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SUMMARY concerning development. Many of the genes that
in animals have been described to regulate cell
The spatial expression of carrBiaucus carotd.)  transition to S- or to M-phase have been found
toplgenes encoding the two isoforms of the enzymalso in plants and it is likely that the cell cycle
DNA topoisomerase | (EC 5.99.1.2) was investigatmachinery is characterized by the presence of sim-
ed. In situ hybridization analysis performed with a jlar components in all eukaryotic cells (Hirt and
probe recognizing botitopl transcripts provided Heperle-Bors, 1994). Nevertheless, due to the dif-
evidence that in explanted hypocotyls induced terent life strategies characterizing animals and
proliferatein vitro by the addition of the growth reg- plants, it is unlikely to imagine that the cell cycle
ulator 2,4-dichlorophenoxyacetic acid (2,4-D), they hine might be regulated by identical environ-

mRNA accumulation parallels the p(ollferatlon _of mental and endogenous signals (Steeves and Sus-
provascular cells of the stelar cylinder. During.. 1989)

somatic embryogene3|s, the hlstol_oglcal distributiol DNA topoisomerase | (EC 5.99.1.2) is an ubiqui-

of topltranscripts was strongly evident at the Stag'tous enzvme involved in basic processes such as

of torpedo-shaped embryos, but gene expression WENA Iy i binati P o i

not only restricted to meristematic regions. When th replication, recombination and transcription
(Wang, 1996). Due to its ability to transiently

spatial localization was extended to carrot vegetati\/b K and reioin phosohodi bond .
apices and the investigation was carried out wit/°'€aK and rejoin phospnodiester bonds, topoiso-

specific probes faiopla andtop1B, both transcripts  Merase | controls the topological state of DNA

preferentially accumulated in tissues having mitotiMolecules. In eukaryotes, the nuclear type | pro-
activity. tein forms covalent but transient 3’-phosphotyro-

sine intermediates with DNA molecules, then
relieving the torsional restraints of DNA.
INTRODUCTION Among the possible roles played in cell metabo-
lism, the involvement of topoisomerase | in the
In plants, the understanding of molecular eventregulation of gene transcription appears to be of
that regulate cell division is relevant for studiesgreat interest. It has been suggested that the
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enzyme could be involved in the activation ofcultured cells; howevethe top1g transcript rep
chromatin by inducing topological modifications. resents the most abundant species in proliferating
Moreover a recent study has demonstrated thcells, where the ratio between fh@ndo. mRNA
involvement of the type | enzyme in the activationlevels was calculated to be 2.5.

and repression of the basal transcription as cemp As a start point for future investigations, we
nent of theTFIID complex (Merinoet al, 1993).  report the analyses of the spatial distribution of
The expression dbplgene, which is tightly reg  both top1 transcripts in two systemsfefing the
ulated at the transcriptional level, is both constitu opportunity of correlating the induction of cell
tive and induced by stimuli among which thosedivision to the time of mRNAaccumulation.
inducing cell proliferation, as demonstrated in-sevFinally, using two distinct probes recognizing
eral mammalian systems: in cultured fibroblast:specifically topla or topls transcripts, we com
upon stimulation with serum (Romig and Richter pare their spatial distribution in the vegetative
1990a) or with a phorbol ester (Hworgg al,  apices from carrot plants.

1989) and following adenovirus infection (Romig

and Richter 1990b), in lymphocytes induced to

proliferate with phytohemagglutinin (Hwongt MATERIALS AND METHODS

al., 1993), in liver cells after partial hepatectomy

(Kelly et al, 1983). Plant materials

Recently additional activities have been demon Embryogenic cell lines oDaucus caota (cv.
strated for mammalian topoisomerase I: a specifiLunga diAmsterdam) were initiated as described
kinase activityphosphorylating RNAplicing fac by deVties et al. (1988). Carrot cell suspensions
tors (Rosskt al, 1996), and a ribonuclease activi were subcultured by diluting cells with B5 fresh
ty (Sekiguchiet al, 1997).These newly discev medium (1:10) every 10 d (Cellet al. 1987).
ered roles suggest the presence of additional funSomatic embryogenesis was started by diluting
tions besides the well known involvement in DNA and transferring embryogenic cultured cells to B5
replication. medium devoid of 2,4-D, essentially as described
The nuclear localization of topoisomerase | isby Giulianoet al. (1983). Carrot seeds were ster
associated with the presence of several NLllized essentially as described by Balestratl.
(nuclear localization signals) consensus sequenc(1991). Seeds were induced to germinate in steril
located in the NHterminal domain of the protein ized soil and plantlets maintained in a growth
(Alsner et al, 1992). In proliferating cells the chamber at 2% with a 16/8 day/night cycle.
enzyme has been demonstrated to have essentic

a nucleolar distribution, even if the localizationIn situ *S-labelled RNAhybridization analysis
pattern seems to depend also on cell type (Mey« In situ hybridization analyses with pafad-

et al, 1997). Recentlyit has been demonstrated embedded tissue sections from carrot hypocotyls
that leucine-starved CEM cells are characterizeand embryos were essentially carried out as
by a perinuclear redistribution of topoisomerase described by Smitet al. (1987).The *S-labelled
(Baker et al, 1995). This localization is also sense and antisense RNWobes fortopl RNA
observed in response to specific topoisomerasewere derived from the 1.5 kBcoRI-Spé frag-
inhibitors; howeverthe mechanism leading to this ment from p®p28 clone (Balestrazet al, 1996).
event is still unknown (Buckwaltest al, 1996).

Differently from animal systems, information In situ digoxigenin-labelled RNAhybridization
about tissue distribution and subcellular localiza analysis
tion of this enzyme are completely missing in the In situ hybridizations were performed on paraf
plant kingdom. fin-embedded longitudinal sections of apical
In a previous papewe provided evidence for the meristems of 50-days old carrot plants in accor
presence of two distinct DNAopoisomerases | dance to the method described by Catnal.
(designatedx andp) in carrot nuclei (Balestrazzi (1990). Digoxigenin-labelled RNArobes corre

et al, 2000). Moreover we showed that both sponded to restriction fragments containing the 5’
top1B and topla genes are expressed in cyclingregion specific fortoplo and topl cDNAs
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(Balestrazziet al, 2000) were added to the labeled sense and antisense riboprobes able to
hybridization solution at 600 ng/ml. Slides weredetect bothtopl a and 8 mRNAs werein situ

then treated as described by Cegral. (1990) in  hybridized to hypocotyl sections after 1, 2, 4 and 7
accordance with manufactutsr instructions d from the induction event. No signal above back
(Boehringer Mannheim) for detection and colourground was observed at zero time in the epidermis,
development. Bright field photographs were takercortical parenchyma, procambial cells and vascu
on anAxiophot Zeiss microscope with 400ASA lar elements (Fig. 1, B) and very little accumula

Kodak Gold films. tion of the topl transcripts appeared to have
occurred after 1 d (not shown). Howevadter 2 d,
Histone H1 kinase assay hybridization signals were clearly detectable in

Histone H1 kinase assay was performed aclose proximity of vascular elements where-pro
described by Sautet al. (1995) with the follow  cambial tissue is localized (Dljranscript accumu
ing modifications: proteins were extracted bylation was far more evident after 4 (not shown) and
freezing and grinding carrot somatic embryos ir7 d from induction (F and HAs evidenced by
liquid N.. The crude extract was centrifuged atstaining with Giemsa, the presence of proliferating
12000 rpm for 30 min at°€ and the supernatant cell masses was observed near the vascular tissue
utilized in kinase assays. Each sample (2of (E and G) and the accumulationtopltranscripts
protein) was incubated in the reaction mixture irwas clearly localized only in those regions (F and
the presence of 1.2RCi [y-*P] ATP (3000 Ci H). For each time, control sections, which were
mmol), with or without histone H1. Sample was hybridized with the sense riboprobe, did not give
then analysed on 10% SDS-polyacrylamide gelany signal above the background (not shown).
followed by autoradiographyProtein concentra  These results show that the transcript accumula
tion was determined according to Bradford (1976)tion is spatially restricted to provascular tissue,
namely the only tissue of an explanted hypocotyl
which proliferates in response to the presence of
RESULTS the synthetic auxin 2,4-D.

Spatial and temporal expession of topl genes Expression of thetopl genes during somatic
in auxin-stimulated carrot hypocotyls embryogenesis

When hypocotyls are explanted from carrol Somatic embryogenesis represents a useful sys
seedlings and cultivated vitro in the presence of tem for the dissection of molecular events that
auxin (2,4-D) in the medium, only provascularoccur when the induction of cell proliferation is
cells are stimulated to actively proliferate inassociated to a developmental prografe
response to the phytohormone exposure, where process is characterized by localized and rapid cell
cells of the cortical parenchyma emgjarbut do not divisions and therefore we decided to gain some
contribute to the dividing population. Moreoyer insight into the regulation dbplgene expression
the contribution of wounding to this event can beduring carrot embryogenesis.
excluded, since the same process was also induc Somatic embryos were collected at 1, 8 and 14 d
in the entire carrot plantlets (Guzebal, 1994). after transfer of proembryogenic masses (PEMSs),
In order to study the relationship betweepl isolated from carrot suspension cultures, to fresh
gene expression and the induction of cell prolifer medium in the absence of auxin. It is worth noting
ation, we decided to utilize this experimentalthat somatic embryos originatevitro from these
approach analysing the temporal and spatial-acccell clusters (Halpering, 1966Jo gain informa
mulation of bothtopl transcripts in explanted tion on the proliferative state of the embryo popu
hypocotyls byin situ RNA hybridization. lations, we decided to analyse the level of
Preliminary data obtained by northern blot analy p34“2<°°#-like histone kinase activity in embryos
sis had shown that the accumulationtal tran-  collected at 1, 8 and 14 d after inductidhis pro
scripts reached the maximum level (8-fold thetein kinase, which is required for entry into mito
amount present at zero time) after 20 d from expcsis, represents an essential component of the regu
sure (Balestrazzet al, 1996). In this study®S- latory machine of cell division in eukaryotic
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tematic regions (Fig. 3, B)AIl tissue sections
11 T8 T14 were also analysed with the semsgl riboprobe,
— | 1 I | but no signal above the background was in al cas

es detected (not shown).

Distribution of topla and § transcripts in vege

tative apices flom carrot plantlets

& Differently from previous experiments, the spa

- - I histone g iocalization of bothtopla and B transcripts

H1 was evaluated using gene-specific probesiand
situ RNA hybridization was performed using a

Fig. 2 - Histone H1 kinase activity during carrot somatic nonradioisotopic Iqbellng _system _(d|gOX|gen|n-
embryogenesis. Somatic embryos were collected)1§TTs) labeled probes), _S’mce this t_echnlque seems to
and 14 d (T after induction and crude extracts from eachOffer the opportunity of detecting more precisely
sample were preparefin aliquot (0.2ug of protein) from  the expression pattern in single cells (Schreidt
each extract was incubated in the reaction mixture containing] 1996). Longitudinal sections of vegetative

1.25uCi [y-*3P] ATP, in the presence (lanes 2, 4, 6) or in the 5 4 . _
absence (lanes 1, 3, 5) of histone H1 8D The presence of apices from 50-day-old carrot plants were used as

32pjabeled histone H1 was analysed by SB&Efollowed ~ Stalting material. In these experiments, sections
by autoradiography were hybridized with antisense and sense RNA

probes. Bothtopla (Fig. 4,A) and g (Fig. 4, B)

_ o MRNAs were evenly distributed within regions
organisms (Gorset al, 1991)As shown in Fig. 2, sych as meristems and leaf primordia where active
in vitro phosphorylation of histone H1, performed ce|| proliferation occurs. Howeveno significant
to assay the p34 protein kinase activiigaked at differences betweetople andtoplg hybridiza
theT. stage at the beginning of somatic embryogetion patterns were observed in these tisshes.
nesis (lane 2) and slightly decreaseddandTi:  expected, hybridizations with sense RNAs gave
(lanes 4 and 6, respectively) populatioéhen no specific labelling (data not showrjhe uni
exogenous histone H1 was omitted, no _Iabeleform|y distribution of bothtopla and toplg
protein was detected, thus demonstrating thexactly reflected the spatial distribution observed
specificity of the assay (lanes 1, 3, 5). when the same experiment was performed with

Information on the spatial distribution of th@p1  the ubi-CEP (ubiquitin-carboxyl extension pro
transcripts were achieved bin situ RNA  tein) probe (data not shown), a gene whose
hybridization performed on somatic embryosexpression level was shown to be enhanced in

using the same riboprobes detecting ho#ndf  rapidly dividing cells (Balestrazzit al, 1998).
transcripts previously describetopl transcripts

appeared to be distributed quite uniformly in early

embryos (data not shown). In later embryo stagep|SCUSSION

such as in late torpedos (Fig.A3, topl mRNAs

were clearly located in root and shoot meristems |, mammalian cells the regulation of DN@pok

in cotyledons and in the provascular region, namesomerase | occurs at the transcriptional and post-
ly in tissues characterized by cell proliferation, bu'transiational level throughout the cell cycle. Nev
the localization was not strictly restricted to meris ertheless opposite opinions on the relationship

Fig. 1 - Spatial and temporal expression@bl genes in carrot hypocotyl-cells induced to proliferate in 2,4-D-containing medi

um. Tissue sections weiia situ hybridized with*S-labeled antisense RN#obe derived from pdp28 and recognizing both

topla andp transcripts. Sections were then stained with 5% Giemsa. Brightnd dark-field B) photographs of a transverse

section of hypocotyl at zero time. Brigh€,(E) and dark-field D, F) photographs of longitudinal sections of hypocotyls after

2 d (C, D) and after 7 dK, F) from the induction of proliferation. Bright&) and dark-field i) photographs of a transverse

section of hypocotyl after 7 d from the induction.

e, epidermis, p, cortical parenchyma, pc, provascular cells and x, xylematic elements. Proliferating cell masses of provascular
cells (pc) are showed by arrows. Ba@0um.
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A systems which, diérently from cell sus
pension cultures, allow to obtain informa
tion ontopl transcript localization at the
tissue level. Results of thia situ RNA
analysis of the transcript distribution dur
ing hypocotyl-cell proliferation provide
evidence that only procambium, induced
to proliferate by the presence of 2,4-D in
the medium, reveals an enhanced level of
topl transcripts.An additional informa
tion supplied by these experiments €on
— J cerns the kinetics dbplaccumulation in
] response to 2,4-D.We found that
hybridization signals were only detectable
after 24 h, then excluding a directesit of
the synthetic phytohormone ¢oplgene
induction, since the transcriptional activa
tion of several auxin-induced genes has
been described as a rapid event which fre
guently requires only minutes (Theologis,
1986).

Embryogenic cell cultures may be utilized
to produce lage amounts of somatic
embryos by selecting, from the heteroge
neous population, cell clusters named
proembryogenic masses (PEMs) and trans

Fig. 3 - In situ localization oftopl mRNAs in 14 d-old somatic femn.g them to 2’4_D_Tree medium at a low

embryos Tissues were hybridized as described in Fig. 1. Brighi- (  density (Sung and Okimoto, 1983). Embryo

and dark-field B) photographs of longitudinal sections of torpedo development is generally described as a

somatic embryos. Ba20Oum. process characterized by a strong boost to
cell division in early stages.

It has been reported that a reprogram
between topoisomerase | expression and cell priming of gene expression occurs at the transition
liferation have been expressed, over the past fefrom globular to more mature embryo forms
years several data on the presendepiftranscript (Zimmerman, 1993)At that stage both division
fluctuations during cell cycle have been reportetand diferentiation events give rise to the tissues
(Kelly et al, 1983; Hwonget al, 1989; Romig and and ogans of the future adult plant. Since tepoi
Richter 1990a and 1990b). In particularecent somerase | is directly involved in the regulation of
experiments suggested that the hurtagri gene is  transcription (Merincet al, 1993) and, in addi
expressed just before the/&transition inT lym-  tion, is located in regions of active transcription
phocytes that are induced to enter cell cycle b(Fleischmannet al, 1984; Gilmour and Elgin,
PHA stimulation and that both mRN&nd protein  1987), we can speculate that the spatial distribu
accumulations parallel DNsynthesis. In addition, tion of thetopl mRNAs during somatic embryo
human topoisomerase | is subjected to a degradgenesis may be also related to a reprogramming of
tion process during proliferation with the aim, asthe expression of genes whose products are neces
hypothized by authors, to maintain the enzyme esary in the ayanization of new tissues and then
low level in the cell (Hwongt al, 1993). particularly at the heart-torpedo stages.

In this study we have examined the response o It is interesting to note that the carrot géuet2-
toplgenes to events inducing proliferation in plani21, encoding the enzyme DN@ytosine-5)-methyl
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Fig. 4 - In situ localization
of topla (A) andtoplg (B)
transcripts in carrot shoot
apices. Longitudinal sec
tions of shoot apices from
50-d old carrot plants were
hybridized with digoxi
genin-labeled RNAprobes
generated byin vitro tran
scription of topl a and
top1 cDNAs, as outlined in
Materials and MethodsA.
Section hybridized with the
toplaantisense RNArobe.
B. Section hybridized with
the topls antisense RNA
probe. The bar equals 300
um.
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