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SYMBIOSIS AS EVOLUTION FROM CHEMICAL DEFENCE
TO STRUCTURAL DEFENCE (COMPARTMENTATION)

D. WERNER, E. MORSCHEL, P. MULLER, M. PARNISKE and A. WOLFF
Fachbereich Biologie - Lahnberge, Philipps-Universitdt Marburg, D-3550 Marburg

The symbiosome (peribacteroid) membrane is the decisive physiological barrier
between microsymbiont and host cytoplasm (1). Using Bradyrhizobium japonicum
strains and mutants which give rise to various peribacteroid membrane phenotypes
(5), a strong correlation has been found between symbiosome membrane dis-
integration and the onset of plant defence responses. In soybean, this recognition
is apparent as the production of the phytoalexins, glyceollin I-1II. Isomer I is
quantitatively the most important of the 3 glyceollin isomers. Twenty days after
infection with Bradyrhizobium japonicum 61-A-24 glyceollin I levels had reached 6
umol - g71 nodule dry weight (4). High phytoalexin levels were not found in nodules
where the peribacteroid membrane remained intact, regardless of whether the
symbiosis was fix* or fix~™ (6,7). Thus in wild type nodules, the host plant does
not recognise the 10,000 endocytobionts per cell as nonself. This is apparently
due to the presence of an intact peribacteroid membrane.

The mutation of the nifA gene of Bradyrhizobium japonicum leads also to a patho-
genic-like response of the host plant. Soybean nodules induced by the nifA mutant
A9 exhibited symptoms of a hypersensitve reaction (HR) normally observed in
plant pathogen interactions as localized death of infected cells and the accumulation
of the phytoalexin glyceollin 1. Little or no glyceollin I was present in nodules
elicited by wild type Bradyrhizobium japonicum 110 spc4 (3).

Bradyrhizobium reacts to the production of glyceollin with an induced resistance,
which is also induced by the flavonoids daidzein and genistein, strong inducers of
nod genes in cooperation with the nod D gene products. Resistance against this
phytoalexin was also induced in a nod D;D,Y ABC deletion mutant of Bradyrhizobium
japonicum, indicating another recognition site for flavonoids besides the nod D
genes (8).

Varying the host plant genotype three Glycine genotypes, G. max cv. Williams, G.
soja Pl 468397, and G. soja PI 342434 in combination with the two rhizobial strains
Bradyrhizobium japonicum USDA 123 and Rhizobium fredii USDA 193 were analysed
for phytoalexin concentration in the nodules. In the nodules of PI 468397/ Brady-
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rhizobium japonicum uSDA 123 a very strong glyceollin I accumulation occurred
around 30 d.p.i. Ultrastructural analysis of these nodules revealed several symptoms
of a severe plant defence response associated with plant cell death (Hypersensitive
reaction): The C);toplasm of the infected cells was degraded and organelles had
vanished. The cell walls of the infected cells showed remarkable thickening. This
plant defence response could only be observed in this strain/genotype interaction.
The same strain did not elicit a phytoalexin accumulation in the other plant
genotyes tested, indicating that this response occurs at the genotype-specific
level. This special character of G. soja Pl 468397 is heritable as indicated by
glyceollin I analysis of the nodules formed by F1 hybrids of PI 468397 x Williams
inoculated with Bradyrhizobium japonicum USDA 123. The genotye/strain specific
occurrence of the hypersensitive response in root nodules resembles the race/cultivar

specific incompatibility of several plantpathogen interactions (2).
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