Lucrari stiintifice Zootehnie si Biotehnologii, vol. 41(1) (2008), Timisoara |

ENTRAPMENT OF BACILLUSLICHENIFORMISCELLSIN
ALGINATE GEL FOR PROTEOLYTIC ENZYMES
PRODUCTION

ENTRAPAREA CELULELOR DE BACILLUS
LICHENIFORMISIN GEL DE ALGINAT PENTRU
BIOSINTEZA PROTEAZELOR

VINTILA T., DRAGOMIRESCU MONICA, VINTILA DANIELA
Faculty of Animal Sciences and Biotechnologies,stiara, Roméania

The use of immobilized living cells as biocatalystsresent a new and rapidly
growing trend in industrial biotechnology. In thigork the immobilization in
calcium alginate capsules, viability, and prote@yactivity of a local strain of
Bacillus licheniformis was studied. After entrapmend drying, the number of
viable cells has stabilized at 1,7 x*1d®lls/wet capsule of alginate and 3,5 X 10
cells/dry capsule of alginate. The protease proditgtwas 17% higher in first
batch in the culture of immobilized cells (683 sflier) than in free cell culture
(580 units/liter). The protease productivity wasrywdow in the case of dry
biocatalyst (94% lower than in the culture with vilbcatalyst, or 43 units/liter),
due to the death of a large amount of entrappeld.cel
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I ntroduction

Growing need of proteases in several domains, as food industry,
pharmaceutics, detergents, agriculture, and medicine leadtinuing research of
biotechnologies strain improvement for beater productivity of im@dligtrocess.
The use of immobilized living cells as biocatalysts represenew and rapidly
growing trend in industrial biotechnology (Scott, 1987). Immobilizdts exhibit
many advantages over free cells: maintenance of stablectind hiocatalysts,
high volumetric production, improvement process control, protectiomceds
against damage, and reduced susceptibility to contaminatiort (Q&x1). Among
the techniques for immobilizing living cells, gel entrapmentgelled natural
biopolymers is favored by numerous researchers for various séslamn 1985,
Lacroix 1990): non-toxicity of the matrix (crucial in food-relatguplécations),
simplicity of immobilization technique, high viability and produdfviof the
immobilized cells. These gels are porous and permit leakageellsf into the
medium allowing inoculation of the fermentation broth (Lacroix 198@cently,
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works for optimization of alginate capsule characteristiessweported (Konsoula
2005) and the main parameters to obtain the best capsule chsatiasteriere
settled: the gel-to-culture medium volume ratio, the size ikétpethe cell loading

in the capsules, the CaQloncentration and the amount of sodium alginate to be
added in the gel mixture. In the present work we have usednthebilization
parameters reported in literature to give the best reJillesaim of this work is to
study the immobilization in calcium alginate capsules, vighilind proteolytic
activity of a local strain oBacillus licheniformis The operational stability in
repeated batch fermentation was evaluated as well.

Materialsand M ethods

1. Chemicals

Peptone, meat extract, yeast extract, agar were purchaseBifomnNacCl, CaCl,
sodium alginate, were purchased from Merck, {N&, from Ingen Laboratory
Timisoara, soy meal, corn meal were donated of EuroFuraje Timisoara.

2. Microorganism

The Bacillus licheniformis Tp4train used in this experiment was obtained in our
laboratory by genetic transformation of the parem®acillus licheniformis B40
strain from the Microbial Biotechnology Center, UniversityAgfricultural Science

— Bucharest. The pLC1 plasmid was inserted in this strairyimgrthe kanamycin
resistance trait, and known as improving the proteolyticigct¥ the host cells (4,
5).

3. Inoculum preparation
B. licheniformiswas cultivated at 3 on a rotary shaker for 24 h in Nutrient
Broth medium (meat extract 0,3%, Peptone 1%, NaCl 0,5%).

4. Testing available fermentation media for protease production

The enzymatic activity of thB. licheniformisstrain was tested during cultivation
in four medium formulas indicated in literature (T¢rmentation medium M1:
soluble starch 4%, (NDLHPO, 0,5%, yeast extract 0,5%, sodium citrate 0,2%,
MgSOx7H,0 0,05%, CaGk2H,O 0,008%:;fermentation medium M2: soy meal
3,5%, corn meal 2,5%, Ca,1%:;fermentation medium M3: glucose 2%, casein
0,5%, peptone 0,5%, yeast extract 0,5%, slats solution 5 mLP@H5g,
MgSOx7H,0 59, FeSGx7H,0 0,19 / liter);fermentation medium M4: corn meal
2%, soy meal 1%, MgS®7H,O 0,05%, (NH),HPO, 0,5%, CaCGix2H,0 0,2%.
300 ml Erlenmayer flasks containing 50 ml medium formulas descabede
were inoculated wittB. licheniformisstrain and incubated at ®7 on a rotary
shaker. Periodically samples were taken for proteolytic activiéigsurement.
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5. Cell immobilization

Immobilization was carried out under sterile condition, in ahamilow hood. The
following steps were followed:

A. 2 ml of inoculum obtained as described in 2.3 paragraph was centrifuged for 10
minutes at 5000 rpm. The cells were harvested in 2 ml phosphate buffer, pH7.

B. The cell suspension was mixed with 100 ml of 2,5% (w/v) sodiurmatigi
solution.

C. The obtained mixture was dropped through a pipette into 30 ml of 0.2 M CacCl
sterile solution. The drops were counted. Alginate drops werdifsadi upon
contact with CaGl forming capsules and thus entrapping bacterial cells.

D. The capsules were allowed to harden for 24 h°@tahd then were washed
with sterile saline solution (0.9% NaCl) to remove exagfs€&* and cells. The
obtained biocatalyst was preserved ‘&  sterile saline solution.

6. Air drying

The drying of biocatalyst was carried out under sterile conditioa,laminar flow
hood. The content of a flask containing 200 alginate capsules conthacigyial
cells was poured on sterile filter paper. The saline solutias removed and the
capsules are transferred on a second sterile filter pager.filter paper with
capsules in a single layer was transferred in a vacuyer dnd a -0,8 bar vacuum
was applied at 4Z. After the filter paper is saturated with liquid, the capsule
were transferred in sterile Petri dishes and kept over night wadaum. The total
drying time (from the filtration to the end of vacuum drying) was 24 hours.

7. Enumeration of viable cellsin wet and dry biocatalyst

Samples of 20 wet capsules and 20 dry capsules were put in 10 vl @@dum

hexametaphosphate sterile solution for 2 hours on an orbital sha@® gpm. If

needs, the undissolved fragments of biocatalyst were crusthiedagterile blunt
end glass stick. The suspension is then well mixed on a vortéxaurmogenous
suspension without any residual fragments that may containppattacells is
obtained. The suspension is then diluted in sterile saline solutiord plateutrient
agar and the CFU are counted.

8. Fermentation

Wet and dry biocatalysts prepared by the above method (200 c)psate added
to 300 ml flasks containing 50 ml of fermentation medium (M4 foatiom).
Another flask containing the same medium was inoculated et ¢ells ofB.
licheniformisprepared as described in 2.3. paragraph. Fermentations witinfilee
immobilized cells were carried out at°87 180 rpm, on a rotary shaker.
Semi-continuous fermentation

Repeated batch fermentations were conducted by running the fetiorefba 72
hours (or 96 h alternatively). At the end of each cycleptioeluction medium was
recovered, and the biocatalyst was kept in the flask. The inimeabicells were
washed with sterile saline solution, fresh production mediumaglaed and the
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fermentation was continued. Obviously, the repeated batch ferinentans
applied only for immobilized cells. In the case of free ceflen{rol in this
experiment), a simple batch fermentation was carried out.
The operational stability of the immobilized system was detexd by the
following equation:

Operational efficiency (%) = 100 x {C,),

where G is the protease yield produced in tieoperation cycle and,Gs the
protease yield produced in th& operation cycle.

9. Protease activity

The proteolytic activity of the enzymes produced of free and immebicells was
determined by the Anson method adapted for casein. One unit isddanthe
amount of enzyme which liberates one mM of tyrozin per minute®gt 37

Results and Discussions

1. Cell entrapment

The cell density achieved in the inoculum culture was 3%c&ls/ml. After 2 ml

of inoculum was mixed with 100 ml sodium alginate and knowing that 2€utzgp
were obtained from 1 ml suspension, will find that the initidll @@ncentration in
one capsule was 3 x 1@ells. The cells were viable after entrapment and after
drying. After drying, the aspect of gel capsules changed from &mmahslucent,
grey-white, elastic, 4 mm diameter; to brownish color, rough-fmeatd, 1-2 mm
diameter (Fig.1).

After counting of viable cells in wet and dry biocatalyst have found the
followings (Tablel):

- during entrapment, the number of viable cells decreased with #4%% 8 x

10° to 1.8 x 18 cells per capsule),

- after three months of storage af@4the number of viable cells decreased only
with another 6% comparing to the number of cells counted afteolmtization
(from 1.8 x 16to 1.7 x 18 cells per capsule), which is a negligible decrease,

- As for drying process, the drop of viable number is more dramatic,fewly
hundreds cells remain viable after drying, and the number doeamges much in
three months of storage.

| | - .
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(a) (b)
Figurel Biocatalists consisting @. licheniformiscells entrapped in alginate gel:
(a) fresh capsules; (b) dryed.
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Table 1

Viability of B. licheniformiscells entrapped in alginate gel

Type of capsules Wet capsules Dry capsules
Viability (cells /capsu
Cells added to alginate 3x 10 3x10
After immobilization / drying 1,8x 10 1x 10
1 month 1,7x 10 3,5x 16
3 months 1,7 x 10 3,5x 10

3.2. Testing available fermentation media for protease production

After 72 hours of incubation in the four medium formulas, the besttsewere
obtained in M4 medium (Fig.2).This medium, which was selected indkiesteps
as the fermentation medium for batch and semi-continuous fermentation.

0,7

0,6

/

0,5

—eo— Activitate M1

0,4 —&— Activitate M2

—a— Activitate M3
—— Activitate M4

U.E.

0,3 o

pa—

—

0,2 /.
0,1 X_//,

0 ‘ ‘

0 20 40 60 80

timp (ore)

Fig. 2 Proteolytic activity of the straB. licheniformis Tp4n four medium
formulas

3. Fermentation

Cells growth and protease production was carried out in a bat@nsysith B.
licheniformisfree cells (as control) and in semi-continuous system in tiyaesc
(three batches) with immobilized cells. Data presented undi@ indicate a high
production of proteases in fresh biocatalyst consisting of wapsules. The
protease productivity was 17% higher in first batch in theupailof immobilized
cells (683 units/liter) than in free cell culture (580 uniew)i The protease
productivity was very low in the case of dry biocatalyst (94%selothan in the
culture with wet biocatalyst, or 43 units/liter), due to the de&thlarge amount of
entrapped cells.

In the next cycles of semi-continuous system with immobilizéld,dbe protease
productivity has decreased in both wet and dry biocatalystersg. In the second
cycle the productivity in wet capsules was lower thanfrae cells, and the
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decreasing trend continued in the next cycle. The difference bettheetwo
biocatalysts has maintained, with the overwhelming superioritythef wet
biocatalyst.
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Figure 3 Kinetics of extracellular protease production in free cells aildrA.
control), wet capsules (E.A. wet capsules) and dry capsules (E.A. dules)ps

Concerning the operational stability of the biocatalysts, theviatlg results were
obtained:
Productivity in Cycle Il wet capsules=100 x (683/550)=80,5%
Productivity in Cycle Il wet capsules =100 x (683/520)=76%
Productivity in Cycle Il dry capsules =100 x (43/46)=93%
Productivity in Cycle Il dry capsules =100 x (30/46)=65%
It is obvious the biocatalyst consisting of bacterial celtsapped in wet capsules
has a beater operational stability than biocatalyst comgisif bacterial cells
entrapped in dry capsules.

Conclusions

. The enzymatic biosynthesis system for production of proteasés w
entrappedB. licheniformiscells is much more efficient than free cells system.
Starting from a single inoculum, in the case of free cellsingle batch can be
carried out, as in the case of immobilized cells, continuous rar-g@tinuous
systems can be generated consisting of several cycles ghthiesis. The real
amount of enzyme produced by a biocatalyst in a biosynthesis systesists of
the sum of the quantities of enzymes produced in each cycle, or Aatédr. the
single batch system, with free cells, the bioreactor ommulated, the
fermentation is carried out until the maximum activityachieved, subsequently
the enzyme is extracted and for the next batch a new inocullinentised. In our
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particular case, adding the amounts of enzymes produced in ¢eeciiuies of the
semi-continuous systems, the following productions are found:

1. 683 + 550 + 520 = 1753 E.U./I obtained with the biocatalyst consisting of
bacterial cells entrapped in wet capsules. In the tatiainwe of 150 ml medium
263 proteolytic units were produced.

2. 46 + 43 + 30 = 119 E.U./l obtained with the biocatalyst consisting oétialct
cells entrapped in dry capsules. In the total volume of 150 mlumedi7,85
proteolytic units were produced.

3. 580 E.U./I produced with the free cells in single batch systenthdntotal
volume of 150 ml medium 87 proteolytic units were produced.

. Maximum of proteolytic activity was obtained in 72 hours of fentation.
The second cycle was prolonged for 96 hours, but the proteolytictyadtas
decreased. This observation can lead to a 24 h shorter cydtdy mbans more
cycles per time unit (2,3 cycles/week at a 72 h cycle, instead otycls/week at
a 96 h cycle). At least two cycles / month can be gained,hwihicreases the
productivity of the semi-continuous system.
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