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Introduction


The biogenesis of microbial cellulose  by Acetobacter xylinum has been of increasingly interest in recent years due to their unique physical properties, including high degree of crystallinity, distinguish mechanical strength and excellent absorptive capacity�SYMBOL 91 \f "Symbol"�1�SYMBOL 93 \f "Symbol"�, therefore, it is of significant importance to develop a commercial feasible fermentation system for the large-scale production. Generally, relatively lower amount of cellulose is produced in shaking and agitated culture than in static culture�SYMBOL 91 \f "Symbol"�2�SYMBOL 93 \f "Symbol"�, however the static culture system is inefficient from the industrial point of view�SYMBOL 91 \f "Symbol"�3�SYMBOL 93 \f "Symbol"�. In addition to some reports on developing culture medium�SYMBOL 91 \f "Symbol"�4�SYMBOL 93 \f "Symbol"� and isolating bacterial strain�SYMBOL 91 \f "Symbol"�5�SYMBOL 93 \f "Symbol"�  efficient for cellulose production in shaking and agitated culture,  cellulase�SYMBOL 91 \f "Symbol"�6�SYMBOL 93 \f "Symbol"� and endoglucanase�SYMBOL 91 \f "Symbol"�7�SYMBOL 93 \f "Symbol"� have been added to enhance cellulose production, but adding these materials will greatly increase the cost of cellulose production. For the purpose of practical application, it is necessary to find an inexpensive and easy-available material with the ability to increase cellulose production under shaking culture and agitated culture conditions.


      In this study, we chose the cellulosic pellicle produced by A. xylinum under static culture conditions as adding material and investigated its effect on cellulose production under shaking culture conditions.





Experimental


      Acetobacter xylinum ATCC 23769, provided by The Byproducts Research Center, Yonsei University was grown on the medium developed by Lee and Zhao. The seed was prepared by cutting the pellicle into dices and put into 20ml medium and homogenated. Pellicle were homogenated and added into culture medium before sterilization.  Shaking culture was conducted in 250ml Erlenmeyer flasks with rotary shaker at 30�SYMBOL 176 \f "Symbol"�C and shaking speed 250rpm. Identification of cellulose-deficient mutant was carried out by spreading the properly diluted culture broth on agar plate supplemented with 0.01% Calcoflour White M2R(Sigma)�SYMBOL 91 \f "Symbol"�8�SYMBOL 93 \f "Symbol"�. Residual glucose concentration was determined by Sigma Glucose Reagent Kit.  Cellulose was collected by filtration washing with water, suspended in 4% NaOH solution, and incubated at 100�SYMBOL 176 \f "Symbol"�C for 20min. The product was washed successively with deionized water, 0.5% acetic acid, and deionized water, dried overnight at 80�SYMBOL 176 \f "Symbol"�C and weighted after cooling to room temperature. The cellulose productivity was expressed as the amount of cellulose producing by per gram of  glucose.





Results and Discussion


      First, the effect of amount of cellulose added on cellulose productivity was investigated under shaking speed 250rpm at volume fraction 0.2 and 0.4. Volume fraction is defined as culture volume divided by the capacity of  the flask. As shown in Fig. 1(below), adding cellulose in culture medium enhanced cellulose productivity at both volume fraction 0.2 and 0.4. 





� LINK OrgPlot "C:\\ZHAO\\DATA\\SET0612.ORG" "Addcell" \p ���


Next, the content of cellulose-producing cell at cultivation of day 6 was measured, meanwhile, a spontaneous variant was found to be cellulose-deficient mutant(cel-) which did not form microbial cellulose in either static culture or shaking culture, whereas the cellulose-producing colony(cel+)  produced significant amount of cellulose in both static and shaking culture. The colony of  cel- mutant have a mucoid, wrinkled appearance(star). This contrasts to cel+ strain, which appears as smooth, spreading colonies(round) that are two or three times the size of  cel- mutant after a comparable period of growth. The changes of  content of cel+ cell at volume fraction 0.2 and 0.4 with different amount of cellulose added was shown in Table 1. No cellulose-deficient mutant was detected at volume fraction 0.2 even without cellulose adding, whereas, at volume fraction 0.4 without cellulose added, almost all cells converted into cellulose-deficient mutant while with the increase in the amount of cellulose added the frequency of  conversion from  cel+  into cel- decreased.  When 1.0-2.0%(w/v) was added, all cells kept cellulose-producing ability during six days cultivation 250rpm. It is obvious that adding cellulose into culture can prevent the presence of spontaneous non-cellulose-producing mutant during shaking culture of A. xylinum.








Table 1. Effect of  cellulose addition on the content of Cel + at different V.F.


Volume Fraction�
0.2�
Volume Fraction�
0.4�
�
Cellulose Add.(w/v)�
Cel+ content(%)�
Cellulose Add.(w/v)�
Cel+ content(%)�
�
0.0�
100�
0.0�
2.0�
�
0.4�
100�
0.2�
8.4�
�
0.6�
100�
0.3�
21.6�
�
1.0�
100�
0.5�
100�
�
1.5�
100�
0.75�
100�
�
2.0�
100�
1.0�
100�
�
 


      To investigate the effects of adding cellulose further, the viscosity of culture broth during shaking culture was measured. The viscosity of culture medium before inoculation and at cultivation of day 1 with different amount of cellulose addition was measured(data not shown).  Although the viscosity of liquid increased with the increase of cellulose addition, the viscosity of culture broth were almost the same after incubatin at 250 rpm for one day.  It was observed that a visible pellilce floating with medium, which was formed by the adhesion of the cellulose fragment added to the medium, appeared in the culture on the 1st day after inoculation. The possible reasons for the form of the pellicle are the uni-directional force created by shaking at high sppeed enough to form vortex and the significant absorptive characteristic of microbial cellulose.  We presume that the form of a pellicle provides a support area so as to cells can flow together with medium, which may be advantageous to the  biogeneis of  cellulose by cells, also due to the possible change of the rheological properties of culture fluid.





Conclusions


Cellulose production by Acetobacter strain under shaking culture conditions is enhanced by the addition of cellulose to the production culture. The effect of cellulose on the  cellulose production of  Acetobacter xylinum ATCC 23769 was investigated by adding various amount of  homogenated cellulosic pellicle to the culture. The addition of a small amount of cellulose greatly improved the cellulose production, furthermore, at volume fraction 0.4, the frequency of  cell converting into cellulose deficient mutant decreased with the increase in amount of cellulose added. However, the added cellulose had no influence on the viscosity of culture medium. The possible explanation for the production enhancement is supposed to be that the added cellulose may  provide a support area for cells, which is beneficial to cellulose biogenesis.
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