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ABSTRACT

When generating stably transformed transgenic plants, transient gene expression experiments are especially
useful to confirm that the foreign molecule of interest is expressed with an adequate biological activity. In this
paper we report the transient expression of a full-size mouse monoclonal antibody against Hepatitis B surface
antigen in tobacco cell suspension cultures. Transient expression in tobacco cell cultures was fast, and protein
expression could be detected in just a few days. We were able to verify that the gene construction was functional,
and that 0.3-0.5 ug of a biologically active antibody was easily purified from 1 mL of cell culture by Protein A
chromatography. Recovered recombinant antibodies were sufficient for a detailed characterization by SDS-PAGE,
Western-blot, and ELISA. These results allowed us to move on to the large-scale production of the plantibody in
stably transformed transgenic plants.
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RESUMEN

Expresion transitoria de un anticuerpo completo contra el antigeno de superficie del virus de la Hepatitis B
en cultivos de suspensiones celulares de plantas. Al generar plantas transgénicas establemente transformadas,
se hace imprescindible confirmar que la molécula foranea de interés es expresada con una adecuada actividad
biologica y esto se puede lograr mediante los experimentos de expresién transitoria de genes. En este articulo se
reporta la expresion transitoria del anticuerpo monoclonal de ratén contra el antigeno de superficie del virus de la
Hepatitis B en suspensiones celulares de tabaco. Mediante la expresion transitoria en cultivo de células se pudo
detectar en pocos dias la expresién de la proteina de interés; fue posible verificar que la construccién génica era
funcional y ademés se pudieron purificar 0.3-0.5 ug del anticuerpo biolégicamente activo a partir de 1 mL del
cultivo celular mediante cromatografia de afinidad por proteina A. El recobrado del anticuerpo recombinante fue
suficiente para la caracterizaciéon detallada por SDS-PAGE, Western-blot y ELISA. Estos resultados nos permitieron

abordar la produccién, a gran escala, de planticuerpos a partir de plantas transformadas establemente.
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Introduction

Transgenic plants producing recombinant immuno-
globulins have been reported as a cost-effective tech-
nology for the large-scale production of therapeutic
monoclonal antibodies[1, 2, 3, 4]. Antibodies are effi-
ciently folded and assembled “in planta” and retain
the antigen binding properties of the immunoglobu-
lins produced by hybridomacells[5, 6, 7, 8].

Regenerating transgenic plants from transformed
cellsis both labour-intensive and time-consuming. It
isthusimportant to have a method that allowstesting
antibody expression cassettes before moving into the
phase where stably transformed plants are devel oped.
Transient gene expression in plant cellsand tissuesis
such aprocedure. Thissystem alowsthe rapid evalu-
ation of plant-expressed antibodies, with the advan-
tagesthat expression isnot biased by positional effects
[9], and that heterologous gene expression isinduced
at an advanced developmental stage, avoiding poten-
tially negative effects on the plant cells. Transient
expression assays are usually applicable to proto-
plasts and intact cells[9, 10].

Based on the fact that plant cell suspension cul-
tures obtained from transgenic plants are currently
employed for antibody production [11, 12, 13], we
have now established a transient expression system
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where cell suspension cultures are infected with re-
combinant Agrobacterium. Using the transient ex-
pression of a mouse monoclonal antibody against
the Hepatitis B virus surface antigen (HBsSAQ) in
tobacco cellsin culture asamodel, we show that this
procedure allowsrapid testing of gene functionality,
and provides enough immunoglobulin to confirm bio-
logical activity, and initiate the characterization of
the plantibody.

Materials and methods

Agrobacterium-mediated transient
expression system

Agrobacterium tumefaciens strain LBA4404 [14]
carrying the binary vector pDHCLC was used to
infect tobacco (Petit Havana SR1) cell suspensions.
This vector has been previously described by our
group [15]. Briefly, the plasmid bears the cassettes
P35S-LC-TNOS and P35S-HC-TNOS containing the
light and heavy chain genes, respectively, of the CB-
Hep.1 anti-HBsAg mouse monoclonal antibody. The
construct also harbours the sporamin prepeptide
[16] for protein secretion, and the KDEL tetrapep-
tide for endoplasmatic reticulum protein retention.
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Expression of a full-size antibody in plant cell culture

Introduction of pDHCLC into Agrobacterium
tumefaciens was done by the liquid nitrogen trans-
formation method [17]. Cell suspension cultures, and
recombinant Agrobacterium cultures for infection
were performed essentially as described by An in
1985[18].

Protein extraction from cell suspension

Cells were collected at 3, 5, and 7 days post-infec-
tion (DPI), washed twice with two volumes (w:v) of
PBS buffer, and ground in liquid nitrogen to a fine
powder with mortar and pestle. Soluble protein was
extracted by using 1 mL of extraction buffer (60 mM
Tris-HCI, pH 8, 500 mM NaCl, 10 mM EDTA, 10
mM b-mercaptoethanol, 0.1% Tween 20, 0.1 mM
PMSF) per gram of powder. The homogenate was
centrifuged for 10 minutes at 16 000 g and protein
concentration in the supernatant was determined by
the Bradford method [19].

Analyses of anti-HBsAg antibody
expression by ELISA

Plates were coated with 100 L per well of 5 ng/mL
of pure recombinant HBsAg (Heber Biotec S.A.) in
50 mM sodium carbonate buffer, pH 9.6. After block-
ing with 5% skim milk and 0.1% Tween 20 in PBS
(PBST), 100 ni of the test sample were applied per
well and incubated overnight at 4 °C. Alkaline phos-
phatase (A P)-conjugated goat anti-mouse 1gG diluted
1:30,000 (Boehringer Mannheim) was added to ev-
ery well and incubated for 1 h at 37 °C. The colour
enzymatic reaction was devel oped with 4-nitrophenyl
phosphate. Optical Densities (O.D.) of thewellswere
measured at 405 nm. The CB-Hep.1 mouse mono-
clonal antibody purified from ascites was used asthe
positive control.

Analyses of expression by Western-blot

Proteins were separated on a 10% SDS-PAGE, under
non denaturing conditions, and el ectroblotted onaPVDF
membrane. Theanti-HBsAg antibody was detected with
rabbit anti-Fab 1gG polyclonal antibodies[20], and AP-
conjugated anti-rabbit IgG (Boehringer Mannheim).

Purification of the plantibody

The antibody was purified by affinity chromatogra-
phy using Protein A Sepharose (Pharmacia), starting
from the cell suspension protein extracts. The column
was equilibrated with extraction buffer and washed
with citric acid pH 5.0. Protein was eluted with citric
acid pH 3.0, and immediately neutralized with Tris-
HCL 2M. Purity of the fractions was analyzed on a
12.5% SDS-PAGE and Coomasie staining.

Results and Discussion

Taking advantage of our previous experience estab-
lishing callus cell cultures [13], we envisaged that
combining this method with Agrobateriuminfection
would lead to a suitable transient expression system
for antibody molecules. This transient gene expres-
sion in cell suspension cultures can rapidly verify
that the gene construct isfunctional. In general, tran-
sient expression systems are predictive and reflect
the accumulation that can be expected in transgenic
tobacco plants at least when using the constitutive
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35S promoter [21, 22]. Our system is unique for
antibody analysis due to the fact that the literature
only reportsleaves asthe source of transient expres-
sion of plantibodies [23, 24], using the constitutive
promoter 35S.

Expression of the CB-Hep.1 mouse monoclonal
antibody in stably transformed tobacco plants has
been previously studied in detail by our group [15].
Hence, this molecul e was an adequate model to evalu-
ate our transient expression strategy.

The tobacco cell suspension was infected by co-
cultivation with recombinant A. tumefaciens, bearing
the plasmid that contains the heavy and light chain
antibody genes in tandem expression cassettes, to-
gether with the secretion and endoplasmic reticulum
(ER) anchorage signal sequences. The selection of ER
as an accumulation compartment is derived from our
previous experience with single-chain Fv antibody
fragments of this antibody [8].

For EL1SA assays, protein extracts were taken from
the same cell culture at different times of cultivation
after Agrobacteriuminfection, and tested together with
the negative and positive controls (Figure 1). Opti-
mum time for sample collection was five DPI, when
D.O. valuesfrom tested sampleswere two-fold higher
than the negative control.

Figure 2 demonstrates how the extracts from two
different infected cell cultures, collected on the fifth
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Figure 1. Kinetic analysis of transient anti-HBsAg antibody
expression in cultured tobacco cells, as determined by ELISA. B:
extraction buffer, N: protein extract from non-infected cell
suspension (negative control), 3DPI, 5DPI, 7DPI: samples
collected 3, 5 and 7 days post-infection. MAb: 0.1 ug of the
anti-HBsAg antibody purified from ascites (positive control).
Values are the average of the O.D. obtained from three
replicates, with standard deviations (error bars).
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Figure 2. Transient anti-HBsAg antibody expression in cultured
tobacco cells, as determined by ELISA. B: extraction buffer,

N: protein extract from non-infected cell suspension (negative
control), S1 and S2: samples (protein extracts from two
different infected cell suspensions). MAb: 0.1 ug of anti-
HBsAg antibody purified from ascites (positive control).
Values are the average of the O.D. obtained from two
independent ELISA experiments with two replicates each.
Bars indicate standard deviations.
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ferent valuesin ELISA between S1and S2 samplesare . € 2.5 ]
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ment is an independent event, and resultsin different Y15
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positive signal in ELISA. Figure 3 depictsthe results

of an ELISA experiment where non-washed (T1), and Samples

washed culture cells (T2) were used as testing mate-

rial. Washing increased the signal by at least two-fold Figure 3. Transient anti-HBsAg antibody expression in washed
i . . . . L O and non-washed cultured tobacco cells, as determined by

thereby |mpr_ovmg antlgen_antlquy recognition. This ELISA. B: extraction buffer, N: protein extract from non-

simple step increases the sensitivity of the system, infected cell suspension (negative control), T1: sample from

and may alow the detection of proteins with low cells that were not washed before protein extraction, T2:

expression levelsin tobacco cells. sample from cells washed before protein extraction, MAb: 0.1

: . g of anti-HBsAg antibody, purified from ascites (positive
Th_e molecular size expected fo_r _the anti-HBsAg control). Values are the average of O.D. obtained from two
plantibody (ca. 150 kDa) was verified by Western- independent ELISA experiments with two replicates each. Bars
blot, using specific anti-Fab polyclona antibodies.  indicate standard deviations.

Samples were run under non-reducing conditions to

confirm the assembly of heavy and light chainsin an 1 2 3 \Da 1T 2 3 pg

immunoglobulin molecule (Figure 4). No signs of pro- ;

teolytic degradation were found. -212 & u - o7
The anti-HBsA(g plantibody was purified by Pro- Anti-HBsAg —p =il =

tein A chromatography from the transient expression
cell suspension material. The SDS-PAGE (reducing e
conditions) in Figure 5 is an example of the purifica- g
tion process. The protein bands corresponding to light
and heavy antibody chains are not visible in the pro-
tein extract frominfected cell suspension cultures (lane -97.4 - s
1), but can be detected in the elution fraction (lane 2;
ca _2_5 and 50 kDa, respectively). The yield of the Figure 4. Detection by Western blot of the plantibody incell  Figure 5. SDS-PAGE of the purified anti-
purification process was of about 0.3-0.5 pg/mL of suspension cultures. Lane 1: 1 ug of anti-HBsAg purified HBsAg from infected plant cell suspension
cell suspension. from ascites, Lane 2: 30 uL of protein extract from infected cultures. Lane 1: 30 uL of protein extract
cell suspension cultures, Lane 3: 30 uL of protein extract from infected cell suspension culture,

from non-infected cell suspension cultures. Molecular Lane 2: 30 pL of the elution fraction,
weights are indicated on the right side of the Figure. Lane 3: molecular weight markers.

-116 - s

Conclusion

The evaluated transient expression system proved
adequate for the fast determination of the functional-

ity of the antibody gene construction, and the obtain- The use of plant cell suspension cultures and infec-

ment of purified anti-HBsAg antibodies by standard
Protein A chromatography for initial characterization.
Experience with several other antibodieswill demon-
strate the universal usefulness of the method.

tionwith recombinant Agrobacteriumtumefaciens, could
also be potentially useful for the functional analysis of
genetic construction that employ promoters other than
35S, dueto the undifferentiated state of the target cell.
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