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Introduction

« Strains of Rhizobium leguminosarum bv. viciae unable to transport amino acids (AapJQMP and BraCDEFG) are severely reduced in nitrogen fixation
on pea (Lodwig et al. 2003 Nature 422:722). An amino acid cycle was proposed but due to the broad solute specificity of Aap and Bra the identity of

amino acids cycled was unconstrained.

« Here we show that transport of aliphatic amino acids alone is necessary for wild type nitrogen fixation rates. Bacteroids shut down aliphatic amino
acid biosynthesis and become dependent on the plant. We call this “symbiotic auxotrophy”.
* Symbiotic auxotrophy regulates bacteroid development and persistence so that aap/bra mutant bacteroids have a severe reduction in protein levels

per plant, shape and chromosome number.

« Our findings have profound implications for understanding mutualism in lequme-Rhizobium symbioses.

Results
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The SBP triple mutant aapJ-/braC-/braC3- RU2281 has
transport properties identical to the integral memb rane
protein mutant aapJ-/braEF- RU2267.

Transport via BraC3 (RU1979) is specific for the
aliphatic amino acids (alanine, leucine, isoleucine

and valine) only!
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A = Water control, B = 3841 (Wild-type), C = RU1979 (aapJ- braC-),
D = RU2281 (aapJ- braC- braC3-).
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RU2281 behaves identically on plants as the integra |
membrane protein mutants RU1722 and RU2267.

* Plants inoculated with RU1979 are unaltered.

« Wild type nitrogen fixation rates are dependent on

transport of aliphatic amino acids!

Discussion
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* The biosynthetic pathway for the aliphatic amino ac ids in bacteroids is
transcriptionally down regulated compared to succin ate/NH,Cl cultured cells
(Microarray data: dark green; q-RT-PCR: light green ; llvC enzyme activity: grey).

* A leuD- mutant (LMB66), when helped through infection (+LIV ), is unaltered in
nitrogen fixation, while an  aap-/bra-/leuD- mutant (LMB69) is not able to develop
and maintain bacteroids at all.

« Bacteroid development and persistence is dependent on provision of
aliphatic amino acids by the host: “*  symbiotic auxotrophy "!
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» Aap-/bra- mutant bacteroid protein per plant is only ~40% of wild type
(Lodwig et al. 2003 and this study).

 Flow cytometry demonstrates: Wild type 3841 bacteroi ds are bigger in
size (indicated by forward and side scatter) and ha  ve a higher degree
of genome amplification (indicated by DAPI intensit y), compared to
aap-/bra- mutant RU2267 bacteroids.

« Symbiotic auxotrophy results in severe developmental
alteration of aap bra bacteroids!

amino acids during bacteroid formation and persistence is an important and very surprising result. A general shortage of amino acids as

The role of amino acids in legume-Rhizobium symbioses has been discussed for a long time. However, a dependence on aliphatic i
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transamination donors for aliphatic amino acid biosynthesis was excluded in experiments not presented her. A tempting explanation is

that bacteroids are limited for pyruvate as the main biosynthetic precursor for aliphatic amino acids. This may be because energising ]
nitrogen fixation (malate pyr TCA) is a strong sink for pyruvate, making bacteroid development and persistence strongly dependent JOhn |nneS Centl’e
on aliphatic amino acid provision by the host. This implies complete metabolic mutualism between bacteroid and plant.



