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Xylanase production by Bacillus pumilus: 
Optimization by Statistical and Immobilization Methods
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Abstract: Two simultaneous statistical experiments were applied in order to optimize medium conditions

for xylanase production by B. pumilus. The first experiment was a 2  factorial design, which revealed then

significance of glucose and tryptone components. The significant factors were further optimized using the

steepest ascent method. Optimized medium (in g/l, tryptone, 4; yeast extract, 6; glucose, 10.4; and NaCl,

6) showed a 1.5 fold increase in xylanase activity. Optimized conditions were used with cells immobilized

by using agar and alginate gel materials. Immobilized cells in 2% alginate showed a 2.6-fold increase in

xylanase specific activity compared to free cells. 
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INTRODUCTION

Xylans are heterogeneous polysaccharides with a

backbone consisting of beta-1,4 linked D-xylosyl

residues. Depending on the source of xylan, substitutes

such as arabinofuranosyl, 4-O- methylglucuronosyl and

acetyl groups can be present at varying frequencies .[1]

Xylan ranks second only to cellulose in abundance and

comprises up to one third of the total dry weight of

higher plants .[2]

Endo-beta-1,4 xylanases are the main enzymes

responsible for cleavage of the linkages within the

xylan backbone . Complete hydrolysis of xylan to[1]

monomers involves beta-xylosidases and various

debranching enzymes as acetyl xylan esterase, alpha-

arabinosidases and alpha-glucuronidases . Many[1]

bacteria and fungi have been studied for xylanase

production . Several commercially available[3,4,5,6,7,8,9]

xylanases are active at a neutral or acidic pH and their

optimum temperature for activity is below 45ºC .[10]

There are several applications of xylanases in

industries . Currently the major applications of[11,12,13,]

xylanases are in paper, feed and baking industries.

Optimization studies in which one factor is varied

at a time might lead to misinterpretation of the results.

On the contrary, statistically planned experiments prove

to be a useful tool for optimization of the factors

affecting the objectives. Their application for medium

optimization, particularly with respect to xylanase

production, has been established . The aim of this[14,15,16]

study is to optimize medium conditions for increasing

the activity of xylanase in free cell cultures of B.

pumilus, then to compare free and immobilized cell

cultures for enzyme production.

MATERIALS AND METHODS

Organism and its Maintenance: B. pumilus was

obtained from Dr Terrance Leighton, Department of

Biochemistry and Molecular Biology, University of

California, Berkeley, CA. It was coded as B. pumilus

EB2 in our laboratory. Bacteria were maintained for

short periods of time on nutrient agar slants. 

Media: In all cases, media were sterilized by

autoclaving for 15 min at 121 C.  B. pumilus waso 

activated  on  nutrient  agar  slants  (Beef   extract,

3;  Peptone,  5;  and agar 20 g/l ). A liquid medium

(in g/l :  Tryptone, 6; Yeast extract, 6; Glucose, 6; and

NaCl, 6) was used for cultivation.

Cultivation: Aliquots (10 ml) of nutrient broth were

dispensed in 100 ml Erlenmeyer flasks, inoculated from

an overnight slant culture, incubated under shaken

conditions and used as the seed culture. Throughout the

work, one ml of seed culture was used to inoculate 50

ml medium in a 250 ml Erlenmeyer flask and the

medium was incubated at 30 C under shakeno 

conditions. Samples were taken after 24h of

fermentation, centrifuged and used for enzyme and

protein determinations.

Assay of Xylanase Activity: Dinitrosalicylic acid[17]

was used to measure reducing sugars as a result of

xylan hydrolysis. A solution of 0.125 % xylan ( Sigma

2 4biochemicals) dissolved in 4.3 mM Na  HPO  and 1.4

2 4mM KH  PO ) was used as a substrate. The reaction

was performed by adding 0.5 substrate to 0.5 ml

enzyme to be incubated in a waterbath at 40 C for oneo 
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Table 1: Arrangement of the four factors under study in the
factorial experiment

Trials T Y N G

Base - - - -
T 0 - - -
Y - 0 - -
T,Y 0 0 - -
N - - 0 -
T,N 0 - 0 -
Y,N - 0 0 -
T,Y,N 0 0 0 -
G - - - 0
T,G 0 - - 0
Y,G - 0 - 0
T,Y,G 0 0 - 0
N,G - - 0 0
T,N,G 0 - 0 0
Y,N,G - 0 0 0
T,Y,N,G 0 0 0 0

hour. The protein content was determined by using the

Lowry method . One xylanase activity unit  (U)[18]

575 represents one A unit per hr , while specific activity

is represented as U/mg protein. 

Statistical Designs: 

Two-level Factorial Design: Growth medium used in

this work is rich in its component factors and statistical

analysis was applied to investigate the significant

factor(s) and the required level of these factor(s) that

allowed optimum xylanase production. 

Nutrient factors in the medium affecting xylanase

production in B. pumilus were generated by a two-level

factorial experimental design . Manipulation of[19]

variables in such statistical  designs is advantageous

because it consumes less time and determines which

factor(s) has the strongest effect on product

generation . A concentration of 6 g/l was randomly[16]

chosen as the basal level of each of the four medium

components (glucose, tryptone, yeast extract, and

NaCl). Each factor had the chance to be examined at

a  high  setting  (+level, 50% above) and a low setting

(-level, 50% below) relative to the basal level. The

experiment included 16 (2 ) combinations; each trial4

was performed only once. The arrangement of the

experiment as shown in Table1. This gives the chance

for each medium constituent to be evaluated singly and

in combination with any other component. The three

and four interaction sum of squares (SS) were

combined and divided by their number to give the

residual mean square. The F-ratio was determined by

dividing the effect SS by the residual mean square.

Steepest Ascent Method: Medium components that

affect xylanase production were optimized with respect

to enzyme activity by applying a single steepest ascent

experiment .[20]

Fig. 1: The total effect of the four medium

components resulting from the factorial

experiment. 

Entrapment of Bacterial Cells: Bacterial cells were

entrapped in calcium alginate (Alginate industries

limited,, Hamburg, Germany) gel beads as described by

Eikmeier and coworkers . Entrapment in agar was[21]

performed by dissolving 2 g agar in 80 ml water,

sterilization of the solution, and adding about 20 ml

cell suspension with mixing. 10 ml of this mixture

were aseptically poured into a Petri-dish. After

solidification, the gel was cut with a sterile cutter into

small cubes to be transferred into culture media.

Scanning Electron M icroscope: Scanning electron

microscopic photographs of immobilized B. pumilus on

different supports were prepared using a Joel JSM-

5300 scanning electron microscope present in the

Electron Microscope Center, Faculty of Science,

Alexandria University. Immobilized cells in agar or

alginate were sectioned for fixation using 2.5%

glutaraldehyde. After fixation and sample dehydration,

drying using samdre-DVT-3B tousimis research

corporation device was used  Finally, samples were

coated using Joel JFC-1100E ion sputtering device .[22]

RESULTS AND DISCUSSIONS

Results:

Elucidation of Medium Constituents Controlling

Xylanase Production: Important nutrient factors were

screened by applying the two- level factorial design

described in the MATERIALS AND METHODS.

Possible combinations, xylanase activity records and

calculations are shown in Table 2., allowing three

different conclusions: 1- Variations in the concentration

of NaCl, and yeast extract do not affect xylanase

production significantly (Fig1); 2- Xylanase formation
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Table 2: Results and statistical analysis of the two- level factorial experiment

Trials Activity(mg/ml/hr) I II III IV(Effect total) Sum of squares F-ratio Significance

Base 1.89 3.91 11.9 26.9 107.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 2.02 8 15 80.3 -24 36 48.6  1%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Y 4.81 9.82 41.5 -5.3 7.59 3.6 4.86 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T,Y 3.19 5.21 38.8 -18.7 -6.39 2.55 3.45 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N 5.83 17.6 -1.49 -0.51 0.4 0.01 0.014 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T,N 3.99 23.9 -3.79 8.1 0.4 0.01 0.014 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Y,N 3.58 18.5 -10.9 -1.86 -13.2 10.9 14.7 5%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T,Y,N 1.63 20.3 -8 -4.53 0.17 0.0018 0.0024 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G 11.1 0.13 4.09 3.1 53.4 178 240 1%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T,G 6.53 -1.62 -4.61 -2.7 -13.4 11.2 15.1 5%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Y,G 15 -1.84 6.3 -2.3 8.61 4.63 6.26 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T,Y,G 8.91 -1.95 1.8 2.9 -2.67 0.45 0.61 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N,G 10.5 -4.57 -1.75 -8.7 -5.8 2.1 2.83 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T,N,G 8 -6.1 -0.11 -4.5 5 1.56 2.11 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Y,N,G 12.9 -2.5 -1.53 1.64 4.21 1.1 1.49 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T,Y,N,G 7.41 -5.5 -3 -1.47 -3.11 0.6 0.81 NS

Three and four sum of squares=   0.0018+ 0.45+ 1.56+ 1.1+ 0.6 = 3.7118
Residual Sum of Squares=3.7118/5 = 0.74
F-ratio = Sum of Squares/ 0.74

Table 3: Calculation of Relative change unit for variables Glucose
and Tryptone

Factor Effect total Slope Change unit Relative change unit

T -24 -1.5 -0.75 -1
G 53.4 3.34 1.67 2.2

is affected by the levels of tryptone and glucose (at 1%

level of significance); and 3- According to the signs

attributed to the total effect, a higher level of glucose

and a low level of tryptone are required to achieve

optimum conditions.

Optimization of the Medium: The optimum medium

formula  for  xylanase production was determined by

using  the steepest ascent method. Tryptone and

glucose  were  approached  as variables while NaCl

and  yeast  extract  were  fixed  at  their basal level

(6 g/l).  The  two  variables  have  different effects

and so their relative change units were calculated

(Table 3). Tryptone was decreased by 1 g/l and

glucose  was  increased  by  2.2  g/l with respect to

the  basal  level  (6 g/l).  Seven  trials    for 

medium optimization were  examined  as  in  Table 4.

Fig. 2: Growth, and xylanase activity attained by B.

pumilus in each trial of the steepest ascent

method

Results  (Fig.2)  showed that xylanase activity

increased gradually  until  trial  three, then stabilized

until trial 7,  where  it  starts to decrease. The formula

of trial number 3 (in g/l: tryptone, 4; yeast extract 6;

glucose, 10.4; and NaCl, 6) was therefore used as an

optimum medium for further experiments. The

statistical optimization  resulted in a 1.5-fold increase

in xylanase activity.
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Fig. 3: Scanning  electron microscopic photographs showing the entrapment of B. pumilus in agar (A) and alginate

(B).

Fig. 4: Xylanase  activity(a)  and   specific  activity  (b)  on  using immobilized cells in comparison to free

cells. 

Table 4: Trials of medium optimization

Trials Tryptone ( g/l) Glucose( g/l) Glucose ( %)

1 6 6                 0.6
2 5 8.2 0.82
3 4 10.4 1
4 3 12.6 1.26
5 2 14.8 1.48
6 1 17 1.7
7 0 19.2 1.92

Immobilization Experiments: To enhance xylanase

production, immobilization technique was used to

compare enzyme production by immobilized cells in

comparison to free cells under optimum conditions.

Cells were entrapped using 4% agar and alginate

gel materials (Fig. 3) and compared with free cells

with regard to xylanase production. Cells entrapped

into 4% alginate showed a 1.1 fold increase in

xylanase activity and a 1.3 fold increase in xylanase

specific activity (Fig.4).  

Fig. 5: Xylanase activity and specific activity of

immobilized B. pumilus cells at different

alginate concentrations

Different Levels of Alginate: Different concentrations

of alginate were used. As the concentration of alginate

increased, xylanase activity increased till stabilization

within  the  range  of  3%  up  to 6% alginate level.
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A  concentration  of  2%  alginate showed a 2.6-fold

increase in xylanase specific activity compared to free

cells. As the alginate concentration increased further,

the specific activity decreased slightly (Fig.5).

Discussion: Statistical analysis showed that enhanced

xylanase activity was caused by increasing glucose

levels or by decreasing tryptone levels in B. pumilus.

The results can be interpreted by examining the levels

of glucose used in the medium which is devoid of

xylan, indicating that B. pumilus produce constitutive

levels of xylanase. Xylanase activity starting at 0.6%

glucose  (6 g/l) increased slightly at 1%, then stabilized

from 1-1.6% glucose. Xylanase activity starts to

decrease again at a glucose concentration of 1.9%. A

decrease in the activity of certain catabolic enzymes in

the presence of an easily metabolized substrate is

called catabolic repression. Commonly this effect is

caused by glucose (glucose repression). It has been

reported previously that glucose addition greatly

repressed xylanase activity; the repression was

concentration-dependent . It was also reported that[23]

induction of xylanase activity was not fully repressible

by glucose, xylose, or any mono-sugars . In this[24,25]

work, xylanase activity increased at a glucose

concentration of 0.6% and decreased at a concentration

of 1.9%, which indicates that a low concentration of

glucose is needed to activate enzyme activity whereas

a high concentration results in repression. In this work,

low levels of tryptone were significant for xylanase

production, while yeast extract addition was not

significant and showed only a slight effect on xylanase

activity. The same result was reported previously in

Bacillus sp. AR-009, in which, there was no significant

effect on xylanase production upon addition of peptone

or tryptone .[26]

Statistical analysis identified a medium that

resulted in a 1.5-fold increase of enzyme activity and

immobilization by alginate showed a higher specific

activity than free cells. 

Immobilization protects the organism from

inhibitory compounds or metabolites and facilitates the

use of dense cell populations without alteration of the

rheological properties of the suspending medium ,thus

high rates of product biosynthesis can be obtained .[27]

Cell immobilization is a common technique for

increasing the over-all cell concentration and

productivity. The separation of products from

immobilized cells is easier compared with suspended

cell systems . In this study, alginate showed a highest[28]

xylanase specific activity. Immobilized cells in alginate

retain most of their activities. The cells are actively

growing inside the gel, forming small colonies mainly

concentrated under the surface of the gel beads .[29]

Different concentrations of alginate solutions were

prepared with the aim to determine their effect on

xylanase production. A concentration of 2% showed a

2.6 fold increase in xylanase specific activity compared

to free cells. As the concentration of alginate increased,

the  xylanase  specific  activity  decreased slightly.

The variation of the supramacromolecular structure of

the matrix affected the physiological behaviour of

immobilized B. pumilus cells, indicating that a further

increase in alginate concentration beyond 2% was

accompanied by a decrease in xylanase specific activiy.

This may be attributed to the fact that the bead

durability is improved at higher alginate concentrations

but that diffusion limitation due to the strong gel

consistency leads to lower enzyme yields. These results

are in agreement with other investigations . Another[30,31]

explanation for decreasing xylanase production with

further  increasing  of  the alginate concentration is

that  the  rate  of  substrate mass transfer and the

lower porosity of the gel beads may have led to a

decrease  in  enzyme  production as judged by

previous reports .[32,33]
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