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Abstract

The leaves of Kalanchce daigremontiana wounded and infected with Agro-
bacterium tumefaciens were treated with single doses of inhibitors (hydro-
xyurea — 190, mitomycin — 0.5, actinomycin — 2 ug per leaf). After de-
laying the time®of dosage of inhibitors during five days after inoculation,
changes in susceptibility of the system to antitumorous activity of analysed
compounds were observed. In several hours after inoculation (period of
the bacteria metabolic activity in wounds) all the inhibitors prevent stron-
gly the tumour formation. At the time between 14 and 72 hours after
inoculation, including the phase of tumour induction, the system becomes
sensitive to the DNA synthesis inhibitors, particularly hydroxyurea. The
intensified action of actinomycin appears again only about 60 hours after
inoculation and lasts till the end of experiment (the initiation of the trans-
formed plant cell proliferation).

According to the literature the antitumorous effect of inhibitors could
be connected with their action on the bacteria metabolism inside the host
tissue. The activities of hydroxyurea and m{tomycin in the second period
correspond with the intensive DNA synthesis in plant cells, which is in-
duced by wounding. The effect of actinomycin D in 60 hours after inocula-
tion could depend upon the inhibition of the proliferation of the trans--
formed host cells,

INTRODUCTION

Lots of experiments were held on the inhibition of erown-gall trans-
formation caused by various antibiotics and metabolic inhibitors. The
aim of all these studies was to find an effective antitumour agent and
to describe the mechanisms of transformation of the normal plant cell
into the tumour one under the action of Agrobacterium tumefaciens.
However the results of these studies give only information whether
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an inhibitor inhibits only the.tumour initiation or the growth of already
transformed plant cells (De Ropp 1948, Gribnau and Veld-
stra 1969, Abo-El-Dahab et al. 1977) and there is scarcely any
more detailed data on the degree of the inhibitor action effectivity in
the succesive steps of the crown-gall transformation.

Hydroxyurea (HU), the DNA synthesis inhibitor, inhibits the bac-
teria tumour formation on the sunflower stems and primary leaves of
the “Pinto” bean (Rennert 1978, 1980). According to the results
HU is active during the induction phase, when it inhibits the DNA
synthesis in the host cells. The HU activity period during the tumori-
genesis differs from the activity periods of other nucleic acid synthesis
inhibitors. It allows to analyse the sequence of different molecular
processes in the course of tumour formation. If it was to be true in
the other host-pathogen systems HU could play the essential role in
the crown-gall investigations.

MATERIAL AND METHODS

Bacteria number. Agrobacterium tumefaciens (Smith and Town.)
Conn, the virulent strain CCM 1037 from the Czechoslovak Collection
of Microorganisms in Brno, was cultured on an agar medium, in dark-
ness, at 27°C (Bopp 1965). The 48-hour culture was used for the
further experiments. The bacteria cell suspension was obtained by the
appropriate dilution with sterile water. The cell number in 1 cm? of
the sespension was determined by the method of series dilutions and
plating on agar (Lippincott and Lippincott 1970).

Test plants. Kalanchoe daigremontiana Ham. et Perr. (Balley
1949) with 5-7 leaves pairs were cultivated and infected at the constant
temperature (22°C) and relative air humidity (70-80%0), in the day light
and further fluorescence illumination (0.02 W cm—2, 700-21%0 h),

Inoculation. The plants were infected according to Beiderbeck’s
‘method (1970a). The pair of upper, well developed leaves (6-10 cm) was
moistened with 1.5%% Tween 80 water solution. Then each leaf half was
pierced once with small brush with 30 needles, 1/3-mm long, set in
3 rows, 3.5 mm apart. After the wounding 0.1 cm? of the A. tumefaciens
suspension was spread with a glass rod on the leaf surface. The bacteria
density in the suspension was 5107 cells/ml.

Leave treatment with inhibitors. Aqueous solutions of N-hydroxy-
urea (HU Schuchardt firm, Miinchen), actinomycin D (AD), and mito-
mycin C (MC) (both — Sigma Chemical Company), containing in
1 cm3: HU — 3.8 mg, MC — 10 pg, AD — 40 ug were used. The drops
of these solutions were spread with a glass rod on the leaf surface in
amounts of: 190 ng HU, 0.5 ug MC, 2 ng AD per leaf. The leaf moistening
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with HU, MC and AD solutions was performed once but at various
times, before or after inoculation with A. tumefaciens in aim to de-
termine the maximum activity periods of the tested compounds in the
course of transformation. The tumour number was determined 14 days
after inoculation with magnifying glass (at an eightfold magnification).
The experimental variants (10 leaves each) were repeated 4-5 times.
Transversal lines in diagrams indicate standard error of arithmetic
mean calculated according to Broda (1976).

RESULTS

HU reduces considerably the number of tumours induced by A. tu-
mefaciens ‘on the K. daigremontiana leaves (Fig. 1). The susceptibility
of the system to the HU doses used in the experiment occurs from
24 h before to 96 h after inoculation. During this time two periods of
higher susceptibility are clearly distinguished. The first begins about
2 hours before inoculation and lasts during next 4-6 hours. During
this time the HU treatment reduces the number of tumours to 30%.
The second begins 12 hours later and lasts to 60 hours after inoculation.
Then the HU treatment gives 60-70°/0 decrease in the tumour number,
which thereafter is constant (Fig. 1). After this period the effectivity
of the HU action significantly decreases. The HU treatment 4 days
after inoculation causes only the reduction of tumour number of a dozen
or so per cent.

Figure 2 shows the results of the experiment with mitomycin (MC)

used in the same way as HU. The general course of the curves for HU
and MC is similar (Fig. 1). In the case of MC action there are also
two periods of maximal susceptibility of the analysed crown-gall trans-
formation system. As both HU and MC are the DNA synthesis in-
hibitors the similarity of the results seems to be evident. In the periods
of their strongest influence the occurence of DNA biosynthesis in-
dispensable to tumour formation can be expected.
" Also actinomycin (AD) is the agent inhibiting crown-gall tumour
formation (Kurkdjian et al. 1975, Rennert 1980). As AD in-
hibits DNA transcription not replication (Harbers and Miiller
1962) its effect should be different from HU or MC. There is a data
sugesting that this antibiotic acts in the last tumorigenesis phase con-
nected with the beginning of proliferation of the already transformed
plant cells (Kurkdjian et al. 1975, Rennert 1980). Figure 3
illustrates the results confirming this view. Except the short period of
AD action close to the inoculation, its stronger effect occurs but 60
hours after inoculation and lasts till the end of experiment (5 days
after inoculation).
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Fig. 1. Inhibition of tumour initiation on the leaves of K. daigremontiana treated
with hydroxyurea (HU)
The K. daigremommriu leaves were moistened with HU solution (5X10-* M), 0.05 ml per leaf.
The treatment was performed once but at various times before and after leaf inoculation
with virulent A. tumefaciens strain. The plants were prepared and the inoculation performed
according to Beiderbeck's method (1970a). The tumour number was determined 14 days
after inoculation. All the details are given above in the paper. The curve illustrates the
mean results of 3 experimental series 10 replications (10 leaves) each. 7Pransversal lines
indicate standard errors of arithmetic means of the integrated experimental series, calculated
according to Broda (1976). The mean number of control tumours is 57.7+3.04

The HU and MC action on the crown-gall transformation on the
K. daigremontiana leaves, when compared, show significant differences.
The MC action is much stronger than the HU one in the period pre-
ceding leaf inoculation and a dozen or so hours after it. Between 16 and
60 hours after inoculation, when HU activity curve forms characteristic
plateau (Fig. 1) the MC antitumoric effect is usually weaker than
that of HU. The second period of stronger system susceptibility to MC
activity occurs 20 hours later (36 hours after inoculation) and lasts
considerably longer (to about 72 hours) than in the case of HU. The
differences are probably caused by different action mechanisms of the
analysed inhibitors.

It can be stated, when comparing the HU and MC effects with that
of AD, that the degree of the tumour number reduction by AD is
similar to that of HU in the period preceding inoculation. AD acts
stronger just before and after inoculation. The different AD action
occurs but in the further tumorigenesis stages. AD is only slightly
effective in the period of HU plateau and where there is the peak of
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Fig. 2. Inhibition of tumour initiation on the leaves of K. daigremontiana treated
with mitomycin C (MC)

The K. daigremontiana leaves were moistened with MC solution (10 ug/ml), 0.05 ml per leaf;
other parameters as in Fig. 1. The mean number of control tumours is 55.04-3.07
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Fig. 3. Inhibition of tumour initiation on the leaves of K, daigremontiana treated
with actinomycin D (AD)

The K. daigremontiana leaves were moistened with AD solution (40 wg/ml), 0.05 ml per leaf;
other parameters as in Fig. 1. The mean number of control tumours is 55.9+13.08
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MC activity (36 hours after inoculation), that is in the periods of higher

system susceptibility to DNA synthesis inhibitors. Only when HU and

MC action weakens the stronger antitumoric AD activity is observed.
Suming up, 4 different systems can be distinguished in the analysed

system of the crown-gall transformation:

1. High system susceptibility to all the used inhibitors — period
preceding the inoculation and several hours after it.

2. Relative lack of the system susceptibility to all the analysed in-
hibitors — 8-12 hours after inoculation.

3. High system susceptibility to DNA synthesis inhibitors (HU and
MC) — 14-72 hours after inoculation.

4. High system susceptibility to the RNA synthesis inhibitor, AD
action — 60 hours after inoculation till the end of experiment.

DISCUSSION

The full transformation cycle lasts for 5 days in the most of known
systems of the crown-gall transformation testing (Klein 1957, Li-
petz 1966). The susceptibility of K. daigremontiana leaves to anti-
tumoric effect of the used doses of HU and MC occurs within the
same period. Before the bacteria, living in the host tissues, are able
to tumour induction they have to go through the metabolic activity
period (Schmidt et al. 1969). During this time RNA synthesis
(Beiderbeck 1970b), cell DNA and plasmid DNA replications
(tumour induction agent — TIP) occur (Van Larebeke et al 1974).
The TIP transfer to the host cells is preceded by the permanent con-
nection between bacteria and host cell (Glogowsky and Galsky
1978). The time needed by virulent bacteria to be completely and
irreversibly connected (determined for the various systems) amounts
to 6 hours after pathogen induction (Lippincott and Lippin-
cott 1978). According to this data the first period of the inhibition
of the crown-gall transformation on the K. daigremontiana leaves after
HU, MC and AD action corresponds to the period of bacteria metabolic
activity. During this period the inhibitors probably inhibit life activity
of the pathogen cells (DNA transcription and replication) which prevents
tumour induction.

It was shown many times that TIP can act only on the wounded
cells. Due to the wounding the cells’ of the damaged region are stimu-
lated to mitotic activity. The results of the investigations on K. daigre-
montiana indicate that the stage of maximum host susceptibility to
the tumour transformation occurs before the first cell division induced
by wounding (Lipetz 1966). The. other data show that DNA synthesis
phase is equally important (Bopp 1964, Kupila-Ahvenniemi
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and’ Therman 1971). The activation'of DNA synthesis was observed
during the healing processes in many plant materials. It takes place
between the first and the third day after wounding (Lipetz 1967,
Kupila-Ahvenniemi and Therman 1971). It was also de-
termined that DNA synthesis which is caused by wounding stimulus
and preceds divisions occuring close to the wound is characterised by
two waves (Lipetz 1967, Broekaert and Van Parijs 1973).
That is why the second period of higher susceptibility of the analysed
system of the crown-gall transformation to HU and MC corresponds
with the period of DNA synthesis in the host cells. The characteristic
plateau of the curve of tumour initiation inhibition by HU is in accor-
dance with the first and second wave of DNA synthesis in the cells
of K. daigremontiana stems (Lipetz 1967), stems of Vicia faba (K u-
pila-Ahvenniemi and Therman 1971), in the Pisum sativum
seedlings (Broekaert and Van Parijs 1973) and in the carrot
root discs (Hase et al. 1979). The synthesis begins 9-12 hours after
wounding, falls gradually after 48 hours and declines on the third day
of the experiment. However MC activity during this period begins
a little bit later than HU activity. It is probably connected with the
stronger MC effect on the divisions, close to the wound. Lipetz
proved (1966) that in K. daigremonitiana the first divisions occur 36
hours after wounding. MC antitumorous effect is marked more clearly
at this time. According to the classical division of the crown-gall trans-
formation into three phases (Klein 1957), the second and the third
day of this process corresponds with induction phase. The results of
author’s investigations indicate that this phase is characterized by the
strong susceptibility to the DNA synthesis inhibitors and weak suscepti-
bility to AD action.

The results presented in this paper are in accordance with the
previous information on HU activity in the tumour transformation
process. The only difference concerns the period of bacteria metabolic
activity, when HU acted considerably more strongly in the K. daigre-
montiana leaves than in the other investigated biological systems
(Rennert 1978, 1980). However in the previous investigations the
inocula with higher densities of A. tumefaciens cells were used (Ren-
nert 1978). It was also proved that effectiveness of HU action is
inversly proportional to the inoculum density (Rennert 1980).
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Wplyw N-hydroksymocznika, mitomycyny C i aktynomycyny D
na proces tworzenia tumoréw na liSciach Kalanchoe daigremontiana

Streszczenie

Przebieg transformacji tumorowej, wzbudzanej przez Agrobacterium tume-
faciens, badano na lisciach Kalanchoe daigremontiana stosujgc ilosciowg procedure
(Beiderbeck 1970). W celu okre$lenia przeciwtumorowej aktywnosci niekto6-
rych inhibitoréw, lidcie inokulowane zawiesing wirulentnych bakterii traktowano
pojedyncza dawka hydroksymocznika, mitomycyny C lub aktynomycyny D. Trak-
towanie to prowadzilo do redukeji liczby powstajacych tumoréw. Zmieniajgc czas
stosowania inhibitor6bw w ciggu pieciu dni po inokulacji (czas transformacji
crown-gall), stwierdzono zmiany wrazliwosci systemu na antytumorowy wplyw
badanych zwigzkéw. W czasie pierwszych godzin po inokulacji wszystkie inhibi-
tory silnie hamujg tworzenie tumoréw. W okresie miedzy 14 i 72 godzina po
inokulacji, obejmujgcym faze indukeji tumorowej, system staje sie bardziej wrazli-
wy na inhibitory syntezy DNA, szczegblnie hydroksymocznik. Powtérne nasilenie
dzialania aktynomycyny pojawia sie dopiero okolo 60 godzin po inokulacji i utrzy-
muje sie az do konca eksperymentu.

Wedlug danych literatury, antytumorowy efekt inhibitoré6w w pierwszym
okresie mozna powigzaé z bezporednim ich dzialaniem na metabolizm bakterii
wewnatrz tkanki gospodarza, Aktywnos$é¢ hydroksymocznika i mitomycyny w dru-
gim okresie zbiega sie z intensywng syntezg DNA, wywolang bodZcem zranienia
w komérkach roélinnych, natomiast skuteczno§é dzialania aktynomycyny po 60 go-
dzinach od inokulacji polega prawdopodobnie na hamowaniu etapu zapoczatko-
wania proliferacji przeobrazonych komoérek gospodarza.
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