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A Rapid Screening for Aluminum—-tolerant and -sensmve in Barley
(Hordeum vulgare L.) and Plasma Membrane H *~ATPase Expression

Hyun—Sung Kim, Jung-Min Oh, and Sung-Ju Ahn'

Department of Bioenergy Science and Technology, Bioenergy Research Center,
Chonnam National University, Gwangju 500-757, Korea

ABSTRACT Here we report a simple screening system
using hematoxylin staining (HS) of the root apex. It
allowed rapid classification into different aluminum (Al
tolerance from 65 cultivars within one week. Using this
system, we selected the most Al-tolerant (Jayae-2) and
-sensitive (Pum-2) barley (Hordeum vulgare 1.) The results show
that the different responses in Al-induced growth inhibition,
Al accumulation and expression of plasma membrane (PM)
H'-ATPase in root apices of selected two cultivars. It
showed -strongly Al-induced growth inhibition in a dose-
dependant manner only in Pum-2 but not in Jayae-2. Aluminum
accumulation in root apices (10 mm) was significantly
higher in Pum-2 only. The H'-ATPase expression of PM
vesicles by western blotting was decreased in Pum-2 but
not in Jayae-2 treated with 20 uM Al for 24 h. These
finding indicate to screen from our system is rapid and
reliable and to sustain the expression of PM H'-ATPase at
translational level is an important role in root growth as
affected by Al

Keywords : aluminum, barley, H'-ATPase, plasma membrane,
rapid screening
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tH o7 Eo}:ﬂ. A;ﬂzHHH =
F& FAFetr) oAue At o
Hﬁa{_/] ARAL 0};(-” [RER=S ofg
e dA7F gk 2 A ‘Eé%
I 9t

Sl AEdAch Bste] B 74X Aelsry 7)gol

9] 4 Qlrh(Kochian 1995). 53] &Fujwo] oJa)A e
z7] 9@ 7P @A 98 FAo s e 2 AR B

B

o Ml B2} 4 7/‘*9’] £AFo)ltMatsumoto, 2000). 712
= Ma) ol apext YFu[FS WA W EAo fAuHoR
Asjorat Riolnl. ol dAHE WA G EF 2

of el A3k hEel A Wi Aokl screening
sholokst W R 7F QItHRyan er af., 1993; Sivaguru and Horst,

1998; Abn et al., 2001, 2002, 2004).

Kochian group(Kochian 1995)¢] 2J&}%, &5 uls W4
NRg A YR ARE % R EREE ARs
e apexQ] N FoR AW FHE A 9
& M zARZEE thoFglt 8-7)4Kcitrate, malate, oxalate )
& HEAT|E 7|7 olu, o]of &k AEolls W, S,

2w Zol O‘E}(Mlyasaka et al., 1989, Delhaize et al.,
1993, Ma et al., 1997). & W maiol M2 2 &
otBu)o] EIE 2 7“7<H(trzmslocauon)h:l01 A\ A e & A
E3), it 29 Ao dzof AAstel §99 dFulE

of g3 WS mdi= AEoth oo &3t AEE AUE
B i EX g

HZ B oA Y] gule WA 712k
2 9ol Al-activated malate transporter(ALMTI) 5427}
uh& A rh(Sasaki ef al., 2004). Y] ALMT12 ¢&En]E0]
Aol ESg #E Bk YAl ET8 FFolA A4 wd
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H= SHAZ K, HAAHtranscription) 4253 ohjg} HW
(translation) %0 = Waie] Ao 2 Ho] Do) A
% 9o malate 44 W WEdtel 19 FFulk E
o] S7tEE F53} shch & 152 Helof o] gAxt
= Tl E R P AATE] malate ko] 2y of
Z2olgo] WAL Ho F9th(Delhaize er al., 2004). FE
$2005)2 o] o) AR Aue] 9As) 3
£ Ae Zs. o] wenlE Ao g ohe
FHae el A 209 pHE QASAAN 1Y 2
AoMTt 43t dFuES £53F Atk 40
thHFoyn et al., 1965). o|& Sk sH= AxtE Kollmeier
et al2000)% HFulE AEH A0 of3A of7 gl

€ 571 €rtelatE s AL gelstant o 2 o
T+ 3FNM T agar®t pH indicator A]SFS ApRELo] Fub
3} 550) gulE Aelo] e 2 pHY| WIS 215

Yamaguchl

grHAhn % 2002, Ahn S 2007).
AdZolE AEH A _,]6‘]» malo] MAL RS A|ES
ol x| B, ¥a] Al d(elongation zone)oll Al FAIAHH" ),4

WZo] AR =L} B E 2 (merisematic zone)of A= oA}
9] F¢lo] vyt ar 514 vh(Pifieros and Kochian, 2001).
AEUS B3 pAe) 9903 42 AR 55 247
9l H'-ATPaseo] 2|3 WhAysln, M2z ota} yre] o3t
AR & 712 7](proton motive force)= AL A9 pH
= F7MA 719 A apoplastic acidificationg Z#3}A4 ¥}
o) Wojto} 27 Edol 15a17] o] A2l 4
Atk didtof] 271o] Tl= fAo|tMorsomme and Boutry,
2000). © AESRS chope B 7188 ohlet e
i &2 sk 5% 5k Q] g 218 4
of AHQl Alzzdh Eon Yoy AEH AL Fste]
B2 A7 AfEe] gk 2 At IFAE 2 oA &
0] Fol2 dFnlE Aol g Hajo] FHE wH
Q}(membrane potential)2] Z}o|7} WSl YA ZL g7t
R Bolk €918 FHIIAoH, olejz U Hntel 5
o) A} GAMET YT Belo] L wEAAT
(Ahn et al., 2001, 2004).

dFu|gol o3t 4 1’44 & AA|7E 27]0f WAl Y
Aof E w2 A7 A QM%OﬂE Esk ofA =
2t 7122 gha 24 ?%1 Atk & Ao M= thekgl B
EF5 FolA SHs| dFulw AE A Uz WAl
F52 W=l YeetA| Adslr] el #e}e] growth elongation
rate(GEA), Hematoxylin staining(HS) H“ﬂ—g Zolslgi o, Al
S S Sol AEE EEES RIS T AIE pFoflA Y

A4l H-ATPase®] 7}s3t 98he BR8]}

MExA

H@)(Hordeum vulgare L.) A= 105 59F 1.5%((v/v) 9]
NaOCI13#} 1.0% SDS(sodium dodecyl sulfate)2 4A%-2 3t
T, oA Aol o, Wo25C) WellAl ofatA]
Z 7} petri disho| A dZAA 2L F<et dro} A ). o
o}s) ®al 02 mM CaCl, £M(pH 4.5)8F 395 7o 4=
g o] 7 Aoleh ABHLLHCaCL) S A
438} o] 9L oAt otEn|R o] AME 2RR-2 u]E}7] Hﬁ}
Zo|th, A9AK14 h light/10 h dark cycle 580 pmol m’
Sllighgol M 5U7H Ak FUg B S0 §71 %

dFulE A2E skl

oh‘.

wio| MK XAl L solution plate system
Adhatin $%3 APAe] SFH 64 Fo| welg
Frjgol A 5‘ AHE sl AHEE T o

"ﬁ‘
AT A5 el B30l BAS] A
AICL6H,O(pH 4.5)% xﬁa] SrA T, AT T 24A|7 T m
o] Zol& A3 F, £ f& ofmd L k& 250
mm, A= 250 mm, 57 20 mmo 2 FE AASFEHI
4 3). 1117451 plateoﬂ X%El‘l %%‘% %‘%ﬂ SUH frHo B

FE9 20 M

Dsigeh. I8 plaek oto H% DERTE S
Mol £3 Az Aol mhe WE F A BGL Sk

Hematoxylin gFAMn} A2 0|E &2 &4
ruliso] olg #2)9] vls) H=F 3Helsh] ¢
(W/v)% Hematoxylin 4>&of 105 7+ 2 A5} %Aﬂ/\] 7]
T S5l &A 23 Aol o AMde
Fhlg sF AEL 33 WHESth 4RHES A F
ZR4E A oyl BE BoENH | ol FURE
(0-1 cm)e Z2 2 W 3 2M HCIE 1 mL 3t B8
of ol 48A17F Fot Aol Easto] FaAHich 4F
u}E-2] 3}kS atomic absorption spectrophotometer(Z-8270,
Hitachi, Tokyo)E ©o]&sto] 435t}

A} 22| U H'-ATPase W3l ZAL

Ay Aukol Hal= two-phase partitioning(Palmgren et
al, 1990; Ahn et al, 2001, 2002) YHE =T HF s}
4Col A Agstglon, o8 d3du2 v th5 A9
o AHgstg AL 80Cofl Bk 5 ALg51%th H'-ATPase
84 &3> Ahn er al(2001)9] W& olgstHon, o
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2 EF BSAE o83 G Ao HFAS At
5HlthBradford, 1976). E3F 12% SDS-PAGEE 77|
453t 9 iAo PVDF(polyvinylidene difluoride) 2o
2 271 o8, western-blot-S 23] 244 H'-ATPase¢] o
gato] ghEoil AN FA(HE Lrtopubthst Sasagawa
REEHE BPUHE 11000 W sl st
a1, THlE H-ATPase 7&-2 alkaline phosphatase-conjugated
anti-rabbit¢l A2z} FAE 1:1,500 v] 2 3]43}e] AAJEMS
o} AFE HE A2 Sigma(St. Louis, USA)ALEELE 2
goto] ARESIE T, EE AR H4 29049 BHES

A AT

40 Sof e AHSHE Eokol| A Ajufsl= Ee
A-go] sl wsl7) wo| WrAlsl=d|(Sanchez and Benites,
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44 ARy ot dRu|ES pHIF F4 4]
L ey SaekA YA, Eoko] AHY Ao
4 8w 65 FArN R &7t A&t o] Welo] &
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Ha| 5 screening
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ol Te wigalth 2ens gajke] WA
A

g3t Heo] dRulg LB A WA FF-5 screening
sopt gtk ofof B AFlo] Ik theftt dRvlE
FE(0, 10, 20, 30, 40, 50 pM)°l| w2 AHAES Tl 2
2|9} gfuly AE 2| w20 B AAE T}
AL, E3] 20 uM FE9} 2447 Aol ] A o
A7 BAA fodE Hej $900 1 ojde FEIME
A ezt Ak 2 Felsdnh 2FER e
Hetish &35 APAERE 29E T2 64714 Be
FZ& pewri dishol] #F 3 59 © T2 dAA 47
g {3 10E Esko] 1 L poto] 20 uM FERE 2421
B Mg 3 o) A 24 gokd 2t 19 1

Ich. dii-Eo] FFo| dFuE Ao sir] fejef 4
£0] 50% o4 JAE Yo A FFol AA9] Zof 4

o]

O{+3 Al

| maA

15

Elongation (em)

e b L bl

. i

1 E E T LTI S - 1

I R S DU U SR N R B TR <

Cultivars

Fig. 1. Screening of 65 barley cultivars for Al tolerance. Five-day-old seedlings were subjected to 20 pM Al in 0.2 mM CaCl2
solution(pH4.5). Root growth was measured after 24 h. Values are mean of 10 replicates+SE and representative of more
than 3 independent experiments. Each number indicate the cultivars as follows 1; Pum6, 2; Yusek6, 3; Mozzimugi, 4;
F7-1, 5; Yusek7, 6; Yusekl5, 7; Yusekl0, 8; Yusek8, 9; F7-2, 10; F7-4, 11; Sessal, 12; Chapssal, 13; Nulssal, 14;
Yusek17, 15; Sechapssal, 16; Mozzihadaga, 17, Hovanchalssal, 18; Yusek6, 19; Jayea7, 20; Pum26, 21; Jayea§, 22;
Jayea$, 23; F8-1, 24; Jinyang, 25; F8-2, 26; Pum10, 27; Puml3, 28; Pumd, 29; Sinanchalssal, 30; Pum17, 31; Yusek18,
32; Jechonchalssal, 33; Yusek22, 34; F8-3, 35; Hinchalssal, 36; Yusekl9, 37, Jayea2, 38; Pum9, 39; Yayea3, 40;
Yusek20, 41; Yusek21, 42; Jinmi, 43; Jewonchalssal, 44; Ginssal, 45; Hamanchalssal, 46; Yusek5, 47; Pum3, 48; Allssal,
49; Pum7, 50; Dokushima, 51; Puml, 52; Pum27, 53; Hinssal, 54; Pum22, 55; Pum28, 56; Jayea6, 57; Pum5, 58; F8-4,
59; F7-5, 60; Yusek22, 61; JayealO, 62; F8-5, 63; Pum2, 64; Yusekl8, 65; Jayea9.
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Fig. 2. Five-day-old seedlings of selected 6 cultivars were subjected to 0, 5, 10, 20 pM Al in 0.2 mM CaCl, solution (pH
4.5). Root growth was measured after 24 h. Values are mean of mean of 10 replicates=SE and representative of more

than 3 independent experiment.
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Fig. 3. Photographs of root of barley treated with 0 (-Al) and
20 uM Al (+Al) for 24 h (B) by a new solution plate
system. The roots from a representative replicate are
shown. Bar represents 2 cm.
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Jayeal

Pum?2

Fig. 4. Photographs of hematoxylin (0.2%) stained root of
barley by 0, 5, 10, and 20 uM Al (A) and 3, 6, 12,
and 24 h (B). The roots from a representative replicate
are shown. Bar represents 2 mm.
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& S it AR e sttt olg N8 el
M27F B E RS BojFE gl Aok 0.2% hematoxylin
& Agsgon, ¥ ATNE ofu] B, HE, U AR
2 olu] B 3t Ahn et al, 2001, 2002, 2007). YAz}t
WA Hel ®eg dEnE A" 2HE(0, 5, 10, 20
pM)IF AJZHH(O, 3, 6, 12, 24 h)of| w2} hematoxliny O &2
QA% At 17 4A9) Bolch, $41 WA Al B
& ZAbo] M| apex?] A1Adi(elongation zone)ojA] &
VAo, G2} vnste] olRe HNE Hooh
E 557l Be AT Aol AHY EHo| Azte
AR 7}3‘; Z0g ZHs AT BEEQT) o)
Yol = %ol 5 pM AT giE2Te v ws)
of 71 «%ﬂ %“*JOI najstR L, o =& oMY T8 &
ol e THILE 4A). 20 pM =2 A g &, A7t
42 w9 s W 40 WA &5 Al e 34
DA gz tet 2 2ozt gl A e 6’\17}Hﬂi Al
Aol GMol ol Ao HeE Y& AL BAFsL
AR FF EY+= ol Ay 3*17} B A=
3 A|Zbo] AE4E I w3 A=rt Aske] 20 pM 2 2
24A7E At A AT AlETt 3E B AUt
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Table 1. Effects of 20 uM Al supply on the Al content in
the root tip (10 mm) after 24 h treatment period. Al
was not detected in control root apices. Values are
mean+SE and representative of at least three independent
experiments.

Cultivars Al content (nmol/root apex)
Jayea2 47.1 + 1.01
Tolerant Jayeab 55.7 £ 2.12
Mozimugi 62.2 £ 3.56
Hinssal 64.9 + 4.84
Sensitive Olssal 63.5 + 3.93
Pum?2 63.0 = 2.67

Zpolet A2 o] duly grgate] UAE
20 pM EF0lEE 2447 A7) & B9 apex(lem)Th =
oto] dFule TS SATAHE D. WAL F50]
£ 47-62 nmol 18|11 YA FFo] FE 63-65 nmol
o] ZHAE BolFo] 7P wst E2 £2°9 7P YA
ol B ‘Aoel= o 15uj9] 3leF Aol Hol itk
Sivaguru and Horst(1998)= &r5uly 2 2]dh &40 M
glojj A dRujFo] o) o Wol SAFIrkal Hils]
P, 2 A3AE 393 =59 apexo A EFulE T
o] t}& RO 24 A H3E& IS THA ef al,

2001, Ahn et al., 2007). 30| FAE YA 2 SoA w
77 = N FEEF valstel B apexd] 4R
B o] & Aolg HoFA 0}0”1} a 01‘”‘ opufle oF

ot} ¢

citrate, oxalate % E}OJ??} ~f—.’ Iﬂ'e & “6}01
e BEE AZItkE 7|Fo] HH Aol a1y et
AURE A EF UGN SRuES F(uptake) I
A A (translocation) 7} Uoju} BEFHEE Faf Ao &9
3} 9Jo] oH3Lo) A& sequestration)$HH= B 117} Itk Matsumoto,
2000). “Lefu} o EA FRujEo) AEA WE FoELl A
ZH Jo] AAMEE Sajo] HAlol tigh 712k drajA )lA
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ApEo] Y Atolli= ‘master enzyme rola} & " ATPase
7} ok 5% =BT o] A4 ATP7} ADPQ} ‘_/‘\}7]
o UM A1 5F £5& Stch ojuf A2y H'& A=
gho. g wjEsti u Al WsHE H Y s el
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OE ol B0l MEYR 548 4 9= 723 535
59 71815 AEerh(Sussman, 1994). E AHJsHE A Z
Hol oj¢tejo] AII} YA 4= Qlrks <A} o

49 #Ho) O]E} 74]‘3}7} 011}1 7HA] EEF 2 2ollA
AES 3t ofF
FhlE AEHA OMW A A S
o} H'-ATPase7} &2u]y AT} ‘ﬂ%“é 7] 2o T
2L B THAhn et al, 2001, 2002, 2004, 2007, Kim
et al., 2010).

= Ao ME Beo) dRu)E AuF A0 YF At H-
ATPase®] A5 317] $al 941 two-phase partitioning'H
(Palmgren ez al., 1990)°0= H2|® Y& A0o] % (purity)

<
oZ;
N
)
%,
K
s

S U AAE o1&5te] AL Al oF 88% =2 2
=o] dgduto] HHEUSE gl stgch A8 Age
Sl AdHE Belo AdRulm YA 22 Ao o} vighAl
=% ‘H29 FHE 20 pM LFE o] 24417 o AT
g RYE e F dgyue Rejsiglon, Halw ¢
FAY AA Gide] A7 9F(SDS-PAGE) 217} 1

qE

SAoItk. Ut vIZHY “18)al 2ot Hel g ko) u gt
WA patternofl= oFFEH Apo|E = 47} gk 2L}
FA|(polyclonal antibody)Z ©]8-3F H'-ATPase(100 kDa)
o I Hoh= Sr|EL ANE 2o Fthad 5B). &
WA Tzl whek kel g o] e S(translation) 22320 4]
E}E AHE T 5 A=Y YA EXoNE GRu)%
= A7e o] 9g A9 H-ATPase?] drao] 279} 1]
S, el EFeAE of shulel wo] wA
s} ol U4 B39 49 Aol 2ad
T YA H-ATPase$} 14-3-3 th o] 24
¢1AFsH(phosphorylation) 282 92|31 whHo| 1
Y A9 oln] YFulEo] o) By YA ¢
B9 H'-ATPase| 40| 74w 9l7] wji-al Ao]
CHAhn et al, 2004, Kim et al., 2010).
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Fig. 5. Coomassie-blue-stained SDS-PAGE profile (A) and
western-blot analysis (B) of plasma membrane
H'-ATPase (100 kDa) using an antibody against
plasma membrane H'-ATPase isolated from the roots
of barley treated with Al for 24 h. +Al and -Al:
presence and absence of 20 pM Al, respectively.
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3. WA Aolae} WzA4Rl B20) A2olE AT T, %
380, 5, 10, 20 uM), A3, 6, 12, 24A7HE
0.2% hematoxylin©. 2 A A 2 apexof 34|17t o]
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ul8) swol A7l met 1 wje) A5} o) Azte
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