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216 

If the composition of root exudates is 217 

contributing to bacterial accumulation around roots, we would expect to see a chemotactic 218 

response to exudates alone, and we indeed observed this in a chemical-in-plug assay. WT A. 219 

brasilense exposed to plugs containing wheat exudates formed a tight band close to the plug, and 220 

this accumulation was dependent upon functional chemotaxis machinery (Fig S3), while 221 

exposure to a plug containing alfalfa exudates did not cause any pattern in A. brasilense 222 

accumulation.   223 

224 

roots by mass spectrometry. This analysis identified a total of 121 225 

metabolites common to both wheat and alfalfa root exudates (Fig S4. Our analysis identified 226 

organic acids and amino acids as the major metabolites representing 75 (30 amino acid and 45 227 

organic acids derivatives) out of 121 identified metabolites. The remaining metabolites are 228 

sugars, purine and pyrimidine metabolism intermediates, and vitamin B6 derivatives. Principal 229 

component analysis (PCA) of wheat’s and alfalfa’s total exudates abundances revealed that the 230 

exudate abundance profiles of alfalfa and wheat are mostly non-overlapping (Fig 5A). We found 231 

organic acids and amino acids to be broadly represented in the exudates of both wheat and alfalfa 232 

roots, but their distribution in each plant root exudate sample was different. Specifically, PCA 233 

analysis indicated that while the organic acids abundance profiles of wheat and alfalfa were 234 

unique (Fig 5B, Fig. S4), the amino acid abundance profiles of wheat and alfalfa were 235 
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overlapping (Fig 5C). These analyses suggest that the organic acids, not the amino acid, profiles 236 

explain the divergence between the total exudates of wheat and alfalfa roots, and thus, could be 237 

contributing to differences in A. brasilense chemotactic behavior in the wheat and alfalfa 238 

rhizospheres.  Given that  A. brasilense is preferentially attracted to organic acids, while amino 239 

acids are weak attractants (34, 35, 36, 37), we hypothesized that wheat root exudates would have 240 

higher abundances of an organic acid(s) that could be acting as an attractant to recruit A. 241 

brasilense. However, when looking at relative abundance of organic acids, alfalfa exudates had a 242 

higher abundances of several organic acids compared to wheat  exudates (Fig. S4). The 243 

contribution of the organic acids profiles in root exudates to the A. brasilense chemotaxis in the 244 

wheat versus alfalfa rhizospheres is thus not straightforward. A. brasilense utilizes organic acids 245 

as preferred carbon sources, while amino acids are poor carbon sources (34, 35, 36, 37) making it 246 

possible that metabolism of these compounds could differ in the context of wheat versus alfalfa 247 

exudates. In support of this hypothesis, we found that organic acids were more readily depleted 248 

in wheat root exudates compared to alfalfa exudates in presence of bacteria, while amino acids 249 

were depleted from both root exudates with somewhat similar patterns. Alternatively, the 250 

observed changes in abundance of these chemicals in presence of cells may result from changes 251 

in exudation patterns of organic acids and to a lesser extent, of amino acids.  Together, these 252 

results suggest that the role of organic acids in the different chemotaxis response of A. brasilense 253 

in the wheat versus the alfalfa rhizosphere is likely more complex and could include differences 254 

in local gradients of these compounds, presence of other compounds that may modulate 255 

chemotaxis responses and/or metabolism in the rhizosphere or a combination of these factors.   256 

A chemoreceptor, Tlp1, mediates attractant responses to organic acids and wheat root hair 257 

and elongation zones 258 
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Table 1: Strains and plasmids used in this study. 

Strains/ Plasmids Relevant genotype/ phenotype Citation 

Plasmids 

pHR GFP TcR, constitutive GFP expression (39)

pRK415 broad-host-range vector; Tcr   (40)

pRKTlp1 pRK415 containing a 2.7kb DNA fragment 
encompassing promoter and tlp1 ORF; TcR 

(23)

pRKTlp1R562A R563A

pRK415 containing a 2.7kb DNA fragment 
encompassing promoter and tlp1 ORF with a site 
directed mutations at residues 562 and 563; TcR 

(23)

pIND4 Inducible expression plasmid, KmR (41)

pRED-DGC pIND4 expressing a red-light activated diguanylate 
cyclase (bphS-bphO); KmR

(22)

pBLUE-PDE
pIND4 expressing a red-light activated diguanylate 
cyclase and a blue-light activated phosphodiesterase 
(bphS-bphO-eb1); KmR

(22)

Bacterial Strains 

E. coli

S17.1 (pHRGFP) E. coli strain carrying pHRGFP This study 

Azospirillum brasilense

WT Wild type strain (Sp7); AmpR ATCC29145 

tlp1 ::Km derivative of Sp7; AmpR KmR (18)



WT with Aer receptor deleted using markerless 
deletion; AmpR

(24)

che1 che4 Cm 
(CmR), Gm (GmR) 

(35)

WT (pHR GFP) Wild type strain (Sp7) carrying pHR GFP; AmpR

TcR  This work 

WT (pIND4) Wild type strain carrying pIND4; AmpR KmR (22)

WT (pRED-DGC) Wild type strain carrying pRed-DGC; AmpR KmR (22)

WT (pBLUE-PDE) Wild type strain carrying pBLUE-PDE; AmpR KmR (22)

tlp1(pHR GFP) tlp1 carrying pHR GFP; 
AmpR KmR TcR

This work 

tlp1 (pRK415) tlp1 carrying the broad host range vector pRK415; 
AmpR KmR TcR

(23)

(pRK Tlp1) tlp1 carrying pRKTlp1; AmpR KmR TcR (23)

(pRK Tlp1R562A R563A) tlp1 carrying pRKTlp1R562A R563A; AmpR KmR TcR (23)

aer (pRKAer) aer with Aer expressed from pRK415, AmpR TetR (24)

aer with truncated Aer expressed from pRK415, 
AmpR TetR

(24)

che1 che4 (pHR GFP) carrying pHR GFP; AmpR TcR This work 
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