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IR REAE BRI AT T MR AR G0 B 0 SR IR 5 B AR R v K AT VA PR B A T 77 225 (1 IEAR
KR F HIKREAR Z2 200 B v 1 SRR PR 5 et X 4 P B ol 1 P R P 0 s A
SRSEBO IR, AHHIEE R I SRR AL P IR B FePO, ) Fe®, A4 PO I ES ik,
TR 1 4t MR H () e s A

Ot R R SR 2T R RN LT G R 54k AR T AT 4 2% % b v B R
PER . ATVAE TR 2P 4E AR, SRR e 2 R K AL BB RS2 (Homogalacturonan, HG) 131,
HG TE R /RIEAR TR A T, C6 7 FRFE (-COOHD #t R fik HY L 4 #£ 1 (Pectin methyltransferase,
PMT) Hifigfk, ik, SHEMAEEEPH HG LLEE (41 75%) s LR g el e,
RIS, BRI PRI (Degree of methyl esterification, DE) 4k 4384k,
X2t L GRS (Pectin methylesterase, PME) #6918, PME LSRR ¥ HG 2 Ffg
W, PR AR R ROFRIE, R R L R A T

TR PR 2R 40 e v 0 SR Ji 2 5 4 R BT PR A5 R e Y, B o g L AR P L)
MG, 75 B2 B I« ASSCIEBUEERE A Pl Nipponbare (Nip) FURIFE f Fl Kasalath (Kas)
VERRIE X R, BT T ARSI SR AR T, /KRS N YRR AT R KA R L 22 5, RS 17
AR 22 S AR IR DR, DU KRS B IR AL

1 RPRHS 1k

1.1 EMMR SEREH

0 HIORT P Y PR FH B 1 22 53 (/KA R Niip A1 Kas S itBe bRt

KK RERh T FH 2508 /KIZ900 24 h, SRIGB BTG IFITER . K iEM BT 0.5 mmol L™
) CaCl, % (pH 5.6) 1, 30°CHEY1E7% 3d, HHAME L. SRIEHIEM A Z AR (Kimura
B) BT, EALSMFEETRIE, AKX 28C/4h, M 22°C/10 h, YeEIEE N 450 u
mol m?s™, FHXIEE A 60%.

W TR KRERZE )G, BHBE 15 L BariEh AN ER0EF SR A, R
R BUE K —BUR4IET (Nip. Kas), 2HIHIES (+P, 180 umol L™) FE®E (-P, 0 pumol
L™ (AN E IR (pH 5.6) 15974, AR (Nip+P. Nip-P. Kas+P. Kas-P),
JiT FH 8 72025 I H SO, Al NaOH ¥R A5 22 pH 5.6, K #—1K.

1.2 AAMBERRISNE

IKFE RV VERE (OHEEL, %18 Delhaize 1 Randall™® ) 77047 FH 22 B Tk R 2 e il
7, PR TR S, ARG BT N AR AR SRR, 2B A AR BORE
B, IR R . BURAHRE IR, BT AL (515 IXFSTPRP-24, i)
HORY I, ARG 4 RS BRI b #EHin N 200 pl. 400 pl 9 5 mol L™ i HoSO, VW . T KA
BEIA S, SN A ml F1 8 ml (£ 87K, EHIRA. # 8 20 min J5, 7E 3000 r min™
B2%AF T B0 5 min (ThermoMicrocll7, #E[E ).,

WREC 100 pl b3y MIBERRAER (0. 10, 20. 30. 40. 50. 75. 100 mg L™ Z 15 ml
BT, IR 100 wl £HERE (BRI 800 wl EB 1K, JRAEAE 37°C R EHE 30 min,
FHEEFRIX (Tecan, ¥i-) 7£ 880 nm ALl & W .

1.3 {pmEERYHIR

W FE S KR R F, MR4E Zhong F1 Lauchli®™fty 77 4R XA fuBE . B 5005 R4
R, ERER PR BERR A, RGN 5 ml 75% /) Z B30, YEA 10 ml B0, =
I F#+E 20 min J5, 3000 r mint B0 5 min, 3 B FBIMA S ml BIPIEE . HE
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LR RS TEL, EE LREE. B0, FERESP . BEE R R R A4
JBE, EHAE R 60°CHET R RAEE -
1.4 MpREEEEBERSNE

FREL 5 mg 7247 (40 , 3% 08 Zhu 207 i 36 25k - K A BERE S B T 1.5 ml
B, A 1 ml2mol L™ [ HClL W, et 24 h J&, 15000 r min™ (454 F B0
5min. &R IERD VAN AR R, BRI e vk L
1.5 REREUK RS E RN E

FREL 5 mg 7247 (A0EE, 1508 Yang S0 5 L3R UR IR 5y o K LB R 5 B T 1.5
ml B0 F, FEIAN 1 ml 87K, fE# /K& 1h J&, 15000 r min™ ({4 4F N &0 5 min,
WY 3% 5 ml B0 . SRS ARSI 1 ml 857K, EERINHIK. TRE TS
1 3 ml 375 RP 9 SRS B

B SREL A B ME, HE4E Blumenkrantz I Asboehansen® 45 H i1 75 64T TR HL 100
ul ) B PR SR BN 2 SUBE RS R ARV (0. 10, 20, 30. 40, 50. 75. 100mg L™ % 1.5ml
BLOE T SR 500 pl 5 0.0125 mol LAl (Na,B407 10H,0) Ik H,S0,4. B Tik/K
& 5 min J5, SLEVE FUKEAE, 2 min J5RIE M A 10 pl 0.15% f¥) [A) $2 3k B 5

(M-hydro-diphenyl, ¥ 0.5%F] NaOH ##). 30°C Fi¥ & 20 min J&, FABFFMXLE 520 nm
AL 78 AR

I BRI S EIE , RS Klavons A1 Bennett? [ 75 =347 WREX 125 pl fO SR
HU, I 25 ul 4 mol L™ f) NaOH ¥, fE ¥R 2). 37°C K24k 30 min J&, A 50 pl 2 mol
L™ ) HCl A G SR B b AT, ) 200 pl B ARV (O 10, 20, 30, 40, 50. 75, 100 umol
L™ FUKAREE S FAN 400 ul 200 mmol L™ (RIBEERZErF (pH 7.5). 0.01 units pl™ Z.E#4R
{LEE (Alcohol oxidase, AO, Sigma). 30°C F#¥# 10 min J&, HIA 800 ul 5g L™ [R5fiJEH:
2 4 R C Purpald , 4- 2 £ -3- JF H -5 W OE -1, 2, 4 = W
4-anmino-3-hydrazino-5-mercapto-1,2,4-triazole, Sigma, %1 0.5 mol L™ f¥] NaOH %), 30°C
FFE 30 min J5, FEEARIAE 550 nm A R OEAH .

REHELEE (DE, %) =HlREES &/ GRESE+HIRESE) =100.

1.6 REZPESEGAIR BV RN E

BUHUAE K = KRG IR R, FORAEEUR IR HEEE . IR R REA G, HHN
WFEEACKE . SRJE I 500 pl #2BG& (1 mol L™ NaCl, 10 mmol L™ Tris-HCI, pH 7.5), 7
UK B E 30 min, WMEIRY 3 k. BEJSE 15000 r min™ 24F R B0 5 min, i3 EiEREDN K
FEIRE 2,

LI FR SRS ML E , S Anthon A1 Barrett PPN 77064 . WL 100 wl A% i AR
FR (0. 10. 20, 30. 40, 50. 75. 100 pmol L) % 1.5 ml &L, 1A 200 ul 200 mmol
L™ FOBERR 22 (pH 7.5), 0.64 mg mI™ iz (DE=90%, Sigma). 0.01 units pI™* AO. #&i%
JRAIJE, #£5000rmin® FE010s, 30°CHFE 10 min. ZRJEHNA 400 ul 5 g L™ [R5+ &
ekl HRGIRAT. 30°CHEE 30 min J5, FHEEARXAE 550 nm Ab B 1E -

1.7 PRIMSREHTELE

H 50 mg AR Ak B B AT 30 mil KA, FEA BN 30 mg FePO, 2H,0, BT
37TCHEIKR (ZWY-2102C, 4k, FifE) F7E% 24 ho 3000 r min™ 444 T &0 5 min J&, H
FHEPUIL AR E RIS A R
1.8 BN

Hd a3 A2z I E Microsoft Excel 2016 B iE4T, FERA SAS 8.1 Guit s btk
ITRRINE T Z A2 B, RN EMEZER (LSD) L I0 A FE M 2 5 W35 (p
<0.05),
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2.1 BRI EKFRFARNA S RN

N T IRFCKREAE SR e IR PT R K R9484E, XS Nip Al Kas AN KRE i FhiEAT A
(RIS IRV R SRBEALER 73S E T Hh_ERSNTR AR b B T & B bl Pl LA R, Bt Rk
I TJ AR AE K, Nip AT Kas A4 P9 ] 3 PEmE & Bt A T . M3 il Ve & A N 5
dJefaTiase, it Espm G iRiE, HASRBESR 7 RUYA &%

EMATTE ISR T PR S B A S AR — 2, (H Nip AN R AT E &
H—HEmT Kas. N7 HUBRAN A ] (0 22 57, G8HR 7 ACPE 7 d J5 fRE S AT 20 Hr . IR 1B
AR, AEFARER 7 d i, fEHL EFRAIIR R, Nip BRI PERE S BB & T Kass SR
WEL T d JE, AIEVERE SRR T, 1 Nip 582 ST Kas.

A 1000 ¢ Nip B 1000 2ep
s —— o-P
3 z 800 | Kas mﬂ? 800
&1 S 4 o>
Fey W o
o] g 600 & 3 600
@ E {\i:[ E b
E,g S 400 HED S 400
P — =l -
3 48
28 200 2 8 200 d
= =
[7p] wn
0 1 1 1 1 1 1 J 0
0 1 2 3 4 5 6 7 Nip Kas
1000
s E+P
o-p
o - 50
4 >
¥ = 600
H .= b
g
=5 400
= 3 200
£ d
0
0 1 2 3 4 5 6 7 Nip Kas
BeRk AL FE R % Days of -P treatment (d) JKFE s Fh Rice variety

7: Nip. Kas 23527~ /KFE i Nipponbare F1 Kasalath; +P. -P 435375 IE # AR BEALBE . &b 5805 A
SPYME  FRiER 2, AR )RR R AL B 2 AR TE B35 22 5 (p<<0.05), [l Note: Nip and Kas represent rice
varieties Nipponbare and Kasalath respectively; +P and -P respectively indicate normal and phosphorus-deficient
treatments. Data are means + SD (n=4). Columns with different letters are significantly different at p< 0.05. The
same below
1 GRIEALBE KRS A N R PERE 5 B AL
Fig.1 Variation of soluble P in rice shoot and root in treatment for one week

2.2 TAEAAL IR R HRREE EIE S SRV
HE 2 AT, SREEACEE 7d J5, Nip A1 Kas 1R R 40108 [ 5 ok & B B35 N %, Hik 3|
MR (HEFIER AR, Nip AR RG0S R[5 B 5 52 = T Kas, $H] Nip fE5k
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Bl 2 Shmkab s — 8 5 /KRR 2R g B ] 2 1 5
Fig.2 Cell wall absorbed Pi in rice root after one week of -P treatment
2.3 REFPESILE SHKBHEATSHENNER
Zhu ZE I o L) A ST S50, UER T SRS TR M HE T A ) FePO, RIS BE 22
) Pio M SRIRAEAE) & LAAS R HERAG BEAFAE R, 09 1 IR TR IR I A B R BE 0 55
R L 2 TR 9K 3R, A S IR 1 = AN [) PR R AL BE 1R SR, BEAT 1 (R PR AR S B A A S5
K 3 4R E R, BEE HERLERIFEG, R FePO, HREBUT A TCHLBE (P 21801
R, BRSO BRI AE 70 5 H BRI B O OSSR R
07

et

= b

N
> v o

o
w
T

IR TR 1% 5 e
Pi released by pectin (ug mg?)
N
o

c o o
o =
T

90 55.4 0

IR AL
Methyl esterification degree of pectin (%)

3 17 F P A ) SRR T LS g
Fig.3 Pi content released by pectin relative to degree of methyl esterification of the pectin
2.4 TEMMUKFEREELIEE R FEEILERNTH
N T ERIFTPIAS KT i F R RE D 22 32 15 5 L R AL B B3Rt o, I E TR &
AN EE R R R EE . HIIE 4 WIRR, W REFRIN, Nip M kas Hi 2 o AR HY R AL B2 TG 2
HFEF. FEBRIEALFE 7 d )5, Nip ARAT AR HEL T R A2 1k, 1 kas M2 1 AR
F R AL B2 B T
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Fig4. Methyl esterification degree of pectin in rice root after one-week of -P treatment
2.5 NE Mk IR /5 SR A P RREG VR M AV 1L
N T R ERBEAL P 5 AN KR b A AR AR SRR R R A B R A AN R AR AR B SR R, S T
IKFEAR Z2 b 5 2 AR SR B0 SR i Y R (PMED 5% . f1IE] 5 T %01, R Kas 1) PME G £ +P/-P
AbFR 55 2 T Nip, {EAE+P/-P ALBRA) TG 35 22 5%, 1 Nip 7£-P ALBE 5 PME i 4 2 35 T

=

5] o

0.7 @+P

0.6 a o-P
a

0.5

o
»~

o
w

o
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©
-

SR R e g v
PME activity (methanol, umol g* FW)

o
o

Nip Kas
JKFE Rl Rice variety
Bl 5 +P/-P Ab P — J] J5 K A AR 22 1) SRR R R e

Fig.5 Pectin methylesterase (PME) activity of rice root after one week of -P treatment

33

TEHEDIRAN A T A R 2 — T8 e, AR B MUE 2 i in s . iRardfE b
R A T LA 0290, LA AR R R Pt - TR () 1 FH B3 32 U5 . HA7E 1965 4F,
HsulOT it & B, 40 R RS 3o WP A TP i VR B 23 P F, H 8 LA . AI(OH),H,PO,
(GG T amisE b A48 Ae SCIOIIE, 5RO A EMARLL, 184 R RRE L
SRR 2 B o TR RE T 22 57 ToiE AR 2R O TR AR A BIORR 28 70 B0 7 A SRR
BB FOR I, FEAEATTAERTRIAR S, HAR R YA BE R DL B v WA SRR a1, N
P AR S B W%, T 3 B B ATT A M A B9t 3 rh W A B 2 B P S AT o el 33 o ) 358
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BEE L], RAEAERR RS BRI 0SS FLIH, TARR B ;2 B (contact reaction) 2,
Zhu 2 M S A S I B, 200 BB £ () SRS 443 T WR B FePO, R Fe®, 4 PO
WEBS R, MG S0 . ARSI HE PR, RETEERSREGE /15 H F Rt
EH K. MK 3%, & H B IREAC, S FePO, R H ¥ Pi B35 38

Wik Ah, RN MEEZ /282 5 TR B b R R A R . Zhu ST
W, HKFE A Kas AHEG, Nip AR T R KPS . fESRBEALEE 5 J&, Nip iRERH
HI AT B A T Kas, 111X AT B85 40 BEBE B ACH 5% o A ST X AN S A gk T T
— JE ISR AR R, WE T OKFEAR P AT RS E IS . TR IA R, KRS (T
TR S B N, 1 Nip iR A LR el S B3 —E & T Kas (K 1B). ik
A, fESBEALEE 7 d f5, Nip Fl Kas 40 i BE i 15 2 25 PR R &2 [F] — /K (B 2), {H Nip /£t
AR T 83% M 4n B BERk ,  TTORIFE Kas [UREBUE T 76% 140 B BERE, Ui BIREARS Nip )
PA Y Bl PR 7K P B e

Zhu 25 o o B b B S 22 AN R [ 0 B, KSR R rh A MR S B S R
ZAM R RE R RS B B EOEAR G R R, TS5 PR A gE 38 A YE 255 80 0% sl it
FOIE R, TEYIEER 06 KA 55T NO. H,S Syl it 3 m /K FaiR R4 i B i SR & =
DA B SR Fs HE T T P % 1A S B2 v 4 B Tl (R 50, A T 8 T S 2% A4 T AR PN 1 ] 9 P Tl 5
g, ﬁ%%%ﬁ¢mﬁﬁﬁﬁigﬁﬁﬁiw¢%&,%ﬁ%&%%&l%ﬁ?%@%
WA BRI R, R, S TS SR st R AL 0 R a4 ik
ﬁk%%%F,E%&@%%%%%Th@ﬁ%ﬁ%,%§$7E$m&%(cmmxék
T340 T %o 240 B B b B S 1 (i FePO, K Fe™) (MR B, 8175 5 2 4551 PO BRI 3K,
HEAEYI R . RSB RS, FERE Nip iR B2 PME 3&E1EF 5 1 31% (p<0.05, &l 5),
e TEURMIR IR R (B 4D, BR4ERF 1 Em rMEa S EILEe 71, IR 1
2 PAIMERERE (B 2). TEkiEpE T FRIFE Kas, HAR R PME 3G EIR & A2 B 48
e (B 5), MIMARER R A Jot 2 Flistl, 25 S 2 g vh LR H L EE T+ 1 25%
(p<0.05, Kl 4>, fHHIEMEE SRR TG,

4Qn w

BRBEAL T IS, KRB AR AR ATV R B 2 R A, T S AR R AL, b EAR AT Bk 3 ]
WA . SRBEMMNATR, Nip ARARMM EA R SRS B HR T Kas, ME R 7 d
J&» Nip HRAAMM E & el vk ik & 05 8% = T Kas. BtAh, fESIEALE S, Nip Al Kas
{10 20 B B 22 2. 2 BRI, {EL Niip BETCH 1 B 22 R4 BE Rt . M Niip FX9 P Il 738 FH KT g
T Kaso 22 IARSMENT LIS, AR R R 0 ARBCR A B 9 O3 A A 25 i Y
1175 [FIFE SRR AF T (1 Kas AHEL, Nip w] UGB 52 s AR R 1) PME J5 1, SRYERF H A1
BE P R R A BEAL A BUR AT, BIRGERF 1 3 (XA S WRE L RE /7, MR 41 i
BEWE S 2 AL 9 R PR

SRR
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Study on Mechanism of Demethylation of Pectin Promoting

Reutilization of Cell Wall Phosphorus in Rice (Oryza sativa) Root

ZHAO Xusheng? ZHU Xiaofang® WU Qi'* SHEN Renfang"
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing,
210008, China)
(2 University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract [ Objective] Plants can survive under the stress of phosphorus (P)-deficiency by
coordinating inorganic phosphorus (Pi) acquisition, translocation from roots to shoots and
redistribution within the plant. Studies in the past have demonstrated that cell-wall pectin contributes
greatly to reutilization of rice cell-wall Pi under the stress of P-deficiency, but not how to. Therefore, it
calls for further studies for clarification. [Method] Two rice cultivars, ‘Nipponbare’ (Nip) and
‘Kasalath’ (Kas), were selected as the subjects in the experiment to explore changes in endogenous
phosphorus availability in the plants and difference between the two growing under the stress of
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phosphorus deficiency, and their specific reasons. Rice seedlings were cultured in the normal solution
for two weeks and then moved into a nutrient solution with (+P) or without (-P) P for cultivation for a
week. Roots and shoots of the seedlings were sampled and pulverized in a pestle with a mortar in liquid
nitrogen, separately and by cultivar too. A portion of each pulverized sample was prepared into cell
walls. To determine availability of endogenous phosphorus, inorganic phosphate (Pi) was extracted
from fresh roots and shoots, separately, with 5% (v/v) sulfuric acid solution, and cell wall P was
extracted fromdried cell wall with 2 mol L™ HCI solution. Concentration of phosphorus in the extracts
was determined with the Mo-Sb colorimetric method. Then, in the late-on in vitro P analysis
experiment, pectins different in methyl esterification degree were used to study relationship between
the degree of methyl esterification degree of pectin and ability of the pectin to release hard-to-dissolve
phosphorus. To follow changes in methyl esterification and activity of pectin methyl esterase (PME) in
samples of the seedlings under the stress of P deficiency, root samples were treated with high-salt
buffer solution to extract PME, which is able to trigger hydrolysis of pectin into methanol, which is
then oxidized into formaldehyde. The activity of PME can be scaled according to the color reaction of
formaldehyde with the Purpald reagent. Pectin in root was extracted from dried cell wall with hot water.
Content of uronic acid in the pectin hydrolysates was determined with the colorimetric method, and
methyl ester in the pectin hydrolysates was measured to characterize content of carbomethoxy in pectin.
Then methyl-esterifcation degree of pectin was calculated based on the contents of uronic acid and
carbomethoxy. [Result] The present study shows that soluble phosphorus in rice was reduced rapidly
when the plant suffered phosphorus deficiency. The content of soluble phosphorus in roots kept
declining for 5 days and then leveled off, while the content in shoots started to decline obviously some
time later, and the downward trend went on even after the 7th day. However, Nip was always found to
be higher than Kas in content of soluble phosphorus in the roots and shoots of the plants, and released
more cell wall phosphorus from its root, which, indicates that Nip is higher than Kas in ability to
recycle its endogenous phosphorus. The in vitro experiment shows that the lower the methyl
esterification degree of the pectin, the higher the capacity of the pectin of activating hard-to-solve
phosphorus. Once coming under the stress of P deficiency, Nip kept methyl esterification of pectin low
in degree by improving the activity of pectin methyl esterase, while Kas did not vary much in activity
of pectin methyl esterase and hence unable to lower pectin methyl esterification degree of the root.
[ Conclusion] All the findings in this study suggest that under the stress of phosphorus deficiency, rice
may keep cell wall pectin low in methyl esterification degree by improving the activity of pectin
methyl esterase, thus promoting P release from root cell wall to raise the content of endogenous soluble
phosphorus for use by other organs of the plant.
Key words Rice; Phosphorus deficiency; Reutilization of phosphorus; Cell wall; Pectin
methylesterase; Degree of pectin methyl esterification
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