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SNTRODUCTION 

Crown-gall is a unique case of a true tumor induced by bacteria : 

tumorous transformation arises when a virulent strain of Agrobacterium tu- - 
mefaciens (*) is introduced into a susceptible plant previously conditioned 

by wounding. The wounded cells generally die and are not the prospective 

tumor cells; but their wound juioe is claimed to act upon the neighbouring 

cells , making them oonditioned and thus able to be transformed. 

Bxaun (1947) on the basis of thermal studies proposed the hypothe- 

sis that a Tumor Inducing Principle (*) is provided by the bacteria. Attempts 

to isolate oell-free extracts oontaining A.t.DNA and endowed with tumor-in- 

ducing ability led initially to failures or to controversy* Kovoor recently 

succeeded in induoing auxin-prototrophio (1967) and transplantable (1968) 

overgrowths by introducing large amounts of A.t.DNA into normal plant tis- 

me cultures0 

The dependence of tumor size on certain characteristics (duration 

and temperature) of the conditioning and inception periods led Braun and 

Stonier (1958) to set up several proposals,one of which suggested a possi- 

ble complex between the TIP and the "active sites" elaborated by the con- 

ditioned host cells. Kupila and Stern (1961) detected by global estimation 

a 40 % transient increase of the DNA content J it occured between 24 and 

48 hours after the plants were wounded and was independant of the later in- 

fection. Lipetz (1967) observed by autoradiography two waves of DNA synthe- 

SiS also preceding the first wound division. Ne recently reported the 

*Abretiationsr A.t.,Agrobaoterium tumefaoiens; TIP, Tumor Inducing Princi- -- 
ple; SSC, Standard Saline Citrate; Nh DNA, Nuolear heavy satellite DNA; 
c-RNA, complementary RNA= 
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relative and transient increase of the nuclear G+Grich satellite DNA 

I~II:UI DlJA,see QuGtier et a1.,?968) in 48 hours old wounded tissue of nume- 

rous dicoi;yledonous (&ill4 et al, 1968). It seems likely '"ha: this spe- 

cific syn!.hcsis may be the main component of the mer;ioned DNA * . synthesis. 

mur-~hcrmore, Bopp (1964) was able to prevent the tumor induc'ion by inhi- 

biting soecifically the amitotic DNA synthesis occuring between stress 

and healing, thus indicai;ing that this unusual DNA synthesis is an obli- 

,gatory a:ld early step in t'he transformation process. 

On the other hand -the idea of an unequivocal role played by the 

bacterial DNA is strongly supported by Schilperoort and al (1967)who report 

;hat while hybridization does not occur significantly between normal tobac- 

co leaf DNA and the HNA copied on A-t-DNA by E.Coli RNA-polymerase , it 

does occur between tumorous tobacco tissue culture DNA and A.t. c-RNA. 

Although Z.Coli RNA-polymerase may copy some cistrons more specifically, 

their results provide evidence for common sequences between bacterial DNA 

and the DNA of transformed cells. These sequences do not seem to be detec- 

table in normal plant DNA. 

On the basis of all these results it seemed of interest t 

- to obtain direct evidence for partial homology between A.t.DNA and -- 
the transformed cell DNA; 

- to determine if homologous base sequences exist between A.t. and Nh 
DNA's, i.e. is there some analo,y with the transformation by mammalian 

viruses or with -the lysogeny process ? 

MATERIALS and METHODS 

DNA isolation procedure t plant DNA was extracted and purified ---- -a--- 
as previously described (Cluetier and &i116, 1968) from normal and crown- 

,gall tissue cultures of Soorzonera hispanica and Niootiana tabacum (strains ----. ------a- 
kindly given by Dr Morel) and from leaves of green-house grown N.tabaoum. 

aobacterium tumefaciens,strain B6 (kindly provided by Dr Manigault) was e-----m- -.-.-- 
grown on synthetic media in which 32P04 is added at a concentration up to 

10 mC/?mg P/:OOml. DNA was extracted and purified as in :he case of plant 

DNA with the exception of an additional treatment (lysozyme and Na-dodecyl- 

sulfate) to remove teichoic acids. 

li'urther purification was achieved by preparative Cs Cl equili - 
brium density gradient ultraoentrifugation according to Bond, PI- and 

Burr (1966): P ossible minute contamination by protein and HNA is ruled out. 

Samples were controlled in an analytical ultracentrifuge 
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DNA-DNA hybridizations I The procedure given by Denhardt (1966) w-w- 
was found to be quite effective. Single stranded DNA was fixed on HA milli- 

pore filters according to Gillespie and Spiegelman (1965). Filters were put 

in small capped tubes oontaiaing 1 ml of " preincubation medium ” and incu- 

bated 6 hours at 67OC. Sonicated radioactive single stranded A-t-DNA was 

added and allowed to hybridize during 14 hours. Filters were washed on each 

side with 50 ml of SSC (*), dried and counted on a low back-ground (1 to 

2 cpm) Tracerlab counter. 

RESULTS 1 

I. Homology between tumorous and A.t. DNA's -----_I_--- 
Results shown in Fig. 1 confirm the oonclusions of Schilperoort 

et al (1967). There are common sequences between tumor cell DNA and bacte- 

rial DRA (tiasue cultures are bacteria-free). TIP would thus appear to be 

a fraction of bacterial DNA integrated into the genome of the plant cell. 

This integration of genetic material might account for the acquisition by 

tumorous oells of such pmpesties as the accelerated synthesis of growth 

factors and the appearance of new nitrogen-compounds. 

An estimation of the amount of bacterial DNA integrated into 

the host genome may be attempted in the following way* The saturation va- 

lue is about 0,2 f (*DNA x loo/DNA) I if the DNA content of a diplo'id is 

assumed to be 6. 10-'2g , the calculated value of bacterial DNA integrated 

amounts to Z 1. 10 -14 g , a value of the same order of magnitude as an entire 

bacterial genome. This number (the equivalent of one bacterial DNA content 

per transformed cell DNA) is to be considered as a very coarse estimation 

however beoause of the little-known nature of nitrocellulose hybrids. 

The possible integration of an entire bacterial genome into the 

DNA of a higher organism seems surprising I the following must be kept in 

mind however t 1") there is a similar ratio of DNA content between virus 

and bacteria as between bacteria and higher organism (500 to 1000). 2O) 

virus DNA may be integrated in the genome of both bacteria (lysogeny, see 

Cowie and Szafranski , 1967) and oells of higher organisms (transformation, 

see Fujinaga and Green, 1968) ; there is thus no a priori impossibility 

fox the entire integration of bacterial DNA into the genome of a higher 

organism. 

II. Honologv between 8.t. DNA and Nh DNA of stressed normal cells. --. 
Results shown in table I illustrate the second point set out in our 

interpretation-They indioate a partial homology between A.-t. DNA and the 
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0.6, 

Agrobact. turn. DNA input 

Fi~.lr Hybridizations between bacterial DIJA and tumorous or normal oell DNA: 
%ch membrane filter carrying 50 yg of unlabelled DNA of specified origin 
was allowed to hybridize with increasing amounts of 3*P labelled bacterial 
DNA: 
-,fixed unlabelled BeteDNA x 32 P A-t. DNA, no saturation visible in 

this range. 
M,fixed unlabelled nuolear(main band)DNA of normal tobacco cell x 32P 

A.t.DNA;no homology detectable(background). 
-,fixed unlabelled nuolear DNA of tumorous tobacco cell x 32P A.t.DNA. 
This hybridization (h-0) was repeated three times with tobacco and tnice 
with Soorzonera ,using j2P A.t.DNA of 
63,000 opm/ug). 

various specific activities(up to 
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Table I:$bbdization between bacterial D?A and Nh satellite DNA ofstressed --- 
normal cells: Each membrane filter carried 50 yg of normal cell DNA or Nh 
satelli-te DNA isolated from 48-hour-old wounded Gl,ycine max.Hybridization 
stems to occur in this range without a plateau; but previous assays gave 
a hybridization ratio between Nh DNA and ribosomal RNA indicating that Nh 
DNA possess a high level of redondanoy (Q&tier et al, 1968 and unpublished 
resul-ts). 

BACTERIAL DNA 

not detectable 

Nh satellite DITA appearing in stressed normal cells: this supports the 

hypothesis of a complex between bacterial DNA and the "active sites” ap 

pearing in conditioned cells,if they are indeed Nh DIA.Time-course simi- 

larity between the variation in the number of "active sitos"per cell(Braun 

and. Stonier,lY58),the rate of conditioning and the amito-tic DNA synthesis 

apees with this assumption.'fhis homology between A&. DDA and Nh DNA 

calls for two remarks: 10) if the same locus is involved in the two hybri- 

dizations that we have observed, it is to be expected that Xh DNA would 

comne-te with the annealing between bacterial DNA and tumor cell DNA.Pre- 

limillary evidence bears out this expectation; 2O)while there is homology 

between tumor cell DI?A and bacterial DNA, homology also exists between 

bacterial IXA and conditioned host cell DliA;this raises the question of 

the origin of the new sequences occuring in tumor cell DKA: are they of 

bacterial origin or are they provided(at least partly) by the host itself? 

The fact that Nh DNA is not detectable by analytical ultracentrifugation 

in bo-th unstressed normal a;ld tumorous plant DIVA does not rule out the 

possibility that even when its rare sequences are ampl.ified in tumorous 

plant DNA, they may go undetected. 

These two sets of results afford the following oommentsr 

-IIybri.dization with bacterial DNA and/or host Nh DNA seems to be a more 

suitable test for transformation than those currently used and may be an 

approach to a genetical definition of the disease(s); rescue of hybridi- 
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zed strands from the filter should yield further information* 

-Such hybridizations should lead to a better knowledge of the characte- 

ristics that inter-relate the different plant neoplastic diseases which 

include the classical crown-gall tissue and its slowly growing strains, 

the teratoma induced by attenuated bacteria, the tissue transformed by 

A.t. DNA and tissue anergizeci to auxin in-vitro. 

-This model of transformation has to be confirmed by the isolation of 

the natural complex between Nh DNA and bacterial DNA that should ocour in 

-the induction phase. Numerous studies published by Ledow and Huart (1967) 

are in agreement with this view. A more complete description of the sche- 

me proposed for general tumor inception will be pubished elsewhere. 

SUMMARY 

The mechanism of Crown-gall tumor inception has been studied by DNA-DNA 
hybridizations '10) there are common sequences between bacterial DNA and 
the transformed(bacteria free cell DNA, while no detectable homology oc- 
curs with normal oell DNA5 '2O I homology is shown to exist also between bac- 
terial DNA and the Nuclear heavy satellite DNA appearing in normal stressed 
cells; this raises the question of the origin of the integrated new sequen- 
ces+ These results confirm on molecular grounds the hypothesis of a Tumor 
Inducing Principle and of active sites provided by the wounded host.Formation 
of a duplex between baoterial DNA and the Nh satellite DNA synthetieed during 
wounding is proposed to be an obligatory step before the true integration 
of genetic material, p rovided by the bacteria and/or the host itself. 
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