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Abstract A catalytic single chain variable antibody
(scFv), 3D8 scFv, which has DNase activities, was func-
tionally expressed in Nicotiana tabacum. The subcellular
localization of the GFP-fused 3D8 indicated that the 3D8
protein was expressed in the cytosol of the N. tabacum
protoplasts. Progenies of the transgenic tobacco plants
exhibited complete resistance against two single stranded
(ss) DNA geminiviruses, including the Beet curly top virus
and the Beet severe curly top virus, without viral accu-
mulation or disease symptoms. We presented a novel
strategy for targeting the viral DNA itself in a sequence
non-specific manner, rather than the viral proteins or
RNAs, in order to generate virus-resistant transgenic
plants. No noticeable adverse effects on the growth and
reproduction of the transgenic plants were observed. Our
results demonstrated that targeting viral DNA is an effec-
tive strategy for protecting plants from ssDNA viruses.
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Introduction

Plants are hosts to thousands of infectious diseases caused
by pathogenic viruses, fungi, bacteria, mycoplasmas,
insects, and nematodes (Lucas 1998). Plant viruses have an
enormous negative impact on agricultural crop production
throughout the world (Scholthof et al. 1993; Baker et al.
1997). In order to secure plant resistance to numerous
viruses, pathogen-derived resistance genes, various viral
genes, and other antiviral factors have been engineered into
plants (Baulcombe 1996). However, there is little to report
about the complete acquired resistance against plant virus
infection.

The plants in the family Geminiviridae have circular
single-stranded DNA genomes (Fauquet et al. 2003) and
are currently classified into four genera (begomovirus,
curtovirus, mastrevirus, and topocuvirus) on the basis of
their genome organization, insect vectors, and host range
(Fauquet et al. 2003). Geminiviruses are the cause of
devastating plant diseases (beet curly top, cassava mosaic,
and maize streak diseases) recognized as serious problems
for world agriculture (Varma and Malathi 2003; Mansoor
et al. 2006). Economic losses by Geminivirus infections are
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estimated to be US$1300-2300 million in Africa (Thresh
et al. 1998), US$5000 million in Pakistan (Briddon and
Markham 2000), and US $140 million in Florida (Moffat
1999). Therefore, the geminivirus-resistant crop develop-
ment is necessary.

Plants have evolved two primary defense mechanisms in
transgenic plants against DNA viruses: replication associ-
ated protein (Rep)-mediated resistance and RNA-mediated
gene silencing resistance (Prins et al. 2008). The Rep pro-
tein-mediated resistance is a resistance mechanism by the
overexpression of the modified Rep protein in transgenic
plants. Hong and Stanley demonstrated resistance with the
African cassava mosaic virus (ACMYV) Rep protein in the
tobacco cell line BY-2 (Hong and Stanley 1995). In addition,
Noris showed that the truncated Rep protein transgenic
Nicotiana benthamiana has resistance against the tomato
yellow leaf curl geminivirus (Noris et al. 1996). RNA-
mediated gene silencing is a sequence-specific defense
mechanism that targets the degradation of both cellular and
viral mRNAs in eukaryotes (Vance and Vaucheret 2001).
When challenged with the African cassava mosaic virus
(ACMYV), the accumulation of viral DNA was reduced by up
to 98 % compared to the controls in short-interfering RNAs
specific to the ACI1 transgenic plants (Chellappan et al.
2004). Another strategy was reported using Pacl, a RNase
isolated from the yeast Schizosaccharomyces pombe. Chal-
lenging a transgenic potato plant that expresses Pacl with
potato spindle tuber viroid (PSTVd) resulted in the sup-
pression of the PSTVd infection and accumulation without
significant undesired effects on the plant. This results
showed that the anti-viroid effect was primarily caused by
RNase activity (Sano et al. 1997). These findings revealed
that nuclease activity could be applied for antiviral effects.

Previously, we isolated the anti-DNA monoclonal antibody
3D8 scFv from the spleen cells of a MRL-Ipr/lpr mouse, which
spontaneously developed an auto-immune syndrome that
resembles human systemic lupus erythematosus (Kwon et al.
2002). The 3D8 scFv has catalytic activity supporting the
hydrolysis of both single stranded- (ss-) and double stranded-
(ds-) DNAs in the presence of Mg”" without significant
sequence specificity (Kim et al. 2006). While the catalytic
activity of 3D8 scFv for DNAs required Mg”" (Kim et al. 2006),
3D8 scFv’s efficient degradation of RNAs in the presence of
EDTA demonstrated that 3D8 scFv did not need divalent metal
ions for its RNase activity, which is similar to a standard RNase
such as RNase A (Blackburn et al. 1977; Kwon et al. 2002; Jang
et al. 2009). We also reported that 3D8 scFv demonstrated
antiviral activity against the classical swine fever virus (CSFV)
in the porcine kidney cell line PK-15 (Jun et al. 2010).

In this study, we characterized 3D8 scFv as a new
antiviral protein that is capable against DNA viruses. We
devised a novel antibody-based strategy targeting viral
DNA without any sequence-specificity or binding/
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degradation bias to DNA, in order to generate transgenic
plants resistant to viruses with ss-DNA as a genome.

Materials and methods
Plant transformation

The gene encoding 3D8 scFv was cloned into the pBI121
vector (BD Biosciences Clontech, Mountain View, CA,
USA) using the HindIll/EcoRI site in order to generate
pBI121-35S-3D8 scFv and pBI121-35Smini-3D8 scFv
(Benfey and Chua 1990) (Fig. la) for cytoplasmic
expression in plants and for monitoring the correlations
between the 3D8 scFv expression level and plant devel-
opment. The plasmids were transferred into Agrobacterium
tumefaciens strain LBA4404 by electroporation and were
used for leaf disc transformation of Nicotiana tabacum as
described previously (Liu et al. 2012; Pires et al. 2012;
Sujatha et al. 2012). In order to produce the stable trans-
formants, the primary transformed plants (TO) were self-
fertilized to generate the first generation progenies (T1)
under kanamycin selection (Rudolph et al. 2003). The
seeds obtained from the T1 transgenic plant lines were
germinated in order to produce T2 and later progenies. The
expression of 3D8 scFv in the transgenic plants was
monitored by northern blot hybridization. The total cellular
RNA was isolated from the leaves, stems, and roots of the
wild-type and the transgenic plants using an RNeasy® plant
mini kit (Qiagen Inc., Valencia, CA). The probe for the
hybridization experiments was prepared by the PCR
amplification of the gene encoding 3D8 scFv (700 bp) and
then random labeling with [32P]-0t-dCTP (Amersham Bio-
sciences Corp., Piscataway, NJ). In order to monitor the
plant growth and development based on the amounts of
3D8 scFv in the cytoplasm, two experiments were per-
formed. Seven T2 transgenic lines that showed high 3D8
scFv expression were selected, sown, and measured for leaf
and shoot lengths at 14 weeks. The second experiment for
monitoring plant development was performed using
tobacco leaf disc transformation following the standard
protocol (Abel et al. 1986; Benvenuto et al. 1991; Yang
et al. 2004) with Agrobacterium containing either pBI121-
35S-3D8 scFv or pBI121-35Smini-3D8 scFv. During callus
induction and shoot regeneration, the size and transfor-
mation efficiency of leaf discs were monitored in the plants
with 3D8 scFv expressed under the control of either the
normal or a minimal 35S promoter.

Virus infection

For ss-DNA viruses [Beet curly top virus (BCTV) and Beet
severe curly top virus (BSCTV)], Agrobacterium
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Fig. 1 Expression of 3D8 scFv in the transgenic tobacco plants.
a Schematic vector maps of pBI121-35S-3D8 scFv and pBI121-
35Smini-3D8 scFv, which were used for the expression of 3D8 scFV
in plants. b PCR and RT-PCR analysis of T1 transgenic lines. Seven
(3, 4, 13, 14, 23, 28, and 30) out of thirty lines were selected for
further T2 analysis. The line numbers for T1 in a box re-named 99-X
for the T2 lines. ¢ Northern blots for the detection of the 3D8 scFv
transcripts in the leaf tissue of the WT and three T2 transgenic
tobacco lines: Tx99-1, Tx99-2, and Tx99-3

suspensions harboring each viral genome were pin-pricked
onto the shoot tips (Rochester et al. 1990). Mock inocu-
lation was performed using only the PBS buffer.

Detection of viral accumulation in plants

Southern blot analysis for ss-DNA viruses was used to
monitor viral infection and accumulation. The CP gene of
each virus, BCTV-CP and BSCTV-CP, were cloned into a
pGEM®-T Easy plasmid (Promega Corp., Madison, WI).
The probe for the hybridization experiments was prepared
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Fig. 2 Suppression of disease symptoms and the inhibition of virus
accumulation in the T2 transgenic tobacco plants. Two ss-DNA
geminiviruses (BCTV or BSCTV) were challenged on T2 transgenic
tobacco expressing 3D8 scFv. a Identification of virus accumulation
in the WT and Tx99-2 tobacco plants with infectious BCTV and
BSCTV clones. b Representative images of the leaves of the WT and
Tx99-2 tobacco plants inoculated with ss-DNA geminiviruses.
¢ Southern blots of the geminivirus DNA accumulation in the WT
and Tx99-2 tobacco plants. Samples were taken from the newly
produced upper leaves at 14 DPI. Virus replication intermediates were
designated as ss for single-stranded DNA, sc for supercoiled ds-DNA,
and rc for relaxed circular ds-DNA. In (¢), M indicates ‘mock’ for a
buffer control

by PCR of each CP gene (500-700 bp) and then random
labeling with [**P] dCTP. Southern blot analyses were
performed using genomic DNA (~ 10 pg) and total RNAs
(~20 pg) isolated from the plant leaves (Abel et al. 1986).

Nucleic acid hydrolysis activity assay of 3D8 scFv

Nucleic acid hydrolysis experiments were initiated by
mixing the purified 3D8 scFv (0.1 uM) or cell lysates of
plants with 2 nM of each substrate in TBS (50 mM Tris—
ClL, pH7.5, 50 mM NaCl) containing 10 mM MgCl, for
DNA substrates. The DNA substrates, the supercoiled
M13mp18 phagemid and ss-DNA M13mp18 phage (New
England Biolabs, Ipswich, MA), were prepared as descri-
bed earlier (Kim et al. 2006). After the reactions were
performed at 37 °C for 1-5 h, the samples were analyzed
on 1 % agarose gels by electrophoresis. Bovine serum
albumin (0.1 pM) (Sigma) was used as a negative control.
The intrinsic DNase activity of the 3D8 scFv was analyzed
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Table 1 Infectivity and symptoms by ssDNA viruses in transgenic tobaccos and wild-type

Virus Species Host Infectivity (%) Symptom severity
ss-DNA (Geminiviruses) BCTV WT 57 (12/21) Mild
Tx99-2 0 (0/22) No symptoms
BSCTV WT 82 (18/22) Severe
Tx99-2 0 (0/25) No symptoms

Infectivity (%) represents the percentage of tobacco plants infected to total inoculated at 2 weeks after virus inoculation for geminiviruses.
Infection of viruses was determined by the absence of virus symptoms in the plants and by Southern

BCTV beet curly top virus, BSCTV beet severe curly top virus
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Fig. 3 The intrinsic DNase activity of 3D8 scFv. a In situ gel assays
of the nucleic acid hydrolyzing activities of 3D8 scFv. The purified
3D8 scFv(2 pg) was applied to 12 % SDS-polyacrylamide gels
containing 20 pg/ml of one of the following substrates: ss-DNA
MI13mpl8 or ds-DNA MI13mpl8. The dark black bands on the
ethidium bromide stained gels were due to nucleic acid hydrolysis.
b The nucleic acid hydrolyzing activities of the 3D8 scFv monitored

by in situ gel assays. The purified 3D8 scFv (2 pug) was
applied to 12 % SDS-polyacrylamide (PAGE) gels con-
taining 20 pg/ml of one of the following substrates: ss-
DNA M13mpl8 or ds-DNA M13mpl8. The SDS was
removed by incubating the gels with 7 M urea for 1 h at
room temperature. After washing (5x) with water for
10 min, the gels were incubated overnight at 37 °C in
10 mM Tris, pH 8.0, and containing 10 mM MgCl, and
50 mM NaCl in order to allow for the renaturation of the
protein. The gels were stained with ethidium bromide in
order to identify regions of substrate hydrolysis and stained
with Coomassie Blue R250 to determine the position of the
3D8 scFv. The nucleic acid hydrolyzing activities of the
3D8 scFv were monitored by agarose gel electrophoresis.

Transient expression of the 3D8 scFv in tobacco leaves

Agrobacterium tumefaciens strain LBA4404 containing
pBI121-B-gulucronidase (as a negative control), pBI121-
3D8 scFv, or pGreen0229-3D8 scFv-Protein A was grown
overnight in Luria-—Bertani medium supplemented with
50 pg/ml  kanamycin and 20 uM  acetosyringone.
pGreen0229 was obtained from the John Innes Centre
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by agarose gel electrophoresis. The nucleic acid hydrolyzing exper-
iments were initiated by mixing the purified 3D8 scFv (0.1 mM) with
2 nM of DNA substrate in TBS (50 mM Tris—Cl, pH 7.5, 50 mM
NaCl) containing 10 mM MgCl, or 50 mM EDTA. The BSA was
used as a negative control. The arrows indicate supercoiled DNA (sc),
linear DNA (lin), and relaxed circular (rc) DNAs

(U.K.). Cells of Agrobacterium were briefly spun down and
were re-suspended in MMA medium (MS salts, 10 mM
MES, pH 5.6, 200 mM acetosyringone) and were incu-
bated for at least 1 h at 28 °C. After agroinfiltration, the
plants were kept in constant environmental conditions in a
growth chamber at 25 °C with a 16 h photoperiod. Three
days post-agroinfiltration of an Agrobacterium suspension
harboring a plasmid-expressing Protein A-tagged 3D8 scFv
(~34 kDa), the leaves (~0.1 g) of the transgenic plants
were used to purify the fusion protein by an IgG Sepharose
affinity column (Amersham Biosciences) (Kim et al. 2006).
Western blot analyses were performed using rabbit IgG and
anti-rabbit IgG conjugated to alkaline phosphatase (Pierce
Biotechnology Inc., IL) (Kim et al. 2006). Nucleic acid
hydrolyzing assays of the cell lysates of the agroinfiltrated
leaves were performed as described above using the
supercoiled M13mp18 phagemid as a substrate.

Intracellular distribution of GFP-fused 3D8 scFv
in plants

The 3D8 scFv gene was fused in frame to the green fluo-
rescent protein (GFP) gene in the p326smGFP vector
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provided by Dr. .LH. Hwang (Pohang University, Korea) in
order to generate p326smGFP-scFv (Fig. 1a). The plasmids
were purified using Qiagen (Valencia, CA) columns
according to the manufacturer’s protocol. Protoplasts iso-
lated from Arabidopsis thaliana were prepared according
to slight modifications of the protocols of Jin et al. (2001).
Plasmid DNA (total of 20-50 pg at a concentration of
2 mg/ml) was added to 300 pl of the protoplast suspension
followed by 325 pl of PEG solution [400 mM mannitol,
100 mM Ca(NOs;),, and 40 % polyethylene glycol 6,000].
After incubation of the protoplasts with plasmid DNA for
30 min at room temperature, the protoplasts were recov-
ered by centrifugation at 50x g for 5 min, resuspended in
3 ml of W5 solution, and incubated at 22 °C in the dark.
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Fig. 4 The nuclease activity of purified 3D8 scFv expressed in
tobacco plants by agroinfiltration. a Schematic vector maps of
pGreen(0229-3D8 scFv-Protein A, b SDS-PAGE of the purified
Protein A-tagged 3DS8 scFv (designated as 3D8 scFv-Protein A),
which was transiently expressed in the leaves of the wild-type N.
tabacum. The position of the 3D8 scFv-Protein A is indicated by an
arrow. The cell lysates from the non-transiently expressed control
leaves, which were treated with the same purification procedure, were
loaded for comparison (designated as WT). ‘MW’ indicates the
molecular weight standard marker. ¢ Nuclease activity assay of the
purified 3D8 scFv-Protein A that was transiently expressed in the
leaves of wild-type N. tabacum, as described in (b). The purified
Protein A-tagged 3D8 scFv possessed nucleic acid degrading
activities in proportion to the protein concentrations by degrading
the M13mp18 plasmid DNA

Expression of the GFP-fused 3D8 scFv protein was mon-
itored at various times after transformation and the images
were captured using a Zeiss Axioplan fluorescence
microscope (Jin et al. 2001). Fluorescence signals were
obtained at 36 h after transformation. The data were then
processed as described previously (Jin et al. 2001).

Results and discussion
Expression of 3D8 scFv in transgenic tobacco

In order to obtain transgenic tobacco plants expressing 3D8
scFv, the leaf discs of wild-type N. tabacum were trans-
formed with A. tumefaciens containing the plasmid
pBI121-3D8 scFv that was constructed in order to express
3D8 scFv constitutively in the cytosol (Benvenuto et al.
1991; Rudolph et al. 2003) (Fig. 1a). The integration of the
3D8 scFv gene into the genome was confirmed by genomic
PCR of randomly chosen primary transgenic shoots (T0O, 60
lines). Later, thirty lines of the first generation (T1) and
then 7 lines of the second generation (T2) progenies were
randomly chosen based on kanamycin selection, PCR
analysis, in order to confirm the presence of the 3D8 scFv
gene (Fig. 1b). Finally, three of the chosen T2 lines (Tx99-
1, Tx99-2, and Tx99-3 from the T1 lines of #3, 4, and 13,
respectively) showed the presence of transcripts of 3D8
scFv at the predicted size, which were not present in the
wild-type plants (Fig. 1c).

Virus resistance of 3D8 scFv plants

In order to determine whether 3D8 scFv with nuclease
activities confers any viral resistance to the transgenic
plants, the wild-types determined by comparing to three T2
lines of transgenic tobaccos (Tx99-1, Tx99-2, and Tx99-3)
at ~3-4 leaf stage were challenged with viruses of dif-
ferent genome types (Rochester et al. 1990; Tavladoraki
et al. 1993; Jin et al. 2001). Two ss-DNA geminiviruses
(BCTV and BSCTV) were tested. Wild-type plants chal-
lenged by these viruses developed typical disease symp-
toms, such as stunting and curling of shoot tips and leaves
by the geminiviruses, in 14-28 days post-inoculation (DPI)
(Fig. 2a, b). In contrast, all of the transgenic tobacco plants
(Tx99-1, Tx99-2, and Tx99-3) grew normally for more
than 2 months following virus inoculation, without any
visible signs of viral infection. Wild-type tobacco plants
exhibited an infectivity of 57 % (n = 21) for ss-DNA of
BCTV and 82 % (n = 22) for ss-DNA of BSCTV moni-
tored by disease symptoms and confirmed by southern blot
hybridization. However, the transgenic tobacco plants
(n = 21-28 for each line: Tx99-1, Tx99-2, and Tx99-3) did
not show any accumulation of either of the ss-DNA viruses
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Fig. 5 The cytosol expression a
of 3D8 scFv a Schematic vector
maps of p326smGFP-3D8 scFv-
N and p326smGFP-3D8 scFv-C.

b Subcellular distribution of Hindll
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GFP-fused 3D8 scFv expressed
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for ~1 month after virus inoculation (Table 1 and It was difficult to detect the expression of 3D8 directly

Fig. 2¢). All of the bioassay experiments were conducted
under the same growth chamber for both wild-type and
transgenic tobacco plants and there was no difference in the
growth and development between wild-type and transgenic
plants.

DNase activity of 3D8 scFv

The 3D8 scFv subcloned into the pIg20 vector was
expressed and purified from bacterial culture supernatants
(Kim et al. 2006). The gels were stained with ethidium
bromide (Fig. 3a: lane 1) in order to identify the regions of
substrate hydrolysis, then with Coomassie Blue R250
(Fig. 3a: lane 2) in order to determine the position of 3D§
scFv. In situ gel assays revealed that degradation (dark
black bands) was due to the activity of the 3D8 scFv and
not the activity of the contaminating enzymes from Esch-
erichia. coli (Fig. 3a). Catalytic affinity assay was per-
formed, which was dependent on the reaction time.
According to the agarose gel electrophoresis, the hydro-
lysis of ss-DNA and ds-DNA was proportional to the
reaction time. Therefore, the 3D8 scFv has DNase activity
in vitro (Fig. 3b).
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by western blots for the cell lysates from the T1 and T2
transgenic plants. However, the transient expression of
Protein A-tagged 3D8 scFv in the leaves of wild-type N.
tabacum and the subsequent affinity purification demon-
strated the expression of 3D8 scFv in the tobacco plants, as
monitored by SDS-PAGE (Fig. 4a, b). The purified Protein
A-tagged 3D8 scFv possessed nucleic acid degrading
activities in proportion to the protein concentrations, as
shown by degrading the plasmid DNA (Fig. 4c), which was
indicative of the expression of functional 3D8 scFv in the
transgenic tobacco plants.

GFP fused 3D8 scFv exhibit cytosolic localization
of 3D8 scFv

In order to monitor the intracellular distribution of 3D8
scFv in tobacco plants, GFP-fused 3D8 scFv, in which the
GFP gene was fused in frame to the 5’ end or 3’ end of the
3D8 scFv gene (Fig. 5a), was expressed in the protoplasts
of A. thaliana (Jin et al. 2001). Green fluorescent signals
from the GFP-fused 3D8 scFv were observed in the cytosol
(Fig. 5b), demonstrating the cytosolic localization of the
3D8 scFv in the transgenic tobacco plants (Jin et al. 2001).



Plant Cell Tiss Organ Cult (2013) 115:179-187

185

b 40
— 355
35S mini M
o 30
c
T
2 20
3
S 10
0 . r|_| i Ir a
0~1 1~2 2~3 3~4 4-~5
Sizes of explants (cm)
c o8
£ 06
=
w
< 04 I
)
0
< 0.2
0.0 —

358 35Smini WT

Fig. 6 3D8 scFv protein could decrease the transformation effi-
ciency, but had little effects on the established stable transformants
(a) CaMV 35S normal and CaMV 35S minimal promoters fused with
the 3D8 scFv gene were used for the introduction of the 3D8 scFv
gene by the Agrobacterium-mediated transformation. The normal
CaMV 35S promoter harboring leaf discs produced explants smaller
in size and fewer in number than the CaMV 35S minimal promoter.
b Regenerated explants were classified into 5 groups based on their
size. ¢ The expression levels of the 3D8 scFv protein in the
regenerated leaf discs under the control of either the normal CaMV

3D8 scFv has no cytotoxic-effects on the plant growth
of transgenic tobacco

The stability of the 3D8 scFv cytosolic expression on plant
development was tested. 3D8 scFv was fused to both
CaMV 35S normal and minimal promoters and trans-
formed into tobacco plants. The highly expressed 3D8 scFv
protein, under the control of the normal 35S promoter, led
to fewer and smaller regenerated leaf discs in comparison
to the less expressed 3D8 scFv protein under the control of
a 35S minimal promoter (Fig. 6a—c). However, after the
stable transformant lines were established, there was no
significant difference observed in the wild-type tobacco
plants vs. Tx99-2 in terms of plant growth and develop-
ment (Fig. 6d, e). Explants containing the normal 35S
promoter occurred more frequently in small size clusters
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35S promoter or the CaMV 35S minimal promoter. Tobacco leaf
discs containing the constructs 35S::3D8 scFv and 35Smini::3D8
scFv were analyzed for 3D8 scFv expression by indirect ELISA using
a polyclonal antiserum to the 3D8 scFv protein. d The leaf lengths of
the transgenic plants and the wild-type plants were of similar sizes at
each week [2, 4, 6, and 8 weeks after germination (WAG)] and the
average leaf sizes were 22-25 cm at 8 WAG. e The average stem
lengths of the transgenic and wild-type plants were 12 cm at 6 WAG,
but the stem length of the transgenic plants at 8§ WAG was 12-32 %
shorter than that of the wild-type plants

compared to the explants with the 35S minimal promoter
(Fig. 6b). The 3D8 scFv expression in fully developed
transgenic plants was barely detected by western blot
analysis (data not shown). Based on these observations, we
concluded that the expression of a relatively high amount
of 3D8 scFv may inhibit normal plant development so that
no transformant was produced, but expression of lower
levels of the 3D8 scFv could protect against virus infection
with no harmful effects on plant development.

Recently, antiviral studies have been focused on
recombinant antibodies that bind to and inactivate essential
viral proteins, such as viral enveloped proteins, coated
proteins, replication initiator proteins, and viral RNA-
dependent RNA polymerase, thereby interrupting virus
propagation (Fecker et al. 1997; Boonrod et al. 2004; Sa-
farnejad et al. 2009). However, antiviral agents were
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generally only effective for one or two of the target viruses,
but to the lack of protection against new viruses is a severe
problem. In order to overcome this problem, there were
several trials for virus resistant developments in order to
digest the viral genome itself by using nucleases. The
antiviral effects experiment using nuclease was performed
using an animal virus. Montandon et al. (1982) demon-
strated virus resistance to the Moloney murine leukemia
virus (M-MuLV) with DNase I. In this study, endogenous
unmethylated proviral MuLV DNA was digested by DNase
I'in NIH-3T3 cell line (Montandon et al. 1982). In the plant
virus resistance research, Pacl (RNase activity), the
transgenic potato showed virus resistance against the
potato spindle tuber viroid (PSTVd). It is known that the
anti-viral effects of these RNases depends on their RNase
activity (Sano et al. 1997).

Through collaboration with several research groups, it
was determined that the 3D8 recombinant antibody (3D8
scFv) has nuclease activity and their abzyme substrates can
be all types of nucleic acids including single stranded
DNA, double stranded DNA, single stranded RNA and
double stranded RNA. It was also determined that 3DS8
scFv could hydrolyze both DNA and RNA non-sequence
specifically (Kim et al. 2006). Also, porcine kidney cell
lines (PK15), which expressed the 3D8 scFv proteins
showed induced virus resistance against the challenging
classical swine fever virus (CSFV), which was a RNA
virus. The virus protection seemed to be performed by
RNase activity of 3D8 scFv proteins (Jun et al. 2010).

Our results demonstrated that 3D8 scFv targeted into
cytosol can reduce DNA virus accumulation by DNase
activity in 3D8 scFv transgenic tobacco. We described a
novel strategy that targets the viral genome itself, rather than
the viral gene products, in order to generate virus-resistance.
Considering that field crops are usually infected with a range
of viruses (Prins 2003; Soosaar et al. 2005), viral genome
targeting is a novel strategy for the complete control of a
broad spectrum of viruses, including uncharacterized and
synergetically recombinant viruses at the molecular level,
regardless of their genome types and variations in the gene
products. The potential of 3D8 scFv for conferring resistance
against viruses specific to other crops may provide an
interesting avenue for future research.
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