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Advances in research on plant amino acid transporters
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Abstract. Amino acids are the principal form of organic nitrogen transportation within plants.
Amino acid transporters are essential for the import and export of amino acids from plant cells
as well as between organelles across cellular or subcellular membranes. Various molecular
mechanisms for the absorption and transportation of amino acids have been demonstrated in
plants, which contribute significantly to nitrogen efficiency. This review summarizes research
progress on the molecular mechanisms of amino acid transporters based on their expression
pattern, function, and regulation, which are associated with important traits, such as nitrogen
utilization efficiency, disease resistance, quality, and production.
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HERE ) 200 M R OB B I B R et AR R e, D
BER 5T, DS ERRR IR E , T4k, A
KA ) MR 1o 3 1 B PR A WP S | — &
GBI, BTy 40 i (] 1 K 46 v Ry
M, YRR 12 3 H R 4305 ATF(Amino acid
transporter family ) . AAAP ( Amino acid/auxin
permease) .
choline transporters )

APC ( Amino acid polyamine and
OEP 16/PRAT ( Plastid
outer envelope protein of 16 kD or preprotein and
amino acid transporter ) . DASS ( Divalent anion
sodium symporter) . MCF ( Mitochondrial carrier
family) 55 5 KB KK, HET, A CHEY = EER
15 T IIRERY ST FZAE TP AE ATE Fl APC 2 DATE
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sis thaliana L.) /' AtAAPs 5 8 it 51 ( AtAAP1 ~
AtAAPS) AtAAPs L e fEAE A L Rk, TR
PE ., HrE B 2 R R 1Y K BB 25 98 fiy . Fischer
ST RN, W AtAAPG 15 35 FIE R v A b
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FE G FETR A T 1] 1) J B 10 2 i il A o ke
YEHT; AtAAPS FEZEAE A B - FH LA AR SR
Fik, HEM TR, foelammRizmamsldh
BRI R E . BeAh, WA HALY R i S SE R 7
iz (AAPs) MY HiRE, Bk 35 N Ty g © 19 2 5
UE, . s SO E s B ( Solanum tuberosum
L) U5 StAAPT By Rk v R EUE R E h & L
IO B e AR R ZE v SR B R AR, R W
StAAPT W] REAET) K A I R 1) e 4 b R ¥ E AR
. JKFE( Oryza sativa L.) AAPs F= 84 S b
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KGR IR a1, Hh PIAAPTT EZAE A
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AN A oT R AN R AR |, s Bk
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KU AILHTE TEMR R . IREM R ZHLURK,
R | AR AN 2R 5 i A SR
A A LHTs SIS 46 S pb iy Fh ob
BB, WKFE OsLHTE W] 755 R4 43 4= 2H 4 v
MBI NS (Panax ginseng C. A. Mey.)
PoLHT ik HA MR ik, MERMANE
RAR 55 X5 REAH LU AR it 200, HLS S 2 2
e, EWRARFIAA K I, £ POLHT =
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GAT WA £ B2 GABA(y-EAIE TR ) &
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B HB K e A e ik, d B AR i R K R
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M R MM A B m N RBEEE, TS50
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HvProT2 4ifty H 2 R FH S i/ I 2 R e iz 2R 11, TR
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MtEmem, MERIRZ, X y-2 58T R E M i
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W NB M ZEH, B SICAT2 Xk &R T
HopM )y, B SICAT2 nl g+ 238 i B5 i i it iz
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PURGIT LAT (L B RHE ) R A
SAKR, HA 12 NSRS, A TR,
H5HAMh A s AILEYTE  HTSESE
18RRI A NEY) AR . diiRfs S 15 S
il pH RS EEZE/EN, ALLATT 328 PA X
AP E AR A, B AR T S 3 R O
Xt 1 B B 2k KRR ALLAT4, AHLATS
AI7EA ARk, ot ALATA ZEARRR 548 T A
S A 20 I A €0 S A B HE AR R, ALLATS
A LY P BRI IR BTG T, R AT
A PR IR [ A
1.3 HtSEREEZER

R4 O 2 %0 AL IR s T, TR E
M5y s s 545 1 AR 12 T A as
IF] B e a1 159 3

B [ Nz AL (Import) /R R %8 1,
WA HMEF AL (Efflux) Fiz T, EEATED AN
SMER IR, FIERRSMIEFZ E AR Y T i D RE
BRRABIGE . BIRIT ABATT J XL LR s 5
T, NSRRI WAL, SRS
IR AANTT ZER i 21k, RAK antt fii
B EILRR T TR AR, LT RS S
TEH) R R LR AN HET® % SIART Ml FEAR & |
7 M dE g A b ik, IR EESS, BRI
RAE/IN, AR E, ERN I AR E T,
SIAR1 2543 & B P4 2 R 5 AN B A MHE S R &R
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IR ST, HEWZER TS 52 5
iz oM

W R IR 5 18 1 A M R IR s 1 A R R
SETRAE AN 25 0] 19 35 iz . PLed T ATAVTS 5
AAVTA ENL TR, MR ELRIMEEA, it
WS iE T AR S A R R A
Ypalp &—FE it 2 8, Yoqip MR
S BRI R e AR ATP 1 i R T Wi A2 B,
HERRI T BB %, Yoqlp #2555 Wbk
2, W Ypqlp /- FHERRE RO 21 4
KRR EAN T AR, B, MaEi, A
iR RN 5 5 AR IR I e ia . SURIJT AtmBAC2
M FARERRIE PRS2, HAES A8 hE £
ik, Derp ks,

M, EIEMRBEAE IR 5 R Z
iz B 2 CEE, N FEILRRIEAR
2R 2l B () S UL B A4 i 6 s 20 A S Y < iz
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2 REMEIEEENENMFING

HY R R R GR Z IR N R AE KR B il e
M, SR % iz B (1 1 3k B g LRI 25 ¢ 57
PR, Iz, RIE. SR AT R S A
W, EILRRE S R PO R R AR e S A R A AL
R MR, SR B R I R S T A o
PER(E 1),

W R, HEEE LML TRk 5Pt
KABIRBEYIA, )RR BT M
S Z A TR R RN E A7 RS
W, WFFEIESE, RIST AtCATS Fil AtCATS 41k
ZRBWAT, ACATS EZLAEH WM G it rp 3
ik, AL RN, AtCATS AL v WM ik
bR A3 FIR 2R ) T 43 A A 2 DL S &y gt e A
fh ek ™ H W B ( Brassica napus L.) 2%
FRIER S5 K IR & i BE AR, BnAAPT, BnAAP2,
BnAAP4 Tl BnAAP6 TE I i Rk BRI, &
) K A B R R R AR, 3 BRI R R
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Fig. 1 Overview of amino acid transporters with demonstrated functions in plants
*x1 SEBBRCEANEYFING
Table 1 Biological functions of amino acid transporters
IR T HYTRe Z:7% Sk
Amino acid transporter Biological function References
AEFMURAR  Nitrogen use efficiency
AtLHT1 THAEAR BT IR A 2 IR B3 I, AR R4 = [14]
AICATO TR FRIE P R AT R IR A S , AR R AR B PR s vt [27]
1 R A
Ao HTE I S SRR e R, 4 SR > S [42]
PtCAT11 TR L WY B B 3R 0k, A R AE 1 B 3 rh e i g i f2 b S A [13]
MtLAX2 PEEARIRIE ORI A= 4 1 58 T R g [20]
Y E e R e 25 Biomass or economic production
PgLHT IIMIMRE LRG| BAIRARAE KA, B R A bk 2R 1 B RAR A R BE LU BT A R T [16]
PsAAP1 ARV EKT Z 8 B Fe b A MR e A= gy ik B 7 ek 4 T AR [43]
AtAAPS 5P A TR LY, aap8 S AR S A SRR 5 FRAR IS 40% , 7 B2 40% [44]
MR Nutrient quality trait
SIAAPT S SIS 44 S IRAS F b StAAPT 33k FEAR B TP U SE K V- sl B SRR (9]
AT
OsAAP6 VA KRR AR FITE R B S BB R PR B R K 178 57 i [12]
AtAAPS P R RRAE VR PE RS T R (9 4 C , U R T 2 PR iyl P R 1 b R A (8]
it B FBUK T R AIR
Pt Resistance
GmProT1, GmProT2 %I'Eiré 5T 5, BRIE GmProTs bk 2 v P TR I 2R AR R 10, ARk I8k 30 T 52 ) [23]
MCcAAT2 Wi 7 6 FB301 R 5 B R MCAAT2 B3k [45]
ALLAT5 95}‘214& Tihﬂj}ljﬂ%ﬁiﬁf)utﬂf i3 [32]
LjLHT1 FLRE AR EKRAR ARt LLHTT 265K FERR s 2 5 & SRR 0 AR, R [46]
AILAT1 A5 2 i B E B (8 T, L 33 A% 1 SR 5 MR e I R A ) 32 M [13]
ACAT1 TR T A (R A TR 5 U L R Rk | 2 A R T o L R A K o T 1 A G R X [25]
TSR P AT
HGLHTG, FGANT IS, LI ( GIYF) AR A 3k A 5 GlyF IR B 7% S 047 2 [47]

RecProT2, RcCAT2
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AR FES, (IR ISR A, B0 AR
J3t#0,

e aE AT AR A G I Rk, M4
EXTANSEIE L BE ST, MR PUIE, AR
(AT e =i, TEBEMNA AT, ARRITIREE %L
W52 TN IRAFAE 225 . R TT AtAAPS RIGTE
BB R T RIRZ R, AtAAP4 FIAtAAP6
Jevkit H o A8 ( Mesembryanthemum crystallinum
L.) MCAAT2 # b it vh ik B ™, MR At-
ProT2, McAAT1 K7 %) HvProT 1 £k W8 45 14
TRBEEE LT KRS OsAAT ik A
[ Srs RN IS IER I R Y I S N NS e B L i
I, RUUKREESERR S 7ol fee AR A it o
RAEHFBAEA . NS PgLHT et i 7% B2 |
KR . SEFIR TS . NaCl il Ah 5 42 iR 45 4 1
TR RS, migEERba T s BT R R
#aF EKW PLHT 5 PgProT2 25, 3345 ik id 31
BETFXMARM IR —EER . K5 GmProTs
FEME AR 2R By i3 vl LR $EAE T, B3Ik Gm-
ProTs &R (1) 45L Fg S 1 52 Wi Jif 220 R 1 45 i AT i) iz
A LR AT R M R R B 53 2

R, R YT LI i S iR i
TFRYZFE, MR RYURETE, BRI IR
B2 T AILHTT 3R 3200 JRAR A 25 m , Ji e mp
e R A AR T E, BEBMSE I T K
FRIE A 15 S 1l %, SEGEYIPURBE S TR,
ERHFEAR 5 S G AR ( Lotus japonicas L.) H 4
M LLHTT JE R 251 BRE ( Ricinus com-
munis L.) $h i " RcLHT6, RcANT15, RcProT2
H ReCAT2 FepH vl 7E H 2 12 %L UG (GlyF) Ab 215
BeEE, HESERYS GlyF 280 H b Ay it
FEAAML, FHA LIRILHATEES S50 GIyF I,
B T AR AR MR IT AtCATT JE A
PRI T A B M 5 T R SR, R N
AIRES STHYIB B JRAR R4t ; AtCATT MRIK)G
i 1 BT AL K A R (SA) AR IG5 T X T F R
L AP

YRR | BEFE AR FREN AR
KT, EHERP R AT MR, M
PR R R FIHECE, e 0 7= 2 5,
PRI, AT DA Ao 35 P TR T BORAS T I R E 8 b
F LS 7 390 p 3 v i o s R 1 AR Ak ] R s

M ESLIRIE R i iy, BN, IR E ) R A
Murh Z R e U KA G, AR TE
PR R e B S b g o e A A A, BRI RE
TACAR VR 4) 7 35 S R A A B LR T R
T, AtCATT BRI B PR 2 1R A M S0 58
P, BEY R, PR R, CAT2 1
TR mit i Z RN EENE, TW
CAT2 1Y 33k ] DLt 728 Fl 1) 4 283 2 66 R 1) ik
JEP D AEBRE R, cat9 AR RR RPN 2
BORIREAR, T SV SRR A2 B R
FEIR L HE R R (0 T I P e R T e R A AR AT
fiX, REWMIER, #&5 7™m ARSI Nk
AIAEIE R ALLHTT RO Fk ] 7R MR A 45
T A R R RCRDY B 5 (Pisum sati-
vum L.) PSAAPT ZE4) J 38 ARG b B Gk B, &
FERRIRPE B B, AR M ET, A
FRKIEEEH, FERENART . M i s
F|p %% Perchlik 1 Tegeder'® #fF78 % BL, 1E
ANEBKFEEMT, PsAAPT B INAERE A LE 12
PR TR AR e YR R R A B R B n
i, EEARMHSCENA SRR, R IT aap8
GAFRN) e AR I R e B >, H PR iy
R /b, SEUA R AR RS, (BRI E N
KT, W AAPS TE A Z M« TR 3]« 7
B R AR EAE R, 2 1 R py A R e
Fhpr=m Y B KB, R Atlats 58 25 fA Xt
TR Pa R PE, PifirE AR SRR
AR AE R AILATS TR 2 BE R N A B e e fakA:
Yl 37 s — e VR

3 RE

BRI EAS SHY 2 M EMER, 0
R ZR 0 - IR SR A MR A ST -5 40 g ) 3
MREis | LIRS TR R B RS M —
FR¥% 12 T EAH YA [ &R 07 32 38 0] LA R AN R DI BE
) — A B R AR T 2R IE R S A, A R SR
M EAZ MAERE Ll fe A EE SR UA, W
AILHT6 5 AtAAPT Z MIAFFE D REIUAT, ] hytd
PITEARRIRES S F F IEH A K R B R e, &3t
PR32 28 1 2kt 22 T P 3R R R, A
IR, ISR R A A K & B HE AR n] %
BRI FIFRIE, AR 4R 2 —
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RER s EA R EERDIRE . IR LA
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mn T PUBE T Z H] B 2R A5 B ) AT 2 4 Je
FIE S, S5 R B R E R a1
DIge LA F UL A FRR AN, 1N E & &3
MR 8925 ( Camellia sinensis (L.) O. Kize.) FIEH,
DI R DL FERRAS RN F B IR AR | B A 4
FAEYRD, HE BRI 75 O S MR RN T
it b2 ﬁf%#,% BEA A M, AT

it —BEot . BT, AREIER M ¥ L
L #5 R ia - A RGBTSR D IR D RE A 7
B K R A2 A TS SR Y E A, ) X 2 )
RN = R AE /B R SCE, BCEEY W
BT, RIEAPLOL BA R REE L

B2k

[ 1] Jonasson S, Shaver GR. Within-stand nutrient cycling in
arctic and boreal wetlands[ J]. Ecology, 1999, 80(7) :
2139-2150.

[ 2] Nasholm T, Persson J. Plant acquisition of organic nitro-
gen in boreal forests[J]. Physiol Plantarum, 2001, 111
(4). 419-426.

[ 3] Cao XC, Chen XY, Li XY, Yuan L, Wu LH, Zhu YH. Rice
uptake of soil adsorbed amino acids under sterilized envi-
ronment[ J]. Soil BiolBiochem, 2013, 62(5) . 13-21.

[ 4] Rentsch D, Schmidt S, Tegeder M. Transporters for up-
take and allocation of organic nitrogen compounds in
plants[ J]. FEBS Letters, 2007, 581(12) . 2281-2289.

[ 5] Fischer W, Loo DDF, Koch W, Ludewig U, Boorer KJ, et
al. Low and high affinity amino acid H* —cotransporters for
cellular import of neutral and charged amino acids[ J].
Plant J, 2002, 29(6) . 717-731.

[ 6] LeeYH, FosterJ, Chen J, Voll LM, Weber APM, Tegeder
M. AAP1 transports uncharged amino acids into roots of
Arabidopsis[ J]. Plant J, 2007, 50(2) . 305-319.

[ 7] Perchlik M, Foster J, Tegeder M. Different and overlap-
ping functions of Arabidopsis LHT6 and AAP1 transporters
in root amino acid uptake[ J]. J Exp Bot, 2014, 65(18) .
5193-5204.

[8] ZhanglL, Tan Q, Lee R, Trethewy A, Lee YH, Tegeder

M. Altered xylem-phloem transfer of amino acids affects

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

metabolism and leads to increased seed yield and oil con-
tent in Arabidopsis[ J]. Plant Cell, 2010, 22(11) . 3603—
3620.

Koch W, Kwart M, Laubner M, Heineke D, Stransky H, et
al. Reduced amino acid content in transgenic potato tu-
bers due to antisense inhibition of the leaf H*/amino acid
symporter StAAP1[J]. Plant J, 2003, 33(2) . 211-220.
Taylor MR, Reinders A, Ward JM. Transport function of
rice amino acid permeases (AAPs) [J]. Plant Cell Phy-
siol, 2015, 56(7) . 1355-1363.

Zhao HM, Ma HL, Yu L, Wang X, Zhao J. Genome-wide
survey and expression analysis of amino acid transporter
gene family in rice ( Oryza sativa L.) [ J]. PLoS One,
2012, 7(11) . e49210.

Peng B, Kong HL, Li YB, Wang LQ, Zhong M, et al. Os-
AAPSG functions as an important regulator of grain protein
content and nutritional quality in rice[ J]. Nat Commun,
2014, 5(1) . 4847.

Couturier J, de Fay E, Fitz M, Wipf D, Blaudez D, Chalot
M. PtAAP11,
fically expressed in differentiating xylem cells of poplar
[J]. J Exp Bot, 2010, 61(6) . 1671-1682.

Hirner A, Ladwig F, Stransky H, Okumoto S, Keinath M,
et al. Arabidopsis LHT1 is a high-affinity transporter for cel-

a high affinity amino acid transporter speci-

lular amino acid uptake in both root epidermis and leaf me-
sophyll[J]. Plant Cell, 2006, 18(8) : 1931-1946.

Shin K, Lee S, Song W, Lee RA, Lee |. Genetic identifi-
cation of acc-resistant2 reveals involvement of lysine his-
dine transpoter1 in the uptake of 1-aminocyclopropane-1-
carboxylic acid in Arabidopsis thaliana [ J ]. Plant Cell
Physiol, 2015, 56(3) . 572-582.

Zhang R, Zhu J, Huang JJ, Cao HZ, Luo ZY. Isolation
and characterization of LHT-type plant amino acid trans-
porter gene from Panax ginseng Meyer[J]. J Gins Res,
2013, 37(3) . 361-370.

Meyer A, Eskandari S, Grallath S, Rentsch D. AtGAT1, a
high affinity transporter for y-aminobutyric acid in Arabi-
dopsis thalianal J]. J Biol Chem, 2006, 281(11). 7197-
7204.

Chen L, Ortiz-Lopez A, Jung A, Bush DR. ANTT,
matic and neutral amino acid transporter in Arabidopsis
[J]. Plant Physiol, 20011, 25(4) . 1813-1820.
Ugartechea- Chirino Y, Swarup R, Swarup K, Péret B,
Whitworth M, et al. The AUX1 LAX family of auxin influx

carriers is required for the establishment of embryonic root

an aro-

cell organization in Arabidopsis thaliana[ J ]. Ann Bot,
2010, 105(2) . 277-289.

Roy S, Robson F, Lilley J, Liu CW, Cheng X, et al. Mt-
LAX2, a functional homologue of the Arabidopsis auxin in-

flux transporter AUX1, is required for nodule organogene-



630

(ER7R e 1

%536 %

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

sis[J]. Plant Physiol, 2017, 174(1) . 326-338.

Grallath S, Weimar T, Meyer A, Gumy C, Suter-Grote-
meyer M, et al. The AtProT family. Compatible solute
transporters with similar substrate specificity but differential
expression patterns [ J ]. Plant Physiol, 2005, 137 (1):
117-126.

Fujiwara T, Mitsuya S, Miyake H, Hattori T, Takabe T.
Characterization of a novel glycinebetaine/proline trans-
porter gene expressed in the mestome sheath and lateral
root cap cells in barley[ J]. Planta, 2010, 232(1). 133-
143.

Guo N, Xue D, Zhang W, Zhao JM, Xue CC, et al. Over-
expression of GmProT1 and GmProT2 increases tolerance
to drought and salt stresses in transgenic Arabidopsis[J].
J Inter Arg, 2016, 15(8) . 1727-1743.

Su Y, Frommer WB, Ludewig U. Molecular and functional
characterization of a family of amino acid transporters from
Arabidopsis[ J]. Plant Physiol, 2004, 136 (2). 3104 -
3113.

Yang HY, Krebs M, Stierhof Y, Ludewig U. Characteriza-
tion of the putative amino acid transporter genes AtCAT2,
3 & 4. The tonoplast localized AtCAT2 regulates soluble
leaf amino acids[ J]. J Plant Physiol, 2014, 171(8) . 594—
601.

Frommer WB, Hummel S, Unseld M, Ninnemann O. Seed
and vascular expression of a high-affinity transporter for
cationic amino acids in Arabidopsis[ J]. Proc Natl Acad
Sci USA, 1995, 92. 12036-12040.

Yang H, Stierhof Y, Ludewig U. The putative cationic ami-
no acid transporter 9 is targeted to vesicles and may be
involved in plant amino acid homeostasis[ J]. Front Plant
Sci, 2015, 6. 212.

Couturier J, Doidy J, Guinet F, Wipf D, Blaudez D, Cha-
lot M. Glutamine, arginine and the amino acid transporter
Pt-CAT11 play important roles during senescence in pop-
lar[J]. Ann Bot, 2010, 105(7) ;. 1159-1169.

Yang Y, Yang L, Li Z. Molecular cloning and identification
of a putative tomato cationic amino acid transporter-2 gene
that is highly expressed in stamens [ J]. Plant Cell Tiss
Org, 2013, 112(1) . 55-63.

Regina TMR, Galluccio M, Scalise M, Pochini L, Indiveri
C. Bacterial production and reconstitution in proteolipo-
somes of Solanum lycopersicum CAT2. a transporter of
basic amino acids and organic cations[ J]. Plant Mol Biol,
2017, 94(6) . 657-667.

Fujita M, Fujita Y, luchi S, Yamada K, Kobayashi Y, et al.
Natural variation in a polyamine transporter determines pa-
raquat tolerance in Arabidopsis[ J]. Proc Natl Acad Sci
USA, 2012, 109(16) . 6343-6347.

Begam RA. Functional characterization of the L-type amino

[33]

[34]

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

acid transporters (LATs) in Arabidopsis thaliana[ D]. Ed-
monton: University of Alberta, 2012.

Okumoto S, Pilot G. Amino acid export in plants: Amis-
sing link in nitrogen cycling[ J]. Mol Plant, 2011, 4(3) .
453-463.

Tegeder M. Transporters for amino acids in plant cells;
Some functions and many unknowns[ J]. Curr Opin Plant
Biol, 2012, 15(3) : 315-321.

Dindar E, Bush DR. BAT1, a bidirectional amino acid
transporter in Arabidopsis[ J ]. Planta, 2009, 229 (5):
1047-1056.

Hunt EJ, Pritchard J, Bennett MJ, Allen T, Bale J, New-
bury HJ. The Arabidopsis thaliana/Myzus persicae model
system demonstrates that a single gene can influence the
interaction between a plant and a sap-feeding insect[ J].
Mol Ecol, 2006, 15(13) . 4203-13.

Besnard J, Pratelli R, Zhao CS, Sonawala U, Collakova
E, et al. UMAMIT14 is an amino acid exporter involved in
phloem unloading in Arabidopsis roots [ J]. J Exp Bot,
2016, 67(22) . 6385-6397.

Pilot G, Stransky H, Bushey D, Pratelli R, Ludewig U,
Wingate VPM. Overexpression of glutamine dumper1 leads
to hypersecretion of glutamine from hydathodes of Arabi-
dopsis leaves[ J]. Plant Cell, 2004, 16(7) . 1827-1840.
Fujiki Y, Teshima H, Kashiwao S, Kawano-Kawada M,
Ohsumi Y, et al. Functional identification of AtAVT3, a
family of vacuolar amino acid transporters, in Arabidopsis
[J]. FEBS Letters, 2017, 591(1) . 5-15.

Sekito T, Nakamura K, Manabe K, Tone J, Sato Y, et al.
Loss of ATP-dependent lysine uptake in the vacuolar
membrane vesicles of Saccharomyces cerevisiae ypglA
mutant[ J ]. Biosci Biotechnol Biochem, 2014, 78 (7).
1199-202.

Catoni E, Desimone M, Hilpert M, Wipf D, Kunze R,
et al. Expression pattern of a nuclear encoded mitochon-
drial arginine-ornithine translocator gene from Arabidopsis
[J]. BMC Plant Biol, 2003, 3(1) . 1-10.

Lee BR, Zhang Q, Bae D, Kim TH. Pod removal respon-
sive change in phytohormones and its impact on protein
degradation and amino acid transport in source leaves of
Brassica napus[ J]. Plant Physiol Biochem, 2016, 106:
159-164.

Perchlik M, Tegeder M. Improving plant nitrogen use effi-
ciency through alteration of aminoacid transport processes
[J]. Plant Physiol, 2017, 175, 235-247.

Santiago JP, Tegeder M. Connecting source with sink:
the role of Arabidopsis AAP8 in phloem loading of amino
acids[J]. Plant Physiol, 2016, 171(1) . 508-521.
Rentsch D, Frommer WB. Salt stress-induced proline

transporters and salt stress-repressed broad specificity



5 4 3]

XL %5 . MY R Tor s it e 631

[46]

[47]

[48]

[49]

amino acid permeases identified by suppression of a yeast
amino acid permease-targeting mutant [ J ]. Plant Cell,
1996, 8(8): 1437-1446.

Guether M, Volpe V, Balestrini R, Requena N, Wipf D,
et al. LjLHT1.2-a mycorrhiza-inducible plant amino acid
transporter from Lotus japonicas [ J . Biol Fertil Soils,
2011, 47(8) . 925-936.

Xie Y, Zhao J, Wang C, Yu AX, Liu N, et al. Glycinergic-
Fipronil uptake is mediated by an amino acid carrier sys-
tem and induces the expression of amino acid transporter
genes in Ricinus communis seedlings[J]. J Agric Food
Chem, 2016, 64(19) . 3810-3818.

Ueda A, Shi W, Sanmiya K, Shono M, Takabe T. Func-
tional analysis of salt-inducible proline transporter of barley
roots[ J]. Plant Cell Physiol, 2001, 42(11) . 1282-1289.
Popova OV, Dietz KJ, Golldack D. Salt-dependent ex-
pression of a nitrate transporter and two amino acid trans-

porter genes in Mesembryanthemum crystallinum [ J ].

[50]

[51]

[52]

[53]

Plant Mol Biol, 2003, 52(3) : 569-578.

Liu G, Ji'Y, Bhuiyan NH, Pllot GO, Selvaraj G, et al. Ami-
no acid homeostasis modulates salicylic acid-associated
redox status and defense responses in Arabidopsis[ J].
Plant Cell, 2010, 22(11) . 3845-3863.

Yang H, Postel S, Kemmerling B, Ludewig U. Altered
growth and improved resistance of Arabidopsis against
Pseudomonas syringae by overexpression of the basic
amino acid transporter AtCAT1 [ J]. Plant Cell Environ,
2014, 37(6) : 1404-1414.

Tegeder M, Hammes UZ. The way out and in. phloem
loading and unloading of amino acids[ J]. Curr Opin Plant
Biol, 2018, 43. 16-21.

Zhang L, Garneau MG, Majumdar R, Grant J, Tegeder
M. Improvement of pea biomass and seed productivity by
simultaneous increase of phloem and embryo loading with
amino acids[J]. Plant J, 2015, 81(1) . 134-146.

LA A &)





