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In higher plants, the phloem plays a central role in the delivery of nutrients and signals from source to sink tissues.
These signals likely coordinate different aspects of plant development, as well as its response to environmental cues.
Although some phloem-transported proteins and RNAs may function as signaling molecules in plants, their mode of
action remains poorly understood. Previous analysis of transcripts from CMV-infected pumpkin (Cucurbita maxima cv Big
Max) identified a Translationally-Controlled Tumor Protein (TCTP) mRNA homolog, designated CmTCTP. In the present
work this transcript was analyzed in terms of its expression pattern. This RNA accumulates, both in healthy and CMV-
infected plants, in developing and mature phloem in petiole and roots, as well as in apices at high levels. The protein was
present at lower levels in most cell types, and almost no signal was detected in apices, suggesting translational regula-
tion of this RNA. Additionally, CmTCTP harbored by Agrobacterium rhizogenes is capable of inducing whole plant regen-
eration. These data suggest a role for CmTCTP in growth regulation, possibly through long-distance signaling.

Introduction

TCTP constitutes a large family of exclusively eukaryotic
proteins involved in the regulation of cell proliferation and dif-
ferentiation in animals.'? It appears to display a guanine nucleo-
tide exchange factor (GEF) activity, and therefore, is thought to
regulate the activity of certain G proteins, although this has been
disputed.”® Human TCTP is also an antagonist of the p53 tumor
suppressor, which reinforces the notion that it is a positive modula-
tor of cell proliferation.” TCTP functions in a non-cell autonomous
manner in several organisms. Indeed, human TCTP is identical
to the histamine release factor (HRF) found circulating in serum,
and Plasmodium falciparum also secretes a serum TCTP isoform.®?
It may also have a role in DNA repair.’

There is evidence that TCTP in plants is a central regula-
tor of growth and development. Arabidopsis AtTCTPI (gene 1D
At3g16640) controls cell proliferation and cell size, and func-
tions downstream of auxin." This gene is expressed constitutively,
its mutant shows defects in the male gametophyte, and plants
are much smaller in size. It appears that 7CTP has a conserved
function at least in plants and animals, since A#7C7TPI can res-
cue a Drosophila mutant and vice versa.'? More recently, a role in
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stomatal closure and thus response to water deficit has been
shown for AtTCTP1."

Pumpkin TCTP has been isolated from phloem and found
to interact with CmPP16 and suggested to be necessary for its
phloem root-ward transport.” The isolation of a 7C7TP mRNA
homolog from Lupinus phloem sap exudates indicates that this
gene may also function in a non-cell autonomous fashion in
plants as well.”

Phloem sap exudates contain a large array of mRNAs and pro-
teins, which have been analyzed with more detail in pumpkin,
cucumber, Brassica napus, and Lupinus; some of these macromol-
ecules have an important function in development, such as leaf
morphogenesis as well as cell-to-cell and long-distance transport
of signaling molecules.””" The notion that a large proportion of
the enucleate Sieve Element mRNAs acts in a non-cell autono-
mous manner is supported by the fact that several code for proteins
involved in regulation of transcription and cell cycle progression
such as transcription factors, MAP kinases, and cyclin-dependent
protein kinases. Indeed, recently, a number of Aux/IAA RNAs have
been found to be phloem-mobile and to influence root architec-
ture.?”?! However, the function of most phloem-mobile mRNAs,
as well as of their long-distance transport, is largely unknown.
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Figure 1. Highest levels of CmTCTP mRNA are found in vascular strips.
(A) Real Time RT-PCR of CmTCTP in different tissues from pumpkin; lev-
els were normalized to leaf tissue. (B) immunodetection of CmTCTP in
different tissues from pumpkin. CmTCTP accumulates to higher levels in
shoot apex. (C) Real Time RT-PCR of CmTCTP, CmPP16 and CmActin RNAs
in phloem sap.

In previous works we have found C7CTP mRNA in pumpkin
phloem sap exudates. Its overexpression in tobacco leads to increase
in callus formation, as well as enhanced differentiation of trans-
formed calli.?** To gain insight into the function of this gene in
plants, we studied with more detail its localization in planta by
in situ hybridization and immunolocalization. The effect of its
overexpression in Agrobacterium rhizogenes-transformed tobacco
tissue was also determined. Our results indicate that this gene
is expressed mostly in vascular tissue in pumpkin. However, its
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mRNA accumulates mostly in the apex and the vascular regions
of petioles, stems, and roots, while the protein is not particu-
larly enriched in vascular tissue, in contrast to its mRNA. This
is especially evident in the shoot apical meristem, where RNA
accumulates to high levels, while the protein is barely detectable.

While no evident phenotype was observed in tobacco explants
cocultivated with A. tumefaciens harboring CmTCTP under a
strong constitutive promoter, tobacco explants cocultured with
A. rhizogenes harboring the same construct led to whole plant
regeneration. Furthermore, leaf explants from regenerated plants
were able to produce embryos and shoots in the absence of exter-
nal growth regulators. These results suggest that CmTCTP regu-
lates differentiation, likely at a non-cell autonomous level.

Results

CmTCTP mRNA and protein are present in the phloem
long-distance translocation stream of pumpkin

We had previously reported that only a minor number of
mRNAs are induced in phloem sap exudates from CMV-
infected plants relative to healthy controls, although their effect
could be profound in plant development.?> A cDNA was identi-
fied that codes for a protein with high similarity to the family
of Translationally Controlled Tumor Proteins (TCTP), and was
thus termed CmTCTP (for Cucurbita maxima TCTP; accession
number DQ304537). The sequence of this mRNA consists of
802 nucleotides, with an open reading frame of 507 nucleotides
coding for a 168 aa protein. The predicted 3D structure of this
protein is quite similar to that of the canonical member of this
family, from Schizosaccharomyces pombe, and to that predicted
for most members of this family.*** In general, the predicted
structure of CmTCTP displays domains for tubulin and calcium
binding, as well as a TCTP2, but not TCTP1, signature, among
others. Thus, CmTCTP biochemical activity may be similar to
mammalian and insect (Drosophila) TCTD.

RT-PCR was performed from different tissues in order to
assess the sites of accumulation of the Cm7TCTP mRNA. As
shown in Figure 1A, this RNA accumulates mostly in vascular
strips, stems, petioles, roots and shoot apices, with very low levels
in leaves and flowers; the highest levels for this transcript were
found in roots and apices. CmTCTPRNA was detected in phloem
sap at considerably high levels, although lower than another
phloem sap mRNA, CmPPI6. Actin mRNA was detected after
30 cycles of PCR at much lower levels (Fig. 1C, lower panel).
CmTCTP protein levels were highest in leaves, roots, shoot apex,
and phloem sap. Interestingly, levels were low in vascular strips,
compared with its mRNA (Fig. 1B). Importantly, CmTCTP
protein is also present in phloem sap exudates. The lack of cor-
respondence between protein and mRNA levels in certain tissues
prompted us to analyze the distribution of both Cm7TCTP tran-
script and protein levels in more detail.

CmTCTP mRNA localizes to the phloem

In situ localization of CmTCTP mRNA is shown in Figure 2.
In agreement with the RT-PCR experiments, this transcript is
present at high levels in all cell types in the apex in healthy plants,
although in subapical sections the signal is more concentrated in
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Figure 2. CmTCTP mRNA localizes to developing and mature phloem while CmTCTP protein is detected at low levels in several cell types. (A-H) in situ
localization of CmTCTP mRNA in various tissues. (A, C, E, and G) sense probe; (B, D, F, and H) antisense probe. (A and B) shoot apex longitudinal section;
(C and D) petiole cross section; (E and F) leaf blade transversal section; (G and H) main root cross section. (I-P) immunolocalization using CmTCTP-
specific polyclonal antibodies. (I, K, M, and O) preimmune serum; (J, L, N, and P) immune serum. (I and J) apex transversal section (compare with apex
in in situ hybridization); (K and L) petiole cross section; (M and N) leaf blade transversal section; (O and P) main root transversal section. All bars, 500 .M.
IP, internal phloem; SAM, shoot apical meristem; LP, leaf primordia; EP, external phloem; X, xylem; P phloem region; SE, sieve elements.

what will become the vascular tissue (Fig. 2B). In other tissues,
the accumulation of Cm7CTP RNA was observed in mature
and developing phloem in petioles and roots (Fig. 2D and H).
In particular, this RNA was detected in what appear as mature
sieve elements in internal and external phloem. A faint signal was
observed around the vascular bundles in transversal sections of
leaf blade (Fig. 2F). Transcript levels were roughly the same in
mock-and CM V-infected plants, although signal in ectopic vas-
cular bundles in leaf main vein of infected plants was observed
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(Fig. S1F). In general, RNA accumulation was observed in cell
types other than the vascular tissue in CM V-infected plants, for
example in roots (Fig. STH). Interestingly, a strong, reproducible
signal was observed when the CmTCTP sense probe was hybrid-
ized against apices of CM V-infected plants (Fig. S1A and B). No
signal was detected in mock-inoculated apices with sense probe.
Serial sections were also utilized for CmTCTP protein local-
ization. In contrast to the abundant mRNA signal in the apex,
almost no protein was detected in this tissue (Fig. 2J; Fig S1J).
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tobacco were cocultured with either untrans-
formed A. rhizogenes or harboring the different
versions of this gene. As expected, leaf explants
cocultured with A. rhizogenes induced extensive
formation of roots (Fig. 3A and C); similar results
were obtained with CmTCTP mut (not shown).
Interestingly, CmTCTP, while also inducing
tumor phenotype, it also led to the formation
of shoot structures from which eventually whole
plants arose (Fig. 3B and D). Resulting plants
were viable and produced progeny. Table 1 shows
the results of such analysis. Plant regeneration was
quite efficient, reaching ca. 60% of total explants
cocultured with A. rhizogenes. However, no such
regeneration was observed when leaf explants
were cocultured with A. tumefaciens harboring
CmTCTP (not shown). This construct was also
delivered biolistically onto tobacco leaf explants,
and also failed to induce plant regeneration in
5 independent assays (not shown). Thus, this
phenomenon presumably requires the concerted
action of the aux and/or rol genes from A. rhizo-

genes Ri plasmid and CmTCTP.

Discussion

ing CmTCTP 4 and 8 weeks after transformation. Bar, 1cm.

Figure 3. A. rhizogenes harboring CmTCTP induces plant regeneration in tobacco explants.
(A and C) tobacco leaf explants cocultured with A. rhizogenes without vector 4 and 8 weeks
after transformation; (B and D) tobacco leaf explants cocultured with A. rhizogenes harbor-

The phloem is involved in the delivery of
nutrients from source to sink tissues, but an addi-

It must be mentioned that CmTCTP was detected in subapical
tissue of CM V-infected plants, but only in isolated cells (Fig. 2K
and L); however, much higher levels were detected further from
the apex, which could account for the abundance of the protein
in the shoot apex, as determined by western blot. The strongest
signal was observed in the vascular region in petioles, although
still at low levels compared with its mRNA (Fig. 2L). Signal was
also detectable in mesophyll in leaf midrib, and at much higher
levels in CMV-infected plants in this same tissue (Fig. 2N;
Fig. S1P). The levels of protein were very low in roots (Fig. 2P;
Fig. S1R). In all, CmTCTP protein levels appear to be lower than
those of the corresponding mRNA, although is present in more
cell types than the RNA.

Agrobacterium rhizogenes harboring CmTCTP induces
whole plant regeneration of tobacco leaf explants with

Previous work in our group, as well as from other groups,
indicate that TCTP has an important role in promoting prolif-
eration and differentiation in plants. However, given that sev-
eral organisms harbor more than one 7CTP gene, it is possible
that there is a “division of labor” in this respect. CmTCTP was
introduced into A. rhizogenes K599, a cucumopin strain, to deter-
mine whether an increase in root biomass could be detected, con-
sidering the higher expression levels of this gene in this tissue,
and the role of the Arabidopsis homolog as a mitotic regulator.
A construct containing an untranslatable version of CmTCTP
(CmTCTP mut) was used as control. Sterilized leaf explants from

e26477-4

tional function is now well established, that of
signaling between distant tissues.” A large array
of potentially signaling molecules has been identified in the
phloem translocation stream, including proteins and different
species of RNAs.2% Since it is likely that the enucleate sieve ele-
ment does not engage in protein synthesis, such RNAs probably
constitute signaling molecules. We have previously found several
RNAs in phloem sap of pumpkin infected with CMV.?? One of
these RNAs corresponds to the translationally controlled tumor
protein (TCTP). Interestingly, this protein has been reported in

1819 a5 well

the phloem proteome of Brassica napus and cucumber,
as in the phloem transcriptome of lupin.”

The levels of this mRNA were higher in apices and in develop-
ing and mature phloem. Of note, signal was particularly high in
mature sieve elements, supporting the notion that this mRNA
functions in a non-cell autonomous manner. On the other hand

the levels of this RNA, as determined by RT-PCR and in situ

hybridization of paraffin-embedded sections, are similar between

Table 1. CmTCTP induces whole plant regeneration in tobacco with high
efficiency when harbored by Agrobacterium rhizogenes

. % Root tumor % Plant Plants per
Strain . .
formation regeneration leaf explant
K599 100% 0% (0/350) 0
58%
ool 0/ —

K599:CmTCTP 90% (203/350) 75+/-0.5

K599:CmTCTP mut 100% 0% (0/350) 0
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mock-inoculated and CM V-infected plants, except in leaves and
apices. In general, the levels of the protein did not correspond to
those of the mRNA; for example, the highest levels of protein
were found in root, while the mRNA levels here were lower than
in other tissues. On the other hand, the levels of mRNA in apical
tissues were also high in both mock and infected plants, but the
protein levels were much lower at least in the shoot apical meri-
stem; translational regulation of this RNA could explain this dis-
crepancy. The translational regulation of this gene in animals is
well documented.! Arabidopsis AtfTCTPI appears to be regulated
in such way; in this case the 3'tUTR has been suggested to be
involved." Another explanation for this discrepancy would be
that most of the RNA in the apex is transported from distant tis-
sues. Run-on assays should help clarify this question.

The low levels of this protein in the apical meristem are
also unexpected given the role of TCTP in cell proliferation.
Also, the presence of potential antisense 7C7P sequences in
apices of CM V-infected plants only (as inferred from in situ
hybridization) raises the possibility of regulation of this RNA
through interaction with a potential microRNA. While there
are no predicted microRNAs that target the Arabidopsis TCTP
mRNAs (either AsTCTPI or AtTCTP2), this possibility cannot
be excluded in pumpkin and/or other plant species.

Our in situ hybridization results for Cm7CTP mRNA are
consistent with its localization in internal and external phloem,
in both the CC-SE complex, as well as in cambium at lower
levels. Since TCTP plays an important role in cell proliferation
and regulation of cell cycle duration in both plants and ani-
mals,>'"!? it is rather interesting that both the protein and the
mRNA are found also in terminally differentiated cells (such
as the CC and SE). Indeed, the localization of both mRNA
and protein could indicate a role in long-distance signaling in
response to either a genetic program or to an external stimulus,
such as viral infection, as in the present case.

It has been shown that Arabidopsis AtTCTPI mutants show
a strong delay in development and decreased cell size in epi-
1212 The overexpression of CmTCTP in tobacco leaf
explants led to an unexpected, additional phenotype in which

dermis.

whole plants were regenerated, instead of forming a tumor phe-
notype. Interestingly this was not observed when CmTCTP was
harbored by A. tumefaciens, or when it was delivered biolisti-
cally. Therefore, plant regeneration induced by this gene prob-
ably also requires A. rhizogenes Ri plasmid aux and/or rol genes,
either by creating a favorable milieu for cell reprogramming
mediated by CmTCTP in roots, or by directly interacting with
CmTCTP protein. It appears that root formation by the action
of the aux or rol genes per se is not required for plant regenera-
tion, since shoots can be observed before root formation. While
the reprogramming observed in the present work is induced, it
evidently underlies the biological activity of Cm7TCTP (and by
extension, other plant 7CTP genes); thus, it may not only have
a role as mitotic integrator, but as a factor involved in differen-
tiation. It should be noted that the Arabidopsis AsTCTPI gene
acts downstream of auxin." A. rumefaciens Ti encodes cytoki-
nin-synthesis genes, while the Ri plasmid encodes genes that
regulate auxin synthesis;* thus, this could explain the absence
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of a contrasting phenotype in explants transformed with A.
tumefaciens.

Given that the genome of pumpkin has not been elucidated
yet, it is not known how many 7CTP genes it harbors. However,
other cucurbits, such as Citrullus lanatus (watermelon) and
Cucumis sativus (cucumber), contain 2 genes each; it may be
speculated that there is a division of labor between these genes,
one involved in differentiation and another more related to cell
proliferation. It is also possible that 7C7P in other plant species
may be involved in vegetative reproduction through specialized
root and stem structures, such as rhizomes, tubers, and stolons.
This could be of interest for the clonal propagation of commer-
cially relevant crops.

Materials and Methods

Plant material and phloem sap collection

Pumpkin plants (Cucurbita maxima cv Big Max) were grown
in greenhouse conditions. Arabidopsis was grown at 24 °C and
12h light/12h dark photoperiod in a controlled environment
chamber (Conviron, Winnipeg, Canada).

Cotyledons were mock-inoculated mechanically with phos-
phate buffer or infective sap from plants infected with a Brazilian
isolate of CMYV, a generous gift from Dr. Robert Gilbertson, UC
Davis. Two weeks after inoculation, different tissues (apices,
leaves, petioles, stems, and roots) were harvested from mock-and
CMV-inoculated plants. Phloem exudates for RNA extraction
were collected from these same plants through cut petioles as
described in order to minimize contamination of xylem sap due
to root pressure. Exudates were then transferred into tubes con-
taining Trizol reagent (Invitrogen), 500 .l for 200 pl of phloem
sap. Briefly, the aqueous phase was extracted twice and the RNA
precipitated with 2 volumes of absolute ethanol and 1 g of linear
acrylamide (Ambion, Midlands TX), washed with 70% etha-
nol, resuspended in ddH,O, and stored at —80 °C until further
use. Phloem sap exudates for western blot analysis were collected
essentially as described.*

Total RNA extraction

Total RNA was extracted by the guanidine-hydrochloride
method® from 1g of tissue. For phloem sap RNA isolation,
phloem exudates in Trizol were treated essentially according to
the manufacturer’s recommendations (Invitrogen), starting with
200-400 pl of collected phloem sap. RNA was centrifuged at
full speed at 4 °C and the resulting pellet washed with 70% etha-
nol and resuspended in ddH,O and stored at —80 °C for further
analysis.

RT-PCR and Real Time RT-PCR

For ¢cDNA synthesis, RNA from phloem sap, leaves, api-
ces, stems, and roots was used as template. Superscript Reverse
Transcriptase II (Invitrogen) was used according to the manu-
facturer’s recommendations. Reactions were performed with
10 ng total RNA, which was mixed with 1l 10 pM SMART
and dTGAGA primers. One pl of cDNA was then employed
for PCR reactions that included 2.5U 7zg DNA polymerase
(Takara), and the corresponding primers. For the pumpkin
actin mRNA, degenerate primers, designed from alignment of
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several plant actin sequences, were used (CmACT5deg forward:
5'-AAYTTGGAYGAYATGGARAAR-3" and CmACT3deg
reverse: RAANGTYTCRAACATDATYTGNGTCAT). For
CmPPI16 and CmTCTP, specific primers were used (CmPP16
forward: 5-ATGGGGATGG GAATGATGGA GGTCCAT-3'
and CmPP16 reverse: 5" TAGTTTTCCCATGGGTAACATC
CTCC-3'; (CmTCTP Forward: 5-ATGTTGGTTTATCAAG
ACCTTCTCACT-3" and CmTCTP reverse 5-GCACTTGA
CTTCCTTCAAAG CCTGGCGC-3"). The PCR conditions
used were as follows: 35 cycles of denaturation (94 °C for 30s),
annealing (58 °C for 30s) and extension (72 °C for 1 min) and a
final extension step of 7 min at 72 °C. The amplified product was
analyzed by agarose gel electrophoresis.

For real time RT-PCR, a commercial system was used follow-
ing the manufacturer’s recommendations (SYBR Green qRT-
PCR system, Invitrogen). The same primers at 10 pM were used
with 50 ng total RNA in a 10 pL reaction mix. The Real Time
RT-PCR reactions were incubated in a Rotor Gene 3000 appa-
ratus (Corbett Research, Australia). Conditions for amplifica-
tion were 40 min at 42 °C for first strand synthesis, followed by
40 cycles at the annealing temperatures corresponding to each
primer pair. To verify that no additional products were ampli-
fied in the reaction, a dissociation curve was generated through
progressive sample heating (60-95 °C). The Ct value for each
product was determined by triplicate in each treatment. Actin
mRNA was used to normalize gene expression. Relative quanti-
fication for transcript accumulation was performed according to
the method described by Livak and Schmittgen.*

In situ hybridization

Tissues from healthy and infected pumpkin, 3 weeks after
mechanical inoculation, were cut into small sections and fixed
with FAA solution (3.7% (v/v) formaldehyde, 5% (v/v) ace-
tic acid, and 50% (v/v) ethanol) for 48h at room temperature.
Fixed tissue was embedded in paraffin, sectioned with a micro-
tome (Microm, Germany) and mounted on slides coated with
Vectabond reagent (VECTOR laboratories) for hybridization
with in vitro digoxigenin-labeled transcripts. In vitro tran-
scriptions were performed using the T7/SP6 MEGAscript kit
(Ambion, Midlands, TX) according to the manufacturer’s rec-
ommendations. Hybridizations were carried overnight at 42
°C in standard buffer essentially as described.””?* Slides were
mounted with Permount reagent (Fisher Scientific) and viewed
and photographed with a Nikon Optiphot-2 microscope (model
HFX-DX).

Protein expression and purification

The CmTCTP open reading frame was PCR amplified from
the cloned CmTCTP cDNA (GenBank: DQ304537) with Pfu
polymerase (Stratagene), and cloned in frame with a 6X His tag-
encoding sequence (in the N end of the resulting protein) in the
pProExB-C30 bacterial expression vector (Novagen) and propa-
gated in E. coli DH5a. Bacteria were grown in 2TY medium and
protein induction was performed at 37 °C by addition of ImM
IPTG. When the bacterial culture reached 0.6 (A,,,), the bacteria
were harvested, lysed, and the protein was purified in a nickel
affinity column. Total protein was loaded onto a nickel-Sepha-
rose High Performance resin (Amersham Biosciences) following
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the manufacturer’s recommendations. The column was preequil-
ibrated with EQ buffer (20mM sodium phosphate, 0.5M NaCl,
and 20mM imidazole, supplemented with 8M urea, pH 7.4),
and bound proteins washed with 15 ml buffer EQ supplemented
with 8M urea and 50mM imidazole, pH 7.4; different fractions
were eluted with EQ buffer containing 8mM urea and 250mM
imidazole, pH 7.4. The protein fractions were denatured by heat-
ing for 5 min at 95 °C, and analyzed by SDS-PAGE in a 15%
gel and visualized by Coomassie staining. Fractions contain-
ing rCmTCTP protein free from contaminating proteins were
dialyzed against PBS 1X buffer (10X PBS: 1.3M NaCl, 2.7mM
KCl, 4.3mM Na HPO,. 7H,O and 1.4mM KH_PO,, pH 7) and
samples were stored at —20 °C.

Antibody production

Before starting immunization, the rabbits were bled and the
serum tested for non-reactivity against recombinant CmTCTP
(rCmTCTP) and total plant protein. Subcutaneous doses
(approximately 100 pg/rabbit) were injected each 15 d over a
2-mo period and blood collected. Rabbit serum was purified by
ammonium sulfate precipitation in 2 steps, fraction 1: 0-25%
and fraction 2: 25-50% salt-saturated. The proteins were then
purified by affinity chromatography with protein A-agarose
(Sigma). Unbound proteins were washed off with 10 column vol-
umes of buffer A (0.02M NaH,PO,, 0.15M NaCl, pH 8); bound
immunoglobulin was eluted with 0.2M Na HPO, and 0.1M cit-
ric acid pH 3, and immediately neutralized and dialyzed with 1X
PBS. Immunoglobulin concentration was determined by absor-
bance at 280nm, and protein profile antibody analyzed by SDS-
PAGE. The specificity of the polyclonal antisera was determined
by western blot assays as described below.

Total protein extraction and western blot

Total protein was extracted essentially as described.?” Briefly,
plant tissue was ground in liquid nitrogen, homogenized, and
centrifuged at 13000¢ for 5min. Supernatants were recovered
and dissolved in SDS-PAGE sample buffer. Protein concentra-
tion was determined with the BCA Protein Assay Kit (Pierce) or
the Bradford method followed by 15% SDS-PAGE. Total pro-
teins were transferred for 1h at 100 V to polyvinylidene difluo-
ride (PVDF) membranes (Whatman) which were blocked for 2h
in blocking solution (PBS 1X, 5% non-fat milk, and 0.1% Tween
20) followed by rinsing with 1X PBS, and incubated overnight at
4 °C with the polyclonal antiserum (diluted 1:2000 in 1X PBS,
5% non-fat milk, and 0.1% Tween 20). Membranes were washed
(1X PBS, 0.1% Tween 20), incubated with peroxidase-conju-
gated goat anti-rabbit IgG (Zymax CA) at 1:4000 in PBS 1X
containing 2.5% skim milk. After washes the signal was detected
with HRP color development reagent (Biorad) or with the ECL
detection system (Amersham Pharmacia).

Immunolocalization

This was performed essentially as previously described,
healthy and infected pumpkin tissues were fixed, embedded, sec-
tioned, and rehydrated.””?® After blocking with 5% skim milk,
sections were incubated at 4 °C overnight with anti-CmTCTP
antibody, and then with alkaline phosphatase-coupled anti-rab-
bit antibody (Zymax, CA). Finally, alkaline phosphatase activity
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was visualized by incubation with 5-bromo-4-chloro-3-indoxyl
phosphate/nitroblue tetrazolium chloride (NBT; Sigma).

Explant transformation

Cultures containing A. rhizogenes strain K599 harboring the
recombinant plasmids were grown on selective liquid media
(Luria Bertani with Spectinomycin 100 mg/L) during 36hrs at
120 rpm; the cultures were concentrated (3,000 rpm/1 min) and
resulting pellets were resuspended in the same amount of fresh
media. Leaves from N. tabacum 15-20 dag (days after germina-
tion) plants were used as explants, and sterilized by treatment
with ethanol 70% (1 min) followed by soaking in 10% sodium
hypochlorite for 30 min and several washes with sterile water.
Explants were placed in an A. rhizogenes suspension for 2—-5 min
at 25 °C. After co-cultivation, the explants were placed on MS
medium and incubated for 3 d in a growth chamber in the dark
at 25 °C, then transferred into fresh MS solid medium contain-
ing vancomycin (250pg/ml) and cefatoxime (500pg/ml) to avoid
contamination, and placed in a controlled environment growth
chamber under long-day conditions (16 h light/8 h dark).

For tobacco transformation with A. rhizogenes harboring
CmTCTP, the PCR product of the reading frame was cloned in
the pCR8/GW/TOPO vector (Invitrogen) and then transferred
through recombination to the p*7FWG?2 binary vector (Plant
Genetic Systems, Ghent, Belgium). The resulting construct was
introduced into Agrobacterium rhizogenes K599 by electropora-
tion. Tobacco leaves were surface-sterilized and incubated with
A. rhizogenes. As control, an untranslatable version of CmTCTP
(CmTCTP mut) was constructed by PCR in which the 5" primer
used contained a stop codon replacing the start codon (5'- CAC
CGAGTAAATTGGGCAAT CTGATTGGTTTATCAAGAC
C-3', underlined). This was also cloned in the p7WG2D binary
vector (Plant Genetic Systems), in which the CaMV 35S pro-
moter drives the expression of the transgene, and coexpresses
GFP independently, and introduced to tobacco as described
above. A version of the CmTCTP ORF lacking stop codon was
obtained by PCR from the original Cm7CTP ¢cDNA, cloned into
pCR8/GW/TOPO, and then introduced into the p*7FWG2
binary vector with GFP fused to the C-end. These constructs
were introduced into A. rhizogenes K599 via electroporation.

Cultures containing A. rhizogenes strain K599 harboring the
recombinant plasmids were grown on selective liquid media

References 4.

(Luria Bertani with Spectinomycin 100 mg/L) during 36h at
120 rpm; the cultures were concentrated (3,000 rpm/1 min) and
resulted pellets were re-suspended in the same amount of fresh
media. Leaves from V. tabaccum 15-20 dag (days after germina-
tion) plants were used as explants. For tissue sterilization, leaves
were pre-washed with sterile water and then treated with ethanol
70% (1 min) followed by soaked in 10% sodium hypochlorite for
30 min and several washes with sterile water. A sterile scalpel was
used to tear gently each explant, thereafter explants were placed
in a solution of A. rhizogenes containing the recombinant plas-
mid for 2-5 min at 25 °C. After co-cultivation the explants were
placed on MS medium (1.0 MS salts, 1.5% sucrose, and 0.4%
agar [Gelrite]) and incubated for 3 d in a growth chamber under
dark conditions at 25 °C, to finally been transferred into fresh
solid MS medium containing vancomycin (250pg/ml) and cefa-
toxime (500pg/ml) and been placed in a controlled environment

growth chamber under long-day conditions (16 h light/8 h dark).

Conclusion

In this work we have characterized the pumpkin translation-
ally controlled tumor protein Cm7CTP mRNA and protein. The
mRNA accumulates in the phloem as well as in the apex, while
the protein was detected in more cell types but at lower levels.
Also, our results indicate that Cm7CTP induces, when harbored
by A. rhizogenes, whole plant regeneration, suggesting a role in
differentiation. The accumulation of its mRNA in the CC-SE
complex also suggests that this may occur through a non-cell
autonomous mechanism.
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