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Proteomic Dissection of the Rice Shoots in Response to Iron Deficiency and
Excess

ZHANG Xin "2, WANG Ruonan'?, SHEN Renfang" %, LAN Ping"-?

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
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Abstract: [ Objective ] In calcareous soils, iron (Fe) generally exists in the form of oxides or hydroxides, which is not conducive
to plant absorption and utilization, thus frequently causing Fe deficiency in plants. In flooded acidic soils, such as paddy soil, due
to conditions of irrigation and drainage and alternate cultivation of water and drought, the redox potential of the soil is low and

ferric Fe is reduced to be ferrous. The ferrous Fe is readily absorbed and utilized, resulting in excessive Fe absorption by plants.
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Fe deficiency and excess are limiting factors affecting rice yield and quality. Fe deficiency leads to chlorosis and reduces plant
growth while Fe overload is toxic for plants, with a typical symptom of leaf bronzing. Several transcriptome analyses have been
performed to investigate the responses under Fe stress. However, a comprehensive dissection of the entire Fe-responsive profile at
the protein level is still lacking. It is necessary to analyze the rice responses under Fe deficiency and Fe excess using proteomic
analysis. [ Method] In this study, a label-free proteomic analysis was performed on rice shoots grown in Fe-deficient
(0 pmol-L™), Fe-sufficient (40 pmol-L™"), and Fe-excess (350 and 500 umol-L™") conditions. [ Result ] Results showed that 130,
157 and 118 differentially accumulated proteins (DAPs) were identified under Fe deficiency and two concentrations of Fe excess
stresses, respectively, compared with Fe sufficient conditions. Gene ontology enrichment analysis of the DAPs revealed that
primary metabolic process, organonitrogen compound metabolic process, response to stimulus, and oxidative stress responses
were significantly enriched under both Fe deficiency and excess stresses. Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis showed that DAPs under Fe deficiency and Fe excess were commonly enriched in metabolic processes like
the ribosome, photosynthesis, and oxidative phosphorylation. Notably, the abundance of proteins involved in phenylpropanoid
biosynthesis and biosynthesis of cofactors was mainly affected by Fe deficiency, while the abundance of proteins involved in the
biosynthesis of amino acids was mainly influenced by Fe excess. Under Fe excess stress, the abundance of enzymes involved in
amino acid metabolism was decreased, indicating a reduction in the content of plant-synthesized amino acids. However, the
increased abundance of transketolase involved in photosynthesis and secondary metabolism probably reduced the inhibitory effect
induced by Fe stress. Ribosomal proteins S16, Os03g0798600 and RPL17 may play important roles in response to Fe deficiency
and Fe excess stresses, but the exact functions of these proteins under Fe stress are still unknown. Several novel proteins which
may play potential roles in rice Fe homeostasis were also predicted in this study. [ Conclusion ] Overall, our results indicate both
Fe deficiency and Fe excess stresses affected photosynthesis and ribosomal metabolism. The synthesis of phenylpropane was
mainly affected by Fe deficiency, while amino acid metabolism was mainly affected by Fe excess in the shoots of rice. The
findings will provide some information for the exploration of key factors for the efficient absorption and utilization of Fe.

Key words: Fe stress; Proteomics; Photosynthesis; Ribosome; Oxidative stress; Biosynthesis of amino acids
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1.1 kAR E R &

SIS KFE A H AN ( Oryza sativa L. cv. Nipponbare ),
AR S Z RAT o IKFEFPFAE L B oK i GiR i 3 d
BREHE, B TEEESHA 0.5 mmol- L' CaCl,
(pH4.5) BB 3 d, RIGTERREHY 172 g2
BRWETARK 7 do MEBOEERE S &H
0 umol-L ™" ( #t% ), 40 umol-L ™" (£k7¢ /2 ). 350 umol-L™'
( %k ) A1500 pmol- L™ ( %k ) Fe (11 ) -EDTA 2k
BLUGHEERE 2IWUP AL B 10 do A8 2278 FRIA
J&53M : 1.43 mmol-L™ NH,NO;, 0.3 mmol-L™ KH,PO,,

0.35 mmol'L"' K,SO,, 1 mmol'L"' CaCl,-2H,0,
1 mmol-L™' MgSO,7H,0, 0.5 mmol-L ™' Na,SiO5-9H,0,
40 umol-L ™' Fe( II )-EDTA, 9 umol-L"' MnCl,-4H,0,
0.32 pmol-L™ CuSO45H,0, 0.77 umol-L™ ZnSO,7H,0,
0.02 mmol-L ™" HyBO; #10.39 umol-L ™' NaMoO,2H,0!"",
KRG R FE AR EE S 30°C/25°C, AR BE
70%, JEJEWI 16 hGHE/8 h MRlE . Frf i
R TOKECH], 53 REH ISR, &R pH
PR R AR BRI T 2 5.5,
1.2 EAFRRBNFEESH

A3 BOK BE AL B 10 d A /KRG L EBLh i, il
F =42 (trichloroacetic acid, TCA ) -INEREEH
BUSE AR, BB =44y Egl, BE
H BB R T SDT 3 (2% (wiv) + Zhe ks
fR4H, 0.1 mol-L ™" — AR BEESE, 0.1 mol-L ™' Tris-HCI,
1 mmol-L™" 4 F B 5 Bt % ( phenylmethanesulfonyl
fluoride, PMSF ), pH 7.6) 2~4h, Ll 10 000 xg &
05 min, BCEEFENEEARBOR. [ 295 nm
3 R G, I 350 nm Y 8 20 RR 5 I I
B T AU
1.3 E B R T £

TR R I 8 4 B RE & ) 2% ( filter-aided
sample preparation, FASP) JyEkibfTabBE ) ¥ i
HHBEBMAE Ak % (10K MWCO, 0.5 mL
Pierce™ Protein Concentrator, Thermo Scientific, 3£
), F 8 mol'L™ JREXIFEMIITHRE, IAELIR
MBEEAL T, 78 37°CTF B A MHE L . Ak
ZEIJE,10 000xg B0 15 min, WA IE , 75 50 uL
NHHCO; ISR IETE P . FifS . A 10% =5 LR
(TFA ), ZERIEN 0.4%I), FOWZ L, & E B
WITE el 28 AL e ZE RAABUNT 50 pL, SRJE /M
buffer A (64% Z 5, 0.2% TFA ) &£ 200 uL 51,
JRBCE R R PierceTM C-18 Mii#h4E ( PierceTM
C-18 Spin columns, Thermo Scientific, FEE ) SZH,
W ERAE 22 W BTG AL IS, R B 7 W I A B A
1000 xg B5.0> 30 s, P8 A& F B0 £ A3 i s
O, BRI, e THR .
1.4 nano-LC-ESI-MS/MS #&lIFNIEFRIE ( label-free )

EESH

K FHAN THIRORH €0 3% - 185 55 - R K B335 72 ( nano
liquid chromatography-electrospray ionizationtandem
mass spectrometry, nanoLC-ESI-MS/MS ) #4175 i
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SR FE A E, DB T o i B 1) R R 1 Ak
SR TEE 130, 157 FI 118 N EREH (B 1b).
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350 pmol-L ™' Al 500 umol-L ™' Fe( II ) -EDTA. FIf]. Note: OFe,
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pumol-L™" and 500 pmol-L™' Fe ( I ) -EDTA, respectively. The same
below.
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Fig. 1 Protein profiles of rice shoot under different Fe treatments( a.

Venn diagrams of the overlap of total proteins detected in each
treatment. b. Venn diagrams of overlap of total differentially
accumulated proteins ( DAPs ) from comparisons between OFe, 350

Fe, 500Fe and 40Fe )
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AR T FE Primary metabolic process

HHLAA S YT L Organonitrogen compound metabolic process
AAL A PARHTRE Nitrogen compound metabolic process

AP RE A Cellular nitrogen compound metabolic process
TIHLEA A Y)E ) Organonitrogen compound biosynthetic process
T 1 FARIHT 2 Protein metabolic process

A0S S ARk A 4 % A Cellular component organization or biogenesis
ANAEEERAR S 7 Cellular amide metabolic process

M IS A4 %A= Cellular component biogenesis

X YR R, Response to stimulus

AMAE IS4 2R Cellular component organization

FH1% Translation

IR 5 RigHE #2 Cellular protein metabolic process

TR VB9 % = Ribonucleoprotein complex biogenesis
XHAk2E 4 JT 0 7 Response to chemical

AR FIfER 19 7=E Generation of precursor metabolites and energy
A PRS2 Organophosphate metabolic process

A Y) & A Ribosome biogenesis

TR RN 2 54147 Protein-containing complex subunit organization
i, &%k Electron transport chain

X AR N B4 Y Response to oxidative stress

XHAT T4 )R Response to toxic substance

g %%z Lipid transport

Ak &g A2 Sulfur compound metabolic process

T T T T T T T T T T T T

[] OFe/40Fe
B 350Fe/40Fe
B 500Fe/40Fe

GO BP A& GO BP term

R

o_...

1 1
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Fig. 2 Gene Ontology ( GO ) enrichment analysis results of differentially accumulated proteins in response to iron deficiency and excess
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pathway enrichment analysis results of differentially accumulated
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proteins in response to iron deficiency and excess
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RHHATA

Ribosome

AR
Oxidative phosphorylation

KB

Photosynthesis

ARLES T A1
Phenylpropanoid biosynthesis

A TR ED B

Biosynthesis of cofactors

TR LY G

Biosynthesis of amino acids

“£JZ H Abundance ratio
OFe/40Fe  350Fe/40Fe S00Fe/40Fe

H

.

#H

IKFEHER 5

Accession RAP_ID
Q851P5 0s03g0798600
Q6H764 0s02g0529700
Q7XEQ3 051020411800
P12151

065037 050120924000
Q75GR6 0s03g0815400
POC477

POC482

B7F9R7 0s01g0860300
Q9FW34 0s05g0101400
AOAOPOVRS59 0s02g0815000
Q75KZ3 0s05g0486700
QODKFO 0s05g0169100
Q653V9 050620683200
POC488

Q67537 050820436800
Q6YYR2 05080234000
P0OC491

QOJAC6 050420605900
B7F845

Q5SNH7 0s01g0191100
Q8L4F2 0s01g0834500
Q0JIZ7 0s01g0706500
Q75LRS 050320390000
Q8GSE9 0s07g0613200
P49210 050920485900
Q84SD6 0s08g0161700
Q8L6I2 0s07g0191200
POC2Z0

Q67WS7 050620646500
Q98827 050820120000
Q7FAM9 0s04g0601700
Q10QL6 050320192400
Q8RU33 0s01g0587000
Q0J8M2 0s08g0104600
P0OC2Z0

P12123

POC401 050320659266
QODGOS 0s05g0560000
Q69839 0s507g0556200
QIoLV7 0s03g0333400
QODSP8 0s07g0544800
Q75194 0s03g0703100
Q6K4J4 0s09g0471100
QG6ER49 05020240300
Q5IMS4 0s01g0962700
QOIMXS 0s12g0530100
Q2QS14 0s12g0443500
QS8RZA1 0s01g0951400
QG6ERL4 05090338400
B7FAH8 0s12g0541000
Q60EJ3 0s05g0501300
Q7XWP9 0s04g0266900
Q2QNF7

Q75W16

Q6L4HS5 0s05g0549700
QIOMKS 0s03g0305500
Q2QXR8 0Os12g0145700

HABATR
Protein name
RPS15

RPS17
RPS16
RPL27
RPL17
RPSI18
RPS2

RPL37
SG12

RPS4

RPS7-A
RPL7
RPL10A

RPS23
RPS6

RPL9

OSA2
ATPF

SDHB

FD1
ATPF
PETB
PSBF
PSAH
PETC

BGLU8
PRX122
PRX29
PRX20
PRX138

UGD4

UMPS2
ISC1

DAPF
DAHPS2

ASL1

i

Description

40SHZHERHE 1 S15 408 ribosomal protein S15

HSEYEBREAHE 111 P2a-4 Similar to Acidic ribosomal protein P2a-4
40SKZHEIRHE ] S17-4 408 ribosomal protein S17-4

30SHZMEAHE 1 S16 308 ribosomal protein S16

SOSKEHEAZE 1 127 50S ribosomal protein L27

SOSEAMEAE 1 L17 508 ribosomal protein L17

30SEFERHE 1 S18 308 ribosomal protein S18

30SKEZHE(RHE I S2 308 ribosomal protein S2

JEHBEAHE 1 L1 Similar to Ribosomal protein L1

S FHE{A4 1 L28 Similar to 50S ribosomal protein L28
45608 B 1 L37 Similar to 60S ribosomal protein L37
A 145 MBS 4R 1T L24e Ribosomal protein L24e domain containing p
GOSKERHE 1 L10-2 60S ribosomal protein L10-2
0s06g0683200 1 0s06g0683200 protein

30SHZMEAHE 1 S4 308 ribosomal protein S4

2608 BBEAE 1 L34 Similar to 608 ribosomal protein L34

2608 BBEAE 1 L7-2 Similar to 60S ribosomal protein L7-2
30SKZBER# 11 S7 308 ribosomal protein S7

%5608 A4 1 L7-2 Similar to 608 ribosomal protein L7-2
60SIZHE{AHE 1 L10a 60S ribosomal protein L10a
HRE A # 111 P2a-4 Similar to Acidic ribosomal protein P2a-4
408 BFEAH 1 S23 408 ribosomal protein S23

T BORIHAAR (125 #3081 L28e Ribosomal protein L28e domain containing p
40SIZHERHE 1 S6 408 ribosomal protein S6

2608 BBEAE 1 L27a-3 Similar to 60S ribosomal protein L27a-3
60SKZHER 1 L9 60S ribosomal protein L9

NADH fit Ul 4 11 6 NADH dehydrogenase iron-sulfur protein 6

JIT ATPJEE[} Plasma membrane ATPase

ATP L L b ATP synthase subunit b

KL T ATP 4 fil} delta 55 Similar to ATP synthase delta chain

TR HI A AUl P 4 11 T2 4L Succinate dehydrogenase iron-protein subunit
VLT T-ATPE 4G V-type proton ATPase subunit G

GRIM-19 %% # 11 GRIM-19 family protein

A fERY V B T ATP {7 5 d Probable V-type proton ATPase subunit d

BRFATEAL 1 Ferredoxin 1

ATPA iV 5 b ATP synthase subunit b

Al (1,3 b6 Cytochrome b6

A (3 AL bS59 B Cytochrome b559 subunit beta

JEIRGE R 04 VI Photosystem I reaction center subunit VI
9[!”!(1&?3 b6-f & ARk 5 Cytochrome b6-f complex iron-sulfur subunit
¢ 11 11 kD # [1)i Similar to photosystem II 11 kD protein
B3 4 11 3 Oxygen-evolving enhancer protein 3

B4 Fi 1l 8 Beta-glucosidase 8
LAl Peroxidase
ALAI i Peroxidase
H LG Peroxidase
H LG Peroxidase

UDP-7ij % fiti6- i £ 4 UDP-glucose 6-dehydrogenase 4

PRATS'- i 245 [ Uridine 5'-monophosphate synthase
ek R AT Cysteine desulfurase

B HIELS A R I A 5 11 Lumazine-binding protein family protein
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Fig. 4 Differentially accumulated proteins in the significantly enriched Kyoto Encyclopedia of Genes and Genomes ( KEGG ) pathways
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Fig. 6 Protein-protein interaction ( PPI ) relationship of differentially accumulated proteins ( DAPs ) and candidate proteins under Fe deficiency

and excess
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