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Studies on ‘plantibodies’ as refined functional food
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™ Introduction

We aimed to produce “edible antibodies” as refined functional
foods. Although researchers are working on therapeutic
antibodies to treat cancer, chronic inflammatory diseases,
transplantation and infectious diseases, there is still a challenge to
reduce production costs. One solution is “plantibodies” , the
expression of genes of antibodies by plants. As a model of
plantibodies, we made IgA monoclonal antibodies (mAbs) against
Shiga toxin (Stx), which is a virulence factor of enterohemorrhagic
Escherichia coli (e.g. serotype O157:H7). Edible therapeutic
antibodies have the potential for preventing and/or treating
infection by inhibiting entry of infectious agents and toxins
through mucosal surfaces. They would be especially useful for
elderly people and children with weakened immune systems.

M Results

Secretory immunoglobulin A (S-IgA) protects mucosal surfaces.
S-IgA is composed of dimeric IgA, a product of B-lymphocytes in
the mucosal lamina propria, and extracellular domains of poly-Ig
receptor, which is responsible for transport to the mucosal
surface. The latter is a product of mucosal epithelial cells. We
intranasally immunized mice with the carbohydrate binding
subunit of Shiga toxin (StxIB) to produce IgA and IgG mAbs
against Stx|B. Because the toxin neutralization activity of the IgG
mAbs was superior, we made hybrid antibodies in which the
variable regions of IgG and the constant region of IgA were
utilized (Fig. I). We cloned complementary DNAs (cDNAs)
encoding for heavy (H) chain, light (L) chain and joining (J) chain
from hybridomas that produce the IgA or IgG mAbs, We made a
cDNA for a hybrid H chain in which Vi, Cil and hinge regions of
IgG mAb and C2 and C+3 of IgA mAb were joined by means of
a recombinant polymerase chain reaction method. We were able
to express the hybrid H chain, IgG-derived L chain and ] chain
simultaneously in mammalian cells, and show binding of the hybrid
IgA to immobilized Stx|B with either anti-IgA or anti-IgG by
enzyme-linked immunosorbent assay (ELISA) (Fig. 2).

We then moved on to the production of ‘plantibodies’ . cDNAs
encoding hybrid H, L and | chains were subcloned into binary
vectors, and then each construct was introduced into Arabidopsis
thaliana by means of Agrobacterium methods (Fig. 3). After
confirming gene integration, mRNA transcription and protein
expression, we crossed plants expressing each antibody gene. We
confirmed simultaneous expression of hybrid H, L and J chains,
and demonstrated the binding of ‘plantibodies' to Stx|B by ELISA.

™ Perspectives

We are now investigating whether ‘plantibodies’ retain toxin
neutralization activity. Immediate goals include the purification of
‘plantibodies’ from extracts, establishment of secretory hybrid IgA
and its separation, and the development of more efficient systems
for expression in plants. We also aim to produce ‘plantibodies’ in
leaf lettuce to provide edible ‘plantibodies’ for humans. One of
the advantages of hybrid IgA is that the antibody binding sites of
established IgG can be utilized without challenging the production
of IgA mAb, which is a more difficult procedure. As one possible
application, we also succeeded in producing a hybrid IgA against
influenza virus.

Production of hybrid IgA
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[Figure 1]

Production of hybrid antibodies.

We constructed cDNA for a hybrid H chain with a variable
region of IgG and constant region of IgA. Simultaneous
expression of this cDNA and that for L chain of IgG yielded
a monomeric hybrid IgA
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[Figure 2]

Antigen binding activity of the hybrid antibodies.

We used anti-mouse a-chain (left panel) or anti-mouse
y-chain (right panel) to detect binding of antibodies to
immobilized Stx|B. Open symbols indicate no binding of
antibodies to Stx|B-uncoated wells,
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[Figure 3]

Expression of antibodies by plants.

We expressed hybrid H chain in Arabidopsis thaliana.
Integration of the hybrid H chain gene into the plant
genome, and expression of the hybrid H chain are shown.
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