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ABSTRACT

Dextran was produced using in 3%

calcium ziginate immcbilized and free cels of
L. mesenteroides ATCC 10830 (NRRL B-51

2 F). Information about the molecular structure of
the produced polymers using size exclusion chromatography and on-line low angle laser tight
scattering (SEC/LALLS) detection was obtained. Dextran formed outside tne beads by

immobilized cells possesses an average molecular w

eight of about 1.84 x 10° dahons.
Average molecular weight of dextran

formed by free cells, however, was 1.32 times {2.43 x
107 daltons for free cells) that formed by immobilized celis. Determinatio

branching parameters (G, and G ) of dextran formed by both cultures shows that
\ M

branching of dextran produced by free cells was also higher than that produced by
immobilized cells in calcium alginate.

n of the gualtative

INTRODUCTION bonds and 5% a-D-(1 ----> 3), bonds.

: and which is highly soluble in water. The
Dextransucrase (sucrose 1.6-0.-D- side chains of the dextran obtained from
glucan-6-a-glucosyl transferase EC

this bacterium contain 2 or more glucose
2.4.1.5) is an extracellular enzyme or a

. residues attached by a-D-(1 ---— >6)
group of enzymes responsible for the bonds®

synthesis of dextran (glucan) from su- 2.

crose. Dextran is a branched polymer

Size exclusion chromatography
in which the linear parts result from the  (SEC) is regarded as one of the most im-

linear condensation of D-glucopyranosyl portant analytical techniques in polymer

units in o-D-(1----> 6) glucosidic bonds, characterization®6) With (he develop-
Wwhereas branching points result from me:x{l of T{kﬂig’?“;‘:néle 1%15‘?;1 h‘ghl

scattering (LALLS) detection in the late
Dl Ao > 3), a-D-(1 ----> 2) or o-D- 1970s, molecular weights. molecular
(1 e > 4) glucosidic bonds®), The weight distributions. and polvmer
degree of branching [measured as non- branching can now be rapidly deter-
(1 ----> 6) bonds] affects the water solu- mined as a function of polymer molecu-
bility and rheological properties of the lar size. On-line light scattering detection
dextran polymer. L. mesenteroides provides a simple and direct calibration
ATCC 10830 (NRRL B-512F) produces

method. The combination of SEC moijec-
a low branched dextran polymer con- ular weight QC\c_cnon, and microcomput-
ining  about 95% -D-(] -—-> 6) er data acquisition provides an efficient

o
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method of determining molecular weight
and long-chain branching of water-
sotuble polymers'S7-19),

This paper deals with the molecu-
lar characterization of dextran preduced
hv in calcium alginate beads immo-
milized and free cells of L. mesente-
roides ATCC 10830 (NRRL B-512F) as
detected by size exclusion chromatogra-
phy and on-line low-angle laser light
scattering.

MATERIALS AND METHODS

Microorganism and Fermentation
Conditions:

The dextran-producing strain L.
mecenternides ATCC 10830 (NRRL. B-
512F; was immobilized in 3% calcium
alginate beads and a fed-batch dextransu-
crase (DS) production cycle for 24 hours
was performed. Then, the sucrose con-
centration was raised to 10% (w/v), pH
was zdjusted to 5.2 £ 0.1, temperaturc
was controlled at 30°C and a dextran
production cycle by the immobilized
cells was performed for 24 hours11-13),

Dextran production by free cells was
performed under similar conditions as

immobilized cells!!*13) Fermentations
were performed in a 1L-bubble column
containing 200 g of beads and 800 ml of

medium(11:12) After fermentation, the
culture broth was centrifuged at 4000 xg
at 4°C for 10 minutes and the dextran in
the supernatant was recovered by precip-
itatton with 2 volumes of ethanol. The
precipitated dextran was purified 3-4
times by dissolving in sterile demineral-
tzed water and reprecipitation with 2 vol-
umes of ethanol. Purified dextran was

dried vnder vacuum at room tempera-
lare,

Size Exclusion Chromatograph
F phy and
(.)nv-l,me‘ l‘.qw-/\nglc Laser Light Scat-
tering (SEC-LALLS) Detection:

Fheoretical background of the
h-'miyf,xs, instruments, columns and elu-
tron system were the same as described

revious|yl F ¢
previously' 1% In short, the SEC/
LALLS system consisted of 4 pump

26

(M6000, Waters Associates, Milford,
MA), injector (U6K) and differential re-
fractive index (DRI R401), LDC/Milton
Rov (Riviera Beach, Florida) KMX-6
LALLS detector, and a TSK (40S and
65F) Fractogel HW columns. The
LALLS photometer with a flow-through
cell was serially conneceted with the
DRI detector. Scattering intensity data
were collected at the 6-7° annulus with
63283 wavelength, He-Ne laser. Dextran
T-500 (Pharmacia Fine Chemicals, Pis-
cataway, NJ) was used as a standard lin-
car polymer. Samples of test and stan-
dard dextran were prepared in degassed
0.5N NaOH aqueous solution, and the
same solvent was used as the SEC elu-
ent. The experiments were run with a
flow rate of 0.2 ml/min at ambient tem-
perature. Polysaccharide solutions were
prepared for injection by dissolving
known mass quantities of material and
diluting to a known volume with the sol-
vent. Both eluent and dextran solutions
were filtered through a 0.2 pm Fluoro-
pore filter (Millipore Corp). Just before
LALLS cell. Values of specific refrac-
tive index increment (dn/dc) and the re-
sultant LALLS optical constant K em-
ployed is listed for dextran as: dn/dc =

0.142 ml/g and K = 1.46E-7 mol cm?/g.
RESULTS

1. Determination of Molecular Weight
Distribution (MWD) of the Pro-
duced Dextran Polymers.

Figures 1A-C show the SEC/
LALLS chromatograms collected from
DRI and LALLS detectors for dextran T-
500, dextran produced by immobilized
and free cells of L. mesenteroides ATCC
10830 (NRRL B-512F), respectively
These figures give the intensity of re-
sponses measured in both LALLS .and
DRI cells as a function of retention tme-
From these figures, a fairly good separa:
tion was obtained via LALLS and DRI
responses in the three analyzed types 9
dextran, especially through the LALLS.
In the three analyzed dextrans, LAL S
show only one peak in cach case. The
time of appearance of the peaks is I
versely proportional to the moleculdf
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Figure (1): SEC/LALLS chromatograms as detected by
refractive index (DRI) detector and low
scattering (LALLS) detector for dextran T-500 (A), and
dextran produced by in caleium alginate immobilized (B)

or free cells (C) of L. mesenteroides ATCC 10830 (NRRL

differential
angle laser light

B-5312F).
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weight of the separated polymer, The
DRI detects 2lvo an carly peak that al-
mest corresponds 10 the peak detected by
the LALLS, bt munor élevations were

aiso detectable 10 the three cases,

Through the analysis of 2-seconds
Gata nput, an averape molecular weight
wia LALLS way measured and recorded.

The differential
(molectils

weiyht
.

fractions
weight disinbution, MW

were plotted wa, the log molecular
weights, Figures 24 and 28 show wuch
relationstng for dextran produced by im-
mornlizedd and free cells duning the whole
course of anafyss (1ota) cluted volume in
each cave was about 15 mij, respectively.

fn cawe of dertran produced by imimoby
¥ J

it2ed cells, MWID s concentrated in 4

mamn peak around 5

wide left shoulder

x 107 daltons, but 4
was alvo evident
(Figure 2A). MWD of dextran pro-

duced by free ceils behaves similarly 1o

that produced by immobilized cells,

but with 4 main diffesences: (1) The

range of molecular weight distribution

Was narrowers

7

(hetween about 4 1 10°

and % x 107 daltons compared 10 about

107 and 4 x 107 dalions for immohbilized
cells), (2) The earhier small peak appears
fatter (at about 7 x 1(f daltons), (3 The
left shoulder is bigger, and (4) The major
peak is broader and has a maximum a

about 7 x 107 daftons (Figure 2B),

2. Determination of Branching of the
Produced Polymers Using SEC/

’dx’l,aSa

SECILALLS system is also appli-

cable for study of branched polysaccha.
¥

. it ) .
rides 9101 [ he Log M, va, elution vol-

"

ume (1Y) of the standard dextran T-500)

as well wy the produced dextran by immo-

bilized and free cells were analyzed hy

SECALALLS and are shown in Figure 3.

MNote that the data given in Figure 3 are
lrnited o elution yolumes between 7 and
I ml (Flow rate was 0.2 mi/minute)
Figure 3 indicates that a reverse
lationship exists between Log

lincar re-
.’Mw and
EV for both dextran T-500 and dextran

provduced by irntiabilized and free cells,
itk an cyiden hl;ghcf rmilcc‘uinr (’”'-’i-’,ht
at the same elution volume in the laties
cane,

A reported by Yu and Hollingy
(1997 199490 the SECHLALLS data
can be transcribed anto branching param-
eler values. Branching parameters are in-
dicated by inverse of molecular wight ra-
tio of hinear vs, branched polymer f(i"v)
41 the same elution volume,

oy = (M I M)

where the subscripts 1 and b de-
note linear and branched polymers, re-
soectively, Using the standard dextran T-
£ Y !
500 a5 a linear dextran, (Y, values of
dextran produced by immobilized and
free cells are given in Figure 4A and
Tuable 1, In the range examind (EV = 7-
I ml at flow rate = 0.2 ml/min), the
mean 'y of dextran produced by im-
mobilized and free cells are about 7.675
¥ 0.8 and 41.2]1 = 3.1, respectively.
These values indicate that a dextran
molecule produced by immobilized or
free cells s approximately 7.7 or 41
times heavier than an equivalent hydro-
dynamic volume of dextran T-500,

Figure 4B and Table 1 give also
the values of the branching parameter
(iyg. The branching parameter Gy is de-
fined as the ratio of the mean-square ra-
dius of gyration ([<7') of branched and lin-
car polymer of the same molecular
weight (Gy = RE R where the sub-
scripts | oand b denote Jinear and
hr:mchc«} polymers, respectively). Radius
ol gyration is the end 1o end distance of
the molecule, Yu and Rollings (1987
urg:tl .‘;»l-,(../l,_/\l,l,.'i data values for deter-
mination of (’.‘A applying the followng
cquation:

v e (avl)le
(’:4"(--'\'

Where 4 i4 the Mark-Houwink coeffi-
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Figure (3): Semi-Logarithmic plot of molecular weight (Log My) vs.

elution volume (EV, ml) for dextran T-500; and dextran
produced by in calcium alginate immobilized and free

el i

cells of L. mesenteroides ATCC 10830 (NRRL B-512F).

cient (the value for dextran = 0.48) and
¢ is a polymer draining parameter which
can vary between 0.5 and 1'*). At value
of e = 1, then:

- (1.48)
G.\! - GV

Values of G, are given in Table |

and plotted vs. Log. molecular weights in
Figure 4B for both dextran produced by
immobilized and free cells, respectively.
Table 1 shows that the mean Gy, value of

dextran produced by the immobilized
and free cells are in average 6.27 x 102 +

6.02 x 10 and 4.5 x 10° + 28 x 10%,
respectively. These values represent the
ratios of branched (product) and linear
(dextran T-500) mean-square radii of ov-
rauons. Dextran produced by immobi-
lized cells exhibits a mean-square radius
of gyration approximately 0.06 the value
of an equivalent molecular weight of
dextran T-500 (Table 1). On the other

30

hand, dextran produced by free cells
possesses a mean-square radius of gy-

ration of approximately 4.5 x 1073 the
value of an equivalent molecular weight
of dextran T-500. The semilogarithmic
plot of G,, values of dextran produced
by immobilized or free cells looks prin-
ciply similar (Figure 4B). It should be
noted that the scale of plotting of Gy

values of dextran produced by immobi-
lized cells is 20 times the scale of Gy

values of that produced by free cells vs.
molecular weight.

DISCUSSION

_Aquecus SEC/LALLS has been
applied in determining information about
molecular weight and branching frequen-
cies of dextran produced by in calcium
alginate immobilized and free cells of L.
nesenteroides ATCC 10830 (NRRL B-
SIZF). The presented data show (hat
Some structural differences exist berween
dextran formed in the cell-free culture
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Figure (4): Plot of the branching parameters [G'lv vs. elution voluem,
(A) and Gy vs. molecular weight; semilog plot (Bj] for

dextran produced by in calcium alginate immobilized

and free cells of L. mesenteroides ATCC 10830 {(NRRL
B-512F) using dextran T-500 as a linear standard at
elution volumes 7-11 mL
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. . i 'l“r
ahta (13 N ar weights and branching dis
Fable (1): Moleculat Wk calcium alginate imi

produced by in

enteroides ATTC 10830 (NRRL
mesenieralcs at elution volumes

linear standard

ihution parameters for dextran
nobilized and free cglls of L.
B-512F) using dextran T-500 as a
between 7 and 11 ml

~
[ Dexiran produced by
Immobilized cells Free cells
’ M G Gy
My ¥l | 0 O w Ty
O P _3
Mean 1.84 x 107 7.68 |6.27x 10 943 x 107] 41.21 | 45x10
« ~ _3
S.D.(Y) 578 x 107| 3.65 |2.76 x 102 2.86 x 107] 13.17 | 1.2x10
| -4
gEM | 1.26x107 080 |6.02x 103]6.74 x 10| 3.10 | 2.8x 10
\ »

(*) S.D. = Standard deviation and
Wate propram.

broth of immobilized and free cells. Mo-
lecular weight distribution of dextran
produced by immobilized cells was more
dispersed than that produced by free
cells. Considering the standard dextran
T-500 as a lincar polymer, the represent-
ed data show that produced dextran by
immobilized cells is about 7.7 times
heavier than dextran T-500 at the same
clution volume. Free cells, on the other
hand, produced a dextran polymer which
is about 5.4 times heavier than dextran

produced by immobilized cells (G"\, val-

ues of dextran produced by free (o that
produced by immobilized cells) with the
same hydrodynamic volume. In compari-
son of dextran T-500 with that produced
hy free cells, a given volume of the latter
is about 41.2 times heavier than similar
volume of the former lincar polymer. As

reported by Yu and Rollings (1987)(%
when the degree of branching il'lCl'L‘:lSC‘\'.
at a common elution volume, lnnlccul;l}
weight increases as detected by LALLS
due 1o an increase in the scattering cen-
ters incthe molecule. Yu and Rollines
compared the molecular weight di.\ll'.lht;l.-

(**) S.E. = Standard error were caleulated using Slide Write Plus soft

tion and branching parameters of amy-
lose (0% branched), amylopectin (4-5%
branched) and glycogen (10% branched).
They found that, using SEC/LALLS and

the branching parameter G'lv. amylope¢-

tin and glycogen were about 4-5 and 15-
20 times heavier than the linear amylose,
respectively. In comparison, dextran pro-
duced by immobilized cells possesses @
percentage branching of about 6-9% as

indicated by the branching parameter G
1\, and using dextran T-500. This value

is in a good agreement with the reported
branching frequencies (5%) of the pro-
duced dextran by L. QW__KJL&LQL‘-L‘J
ATCC 10830 (NRR B-512F)!!?). Free
cells on the other hand produced dextral
which is more than 20% branched as dé-

tected by LALLS cells at elution volume
between 7-11 ml.

Qualitative degree of branching of
dextran produced by immobilized or fre
cells of L. mesenteroides ATCC 1083
(NRRL B-512F) was also performé
through calculation of the branching P~
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ameter Gy, (the ratio of the mean-square

radii of gyration between the linear and
branched polymers). As reported by Yu

and Rollings (1987)(9), amylopectin with
4-5% branches and glycogen with 10%
branches possess G,, values of 0.05 and

0.01 compared with the linear amylose,
respectively. Our results show that mean
G,, value of dextran produced by

immobilized cells is 0.067 + 0.006
which can indicate a branching fre-
quency with about 7% as above pro-

posed by calculation of G']v. For dex-
tran formed by free cells, the mean Gy

value is about 0.0045 which is inversely
proportional with the branching fre-
quency. Therefore, calculation of Gy

for dextran produced by immobilized
and free cells also supports a significant
higher branching frequencies in dextran
produced by free than immobilized cells.
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