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Summary

A rapid and sensitive method has been developed to determine lysopine
dehydrogenase (EC 1.5.1.-) and nopaline dehydrogenase activities in crown
gall tumour tissues. By this method, enzyme activities as low as 0.2 yumol
octopine or nopaline per h per g fresh weight tumour tissue can still be de-
tected. In non-infected young pea seedlings, no lysopine dehydrogenase activ-
ity was detected.

Crown gall is a neoplastic disease of dicotyledonous plants, caused by
Agrobacterium tumefaciens. In Crown gall cells a number of unusual amino
acid derivatives are found belonging to three classes, the so-called octopine
class, nopaline class, and a recently discovered class, containing an addition
product of a-ketoglutaric acid and glutamic acid [1]. The enzymes, synthesiz-
ing these compounds D-(+)lysopine dehydrogenase (EC 1.5.1.-) [2], nopaline
dehydrogenase and the enzyme responsible for the formation of the a-keto-
glutaric acid-glutamic acid addition product, only occur in crown gall tumours
[1,3—6]. Their synthesis in the tumours is strain specific [7] and is now
known to be controlled by Agrobacterium plasmid genes [3,8,9]1.

Recently, it has been demonstrated that the tumorous state is character-
ized by the presence of multiple copies of an Agrobacterium plasmid fragment
[10], which is transcribed into RN A [11,12]. This makes it likely that plant
cells are transformed by plasmid DN A, transferred during tumour induction.
The enzymes mentioned above are probably encoded by one of the plasmid
genes. Therefore, the presence of these enzymes can be considered as a good
marker for cells transformed by Agrobacterium.

In fact, testing for lysopine or nopaline dehydrogenase activity represents a
method which is superior to tests aimed at detecting the mere presence of un-
usual amino acid derivatives. Based on the phenanthrenequinone staining for
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guanidine compounds [13,14], a test was developed to permit fast screening of
plant material for the presence of lysopine or nopaline dehydrogenase activity.

L-Arginine, a-ketoglutaric acid, sodium pyruvate were obtained from
Merck; NADH from Boehringer and D-(+)-octopine from Sigma. Nopaline was
synthesized and kindly provided by H. Kester (Leiden).

Nicotiana tabacum var. White Burley leaf tumours were initiated by infec-
tion with Agrobacterium tumefaciens strains B6S3 (LBA2) or C58 (LBA201)
and cultured in vitro on a hormone-free medium as described earlier [3].

The extraction buffer used was 0.1 M Tris-HCI, 0.5 M sucrose, 0.1% (w/v)
ascorbic acid, 0.1% (w/v) cysteine-HCl (pH 8.0). To a small amount of callus
tissue or spun down cells (e.g. 10 mg) 1 vol. cold extraction buffer was added
and the tissue ground with a small glass rod. The extract was centrifuged in an
Eppendorf 3200 centrifuge for 2 min and the supernatant was used immediate-
ly for the enzyme assay.

Lysopine dehydrogenase activity was assayed with the following incuba-
tion mixture: 30 mM L-arginine, 75 mM pyruvate, 20 mM NADH, dissolved in
0.2 M sodium phosphate (pH 7.0). The arginine stock solution was neutralized
with HCI before adding to the mixture. Nopaline dehydrogenase activity was
tested with the following mixture: 60 mM L-arginine, 60 mM a-ketoglutaric
acid, 16 mM NADH, dissolved in 0.2 M sodium phosphate (pH 6.8). Arginine
and a-ketoglutaric acid were neutralized before adding to the mixture. 1 vol.
incubation mixture was added to 1 vol. extract and incubated for 1 h at room
temperature.

At the start and end of the reaction period 2 ul reaction mixture was
spotted at the anodal site of a 20 X 25 cm MN 214 paper sheet and dried. 2 ul
0.5 ug/ml octopine or nopaline was used as a marker, while aqueous ethanol
methylene green can be used as a visual marker, which migrates just behind
arginine. Electrophoresis was performed in formic acid/acetic acid/water
(5:15:80, v/v) for 1 h at 400 V. The paper was stained in 1 vol. 0.02% (w/v)
phenanthrenequinone/ethanol, 1 vol. 10% (w/v) NaOH/60% (v/v) ethanol [13].
After drying, the spots were visualized under a long-wave ultraviolet lamp
(366 nm). Guanidine compounds, yellowish at first, turned blue after about
2 days.

A representative chromatogram is shown in Fig. 1. It shows the formation
of octopine and nopaline-type callus, respectively. It also shows that with the
electrophoretic method used, a good separation of octopine and nopaline can
be achieved. Since in the crude extract of the nopaline-type tumour nopaline
is visibly present, this nopaline was eliminated by passing the crude extract
over a Sephadex G-25 column,

Fig. 2 shows the result of an analysis of a number of calli derived from a
transformation experiment in which Nicotiana tabacum protoplasts were in-
fected with Agrobacterium tumefaciens and selected for growth on phyto-
hormone-less medium [14]."

Since the discovery of unusual amino acid derivatives in crown gall cells
[16], a number of investigators have reported the occurrence of octopine in
normal plant cells [17,18]. These reports were subsequently shown to be er-
roneous by Bomhoff in our laboratory [3] and also by others [5,19], and at-
tributed to a misinterpretation of blue fluorescing spots which are especially
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Fig. 1. Lysopine and nopaline dehydrogenase activities in octopine-type callus and nopaline-type callus
respectively. 1. octopine test, ¢ = 0 min; 2. octopine test, ¢t = 60 min; 3. nopaline test, ¢ = 0 min;

4. nopaline test, ¢ = 60 min; 5. octopine and nopaline reference spots. a. start; b. nopaline; c. octopine;
d. arginine.

Fig. 2. Analysis of lysopine dehydrogenase activity in tobacco calli after infection of tobacco protoplasts
with Agrobacterium tumefaciens. 1. octopine test, t = 0 min; 2. octopine test, t = 60 min; A to I: differ-
ent calli. a. start; b. octopine; c. arginine.

found in leguminous plants. A callus tissue containing octopine which was pre-
sumed to be normal, was shown to contain plasmid DNA sequences
(Merlo, D.d., unpublished data). Enzyme tests will show the presence of
lysopine dehydrogenase or nopaline dehydrogenase unambiguously by the in-
crease of octopine or nopaline spots respectively. Octopine formation was
tested with the method described in the supposedly octopine containing
young seedlings of Phaseolus vulgaris [17], but were all negative
(Otten, L.A.B.M., unpublished data). Up to now, there have been no other re-
ports of octopine or nopaline in plant cells other than crown gall tissues. By
use of the present enzyme assay, lysopine dehydrogenase and nopaline de-
hydrogenase activities have been detected in crown gall tumours induced on
Kalanchoe daigremontiana by an Agrobacterium strain, which harbours a co--
integrate of an octopine and nopaline TI-plasmid (Hooykaas, P., unpublished
data). The crude extracts, however, only showed the presence of nopaline. The
absence of octopine might reflect differing affinities and hence competition of
both enzymes towards their common substrates, arginine and reduced cofactor
in the tumour cells. Although lysopine dehydrogenase and nopaline de-
hydrogenase preferentially use NADPH as a cofactor [2,6,20], we used NADH
in the enzyme tests, since contrary to NADH, NADPH was found to be in-
hibitory at concentrations higher than 100 uM. Since crude extracts of callus
material contain a high NADPH and NADH oxidizing activity, a high NADPH
concentration would be needed in the assay, but this would prevent a suffi-
cient concentration of octopine or nopaline to be build up within a reasonable
time. Because of NADPH and NADH oxidizing activities, it is also impossible
to use the decrease in absorbance at 340 nm to measure enzyme activity. To
do so, substantial purification is needed [2].

The lysopine dehydrogenase and nopaline dehydrogenase activities vary
little in the temperature range of 20°C—30°C, but the enzymes become rapidly
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unstable at temperatures above 30°C (Otten, L.A.B.M., unpublished data).
The detection limit of octopine or nopaline is about 0.2 uM after paper
electrophoresis. Most callus tissues in our laboratory contain lysopine de-
hydrogenase activities of about 20—100 nmol per h in the assay described,
amounting to concentrations of 2—10 uM. Suspension cultures generally con-
tain even more activity. Extraction with sand added, or homogenizing cells
with a Polytron apparatus did not result in improved enzyme recoveries. Up to
now, no nopaline tumours were found, which did not contain easily detectable
quantities of endogenous nopaline. With the development of in vitro crown
gall transformation systems, the enzyme test described provides a rapid screen-
ing for transformants containing lysopine dehydrogenase or nopaline de-
hydrogenase, with only small quantities of material needed: 5 mg callus tissue
or pelleted suspension cells can still be handled easily.
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