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Interaction between AMT and AnkTm in regulation of ammonium uptake
in Arabidopsis roots
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Abstract; In plant roots AMT-type ammonium transporters have been demonstrated to mediate high-affinity ammo-
nium uptake across the plasma membrane. To tightly control ammonium uptake process, the regulation of AMTs at
protein levels is essential. However, the underlying molecular mechanism remains unclear. Here, based on the
available bioinformatics database,we predicted the putative interaction between AtAMT1 ;3 with AtAnkTm8 which
encodes an ankyrin repeat protein. Gene expression analyses further supported this interaction because both genes
were mainly expressed in the similar root tissues, and also expressed up-regulatedly under nitrogen deficiency. Two
independent T-DNA insertion lines were isolated and characterized, in which the expression of AiAnkTm8 was
defective. The growth of AtArkTm8 insertion lines in the medium supplied with either ammonium as a sole nitrogen
source or ammonium toxic analog methylammonium (MeA) did not differ from that of their corresponding wild type
plants. No effect on ammonium uptake capacity in AtAnkTm8 insertion lines was observed, which could be
explained by the possible genetic redundancy of other AnkTm homologs. Taken together, our resulis describe a
putative interaction between AMT and AnkTm, providing a novel regulatory mechanism on fine tuning ammonium
uptake in roots.
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REEAHEY LT RERTLRZ—, BF
HEAR BRME Y EEY R LHEHD
RAELEAR O A= 7= B R B SRR L 3R T 1R 4™
8 Bghn TR0l A 7 A, RN SRR R 355 re
B G| RAESHER G, BTEFUEMIFFER
PRIE % 18, 7R BLACAR O A= 7= o R R R 4y o o
HFEE H R E R, BETREAROIE TR
S EETR R ERUR T AT Y B BRERRIK
TR LB AR

TEPHESRAESRERFHEYR AR
TR EZ R SRR T RPERRE
(g 50 wmol/L) , MK BRE: B S EL VR Y 10 ~
1000 522, (BRI, MBARM T HE R 1R
oS R R B ERIR . R
R, FEHYRNGFEPFARNERIERSE, iR
FMGEEMGRBRE o T EYEBIAH
—3 R, AMT AR &2 &EH (Ammonium
transporters, AMT) 4 | 3R F1 ) i 22 B5 B iz o 2
YRR EE g,

AU D RIR G YR R UCOF R4, 7] i
R4 A SRS R HER™Y, TidE8N
BMHMEATFN v TREH R A R 8
W, SRR ER R E AT &£
A K LR A R R RS TR
YRR R LY . S FRTHBIRS
REA, RREFHFUBEITRAERE R 2EAR
B, N ER I RE S . H—BBAH,
BRRERE R E T UM G R eEaREE KR
T AXITERE FOKOF ER VAR, AMT EEER
F K B R RRA S h bR i A g e v
e, (S E Y REAS R PO LN B SN R IR R R R
PR FIA B IR RUE TR K P B9 2B 4L, AR T 3K 77 T8 9
BrSE R WARAE

TEEYE BT, Sobet 21 K HLE M F A
BERAKRMEa&E A RBC 5#&EA G
Ankyrin-G 7 7E HAE, RhBG C R BE AR AL R 19
BRRRAL R B & 0 RhBG 5 Ankyrin-G 22 [H]
H9EAE, AT B2 RhBG 78 5 B b i A e 4, #0 6l
RhBG 480G M. B RrXFPLH RENE L
B #nia g RhBG AL, Y& Ha EH AMT K
B R RBFERDINH A RFHE—PBR.

AP A EYERET B, RS E
BT EEATRRAREIENEKR2EA
AWAMTL; 3 ATRE S #iE H AtAnkTm8 fF7E EAF; &

W RFEFZIXR IR ENHA TR R ERE
B PR RBER . FFHED]H AtAnkTm8 GRE
a5 AR, 3 A TR BT REBTST , AR Y
SR BCRE LR R B ARSE
1 PRSI
L1 E¥YH#E

ALK B R Y5 B R s 3T (Arabidopsis
thaliana) . BPEEM B A Columbia-0 ( Col-0) ,#)F5
I¥ AtAnkTmS {25 5278 PR bH B I B I 578 1Ak PR Ar-
abidopsis Biological Resource Center( ABRC) 3K,
L2 SMEES2HES

FIF Genemania X [N & 1E B4 BE | Arabidopsis
Interactions Viewer 75 H HAESHE £ /. Genevestigator
BiEEREMEE, ERANNEX&EEEH
AMT1 FJE B (AtAMT1 ;1 AtAMT1 ;2 AtAMTI1 ;3
AtAMT1 ;4 F1 AtAMT1;5) E/EREH. FFH Gene-
vestigator B4 FE 2 1] AtAMTI ;3 5 AtAnkTm8 R
HARFHERBHIR
1.3 WEHFRESRRNBT AAMTI ;3 5 AtAnk-
Tm8 BI5RIE

BT TR A 4 d ERETREK
SHARETESR. | AE, ERBKERIER
W, EXRBH7EE 1 mmol/L KH,PO,,1 mmol/L
MgSO,,250 mmol/L K,S0,,250 mmol/L CaCl,, 100
mmol/L. Na-Fe-EDTA, 50 mmol/L. KCl, 50 mmol/L
H,B0O,,5 mmol/L MnS0O, ,1 mmol/L ZnSO,,1 mmol/L
CuSO, #1 1 mmol/L NaMoO,, A§ KOH &5 pH & N
6. O,IE/%TUJZ&QM‘,Z mmol/L. NH,NO, 'ﬂzj‘g?ﬁﬂﬁ
To MK SEAE IR AR : 10/14 h SBIR/ RIS
Jt3% 280 mmol/(m’-s); & F 22°C/18C; {8 &
70% . MYIEFRIEFHR 6 AEHEATHREALH, SRR
AbFE2 d. 4 d JEilEE, BUBEYIR (BEEEN0 ),
#25 RNA, 25 TTHB% DNA 753¢, & RNA ff RQ-DNase
I(Promega) #— 44k, A F§ M-MLV X7 & (Pro-
mega) 5% 3 A B cDNA % —5%%5, FIH RT-PCR
(ABI 7500 Real-Time PCR System) 434 3 R & 157K
Y-, i=F SYBR Green Realtime PCR Master Mix Kit
(TOYOBO) BEATY 3G KN, 52 BL B9 51 91 3R K IR B
62°C, ¥ =12y 180 bp, HZEH KRR KFEH
Ubiquitinl0 ( At4g05320) HyRiE KV B TR L, 2
R F s R 1. RMAKRIL2S pl: Bk 2
wL, 5| #7141 pL,SYBR Green Realtime PCR Master
Mix 12.5 wL,H1 H,0 Z 25 pL,
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Table 1 The list of primers
F1Z K 2]
Primer Sequences

AtAnkTm8-Forward 5’ ACGTATGTTGCGGTAAGCCATC3’
AtAnkTmS8-Reverse 5" ACCAGCAGCCAAAAGCTTAAGG3’
AtAMTI ;3-Forward 5'GAAGGCCATATGGACTATTTATGGG3'
AtAMTI ;3-Reverse  5'CGAGGAGGAGTAGCTGATCGAGG3’

LP-057432 5'GAGACCAAATAGGAAGCGACC3’
RP-057432 5'TTGTTCTATGCAGCAAATCCC3’
LP-088794 5'TTTCCACGGTCGTTCACTAAG3’
RP-088794 5'CTGATGAAGAACGAGTCTCGG3’
LBbl1.3 5'ATTTTGCCGATTTCGGAAC3’

1.4 T AtAnkTm8 SRR REGEHESETHES
STFERE

PRI AtAnkTm8 ik 5% 58 728 1 43 B ¥ 1k BA 1k B
DNA, LA Fr 2 BURAE 1% 5 DNA R AR, 17 PCR
P i, PCR FTAIZIMHRITS IR SIGnAL HyHH XK
¥} (http://signal. salk. edu/tdnaprimers. html ) , PCR
B &AL E YRR AR R4, ZERER
FERIYRE 1, KR 10 pL: £ 1 pl,5]
P14 0.5 uL,10 x Reaction Buffer 1 uL, INTP mix-
ture (10 mmol/L) 0.2 wL,Taq E§0.2 wL,H,0 INE
10 pL, ¥&Fp S48 > 5 #17 PCR, PCR 2 [ 2
BT : 95°C M 5 min, 94°C 2 30 s,64°C B K
45 s,72°CEEMR 1 min BEFT 30 PMEIR, 1% HIRNESE
JE oL Dk A I 3 25 2R

B2 R IR (20 ~ 100 mg) Ky sEmakil, RT-
PCR 43tk KF . UbiquitinlO ( At4g05320) 4
WS EER, X B BB E 8 Rk KT A AL
HERRETI PR 1, REER KR F # T
S,
L5 $ERER AtAnkTm8 A REEREMUEF
H R MeA FRMHERKRE

HERPEIT T HEERME 1/2MS(-N)
+5 mmol/L KNO, + 1% ¥ (pH 5.8, & 5
mmol/L KNO, ¥ it — & IR) Bk bk
HLOEHERT d BRBRRE S A M E RN AL
B 1/2MS B &% 55 5[ 10/0 mmol/L MeA + 1/2MS
+1 mmol/L KNO, + MES (pH 5.8) +1% gE¥#];
500 pmol/L NH, /NO; +1/2MS + MES(pH5.8) |
FEEIES 10 d, WA RFEPEATI0R, FREOM e
H(n=3~—4),LRHWASEITHFEM: SigmaStat H.
HEMTBEEER

2 HRSnr

2.1 £YEEEFN AtAMTI ;3 5 AtAnkTm8
HiE

FIF Genemania FHF G/EHHEE (http://gene-
mania. org) ZMT1EE]: BIEITH R FTERE
HHIEE H AMTL G S MG (AtAMTL 1,
AtAMTI ;2. AtAMT1 ;3 AtAMT1 ; 4 F1 AtAMT1;5),
HE AAMTI ;3 5 AtAnkTm8 BERGFAETIE(E 1),
FF§ Arabidopsis Interactions Viewer 75 H BAEEHE
(http ://bar. utoronto. ca) HE—E{JLHH T AtAMT1;3
5 AtAnkTm8 & H W] BB BAE

ATICZBEE0

B1 FAEYESFLERWLETTR AAnKTmSE
5 AtAMTI;3 5E
Fig.1 The prediction of the putative interaction between
AftAnkTm8 and AfAMTI;3 of Arabidopsis by the

bioinformatic database

2.2 HIETFH AAMTI; 3 5 AtAnkTm8 HJ4H R4
FMRERHRFAMET RIEER—H

H] B Genevestigator ( http://www. genevestiga-
tor. com) 237 B9 5 B i 808 4 A R B, Avdnk-
Tm8 5 AtAMTI ;3 BEERAEHARERFH T EHAE
A—E, AdnkTm8 ERBEHRZERE, 5
AAMTI ;3 BERER PR ERE B (B 24),
ERPARAATHRKRAREXREEBERS,
AAMTI ;3 BEE B FEEREHRATR L P RE (B
2B), HARFMHEREX DN U, AdnkTm8 5
AtAMTI ;3 BEPRTEMR R BRI T B BRI BH
R TERAMB KM AAMTI ;3 REEWY
B, AAnkTm8 H) 3R 15 | A W 32 B 88 7# 2
(B 3), 35— XIFET AtdnkTm8 5 AtAMTI ;3 H
YRR T BB
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Fig.2 Relative expression levels of AtAMTI ;3 and AtAnkTmS in different organs and tissues of Arabidopsis
[ (Note) : A—AtAMTI ;3 5 AtAnkTm8 ZEW B IF A RIS B A A P HYF2157K F Relative expression levels of AzZAMTI ;3 and AtAnkTmS8 in different
organs and tissues of Arabidopsis; B—AtAMTI ;3 5 AtAnkTm8 FERIE TR AR R R 735K F Relative expression levels of AtAMTI ;3 and AtAnk-
Tm8 in different tissues of Arabidopsis roots. ca—fyf54H 4R Callus; cp—4Jtk 4 AR Cell culture/primary cell; se—4hPE Seedling; in—3E FF Inflo-
rescence ; rs—E B Rosette; ro—4R Roots; Ir—{llj# Lateral root; rt—#3 22 Root tip; ez—f§ & [X Elongation zone; th—# & X Root hair zone;
en— % |2 Endodermis; ec— A [z 2 + 22 Endodermis + Cortex; ea—#33E Epid atrichoblasts; le—{lj#4R Lateral root cap; st—H4E Stele. ]

25 a 35 r

[ iz ER a #EA
- AtAMT1;3 - a
5 . 20t —]:— T 30 [ AtAnkTm8
i 1 25 2

R
SH st an
% %\g . b 20 F
RN 15 r
“ 05 sL 2
0 1 1 1 0 E 1 1 1
+N NQ@d) -N@d +N N@d  -N@d

E3 BREMHE TRIEFRE AIAMTI ;3 § AtAnkTm8 EE KR
Fig.3 Relative expression levels of AtIAMTI ;3 and AtAnkTmS8 in Arabidopsis roots under nitrogen deficient conditions
[E(Note) : = EARFHERERIE P <0.1% BFE K Different letters indicate the significant differences with each treatment at P <0. 1% level. ]

2.3 ATT ArAnkTm8 SRR REEHGHMES
STERE

¥y, WiF LBL. 3-RP #7434 W LIB BIY S ARH , K
/N3 K 500 ~ 600 bp, B 1.3 BB M Ay AtAnkTm8

AT 5 AtAnkTm8 EERBS 5 TR RER
WS, FURG | PREST T AtAnkTm8 255 80K
A X HHT T 0 TH5E

X | Pk PCR 744 e 45 R A&l 4AB i,
SR RST (Col-0) MR RS54 LP-RP 3
FrYIE T LU B S 3 AR, /N4 2 1000
bp, Tiii i T-DNA %85 45| 4 LB1. 3-RP #179 &
AW, £ T-DNA A RER (057432) Refkp
(& 4A),1.3 SHRAZ|Y) LP-RP #HATH B BA =

AR IR, 76 T-DNA HARER (088794)
FEfk (& 4B),1 —6 SHEMATI Y LP-RP 3474
WA =Y, M F LBL. 3-RP #4743 W] LAS B4
WA, /N0 500 ~ 600 bp, 8 1 ~6 Sk
¥ AtAnkTm8 48 GRS RABR

N T HE AtAnkTm8 255 BRK RB WHE KR BA
AtAnkTm8 BIZ23K , 73 | I\ AtAnkTmS8 F PR %% 57 7K 3F
Xt T-DNA AR ZR (057432 F1 088794) W4i&
BRS SR RFEAT T RT-PCR %5 (& 5) . ZRE,
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A AtAnkTm8 mutant

WT _(057432) H,0
1 2 3 4

LP-RP

LB1.3-RP

B WT AtAnkTm8 mutant (088794) 1,0
1 2 3 4 5 6

LP-RP

LB1.3-RP

H4 REFTHEAER AAnkTmS HREARER
e Finik
Fig.4 Isolation of AtAnkTm8 T-DNA insertion lines
in Arabidopsis

[ (Note) ; A—T-DNA 1 AR R (057432) 854 T % Isolation
of AtAnkTm8 T-DNA insertion homozygotes in line 057432 ; B—T-DNA
AR R (088794 ) #li 4 F fifi % Isolation of AtAnkTm8 T-DNA
insertion homozygotes in line 088794 ; WT—EFA:-H Wild type. ]

WT  AtAnkTm8 mutant _Hy)O
057432-3 088794-3

HEA
AtAnkTm8

ZEREA
Ubiquitin 10

BS HEitHEaEE AAnkTmS AR RELEEN
RT-PCR £7%E
Fig.5 Characterization of Arabidopsis AtAnkTm8
T-DNA insertion lines by RT-PCR
[ (Note) : WI—EF4= 3 Wild type]

AR (WT,wild type) HIEEIFHIEFIRTTY HH
IR/ AtAnkTmS Bt (9738 v BrK B 180
bp); T-DNA A ZASE (057432 1 088794) 14k
B ERREBRA BB LR E =W
2.4 AtAnkTmS #i SR RTEBHEKITHEEIE
Egkd:0pA )

R T BHEE AtAnkTmS WERK R IHYIR R &
WS ZIRE , X AtAnkTm8 4462k R AR TEAE N
ME—RIR A T AR, AN BRELAL JAE 3008
SR, UK 6 P BEERER A A K R MF T, AtAnk-
Tm8 T-DNA 3G AZASZ& (057432 F1088794) Hyshia
KRR SR AR R RAHEER,

MeA RERZBIY, 7T LA%E AMT A %2, i

AtAnkTm8 mutant AlAnkTmS mutant

WT 057432 088794 WT

057432 088794

[ O WT BB 057432 088794

Shoot fresh weights
Hi b # H (mg/plant)

KNO; NH4CL

(0.5 numol/L) (0.5 mmol/L)

B6 MEAEE AAnkTmS GRRBFEME
FHTHERRE
Fig.6 The growth phenotype of AtAnkTm8 T-DNA
insertion lines in ammonium as sole nitrogen source

[ (Note) : PR SAEKKE, TE M LHF#HE(n=3 ~4) The
upper panel represents the growth phenotype and the lower panel for shoot
fresh weights(n =3 <4 ) ; WI—E4E R Wild type; B EREFHER
Z£53E5 P <0.1% & 3 /K F Different letters indicate the significant
differences with each treatment at P <0. 1% level. ]

T MeA SHYAFEER, BIEYAE KN MeA
F U BB S 58 R ot R B R R RE ) o X
AtAnkTm8 S 3 R R FRIRI R 78 MeA Z0H
FREGE D (B 7), FERMEY (WT) 76 MeA 3
FeE PARKZBME, b RN TR, Avnk-
Tm8 T-DNA i A 578 R 44 55K 2R3 MeA
BUR, FIRE IR T A K2 BRI, 0 S EH B T
BRI . ek AbFEAN MeA BURMEFRBIRI 1945
P T AAnkTm8 1550 B 50 B M AR Rk
HEERES o
3 e

SeAE R RIR G YR, (B B S 2 40 A
FEER, TSR DS EiE T BRI
B, ATHREKTE R, AYARRKFEZNE
T _E i TR, o B HKF b B TR S SE AR
A, BRTE— BRI R AMT TR
7EE /K F BB VA, 40 Rawat 2550 78 x5 8
TR IR E SR, & RERIIRE R



1298 EEREREB%I# 17%

AtAnkTm8 mutant AtAnkTmS mutant

037432 088794

WT 057432 088794 WT

[ wr B 057432 088794

[N B ]
(% ]

R 5 (mg/plant)
s

.
H

i0

Shoot fresh weights

1_}‘
2 5
0 =
MeA MeA
(0 mmol/L) (10 mmol/L)
B7 #EAEE AAnkTmS KRt
AEZISEE

Fig.7 The growth phenotype of AtAnkTm8 T-DNA
insertion lines under supply of MeA

[ (Note) : LEIGAERRE, TE Dy EH#HE(n=3 ~4) The
upper panel represents the growth phenotype and the lower panel for

shoot fresh weights(n =3 —4) ; WI—84 & Wild type; & E AFF
BERERIE P <0.1% 8 3 /K F Different letters indicate the
significant differences with each treatment at P <0. 1% level. ]

AMT1 ;1 B A K 43 il 45 5B PR, AT 48 I v B
FEAEEKF EREE,
FHREERERKFREMEHES. FIH
YR RETBRRMIREORMEEERRAE XN
# FEAEEHRMELERNSNEH 58N 6
N AT S AR B S R M R . BN EH
HAEREREL RN FEREAEENERZ HF
HAREARIEA B AEHERER X F 55
SRAANE R A E A RSSE ™, RBRA
FAEYER¥HBERED T TRES&ERERA
AMT1;3 HER &% H AtAnkTm8, AtAnkTm8 2
Ankyrin repeat ( ANK) R — /5, ANK EH
vaxiilat 2 E e TN h: e E R
B EEEYEEN SEHSEHZANMEE
fER™ s AIXEF ANK SRR R E o
EHYH RN EEN EREH,ANK &1
HEEREAMEEAMETREAME L, [
IR A5 HA A R B B EAE A,
SamagrEa  mEERS T B AR

CM 2R R EaEE &, S
I¥ ANK FEH4> R 16 N5, Hh AtAnkTm I 55
5 40 AN FEEM, XTHE YN ANK B B9 SRR RT
FAR L, AVE MY B A7 kT B g
i

BEMEYREFSHERESE . ARRLIIRR
) AtAMTI ;3 T EBABIEED, AtAnkTmS B 1E
B HERE, 5 AAMTI ;3 —3(, 3F H AtAnk-
Tm8 5 ArAMTI ;3 ER7E SR iy EZ AL (KX
MREBX) WFRIER, FUR T AtAnkTm8 B fE 54k
WCR 2%, X Rk R 2t 5 AtAMTL ;3 By EAE
SERU . Gazzarrini 45 1999 4 &R B, I FE T &k %
BEAEFZREES, HRZAE S5RIKREH M
th—FY, A EBLRABRAMAESET
AtAMTI ;3% 35BS, 3F H AtAnkTm8 R EIH
FRZBAFEFH . AIAMTI ;3 5 AAnkTm8 TR
HRHRARFHERE —FOLHZ A ES, XFT
BAIZIB EAER T ek,

T 3R AtAnkTm8 2 518 YR SR O 2 8
FRE G F R , AR R 1) A5 22 R W 4 B8 719
3| T ArAnkTm8 H)ERRRAEER, XF AtAnkTm8 GRR R
A PR AT ek AL T AT MeA SR MEF B SZI R TR,
AtAnkTm8 Wy ik 25 1% H 5 W 1H 97 8% B9 R BB 7o
AtAnkTm WHEFH 8 MRIEEE S AtdnkTms JE
HWHU, AR 7T AEEELRAK LR BF
721, T EIE R RS, AtAnkTm T R R+ H
ol 5 T BB 5 AtAMTL;3 KA H 1, fr A 7G
AtAnkTm8 B GRS 3 B 15 B Dh B #hME . Br
IR A s TR ES R R IR BIRETIR
(R , Btk — 2538 2ok BB AR A8 A W 43 F 5 6 B oAb
FWIEHEE AR — A H AdnkTm BB 5
AAMTI ;3 FAEEAE, LUR RS 5 8% RORFER
S

Z LR, A ERAYE R MEE R
ST HEN & e R E AAMTL;3 AR &
AtAnkTm8 FF7E FAE, Dy A7 A8 40 6 RO R 45 30 72
AT T RERIFTALAL
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