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Effects of nitrogen management on protein expression of rice
(Oryza sativa L.) root in the late growth stage
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(1. College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2 Institute of Agro-ecology, Fujian
Agriculture and Forestry University, Fuzhou 350002, China)

Abstract Application of nitrogen fertilizer is the most important agricultural measures in increasing paddy rice production.
Recently, the postponed nitrogen application has developed as a modern cultivation measure, which not only is beneficial to
the high yield formation, but also increases utilization efficiency of nitrogen fertilizer. However, the molecular basis of such
adaptation remains unclear. In present study, the molecular mechanisms of rice ‘jinhui No.809 (large-panicle type) root in
response to the postponed nitrogen application were investigated. By keeping the total nitrogen supply constant and varying
the early and late growth stage fertilizer application ratios, changes in the protein expressions of the rice root in late growth
stage were determined. The two nitrogen fertilization treatments were traditional (NT) and postponed nitrogen application
(NP). Using 2-DE and MALDI-TOF/MS, 57 proteins with 40 up-regulated and 17 down-regulated in response to NP treatment
were successfully identified. According to the protein function, the identified proteins were classified into 12 categories,
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mainly including signal transduction, ammonia assimilation, stress and defense, glycolysis, tricarboxylic acid cycle, protein
synthesis and folding, and amino acid metabolism. The results indicated that the signal proteins of GDP dissociation inhibitor
protein and GTP-binding nuclear protein Ran-2 in rice root were responsive to the NP treatment, then transfer signal to the
membrane protein, including voltage dependent anion selective channel protein, annexin p35 and vacuolar ATP synthase
subunit C, leading to the changes of intercellular material transport and message transference. The protein abundance of
glycolysis and tricarboxylic acid cycle related protein, including phosphoglycerate kinase, phosphoglucomutase,
6-phosphofructokinase, UDP-glucose pyrophosphorylase, NADP-isocitrate dehydrogenase and aconitate hydratase were
increased by the NP treatment, in turn, induced more ATP were generated for the root growth. The up-regulated antioxidative
enzymes and defence related protein delayed the root senescence in the late growth stage. Moreover, glutamate dehydrogenase,
glutamines synthetase root isozyme and aspartate minotransferase, three of which were involved in the plant nitrogen
metabolism, increased in abundance in the NP treatment, which were favorable for the nitrogen uptake and translocation. This
study added new significant insights to our current understanding of the molecular ecology characteristic of rice root in
response to nitrogen management.

Keywords Rice; Nitrogen management; Late growth stage; Root; Proteins
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Fig. 1 2-DE maps of rice root protein
A: 2.DE ,NT-(1~3) 3 2-DE ,NP-(1~3) 3 2.DE ;
B: Figure A is 2-DE maps of root protein, in which NT-1, NT-2 and NT-3 are three replications of conventional

nitrogen application treatment; NP-1, NP-2 and NP-3 are three replications of postponed nitrogen application treatment. Figure B is 2-DE map of
differentially expressed protein spots under postponed nitrogen application.
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Table 1 MS results of differentially expressed proteins in rice roots under postponed nitrogen application
Spots No. Accession No Protein name MW (kD) PI Score tecl?;:r%:e
Signal transduction
28 gi|115463933 GDP GDP dissociation inhibitor protein 50.1 5.44 160 T
32 gi[115438482 GTP Ran-2  GTP-binding nuclear protein Ran-2 25.3 6.38 46 il
Membrane protein
> gifl 13478779 Voltage dependent anion selective channel protein 29:2 707 123 1
6 gi|115448739 p35 Annexin p35 35.8 6.77 94 1
24 gi|29367377 ATP C Vacuolar ATP synthase subunit C 46.1 6.01 175 i
Ammonia assimilation
19 gi|115455879 Glutamate dehydrogenase 44.6 6.15 119 T
29 gi[22748337 Glutamines synthetase root isozyme 38.8 5.73 55 i
41 gi[115445217 Aspartate aminotransferase 48.5 8.09 75 i
52 gi[115449235 Plastidic aspartate aminotransferase 50.5 8.16 122 i
Stress and defense
3 gi|115464739 1,4- 1,4-benzoquinone reductase 21.6 6.30 65 i
4 gi|22758268 -S- Glutathione S-transferase 20.5 6.60 107 T
7 2i|115474137 B Ricin B-related lectin domain containing protein 39.0 6.81 94 T
11 gi|14150732 Hypersensitive-induced response protein 31.5 5.22 131 l
31 2i|4760483 Monodehydroascorbate reductase 43.0 5.36 89 i
36 2i|115452337 L-ascorbate peroxidase 27.3 5.42 43 T
61 gi|115476474 Betaine aldehyde dehydrogenase 55.4 5.36 72 1
64 gi|115474061 Peroxidase 33.0 5.51 83 1
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Spots No. Accession No Protein name MW (kD) PI Score tgr?;:ngcee
Glycolysis
54 2i|780372 Enolase 48.3 5.42 179 l
25 gi|115444481 Phosphoglycerate kinase 422 5.64 113 T
45 gi|115454931 Phosphoglucomutase 63.1 5.40 314 T
60 2i|115454931 Phosphoglucomutase 63.1 5.40 221 I
18 gi|115467370 6-phosphofructokinase 61.9 6.01 94 I
47 gi|88866516 UDP UDP-glucose pyrophosphorylase 51.8 5.43 145 1
14 2i/639684 Phosphohexose isomerase 62.7 6.80 117 i
56 gi[476286 Pyruvate decarboxylase 66.0 5.89 168 l
57 2i[23495286 Pyruvate decarboxylase 66.1 5.86 168 l
Tricarboxylic acid cycle
20 gi|115438939 NADP-isocitrate dehydrogenase 46.4 6.34 71 T
58 gi|115458044 Isocitrate lyase family protein 41.6 5.66 117 !
51 gi|75225211 Aconitate hydratase 98.6 5.67 137 I
ATP Electron transport and ATP synthesis
16 2i[115435028 Mitochondrial processing peptidase 54.1 6.65 128 l
65 2i/89280711 ATP  FO ATP synthase FO subunit 1 55.5 5.85 157 T
Protein synthesis and folding
8 gill15439261 Guanine nucleotide-binding protein beta subunit-like protein 36.7 397 86 !
33 gi|115440617 208 G 20S proteasome alpha subunit G 27.5 5.75 96 T
48 gi|303844 4A  Eukaryotic initiation factor 4A 47.2 5.29 201 l
55 2i|115466004 60 kDa 60 kDa chaperonin 64.3 5.60 78 l
17 2i|115468394 T- T-complex protein 1 61.3 6.23 94 I
23 2i|3646373 Reversibly glycosylated polypeptide protein 40.1 8.21 86 l
Amino acid metabolism
12 £i[108862990 5—methyltetsrahydropteroyltriglutamate—homocysteine methyltransferase 793 719 109 1
40 2i|115489652 Ethylene-responsive methionine synthase 84.9 5.93 113 |
13 gi[871494 Phenylalanine ammonia-lyase 77.4 8.15 92 T
46 gi[108711743 Methylenetetrahydrofolate reductase 64.7 5.75 182 T
44 gi[21397263 Phosphoserine aminotransferase 453 8.53 117 i
39 2i[115442595 Cysteine synthase 42.1 6.28 105 l
43 gi|115435934 3-isopropylmalate dehydrogenase 40.0 7.10 69 1
27 21|2895866 Methylmalonate semi-aldehyde dehydrogenase 57.5 5.99 45 l
50 2i[2895866 Methylmalonate semi-aldehyde dehydrogenase 57.5 5.99 39 l
26 2i|115438917 Ketol-acid reductoisomerase 60.0 5.73 86 il
22 2i|115438917 Ketol-acid reductoisomerase 60.0 5.73 127 i
67 gi|115456357 Fumarylacetoacetate hydrolase family protein 24.1 5.62 69 l
53 gi|115455133 / Isopentenyl/dimethylallyl diphosphate synthase 51.3 5.46 62 !
Cytoskeleton
10 2i|115459618 Remorin (pp34) 22.5 5.47 92 l
Fatty acid metabolism
49 2i|115489130 ATP ATP citrate lyase 47.1 5.45 87 T
Unknown
1 gi|125527970 Hypothetical protein OsI_04011 21.7 6.06 92 il
2 gi|125527970 Hypothetical protein OsI_04011 21.7 6.06 104 l
30 2i|115456912 Toc64-2 Chloroplast Toc64-2 46.4 5.49 54 T
34 gi|115444021 Hypothetical protein 27.4 6.55 122 1
62 2i297610594 Brn Brnl-like protein 26.8 6.17 70 1
“ , “l” “1” indicates up-regulation of proteins under

postponed nitrogen application; “|” indicates down-regulation of proteins under postponed nitrogen application. The same below.
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Fig. 2 Function classifications of differentially expressed proteins in rice roots under postponed nitrogen application
1: ;28 ;3 s 4: ) 5: ; 6: 37 ATP ;8 3 9:
;5 10: ;11 ;12 1: signal transduction; 2: membrane protein; 3: ammonia assimilation; 4: stress and defense;

5: glycolysis; 6: tricarboxylic acid cycle; 7: electron transport and ATP synthesis; 8: protein synthesis and folding; 9: amino acid metabolism;
10: cytoskeleton; 11: fatty acid metabolism; 12: unknown.
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Fig. 3 Metabolism pathway of rice root in response to the nitrogen application
VDAC: voltage dependent anion selective channel protein; GPB-LR: guanine nucleotide-binding protein beta subunit-like protein; MDHAR:
monodehydroascorbate reductase; HIRP: hypersensitive-induced response protein; UDPG: UDP-glucose pyrophosphorylase; G-6-P: glucose
6-phosphate; G-1-P: glucose 1-phosphate; F-6-P: gructose-6-phosphate; 1,3-DPGA: 1,3-bisphosphoglycerate; 3-PGA: 3-phosphoglycerate; 2-PGA:
2-phosphoglycerate; PEP: phosphoenolpyruvate; GSRI: glutamines synthetase root isozyme; GLDH: glutamate dehydrogenase; AST: aspartate
minotransferase; metE: 5-methyltetrahydropteroyltriglutamate-homocysteine methyltransferase; ESMS: ethylene-responsive methionine
synthase; MTHFR: methylenetetrahydrofolate reductase; PSAT: phosphoserine aminotransferase; PAL: phenylalanine ammonia-lyase.
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