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Characterization of Lotus japonicus ALMT1 gene
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ABSTRACT

Aluminum activated malate transporter (ALMT1) was identified from some plant kinds as the protein which
participates in secretion of malate in Al-tolerance mechanism. But character of ALMTL in a leguminous plant is
not understood well. Here, we further characterize LJALMT1, an Lotus japonicus aluminum-activated malate
transporter gene, to clarify its specific role in Al stress responses. To investigate Al-inducible changes in gene
expression and location, an LJALMT1 promoter::GUS reporter construct was generated and used to transform
wild-type L. japonicus. With Al treatment, LJALMT1 was expressed more strongly and widely within root apices
and in the central core in mature portions of the root. Although LJALMT1 showed similarity to AtALMT1 in gene
expression conditions, the clear difference was shown in comparison of an amino acid sequence. The ALMT1 in a
leguminous plant may play roles also not only to Al-tolerance mechanism but to symbiosis with rhizobium.

Keywords: acid soil, Al stress, Al tolerant mechanism, legume, symbiosis

1. #E

ettt 338 | 3BT - R O 2R D 30~40%% [ &,
Z O 3.95 E~7 Z—L b Tna®, g
MR oY OLEERE & 72 5 b KX 72 BRI,
FEMEAIC > TS5 Al A o Th 5. HIEAHE
T AEBITEOTRTAIRNEHELFEL, ¥ 7%
ZHOTND. AT EERRIEIC R D106V, FitE
DFRNA A& LT L, pH 2N 45 L F o 3T
1T bR AP L UTHRET S, —iRIC Al A
A TR ORI EFE T 5 2 & THES M~ E % .
EL, AN EIERESETLES @ FRL LT
ROIEF R AE S, EMOERICEEN
B D8, < AREYZEORBE CHRAEIE & L4
EREEEITOVEWIIFFICEELZTH & TPREINS.
W38 & R, TENS DA R L A EBENC
KoTHERETHZ ENTEX V=), HHA ML A
IS D HIEE RO, O Al A A PRSI
IERAIL T, Al A F 2 PEbRbEE & i BT O
TODHEND DN, RN K D Al A A PEBR
WHENTELRLOLEEZ LN TWVWD. EWIT I,
Al A 2% LIRIEIC Y o SRR 7 = U BRSO A4 H IR
EOWTAETEBIL T ERMON TS, vadg
RIS A LR B

U IR S LR

XFRXFRaALXDEA, Al A L AT 7 F L ZE A
TAL, ALMTL (FA I = AF3EMEY I RT
AR—H—) BiFE I, WbV e,
Al F X L— MNEGEEMRESE D Z & TRNA~D
Al A > DR AL ZIHIT D ENHE SN TN HE,
F£72, ALMTL BB T ORBUIE T 7 b U MR EA]
F-, STOP1 85459, —J, A4 L X1T AACT (7
NI =T NER T 2 BN T o AR—2—) BEE
L, 7 BENWT 52 ERnREShTns0e.
FEEMO—>Th L~ AFHEDIZ OV TH T R
U, XA RXEHILNT Al A A 2 TSR O AT 03 T i
TEED, BinrERSOIPEEBHREDOEMA A+ T
D LD, IHIZESTWRY., —F, v AR
TTFMEMTHD I Y a7 Fix Al A F ikt o
T LIV ORRNT & ATRRIC T B B T EIEAE - T
5. Fexlxim A4 X XF AALMTL (EU181365) &
AtSTOP1 (AB300237) DOHgHEEH A W= ¥ =74
EST BEL WY/ AT —H R—RRFIZ LD, HEHEES
FEEP LB ETERRL, v a sy ALMTL 851
& STOP1 i&fs+ (LLF LJALMTL, LjSTOP1) 73R T3¢
FHLTWHHEZHRELTNEO,

ARFZECIE, LJALMTL O7 2 BRECHI, FEEEL,
Al A F U FEMEIZOWT AALMTL & D B &7 - 7=

—109—



2. MEBLUAHE
21 RIBEE 7 7un"sF )V v ADER 2 A b
7 7 MER D720 O KI5 E L E.coli DH5a, ¥ =2 74

TWEEHR O OT 7a 77 ) o A
Agrobacterium tumefaciens LBA4404 % i\ 7=, KIG@E O
FE3gI2iE LB B, 72/ u s T Y U ADEEICIE
YEM Bl A f L 7.
22LJALMT1 v Ee—&F—Dru—=v7

LALMTL = FEEE S 7 ) A7 v — v

(CM000361) Z=#5MH & L, #5 B4R D Lk 3 kbp
Z PCRIT L 0 H#9iE L 72 )ESIZ 13 Promega £ Gene taq
NT, Forward primer (5’-CTTCTGTAGAATCTCGGAC
TAAACC-3%) , Reverse primer (5’-GATTTGATATAGAG
GAGAAAAAACC-3") % W, i
55C% 15sec, 72°C% 2min, 30 %1 7 v & L7z,

PCR FEY) % S5 VKE) CHERRT%, Promega 1> pGEM
easy vector system CTTAZ r—=2 7 L7=.
23 Iva s PR EEREEH rn—=r7 LI
LJALMT1 7' = & — & — il 2z pPCAMBIA1301 X7 % —
® GUS @ Ltz E A L, A. tumefaciens LBA4404 [T
iR LT

B L7 77 U L L, 7T 27any

TV U LEIZEY IV a sy o ERIE 2R L.

SR 2 ER OEHIZBARNCE A L= FiEE v
720, TWEEHE R OESRIT AR ST LS
/A5 DNA 288 E L, GUS B x4+ 7 714~
— (GUS Forward primer 5-TATCACCGTGGTGAC
GCATGT-3, GUS Reverse primer 5’-TTACATTGAC
GCAGGTGATCG-3’) # M\ 7= PCRIZ X Y S L 7=.
24 GUS Bufa, & X v o/ HREBHR AL Al A 4
(200 uM)FFFE T « FEMFIE FC LML L7z, Zo%
Y SV REEBERA O ilo 7R A2 GUS it
% (X-glucuronide 1.9mM, 7 = U > 7 g U w7 1 0.5
mM, 77 gAY A 05 mM, TritonX-100
0.3%, A%/ —/N20%, U BT Y2100 mM,
pH7.0) IZiR L, BZEF T 2~30#E L=, 37Co
BEAFC 1 KA % 2_— F L7z, e, B2
100% =% / —/WZ—Wig L, EHE{T- 7.

3. R

3.1 LJALMTL 7 X / ERBC 5 L Y arsys A
7 m—> (CM000361) KLV HH 7z LJALMTL &5
FREHNE D FHEILZZT X BRSE v a A XX,
A REDFEEIN TS ALMTL 7 2/ FBES % A
VY, Multiple aliment fi##7 (NCBI COBALT program) %
1T 7= (Fig. 1). Multiple aliment fi##r &, LJALMT1
& GMALMTL © 7 X/ BELHI ORI IX 75.4%,
LJALMTL & AtALMTL &7 2 7 BRECH o A8 [F M 1%
41.7%TH Y, EWHEEZ R LT,

1% 94°C % 15 sec.

=S B FEAC 2B 505 (24 4F)

R L e

77777777777777777777777777777 TRl SR | 1

@ Et 'ﬁ LL,,IL,,4I_I_I_I_I_I_IUD

\ n \HMW m\ﬁﬂ ! i

S A ey el SN L

m EI_\_I‘_\_IJ @ LF L,,,H_I_I_I_IJL &

{ UHHM \H\ \quzzz
uL,,,, e 2 vfREE cFlcpprFRecuzoy]

é

51

Hﬂﬂﬂﬁmﬂ WDHWW{

8 R B e o1 G i A I
wmwm STt

Fig.1 Iv=/7% (L) , ¥4 X (Gm) , vuaA X}
ZAF (At) ALMT1 7 2 / E&fd%1 o Multiple aliment fi#
Br. WA IvYa 7y ALMTL & —& LT 2 k%
R

Gm .
AtALMT1.gpt

F72, I¥Ya TS AL TRIENDT 2 B
FEBEICHE STV D ALMTL 7 2/ BRECH 2 & 1E
B U7 Rk TlE, WFEERE O ALMTL & B 3E4E
Yo ALMTLIZBIO 7V —F 2R L, & 5o~ AR
Wi D> ALMTL 133 EH O 7V —F 2B T % 2 & 235
vk 7ro7- (Fig. 2) .

ArtALMTT

GmALNMT

LIALMTY

OsALMTT

HwALMT
ActALMT1

SeALMT

0.1
ZrALMT T

Fig. 2 ALMT1 %4, Lotus japonicus (Lj) , Glycine max
(Gm) , Arabidopsis thaliana (Art) , Oryza sativa (Os) ,
Hordeum vulgare (Hv) , Aegilops tauschii (Aet) , Secale
cereale (Sc) , Zeamays (Zm) @ ALMTL1 7 X / figfd
Flizxt L, ClustalW fi#4r 2170y, TreeView32 7'va 75

DT X0 SRR 2R LT

I AX O ALMTL (ZH O JFIRERIZ /E L T\ b
z 9:75§¥|€<ié2(v(b\5 ZEMDS, TMHMM 71 7' F A
LB, E®RAA > TPRZETT->72 (Fig. 3) ©.
TMHMM FRHT OFE T, AAALMT1 OfEE R K A A 2135

—110—



AL FAY - R 3 v 3 7 ALMT 1 85+ O VERET

f, [~ ARSI D GMALMTL & LJALMT1 O E
HRAALSTEETHD Z PRI,

TMHMM posterior probatilities for Sequence
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Fig. 4 LJALMT1 pro:GUS =t A k5 7 k.

K ERER (APG-1-17) OEMNGHIH L7257/ A
DNA Z#i & L, GUS Ei=FWrf (K 500 bp) 734
832 X9k &hie 77 A4 ~—% W TPCR X

EAT-o T2, BUSHRICTESIKENC LV, GUS K OHilE
OB EFT 7= (Fig. 5). AL L7-EEEA L LT
B HNT- APG-1-17 DT T, GUS &I i A e
SNz &k, 2TOREERERTIZ LJALMTL
promoter:GUS = A F 77 R REHAINTND Z &
AHER LT,

Fig. 5 TEEs#a T O AE 5 7 OfER. APG-1-17 v H
L7247 & DNA L L, 500 bp YA X T
HET 2 L0 ICikFt sz GUS 774 ~—% Huwi-
PCR FUGR DRIk E#E . KEE 500 bp DALE &7~
7.

3.3 GUS#f5  LjALMT1 promoter::GUS =2 > A kZ

7 N OBANHER SN B HA 2 LR THPL,
200 puM AICI; 70N & FEUSINCHES %12 GUS Y2t 21T >

7o REOLREOFER (APG-15) % Fig. 6 2R L7z,

Al A 2 Z I U 7oK Bl TS S v7z APG-15 Tl

WOSNYt S iz, —JF, Al A 4 U IERINIFZIE

Yuth | IMER S 2o 7=, APGS, 10, 11 13 APG-15 & [A]

FROYetto X2 — %Rk L= (Table1).

Table 1 APG JEE AR D GUS Yeta it 3.

APG | 2| 4|5 |6 | 7|8 101|415

Al4f+> [ O | O | O X (0] X o | O X O
HET

AAF>
F¥HEET | O | O X X (@] X % X % X

Ol% GUS BetaR ¥ T 1 7,
ERT.

XX GUS Bt T 4 7

—111—



ng%*%ﬁW(lewowwst%éF% A
1E AICI; BN Tl U722 MR ¥R, B 1% AICI; RIS
PECHEE LR, HARIE 1 mm 29

4, BER

INET, WO Al A A T EERE LS v A XX
TR AX EHOITHENT S, U v TR O i
AP D ALMTL <2 STOPL A fiE STV g, —
¥, EEEMO—2>TH D~ AFRHEM O Al A A il
RS IR EN DLy 1328\,

ARG TIX, LJALMTL AR OFEM e S8 BLAEAT 2 52
i L, LALMTL 3B a3V > SR wi o Al A 4 i
MR H+ 5 m 4 X7 X5 0 MALMTL & [FEREIS,
Al A A UAFIET, BLXOROEMCTREATSZ L2
LM LTz, ZOFEES LJALMTL 28 Al A 4 ik
POV TN TV AR—=Z—TH Y, Al A A ik
B ICB 532 Z LV RIB & T

LJALMTL 3&fn - OFBL ¥ — 13 AALMTL BiE T
EEWVERIPEER R LAY, TR BRRAIRICRB N T
X ALALMTL L 0 & % A XD GMALMTL & &\ O FEEE
(75.4%) %Lz, F7o, REBENT TIX LJALMTL
IXGMALMTL LM H D 7 L —TF 2B L TWDH Z &I
Mz, BREERAA L TRRRTE AAALMTL & (38
720, 6 HOBEEBRAL LV EAETHET—HLTH
72. GMALMTL 28 U > SRSy W Al A A L Tt psts
WD D Z T STV ARV, @EVWERIE 2=
T LJALMTL 28 Al £ A U8 TH -T2 b, &
A XY TEWRID Al A A i 2 A%
ZENTHRIND.

HARRLI Va7 HicfREREND~ AREPIZ & 5
T, VUV amiIERRETE O/ X— N —Th HRkL

T i BT FEAC 2R 55075 (P 244F)

T A RFBEIRTHLH S, £, WRIEREIC I
?37%AMM1@%ﬁ# WXL ENEEESHL
T3 Zm7=, ALMTL IE Al A F ittt 72
T, HAEERETICEBONTHEERKE EZH T
00 LR,

i
AR THERA LI Yas/ 7 a7e—idF v
aFNANRAFY V=2 Ty N ERMEZITT-.
IR L THEEET.

B3
(1) Baligar C., Ahlrichs L. : “Nature and distribution of acid
soils in the world. ”, In Schaffert RE. ed., Proceeding of the
Workshop to Develop a Strategy for Collaborative Research
and Dissemination of Technology in Sustainable Crop
Production in Acid Savannas and other Problem Soils of the
World. Purdue University 1-11, 1998.
(2) Sasaki M., Yamamoto Y. et al. : “Lignin deposition
induced by aluminum in wheat (Triticum aestivum) roots”,
Physiol. Plant. 96: 193-198, 1996.
(3) Sasaki M., Yamamoto Y. et al. :
an aluminum-activated malate transporter”,
Journal. 37: 645-653, 2004.
(4) luchi S., Koyama H et al. : “ Zinc finger protein STOP1
is critical for proton tolerance in Arabidopsis and
coregulates a key gene in aluminum tolerance”, Proceedings
of National Academy of Science, 104(23): 9900-9901, 2007
(5) Furukawa J., Yamaji N. et al. : “ An aluminum-
activated citrate transporter in Barley”, Plant Cell Physiol.
48(8):1081-1091, 2007.
(6) Shimomura K., Katada N., et al. : “Aluminum lon
Response Comparison between Domestic Lotus japonicus
Lines”, # m REAC 2, 48: 101-104, 2010.
(7) Shimomura K. Nomura M. et al., : “Novel RING Finger
Protein, is Required for Symbiotic Interactions Between
Mesorhizobium loti and Lotus japonicus”, Plant Cell
Physiol. 47, 1572-1581, 2006.
(8) Yamaguchi M., Sasaki T. et al., : “Evidence for the
Plasma Membrane Localization of Al-activated Malate
Transporter (ALMT1) ”, Plant Cell Physiol. 46, 812-816,
2006.
(9) Kan T., Takanashi K. . et al., : “Expression and
functional analysis of ALMT in Lotus japonicas”, 1st Asian
Conference on Plant-Microbe Symbiosis and Nitrogen
Fixation

“A wheat gene encoding
The Plant

—112—





