %ril
ot 7.8. } |

Polyacrylamide gel electrophoresis ‘ {

The purified-manannases were analvzed electrophoretically under denaturing condi-
tions: Only oae protein band was detected under the staining condition spccified. The J
analysis revealed a single band on the SDS-PAGE that corresponds te a molecular

weight of 44 kDa. This is similar to that of the earlier reports for B-mannanase obtained
from M. edulis (39 kDa) (Xu et al. 2002), from H. pomatia (37-42 kDa) (McCleay

1988; Yamaura and Matsumioto 1993; Yamaura et al. 1996), and from S. (Atheha)
rolisii (46.5 kDa) (Sachslehner and Haltrich 1999). The results from SIDS-AGE are
confirmed by MALDI TOF-MS, and are similar to the reported values of <0.0 kDa for
Bacillus sp. (Ooi and Kikuchi 1995), 39.2 kDa for M. ed:dis (Xu et ai. 2002}, 39.0 for
B. subtilis KU-1 (Zekaria et al. 1998) and 37 kDuor H penaria (ivicCleary 1988).

Table [ Summary of [l-mannanase purtficanon from coconut baustorium,
Total activity" Protein® Specific activity

i unis) (meml) (units/mg) eCuVeDy A fé
Crude {tutal glveosidase « 33.228 Q.17n2 9.429 -
9C% ammonium sulfale precipi 061.452 39 86 0.0770 0.82

vinity separarion 0.1425 0078 0.5347 092 12

\eris Vi 0.1 Moacetate buffer (pH 5) at 407 psing 1 oaM PNPM as suly sure. T The prote )

IS 1 wehod of Bradford (1976), using bovine serum albumin as the standard '
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" lar dichroism spectroscopy

o far-UV region (190-240 cm™") in the circular dichroism spectrum normally shows
W secondary structure of -manannase, and the chromophore is the peptide bond. The
ar dichroism spectrum of -manannase was plotted using K,D, software.
esult shows that about 3.25% -helix and 49.36% -sheets were found in the
nnase. From the near-UV region (240-400 nm), the tertiary structure can be
ined and the chromophores are phenylalanine, tyrosine and tryptophan. The
e was found to be a typical -2 type of globular protein.

e properties

optimal pH for B-mannanase activity was 5.2 (Figure 1). Figure 1 shows the
rease in activity of mannanase at higher pH values of 6 and 7. f-Mannanase from
storium can be used in slightly acidic conditions to depolymerize galactomannans.
5 ral mannanases of microbial sources as well as from higher organisms such as
lusca reported in the literature had molecular masses similar to that of mannanase
2 haustorium; however, the catalytic properties are obviously different. The optimal

4; Ademark et al. 1998; Viikari et al. 1993) and from B. subtilis WY34 pH 6
¢ et al. 2006). The optimal temperature for f-mannanase activity in the present

ows 4 higher activity at 65-75°C compared with 65-70°C from B. subtilis WY 34
et al. 2006).
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Figure 1, Effect of pH on fB-mannanase activity.
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IFigure 2. Effect of temperature on f-mannanase activity,

Kanetic parameters

The 4. ¥ max and K, values of 3- mannanase were found to be 2.563 x 107" mol/mj
7.908 x 10 ° mol/sec/g, and 1.797 x 10 ? mol/sec/mol enzyme with locust bean gum
the substrate. For the specific substrate PNPM, the K, V. and K, valucs nf enzyrﬁ
were 9.114 x 107® mol/ml, 6.98 x 107 mol/sec/g, and 1.58 x 10° mol/scc/mol
(figure 3). These data are compared with the mannanase from M. edulis, which hasa

reported K, value of 3.95 mg/ml as locust bean gum substrate (Xu et al. 2002), and
mannanase from Aspergillus niger, which has a K, value of 0.30 mM using PNPM a3
substrate (Ademark et al. 1999). When the substrate concentration was plotted again'st:
the ratio of the substrate concentration to the rate of the reaction (Hanes-W oolf piot),
the primary plot was obtained and K, and V.« values were obtained automatically
from the secondary plot values using Sigma plot software (version 7.01, 2001). The
Hanes—Woolf equation can be represented as:

(ST 1 K

__——[S]_,__l
L’ Lﬁnﬂx L/

max

where [S] is the substrate concentration, Vi, is the maximal velocity and Ky, is the
binding affinity of substrate at (1/2) V.. (Michaelis constant). The lower the K, valug,
the higher the affinity between the enzyme and the substrate. The Hanes-Woolf plot
avoids both the misleading impression of the experimental error and the uneven
distribution of the points by a Lineweaver-Burk plot and the angular distortion of
the crrors of the Eadie-Hofstee plet (Cornish-Bowden 2004).

Depolymerization of B-1,4-1.-galactomannan 4

Both guar gum and tender coconut kernel were depolymerized by the p'uflﬁ"vd
B-mannanase at pH 5.2 to produce di, tri and oligogalactomannans. A reacticn mixure
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Hanes - Woolf plot

20
15

1.0

K, =9.114 x 10" mol/ml

V .= 6.98 x 102 mol/s/g

1 1 I 1 T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6
[Substrate] (umol/ml)

etics of f-mannanase from coconut haustorium using PNPM as substrate.

s and trisaccharides along with oligomers of DP 9-39. The fungal mannanase
mannanase from M. edulis gives mannobiose and mannotriose on hydrolysis
1 . 2002). This oligomannans can be used as prebiotic without any costly
§tream processing. Prebiotics are being made available in almost every product
iinable and, as they become increasingly popular, more and more uses of them are
be adopted by the industry. So far, such uses include kefir, yogurt and other
drinks, sports products, functional waters, nutrition bars, weight-loss products,
ymilk, infant fcods and formulas, green foods, prebiotic supplements, mineral
plements, medical foods, as well as pet foods and animal feeds.

d may, in the next decade, be one of the most fascinating functional food ingredients.
rebxom:s are principally oligosaccharides, as they stimulate the growth of Bifidobacteria
» i the i intestine, and they may have anticarcinogenic, antimicrobial, hypolipidemic and
"g}must:—modulatmg activities. Coconut haustorium was found to be a good source of
o'mannanase. In this work, -mannanase was isolated and purified from coconut
‘ hﬂustormm which is an acidic globular protein of molecular mass 44 kDa with an
opiimum pH of 5.2, remperature of 70°C and a K,, value of 5.114 x 10 nol/ml
5 fnzyme usmg PNPM as substratz. This endo enzyme is capatble of randomly
ol
E
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depolymerizing p-(1,4)-linked D-mannose containing polysaccharides frop, M :
sources. This is the first report of a cheaper, eco-friendly and versatile plant en j
that can be used to produce mannanoligosaccharides from galactomannan-ricy
materials, such as guar gum and tender coconut kernel, on a large scale,
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