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Temperature (23 to 31°C) and sucrose concentration (3 and 4%) effects on dextransucrase production
by Leuconostoc mesenteroides NRRL B 512 (F) and Leuconostoc mesenteroides FT 045 B were
studied. The conditions in all fermentations were: total reaction volume 2 L, 132 rev. min-1, 0.5 vvm and
pH 6.0. The optimum temperature for enzyme yield for strain NRRL B 512 (F) was 23°C, where at 8-h
fermentation was possible to achieve 49.3 DSU/mL. When FT 045 B strain was utilized, 3.2 DSU/mL was
obtained at temperature 23 to 25 °C.
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INTRODUCTION

Dextransucrase is an extracellular enzyme produced by
various species of the genera Streptococus, Leuconostoc
and Lactobacillus involved in the synthesis reaction of
dextran from sucrose (Barker and Ajongwen, 1991).
Dextran (C6H1005)n is a D-glucose polymer composed
of a (1—6) linkages in the linear chain and a (1-2), a
(1—3) and/or a (1—4) branch linkages (Dols et al., 1997).
Commercial applications are generally in the
pharmaceutical area, most commonly as a blood volume
expander. However, dextran had been investigated as
potential macromolecular carries for drugs and proteins
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delivery, primarily to increase the longevity of therapeutic
agents in the circulation (Mehvar, 2000).

Dextransucrase production is affected by several
factors, such as temperature, pH, aeration and substrate
concentration (sucrose). Generally the fermentation
temperatures are about 23-26°C. Santos et al. (2000)
studied the effect of six different temperatures (20, 25,
27.5, 30, 35 and 40°C) on dextransucrase enzyme
production, and observed greater activity at 20°C (71.7
U/mL). They observed a decrease in enzyme activity after
increased in temperature. Ul-Qader et al. (2001),
studying a strain L. mesenteroides PCSIR-3 growing at
temperature of 26°C, sucrose 2%, no pH control,
obtained after 18 h of culture, 14.13 DSU/mL of enzyme
activity. The aim of this paper was to study the effect of
temperature on extracellular dextransucrase production
by the strains L. mesenteroides NNRL B 512 (F) and Ft
045 B at pH 6.0.
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MATERIALS AND METHODS
Organism

L. mesenteroides NRRL B 512 (F) was provided by Department of
Food Engineering, UNICAMP. L. mesenteroides FT 045 B, isolated
from Alcohol and Sugar Mill Plant, was provided by Microbiology
Industrial Process Control Division of Fermentec.

Inoculum and batch fermentation

The growth medium for L. mesenteroides NRRL B 512 (F) and FT
045 B was: sucrose (40 g/L), yeast extract (20 g/L), KH2PO4 (20
g/L), CaCl2 (0.02 g/L), MgSO4 (0.2 g/L), NaCL (0.01 g/L), FeSO4
(0.01 g/L), MnSO4 (0.01 g/L). These strains were stored at -20°C in
cryogenic solution until preparation of the inoculum for fermentation.
The fermentation inoculum was prepared up to 5% (v/v) related to
total volume of the medium. The microorganism was transferred
from the stock culture to a similar medium. The inoculum was
grown for 14 to 16 h at 26°C in agitated flasks (100 rev min-1). The
inoculum medium (100 mL, pH 7.0) was sterilized at 121°C by 15
min. After the growth, the inoculum was transferred to the reactor.
The working volume used on fermentation was 2 liters, agitation at
132 rev min-1, aeration 0.5 vvm and pH controlled at 6.0 by
addition of NaOH solution 2 N.

Growth measurement

Bacterial growth was measured spectrophotometrically at 650 nm
using a 1-cm optical cell. Samples of 10 mL of were taken each 1-h,
during 8 hours, centrifuged at 10.000 x g by 10 min at 4°C. The pH
of liquid supernatant cell free was adjusted to 5.2 and maintained in
freezer for enzyme activity assay. The centrifuged was used for
optical density determination by spectrophotometer. The dry mass
was determined through standard curve of optical density versus
dry mass (Dry mass = ABS x (0.288 — 0.000629) x F; F = dilution
factor).

Substrate consumption determination

The substrate consumption was determined by Miller (1959). The
concentration of sucrose was calculated from difference between
the corresponding concentrations of total and free reducing sugars.

Enzyme assays

Dextransucrase activity of culture media was assayed by measuring
the amount of free reducing sugars (calculated as fructose)
produced (Suzuki et al., 1988). One dextransucrase unit (1 DSU)
was defined (Tsuchiya et al., 1952) as the amount of enzyme that
liberates 0.52 mg of fructose in one hour under ideal reaction
conditions (30°C; pH 5.2 and sucrose as substrate). The
dextransucrase activity was calculated as

o1xo2x60/0.52xfxF
o 1 = slope of standard fructose curve (Abs x concentration)
a 2 =slope of sample plot (Abs x time)
F = Dilution factor
f = Reactor volume x sample volume from reactor
Sample volume

RESULTS AND DISCUSSION

Generally the temperature used in these fermentations
ranged from 23 to 26°C. In this work other temperatures
were studied. Tables 1 show the effect of temperature on
volumetric enzyme productivity, enzyme yield and specific
growth rate for L. mesenteroides NRRL B512 (F) and FT
045 B.

Figure 1 showed high activity at 25°C (37.8 U/mL), this
result was better than obtained by Lazic et al. (1993),
who found an activity of 27.8 U/mL at the same
temperature and pH 5.5; 0.05 vwm and 125 g/L of
sucrose. An increase in sugar concentration can inhibit
the dextransucrase production due to high viscosity
medium which decreases cellular growth.

Figure 2 showed that the maximum enzyme activity
was obtained at 23 and 25°C (3.2 U/mL). The enzyme
production decreased as the temperature increases,
increasing the residual sugar concentration. The best
growth of L. mesenteroides FT045 B at temperature of 29
and 31°C suggests that temperature might be more
favorable for the microorganism than traditional process
conditions (temperature of 23°C and pH 6.7).

Figure 4 showed that the aeration is relatively high for
L. mesenteroides FT045 B culture in relation to NRRL
B512 (F) (Figure 3), although, the strain NRRL B 512 (F)
is known as micro aerophilic (Barker et al., 1991; Landon
and Webb, 1990), several authors (Johnson and
Mccleskey, 1957; Plihon et al, 1995; Lebrun et al, 1994)
consider that oxygen positively affects the strain growth.
The extracellular dextransucrase production is closely
related to bacterial growth. Maybe this fact explains the
low growth and enzyme production by this microorganism
at the studied aeration rate. High activity was reached
when dextransucrase fermentation by L. mesenteroides
FT045 B in medium containing 3 and 4% of sucrose at
25°C, 132 rev min-1 and 0.15 vvm was studied. The
results obtained (nearly 11.0 UDS/mL) in Figure 5 and 6
suggest that the aeration rate is an important factor in
dextransucrase production by strain FT045 B. This also
suggests that low aeration rate might be more favorable
for enzyme production.

Although the biomass is much higher (6.04 g/L) at 31°C
(Figure 3), enzyme yield was lower than that observed at
23°C. The enzyme production has been reported to be
maximum at the pH range of 6.0-7.0, but at high
temperature the inactivation of enzyme within the pH
range was fast and lower yields were obtained (Alsop
1983; Chen and Kaboli, 1976). The strain L.
mesenteroides FT045 B showed lower enzyme yield at
high temperature than at low temperature. Although the
enzyme activity was high at low temperature (23 and
25°C), the growth was low (0.47 and 0.66 g/L). This strain
was isolated from the environment at temperature close
to 30°C; this could be the reason for the lower biomass at
lower temperature than optimal temperature of 29°C.
Below the optimum temperature, the cell growth was
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Table 1. Effect of temperature on volumetric enzyme productivity, enzyme yield and specific growth
rate by L. mesenteroides NRRL B512 (F) and FT045 B (Sucrose 4%, 0.5 vvm, pH 6.0 e 132 rev.min™).

T(°C) Volumetric Yex p(h™)
enzyme
Productivity
(UDS.mL'h™)
Leuconostoc mesenteroides
NRRLB512 (F)
23 6.16 19.72 0.64
25 4.72 8.65 0.69
27 5.10 9.25 0.72
29 6.70 12.90 0.68
31 2.53 3.36 0.81
Leuconostoc mesenteroides FT
045 B
23 0.40 6.80 0.33
25 0.40 4.85 0.45
27 0.20 1.35 0.50
29 0.16 0.91 0.70
31 0.19 1.27 0.55
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Figure 1. Effect of temperature on dextransucrase production by L. mesenteroides NRRL B 512 (F).
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Figure 2. Effect of temperature on dextransucrase production by L. mesenteroides FT 045 B.
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Figure 3.Effect of temperature on L.mesenteroides NRRL B 512 (F) growth.
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Figure 4. Effect of temperature on L.mesenteroides FT 045 B grow.
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Figure 5. Enzyme activity, cell growth and substrate consumption in L. mesenteroides NRRL B 512 (F) fermentation with 3% of sucrose,

25°C, 132 rev.min™ and 0,15 vvm.
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Figure 6. Enzyme activity, cell growth and substrate consumes in L. mesenteroides FT 045 B fermentation with

4% of sucrose, 25°C, 132 rev.min™ and 0,15 vvm.

slower and the reduced growth of the bacterium leads to
the delayed synthesis of the enzyme and resulting in
lower enzyme vyield. The pH 6.7 was taken as the
optimum pH for the strain NRRL B 512 (F) by others
researchers when they intended to maximize cell growth.
Our experiments at pH 6.0 showed this pH to be good the
for enzyme yield when compared to the results obtained
by Santos et al. (2000), These workers obtained high
enzyme activity at pH 5.5, but they also obtained high
biomass. Although the FT045 B strain showed lower
enzyme yield than NRRL B512 (F), this isolated has a
potential for dextransucrase production. The results show
that is necessary to study better conditions in order to
achieve a high enzyme yield. The change in aeration rate
showed an increased in enzyme production, indicating
that better studies must be done regarding this
parameter. Experimental results on batch fermentation of
L. mesenteroides FT 045 B carried out at pH 6.0 resulted
in highest enzyme levels for sucrose concentrations at 3
and 4%.

ACKNOWLEGEMENTS

The authors acknowledge the CNPq and Unesp for
financial support of this research. We are also very
thankful to the Fermentec and Unicamp for providing us
with the strains used in this study.

REFERENCES

Alsop RM (1983). Ind.

Microbiol. 18: 1-44.

Industrial production of dextrans. Progr.

Barker PE, Ajongwhen NJ (1991). The production of the enzyme
dextransucrase using nonaerated fermentation techniques.
Biotechnol. Bioeng. 37:703-707.

Barker PE, Ganestsos G, Ajongwhen NJ (1993). A novel approach to
the production of clinical grade dextran. J. Chem. Technol.
Biotechnol. 57: 21-26.

Chen YE, Kaboli IH (1996). Purification and properties of
dextransucrase. In scale up study on several enzymatic processes
for industrial application, Amos: lowa State University; Eng. Res. Inst.
136-162. (ERI Project, 1045).

Dols M, Remaud-Simon M, Villemot RM, Vignon V, Mosnsan P (1998).
Characterization on the different dextransucrases excreted in
glucose, fructose or sucrose medium by Leuconostoc mesenteroides
B 1299. Appl. Environ. Microbiol. 64: 1298-1302.

Goyal A, Katiyar SS, (1997). Effect of certain nutrients on the production
of dextransucrase from Leuconostoc mesenteroides NRRL B512 F.
J. Basic. Microbiol. 37: 197-204.

Goyal, A, Nigan, M. and Katiyar, S S.(1995). Optimal conditions for
production of dextransucrase from Leuconostoc mesenteroides
NRRL 5 512F and its properties. J. Basic Microbiol. 35: 375-384.

Johnson MK, McCleskey CS (1957). Studies on the aerobic
carbohydrate metabolism of Leuconostoc mesenteroides. J.
Bacteriol. 74: 22-25.

Landon RS, Webb C (1990). Separating enzyme (dextransucrase)
production and product (dextran) synthesis within a traditional
fermentations process. Process. Biochem. 25 : 19-23.

Lazic, M L; Velikovic, V B.; Vicetic, J I. and Vrvic, M M. (1993). Effect of
pH and aeration on dextran production by Leuconostoc
mesenteroides. Enzyme Microbiol. Technol. 15: 334-338.

Lebrun L, Junter GA, Mignot T (1994). Exopolysaccharide production
by free and immobilized microbial cultures. Enzyme Microbiol.
Technol. 16: 1048-1054.

Mehvar R (2000). Dextran for targeted and sustained delivery of
therapeutic and imaging agents. J. Control Reles. 9: 1-25.

Miller, GL (1959). Use of dinitrosalicylic acid reagent for determination of
reducing sugars. Anal. Chem. 31: 426-429.

Plihon F, Taillandier P, Stre Haiano P (1995). Oxygen effect on batch
cultures of Leuconostoc mesenteroides: relationship between oxygen
uptake, growth and end-products. Appl. Microbiol. Biotechnol. 43:
117-122.

Santos M, Teixeira J, Rodrigues A (2000). Production of
dextransucrase, dextran and fructose from sucrose using



Leuconostoc mesenteroides NRRL B512 (F). Biochem. Eng. J. 4:177-
188.

Suzuki RH, Ozawa Y, Meda H (1988). Studies of water insoluble yeast
invertase. Agric. Biological Chem. 30: 807-812.

Tsuchiya HM, Koepsell HJ, Corman J, Bryant MO, Geger VH, Jackson
RW (1952). The effect of certain cultural factors on production of

Cortezi et al. 285

dextransucrase by Leuconostoc mesenteroides. J. Bacteriol. 64: 521-
526.

Ul-Qader SA, Igbal L, Rizvi HA, Zuberi R (2001). Production of dextran
from sucrose by a newly isolated strain of Leuconostoc
mesenteroides (PCSIR-3) with reference to L. mesenteroides NRRL
B 512 F. Biotechnol. Appl. Biochem. 34: 93-97.



