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1. Introduction

Agrobacterium tumefaciens is a widely distributed
plant pathogen which induces crown gall tumors in a
variety of plants, most of which are dicotyledonous.
Large tumor-inducing (Ti) plasmids of the bacterial
cells code for functions essential to tumorigenesis in

dicotyledonous plants [1-4]. Although active investi-

gations have been undertaken pertaining to the plas-
mids [5—8], little has been known about the cyto-
kinins which may possibly be excreted into the cul-
ture medium by the bacterium, except [9], published
during this study. The bases iPAde and trans-zeatin
were found at 5.4—8.8 ug iPAde/1 culture medium,
and 2-3 ug trans-zeatin/l, relative to kinetin added as
internal standard. cis-Zeatin was also shown present
[10]; the virulent strain produced higher levels of
trans- and cis-zeatin and iPAde than the avirulent
strain.

We report here the presence and levels of cis- and
trans-zR and, possibly, trans-mszR, in the culture
medium of the virulent (plasmid-containing) strain
(C58) of Agrobacterium tumefaciens, while none of
the 4 nucleoside cytokinins, iPA, msiPA, zR, and
mszR, were found in the culture of an avirulent
{plasmidless) strain (A. tumefaciens NT1).

Abbreviations. iPA, N°{ A%-isopentenyl)adenosine; iPAde,
Né{A?-isopentenyl)adenine; msiPA, Né-(A%-isopentenyl)-
2-methylthioadenosine; zR, zeatin-9-g-D-ribofuranoside;
m/z, mass-tocharge ratio; M, molecular ion
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2. Materials and methods

2.1. Microorganisms

A plasmid-containing strain, A. rumefaciens C58,
and a plasmidless strain, A. tumefaciens NT1, were
used. The bacteria were grown at 30°C for 60 h in
1 liter vol. in 3 liter flasks on the medium below. Contin-
uous agitation was maintained in the dark by a
horizontal shaker.

2.2. Composition of the culture medium

A mixture of sucrose (10 g), casein hydrolysate
(8 g), yeast extract (4 g), K,HPO, (2 g), and MgSQO,
(0.3 g), was dissolved in 1 liter distilled water and
sterilized.

2.3. Procedures for purification of cytokinins

The isolation and purification procedures used are
summarized in scheme 1. Following filtration of a
15 ml aliquot in the final step, the precipitates were
washed with 80% hot ethanol. The washings and the
filtrate were combined and evaporated to 2 ml. An
aliquot (50 ul) was withdrawn, and 2 ul of each of
the 4 internal standards (see section 2.4) in DMF
solution were added. The solution was dried, and
silylated in a mixture of DMF (10 ul) and hexamethyl-
disilazane (90 ul) at 90°C for 1 h. The silylated prod-
uct (8 ul) was injected into the gas chromatograph—
mass spectrometer (GC/MS). The culture medium of
avirulent strain, NT1, was treated similarly.

2.4. Deuterium-labeled internal standards

Internal standards used for these experiments were
iPA-d,, msiPA-dg, cis- and trans-zR-d3, and cis- and
trans-mszR-d5. Their syntheses were reported in [11].
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Scheme 1
Extraction procedures of cytokinin containing fraction from the culture of Agrobacterium tumefaciens €58

Culture 3 Titers

added 2 volumes of 99% ethanol

Filtrate

I

Preciﬁ?&ates

Precipitates Filtrate

evaporated to 1/3 by volume
added 2 volumes of ethanol

evaporated to 1/3 by volume
adjusted to pH 3
extracted with n-hexane

n-hexane phase

Agqueous’ phase

adjusted to pH 6.5
extracted with nBuQH

Aqueous phase

nBuOH phase

10 m1 for
Amaranthus
betacyanin assay

- evaporated to 100 ml,
b adjusted to pH 3.4

~ subjected to ijon-exchange chromatography
{Dowex 50 X8 (NH4+-Form) at pH 3.4
with 0.1 ammonium acetate.)

L washed with water

HZO e1uate]

almost inactive by bioassay

L eluted with water

Ammonia eluate (1.5 N)

- evaporated to 50 mi
- 15 ml filtered

Filtrate

!
GC/MS

2.5. GC/MS using selected ion monitoring

Mass spectrometric measurements were obtained
using an LKB 9000S GC/MS interfaced to a PDP-11/40
computer. Operating conditions were: carrier gas
separator and ion source temperatures, 270°C; ionizing
energy. 70 ¢V, 3 ft. 1% OV-17 liquid phase, temper-
ature programmed from 190-270°C at 6°C/min. Pro-
cedural details for mass spectrometry were described
earlier, including construction of a standard calibra-
tion curve [11]. The following ions were monitored:
ZR,m/z 624 (M-15,d,), 627 (M-15,d3); mszR, m/z
670 (M-15.d,), 673 (M-15,d3).
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3. Results and discussion

The presence of cis- and frans-zR, and trans-mszR
was established at the levels shown in table 1. Discus-
sion of the method of measurement of these cyto-
kinins and the differentiation of the cis- and trans-
isomers of zR and mszR were presented in [11]. A
similar method was developed in [12].

Although iPAde, trans-zeatin and cis-zeatin were
reported at maximal levels of 8.8 ug/1—5.46 ug/l
and 0.43 pg/l, respectively, using kinetin as internal
standard, the report dealt with bases [9]. We report
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Table 1
Cytokinins found in the culture medium of Agrobacterium
tumefaciens C58
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Cytokinin Found (ug/l)
cis-zR 1.1

trans-zR 0.31
cis-mszR —
trans-mszR 0.19%

iPA -

msiPA -

2 Jdentification tentative; see text

here the presence of the cytokinin nucleosides as
shown in table 1. By comparison, our measurements
showed that the level of cis-zZR was substantially
higher than that of frans-zR, the level of trans-zeatin
was higher than that of the cis-isomer in [9,10]. This
notable difference raises the question as to whether
this is related to the particular growth stage of the
bacteria. The growth stage involved in the earlier
work was not reported [9,10], therefore, this factor
cannot be further considered at present. The signal
obtained for trans-mszR was distinct but sufficiently
close to the limit of detection corresponding to
~0.20 ug/l that positive identification based on the
present data must remain tentative. Identical experi-
ments were also carried out on similar extracts
obtained from a culture of A. tumefaciens NT1, but
none of the cytokinin nucleosides were found at the
minimum detection limit.

The fact that tumor cells are able to grow in vitro
in the absence of viable bacteria on agar lacking auxin
and cytokinin, a medium on which normal plant tis-
sue is unable to grow, may possibly be explained by
their capability to produce cytokinins [2]. Whether or
not a certain region of the plasmid (Ti) codes for the
production of cytokinin remains to be studied.
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