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Atmospheric Nitrogen (N,)

stract

Although N2 is abundant, comprising about 79% of the atmosphere, plants cannot convert it to useful organic forms and
mineral nitrogen is limited in solils. Legumes are unique among crop plants in their ability to fix N, in symbiotic association with
rhizobia. Symbiotic nitrogen fixation (SNF) takes place in legume root nodules, organs of tumor-like structure, and is
accomplished by nitrogenase. SNF is an energy demanding process, fueled by plant photosynthate that is transported to the
nodules as sucrose. There, sugar transport and glycolysis facilitates the production of dicarboxylic acids, the final

compounds supplied to bacterial symbionts performing SNF. We have used the model symbiotic system of Medicago “@J Denitri
' : ' Bacteria
N  an

o

N Assimilation
: .i\ A
5 S \} ‘

truncatula — Sinorhizobium meliloti to identify plant genes involved in carbon allocation and metabolism in the nodule. trogenifxing N\ ‘
M. truncatula is an excellent candidate for such studies, due to the available databases concerning the sequencing of the :gc:::;argzingoi:ules 89/ "v\'
genome, the expression of genes, the active metabolic pathways, and the existence of established Tnt1-insertion mutant <
lines. In silico analysis was conducted to identify M. truncatula genes encoding for sugar transporters and glycolysis enzymes
that are nodule-specifically expressed or nodule-highly induced. Few such genes were identified; however the corresponding
encoded proteins control significant regulatory steps of carbon allocation and metabolism in the plant cell. To verify the in silico p— e v P
analysis, total RNA was extracted from different organs and nodule developmental stages of M. truncatula, and the expression @ (NH,") @’m
of these genes is depicted. We present data concerning the structure of these genes, the amino acid sequence, and the mgroge.i-ﬂ_xmg Nitrifying bacterla

predicted secondary structure along with annotated functions of the encoded proteins. Corresponding cDNAs were generated 0L e
and the coded sequences of these genes were cloned. Finally, we present data concerning the spatial expression and
subcellular localization of the gene products in the nodule of M. truncatula and results concerning their physiological role
during SNF.
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Fig 1: A. Flow of nitrogen through the

C. 5.+ environment. Symbiotic nitrogen fixation part is

74 %f“;ig enclosed in the red circle. B. Nodule of M.

" . 7 truncatula. C. Section of a paraffin embedded

3 ‘%. -~ nodule, nitrogen fixing symbiotic cells are located

.t in the central nodule region (cells with expanded
cytoplasm).

viaterials and Methods

* In silico analysis using Noble Foundation’s M. truncatula Expression Atlas (MtGEA), JCVI: Medicago and KEGG pathway databases. » Design of gene-specific primers.

* Prediction of transmembrane helices in proteins (TMHMM Server v2.0). » JPCR to estimate gene expression levels.

* Protein structure prediction (Phyre2, Imperial College, London). * Cloning of gene encoded sequences.

« Growth of M. truncatula plants and inoculation with S. meliloti. * |dentification of homozygous mutant plants.
* RNA isolation and cDNA synthesis. * In situ RNA-RNA hybridization.

Gene Description Gene Description B. Medtr5g019870
NF4652 insertion_8 NF4778 insertion_7
Medtr2g100710 | 6-Phosphofructokinase | Medtr5g019870 Monosaccharide transporter 4 v
Medtr1g101950 Fructokinase Medtr1g104780 Monosaccharide transporter
C. NF4652 NF4778
Table 1: Genes encoding for sugar transporters and glycolysis enzymes isoforms of M. truncatula, found to be nodule-specifically expressed or insertion 8 WT insertion 7 WT

nodule-highly induced.
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04 Fig 5: A. Phenotypical differences among wild-type M.

truncatula plant and two homozygous mutant plants
regarding the Medtr5g019870 gene. B. Gene structure
of the Medtr5g019870 gene and sites of the above Tnt-
1 insertions. C. Gel electrophoresis of PCR products
from mutant lines NF4652 insertion_8,
NF4778 insertion_7 with gene-specific and Tnt1-
specifc primers to verify the homozygous plants.
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Fig 2: (Left) Tertiary structure prediction of the proteins that are coded by Medtr1g101950 (1) and Medtr2g100710 (Il) genes. (Right) Predicted
secondary structure of Medtr5g019870 and Medtr1g104780 transporters.
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Fig 3: Relative expression levels of M. Truncatula. Medtr1g101950, Medtr2g100710, Medtr1g104780 and Medtr5g019870 genes in different DHAP—G3P «4------------- DHAP—G3P function as" fructokinase
nodule developmental stages and in non-symbiotic organs (the expression of Medtr5g014320 gene was used as reference). Bars represent NAD*+Pi '
means +/- SE of independent biological repeats (n=3). ANOVA test was conducted between the treatments. i NADH (Medtr1 g1 01 950), 6-
| . — _‘ “W ,\ & 5 <<«,\ . : ‘ 1 3-DPGA Non':l&h;;glzg’laﬂng phosphofructokinase
( a9 : * ADP NADPH Dehydrogenase (Medtng'] 0071 O),
ATP monosaccharide transporters
PEP -«.._
N . 3-PGA (Medtr1g104780, Medtr5g019870)
i ~~~~~~~~~~~~~ t wos  Pi and pc_)SS|ny represent S|gn|f|car_1t
| PPi pEp;A.OAA regulation enzymes of glycolysis
| AMP :5: Carboxylase NADH D athw ay-
* aTp «1PPDK PK. MDH NAD*
Malate Pi P tATP M | t — Excrefion fo . . g g
yrovate %ae evrament . 1NEIE 1S @ high possibility that
S & genes found to be highly expressed
MITOCHONDRION V' Mdlic Enzyme " in the nodule tissue are also
Y
co, Pyruvate Malate : : ST
expressed in the nitrogen fixative
R . s» || and their neighboring cells
ACOHCOR  wopypi pTP ADP4+Pi ATP P A 9 9 '
N Noae C
Complex I | Rotenone |Complex III &?ﬁ:::me _
P N__S AN » The severity of the effect of
| = L Medrt5g019870 mutants on plant
2 . .
\ \ \_A growth is dependent on the site of
Rotenone Insensitive Alternative : : :
NADH Dehycrogenase Oxidace the Tnt-1 insertion into the gene.
SR, EMIXEIPHIIAKO MPOTPAMMA
Ry EKTAIAEVEH KA MM BOY MAGHEH [+ ey =~ E 3 TTA
4 = e EFEEVG AT PR LSRRGS T LTS |-|: -: -II[ | I;I. - 2 ::__: 7=-2013
Lot e T i — YNOYPTEIO NAIAEIAY KAl BPHEKEYMATON e —__iu_rl _: E: e
Medtr1g101950 Medtr1g104780 Euvpwmaikr Evaran EIAIKH ¥YNMHPELZIA AIAXEIPIEHE '

[ i oliEs K orsmasd T E
LA T H W SRy Me n ouyy prpoatoeddrnon s EAAGSag mar vy Evpienmairg Evaoang

Fig 4: In situ RNA-RNA hybridization in nodule sections. The antisense RNA, for each gene mentioned, was used as a probe. Signal
is found inside nitrogen fixing symbiotic cells and their surrounding cells, as well as in the nodule vascular bundle tissue cells.



