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Introduction NRT2  —C Gm NRT3
Nitrogen is an essential element for growth and plant development. Improving the nitrogen use i —— .
efficiency of crops is a priority for the future in order to limit the fertilizer use and environmental impacts. _E ﬂ
An efficient nitrate uptake system contributes to improve the nitrogen use efficiency of crops | % E 4L
conditions of low N availability. The High-Affinity nitrate Transport System (HATS) in plants is active T i}
in low range of external nitrate and is mediated by a two-component system (the high affinity e T
transporters NRT2 associated to a partner protein NRT3). Using phylogenetic studies, seven NRT2 — o
orthologues and two NRT3 orthologues were found in Brachypodium distachyon (Figure 1) [1]. cure + Brvioqonatic troos of NRT2 and NRT3 cene families

1a) BdNRT2A/2B and BANRT3.2 expressions are induced in response to nitrate 3) Co-expression of BANRT2A and BdNRT3.2
BANRT2A | BANRT2B  BANRT32 Figure 2. Expression profiles of BANRT2.A/B is required for an effective nitrate transport in
+ or 1 mM NO; for 3 h (+N). expression system.

| d BANRT3.2 _
H I " . the heterologous expression system
B h Only Xenopus oocytes co-injected with BdANRT2A and

Real-ti RT-PCR perf d ts of 22 d
[ olzaplallrr:lcz grown in r?yedr(c)aggﬁic g: (;(.)10 r?ll\(z NO; :cl)); XenOpus Oocytes
- I 17 days then on 0 mM NOj for 4 days Functional interaction between BANRT2A and BANRT3.2 was
1b) BANRT2A/2B and BdNRT3.2 expressions in response to nitrate availability fits BJNRT3.2 were able to transport NO;-

* and then 0 mM (-N) shown by NO; uptake measurements in a heterologous
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with the characteristics of a HATS activity [2] o 120
Figure 3. Expression profiles of BANRT2A/B Figure 5. ""NO; transport =
. 9  BdNRT2A/B . BdNRT3.2 50 - HATS and BdNRT3.2 genes and HATS activity measurements in Xenopus oocytes. 8
o < 0 S 2 &
2 03 é % e « Real-time RT-PCR performed on roots of 17 Xenopus laevis oocytes were injected =
S « g s 30 - day old plants grown in hydroponic on 0.1; 1 or with nuclease-free water, BANRTZ2A, C
< 00 % " < 10 mM NO; (a,b). BANRT3.2 or a co-injection of GEJ 40 .
E 04 E 15 EY BANRT2A and BANRT3.2 cRNA. After &
2 02 : ;é 10 310 18NO," influx measurements into roots (0.2mM three days, oocytes were incubated in O
2 I & = - 15NO," for 5 min ) (HATS), (c). a solution enriched with 0.5 mM - 0
° g0 3 | Na'sNO, (atom% '5N: 98%) and th @ +
0.l mMNO3 = 1mMNO3 m10mM NO3 lOlmMNO | MM NO3 m10 mM NO3 " m0.1l mM NO3 1 mM NO3 m10 mM NO3 d 3 (@ S ' °)_ Slnfel unie . N < <
Na'®N  enrichment of individual Z g o o
. . . . . . . oocytes was measured after 16h. = g X
BANRTZ2A/2B and BANRT3.2 gene expressions were enhanced by low nitrate supply in root in correlation with the HATS activity, d = < 5 Z 5
m o o 00

and thus are good candidates for HATS activity in Brachypodium.

2) BANRT2A has a major role in NO, uptake in low N availability 4) Species specificity of BANRT2A/BdNRT3 interaction :
(HATS). Growth and HATS activity are lowered in Brachypodium BdNRT2A iIs targeted to plasma membrane in presence of

mutants defective in BANRT2A BANRT3.2 but not AtNRT 3.1
NRT2 targeting to plasma membrane requires a protein-protein interaction with NRT3.
BANRT2A4 %SRG mo . . . . .
R T oo o a Shoot/Root ratio c Root N content (Yo DW) Transient expression expreriments in atnrt2.1-2 protoplasts showed that BANRT2A
50 oo T interact with BANRT3.2 but not with AtNRT3.1.
1.0 b b 4 I | I | I I I
40
b Coc . A Ser specifically conserved in the C-terminal extension of NRT2.1 in monocotyledons
0.6 . . . . L
0 04 ’ has been identified as responsible of the NRT2/NRT3 interaction in Barley [3].
20 0.2 1 Site directed mutagenesis of BANRT2ASer454 mimicking (or not) a constitutive
o 0.0 e 0 s N v A . ¥ e a4 N o phosphorylation status of this Ser (S454D or S454A respectively) was used to study
S&Fs vy e RO the species specificity of the interaction.
v —_ . . . . . P
L N N he results showed that Ser454 is not sufficient to explain the species specificity of
BdANRT2 j2 BdNRT2A/Bn . .
b HATS (umol >'NO;/h/g DW) d Shoot NO; content (nmol/mg FW) the interaction.
Brachypodium mutants defective in e a a . 23 _
BdNRTZA or BANRT2A and BdNRT2B. 80 ab ab 20 atnrt2.1-2 protop|asts atnrt2.1-2 x atnrt3.1 protoplasts
amiRj2 : mutant with an amiRNA B : .
construct targeted to BANRT2A and 60 X c 15 transient co-expression of transient co-expression transient co-expression
BANRT2B (55% and 90% of the M 0 transient expression of g 35S::GFP::BANRT2A S 35S::GFP::BANRT2AS454D 35S::GFP::BANRT2AS454A
expression of each gene respectively) 35S::GFP::BANRT2A 59 and 35S::RFP::BANRT3.2 g9 and 35S::RFP::BdNRT3.2 and 35S::RFP::BdNRT3.2
20 5 IS = = b=
amiRn3 : mutant with an amiRNA § < § % § %
construct targeted to BANRT2A, 2B, 0 0 =N S m S m
(74%, 34%), and 2C, 2D, 2F N G I O i N G O N G . 8 % o 2 @ 2
&@b & &Q)b & = @0 s < 5 <
7.1 (and 9.2) : tilling mutant with a Q & 0% -g o -g o
STOP codon (W248) in BANRT2A 2 @ % g %
. Coter Figure 4. Phenotype of Brachypodium mutants defective in BANRT2A. © e @ e @
W248/STOP Bright field E ° E °
_ (a) Shoot/root biomass ratio of 3 week-old plants of Brachypodium grown in hydroponics with o o
az1 and az2 : two azygote lines of the 0.2 mM NO,-.
BANRT2A tilling mutant b) 15NO.- (0.2 mM) influx measured during 5 min uptake (HATS).
EC)) N confer(ﬂ in root)s | ( ) Figure 6. Subcelllar localisation of BANRT2A in Arabidopsis protoplasts observed with confocal imaging.
(d) Nitrate content in shoots
Conclusion

Using various approaches, these results show that BANRT2A and BANRT3.2 are the main component of the HATS activity of NO;™ (up to 30-
40%) in Brachypodium and allow an optimal growth in low N conditions. The functional interaction between BANRT2A and BANRT3.2 seem

species specific.
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