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ABSTRACT  

This work studied the effect of the number of generations of the IBUN 91.2.98 Leuconostoc mesenteroides strain on enzyme complex 

production. The subculturing technique was used on a medium which had been designed specifically for this organism for produc-

ing an enzyme complex. The effect was indirectly determined by monitoring microorganism growth and measuring the glucosyl-

transferase and hydrolytic activity of an enzyme extract obtained from such culture. There were 40 subcultures, representing 196 

generations of IBUN 91.2.98 Leuconostoc mesenteroides. The results led to establishing that the extract’s higher enzymatic activity 

(from 4 to 6 U/mL) was reached at the end of the culture’s exponential phase and that this activity was stable during subculturing, 

confirming that there was no variation in strain regarding enzyme extract production until such number of generations had occurred, 

thereby not being limited to scaling-up to 8,000 litres. 
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RESUMEN 

Por medio de este trabajo de investigación se estudió el efecto del número de generaciones de la cepa IBUN 91.2.98 de Leuco-

nostoc mesenteroides sobre la producción de un complejo enzimático. Para ello se empleó la técnica de subcultivos en un medio 

diseñado específicamente para este microorganismo, con fines de producción de un complejo enzimático. La estabilidad se de-

terminó, de manera indirecta, por medio del seguimiento del crecimiento del microorganismo y la medición de las actividades 

glucosiltransferasa e hidrolítica de un extracto enzimático obtenido del cultivo. En total se realizaron 40 subcultivos, correspondientes 

a 196 generaciones de Leuconostoc mesenteroides IBUN 91.2.98. Los resultados obtenidos permiten establecer que la mayor activi-

dad del extracto enzimático (entre 4 y 6 U/mL) se alcanza al final de la fase exponencial del cultivo y que dicha actividad se man-

tiene estable durante los subcultivos, confirmando que hasta ese número de generaciones no se presenta una variación de la 

cepa en la producción del extracto enzimático, por lo que no constituye límite para escalar hasta 8.000 litros. 
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Introduction 

A desired biological activity’s stability which can be affected 

during different process stages lies in the possible limitation on 

the strains used in biotechnological processes: i.e. storage, prop-

agation and fermentation.1Such stability can also be altered by 
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changes in the scale of culture, affecting the performance thereof 

(Thiry and Cingolani, 2002;2 Garcia et al., 2006; Kaneko et al., 

2010). Currently, about 96 dextransucrase producing-bacterial 

strains have been identified which have been classified according 
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to their dextran producing properties and structure. These 

characteristics affect dextran applications which are basically 

linked to the pharmaceutical, food and agricultural industries 

(Purama et al., 2008).  

This paper studies the Leuconostoc mesenteroides strain (listed as 

IBUN 91.2.98) which produces an extracellular enzyme complex 

having dextransucrase activity which synthesises a dextran from 

sucrose. Dextransucrase (DS) is produced by batch submerged 

culture and corresponds to a primary metabolite. DS enzymes 

(enzyme commission numbers, EC 2.4.1.5.) catalyse α-D-

glucopyranose residue transfer from sucrose (S) to acceptor 

molecules (mainly sugars), resulting in gluco-oligosaccharide 

(GOS) synthesis and fructose (F) release as a residual product, 

following the reaction (Dols et al., 1997; Dols et al., 1998): 

Sn → Fn + dextran (glucose)n 

These reactions are carried out without cofactors and the ener-

gy required for the reaction is supplied by sucrose glycosidic 

bond hydrolysis (Moulis et al., 2006). DS has two enzymatic 

activities: hydrolytic activity characterised by hydrolysing the 

glycosidic bond of the sucrose molecule that acts as a substrate 

generating a free fructose molecule (F) and transfer activity 

which is responsible for glucosyl groups transfer to the acceptor 

molecule (generally glucose) synthesising dextran (Breton et al., 

2006; Moulis et al., 2006). 

This study was aimed at using successive cultures for evaluating 

the effect of the number of generations of Leuconostoc mesen-

teroides IBUN 91.2.98 on the production of an enzyme complex 

having dextransucrase activity. The results suggested that cul-

tures could be developed up to 8,000 litres by using this micro-

organism, without changes in enzymatic activity occurring. 

Experimental development 

Maintaining stock 

The organism used was a native Colombian Leuconostoc mesen-

teroides strain, listed as 91.2.98 IBUN, which had been isolated 

from sugarcane (Saenz and Prado, 1998). A strainbank was con-

structed, wherein the original strain was cryopreserved at -70°C 

in 20% glycerol. Some subcultures were originally made from this 

strain to ensure its maintenance. The experimentation material 

was produced from one of these subcultures; the rest was iso-

lated and protected from contamination (ISO 17025). 

Culture medium composition  

The culture medium used in this study was a modification of the 

medium described by Tsuchiya et al. (1956). It had the following 

composition in g/L: 60 sucrose (Carlo Erba ≥ 99.9%), 10 yeast 

extract (Pronadisa), 0.14 CaCl2.2H2O (JT Baker ≥ 99.9%), 0.04 

MgSO4.7H2O (Merck ≥ 99.5%), 0.04 FeSO4.7H2O (Merck ≥ 

99.5%), 0.02 MnSO4.H2O (Merck ≥ 98%), 0.01 NaCl (≥ 99.9% 

Carlo Erba), 5.7 H3PO4 (JT Baker ≥ 85%) and pH was adjusted to 

7.0 with a concentrated KOH solution (86.8% ≥ JT Baker). 

Strain activation and inoculum preparation 

Initial activation of the strain involved incubating it in a 1 ml vial 

filled with the medium described in 2.2 for 12 hours at 30°C, 

stirred at 150 rpm. An activated sample from this strain (2% 

inoculums per volume to be prepared - 200μL) was mixed with 

the culture medium and incubated at 30°C for 6 hours. 

 

Growth curve development  

The strain’s growth curve was developed because biomass pro-

duction is associated with strain stability; Leuconostoc mesen-

teroides IBUN 91.2.98 was thus cultured in the medium described 

in 2.2 (9.8 mL) at 30°C, 150 rpm, monitoring the suspension’s 

optical density every hour for 6 hours as an indirect biomass 

measurement. A 2% inoculum of the initial volume was used in 

the test. Biomass quantification involved using a calibration curve 

relating dried biomass to absorbance at 600 nm (0.99 correlation 

coefficient). The equation used to relate these variables was: 

B = 5.5588 (ABS) – 0.0591 (1) 

where: 

B: dry biomass (mg/mL) and 

ABS: absorbance at 600 nm 

Calculating the number of generations 

The number of generations in subcultures was experimentally 

determined by using initial and final cell numbers (before incuba-

tion and after 6 hours’ incubation) using equation 2: 

n = (log Nf - log No) / log 2 (2) 

where n was the number of generations, Nf the end number of 

cells and No the initial number of cells. The calibration curve 

relating absorbance at 600 nm with cell number by counting in 

Petri dishes containing sucrose agar was also used for this pur-

pose. The correlation coefficient for the data was 0.99 and the 

relationship between these variables was expressed in terms of 

equation 3: 

N = 1x1011 (ABS)+1.32x109 (3) 

N: cell number CFU / mL and 

ABS: absorbance at 600 nm. 

Subculture development 

Subcultures were made as indicated in Figure 1. Culture time 

was established according to growth curve results. 

Recovering enzyme extract 

Final biomass concentration was determined at the end of cul-

ture exponential phase by measuring optical density at 600 nm in 

homogenised samples (Giraldo, 2002). The enzyme extract was 

also obtained at the end of the exponential phase and harvested 

and spun in 50 ml tubes at 5,500 rpm for 15 minutes. The super-

natant contained the enzyme extract. 

Determining enzyme activity 

One unit of hydrolytic enzyme activity (HEA) was defined as the 

amount of enzyme required to produce 1μmol of fructose per 

minute at 30°C, 233 mM sucrose concentration, pH 5 and 50 

mM phosphate buffer. One unit of transfer enzyme activity (TEA) 

was defined as the amount of enzyme required to transfer 1μmol 

of glucose per minute at 30°C, 233 mM sucrose concentration, 

pH 5 and 50 mM phosphate buffer. 

Enzyme activity was determined in 1 mL volumes of 50 mM 

phosphate buffer, pH 5 and 233 mM sucrose and enzyme extract 

mixed in 1:1 ratio, thereby forming the reaction mixture. This 

was incubated at 30°C for 40 min. 0.1 mL aliquots were inacti-
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vated by being boiled for 5 min after 0, 5, 10, 15, 20 and 40 min 

of the reaction; enzyme activity was then determined. This activi-

ty was determined by quantifying the reducing sugar concentra-

tion using the colorimetric method from 3.5 dinitrosalicylic acid 

(DNS) at 540 nm (Miller, 1959); glucose production was meas-

ured by the enzymatic method (GOD-PAP kit, Boehringer ref. 

166 391). The kit uses glucose oxidase, P- hydroxybenzene sul-

fonate as chromophore and iminoquinone as dye, developing 

great intensity with -glucose concentration. Absorbance was 

read at 510 nm, using a Spectronic spectrophotometer (Genesys 

20) in both cases. 

 
Figure 1. Subculture development protocol 

Using the values supplied with the kit, the following equation was 

used to quantify free glucose: 

GL = 100*(AB sample / AB standard) (4) 

where GL was the glucose concentration in sample (mg / mL), 

AB sample was sample absorbance at 510 nm and  

AB standard was standard solution (100 mg glucose/100mL) 

absorbance at 510 nm. 

Quantification of sugars was used to establish both hydrolytic 

and transfer enzyme activity. The free fructose obtained as the 

product of the enzyme reaction was determined as: 

FL = ART – GL      (5) 

where FL was free fructose (mg / mL), 

ART was total reducing sugars (mg / mL) determined by DNS 

and 

GL was free glucose (mg/mL). 

The unit of enzyme activity was defined per unit of time by plot-

ting each value of free fructose regarding this variable; the slope  

of the graph represented hydrolysis or hydrolytic activity. 

For determining transfer activity, it was assumed that total glu-

cose (glucose + free glucose transferred) equalled the total 

fructose produced during hydrolysis. Glucose was then calculat-

ed as transferred, as the difference of total fructose and free 

glucose in the reaction: 

FL = GL + GT (6) 

after rearranging terms: 

GT = FL - GL (7) 

where FL was fructose produced during hydrolysis (mg/mL), 

GL was free glucose (mg/mL) and 

GT was transferred glucose (mg/mL). 

Transfer activity was calculated from the slope of the graph: 

transferred glucose cf time elapsed. 

Discussion and Results 

Growth curve 

The Leuconostoc mesenteroides IBUN 94.2.98 strain had 3 growth 

phases in the experimental conditions established for the cul-

tures and time periods being studied. As shown in Figure 2, the 

time lag was 0 to 2 hours, the exponential growth phase lasted 3 

to 5 hours and the beginning of the stationary phase occurred 

after 5 to 6 hours of incubation. 

 

Figure 2. Leuconostoc mesenteroides IBUN 94.2.98 growth curve 

The end of the exponential phase was established as the point 

for stopping growth and harvest according to previous studies 

which considered enzyme extract characterisation (Soler and 

Buitrago, 2010); 6 hours was thus established as the time to 

harvest and quantify enzyme activity. 

Subcultures 

Biomass behaviour 

Successive cultures were made once the time required for pro-

ducing the enzymatic extract had been set. Biomass was deter-

mined indirectly as described above, both at the beginning and 

end of each subculture. The results presented in Figure 3 indicate 

that the strain achieved stable behaviour after 6 hours’ culture at 
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Optical density measured at 

600nm 

Centrifuged at 

5,000 rpm for 

5 min 
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For the next culture 



BUITRAGO, PORRAS, VARGAS, ALVAREZ AND FLÓREZ 

  

                         INGENIERÍA E INVESTIGACIÓN VOL. 33 No. 1, APRIL 2013 (66-70)    69 

an average 3.1 ± 0.3 mg / mL dry biomass concentration through 

40 subcultures. 

 
Figure 3. Average growth at 0 and 6 hours in 40 sub-cultures 

Equivalent number of generations 

Table 1 shows the cfu/mL concentration regarding time spent in 

culture (data was obtained using equation 3). The final concen-

tration after 5 hours indicated that each subculture produced 6 

generations on average. 

Table 1. Colony count in sucrose agar, seeded with raked surface 
Time (h) cuf/mL* n 

0 9.75 E+08 - 

2 1.021 E+10 3 

4 3.35 E+10 5 

5 5.25 E+10 6 

Time (h) cuf/mL* n 

0 9.75 E+08 - 

2 1.021 E+10 3 

4 3.35 E+10 5 

5 5.25 E+10 6 

* Average of two replicates, n: number of generations 

The number of generations in each subculture was calculated 

following the same protocol (values are presented in Figure 4). It 

was observed that 4 to 6 generations were obtained from each 

subculture after 6 hours’ incubation, as reported in the pertinent 

literature. It was found that a bacterial cell took about forty 

minutes to produce a new generation (Kobayashi, 1975). 

 

Figure 4. Number of generations per subculture 

Enzymatic activity 

Enzymatic activity values were calculated from the results ob-

tained from sugar quantification (Figure 6). Regarding hydrolysis 

activity, the results shown in Figure 5 show that this activity was 

greater than or equal to the transfer activity since the enzyme 

split sucrose into fructose and glucose and glucose was then 

transferred to dextran. 

 

Figure 5. Enzymatic activity measured in each 4 successive cultures 

The relationship of the number of generations 
to scale-up 

The information given in Figure 4 (number of generations - sub-

culture) showed that around 196 generations of the Leuconostoc 

mesenteroides IBUN 91.2.98 strain had been produced by the end 

of the 40 subcultures. No significant changes regarding biomass 

production and glucosyltransferase activity were observed in test 

conditions. An industrial enzyme production stage would pre-

suppose useful fermenter volume of 8,000 litres, 400 litres of 

inoculum and 20 litres pre-inoculum (obtained with 1L culture 

from bench level); 18 generations would thus be obtained ac-

cording to the information presented in Table 2. 

Table 2. Number subculture generations and cumulative number of 
generations 

Culture Initial cuf Final cuf nGC nGA 

Cryopreserved strain 
Level 1 (first culture from isolation) 5.0 x 109 4.0 x 1010 3 3 

Cryopreserved strain 
Level 2 (second culture from 
isolation) 

5.0 x 109 4.0 x 1010 3 6 

Pre-inoculum 1: 100 mL 1.0 x 1012 8.0 x 1012 3 9 

Pre-inoculum 2: 1 L 1.0 x 1013 8.0 x 1013 3 12 

Pre-inoculum 3: 20 L 2.0 x 1014 1.6 x 1015 3 15 

Inoculum: 400 L 4.0 x 1015 3.2 x 1016 3 18 

Bioreactor: 8,000 L 8.0 x 1016 6.3 x 1017 3 21 

nGC: number of generations at the start of cultivation. The Table shows three 

generations in cultures; despite five generations being produced in the best condi-

tions, the most frequently obtained amount was three. 

nGA: number of generations accumulated by the end of the culture. 

The data used for the calculations presented in Table 2 was 

inferred from laboratory culture results using 1 mL, 100 mL, 1 L, 

20 L and 400 L. Such data corresponded to batch cultures and 

verified that the strain used had high stability regarding enzyme 

activity production for the hypothetical production conditions. It 

could be inferred that this strain could be used in continuous 

culture for extended periods of time without presenting prob-

lems associated with the number of generations and enzyme 

activity production measured in glucosyltransferase units. 

Conclusions 

Leuconostoc mesenteroides IBUN 91.2.98 had high reproducibility 

and growth regarding enzyme complex production in the condi-

tions evaluated here. 

After 40 successive cultures (activity being measured every 4 

cultures), it was observed that hydrolytic and transfer enzymatic 

activity values became stable at a value close to 5 U/mL during 

the final stage of the exponential phase, indicating that this strain 

was stable. 

There were no restrictions concerning scale-up regarding the 

number of generations obtained and the proposed hypothetical 
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conditions because no significant changes were observed in the 

cultures during enzyme activity production. 
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