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Abstract

Two kinds of regenerated cellulose microporous gel particles with mean pore sizes of 135 nm and 370 nm were
satisfactorily prepared by mixing cellulose cuoxam with polyethylene glycol (PEG) as pore former. A preparative
size-exclusion chromatography (SEC) column (550 mmXx20 mm) packed with the gel particles mentioned above was used
for the fractionation of a dextran in water. The exclusion limit and fractionation range of the stationary phase were molecular
masses 7-10° and 3-10°~7-10°, respectively. The dextran (weight-average molecular mass=7.14-10", polydispersity=2) was
fractionated into ten fractions with molecular masses range from 4-10* to 1-10°, which were analyzed by an aqueous phase
analytical SEC. A daily throughput of 6.5 g of the dextran was given with a flow-rate of 2.88 ml min~*. The preparative
SEC is simple, fast and cheap, and suitable for large-scale fractionation of the polysaccharides and other biopolymers.
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1. Introduction

The preparative fractionation of polysaccharides
and other biopolymers by size-exclusion chromatog-
raphy (SEC) is becoming more important in in-
dustrial processes and in laboratories [1-3]. The
column packing materials have conventionally been
made of crosslinked dextran, agarose and poly-
acrylamide, which are too expensive to be used in
industrial applications [2]. The cellulose membranes
have been found extensive commercial applications
in membrane separation techniques such as dialysis,
ultrefiltration and fractionation, because of their
relatively low cost, good compatibility with bio-
logical compounds and their remarkable hydrophilic
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properties [4,5]. Therefore, cellulose as a chromato-
graphic material has promising application. Various
chromatographic packing prepared by cellulose aque-
ous calcium thiocyanate solution [2], viscose solu-
tion [6] and cellulose/ 17.5% NaOH aqueous solution
[7] have been reported.

In order to investigate the solution properties and
the correlation of molecular mass to bioactivities of
the polysaccharides, the fractions with different
molecular masses are needed. A nonsolvent addition
method has been long used to fractionate the poly-
mer in organic solvent. In our previous works [8,9],
the glucans from Auricularia auricular-judae and
Poria cocos sclerotium were fractionated, respective-
ly, by nonsolvent addition method, however, no
satisfactory fractions were obtained, because of
gelatinization of the glucan aqueous solution in the
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precipitant process or aggregation in agueous solu-
tion. Moreover, the polydispersity of the fractions for
lacquer polysaccharide prepared by nonsolvent addi-
tion method was even larger than that of unfraction-
ated sample [10]. The purpose of this study was to
develop a simple and fast fractionation method of the
polysaccharides to substitute for the low efficiency
and time-consuming nonsolvent addition method.
Recently, the regenerated cellulose microporous
membranes were satisfactorily prepared by mixing
cellulose cuoxam with polyethylene glycol (PEG) as
pore former [11]. When 50% PEG2000 was added to
the cellulose cuoxam, the value of mean pore
diameter (2r;) of the cellulose membrane is more
than four times than that of non-mixing membrane.
Based on the method, we prepared regenerated
cellulose gel particles and developed a large-scale
preparative chromatograph for the polysaccharides in
agueous solution.

2. Experimental

2.1. Preparation of regenerated cellulose gel
particles

The linter used was supplied by Hubel Chemical
Fiber Manufacture, and its viscosity-average molecu-
lar mass (Mn) was determined to be 1.96-10°.
Polyethylene glycol (PEG2000) with molecular mass
2000 was imported from Japan. A 6% (w/w) cellu-
lose cuoxam solution (I) was prepared according to
previous method [12]. The 20% (w/w) PEG2000
was dissolved in water (11). The mixture of | and |1
(1:1, w/w) was spinned to a wire of a diameter of
0.3 mm, and coagulated in 10% NaOH aqueous
solution, then regenerated in dilute aqueous H,SO,.
The clear cellulose fibers were cut to small particles
with length of 0.5-1.5 mm, then washed by water,
finaly stored in 20% isopropanol /2% formaldehyde
aqueous solution. The cellulose gel particles pre-
pared by | and the mixture of | and Il were coded as
RCG-1 and RCG-2, respectively, and their prepara-
tion process was same.

The volume (V) of the wet particles was measured
by a glass dilatometer, and the backbone density (p,,
namely density of the regenerated cellulose), mean

pore volume (V,) and porosity (P,) were calculated
as follows:

Wy

Po = V= Wy — W) Ipr o &
V—wy/p,

i 2
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where w, and w, are masses of dry and wet
particles, respectively. The Ph,0 is density of water.

The scanning electron micrographs (SEM) of the
RCG-1 and RCG-2 were made on a SEM 1S]-SX-40.
The surface and cross section of the particles were
observed and photographed. The wet particle sizes
(diameter and length) were measured by using a
microscope, and estimated according to statistical
method.

2.2. Preparative SEC

To determine the exclusion limit of the stationary
phase, the celulose gel particles of RCG-1 and
RCG-2 (1:3, v/v) suspended in distilled water were
packed in a glass column (500 mmXx10 mm), in
which the consumption of the polysaccharide stan-
dards could be reduced, to form a ca. 450 mm long
gel bed. The 1 ml approximately 2:1072 gml~*
aqueous solutions of the glucan standards (weight-
average molecular masses, M, 70-10% 56.3-10°%
38.5-10%, 14.4-10%, 6.87-10% 2.98-10%, 1.51-10%
0.27-10%), which were a gift of National Research
Center for Certified Reference Materials in Beijing,
and p-cellobiose (Wako Co.) were separately injected
into the column, and the flow-rate was adjusted to
1.1 mlmin~* and kept constant. The effluent was
monitored at 200 nm by using UV detector (UV-160,
Shimadzu, Japan).

To prepare fraction, the cellulose gel particles of
RCG-1 and RCG-2 (1:3, v/v) suspended in distilled
water were packed in a glass column (550 mmXx 20
mm) to form a ca. 500 mm long gel bed. The
preparative SEC column so obtained was equipped
with automatic fraction collector. The dextran pro-
duced by strain No. B-512 (M,,=7.14-10%, Sigma,
Norway) was dissolved in distilled water to prepare
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0.057 gml~* concentration. The 3.5 ml dextran
solutions were injected into the column, and distilled
water was used as eluent at 25°C. The flow-rate was
adjusted to 2.88 ml min~* by using peristaltic pump
during the run. The column effluent and fractions
were monitored by UV detection at 200 nm.

2.3. Characterization of fractions

Viscosity of the fractions and unfractioned dextran
were measured at 25+0.1°C by using a modified
capillary viscometer supplied by the Institute of
Industrial Science, Tokyo University. Huggins and
Kraemer plots were used to estimate the intrinsic
viscosity [n].

SEC analysis of the fractions and unfractionated
dextran as well as pullulan standards (P-5, P-10,
P-20, P-50, P-100, P-200, P-400, and P-800) were
performed on a HPLC apparatus (LC-6A, Shimadzu)
equipped with aqueous phase analytical SEC column
packed with silca gel (Institute of Jilin Chemical
Industrial Co., China) and with refractive index
detector. The eluent was 0.2 M Na,SO,-0.01 M
NaH,PO,—Na,HPO, buffer (pH 7.03), and the flow-
rate was 1.0 mimin~' a total pressure of 40
kgf cm™2. The calibration curve obtained from pul-
lulan standards shows in Fig. 1, and was represented
as following:
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Fig. 1. Calibration curve for pullulan standardsin 0.2 M Na,SO,—
0.01 M NaH,PO,-Na,HPO, buffer by using LC-6A HPLC
equipped with silica gel column for SEC and with a refractive

index detector at a flow-rate of 1.0 ml min~".

LogM = 7.616 — 0.214V, (4)

where V, is elution volume. Using this calibration
curve the weight average molecular mass M,, of the
dextran was determined to be 7.08-10" (see Table 2)
and similar to the given data (7.14-10%). Therefore,
SEC universal calibration was not used in this work.

3. Results and discussion

Fig. 2 shows SEM of the surface and cross
section of the cellulose gel particles of RCG-1 (A)
and RCG-2 (B). The pore sizes were 90 nm (surface)
and 180 nm (cross section) for RCG-1, and 140 nm
(surface) and 600 nm (cross section) for RCG-2,
respectively, namely mean pore size 2r is 135 nm for
RCG-1 and 370 nm for RCG-2. The physica prop-
erties of the gel particles are summarized in Table 1.
The size-exclusion curve for the preparative SEC
(500 mmx 10 mm) is illustrated in Fig. 3, and was
represented as following:

Log M = 9.756 — 0.139V, (5)

It was determined that the exclusion limit and
fractionation range of the stationary phase of the
preparative SEC were molecular masses 7-10° and
3-10%~7-10°, respectively. The distribution coeffi-
cient Kgee, Which determines the percentage of gel-
phase available for each fraction independently on
system geometry, was calculated by [13]

Ksec = Ve =VO) IV — V%) (6)

whereV, is the elution volume, V, is the void volume
and V, is the total pore volume. The molecular mass
dependence of K isshown in Fig. 4. The pore size
dictates the range of molecular mass separation
changing Kgcc strongly, therefore influencing the
percentage of gel phase available to a given sub-
stance. In view of mentioned above, the gel particles
RCG-1 and RCG-2 with different pore sizes were
successfully used as a stationary phase on the
preparative SEC.

Fig. 5 shows the elution pattern of the preparative
SEC (550 mmXx20 mm) for the dextran monitored
by UV absorbance. The dlicing indicates that the
fractions collected 12 injections were combined to
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Top

Fig. 2. SEM of the surfaces (top) and the cross sections (bottom) of the cellulose gel particles for RCG-1 (A) and RCG-2 (B).

get 0.15-0.25 g of each fractions (DF-1~DF-9,
except DF-10), the total yield was 87.6%. The [7] of
the fractions are listed in Table 2. Except DF-1, the
[n] decreases with increasing elution volume, and the
[7].y caculated by =w][n], from &l fractions,
where w is weight fraction of the fractions, was 24.6
cm® g * close to that measured from unfractionated
dextran, suggesting a good fractionation effect. The
vaues of M,,, humber-average molecular mass (M,,)
and polydispersity index d (M,,/M,) of each fraction
obtained by SEC analysis are also summarized in

Table 2. The M,, ., calculated by = w,M, from all
fractions was 7.05-10%, which is in good agreement
with the value measured by SEC from the unfrac-
tionated dextran. The d values of the fractions are
about 1.4 except DF-8, DF-9 and DF-10, which were
collected from broad dlicing. It is worth noting that
first fraction DF-1 was given anomalous data, which
showed lower values of M,,, M, and [#] than those
of DF-2, DF-3, DF-4. It can be explained that some
interaction exists between the stationary phase and
dextran caused by their hydroxyl groups, so that the

Table 1

Physical properties of the gel particles

Gel Mean particle Mean pore Backbone density Pore volume Porosity
size® (um) size (nm) (gml™) (mig™) (%)

RCG-1 3201390 135 148 6.17 90.1

RCG-2 330%x 1180 370 154 8.12 92.6

“diameter X length of the wet particle.
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Fig. 3. Size-exclusion curve of the preparative SEC (500 mmx 10
mm) packed with a mixture of RCG-2 and RCG-1 (3:1, v/v) for
the glucan standards in water at 25°C with a flow-rate of 1.1
ml min~* by using UV detector at 200 nm.

high-molecular-mass part of DF-1 was first adsorbed
on the gel particles and retarded, resulting in reduc-
tion of its average molecular mass. The interpretation
was supported by the d value (1.46) of DF-1, which
should have the d value of 1.6 as same as DF-8,
DF-9, and DF-10 due to collection from broad
slicing, and the uncompleted recovery of total prod-
uct after fractionation.

It is well known that size-exclusion HPLC with
TSK G3000 SW and G4000 SW columns has been
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Fig. 4. Molecular mass (M) dependence of K. of the preparative
SEC. The conditions are same as Fig. 3.
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Fig. 5. Elution pattern and fractionation of dextran in water at
25°C by using the preparative SEC (550 mmXx20 mm) packed
with RCG-2 and RCG-1 (3:1, v/v) with a flow-rate of 2.88
ml min™*. The absorbance (A) of the effluent was monitored at
200 nm by using a UV detector.

widely used in the fractionation of biopolymers
[3,14,15]. In our previous study [16], the lacquer
polysaccharides (M,,=10.9-10%, d=1.96) were iso-
lated into 12 fractions by agqueous-phase preparative
SEC (Toyo Soda). It was equipped with TSK G3000
SW and TSK G4000 SW column (600 mmXx 22
mm), in which 0.08 M KCI/0.01 M NaAc aqueous
solution was used as eluent, and the flow-rate was 4
ml min~*. These data of SEC and [n] cited were
listed in Table 3, where 11 fractions were analyzed
by SEC and viscometry. These results indicate that
the preparative SEC studied in this work has good
fractionating efficiency and large throughput, in
which a daily throughput of 6.5 g for dextran is
reached with a flow-rate of 2.88 ml min~* agqueous
solution. It is worth noting that the cellulose gel
particles are much cheaper than G3000 SW, G4000
SW, cross-linked dextran, agarose as well as poly-
acrylamide, since cellulose is the most abundant
natural material [2]. Therefore, the preparative SEC
packed with these cellulose gel particles have prom-
ising application in industrial process to produce
fractions with different molecular masses or structure
for polysaccharides and other biopolymers, because
of its simple, fast and cheap feature. Furthermore,
utilizing cellulose as material can not only reduce
loss of limited petroleum resources, but also protect
the environment.

4, Conclusion

Two kinds of cellulose gel particles RCG-1 and
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Table 2

Experimental results of [n], M,,, M,, and d for dextran and its fractions by viscosimetry and SEC analysis

Fraction Mass (g) 7] em®g™) M, X10"* M,x107* d
Dextran 23.85 7.08 3.65 1.94
DF-1 0.2392 26.46 8.19 5.61 1.46
DF-2 0.1530 29.22 9.93 6.94 143
DF-3 0.1528 27.12 9.33 6.61 141
DF-4 0.1824 26.76 9.18 6.51 141
DF-5 0.1750 26.22 8.17 5.83 1.40
DF-6 0.1618 25.75 7.71 5.43 1.42
DF-7 0.1590 24.10 7.45 5.25 1.42
DF-8 0.2478 23.78 6.67 417 1.60
DF-9 0.2096 22.85 4,99 3.10 161
DF-10 0.4294 19.14 4.06 251 1.62

RCG-2 with mean pore sizes of 135 nm and 370 nm
were prepared by cellulose cuoxam and by mixing
cellulose cuoxam with polyethylene glycol as pore
former, respectively. The preparative SEC packed
with the mixture of RCG-2 and RCG-1 (3:1, v/Vv)
was satisfactorily used to fractionate dextran, which
was divided into 10 fractions with the molecular
masses ranging from 4-10% to 1-10° and polydis-
persity indexes of ca 1.4 except 3 fractions. The
fraction range of the stationary phase is 3-10°~7-
10°, and the daily throughput of the SEC column
(550 mmx20 mm) with a flow-rate of 2.88
ml min~* is 6.5 g for the dextran in agueous solution

Table 3

Data of SEC and [7] of lacquer polysaccharides fractionated by
Toyo Soda SEC instrument equipped with TSK-G3000 SW and
G4000 SW [16]

Sample SEC [m em®g™)
M, x107*  M,x10"* d
FR1 14.8 8.42 176 115
FR2 13.7 7.35 186 10.7
FR3 12.3 6.72 183 952
FR4 11.6 7.19 161 9.68
FR5 10.1 6.32 160 9.50
FR6 8.16 5.36 152 803
FR7 6.28 4.03 156 7.45
FR8 5.50 3.93 140 6.92
FR9 5.09 343 148 6.18
FR10 4.95 3.36 147 576
FR11 4.57 272 168 —
Unfractionated 11.0 5.61 196 846
polysaccharide

at 25°C. Therefore, the cellulose gel particles should
be suitable not only for fractionation of the polysac-
charides, but also for other biopolymers in industrial
process.
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