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Abstract. Purified total DNAs were isolated from oncogenic or nononcogenic Agrobacte-
rium tumefaciens cells as well as from normal and crown gall tissues. Opines (octopine, nopa-
line, lysopine), plant hormone (auxin IAA) and some carcinogenic compounds were used in
order to correlate their effects on in vitro strand separation and synthesis of DNAs with in
vivo tumorous cell multiplication. Octopine (or nopaline) induced chain opening of DNAs
originating from octopine (or nopaline)-metabolizing bacteria and from same bacteria strain-
induced tumorous cells. This phenomenon was measured by the increase in DNA hyper-
chromicity which is concentration dependent. The tested compounds stimulated the in vitro
synthesis of the same DNAs. Under the same conditions, in vitro strand separation and syn-
thesis of healthy plant DNA was not (or only slightly) enhanced, except in the case of particu-
lar hormone-connected healthy cell DNA. IAA and carcinogens stimulated in vitro synthesis
and induced in vitro strand separation (dose-dependent effect) of DNAs isolated from crown
gall cells and inducing bacteria. Compared to healthy cell DNAs, these DNAs were thus sus-
ceptible to structurally very diversified molecules and in this way behave as do mammalian
tissue DNAs. The opine and IAA actions observed here were specific for plant tissue DNA;
cancerous human br animal tissue DNAs were insensitive. By their presence in the crown gall
cells, opines possibly maintain destabilized areas (required for rapid growth and division) on
tumor cell DNA. The cooperative actions of IAA and opines as well as small RNA and RNA
fragments on gene activation, might explain the autonomy of plant tumor cells.

Introduction ~ identified first [10, 19, 35] but in the mean-
time many other opines have been discov-

Unusual amino acids called opines are ered. Detailed reviews were recently pub-
synthesized in crown gall tumors induced by lished on this subject [14, 16, 17, 23, 38]. A
the bacteria Agrobacterium tumefaciens [37, given A. tumefaciens strain has the property
42). Lysopine, octopine and nopaline were of inducing tumors which specifically synthe-
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size the type of opine(s) which may be metab-
olized by this bacterial strain [32, 41]. A great
deal of research has been carried out to try
and to correlate crown gall induction in
plants and the capacity of these tumorous
tissues to synthesize specific opines [18, 46].
Whereas these compounds are characteristic
of most crown gall tumors, their biochemical
role in such tissues is unknown. It was of
great interest to ascertain that octopine may
stimulate the multiplication of crown gall tis-
sue while the amino acid from which it de-
rives was inactive {15, 31, 47).

We have previously shown the close cor-
relation that exists between DNA chain
opening, enhancement of DNA in vitro syn-
thesis and acceleration of in vivo cell multi-
plication [7, 27, 28). That correlation was
most obvious in the case of cancer mamma-
lian cells which are known to synthesize spe-
cial proteins, mainly embryonic proteins
[22]. Thus we were particularly interested in
looking for a possible relation between DNA
secondary structure relaxation, enhancement
of tumor cell DNA in vitro synthesis and
tumor cell multiplication in vivo. In fact, we
present here the very close and selective ef-
fect of each metabolite-dependent bacterial
strain on the DNA isolated from the corre-
sponding induced tumor. In addition, the
same interdependence may also be evidenced
between the metabolized tumor opine and
the effect on the DNA of the A. tumefaciens
strain used for its induction.

Material and Methods

Chemicals

Pancreatic RNase A (4 X crystallized) was pur-
chased from Worthington Co, Freehold, N.J., USA.
Deoxyribonucleoside-5’-triphosphates (d-XTP) !'2C
and 3H-lithium salt (specific activity 25 Ci/mol) were
obtained from Amersham, UK. L-Arginine and L-

lysine were products of Hoffmann-La Roche, Basel,
Switzerland. Octopine and mitomycin C were pur-
chased from Sigma Co, St Louis, Mo., USA. Nopaline
was kindly supplied by Dr. L. Firmin, John Innes
Institute, Colney Lane, Norwich, UK. Lysopine was
synthesized by the organic chemistry laboratory at the
Institut Pasteur. 9,10-Dimethyl-1,2-benzanthracene
(DMBA) was a product of Nutritional Biochemicals
Co, Cleveland, Ohio, USA. Daunorubicin was sup-
plied by Rhone-Poulenc, Ivry, France. Cyclophos-
phamide (Endoxan) was obtained from Laboratoire
Lucien, Colombes, France. Indolacetic acid was from
Prolabo, France. Sodium lauryl sulfate was from Ser-
labo, France and 8-hydroxychinolin from Merck,
FRG. Phenol used was from Baker Chemicals, De-
venter, The Netherlands.

Bacterial Strains and Culture Media

The sources of the A. tumefaciens used are listed in
table 1. Bacterial cultures were obtained by suspending
a single colony in 5 ml of sterilized NB medium (Nu-
trient broth, Difco, 8 g/I; NaCl 5 g/l) and cultured by
shaking for 24 h at 28 °C. This was followed by sub-
culture in the same fresh medium overnight. Bacteria
were harvested by centrifugation during the loga-
rithmic phase and the pellet washed with a physiolog-
ical serum solution. The stock of harvested bacteria
was immediately used or frozen at —20 °C.

Healthy and Tumorous Plant Material

Two-day-old etiolated decapitated epicotyls of Pi-
sum sativum L. (cv. Annonay) were experimentally
infected with A. tumefaciens tumorigenic strains B6 and
C58 as already described [24] and crown gall tissues
used to prepare DNA. Light-grown pea shoots (2 weeks
old) were used to extract healthy DNA. Callus tissues
from Datura stramonium (var. Tatula) inverted stem
sections cultured in vitro and apical segments of Datura
stems from greenhouse plants were also used for the
isolation of healthy tissue DNA. All these tissues were
either immediately used or frozen at -20°C.

Isolation and Purification of

Bacterial and Plant DNAs

Bacterial cells were homogenized in sterile distilled
water and lysed in the presence of sodium lauryl sulfate
(2% final concentration). A phenol solution containing
0.2% of 8-hydroxychinolin was added (v/v) and the
mixture shaken for 10 min at 4 °C. After centrifugation
at 5,000 g for 10 min the upper phase was saved. The
interphase was retreated in the same way and centri-
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Table 1. A. tumefaciens strains used

Strains Sources Characteristics
Octopine-type .
B6 1 [41, 43
B2 1 (41, 43)
A6 1 [41, 43)
Nopaline-type
T37 | [41, 43)
)1:3%] 1 [41, 43]
a21v 1 [41]
A. delft 2 [41]
Cs58 3 [13, 43]
All4 3 (13, 43]
Alls 3 [13, 43)
Octopine/nopaline-type
A 66 1 [41)
A. rubi 3 [41]
AT 181 4 (32, 43]
EU 6 4 {32, 43)
nul (octopine/nopaline)-type
ATI 4 (32)
AT4 4 [32, 43]

1 = P. Manigault, CNRS, Gif-sur-Yvette, France;
2 = A. Faivre-Amiot, INRA, Versailles, France; 3 =
E.W. Nester, University of Washington, Seattle, USA;
4 = J A. Lippincott, Northwestern University, Evans-
ton, Ili., USA.

fuged. The upper phases were mixed and then treated
twice with chloroform-isoamylic alcohol (24:1, v/v).
DNA was precipitated with 2 vol of 96% alcohol and
dissolved in a 0.2 saline standard solution (SSC).
RNA-contaminating DNA preparations were elimi-
nated by incubation with 20 pg/ml of RNase A (pre-
viously heated for 10 min at 95 °C to remove DNase
activity) for 30 min at 36 °C. RNase was then removed
by phenol and three chloroform treatments. DNA was
precipitated with 2 vol of alcohol, dissolved in a 2SSC
solution and dialyzed against the same solution for
24 h at 4°C. Purified DNA was stored at -20°C.
Crown gall and healthy tissues from pea and Datura
were crushed with a masticator in a minimum volume
of Lerman buffer pH 8.0 [30] supplemented with 8-

hydroxychinolin and lauryl sulfate (concentrations
mentioned above) and incubated for a few minutes at
37°C. The plant fragments were then cautiously
broken down in a Potter and the superatant was
treated in the same way as the bacterial cells.

The amount of purified DNAs dissolved in the 2
SSC solution was determined by absorbance at
260 nm (260/280 = 2.0). The integrity of DNAs was
verified before use [7).

Hyperchromicity of DNAs

The UV absorbance of DNAs (10 pug in 1 ml of
Tris-HCI buffer 10-3 A pH 7.65) at 260 nm was mea-
sured at 24 °C before and afier the addition of differ-
ent concentrations of a given compound as described
for mammalian DNA [7]. Several compounds may be
successively introduced with the tested DNA prepara-
tion. Controls (without DNA) contained the equiva-
lent amounts of the same compound. Results are
expressed as UV absorbance increase (%). The hy-
perchromic effect of the DNAs after incubation with
KOH 0.2 N varies from 42 to 56% at 260 nm (maxi-
mum DNA chain opening).

In vitro DNA Synthesis

The incubation medium [3] contained per 0.15 ml:
Tris-HCl buffer (pH 7.65) 25 pumol; MgCl, 2 umol; 4
d-XTP 5 nmol each (plus TTP, 50,000 cpm); DNA
0.5 pg; enzyme DNA-dependent DNA polymerase I,
whose preparation from Escherichia coli has been de-
scribed [5] 60 pg. After incubation (10 min at 26 °C)
TCA (5%) precipitable material was filtered on a
Whatman GF/C glass filter, washed with a TCA solu-
tion and 96 % alcohol, then dried. Radioactivity was
measured in a Packard liquid scintillation counter.

Results

Effects of Opines, Plant Hormone IAA
and Carcinogenic Compounds on the
DNAs of Different A. tumefaciens Strains

On DNA Strand Separation

Each bacterial DNA used separately was
tested for DNA strand separation measured
by the UV absorbance increase in the absence
or presence of either octopine, nopaline, lyso-
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pine, L-arginine or L-lysine. IAA and certain
anticancer drugs or various compounds
known to be carcinogenic were also used.

Octopine Tumor-Inducing Strains That
Metabolize Octopine. As illustrated in fig-
ure la DNA originating from A. tumefaciens
B6 incubated with octopine undergoes DNA
strand separation resulting in a UV absor-
bance increase with octopine concentrations.
Nopaline or lysopine cannot replace the octo-
pine. Also DNA from A. tumefaciens B2
responds to octopine which in vitro separates
the chains of this DNA, and the increase in
UYV absorbance is about 20-22% in the pres-
ence of 20 pg of octopine (fig. 1b). In this last
case, lysopine produced the same effect but
the nopaline did not. Incubated with KOH
0.1 N, these DNAs undergo complete DNA
strand separation. This amounts to a 45-50%
increase in UV absorbance. There is no in-
crease in UV absorbance when the DNAs are
incubated with L-arginine or L-lysine.

Nopaline Tumor-Inducing Strains That
Metabolize Nopaline. A. tumefaciens T37
possesses DNA whose strands may be sepa-
rated only by nopaline (fig. 2a) and the maxi-
mum DNA chain opening (20%) is observed
in the presence of 20 pg of nopaline. Identical
results are obtained with DNA from IIBV7
bacteria (fig. 2b). Two other DNAs isolated
from Agrobacterium delft and 42 1V bacteria
which selectively metabolize nopaline were
tested in the presence of these opines. Only
the nopaline induces strand separation of A.
delft DNA (fig. 2c) while nopaline and octo-
pine are effective for 42 IV DNA strand sep-
aration (fig. 2d).

The above DNAs respond to IAA at small
concentrations (2.5-5 pg): added before the
tested opines (fig. 1b, 2b), it leads to an UV
absorbance increase; added after opines
(fig. 2a, c, d), it leads to an additional UV

Fig. 1-7. Effects of opines, IAA and carcinogenic
compounds on strand separation of A. tumefaciens
(different strains) DNAs. UV absorbance of DNAs
was measured (260 nm) in the absence or presence of
each compound added as the indicated concentra-
tions. oct = Octopine; nop = nopaling; lys = lysopine;
dauno = daunorubicin; cyclo = cyclophosphamide;
mito = mitomycin.

absorbance increase that reached about 40%,
1.e. close to the maximum opening.

The DNA from C58, another nopaline-
catabolizing bacteria, failed to respond to se-
lective opening by nopaline alone: octopine,
nopaline, lysopine or IAA used separately
one after the other, are capable of producing
an additive effect on the strand separation of
DNA (fig. 3a). Strand separation of the
DNAs isolated from A 114 and A 115 (plas-
mid-less derivatives from an C58 thermocul-
ture) is strongly induced with either octopine,
nopaline or lysopine (fig. 3b). However, these
DNAs behave differently in the presence of
TIAA: DNA from A 115 bacteria undergoes
substantial chain separation (25-30%) in the
presence of IAA, while A 114 DNA responds
poorly to IAA (fig. 3c). It is interesting to
note that these two nononcogenic strains lead
to the appearance of tumors when introduced
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(For legend, sec p. 338))

close to an auxinic callus developed in vitro
on an inverted fragment of plant stem (data
not shown here).

Octopine and Nopaline (or Octopine-No-
paline-Free) Tumor-Inducing Strains That
Metabolize Octopine or Nopaline. Both
opines, octopine and nopaline, are present in
the tumors induced by the octopine-catabo-
lizing attenuated strain A 66 (whose IAA re-
stores its absolute oncogenic potential). The
DNA originating from these bacteria re-

sponds to the effect of each: thus A 66 DNA
undergoes considerable chain opening (30 %)
in the presence of nopaline (or octopine) and
this opening continued when increasing con-
centrations of octopine (or nopaline) were
added thereafter (fig. 4a). This subsequent in-
crease in UV absorbance is about 45 % while
in this case KOH induces UV absorbance of
up to 56%. Identical results were obtained
with DNA from the nopaline-catabolizing
oncogenic strain Agrobacterium rubi (fig. 4b);
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for this last DNA, 30 ug of octopine are nec-
essary to obtain a chain opening of 25%
while 15 pg of nopaline added first induce the
same degree of opening. Lysopine is without
effect but IAA is effective on DNA strand
separation.

AT 181 and EU 6 bacteria utilize nopaline
and produce tumors containing neither octo-
pine nor nopaline. DNA isolated from AT
181 undergoes a strand separation in the
presence of nopaline and lysopine but not of

(For legend, see p. 338.)

octopine (fig. 5a). In spite of a preincubation
in the presence of IAA, this DNA remains
insensitive to the action of octopine. EU 6
DNA responds only to nopaline (fig. 5b). Oc-
topine and lysopine are without action on the
strand separation of this DNA, even after an
IAA preincubation.

Octopine-Nopaline-Free Tumor-Inducing
Strains That Do Not Metabolize Any of These
Opines. DNAs isolated from ATI1 and AT4
bacteria which are incapable of metabolizing
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either octopine or nopaline and whose in-
duced tumors are free of these opines, do not
undergo chain separation when incubated
with octopine, nopaline or lysopine (fig. 6a).
But when these DNAs are preincubated with
TAA (2.5-5 pg) one observes (fig. 6b) an UV
absorbance increase of about 10% in the
presence of the opines: thus, AT1 DNA re-
sponds to octopine but not to nopaline or
lysopine; AT4 DNA responds to octopine
and nopaline but not to lysopine.

Under identical conditions, we have in-
vestigated the effect of daunorubicin, cyclo-
phosphamide (Endoxan) and mitomycin C
which are anticancer agents or carcinogens
according to the concentration used [7, 9, 26,
45] on DNA strand separation. When succes-
sively added to the incubation mixture, these
substances induce a strong enhancement in
UV absorbance (about 40%) of B6 (octopine
strain) and C58 (nopaline strain) DNAs
(fig. 7a), in the presence of alkali, this UV
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absorbance increase is 50-52%. As shown
above, IAA behaves as a carcinogen and ex-
hibits an important effect on the strand sepa-
ration of these DNAs (fig. 7a). In contrast,
DNAs from attenuated A 114 and A 115 bac-
teria respond to the hyperchromic action of
the substances mentioned above but only af-
ter a preincubation in the presence of IAA:
2-3 ug of IAA induce an increase of about
15% in the UV absorbance; subsequently
carcinogens added in small concentrations
(0.06-1 pg) highly enhance (45-50%) the hy-
perchromicity of these DNAs (fig. 7b).

We have already mentioned a sensibiliza-
tion of AT1 DNA after the plant hormone
action: only when preincubated in the pres-
ence of IAA this DNA was susceptible to
octopine (fig. 6). We observed a similar pre-
effect in the case of carcinogens: when ATI
DNA is first incubated with daunorubicin, it
responds to octopine and lysopine but not to
nopaline (fig. 7c). AT 181 DNA remains in-
sensitive to the octopine action even after an
IAA preincubation (fig. 5a) while it responds
to it after the addition of daunorubicin to the
incubation mixture (fig. 7c).

Fig. 8. Effects of opines on A. tumefa-
ciens in vitro DNA synthesis. ARG = L-
Arginine; LYS = L-lysine. Other abbre-
viations as in figures 1-7.

On DNA in vitro Synthesis

It is known that DNA replication requires
DNA chain opening [36]. We have used
DNAs from bacteria that selectively metabo-
lize octopine or nopaline in order to deter-
mine if they would be better templates for
DNA in vitro synthesis in the presence of
respective opines.

The results are illustrated in figure 8. A6
(octopine-metabolizing strain) DNA, incu-
bated at 26 °C with all necessary components
and DNA-dependent DNA polymerase is a
much better template in the presence of octo-
pine than in its absence (fig. 8a). Nopaline has
practically no effect on the in vitro synthesis
of this DNA (fig. 8a). In contrast, IIBV7 (no-
paline-metabolizing strain) DNA is an excel-
lent template for DNA synthesis in the pres-
ence of nopaline (fig. 8b), while in its absence
or in the presence of octopine, DNA synthesis
is rather poor. It should be stressed that lyso-
pine, which separates the strands of DNA
from A6 bacteria, stimulates in vitro the syn-
thesis of the same DNA (fig. 8a). IIBV7 DNA
is insensitive to lysopine that does not un-
dergo DNA chain separation nor an increase
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Fig. 9. Effects of different carcinogenic compounds on A. tumefaciens in vitro DNA synthesis.

in DNA in vitro synthesis (fig. 8b). L-Argi-
nine or L-lysine has no effect on the synthesis
of the DNAs from these strains. These data
demonstrate a close correlation between
DNA in vitro strand separation induced by
opines and DNA-increased synthesis in vitro
in the presence of these compounds.

Similar results were obtained with A. delft
and 42 IV (nopaline-metabolizing strains).
Their DNAs, incubated at 26 °C with all
compounds required for in vitro DNA syn-
thesis, are better templates in the presence of
nopaline than in its absence, but at 36°C
nopaline is without effect. In any case, there
1s always a much better stimulation (approxi-
mately 3 times) of A. tumefaciens DNA in
vitro synthesis in the presence of an opine
(depending on the strain used) at 26 °C,
compared to results observed at 37 °C (no

stimulating effect). It should be remembered
that bacterial growth takes place at 26-28 °C
but is stopped at 37 °C. An identical temper-
ature effect is observed for cancer induc-
tion.

We investigated the in vitro synthesis of
DNA from Agrobacterium B6 cells in the
presence of the carcinogenic agents cyclo-
phosphamide, daunorubicin, DMBA, mito-
mycin C and IAA (fig. 9). At low concentra-
tions, cach of the compounds substantially
stimulates the synthesis of the DNA. At high
concentrations, each induced a strong inhib-
iting action. Used under identical conditions,
DNA originating from E. coli and A. tumefa-
ciens-transformed B6 Trl [4] did not respond
to any opine or carcinogenic compound
either for in vitro DNA strand separation or
DNA synthesis.
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Effects of Opines, Hormone I1AA and
Carcinogenic Compounds on Healthy
and Crown Gall Plant Tissue DNAs

On DNA Strand Separation

For DNA chain opening we used DNAs
from crown gall tissues induced by B6 of C 58
bacteria and developed on germinating pea
seedlings. Figure 10a indicates that only oc-
topine induces in vitro strand separation of
DNA isolated from B6-tumor tissues to a
high degree (26% UV absorbance increase).
Nopaline and L-arginine are without effect.
Tested under the same conditions, DNA
from C58-induced crown gall tissues under-
goes a UV absorbance increase in the pres-
ence of both octopine and nopaline (fig. 10b).
After the IAA is added, this DNA undergoes
strand separation (18% UV absorbance in-
crease in the presence of 7.5 pg IAA per
assay) (fig. 10b). Lysopine is without effect.
The opines which specifically induce strand
separation of the DNA from these tumor tis-
sues are the same as those effective for DNA
strand separation of the inducing bacteria.
This demonstrates a close correlation be-

Fig. 10. Effects of opines
and IAA on crown gall DNA
strand separation. a B6-in-
duced tumor DNA. b C58-in-
duced tumor DNA. Abbrevia-
tions as in previous figures.

tween a given opine and the chain opening of
DNAs from the inducing A. tumefaciens
strain and induced crown gall tumors.

It was often discussed [12, 18, 46] if the
presence is true of very small and hardly
detectable amounts of opines in healthy plant
tissues. It was therefore important to deter-
mine to what extent DNA from healthy plant
tissue will respond (or not) to the action of
opines. Thus, strand separation of DNA
from growing pea stems was studied in the
presence of either octopine, nopaline, L-argi-
nine or L-lysine. Results illustrated by fig-
ure 11a show that this DNA responds slightly
(7-99%) to either octopine or nopaline but not
at all to arginine or lysine (for this DNA the
UV absorbance increase is 40% with KOH).
IAA also induces a slight but detectable chain
opening of this DNA. On the other hand,
DNA originating from callus tissues devel-
oped on axenic inverted stems of D. stramo-
nium strongly responds to octopine and nopa-
line (fig. 11b) (15 pg of octopine leads to a
20% UV absorbance increase that reached
30% when we subsequently added 15 pg of
nopaline; the maximum DNA chain opening
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Fig. 11. Effects of opines and IAA on healthy DNA strand separation. a Pea stem DNA. b Datura auxinic
callus DNA. ¢ Datura top-stem DNA. Abbreviations as in previous figures.

Fig. 12. Crown gall and normal DNA strand separation in the presence of some carcinogenic compounds.
Abbreviations as in previous figures.

is 55% with KOH). So, the apical stem seg-
ments of Datura contain DNA that in vitro
undergoes UV absorbance increase (30%) in
the presence of octopine or nopaline
(fig. 11c). After preincubation with opines,
this latter DNA becomes two or three times
more sensitive to a later IAA action for chain

opening: the UV absorbance increase reaches
approximately 45% (up to 56% in the pres-
ence of KOH) (fig. 11c¢).

We studied the hyperchromic effect of
several carcinogenic compounds on healthy
and cancer pea DNAs. Figure 12 shows that
in the presence of either daunorubicin, cyclo-
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Fig. 13. Crown gall and healthy in vitro DNA synthesis in the presence of various compounds.

phosphamide, mitomycin C or IAA, UV ab-
sorbance increases considerably with crown
gall DNA but not at all or only slightly with
healthy DNA. There are optimal concentra-
tions for the extent of DNA strand separation
which vary according to the different sub-
stances used. It is important to note that the
hormone IAA exhibits a small but detectable
hyperchromic effect on healthy plant DNA.

On DNA in vitro Synthesis

Fast development of crown gall tumors
implies an accelerated replication of DNA
from these cells compared to that of healthy
cells, cell division being interdependent on
DNA replication. Using template DNA from
healthy or tumorous cells of pea seedlings
and DNA-dependent DNA polymerase, we

compared the template activites of both dur-
ing DNA in vitro synthesis. Tumorous DNA
exhibits a higher template activity compared
to that of DNA from healthy plant cells (see
origin of curves in fig. 13). This indicates that
crown gall DNA contains a larger number of
single-stranded DNA regions required for en-
zyme activity. The in vitro crown gall DNA
synthesis is highly enhanced by cyclophos-
phamide, daunorubicin, mitomycin C and
TAA used at small concentrations. Used at
the same concentrations these substances
have only a slight effect on healthy DNA syn-
thesis. High concentrations always inhibit
the synthesis of the DNAs of both tissues.
We have shown above (fig. 10) that octo-
pine and nopaline enhanced the chain open-
ing of crown gall DNAs (B6 and C58 DNA,
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Fig.14. In vitro synthesis of A. tumefaciens
Bé6-induced tumor DNA in the presence of opines.
Abbreviations as in previous figures.

respectively). This correlation was corrobo-
rated by the observation of a selective stimu-
lating effect of opines on crown gall DNA
synthesis in vitro (fig. 14). Octopine (or no-
paline) are effective on the DNA of tumorous
cells induced by the strain of A. tumefaciens
which metabolizes octopine (or nopaline).
Both opines have only a very slight stimulat-
ing effect on the in vitro synthesis of DNA
from healthy plant tissues. Octopine, nopa-
line and lysopine have no effect on DNA
from healthy or cancerous mammalian
cells.

Discussion and Conclusion

An attempt was made to characterize the
nature of the mechanism by which opines
may be involved in the maintenance of the
crown gall plant cells. We focused our atten-
tion on plant and A. tumefaciens DNAs
mainly on the in vitro interaction of these
DNAs and opines. Why this approach? First-

ly, in contrast to the normal plant cells,
tumor plant cells synthesize a large amount
of opines [18, 46]. Secondly, DNAs from
plant tumor tissues are ‘destabilized’ and
react easily with various naturally occurring
or chemically synthesized molecules [27-29].
Thirdly, the weight of crown gall tissues in-
creases in the presence of octopine [31, 47] or
when induction takes place with the A. rume-
Jaciens B6 oncogenic strain grown in the
presence of octopine [15]. L-Arginine, a pre-
cursor of octopine, was without effect in this
process. All these observations suggest that
opines may somehow play a role in the main-
tenance of crown gall tumor tissues. What
facts support this hypothesis? The transition
from a normal cell to tumor cell involves re-
orientation resulting in increased synthesis of
nucleic acids [7, 34] and of some specialized
mitotic [22] and enzymatic proteins [2, 27,
48, 49] in order to assure continued cell
growth and division of tumor cells. Opines
which have been considered as accidental
metabolic substances whose amount largely
increases in tumor cells [12, 44] were not
taken into account as important agents for the
maintenance of tumoral state. The fact that
opines stimulate the development of crown
gall cells and also but slightly that of normal
cells suggested that they may induce changes
in the physicochemical structure of DNAs,
without modifying their primary structure.
This implies that the mechanism involving
opines in the activation of the opine-synthe-
sizing system (DNA) in normal cells is similar
to that involved in crown gall cells.
Moreover, we have seen that some
healthy tissues (Datura callus tissues) had
‘destabilized’ (relaxed) DNA (in comparison
with the stable DNA of other tissues (pea
stemns)) that strongly respond in vitro to the
action of opines. This correlates with the
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finding that callus tissues possess some of the
histological characteristics of tumorous tis-
sues, and once grafted to healthy plants of the
same origin induce the appearance of tumors
[Aaron-Da Cunha, pers. commun.]. On the
basis of all our results it is possible to contend
that the synthesis of very small amounts of
opines by healthy plant cells is feasible. This
may be connected with the physiological
state of the tissues which are dependent upon
the effects of endogenous plant hormones.

We have shown here an interaction be-
tween plant and Agrobacterium DNAs and
opines. The DNA of a healthy plant cell,
insensitive to octopine, becomes very reac-
tive when normal cells of the plant are culti-
vated in a medium containing octopine [un-
publ. results). This healthy DNA becomes
‘destabilized’ (measured in vitro using the
UV absorbance technique). Once octopine is
removed from the culture medium, the DNA
of these normal cells again becomes stabi-
lized and no longer responds to octopine [un-
publ. results). Thus, gene activation by an
opine in crown gall cells and in normal cells
results in DNA relaxation. This may also be
induced under the influence of IAA and
small RNA (RNA fragments) [6, 25]. Opines
do not react in vitro with DNAs from E. coli,
from A. tumefaciens strain made nononco-
genic by E. coli RNA [4] and from healthy
and cancerous human and animal tissue
DNAs. It may be concluded from this that
plant and A. tumefaciens, oncogenic or not,
possess DNAs which have specific and
maybe common binding sites for opines.

It is well established that gene activation
requires DNA chain opening in local areas,
thus allowing RNA polymerase to transcribe
a given portion of DNA into mRNA and
offering more binding sites on chains for
DNA replication [20, 39, 40]. Both of these

processes are needed for cell growth and di-
vision. Opines, RNA fragments or small
RNAs, carcinogens, antimitotics, antibiotics,
IAA and opines interfere in chain opening [7,
27-29). They possess a weak additive effect
on DNA strand separation from normal cells,
while this effect is aggressive with cancer cells
DNA. IAA, first initiating DNA separation,
allows opines further to destabilize DNA.
This might explain why some A. tumefaciens
strains may induce tumors only in the pres-
ence of this hormone. It is important also to
recall that tumorigenesis requires IAA for
tumor induction with small RNAs [6, 25]
and that the presence of an IAA gene is
required for bacteria oncogenicity expression
[1, 33). The question thus arises of the exis-
tence of plant oncogenes — as in the euka-
ryotic cells of vertebrates [11, 21] —and of the
function of their products. Is there one or
several common denominator(s) for the acti-
vation of oncogenes in both the mammalian
and plant kingdoms? Opines, the products of
crown gall cells, induce the opening of plant
tumor cell DNA which correlates with gene
activation and may allow a shift in the pre-
ferred site for initiation of transcription, re-
sulting in the production of a longer RNA
transcript. This problem was recently dis-
cussed by one of us in connection with the
role of trigger molecules in normal and ma-
lignant gene expression [8]. All these results
go to make up a general model for under-
standing the basic underlaying mechanism of
the maintenance of the tumorous state.
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