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Effect of excessive Fe’* on root border cells in vitro of rice
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Abstract; Root border cells are a population of rhizosphere cells surrounding but separated from the root apex. The root tip
is the target of the Fe’* toxicity, thus it was guessed that the border cells might function crucially in the response to the
Fe’* toxicity. To explore the excessive Fe** effects on the border cells in rice, experiments were carried out using the border
cells in vitro (Shanyou No. 10). The border cells were pre-planted in aeroponic culture and detached from the root tips. It
is showed that the first border cell almost occurred synchronously with the primary root tip emergence. The numbers of the
border cells reached its maximum (1311) when the root length was 25 mm. The viability of border cells reached the
maximum of 74. 05% when the root length was 20 mm. When the root length was 2 mm, the relative activity of PME
( Pectin methyl esterase) reached the maximum. The PME may play an important role in production and development of the
border cell in rice. The Fe’" treatment decreases cell viability, when treated with 200 wmol- L™ Fe** for 2 h, the cell
viability decreased obviously, and most of the border cells in witro had lost viability after treated with Fe* for 12 h, but the
activity of the border cells added a little at 400 pwmol - L ™' compared with that at 200 pmol-L™". Tt could be due to a cellular
self-protection response. With the addition of Fe’* concentration, the PME activity increased and reached the maximum at
100 pmol-L™'Fe’* , then decreased. These results suggested that Fe’* toxicity on PME activity and border cell activity,
and the PME activity may has an important role in Fe*" toxicity.
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BREMEYVFNHETE, BERFHIERTHX, B RREARFEAKRYE IR D, EaR R
BT, FIRMYSEE. RE F BEERAABTABR, ZHKBEKZM EFTER, LYEN
PR, F' HEWINEBT AR L ERFUKREFRBEEMHEEZ ",

BEUAR L EERBKRE F' A RHBT IEAMF Fe’* it B8Rk, L RR B8 TR ik &
Fe** SHEME RS %, REBEYSEM N XBRE, F¥ERIKRBRAEABRIIESEN" . Tk
BER,H Fe’ AT, 10 mm KAKRIRARATR 0 ~2 mm BT BEE, HENHHAR F' " BIEANE
BEh R

HRERE BB AER AR , REEUE YRR REREACH ™ 42 K8 0 % 40 M (%40 ML € 6
RSB AU SHE B KRS 4 B B R IR RAK R4 EE™ ) S R S YO Y h S A M I 2 )
{1, {8 Hawes %5 71 Pan %' ] R 3L, 46 KA UIFh A A0 A TR B RO 0 , B TREERESNETE 5
— BB EBEEN” , RIS R IR FER” , % M HOE R P RO i — ek 2= Y R (O
K BAER BRF) R RE K EREE CEEN, 8 AT W BA & YEHrh %A R R iR
RBZEBHE" Y BAEXDGANN Fe' " FHERIR, MR IRE, S T BB IR LE X 3 19
BRI, RN, R DG AR, DUKRE AT s, B8 Fe’* B Rh & 41 iR 3 F 1k
F LRI G AR R Fe™* BOMR R AR , MAE YT T ML ISR AR KR
1 HEE5FZE
1.1 faarst

WA R T A R REHIKTE (Oryza sativa L. ) @ #0400 10 5
1.2 EHFFE

PR S B K RER T, B R K ¥Eig 5 1A NaClO YEWRF 20 s, FIZRIB/K BTk, FE 218K
HR24 h 5, BB E2FARBELHHEFRLA, B TREBEIRET 25 CHEMPHE 10 h, RASEESE
R AM T
1.3 MR E Goit RS e

20 wl ZR18KY ST FRH7E TR 83 b BEPLIGK B8 1,2,3,5,10,15,20,25,30 mm F7KFER,
SRR T, FE BRI KRR S 30 o KRG AR K S, AR BRARREYW LK, Sl %41 &
HEWEK P RSB, RETEBME T AT %A E ",

FEHEA I 5 20 wl FDA-PI ( Fluorescein diacetate-propidium iodide) 4% ( FDA 25 pg-ml™' PI 10
pgeml ) GHG MR SRB 1184 BREHE 15 min e, PR 40 pl JeGRREAMER. B
10 pl &A% ME KSR S H0-F58 T T Bk R b, B3O B ME TR B M RE PR TE M
MSEAMEE , B EIOCH TS A, B /R GTOEH NI GBS = B / B4
x 100% ) .

1.4 R EEERE (PME) 7 M0 &

FEDLPEZE 1,2,3,5,10,15,20mm F1 25,30 mm B ER 40 55, ZB0H 1 mm B4R, BT 200 ul ) PME
BBBRIBET " 0k T R PHBEPERAIA 1.5 ml B, RS, Ik 1 h, 85 20 min 4
%1, BT 49C,15000 r/min T, B0 10 min, 8 FFERH, -20 CIHF.

PME 7500 %€ : lX_E 3R PME RBUIAE & 10 wl, in®) 4 ml JRYIEEWB P ,37CHRKWE 2 h, FESMT W40t
JeE it (Helios Gamma 9423 UVG 1702E) 7E 525 nm J¢ T OD {H, 7 PME B/EAT , 528 ( Pectin ) 3£ B
FALE BAGE HT VAW pH (6 TR, B 2240 (Methyl red) H 8 78 R 410 64, FEE AL 20000 BETHRL I R
SR JE PR AR M 22 8105 07 RS R[] PME B G BB 5 4 (H* pumol/root cap/h) 17,
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1.5 & Fe’* A T Bk h %40 M no s A i

M 2.1 BEE R H, KTBRE N 20 mm B, ShG 40 M TS M5, BT ABRIBUIR SN 20 mm (97K RS SFHR BT
THBRRDGEHABKET, ERBIE.25 CEAHTET F BWR PR FRF, BHiE 0,100,200,400
wmol -L~" (Fe** LA FeSO,JEAMERE, pH K 4.5)4 MU E K, 2 HIALHE 2,6,12,24,48 h J5 il & h 4 40 15
%, R 1.3,
1.6 7 Fe’* 8 T #a PME 3% 0 &

LR K53 20 mm, Y 40 4~ 1 mm RLBARFWRE Fe’* W, 70 FI7E 2,6,12,24,48 h JFHUH, vKiB T #F
BEREL PME, 5¥4[F 1.4,
1.7 Sitathi itk

R 3 WA R (ARIRK T4 E U AGFERREEREE 5 K) B EE T B L E MR E
R(SE) , XA EXCEL2000 7 SPSS12. 0 #4 BT8R AL MG 4047
2 BRSHH
2.1 KOG AMEMEYEE N

R B, 1 KB HEAMILE 5S4 RER HIE,REK 1 mm 6,5 205 NH&4H0, EERAHK
4 e % B B E I, AR 20 ~ 30 mm B, 0 BRI TE 1300 NG, BT 1311 4, FERRER
B, WG RTEEA R 50% ,FEE R R EEEE R, KE 10 mm /5, 41 75t 4ERE7E 70% A4 ,20 mm
B, TS R B R KA, 44 74. 05% . [RlBT, FFF W88 &, 1858 PME B R A R ® W&, R K 2 mm &,
PME 7&K BE/G , 7EARES 15mm 403K — /i, it PME JEH A B SER 87.45% (K 1),

B, KFEIRTE 1 ~30 mm JEEP, FEEK B RIEIN, 41T O % A B R 28 LA R T8
B, 5 AN 20,25 mm R A BNHRK(E ; 158 PME {54 2 R, 7E 2,15 mm B AL 5 H I RS 1%,

®1 KEHSAMEGYE.EEN PME BiEHEHEL
Table1l Changes of border cell number, activity and PME activity in rice root

i3S HGAIRBR G AHETE 5 PME 1544

Root length( mm) The total number of BC( No. ) BC activity( % ) PME activity(H* pmol/ ( root cap-h))
1 205 +24f 43.60 +0.81g 0.453 £0.016a
2 214 +22f 48.02 £1.92f 0.479 £0.016a

3 490 +25e 53.61 +4.06e 0.449 +£0.014a
5 681 +27d 63.43 +1.31d 0.432 +£0.017b
10 949 +33¢ 68.87 + 1. 10bc 0.413 £0.013b
15 1192 +36b 71.71 £0. 46ab 0.418 £0.014b
20 1283 +20a 74.05 +2.06a 0.414 +£0.011b
25 1311 +12a 71.24 +£0. 58ab 0.363 +£0.010¢
30 1297 +12a 68.54 + 1. 16bc 0.352 +£0.012¢

BARRME + IR F—REPARR/NEFRRRERED P<0.05 ZFEKFE  Values are mean + SE; Values followed by different letters
within the same Line are significantly different at 0. 05 probability level; The same bellow

2.2 & Fe’ 3B Rh %A 1E R

MR RE , [ 1 8%, R % Fe* AbBRRY , /KRG V145 40 O RE 2 5 PR B I B9 SE 6 , MO T8 4 2 /Mo
WaH, L HR 6 h 2P, IS HEARAE, 48 h 5, 5H 47. 22% Mh SIS . Fe' WAL TE , hsk
ST B2 TR, WA 200 wmol -L~"Fe* " YEWRALEE 2 h, 40 05 1 BP Lot BBRAR T 12.44% ,24 h J§ U TR
T 62.86% ,48 h 5, LA 12.89% ML EA 15 . BIBIES Fe' 33440 i BUFE Ve FIG 90 B8 B RV o

MRk B (B 1), MR AL B ) T (2,6,12,24,48 h) , jEH Fe’* ¥k ¥ i 7+ % (0, 100, 200
pmol-L™")  h G AMMFE M B PR #E. 40 100 pmol L™ WRFALH 2 h J5, HMBEHEM LB TRT
10. 11% ,200 pmol - L ™" ¥f¢ 3 AL BH S 20 B 15 Mk B Bk A o 1B 400 pmol L ™" Fe " YAWRAL TR, Y1 G 20 HOTE M )5
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ﬁﬁﬁ}ﬂﬂmﬂo o0 ®100pmol-L™! ® 200umol-L™! & 400umol-L ™!
2.3 7 Fe’ XIRE PEM 1EH:H9/E R 80001 2
ME 2 F i, & Fe’ " WH#R 8 PME $5, 7£2 ~ '
12 h 3, BRI Hk B (0,100,200,400 pwmol -L™") Fe** 3§
WAL B VR, HA 400 pmol -L™" Fe’* AbFA iR

LML (%)
Border cells activity
— W s U
<
o
<
I O B B

¥ NN > 0.00
S PEM YEVEHA B F W, RO R0 HERR FOHE e, 4080 24 ool NG | N N e
h E,ZOO |J..II101 ‘L_l Fe2+ ﬁtﬂ&@mﬁ PEM ﬁ‘ﬁﬁ% 0 23R8 R 1 K] 2 75 m
TR, #EL A4 48 h 5,100 me01.[‘-1 Fe** 4hHint g Fe2* b} j] Treatment time (h)
ﬁﬁi*&ﬁ PEM ﬁ‘t’:‘kmﬂﬂﬁ? I;%O Iﬂﬂr‘l‘a E 24 h le\] b E 1 Fe“ﬁll:ﬂ%"]‘%ﬁﬁ%éﬂiﬂ@ﬁﬁﬂ@%ﬂﬂ

100 p,mol -L™ Fez+ ﬁtﬂmﬂ(%ﬁ%%m%, ﬁ*&ﬁ PME Fig.1 Effect of excessive Fe?* on activity of border cells in rice
EHERMFE, 40 12 h 4b, R 5 PME 3 #% H3d R b 7+
T6.719% ,ZF 8%,

3 -i;]--‘[ﬁ o0 ®100pumol-L! ® 200umol-L7! = 400umol-L7!

3.1 KREHEANETE R 2
KRN R JLP SPER AR %), £ 5
SEEEs" T MK ERRER B, [ Hawes FHH 2 2
EH A S mm B, A I 1A 0%AHRT . 7 OE £
B, KRR T RIS & A, AR e R g (PME) R 25 LLINEL NG (NS (BB
ABBHTE 474 2 mm B, PME WMk BIBOR(H ( L e Tment ey
1), MgiERE PME RAERK 5 mm B4 S EIR B
B V1 40 St DA ) 54 5 PME ¥ 475 B2 R F AR PUE O

Effect of excessive Fe?* on the PME activity of root cap in rice

—ERR . YIRS SRR R %, B T
Jie R — R AR LR R 20, AR R R
B4y —. 76 PME fEFIF , BB A0S B S RemR , B 4002 pH F I, % pH (EM0E T 2 R L mm
T SR A R 0 o 2021, DT B A TR 200 /10 SR BB e 1 P LR R, 5 R e SR M, i 20 4 4
MARSTESE B2 40 b A B ok, BFST R T, B S AR S S K Y LS Mg 55 B RCPMEL (root cap-expressed pectin
methylesterase) SEI A TR KA (REMBIBEOIL) , AR A RHEELIRSEDNEES
R E, AR, KRS PME FEHER iR E R

FEMK 15 mm B, KFEARSE PME T H B K 1%, BAJS , 4 A0 I MU B B £, 3678 25 mm iR K
AR K. EETSEAEI, &K EN/EE T ARF10 1 ARF16 #2555 #5840 MU A S AL F 4 18
EAREET RN PEEEHAGAR, FUNGARNERNERTEZIMYEKESHTH
P
3.2 & Fe’ shkREmik g4 evE

BT & Fe'* 28 5 Fenton K™, PR MR BE B 3£ (-OH) , - OH MRt 5 & B i & Fh A 943
F R, PR AT A A, SEOR AN B AL, R SR B R R A . H kS
Fe®* AhFHAE] ¥ BE B30 , M BRI FE T (B 1) o HRTR TG A &8 B 73 E 0w A, 5
FhHRIE : Miyasaka 21 48 MBI S OB A AIRE ALY A0B)S , ST BIREFET: 4 ~8 h S IS T 81 5
BEBE RIIEE T 2 AP Fe'* 4038 F53E %2 AP IR, G AMIFETE —4 6 h B, KR
HGINI Fe** BN S T/ FTX 51, Fe** AbFAT M BNB| R A1 BET-,48 h lAIIE H—H R A TR
g, 7NN RARRIN (BB S A S ) BT B A AT ERS , RBUARIF Fe®* b3 T, 48
RS0 ML 2 R B U B T T I, AR 2 5017 1l AT P 2 i R B, B Y A S T4 S
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BT, Xt AR ABRAR B T — B IR PVE

B, G A SR — AL W, A SMU, T R B WUE ™ o Miyasaka &1 R BB G B AT %
HHTE AP W RTE REER R, RS AL YRk B B TR, SR IR A T e SR T AR . KRR
TR B A R, HURRERE Fe' * AbTave b M NIE , B R ek & B ORE R (PER R ) o BE
Bl B E T LR IR 5 BN Fe’  ESR BB e Bl — B AOME o #E9U 400 pmol-L™'Fe’ " WK E T,
WG AR BRE AL Fe** MBEA BB EEM, UG MMEEHBE A RS (E 1),

R BoR(F2) , 8 Fe** M %IR58 PME 35 44, (B7E K38 B (100 pmol -L™'Fe’* 2 ~24 h) i T, W&
PME 15144 B 78, Nari 25 % 38 4 BB T BR4EHE PME g5 1%, #EMh 440 M e b a 9038, o 7
Fe'* B§FH#:5 PME fEFH, f#f PME %54 PI40MuEE b, 3% n T PME S5 RBRM A, Wi T PME i
. 454 TR B PME 35 458 W AT 4 PME JE 4 XA T 058 E 2100 S0 AR R
2R, [BREE F WEKT &, BT S AW ZH, BT PME 4034240 ; R, Fenton [ 77 4= 19 1B B
S e FRWTINGR , (T AR 45 S 3 PME FE 489 T I
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