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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 [l-4]. Although active investi- 
gations have been undertaken pertaining to the plas- 
mids [5-81, 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 pg iPAde/l culture medium, 
and 2-3 Erg Vans-zeatinll, relative to kinetin added as 
internal standard. cis-Zeatin was also shown present 
[lo]; 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 
tram-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 NTl). 

Abbreviations: iPA, N6-(A2-isopentenyl)adenosine; iPAde, 

N64Az-isopentenyl)adenine; msiPA, N6-(A’-isopentenyl) 

2-methylthioadenosine; zR, zeatin-9-p-D-ribofuranoside; 

m/z, mass-tocharge ratio; M, molecular ion 

Address correspondence to T. Hashizume 

*Present address: Department of Environment and Health 

Sciences, Azabu College of Veterinary Science, Sagamihara, 

Kanagawa, Japan 

Elsevier/North-Holland Biomedical Press 

2. Materials and methods 

2.1 .Microorganisms 
A plasmid-containing strain, A. tumefaciens 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), K2HP04 (2 g), and MgS04 
(0.3 g), was dissolved in 1 liter distilled water and 
sterilized. 

2.3. Procedures for pun~cation of cytokinins 
The isolation and purification procedures used are 

summarized in scheme 1. Following filtration of a 
1.5 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 ~1) was withdrawn, and 2 ~1 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 ~1) and hexamethyl- 
disilazane (90 ~1) at 90°C for 1 h. The silylated prod- 
uct (8 ~1) was injected into the gas chromatograph- 
mass spectrometer (CC/MS). The culture medium of 
avirulent strain, NT1 , was treated similarly. 

2.4. Deu terium-labeled internal standards 
Internal standards used for these experiments were 

iPAd6, msiPAd6, cis- and trans-zRd,, and cis- and 
trans-mszRd,. Their syntheses were reported in [l 11. 
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Scheme 1 

Extraction procedures of cytokinin containing fraction from the culture of .4~robacterium fumfaciens CT8 

Culture 3 liters 

Precipitates 1 ad;;;T;a;;lumes of 99% ethanol 

1 ""iiBs:e3:~e::'i":,,:z,' Precibitates 

evaporated to l/3 by volume 

adjusted to pH 3 

extracted with n-hexane 
r 

n-hexane phase Aqueous'phase 

adjusted to pH 6.5 

extracted with nBuOH 
r 

Aqueous phase _ 
t 

nBuOH phase 
. 10 ml for 

evaporated to 100 ml, Amaranthus 

adjusted to pH 3.4 
betacyanin assay 

subjected to ion-exchange chromatography 

(Dowex 50 X8 (NH4~-form) at pH 3.4 

with 0.1 ammonium acetate.) 

Hz0 eluate 
washed with water 

eluted with water 

almost inactive by bioassay 

t evaporated to 50 ml 

t 
15 ml filtered 

Filtrate 

2 ..Li. GC/MS using selected ion ntonitoring 3. Results and discussion 
Mass spectrometric measurements were obtained 

using an LKB 90005 CC/MS interfaced to a PDP-1 i/40 
computer. Operating conditions were: carrier gas 
separator and ion source temperatures, 270°C; ionizing 
energy, 70 eV; 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 [ 111. The following ions were monitored: 
zR, m/z 624 (M-15, de), 627 (M-15, da); mszR, m/z 
670 (M-l 5. d,), 673 (M-l 5, d3), 

The presence of cis- and trtifzs-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 rnszR were presented in [l 1 J. A 
similar method was developed in ]I 21. 

Althou~ iPAde, trans-zeatin and cis-zeatin were 
reported at maximal levels of 8.8 pg/l-5.46 i.rg/l 
and 0.43 pg/l, respectively, using kinetin as internal 
standard, the report dealr with bases [9]. We report 
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Table 1 Acknowledgements 
Cytokinins found in the culture medium of Agrobacterium 

tumefaciens C58 

Cytokinin Found (kg/l) 

cis-zR 1.1 

tram-zR 0.31 

cis-mszR _ 

tram-mszR 0.19a 

iPA ._ 

msiPA _ 

J.A.McC. acknowledges support from the National 
Institutes of Health (GM 21584) and the National 
Science Foundation (INT78-07474). B. Basile was 
recipient of an NIH postdoctoral fellowship (GM 
07400). T. Hashizume received support from the 

Japan Society for the Promotion of Science. 

a ldentificatron tentative; see text 
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