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Biopolymer membrane was prepared using two oppositely charged natural biopolymer. The
biopolymer membrane was used for the encapsulation of two hybridoma cell lines (ATCC
CRL-1606, ATCC BH-8852) to produce monoclonal antibodies. In order to reduce the down
stream steps, the pore size of the membrane was controlled to retain the monoclonal an-
tibodies in the capsules based on the diffusion experiments with standard proteins. T-flask
culture showed cell densities of 8x 107 cells/mL and 3x 10 cells/mL, and MAb con-
centrations of 506 pg/mL and 109 pg/mL for encapsulated ATCC CRL-1606 and HB-8852,
respectively. Two liter perfusion culture with encapsulated ATCC HB-8852 was performed
to enhance the MAb production. The MAb production of the encapsulated hybridoma in-
creased considerably comparing to the culture using silicone tubing for oxygen transfer.
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INTRODUCTION

Membranes serve numerous utilities both industrial
and biomedial areas [1]. One of the major functions of
the membrane is to control the permeation of proteins.
This allows a selective permeation of some components
while preventing others through membrane. There-
fore, the pore size of the membrane is a critical parame-
ter for its applications.

Biopolymer membrane can be formed by the ionic in-
teractions between polycationic polymers and counter
ionic polymers and encapsulates biological or cells [2,
3]. Since encapsulation using natural polymer is carri-
ed out under mild condition, it is suitable for biological
products, and thus has a unique advantage and vari-
ous potential applications [4-7].

In this study, the two hybridoma cell lines were enca-
psulated using chitosan, B-1,4 linked glucosamine and
alginate, the copolymer of guluronic acids and man-
nuronic acids and the increase of MAb titer in the cap-
asuls was tried. The productivity and cell growth of
MAD using 2 liter culture with encapsulated hybrido-
ma were determined and compared to conventional cell
culture system.

MATERIALS AND METHODS
Cell Line

Hybridomas producing MAb against human fibro-
nectin (ATCC CRL-1606) and bovine lactoferrin
(ATCC HB-8852) were used for the encapsulated cell
culture study. The medium used for the cell culture
was Delbulco’'s Modified Eagles Medium (DMEM) sup-
plemented with 10% fatal calf serum.
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Preparation of Solution

Chitosan (0.5% w/v) was dissolved to the glutamic
acid solutions (0.5%, w/v) and stirred overnight, then
filtered to remove insoluble fractions using Whatman
No. 1 filter paper and 0.1 M CaCl; was added to the so-
lution. pH of chitosan solution was adjusted to 6.0 by
adding NaOH. Alginate (0.5% w/v) was dissolved in
deionized water. Glycerol solution (0.25%, w/v) was pre-
pared for washing the capsules. For the cell culture the
chitosan and alginate solution under UV for five hours,
and the glycerol solution was autoclaved.

Encapsulation Procedure

The procedure for preparing the capsules is shown
in Fig. 1. A triple concentric orifice was used for the en-
capsulation of hybridoma in order to minimize the con-
tact time between cells and chitosan solution. The air
flow rate of outer air blowing orifice ID=2.033 mm)
was adjusted to 6 L/min for the preparation of cap-
sules (2 mm diameter). After 3 minutes, the prepared
capsules were collected by straining on mesh screen
and washed three times with glycerol solution (0.25%
w/v). Then, the capsules were transferred to the medi-
um (DMEM-+10% fatal calf serum) for incubation. The
encapsulation procedure was performed under an
aseptic condition.

Diffusion Experiment with Standard Proteins

Diffusion experiments using p-lactoglobulin (MW=
32,000, long axis=384), ovalbumin (MW=45,000,
long axis=114A), bovine serum albumin(MW=66,000,
long axis=1404), conalbumin(MW=76,000, long axis=
1704A), y-globulin (MW=156,000, long axis=2204),
and fibrinogen (MW=400,000, long axis=700A) was
carried out to determine the pore size of capsule with
the parameter of pH of chitosan solution. The overall
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Fig. 1. Encapsulation procedure.

permeabilities were measured for the standard pro-
teins.

T-flask Culture

Hybridoma cells (ATCC CRL-1606, ATCC HB-8852)
were encapsulated and the viability of cells, specific
growth and production rates were monitored. Forty
mL of wet capsules were prepared during 3 minutes of
encapsulation. Four mL of the capsules were transf-
erred to each of ten T-flasks, which contained 30 mL of
medium and stored in the CO, controlled 37°C incub-
ator without changing medium. One T-flask among ten,
was taken out from the incubator every 24 hours. Cell
viability was measured by trypan blue dye methods.
The micrographs of capsules were taken by inverted
optical microscope with a large format instant camera
(Olympus Corp., Model CK 2. Lake Success, NY and Po-
laroid Type 52 film).

Semi-Perfusion Culture

In order to increase the productivity of the encap-
sulated hybridoma a semi-perfusion culture system
was carried out using a 2 L fermenter [Sparging: (0.2
VVM) w/marine type impeller 200 rpm (tip speed=40
cm/s) with 50 ppm antifoam type AF emulsion (Dow
coning)] The free cell culture using the silicone tubing
(0.D.=1.96 mm, wall thickness=0.25 mm) fermenter [8]
was run as a control to compare the results of encapsu-
lated system.

Counting of the Cell Number

The capsules were collected by draining the medium,
then the capsules were transferred to a petri dish and
cut open with a surgical knife and the core liquid was
released. The core liquid was diluted with the same
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amount of trypan blue dye and loaded onto a hemo-
cytometer, and the cell number was counted.

Evaluation of Product Formation

The concentration of monoclonal antibodies against
fibronectin or lactoferrin were measured by ELISA. Fi-
bronectin or lactoferrin solution was poured into each
well and incubated overnight at 4°C. Fibronectin or
lactoferrin was discarded and 0.5% BSA or skim milk
was plated and incubated for 3 hours. After discarding
the BSA or the skim milk, the plate was washed with
0.5% BSA or skim milk solution. Samples with prop-
er dilutions and standard samples were loaded and in-
cubated for 2 hrs. After washing the plate 3 times, per-
oxidase linked IgG (Sigma cat. no. A12028) was pour-
ed into each well. After 10 minutes the reaction was
terminated by adding 50 ml of 5% hydrogen peroxide.
Absorbance at 420 nm was read by a microtiter plate
reader. The standard curves of every plate were pre-
pared for calculating the concentration of monoclonal
antibody.

RESULTS AND DISCUSSION

Pore size Determination of Biopolymer Mem-
brane

Overall permeabilities obtained from the diffusion
tests of standard proteins are shown in Table 1. Among
the parameter for pore size of the membrane, pH of chi-
tosan solution influenced at the highest extent. Incre-
ase in pH of chitosan solution to prepare the capsule
enhanced the permeation of proteins. The overall per-
meability decreased with the decrease of pH of chitosan.
The barrier between permeation and non-permeation
was determined by the overall permeability of stan-
dard proteins. The pore size of capsule membrane was
determined by taking the middle point of the size of
non-permeating and permeating standard proteins.
Therefore, as shown in the Table 1, the pore size of cap-
sule varied from 130A to 210A by changing pH of chi-
tosan solution from 3.2 to 6.0. The reason for not low-
ering pH lower than 3.0 and not raising pH higher
than 6.0 is that there were precipitates at these range
of pH. Therefore, pH of chitosan solution for the en-
capsulation was adjusted to 6.0. At that pH, the most
of antibody can not penetrate the membrane and can
be retained in the capsule.

Hybridoma Cell Culture

The pH of the chitosan solution was adjusted to 6.0
to obtain the pore size of 210A in the membrane of the
capsule. With this pore size, it was predicted that the
cell could proliferate by providing nutrients and remov-
ing the metabolic wastes such as lactic acid and ammo-
nia through the membrane. Most importantly, the pro-
duct, monoclonal antibody could be retained in the cap-
sules.

Fig. 2. shows the growth curves of ATCC CRL-1606
cells. The maximum cell density (8.2x 107 cells/mL) ob-
tained in the encapsulated culture was approximately
2 orders of magnitude higher than that of the free cell
culture (7x 10° cells/mL). Fig. 3. shows that the concen-
tration of monoclonal antibody produced by encapsulat-
ed ATCC CRL-1606 increased rapidly from the 5th day
of incubation. The maximum monoclonal antibody con-
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Table 1. Overall permeabilities* of proteins through the membrane prepared with chitosan solution at different pH

Overall permeability (x 10°° cm/sec.)

Proteins S(}f)e pH of Chitosan solution
pH 3.2 (P=1278) pH 4.5 (P=155A) pH 6.0 (P=2054)
B-lactoglobulin (MW=32,000) 384 15.3+1.2 14.2+1.0 20.6+2.9
Ovalbumin (MW=45,000) 114A 11.5+2.0 25.6+1.8 32.7+2.1
Bovine Serum Albumin (MW=66,000) 140A 1.1+0.1 21.7+2.1 30.21+2.8
Conalbumin (MW=76,000) 1704 2.3+0.2 3.0+0.3 25.6+1.5
B-Globulin (MW=156,000) 2204 1.0+0.1 1.1+0.1 1.4+0.2
Fibrinogen (MW=400,000) 700A 0.9+0.1 1.0+0.2 1.0+0.2

*The overall permeability(U) was calculated according to:
U=w/(A - AC,)

where, U=overall permeability (cm/min)

w=mass of materials passing through the membrane (g/min)

A=total membrane area (¢cm?)
ACi=the log mean of the concentration (g/ml)
ACr=(AC; - C3)/2.303 - log(AC/ACz)

where, AC,=the initial concentration difference between the inside and the outside of the capsule
ACy=the final concentration difference between the inside and outside of the capsule
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Fig. 2. Growth curve of encapsulated hybridoma (ATCC
CRL-1606) for the production of MAb against human fi-
bronectin in T-flask (w/o medium change).
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Fig. 3. Production of MAb against human fibronectin
(ATCC CRL-1606) from the encapsulated hybridoma in T-
flask (w/o medium change).

centration in encapsulated culture was 506 pg/mL on
the 8th day of incubation. The concentration of the mo-
noclonal antibody in the capsule was about 2 orders of
magnitude higher than that in the free cell culture by
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Fig. 4. Growth curve of encapsulated hybridoma (ATCC
HB-8852) for the production of MAb against bovine lac-
toferrin in T-flask (w/o medium change).

retaining the monoclonal antibody in the capsules. The
specific monoclonal antibody production rate of the en-
capsulated ATCC CRL-1606 was 8.2 pg/cell - day. Fig.
4. shows the growth curve of encapsulated ATCC HB-
8852. The maximum cell density (2.8x 10" cells/mL)
was observed on the 7th day of incubation. The max-
imum production of the encapsulated ATCC HB-8852
showed a rapid increase from the 5th day of incubation.
The maximum concentration of MAb in the capsule ob-
served on the 7th day of incubation and reached 106 pg/
mL (Fig. 5). The specific antibody production rate for
encapsulated ATCC HB-8852 was 4.0 pg/cell - day.
Also, the antibody produced by hybridoma was re-
tained in the capsules and the concentration of an-
tibody was about 20 times higher than that of free cell
culture. The colony appeared after three days of in-
cubation and grew with culturing time. The capsule be-
came mostly black (colony) due to the cell growth after
the 7th day of culture for encapsulated ATCC CRL-
1606 and HB-8852.

Semi-Perfusion Culture of Hybridoma (ATCC
HB-8852)

Based on the T-flask culture results, perfusion and



76

120

100 { @ Encapsuiated csll culture
1 B Freecsll cutture

Concentration of MAb (ug/mL)

0 2 4 6 8 10
Time (days)
Fig. 5. Production of MAb against bovine lactoferrin from

the encapsulated mouse-mouse hybridoma (ATCC HB-
8852) in T-flask (w/o medium change).
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Fig. 6. Growth curve of encapsulated hybridoma (ATCC
HB-8852) in direct sparged and aerated 2 L fermenter by
feeding DMEM+10%¥FCS. Free cell culture as control was
oxygenated by silicon tubing.

semi-perfusion cultures with 2 L fermenter were car-
ried out for the enhancement of the cell density and the
titer of MAb for encapsulated ATCC HB-8852. The free
cell culture using the silicon tubing fermenter were
run as controls to compare the results of encapsulated
system. Fig. 6. shows that the maximum cell densitied
of the free cell culture reached to 5x 10° and 10° cells/
mL for cell recycle and semi-perfusion culture, respec-
tively. However, the cell density reached to 10° cells/el
when hybridoma were encapsulated. The monoclonal
antibody production also increased to mg quantity
which was about 100 times higher than free cell cultu-
res (Fig. 7).

These results indicate the effectiveness of encapsul-
ation for the hybridoma cell culture. The monoclonal
antibody production as well as preconcentrating effect
were achieved with encapsulation in which mem-
brane pore size was controlled. Further study on th
primary cell culture with encapsulation technique is
carried out for the application to synthetic organ for-
mation.
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Fig. 7. Production of MAD against bovine lactoferrin fro:
the encapsulated mouse-mouse hybridoma (ATCC HB-
8852) in direct sparged and aerated 2 L fermernter by fe-
eding DMEM+10%FCS. Free cell culture as a control was
oxygenated by silicon tubing.
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