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ABSTRACT

Dextransucrase of Lenconosioc mesenteroldes PTCC 1059 is an enzyme of industrial and medical
interest that catalyzes the synthesis of a soluble dextran from sucrose. The mutant strains of
Lewconasioe mesenteroides PTCC 1039 hyperproducing for dextransucrase were isolated after UV
irradiation and treatment with ethyl methane sulfonate. The enzyme activity of one mutant strain, the
1059M5E4, was about 2.5-fold higher than that of the wild tyvpe. while its cell growth was relatively
lower. The 1059M5E4 dextransucrase produced the same type of dextran as well as the wild type but
showed higher thermal stability. These properties may be interesting for using this strain in

enzymatic production of dextran.
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INTRODUCTION
Dextrans are extracellular bacterial polvmers of D-
glucopyranose with predominantly « (6 linkages
it the main chain and a variable amount of o 1,2,
a 1,3 ar o 1.4 branch linkages depending on the

strain of the organism (1,2} The principal senera of

bacteria that produce the enzymes {dextransucrases
or glucansucrases) that catalvze the synthesis of
dextrans  from  sucrose  are
Srepiococens and Laciebaciilius, The majority of
known dextrans are produced by strains of
Leuwconosioc mesentercides (340 The Lencanosto:
mesenferoidey PTCC 10539 dextransucrase is an
industrially important enzvme and has received
wide atlention. Lewconnsioc mesenterpides PTCC
1039 elaborates a  single  dextransucrase  thal
catalyres the synthesis of & dextran with 93% o 1.6
linkages in the main chain and 3% o 1.3 branch
linkages. This linear. water-soluble dextran s
effective for a number of potential uses in industrial
and pharmaceutical applications { 3-9). Other strains
of Lewcanosior mesenreraides elaborate more than
one type of dextransucrase and lorm hoth soluble
and insoluble dextrans, The svnthesis of dextran
from sucrose by a cell free bacterial culture was
lirst demonstrated in (940 (10}

The present  study  describes mutasenesis  of
Lewconopstoc mesenteroides PTCC 1039 and

Leveanmosio,

solation ol dextransucrase hyperproducing strains
and some aspects of the enzyme production by the
wild type and the hyperproducer mutant.

MATERIALS AND METHODS
Materials:
Ethvl  methane sulfonate {(EMS),  Penioillium
dextranase and  3.5-dinitrosalicylic acid (DMNS)
werg purchased from Sigma Chemical Co. MES
broth was purchased tfrom Merck Co. All other
chemicals were of analytical urade,

Sreain and cuwltire conditions

Lenconosioo mesenteraides PTCC 1039 (NREL B-
5120 was used as the wild strain and was obtained
from the Persian Tvpe Culiure Collection. Stock
cultures were maintained at 4"C by moenthly
rransfers on MES medium containing 1.5% {wiv)
agar, The medium suggested by Jeanes (L 1), used
lor the enzyvme production, wis composed of 2%
sucrose, 0.5% weast extract, 2%KH.PO,, 0.02%
MpSO, THO, 0.001% NaCl, 0.001% FeS0,.THLO,
D001 %MeS0 L H.O and supplemented with
0.005% CaCly as recommended by Robvt &
Walseth {123 The pH of the medium was adjusted
to 7.2-7.4 after sterilization. The batch culture
medium (50 ml) was inoculated with 2% (vwvi ofa
15 h preculture (2x10" cells/ml) containing: 2%
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sucrose, 0.3% wveast extract, (L.23% trvptone and
0.5% KoHPO,. The initial pH was adjusted w 7.2-
7.4, The cultures were then incubated at 23°C with
shaking at |50 rpm. Incubation was terminated af
the end of exponential growth phase, when the pH

was 3.0-3.2.

Mufapenesis:

LIV mulagenesis,  Lewconosfoc  mesenieroides
PTCC 1059 was grown al 25°C  in 100 ml of liguid
MRS medium to a cell density of about 2x10°
cellsiml. The cells were harvested aseptically by
centrifugation at 3 000 x g for 15 min and washed
twice in 100 ml of cold, swerile 0.83% MaCl
solution. & ml portions of cell suspension were
transferred to sterile, glass Petri dishes 130 mm in
diameter, and irradiated with UV light (2537 nm)
from a germicidal lamp (Philips, TUW [3 W) with
a distance of 40 cm between lamp and cell
suspensions. The irradiation dose was chosen 1o
give 0 1% survivors as estimaied from a UV
sirvival curve, Each irradiated sample centrifuged
and resuspended in 10 m] MRS broth and incubated
at 25°C for 18 h. Then the cultures were diluted
serially into sterile (L83% NaClo Dilutions were
plated onto MRS agar and incubated in darkness at
25°C for 48h. EMS mudzgenesis was carried out
with a culture grown 1o the late logarithmic phase
of growth in MRS broth. The cells were harvested
and washed twice with sterile 30 mM sodiom
phosphate buffer; pH 6.2, and 40 ul {of 1.17g/1} of
EMS was added to 2 ml cell suspension. The
mixture was aerated on a shaker incubator at 30°C
for 30 min. Then an equal volume of a freshly
made 0% (w'v) filter-sterilized selution of sodium
thicsulfate was added to cell suspension to quench
the EMS (13). The treated cells were washed twice
and resuspended with the same buffer and afier
serial dilution were spread on MRS agar plates and
incubated at 253"C for 48 h.

Assay of enzsvme acriviiy:

Cullure  supernatamt ol selected  mutanis  were
prepared by centrifugation at 10.000xg for 15 min
and used as the enzyme solution. Assay of
dextransucrase  activity  employed a  reaction
mixture containing 30 ul of enzyme selution and
50l of sucrose buffer consisting of 10% (wiv)
sucrose. 20mM CaCls in 30 mM acetate boffer, pll
3.2 and incubated al 30°C Tor 20 min. The amount
of reducing sugar (fructose ), which rels
dextran synthesis from sucrose, was estimated by
the DNS  method (1413, 18), One unit aof
dextransucrase activity was defined as the amount

el during

ol enzyvme that could release | wmole fructose from
sucrose per minute at 30°C.

Polvacrvlamide pel elecirophoresiv:

Sodium  dodeeyl sulfale polyacrylamide  zel
electrophoresis (SDS-PAGE) was performed by
using 7.5% (w/v) acrylamide gel and the method of
Lacmmli (17 Protein was stained with silver
nitrate.

Prepararion aad vdrolvsis of dextran:

Dextran was prepared by addition of equal volume
of culture supernatant to an equal volume aof
sucrose bulfer. The reaction was carried out at 30°C
tor & h. Dextran was precipitated by addition of an
egual  volume  of  cthanol.  Precipilates  were
dissalved in distilled water and reprecipitated with
0% ethanol and dricd under vacuum. 3 milligram
dextran (0.3% wiv in 50 mM citrate phosphate
buffer, pH 337 incubated with 2 units of
Penfeillinn dextranase at 30°C for 16 h and the
amount of reducing sugar was measured. The
carbohvdrate  composition of the digests was
analyred by thin laver chromatography, using the
salvent swstem 1:2:3:4:5 [viv)
nitrogthane/nitremethang’ethanal 'water/| -propanal.
The carbohydrates were visualived by dipping the
plates into 3% (v Ha50, in ethanol containing
.3% (wiv) c-paphthol, followed by drying, and
heating for 10 minat 120°C.

RESULTS AND DISCUSSION

Cell suspensions of Lewconasioe wesenferoides
PTCC 103% were exposed 1o U light Mrom 3 sec o
2 min and irradiation time of 80 sec gave 0.1%
survivors, This irradiation ime was used lor UV
mutagenesis of cell suspensions as deseribed in
materials and methods. The mutant strains were
selected at the basis of colony morphology (size
and opacityd) and their enzvme  activities were
determined in the cell free culture broth. Some of
these strains are described in Table |, The
dexiransucrase actlivities ol these strains showed
20% 1o 40% increase, and the mutant [059ME5,
which showed about 40% increase In enzvme
activity (2.90 units/ml) was chosen for mutagenesis
with EMS.

After EMS mutagenesis, about 100 colonies were
isolated trom the trested cells, and their enzyme
activities were determined. Abour 10 muotants
showed extremely poor activities, and the rest of
the mutants showed higher activities from 2,96 1o
3.2 units/ml.
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Fig. T Time course of destransuerase production. A number of

pertedically and the contents used for
PO 1059 B mutant steain 10398514,

Table 2 shows ensvme activities ol some mutant
strains  after  EMS%  treatment, The  mutant,
NEOMSES, which showed the highest eneyvme
activity (3.2 units'ml, ghout 2. 3-fold increase) was
selected for the subsequent experiments, Fig. |
shows the time course of dextransucrase production
in bhatch cultures of fencanosioc mesemtersides
PTCC 1039 and mutant  [O39M3Ed. Enrvme
activity, pH and cell growth (0D at 660 nm) were
estimated  from 10 10 24 h. Dextransucrase
production  occurred  during  cell  growth  and
maximum crozyme activity and cell growth were
attained after 16 b for muant, and after 14 h for
wild  tvpe strain and  showed  that  envyme
preduction was growth-ussocinted, Duoring culture,
sucrose  consumption by the  cells led o
dextransucrase induction and the conversion of the
glucose moiety into lactic acid, seetic acid. ethanol
and energy causes decrease in pH. For the muatant
strain (Fig, 1BY sudden elaboration of the cievime
began when the pH o was 6.9 and continued until it
wits O.(h and i1 was similar to that of wild tvpe strain
{Fig. 1A and previous reports (11,18,

Table 3 shows the effect of initial concentrations of
sucrese on dextransucrase production. Increase of
sucrose concentration from 003 o 2% caused higher

mesnrement of = Activit

: /
|
| e |
| o | 2
Ul |
._.-" |
i i
b 12 1 20 2 a4
R Time ()
Mask cultures were prepored, duplicate Nasks were twken

vim Cell growth &, pllo AL Lesronosior mesenternides

enryme production. but Increase of sucrose from 2
to 4% had not a significant effect on dextransucrase
production and cell growth in both wild and mutan:
strains. AL level of 4% sucrose e culture
comtained so much dextran and became viscous that
separation  of cells fram such a culture were
difficult. [t was considered that the increase of
viscosity of the culture medium interfered with the
cell growth and enzyme production and Tormation
of a complex of dextran with the enevme. interlered
with  the  isolation  of  dextransucrase {19,
Accordingly, it was concluded that 2% sucrose was
the aptimum Tevel for production of dextransucrase
with wild type and mutant strains, The data showed
thial enevme activities of the mutant grown on 2%
and 4% sucrose were about 2.5-fold higher than
that of the wild tvpe, while the mutant exhibited
relatively redoced growth rate and biomass vield.

SDE-PAGE  electrophoresis (Fig, 21 of crude
dextransucrases  showed  hat there was  no
signilicant difference between protein profile of
wild tvpe and mutant sirains, and it showed
qualitatively that dextransucrase elaborated by the
mutant 1039MAE4 was more than that of the wild-

Tvpe.
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Fig. 2 Sodium dodecyl sulfate polvacryvlamide gel elecirophoresis ol crude destransucrases. Samples containing equal
volum of each ensyme solution {40-80 png provmll were loaded inte coch well (A) Lescomostoc mesenterolides 7TCU
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Fig, 3 Temperature stability of dexiransucrases of & | Lewconastor sesenterawdes PICC 1039, mutant TO39R3E4.

The dextrans prepared from the wild and mutant
strains were  hvdrobvred  with Penicdflinm
dextranase. and their degree of hyvdrolvsis and the
hvdrolvzate profiles were compared (table 4). The
hvidrolvsis degree ol dextran of T039MEE4 was
almost similar to that of the wild tvpe and it was the
same as the result of the hydrolvsis of MREL-B312
F'odextran, which was 32.3% (200 The dextran
produced by mutant and wild type dextransucrases
alse gave similar dextranase products including:
isomaliose  and  a  hule  branched
saccharides. As judged by dextranase hydrolysis of
dextrans, the 1039M3ES produced a destran with
the same structural characteristics as the dextran
prividneed by
The activity of crude 1039M3E4 enzvime showed
less than 3% decrease at room temperature (217°C)
over one month, where as the enevime from the
wild type showed a significant decrease in activity
(35%) at the same condition. The wild tvpe and
mulant  dextransucrases held ar warious
temperatures for 30 min and their activities were
assayed. As shown in Fig. 3 the thermal stability of
the T039NAES dextransucrase was greater than that

alucose,

the destransucrase of the wild type.

ol

of the wild tvpe dextransucrase, The 1039
dextransucrase activity decreased  greatly abowve
I0°C and at 370 had 3% of maximum activity,
while the mutant dextransucrase had 60% of
maximum activity at 37°C, Experiments with this
milant strain have been repeated and carried o
for 9 months. revealing no alterations in stability or
performance.  In this  studv,  we  report on
Lewconosios wmesenieroides PTCC 1039 mutants
that are bvperproducer for dextransucrase. Using
physical and chemical mutagenesis we 1solated
mutants  and  evaluated them for
dextransucrase activity, Engvme activity of the
mutant, 10398 3EL was about 2.3-fold higher than
that of the wild tvpe

Adthough the lermentation method is used for the
commercial production of dextran, the enzymatic

several

synthesis  have  many  advaniageous  owver
fermentation  method,  including  greater  size

unilormity and simple purification of the product,
and the hyperproducing strains may be considered
useful in the production of the enevme.
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Table 1. [Juxlmnsr.lcrase activity of wild type and mutant strains afler UV mutagenesis
| Dextransucrase activity

Strain (Units/ml)
1059 (wild) =i
1059M | 2.55
1059M2 273
1039M3 2.50
1059M4 | 2.85
1059M5 2.96
10549066 2.80
1059M7 263

Table 2. Dextransucrase activity of mutant strains after EMS treatment

Strain Dextransucrase chivif}f_‘
i ~ (Units/ml}
1039MSE 4.62 .
0598512 4.84
1059M5E3 | 4,55
105390 3E4 5,20
10539M5ES 4.40
[039M5Es 4.15
1D59MSET | 3.86
1059M3ES 5.03
L 1059MSE9 | 3.64 |

Table 3. Effects ol initial concentrations ol sucrose on dextransucrase production by Lenconastoe
mesenieroides PTCC 1059 and its mutant 1059MSE4

Cell growth | Activity
Su'ﬁ:“c ) (0D 660 nm)* (Units/mly
fee) 1059 1059MSE4 | 1059°  1059MSE4" |
0.5 .26 0.22 0.18 0.70
[0 0.3 .38 0.44 L.60
2.0 | &0 .60 215 515
4.0 | 1.78 L.60 [. 222 3.20

an -[ 660 nm was delermined usi ng a Movaspec 1 ":rv:,n;lmphn-t-:'.-nn_l . Pharmacia Biotech.
"Maximum enzyme activity for thewild t wvpe was altained afler 14 b incubation.
“Maximum enzvme activity for the mulant was attained alter 16 h incubation.

Table 4. Degree of dextranase hvdrolysis of dextrans synthesized by Lenconasior mesenteroides PTCC 1030
and mutant [059M3E4 dextransucrases
Degree of hydrolysis

Dexiran
— o)
1059 _ 338 I
1059MSE4 | 367 |
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