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HoX M OF B R

FFim

METBICBIFE7 VI8 (A XAFL R, EELT2O0MEE FD,
Tbb, BENZEE (FVIZTALFVAMVR) &, BBED) VHAlZ
ERTBZ LI L 5MENR) BRZ (BY YBBA MV X) T, ZOmMFITELD
EOEER—RICBODTTRERS, BIHE7Y 7OoREARENRERE
OEETIE. ELOREMAMHEE 25BN S, 5 LISHETIR
SHEORBE R VELT I THRAR LY b, RBICHANTRECNESEFTES T
ALR P LR EYIOERD, BRBOTENRERBIIKRZLERTSLEZ20N0
Twb, : ‘

ZDESRERNS, FEEEEMRRTA R L IBESBAICEA SN, Com
er&Meredi thix 19854 IC AT S HEAl DBIKSEME 2RI L. Al 4 & Bt (IAT; lonic
-Al Tolerant) /NP2 fEtilize LAL. AIXPLADYS 5 —DDEET
HBEY VAN ZIHLTIR. 2OEEHZ ML 5T, ZhF TIREHERS
EREULBERED 5T, MRNRBREOMIIANBR BTN T3,

—FH. AFECTR= Y U RIFHRE. BESETICBIT5AIX ML X248
BUTEREE. TROLERD) VEE S TSI KBROA 2R L /-5 1T
BORUBRIERLUTBKIN:,  ZOBMTIR, TTREALIENMNIEENBZK
TEF. KBFOAR. 2TV BEMBHEAIZHRL THEH) BZRIHS N
Z2va (Table 1) o $E2T. TOARBERRCTREKI W= YV BRI
KU VEBAIZ ) AREELTBERINAZ LR, ZhETRKREDRL, V2
BAIZFIFTE 3B Bt (LPT; Low PhosphateTolerant) BRTH 3 Z LA
wan,

ZZTAHETIE, %f@&mm#u/@M%ﬂmfayffmﬁv/&ﬁﬁﬁ
THBEZELEWBITRL. £0 VERAITRRLEE S R 5 Lo, BFAEH
BEBET 3 RSP COET L REL T, BHRBICEELEY Bk
DEBENBEZHALNICTZZE2ENE L, FiZ, BHCbh3RKBRIC
BOWTHEMLEHNZBEL TWEY VEREHEERIC L, & BFAETR & dii
ﬂA%ﬁﬁcakaﬁﬁmﬁwwﬁﬁéﬁ& BY Rt YEH O B 2
AR LU7,
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B1E RIEHEROEY EBEEREE ) BAIOTRREER

FRObRAE S, ZFETo Y RS B U5 (Al:4 oM, P
12 oM. pH5.0) X, T4 MROY VEALL LTRTOY YEAERLTVWS D
D, ETFOTBEEAIZGATVS, FIT. ZORBERRIC Y VBAIDERI
ESEY VBA NUAMEET B EEWLAILT S5z, 30 nMOMES (2-(N-n
orpholino)ethansulfonic acid) #¥ETF TpH3. 54 5 pHb. 0DHEE D[Rl —MH A D¥FHh
ZHABL. WAL - PIROZEIL. WNCHIROEE 2B/ (Figure 1) o 20
R BN TEEALSEY T B IC N AT RIEMNT 30 00, FERNR
(WT:wild type) RETESHEALONE LA LB SNVl S LOMEMTY ., Tk
Y UBXICHT AHNEERZ2 0%UTTHo, —H. TEHEALICN T34
BL AR Z%Conner 5 DBIKFHITHEHLL 7=3&3#h (pH4.0, Pi:0.1 mM) ZRwvTC
FAS LTS, WM TEEA ROMMICONEETRESRNICHEIN, Bk
HBIZALA 2 Vi U Otk R BD bhls ot (Figure 2) o

DULEDRERM D, HBERICITEMAIFELINDOZX LA, Tb5EY ~
ANV (V2 BOBBRIZED) VBRZANVR) BEETIZEMNHLM
ol MR, BRMERINITIRES NI OB, BEEY) V8
AMERFRT2 54 70BY) VB (LP-T) SlThsLExbht, ZOLP-T
MOREME ) VB AETZ. BRRISGENTwizaaq FROY ERALLIA
DY VBRETHBED LN, TIROAIP, sk % te LT Y L BE xS
BT FRDAIPO, CHFAERMBED 4 15, 04 FROY » BREHEETE 4R
ML) B DM ET &R LT (Table 2) , |

TIZLP-ThR DRV ) ~BRAI TRIBILM L LT, ALR B L RITRH T B MO
BB INIERMBIER RN, FO&R. LP-THIRIZEEE) LV BEET
SBO/TUBMEBIL (Table 8) . ZhEBFRABEDS T BEM LT
H RO B A 1PO,RSBET, WY VBB L IIITRB R EE 2R LA (Figure 3)
ZhbDZ EMD, LP-THIEIZZ TUBIKHICED Y U BAL 2 T RIBIELT W3 &
Zzxbhiz, ZITYVBAAETONBESE 7 L U OBEE ERNIC
BB . LP-THIML 2 R0 & P4 UM 2 Rbih 1 2 (ISR L, A BRE/ T
VBBHERRAN, EFO&&R. 1) MEEFL/IUVBHHEOMICREVWE
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WA b (Figure 4) . Bi2) I UBETHEEAIOBICIZL : 10OH
EhEmp bt (Figure 5) o«  ZHHDTEhb. SROY T VBT LD Tk
ANn3Y UEBEIR. HRICEOSTER—THSLEILN. ) /BAIBETOMRRYE
BFRBHEULEZ7ZBIZEVEEEN3 ) Y BROSBIZEKFEL TWaEE I bR
fro 82T, U UBARETRE Y TUBMBHEANEEY. LV5L0) VR
PEEEL. RIFICEETALE20N5, S GHEEAWTY VBAIRZS
EHEHITBIT B 7 L B A T & 25, LP-THIRIO) 7 T3 BRI SR i3
B A:RIKIRD 8150 F & RRS bt (Figure 6) » Zh& V. LP-THIEZELS
L BRI R AR U TR ) Bl 2 THRREIL LT\ 3 S AER L 7,

B2E (K EETEHRORZAEORT

LP-THifIZ . B ZoBIC L D EBNICY VEBAIZ L. £URY VB4
FUEENLUTRIFICEET S, ZORERIBDTEETHY. APLR%2EX
BOLRAETHERBLTH DR LY 2 5ROBRREEINTS (Table 4) » ZDZEm
B, BIZY) YEBANCEEMCELS LMRTIR 2L, 7 2 BREICBE L TS5
DEREFOMEANEBKENLExX b, AL, Z7ZUBBHIKEZY) >
BAITERRILETF NV TIE. BFERMBECRETSLP-THIRNEK IS 6E2% +57
KERHTDSIKELR.  Tbb, MERMNRET S BRKHETIX. LP-THEA
W LUBBHICEVEED) VYBRAIZTBEELTY ., A—T7 7R aNTEET
SEFARGI O WL 72 VB A A R RIATE 320, LP-THIRASR R 138/
THHAIIH LT, 7 VBB EFVCREATR I THS,.  #-oT. LP-THE
RABKRIN S Fdicid s BB . EAPTEENITENT 5 720IE
MERENREEETILEx bk, ZIT. AETRZOWELROD 5EHE
ELTL) £FEE, 2) VUoBHASE. 3) VU BRINEED 3% LY HiT.
TNHIRDOWT, BMITH 2 AR (LP-OMfa) &gl 1, @
MifaD ) BB RGNS ) BRI AR —TH> T, LP-THIRDA: FHE
MREWEE, MREFAPFTEOMBESBIRNICHNTSLEXO NS D, EFR
EEFN, WM. EERAEREEAVIERETHIFREDII M, BEAREH
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%z —EBARBEIMSZLITENfTThbhsZ L2ZRB L. &E (Settled Cell Vol
ume) VT HMARK (Figure 7) » ZOFER. WEEL I, LP-THlE LS
ROBICAERRERZBD bRk 7, -

B2, V) UBRIRASEREZY) VBHIYDOEEREZEEFELLUTRRE, Hoh
Uy VB2 HIR L THSRL i, V) BIREORR S T 1 0 B
#L. EERZHEL (Figure 8) » ZOFEETIR. BREN) VBXTIEY
YEBEBEBORRER L 2505, WikREd | MU TORBETY VERSHIRER &
o Tz, ZOHBETOMKROY VBHEYDEEFRIIZENZL. lunole
H7 130ngDFEEMMAED bl

3z, LP-THIRAD ) VBB EE 2R/,  £9. BEKAEDY) VBRIREMN
FHTHHI LA b, 20 uNDY) YBRBERETORNEE ZFMI-E 25, LP-THIR
D) UBBEB B RICHERE LS Bho (Figure 9) o T, 100 ML
FTTomMROY BRNEEZHIELZE 2, Bl VBEEIINLT
SRR %ZRL (Figure 108) . @7 oy b (Figure 10B) XVEHEIND
V) BRI OKnfER: LP-T:13.6 uM. LP-0:9.1 «uMTH Y. VnaxfEixLP-T:88.8%
1.5 nmole min™' ¢ 'HTEFE. LP-0:28.2%5.3 nmole min™! ¢ 'FMETH o1,
INHDEND, WEDY BB 5 Vnax/knfEE2BHL /& TS, LP-TH
RALP-OMEBIC R T2 15" o 7z (Table 5) » H#E-T. ESINB ) VBRK
IR, WHRIRERZBWTHLP-THIOFAKE 2. LP-THIRIZEER
ML BET 2 BIIFHICBWT, ZOBM I/ I BICEDA[EEEIND ) V#E
BRI L . MBEERPTERNICHEBELZEEX LN,

BIE MHEMEIIIEY) yEEtE= Y EYOER

AFFRTRWIEY VBEHE= Y VB REIENE. ) VBl % ZOKINT 37
VERIC XD TTRIBEL ., TEEY VBB EE A EE TS, CNEFTEEKLA
VTDBETS DL S 2 REMBRANBEERL . BY Bt o6
RELGEMERCRRINE S LS pRKKS N, 2T, AETREY
BRI BB LR fEH LTS, ZORBRBENEM LB U T RS

- 375 —



NZHMEIEARZZ LEENE LTz,

FIECBAR Tz & 5 T Y VR NI, BEtEY) O MALZ I —0D ) LRI
LTRBKEI Nz, UL, U UBA BRSNS FATMBbFIATE 5
b, BRICHEEENMEZELE, 29 LEEEMc bR 2 REEHE1 T, 2
DENLEEN 2 BEL TVln T, LP-THIR EdH» S EEEMLED 2 BE45 2
LIXTERM o, ZIT. BOHMLEEAOEE S AT L MM A4 3
ZEREVEMLERSBT,

1Y) BRI R CE U - MBS O~ — 4 — B R #H ik T,
AAHEE RN 5BICIE. 20— OMEARL 3 TR EBAHTE L L.
FiZ, Z—RF7EF73IF (10A) QB 5h UhEER (W) Mi%LP-T
MREEE L RZVLRYDBTERVWEIRRERLELE, ZoHECLY., @s
MEBX CIRERNIC. LP-TERBEROI0=—& ., LP-THIR & 5 A BB A L
FAMIBERD 20— AR AN B D It B, EECRSLER TR, LP-TH
BIEROFriablede o = — & BPAE BRI 5 conpact iz 2 1 = — DRI
RN IO = —RERERINTe ZOITO=—%2, 4-Dh & F RVESMEEEHIT
BLIEEZS, M20%0Da0=—h5EMEMIER SNz,

KEZ. BAHEEO—SH L BEEANVAEHRL, U UBA OFANEEEE
BEEEL UTHNZ LS, LP-THIBBSROEMEEDN B HB L A0V X T,
D BAIRECORENEFTRIZERSE 0% X, BA98%OMHMEFRERL
7z (Figure 11) o ZODEE. MBELTT> 8k (LP-0) Hif & ¥p2:RUMmM % il
&L TE LN LEMCEYERD AV A TR, HMEETRN2 0 -3 0%R2E L
BINER DT, ZOZEND. MELAVTHEBSNEY) BRI ER.
MRS - BAME - BSMER BU TR SN Z LSRR ANS, %h. 20X
VAR EMEEESI R G L. b RED AV 25 518 b N ShEE FAVLTY >
BAIFI MR EZ TR LA, AVALN)VTOY) VEBAFIFEES & EE&EL XVT
DY VAR LB ORI B EEAED bk (Figure 12) o

LI EDERM S, LP-THIBOE ) »ERHEBEREMELEL. EREKICEA
TEBHATHEZENERIN, SEARRTELEE LERRERICE
Ftzzenmdsns, |
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ARRTIIZNETHETH 2. PAI=VARERTZ 290X L AER
2 EBRINCHECXA L, £0 1 20BRICEHZ ) Y BAIZFT5 54 70K
) Ut E BR L. UTOEENREZHLMIL. M. ZHhET, [
BRREHEREE RBIKL e WO RYR 50,

1) VoBAlZBIY URRRIEE UTRIRL B Uit (LP-T) M, B4
BROW 8507 o BBHENEE L. EENICY) VBAIZTREBLLLTE
BIEET 3, ZO/7TUVEBRHENZ. BENMOMMRISELECTREDTER
ERBETHH 1,

2) LP-THIfIZ., 2DV BN OVnaxEABMROK 3 & T, U v BBIBUEREA
KEV, ZFORDLEBHRABIIBLT, 2ORMI/ I UBIcX Y ELLIZY v
BEEENIRNT A Z LI VRBERIN VO LER/L 2.

3) LP-THIR DK Rt ERENML - Btz B TRFES . ikl
NVOEHE L EE L XVOEEICHEBEAZRD bz, Z0Z i, HRTH¥N
FHEOR M VABKREIC LD, BRERY U BREEEYEHOTEEE RET S
bDOTHB,
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Table 1. Concentration of the Soluble Al and the soiluble phosphate

In the media used for Al-stress selaction.

Additions Congentration in medium
(mM) Selected
Cell lines
Soluble Al Solubte Pi
pH4.0 ’
AC, 025 mM
NaH,PO, 0.1mM 0.25 0.10 IAT®
(onke Al toxiclty)
pH 5.0
ACy 4mM
NeHFO, 2mM 0.12 ND LPTe

(Al Induced P! deficiancy)

at!AT  (lonic Altolerant) ND: not detected
b: LPT  (low phosphate tolerant)

The soluble ions were separated from the insoluble fractions by

centrifugation at 20,000g for 15 min.

Table 2. Effects of hardly soluble phosphates on growth of carrot
cell tines.

Relative growth ( % of control)

Cell lines

NaHoPO4 AlPO4 FePO4
LPT 100 10145 80+5
WTa 100 22+1 35z+2

WTb : 100 24 1 37x2

ARl phosphate compounds were added at final concentration of 2
mM aad the initial pH of the media was adjusted to 5.6. Both cells
were cultured for 7 dsys. Actual value (or the growih of the LPT,
WTa, WTb was 2.24, 2.92 and 3.13 g fresh weight.

Table 3. Effect of various ‘Pl compounds on the excretion of
citrate after 7 days cufture of carrot celis.

Citrate release (mM : in medium)

Cell Lines :
NaHz2PO4 AlPO4 FePO4
LP-T 0.07 + 0.01 086+007 0341001
WTa 0.11 x 0.01 0.13 £ 0.01 '0.09 £ 0.01
WTb 0.03 + 0.02 0.11 £ 0.02 0.04 + 0.01

The concentration of citrate was expressed as mM in medium
which was measured after culturing cells for 7 days at initial pH
5.6.
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Figure 1. Relative growth of WT(O) and
the LPT cells(@ in medium that contained
2mM NaH2PO4,4mM AICI3 and 30 mM
MES. The cells were grown for 7 days at
different pH and the growth were
compared relative to thnt. of
corresponding cell line at pH 5.6 in the
presence of MES without addition of
AICI13{; WT, 242, ; LPT, 3.20 g fresh
weight). Concentrations of soluble Al(8)
and soluble phosphate(A) were also
determined prior to the culturing.
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Figure 2. Effect of ionic Al on the
growth of WT(O) and the LPT(@®) cells.
Growth ‘of both- cell types without. AlCI3
was indicated as 100% and relative values
were plotted. The actual value for WT‘and
LPT celis was 1,99 and 2.25 g fresh weight,
respectively.
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Figure 3. Effect of addition of citrate on
the growth of WT cells in the presence of
insoluble 2 mM  AIPO4(@®) as a sole source
of phosphate. The cells were cultured f_or
7 days at the initial pH of 56. Growth with
NaH2PO4(Q) was also indicated.
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Figure 5. Relationship between soluble Al
and citrate in the medium, Symbols are
identical to those used in Figure 4. A linear
regression equation was developed and
the correlation coefficient was calculated:
y=0.06+1.01x, r=0.98
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Figure 4. Relationship between the
amount of citrate excretion and cell
growth. LPTa(0), -b(@®), WTa@) and -b@) cell
lines were cultured with AIPO4 as a sole
phosphate source. The linear regression
equations and the correlation coefficients
were as follows;

LPTa y=2.16+9.81x, r=0.95

LPTb y=1.15+6.61x, r=0.98

WTa. y=1.29+2.25x, r=0.97

WTbh  y=1.40+4.30x, r=0.97
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Table 4. Stability of utilization of Al-phosphate in LP-T cells,

Figure 6. Determination of the rate of
citrate excretion with LPT®) and WT(O) cell
lines. Both cell lines were precultured for
5 days in the medium that contained 0.5
mM NaH2POg4. The citrate excretion was
measured by incubating cells in the
medium that contained 2 mM NaHPOg4, 4
mM AICI3 and 30 mmM MES at pH5.6.

Cell growth Citrate excretion
Subcuitures -
(transfer) NaHzPO4 AlPO4 NaHpPO4 AlPO4
2 (g fresh wt. flasi-1) { mM; in medium)
3 3.63:0.12 3.62+0.12 0.07 0.69
10 3.83 1045 3.78 + 0:16 0.07 0.76
25 3.59 1 0.10 3.52 + 0.63 0.07 0.64

The LP-T cells were subcultured for the period as indicated in the basal R2
medium containing 2 mM NaHzPO4 in the absence of Al-phosphate. The cells

were then sferred to
phosphate as a sole source of phosphorous.

g either Na-phosphate or Al-
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Figure 7. Increase in fresh weight (solid
tine) and in .settled cell volume ({(dotted
‘line) of LPT(®) and WT(O) cells in the

presence of 2 mM NaHzPO4 over the course

of 10 days in culture.
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Figure 9. Time course of the uptake of
32Pi by LPT(®) and WT(O) cells in the
presence of 20 uM Pi. Celis(400mg .fresh
weight). were pre-incubated in 50 ml of
Pi-free medium in the presence of 30 m M
MES{(pH 5.6) for 60 min and then
radioactive Pi(0.25 uCi per umol) was
added. Five ml of cell suspension was
harvested at appropriate times for
measurement of 32Pi remaining in the
medium.
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Figure 8. Effect of the concentration of
external phosphate on the increase in the
fresh weight of LPT(®) and WT(O) cells in
cultures grown for 10 days. ’
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- Figure 10. Rate of uptake of 32Pi by LPT
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(@) and WT(O) cells as 'a function of
increasing concentration of phosphate
(A). Plotis of [sl/v vs [s] were generated
from the " results in Figure 10A(B).
Cells(288mg fresh weight) were incubated
with various concentration of 32Pi for 10
min. The amount of  Pi incorporated -was
determined after digestion of the cells.



Table 5. Kinetic of the uplake of p

Cell lines Km Vimax Vmax /Km
(uM) nmole / min /g fresh wt,

LPT 13.6 114 88.8+1.5 6.52

LPO 9.1413 28.2+5.3 3.10

Kinetic were caiculated from the results of Fig.10A.

Means and SD were indicated.
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Figure 11. Relative growth of calli
cultured with Al-phosphate as a sole
phosphate source. Calli of LPT( @) and
LPO(O) were induced from petiole of the
regenerated plants of LPT and LPO.
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Fig!:re 12, Relationship between the growth of
calli and calliclones derived from somatic hybrid

plants of LPT in AIPO4 -medium.
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m X EREDORE

BB RTA, 7Tri=va (Al) AMVAIR, ER22O0MERRFD, TiebbAl
14+ vORFIWEL, BAKD) vBA 1 DERK I DFIFEI IR HHENR Y vRRRZA b
VATHH, AFETIE, ThETEETH LA P LV RADERNZX T HET, £0D
1 20BERIED S Y VBAIRFIRTS 24 70K Y vEETMEMIaE EE L, UTOoEENSEY
ZEOLMC LI, #, ThE CRREBLHER Y BE LGRS 50,

S, BEKY CBA LB vEMRE L UOER LICE Y vEBRTEMRS, v VvBRA L &
R, BEN) VERSRFIRTEA I ERR LA, 20, B vETMHERRIC 0T 5 BN Y
VERR TIARE(LT ARESNR, 7 = VERBRHEEINTEKIFE LT, Tk, ORI AT
Bz~ = vBBEHEEN MO8 EE L, BEKY VBN DL 0 EL D) vERR ERBMICAIAL
L, BV vBRERLBRCET TEL LM LA, SO, BY VEM AR 7 = BRI 48
TNV vERE CRIMEAREE L OADRECHER IR Z LD, ZOMBIZECEREY
VEBA LWABMCES LICRTRL, 2= vBRECBELERYFE MR THLZ &%
L,
wiZ, By VERRHEMR S AR ORI & 36T 2 BHORE T, BERICHEE LCREIE
BL, thBibs£BNERHLrC L, T, EY v EBIHEEN S B0 TEEL
WY VBFBERER (V VBUA Y OEER) RHEL, BECENRDLRILWI ERRLL,
LoL, ZOMEIRY vBRIXO Vmax, Km EXBMROC 2B TH0, RBREOTHER Y V&
EUEHTIE, BBMlL Y ) VBBRIREENKREWZ LALLM LI, £OD, B
ﬁ@k%hT@B#m&7i/@k107ﬁmbtv/@%E%%L%W?é LIk, BE
R HETE LA D &R L7,

I, BEAOLBEERL, B vERM MR OMEIMEL VLV TER T L 1EHLRE
Lic, &7, BUHORBYERT, BOLENRBALLEY vERRIEMIC L, BWFER
MROF OB LEN MM X VEA L, TOMAMIEY,SBSAEIMLBEEEZE
<, EY vBREEROMERER, Bt BotrBCTREIhD ZLERL, Mlgvs
N & BE VA DOREICEVERENRD OB ZEEHLMR LI, ZThEDZ END,
MR T2HFETHHA P VABRKI L), RRANCEERE) vEREEDEFH T2
WE R LI,

LIED X 5w AL, BAEEY vBIE= v o vEREROEEMBELII bt Lz
EIXFHEICMES 5 LRI, TOMUEBEORBEDZRILST, BELEC BT AIFPEEICLHF
545 LZABDTARVWEEDNS, I-TEER—RAXARIHEL (BY) ORuEES
THEMETHSDLHBLIE,
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