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Cloning of Agrobacterium tumefaciens
Chromosomal Virulence Region
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ABSTRACT: The chromosomal DNA of Agrobacterium tumefaciens contains the genes required for
bacterial attachment to plant cell which is an essential stage in crown gall tumorigenesis by Ti-plasmid.
In order to clone the genes, Agrobacterium tumefaciens strain A5512 was mutagenized by transposon
TnS and two Agrobacterium tumefaciens mutants which are attachment-defective and nontumorigenic
were isolated. From one of the two mutants, a chromosomal virulence region which was required for at-
tachment to the plant cells was cloned.

KEY WORDSU1A. tumefaciens, Virulence region, Cloning

Vol. 28, No. 2

Virulent strains of Agrobacterium tumefaciens
induce crown gall tumors when it is present on
wounded tissue of dicotyledonous plants. The capaci
ty to cause tumours is genetically determined by large
tumour-inducing (Ti) plasmid (Zaenan ef al., 1974).
This tumerigenicity results from the expression of the
T-DNA genes transferred from the bacteria to the
plant cell (Gheysen er al., 1985; Hooykaas and Schil-
peroot, 1984; Nester ef al., 1984; Zambryski et al.,
1980). T-DNA encodes the enzymes of opine, auxin
and cytokinin biosynthesis (Akiyoshi ef al., 1984;
Buchmann ef af., 1985; Schroder ef al., 1984; Tho-
mashow et a/., 1984; Van Onckelen, 1986; Petit and
Tempg, 1978). Therefore, the transformed plant cells
synthesize opines that can be used by inciting bacteria
as a source of carbone, nitrogen and energy. The
unregulated synthesis of auxin and cytokinin in the
transformed cells result in crown gall tumors. The
mechanism by which T-DNA is transferred and inte-

grated into the host plant genomes is unknown. But
it was confirmed that a 35-kilobase portion of the Ti-
plasmid containing the vir genes is necessary for the
transfer of the T-DNA into plant cells (Douglas et
al., 1985). In addition to the Ti-plasmid genes, Chro-
mosomal genes of Agrobacterium tumefaciens are re-
quired for virulence. This chromosomal virulence
genes are required for attachment of bacteria to plant
cells (Douglas ¢t al.,, 1982; Douglas et al., 1985),
which is an early step of crown gall tumor formation
(Douglas er al., 1982; Matthysse and Gulitz, 1982).
Two chromosomal genes of Agrobacterium tume-
faciens concerned with attachment ability were clon-
ed (Douglas er a/., 1985). These genes encode the syn-
thetic function of exopolysaccharide produced by
Agrobacterium tumefaciens (Cangelosi er al., 1987).
In order to investigate whether additional genes of
the bacterial chromosome were implicated in attach-
ment and tumor formation, two attachment-defec-
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tive chromosomal mutants made by using TnS were
isolated, and transposon insertion region of the chro-
mosomal DNA was cloned.

MATERIALS AND METHODS

Bacterial strains, Plasmids and Culture conditions

The bacterial strains used in this study were
Escherichia coli 1830, JM 101, Agrobacteriuim
tumefaciens A5512 and ME 13 (attachment negative
mutant). The plasmids used in this study were TnS5-
containing pJB4Jt and pTZ18R. E. coli was grown
on LB medium and Agrobacteriu iumefaciens were
grown on MG/L medium (Garfinkel, 1980) or AB
medium (Chilton ef al., 1974). If necessary, media
were supplemented with the following kanamycin
(100 ug/m/y; Rifampicin (20 ug/m/); Streptomycin
(20 ug/m)) and Carbenicillin (100 ug/m{). Plates
containing calcofluor were buffered with 25 mM
HEPES (N-2-hydroxy ethyl piperazine-N '-2-ethan
sulfonic acid, pH 7.2).
Mutagenesis

TnS mutagenesis of Agrobacterium tumefaciens
A5512 which is Rp’, Str” and Km® was carried out us-
ing pJB4J1 carrying kanamycin resistant gene (Gar-
finkel, 1980). Transposon transconjugant colonies
were selected on MG/ L medium containing rifam-
picin, kanamycin, streptomycin, calcofluor and
HEPES.
Bacterial attachment to plant cell

The ability of the mutagenized Agrobacterium
tumefaciences A5512 to attatch to plant cells was
tested by using Nicotiana fabacum leaf disc. The
mutagenized A5512 were labelled by growing over-
night at 28 °C in 0.3 m/ AB medium containing 5 uCi
3’S-methionine and growing again for 2-3 hours after
adding 0.6 m/ AB containing 10 uCi **S-met. The
labelled bacteria were washed 2 times with AB me-
dium and resuspend in 0.5 m/ of AB medium. After
adding sufficient bacteria to each tube to get 10°
cpm, the bacteria were incubated with tobacco leaf
disc for 1.5 hours at 30 °C with shaking, washed with
5 m/ fresh MS medium (Murashige et al., 1962), plac-
ed on nitrocellulose filter on the top of 3MM What-
man filter paper, dryed for 1-5 hours at 80 °C and ex-
posed overnight on Kodak XAR film.
Virulence test

Agrobacterium strains including the mutagenized
A5518 were grown in MG /L medium. The Kalancoe
daigremontiana leaves were wounded with a sterile
toothpick, and the sites were inoculated with the
various bacterial strains. Tumor could be recognized
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after approximately 2 weeks.
DNA isolation

Plasmid DNA was prepared by the method of
Birnboim and Doly (1979). Chromosomal DNA was
isolated by the procedure of Marmur (1961) or by a
modification of this method, using 2 m/ cultures.
Molecular cloning

The library was constructed by using the method
of Douglas er al (1985). Various fragments of
chromosomal DNA of Agrobacterium tumefaciens
AS5512 mutated with TnS were prepared by digestion
with EcoR I and size fractionated on agarose gels.
DNA fragments of 7 to 13 kilobases were collected
and ligated to EcoR I-cut pTZ18R. The ligated
DNAs were used to transduce E. coli JM 101. Bac-
teria harboring recombinant plasmids containing
fragment with TnS were selected on LB agar medium
containing carbenicillin, kanamycin, IPTG (isopro-
pylthiogalactoside) and X-GAL.

RESULTS

lsolation of Tn3 insertion mutants

58,048 TnS5 insertion mutants were isolated. These
were obtained by using TnS5-containing plasmid
pJB41J1 to deliver TnS. The colors of the most mut-
ants are commonly white-blue. However, 31 kana-
mycin resistant A5512 mutants among the 58,048
mutant strains have very different colors. The colors
of mutants are respectively, yellow, violet or bright
white-blue on the calcofluor-containing MG/L me-
dium.
Virulent test of 31 Km" mutants which have the dif-
ferent colors

31 Km” mutants were screened for virulence on
Kalanchoe leaves. Among them, only three were avi-
rulent (Fig. 1). They are called respectively, SW 19,
SW 33 and SW 34, In order to confirm their avirulen-
¢y, kalanchoe leaves are reinoculated with above
mentioned threc mutants. The results of the second
virulent test are same as those obtained from the first
test.
Attachment of the three mutants to Nicotiana leaf
disc

In order to distinguish auxotrophic mutants, the
mutants were cultured in AB medium. SW 54 was
confirmed as auxotrophs. Therefore, only SW 19 and
SW 33 mutants with TnS insertions were screened for
their attachment ability. As shown in Fig. 2, both
mutants are attachment-defective mutants.
Cloning of Tn$5 insertion region in a attachment-de-
fective mutants
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Fig. 1. Tumor formation by various Agrobacterium tume-
JSaciens strains.
Kalanchoe leaves were inoculated with various
Agrobacterium strains. If the strain is virulent,
tumor could be recognized after 2 weeks from ino-
culation, A348 (wild type): virulent, SW 19, SW 33
and SW 54: avirulent, A --- SW 19; B,C and E ---
A348; D --- SW 33; F -.- SW 54,

Fig. 2. Attachment of various Agrobacterium tumefaciens
strains to plant cell.
The attachment ability of various strains were
tested. (See in *‘Materials and Methods’’). A348
and A5512 are attachment-positive. ME 13, SW 19
and SW 33 are attachment-defective.

EcoR I fragments from SW 33 mutant were li-
gated into EcoR I site of pTZ18R. E. coli JM 101
transformed with the recombinant pTZI18R. The
transformants containing the recombinant pTZ18R
with TnS-inserted EcoR I DNA fragment were scre-
ened by using a selection medium containing carbeni-
cillin, Kanamycin, IPTG and X-GAL. One trans-
formant was obtained and designated as SS 33. For
the purpose of ascertaining whether the plasmid con-
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Fig. 3. Characterization of the recombinant pTZ18R, pSS
33 in A. tumefaciens SS 33 transformant.
pSS 33 plasmid was isolated from SS 33, digested
with EcoR I and seperated by agarose gel electro-
phoresis.
lane 1,3 and 5: BRL 1 kb ladder.
lane 2 and 4: EcoR I digested pSS 33.
upper band (}): TnS-inserted DNA
fragment.
lower band (f): pTZ18R
lane 6: undigested pSS 33

tains TnS-inserted DNA fragment, plasmid was iso-
lated from SS 33, digested with EcoR I and electro-
phoresed. As shown in Fig. 3, SS 33 contained a re-
combinant pTZ18R (lane 6 in Fig. 3), which is called
as pSS 33. pSS 33 is composed of two EcoR I frag-
ments. One is pTZ18R (lower band in lane 4 of Fig.
3). The other is Tn5-inserted DNA fragment (upper
band in lane 4 of Fig. 3), of which molecular size is
about 7-8 kbp.

Discussion

Agrobacterium tumefaciens A 5512 was mutated
by using pJB4J1 containg TnS which can be mobiliz-
ed into A. tumefaciens but can not replicate in the
bacteria. Therefore, the transposon transconjugants
of A. tumefaciens which are kanamycin resistant
contain Tn5 in chromosomal DNA. Among the
transconjugant, the 31 mutagenized recipients that
might be avirulent and attachment-negative were
selected on a calcofluor-containing plate on the basis
of different colors of the colonies (Cangelosi er «f.,
1987). Among the 31 mutants, two mutants, SW19
and SW33 were avirulent and attachment-difective.
SW33 didn’t carry any recombinant Ti-plasmid.

pSS 33 is a recombinant plasmid composed of
pTZ18R and Tn3-inserted DNA fragment from Ag-
robacteriun SW 33. Douglas er al. (1985), demon-
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strated that two distinct chromosomal virulence
regions, respectively designated chvA and chvB, are
required for attachment of A. tumefaciens to Zinniu
leat” mesophyll cells or tobacco suspension cullure
cells (Douglas et al., 1985). Another attachment-
defective A. wnumefaciens mutant, exo C, was
isolated. Exo C mutant has been considered as a mu-
tant different from chvA or chvB mutants (Cangelosi
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