
Introduction
The monoclonal antibody (MAb) is a highly diversified
class of proteins with major research and commercial
applications. Currently, the predominant method for
producing MAbs is the hybridoma technique (Köhler
and Milstein, 1975). However, this technique is slow,
tedious, and labor intensive. Furthermore, it is costly to
cultivate large quantities of hybridoma cells because of
their slow growth, shear sensitivity, and expensive
culture media. The production of MAbs in cultured
transgenic plant cells offers some advantages over
production in the mammalian systems. The media that
cultivate plant cells are well defined, protein free, and
inexpensive. Contamination by bacteria or fungi is easily
monitored in plant tissue cultures. 

Magnuson et al. (1996) reported the production of a
heavy chain monoclonal antibody (HC MAb) from
genetically modified Nicotiana tabacum. Although the
HC MAb was secreted to the culture medium, its extra-
cellular concentration level remained at less than 10%
of the total HC MAb produced. Wahl et al. (1995) found
that the addition of 4% (v/v) dimethyl sulfoxide
(DMSO) increased the total production of HC MAb
three fold. The increase was due to the stabilization of
HC MAb in the presence of DMSO.

In this paper, we report the effects of polyvinylpyrrol-
idone (PVP) on the production of HC MAb from cell
suspension cultures of genetically engineered tobacco
cells. 

Materials and methods
Plant cell line and growth medium
A heavy chain monoclonal antibody (HC MAb) gene
specific for p-azophenylarsonate (Hasemann and Capra,
1990) was expressed in Nicotinana tabacum (NT-1)
suspension cells by using Agrobacterium mediated trans-
formation techniques (Gao, 1993). The HC MAb cDNA
was placed downstream of CaMV 35S promoter 
(–419 to +1) and terminated by the T-DNA transcript
7 gene terminator.

One of HC MAb producing strains (70() was cultivated
in a liquid medium containing 4.3 g/l Murashige and
Skoog (MS) salt mixture (Murashige and Skoog, 1962)
supplemented with 30 g sucrose/l, 0.18 g KH2PO4/l,
0.1 g inositol/l, 1.0 mg thiamine hydrochloride/l, 
and 0.2 mg 2,4-dichlorophenoxyacetic acid/l. The pH
of this solution was adjusted to 5.8 with 1.0 M KOH
prior to autoclaving at 121ºC for 15 minutes. Filter
sterilized antibiotic solutions of 100 mg cefotaxime/l
and 50 mg kanamycin/l were added to the autoclaved
medium.

Polyvinylpyrrolidone (PVP, Sigma) of various molecular
weights (10,000, 40,000, and 360,000) were dissolved
in the autoclaved medium to prepare 9 g/l stock solu-
tions, which were then filter-sterilized using a cellulose
acetate membrane syringe filter (0.2 mm).
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A heavy chain monoclonal antibody (HC MAb) was produced by the suspension cultures of genetically modified
tobacco cells. Though the HC MAb was secreted to the culture medium by the cells, it was unstable in plant cell
media. The addition (0.75 g/L) of polyvinylpyrrolidone (MW 360,000) to the medium stabilized the extracellular HC
MAb and increased its production 35 fold to 350 mg/l.



Batch or semi-continuous cultures
The genetically modified tobacco cells were cultured in
250 ml Erlenmeyer flasks (working volume: 60 mL) at
28ºC on a gyratory shaker (150 rpm). Batch or semi-
continuous cell cultures were initiated by aseptically
adding a 5% inoculum of seven-day-old cultured cells. 

Wet cell concentration was measured using the method
developed by Mills and Lee (1996). This method uses
microcentrifuge tubes with slits at the bottom to drain
out supernatant from samples.

HC MAb assays
The level of HC MAb production was measured by an
enzyme linked immunosorbent assay (ELISA) by using
affinity purified goat antibody to mouse IgG (Organon
Teknika Co., Durham, NC), alkaline phosphatase-
labeled goat anti-mouse IgG-biotin (g-chain-specific;
Southern Biotechnology Associates, Inc., Birmingham,
AL), and p-nitrophenyl phosphate (Sigma).

Results and discussion
Batch culture
Figure 1 shows the changes of cell and HC MAb concen-
trations during a batch culture of the genetically modi-
fied tobacco cells. The dry cell weight reached the
stationary phase one day earlier than the wet cell weight.
Since the plant cells tend to absorb the sugar in the
medium faster than they metabolize it, the wet cell
weight increases as the cells grow in size while the sugar

in the cells is metabolized. The cell growth of the
modified cells was similar to that of unmodified tobacco
cells (data not shown).

The total HC MAb concentration followed a similar
trend as the dry cell concentration until it reached the
maximum value of 190 mg/l at day 5, after which it
decreased throughout the period of latter exponential
growth and stationary phases. If we calculate HC MAb
productivity based on dry cell weight from the data in
Figure 1, the maximum productivity of HC MAb was
reached after 2–3 days of culturing (data not shown).
This shows that the antibody was most actively
produced during the exponential growth phase, indi-
cating that antibody production was growth-related.
Though the produced HC MAb was secreted, the accu-
mulated amount in the medium (extracellular HC MAb
in Figure 1) was only 6% of the total amount produced.
The low level of the extracellular antibody may be due
to the instability of the secreted HC MAb in the
medium. 

The biological activity of HC MAb was demonstrated
by arsonate affinity matrix binding as determined by
Western blot analysis. In addition to antigen binding
activities, the secreted protein also exhibited reactivity
to protein G, a protein which specifically binds mouse
IgG, as reported elsewhere (Magnuson et al., 1996) 

Effect of PVP on HC MAb production
In order to increase the extracellular HC MAb
production, PVP was added in the culture medium 
at the beginning of batch cultures. As shown in Figure
2, extracellular MAb concentration increased dramati-
cally with the addition of PVP. The optimum PVP
concentration was 0.75 g/L, at which the amount 
of extracellular HC MAb increased up to 350 mg/l 
(35-fold increase compared to the normal culture
medium). 

Unlike its extracellular concentration, the intracellular
concentration of HC MAb was not affected by the addi-
tion of PVP, though there was a tendency for the HC
MAb concentrations with PVP to be slightly lower than
those of the control without PVP. The dramatic increase
of extracellular HC MAb concentration without signi-
ficant changes in intracellular levels indicated that the
main reason for the increased extracellular concentration
was the stabilizing effect of PVP.

The secreted and stabilized HC MAb was found to
possess characteristics similar to those of the intracellular
HC MAb and the Baculovirus produced mouse heavy
chain IgG (Magnuson, et al., 1996).
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Figure 1 Change of cell and HC MAb concentrations (intra-
cellular and extra-cellular) during a batch suspension culture.



While the addition of PVP improved HC MAb produc-
tion, it did not affect cell growth significantly (data not
shown). This is due to the fact that PVP has excellent
complexing, stabilizing, and colloidal properties while
it is metabolically and physiologically inert (Anderson,
et al., 1979). Since HC MAb concentration was measured
by ELISA assay, we confirmed that the addition of PVP
did not affect the ELISA assays.

Effect of PVP molecular weight
There are several PVP homopolymers of different mole-
cular weights. We tested two other PVPs which have
lower molecular weights (10,000 and 40,000) than the
one we used in Figure 2 (360,000). These lower mole-
cular PVPs also stabilized the secreted HC MAb.
However, the effectiveness (measured as the maximum
extracellular HC MAb concentration that could be
reached) of the lower molecular weight PVPs was about
20% lower than the high molecular weight PVP. 

Timing of PVP addition
In yet another way of confirming the positive stabilizing
effect of PVP, we tested how the timing of PVP addi-
tion affected the stabilization of extracellular HC MAb.
This experiment was to find not only the best time for
PVP addition, but also the effect of PVP on the de-
activated HC MAb. As shown in Figure 3, the HC MAb
concentration increased on the day of addition as
expected. However, the addition of PVP on day 4 or 6
could not re-stabilize the HC MAb that had already lost

its affinity prior to PVP addition. Therefore, the best
time for the PVP addition was found to be at the begin-
ning of a culture.

Semi-continuous cultures
The successful secretion and stabilization of HC MAb
make it possible to operate the culture system in a con-
tinuous or semi-continuous mode. By passing through
the fresh medium while retaining cells in a fermenter,
we can prolong the growth phase when HC MAb
productivity is the highest, while recovering HC MAb
as soon as they are produced. To demonstrate this
concept, we cultured the genetically modified cells semi-
continuously (Figure 4). After 4 days of a normal batch
culture, one third of the cell-free medium was replaced
with an equal volume of the fresh medium every 12
hours. The extracellular HC MAb concentration could
be regained after 12 hours of the supernatant replace-
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Figure 2 Effect of PVP (MW 360,000) on intracellular and
extracellular HC MAb concentrations during batch suspen-
sion cultures.

Figure 3 Effect of the day of addition (PVP, MW 360,000,
0.75g/L) on extracellular concentrations during batch
suspension cultures.

Figure 4 Semi-continuous culture with or without PVP.
One third of the culture supernatant was replaced with the
fresh medium every 12 hours.



ment, and thus the produced HC MAb could be
harvested and the cycle could be continued. This
operation can be continued until the cell concen-
tration reaches a optimum value, at which point cell
bleeding can be started by replacing a portion of the
culture broth (instead of the cell-free medium) with 
the fresh medium. 

PVP sterilization procedure
PVP was added to the culture medium after filter ster-
ilization. However, the filter-sterilization process can
often be tedious and time-consuming due to the diffi-
culty of passing concentrated PVP solutions through a
0.2 mm pore filter. An alternative way to sterilize PVP
is by steam. Therefore, we tested whether the mode of
sterilization affected the stabilizing ability of PVP. We
found that the autoclaved PVP solution could also stabi-
lize extracellular HC MAb. However, the maximum HC
MAb concentration with the autoclaved PVP solution
was about 20% lower than that with the filter steril-
ized solution. This may be due to the structural change
of PVP by heat. Glass transition temperatures for PVP
range from 50 to 175ºC depending on absorbed water

content (Tan and Challa, 1976). Higher water content
results in lower glass transition temperatures. Thus,
autoclave temperatures of 121ºC could definitely alter
characteristic PVP properties which, in turn, would lead
to diminished stabilization effectiveness.
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