
G. Mulley1 | J.P. White1  |   J. Prell2 |   R. Karunakaran2  |   A. Bourdès2   | K.A. Findlay2 |   J.A. Downie2 | P.S. Poole2

1 School of Biological Sciences, University of Reading, Reading, RG6 6AJ, UK.
2 Molecular Microbiology, John Innes Centre, Colney Lane, Norwich, NR4 7UH, UK.

Mutation of GOGAT (gltB) has pleiotropic effects:
• A R. leguminosarum GOGAT mutant is unable to grow using NH4

+ (as expected)   
- Figure 1

• Unexpectedly, the GOGAT mutant is unable to grow using glutamate and many 
other amino acids due to a lack of transport via the Aap & Bra amino acid ABC 
transport systems – Figure 2A.  It is able to utilise aspartate, in the absence of 
dicarboxylates, because aspartate is also transported by the dicarboxylate 
transport system (Dct) 2

• Transport effect is NOT due to transcriptional down-regulation of transporters                    

= Post-transcriptional regulation of Aap & Bra – Figure 2B 

• The GOGAT mutant forms ineffective small white nodules, containing 
abnormally developed bacteroids unable to fix N2 - Figure 3

454-Flx sequencing of the GOGAT suppressor mutant
• R. leguminosarum genome 7,751,309 bp

• ½ run provided 66,717,132 bp sequence data, ~96% coverage of genome

• 24 mismatches analysed: 6 within IGRs & 1 silent mutation discounted 
initially; 17 within annotated coding regions were PCR amplified and re-
sequenced: 4 with confirmed point mutation (3 inherited from parent 
GOGAT mutant) - 1 candidate missense mutation………P66R in Hfq

• Subsequent sequencing of the hfq gene from further suppressor mutants 
revealed similar mutations in 6 of the 12  analysed – Figure 6

• Amino acid uptake is elevated above wildtype in all but 1 GOGAT suppressor 
mutant (Figure 7) - LMB99 grows on glutamate with wildtype rates of amino 
acid uptake but cannot grow using aspartate and forms ineffective nodules

Regulation of ABC transport systems in 

Rhizobium leguminosarum bv. viciae 3841

Introduction
Rhizobia are able to utilise a wide range of diverse compounds from soil and rhizosphere as reflected in the large number of transport systems they possess. ATP-
binding cassette (ABC) transporters are highly abundant in rhizobia  (~170 cf. 47 in Escherichia coli), although the solute specificity of most is unknown.  Of 
particular interest, the Aap & Bra are two such systems with unusually broad-range specificity  for amino acids and are together required for effective symbiotic N2-
fixation1.  We are investigating the regulatory pathways that control ABC transporter activity in free-living R. leguminosarum and during symbiosis with pea. 
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Alignment of Hfq proteins from α-proteobacteria: Sme, Sinorhizobium meliloti;  Smd , S. 

medicae; Rle, R. leguminosarum; Ret, R. etli; Atu, Agrobacterium tumefaciens; Mes, 

Mesorhizobium sp. BNC1; Mlo, M. loti; Bme, Brucella melitensis; Bsu, B. suis; Bja, 

Bradyrhizobium japonicum. Arrows indicate GOGAT suppressor mutations in Hfq. 
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Microarray; normalised ratio (GOGAT 

suppressor mutant / wildtype) 

qRT-PCR; ∆∆C(t) relative expression ratio 

/wildtype) normalised to ref. gene mdh

Overnight growth in 10mM  glucose / 

10mM  aspartate AMS, n=2, P≤0.05, P≤0.001
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Suppressor mutation increases uptake via Aap & Bra
• A GOGAT suppressor mutant was isolated for growth using glutamate 

• Shows highly elevated rates of uptake (>10-fold) via the Aap and Bra 

• Forms an effective symbiosis with pea, despite lack of NH4
+-assimilation

• Suppressor mutation is independent of GOGAT activity – Figure 4

• Microarray analysis of the GOGAT suppressor mutant reveals increased 
expression of a subset of ABC transporters; the most strongly up-regulated 
genes encode structural components of Aap & Bra - Figure 5
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Uptake of a non-metabolisable amino 

acid analogue (14C-AIB) by wildtype R. 

leguminosarum, the GOGAT mutant,  

GOGAT suppressor mutant and these 

strains complemented with the 

GOGAT (gltBD) operon following 

overnight growth using 10mM  

glucose / 10mM  aspartate AMS
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Conclusions
Perturbation of intracellular metabolite concentrations by mutation of 
GOGAT prevents transport via the amino acid ABC transport systems, Aap 
& Bra, at the post-transcriptional level.  454-Flx sequencing of a GOGAT 
suppressor mutant has revealed that mutation of the RNA chaperone Hfq
elevates amino acid transport by affecting aap / bra gene expression and / 
or mRNA stability.   

Rate of amino acid 

uptake via Aap & 

Bra (overnight 

growth in 10mM 

glucose / 10mM 

aspartate AMS)

2A 2B aapJQMP is not down-
regulated in GOGAT 
mutant 2hr after 
transfer to glutamate


