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Current research progresses of amino acids uptake, transport and their
biological roles in higher plants
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Abstract; Amino acids represent not only essential substrates for protein biosynthesis but also participate in
nitrogen-metabolic pathways as well as regulatory processes of carbon-nitrogen balance in plants. In the past years,
understanding of mechanisms of uptake/transport of the amino acids and their biological roles has been paid a
particularly increasing attention and thus become one of the most interested research areas in plant biology. More
recently, certain publications have indicated that some amino acids could also act as signal molecules playing vital
roles in plant growth. In this article, we have intensively reviewed and summarized recent progresses on molecular
and physiological mechanisms of the uptake and transport of the amino acids as well as their crucial functions in
plant growth and development (e. g. growth regulation, adaptive response to some abiotic stresses ). Hopefully, our
review will provide overall, updated and valuable information to researchers interested in plant amino acid biology,
favoring deeper exploration and appreciation of potential biological roles of amino acid-nutrition in higher plants.
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ARICHIHYLTRERIRI ., Fia . BTk
FHEFASARERERERAERYERETFHE
A, 8RS RS S ENEYFETFER, ERYZR
EHME T RES B AR MK

1 TEIEF R LR

TEEMYB L AT EEERE, HPF
BRI ATISE NS, TIRFESEER
FHELTEE T MANRI LBRER, SFEEER.
HAENE, ZRUBRBRSE/ N FHEY. TELER
B, fEAREFENANIRLEY, F1HE2R
) 15% ~ 60% , H £ ZRIE T A Y Fn st ¥y i A
W= & A LR AR S, T L3R A PR o R
AERWEERE, LIEPHEESAERSERK,
— AU 1 ~2 mg/kg, BIRFR T 3T & BT L E
R LR 7 57, Y. TR Y B
BRAGH , AERNAR. FEMpEEZE—130
DRI, XN SRR T ZH Y LR EE
Emsh, a5 EMAEY . T IEBABRE LS
EHEAEXD, TP EERTEL A b 0% M
DA, IE FEFEET ISR, TEE VEY
IR, TS E U2 BT s |
SURE SRR FE R AR TR B, RA R g R S
B+ A A R R IR . R
AEREZERKBTESRALE HEBMERE
BB HERR T N, R R R b TR AR, £+
B IERKE T HZR N RER, EEE0.04
~24 pg/g, BRTIBAEBR S LIBRBE P HEER
DRAER. 2R, HERIE, HEAR. B
B, AR, 28R, REABK. SEBK. ER
EE3SE

HFESEEREZU LA, BUFERS—
4> D B RMERIER, AR RN D BEERE

R YA i & 8 ) 29 Hod 7 L 3
BRI 0.2% ~— 8%, W BIESE, D B A RN
. AR RS ES + b BRI, R
TR RN RSB BR AR E ., XTF
D HERBMHMKEE A EHRS, —REET L
PRIR X IR, — RPN EL SR, FETR
Brif D BEER E B R iy T R AR AR R T
%, X R EARR D BRI FERE, KA
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+25", KISk, YR RBRE RIS H D
BEHAR—HE S, HAREME R R E LR
BEH ALHT1 BE95 7 AR AR ISR D B 5
B, MR D BE RIS BRI TR T
BEf L BRSO R R R R R L T
THM. B, AER., ZRANEARRHETE
HEVEN EERE, TE P AR, ZRKER
TEA RS Sp ik, SRR, BRT, Af]
BRI MR ERREE ISR WA Y K iR
WEENESR, AR ARG ISR
I B AR E 75 IE W G S HI # T 61E, W
X B UL, AREREAEISFHES WHES K EIEH
BRATTAHENFE, £ 5 THYWAVEFHERE.

2 YIRS R IR BRSO s

2.1 EYMNSERERK

B, AR FIIE T EYBRRE T
HIBESE. 20 Hhag 90 £ UG, XHE YA VLEE 74t
REHEE A REEY RN AERSRESR T
EHRUS TERHERE. HREREN, AL EYHRE
BRI AA KA B R, (BRI BE
PP 5 , LA 7] 2 2 BR X 1 W B9 A W23
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FREZERR, R HE BRI AT =R PRIAFE . WEE AR AR
ERERRE AR, X B vERR
LY A RIS

F7E 1908 47, Lutz BRFERM T F EH K
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PCUNSURIC K H &R, 21 /i E I E R PR C
FEN &8, R VR R Y72 B IR B RER I 4> F
AHEAR™ XA T ERARBA A G TERER
W ERBAEYHEERIR, 75, HINF ZBRE
HE—IEE T YRS RN EE N AR THA
PR FE AR ok b, BRSR B HE vo
BRI R—A FE SRR, BT,
REERIL ., 4 pH AR RN , Tl 3l =
AREFR",

BT RERF P HFEE S EER, ME N —K
AHVEIR, YR TR 7T BB R T SRR
TP RN T REFVH EERFERFL
HHEAE T BRI TEE T 2R AR E AR e E A
A (amino acid permeases or transporters) , XX F
H AN AR T —3 R,

2.2 EYEEEERENS TR

AR YR A B E AR SRR AR AR
HEAFREERSEHE, EfIEAA . AR EE
2H 2R EJH BE B8 1) 28 Bl i o0 250 B8 R % b A [R] H) A2 9
JE, TRk S v S TR s R 1 L 0 4 4K
BT RE M REREER, BRI EA7EE
YA MR SRR R B H R, BETRYKNE
— AR UL R Y RN KRBT AR, &
MEEREERAEHRA A FEMIIE.

HEIF BRI BE A RS, AT B MERIK
BHMYEEREEH, REYEE P EFAE
Wil £ ARIREEE SRR, TR
43>k : ATF (amino acid transporter family ) %, APC
(amino acid, polyamine and choline transporters) 2%
J& . MCF ( mitochondrial carrier family) %, OEP16
8% PRAT ( plastid outer envelope protein of 16kDa or
preprotein and amino acid transporter ) Z% J f1 DASS
(divalent anion; Na* symporter) K%, #IEIFHE
e B EA RS T 150 B SO . S

Tk, FHHAEANTAREENERE 1™,
ATF 1 APC I HKIGH BT RIRIER £, H
ATF IR (UFR AAAP FKIR) Bk, 34 46 SR,
H 6 W F KM B: AtAAPs ( amino acid
permeases ) . AtLHTs ( lysine histidine transporters ) .
AtGATs (v -

aminobutyric acid transporters ) , AtANTs ( aromatic

AtProTs ( proline transporters ) |

and neutral amino acid transporters ) Pl &2 AtAUXs
(auxin transporters) , 3X 465§, 5 YRk E N THEY
AEFRA K KB, BRI IT ATF Rk & ER
IR AR FRE EMBIS, Liu 7 Bush™ #4577
TRANRIHE R : AtAAP] T FEJT b b &P A0 3 F 7R 3Y
FRB, BHZWHIR. EXRA LB AWK E
T AvAP3 FEAERI BRI RE, EE T -
DNA 18 A RiBx EE AAAP3 R, 55748 BV %
EEMKERAE N B RBE R, W A44AP2,
AtAAPS | AtAAP6 HTER P Rix HFE A AR E
BI5 AtAAP3 FE{0L, 31 H AtAAPS 5 AtAAPI 75 #8254
B FRAEE, N B R T RETE R AR R P RR S B
#h AtAAP3 5%, AtAAPS I TIRE, S B AR PR ok 7= AR B
WRREY; AtAAP6 TEFEM A Rk, HHAREE
PRI HAE A E N T AR AR A A, i~
A REA TR IBOAR B B R ; AtAAP8 MR %)
W RFERMF RS, R M FRIKEER
AR AAEERERA . B, AAAPI EEHF
Mgt i B A M R, ALAAP2 I AtAAP4
FEEHHEEAR. FAEARMNB AR, AAAP3 fI
AtAAPS FEEHIE AR BARE™; Boorer Al
Fisher 4§ AtAAPS o6 3| TS O B 4 My 3Rk, R B
Hepitzh i, RENEESZMHERER, B
EEARERNYLIEEN H : 2R = 1:1 7
4777, Chen 1 Bush™ % R\ BIJF 240 o R B 77
TR EARMAZRN % — i EF LHT1,
AtLHT] 3k BN TR AP 40 jE , 5 SR R
W - agerp i R 1 5 T Foster 47 BFSTR
E,EMEIT KT RS, LHT2, LHT4, LHTS
LHT6 ZEFE MR F iR Rk , WA E L R L E
I F 4R AR -, 3R] LHT W R R % ia &
HRFE-BS 5 EHEYIER R T AL A
aAE,
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£1 WEFHIEREREEFAREK™
Table 1 The main amino acid transporters families in Arabidopsis
HEEZRHE WK A% Bt FMH S 4 M 5E oL
Gene family Subfamily No. of genes Selectivity Affinity Subcellular localization
ATF(or AAAP) AAP 8 neutral amino acids moderate PM (AtAAP1, GFP)
(amino acid (aa), Glutamate (AtAAPI -5,8) PM/EM ( AtAAP3, GFP,
transporter high ( AtAAPG) c-Myc)
family) .
LHT 10 neutral aa high ( AtLHTI, PM (AiLHT1, proteome)
acidic aa AtLHT2) PM (AiLHT4, proteome)
PM (Atlg48640, proteome)
ProT 3 proline, quaternary moderate/ low PM (AtProTl,2,3, GFP)
ammonium (all AtProTs)
compounds
GAT 2 ~ — aminobutyric high ( AtGATI) PM (AtGATL, GFP)
acid, and related PM (AtGAT2, proteome, GFP)
compounds
ANT 19 neutral aa moderate TP ( At3g30390, proteome)
aromatic aa ( AtANT1) Cpl (A15g02180, proteome)
AUX 4 auxin high ( AtAUX1) PM (AUX1, HA -tag,
proteome) PM ( AtLAXI,
proteome )
APC CAT 9 neutral aa moderate ( AtCAT6) PM ( AtCATS, GFP)
(amino acid, high ( AtCATI, PM/EM ( AtCAT6,8, GFP)
polyamine , AtCATS) TP (AtCAT2, GFP)
choline) TP (AtCAT4, proteome)
LAT 5 — — —
MCF BAC 2 Arg, Lys, Om, His moderate ( exchange ~ Mitochondria
('mitochondrial ~ (basic amino AtmBACI,
carrier family)  acid carrier) AmBAC2)
OEP16 OEP16 plastid 3 aa, amines — Cpl, outer envelope
or PRAT outer envelope
protein of
16kDa
DASS DiT2 - homologs 2 exchange — Cpl, inner envelope
(divalent anion; dicaboxylate glutamate/malate Cpl (DiT2. 1, proteome)

Na® symporter) transport

E(Note) : iz EHHIRYEREREMN N EE T RETRASRENARRERGTN; REMIIE K, 5 <50 pmol/L, RN H1 K, 5

=50 -500 pwmol/L {EF 1 K, 5 >500 wmol/L. The substrates selectivity and affinity of amino acids transporters were identified in yeast or Xenopus
oocytes. High affinity, K 5 <50 pmol/L; Moderate affinity, K; 5 =50 —500 pmol/L; Low affinity, K, 5 >50 pmol/L. AAP—Amino acid permease;
LHT—Lysine histidine transporter; ProT—Proline transporter; GAT— v — aminobutyric acid transporter; ANT—Aromatic and neutral amino acid
transporter; AUX—Auxin transporter; CAT—Cationic amino acid transporters; LAT—L - type amino acid transporters; PM—Plasma membrane; EM—

Endomembranes ( endoplasmic reticulum, Golgi apparatus or small vesicles) ; TP—Tonoplast; Cpl—Chloroplast/plastids.
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APC FIRBABIIRET 43 AP L FKJE: ACATs
( cationic amino acid transporters ) # AtLATs( L — type
amino acid transporters ), 3t F 14 M H, H P
AWCATs ESTER 9 MR, W HERRF I #HTE
HES RGN RMEN RS 4 MEABEK ,
AWLATs S S8R I A 51 28 H B IR 45 T ‘= R R
12 MK ™, APC FKEM R R IL P TA Y
R ERRR RN D], X R R R T AEREE
BiEM LR RS, BER_RAFAN ERER AL
MATHEE LRI B AR, B §iX 7\ B e
RRAVER™ . 78 APC FJEH, ACATL 25—
P M RRAUL B B H , HRB E AT MK
RIS, TRAKDEFEAEROBR,;
ACAT2 | AtCATY FEXEN THIEE |, ACATS &
TR g AREIERE , AICATS N £ HAEL)
BRZR R 2200 4 AL T R 0 PR R 4 g vh =
ik, AtCATS ., AtCAT6., AtCATS g 7 T 21 il i
b, ARRI AICATS & TR R AN e AR
BEK, M AtCAT3 , AtCAT6 F1 AtCATS NISERIFT
B R R ALATs KK IH
SABSR,BRBEXATRXENHRRENAS
Bk, S RHEEE—BRER,
BAXNEERFEEANMAR BN EEEPE
Mt BHE Ay (R, B2, &,
DRSS ) HAEREEREZE A RE ™,
I BB ) 737 20 RE -t IE A Wt g B2 A 1B
UESE, #ilan,Li 71 Bush 5% & BA7E #H 3 M R
A4 MEBERFEEH: —MEREAEREEE
H,— MRt EREEEL, SRR S
HERFEEEH, MARWAREE - LK EEANE
HEERW KRR LY, BE—-HaEOWE
B —HARBERH R E Y, HXE
EEEMYFEEERNTREEASER, TS
MEZEARF R L WHE YA Y)# R (40 hitp:

//aramemnon. botanik. uni-koeln. de)

3 FAEBHEYAERETHIER

FEBANREAR G BB LEIRY, T B
HYIEMRENE T B R EERERE, — %R
HBRAER T RIRE R IR RS e, 75— SR
AT (ISR . YR S R 46) B U
B, TAFSREA KT R R REREMYIE T
AR R R R B DX B Bl A W e 45 05 T AR R
A HAT REREIE

3.1 KERMNENEZEREFERNER

BUA BT R IR S, MY BB R TR
IR, ARREAWH. RFETR, ENALA LOYE
YIRER R0, BRI IR ERS SHENKRER
R, B, e R R RN EY A KRR T &R
AR B AR ERRE Rt A

EHI, XTX 5 MBS LT A, Fln
RERENRRN, ELEKERGT, FEBHE
Pl TALSRIKBHEFRRKIOH AR > 4
M > &SR, HERBRIRBE K, R T 82
KR FORR BA R AR, 2
REBESMBESF LR, EASHHMEERTE
7Ry GE s, NSRRI, REERE
AAMERBERBDMERARLER SR,
ENFFORAIERMBTRES YR BRER
KRR SRR, BB ERXR,
TR, AR B AR R =R . AU, B
REFCRGREREY SR EE S, IR RH
M AERBE I ERHERSGE, BRt
FERANTERAYHRE; RERRERKET,
RERAT N2, = B At T YRR
i, ) i3 T8 o A AL T A , TR PR A P9 B
SMAEMEEmE, FRN _BEE, EEHAE
£, BARKI, SR L, AR R
RABEEFOEMEKREANRS ER A8
(GOT) AN AN (GPT) BB &R, RER
BB NZEH Y GOT M GPT M B EA R, X
W QLB BR RE A5 {2 HE A W 1 Py B R D B S B Y
7 T

He 0 QAL IRt ] LAE HEA M IR 0 R AL,
YR E S’ BN Zahir SR B —EWE
B R IRAES B & R DR E N AR R Az
PR B ARONKIED RIRES A L AR
X HE ™ 8 FRRIRBEATI G, SR A AR
ALFRAEN B AR H - &AM T YRR R, st H
HRRXTR B SRR, R R BEEM T 00,
ReReE B  IAh, EERBE B R AR A
ERBlGah. MYATNEFR AT BRAERY
Eo BN, AAPL 2 5 L FiE Y KRR K Rk
W, T REFEA S A ERERAERE L,
PIRERRER acp]l HTHHBEAERSTERE
B, HE— 2t R F R AR R TR
oy BEM TR RES N EFE . A, R
1A aapl HWRIR RRIR AEEBREVRES T I, (AR A0
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B 5 WA ISR R R R H
3.2 SEBIEEYENMNREETRE T ER

WAL KRB SBEPATRE AT HA
T PR B ep AR A0 1 B B, S AR T 2 B G
SMRIBE A ATIRZE: Ve fdEEmRE . |
FETR B AR B WXt Sk A B8 BSR4
RYBDSREE & AR, SRR FEELS 5N
AR AR Y P S A BEARH, SRR T A R R Rk
S SR P2 SR TR A %ok 45 B o
RRi. ERICETIRENLTEERS SHEYIN
BEURMRTEAERRELREE. B#ETE.
HIHEEH S T RS B A R TSR
RS E B RGBS,

DRG0, BB R RE 5 42 B A X 2k 3 B
REFE R BE ST, SR AL T R PR B , e S B
(IR SWA S AR, B2 T RN MxX
FEBREO S B . W3R RS G A T M O TS 1 DA R R
ol e 7 3 AR B 4, T 4R M 0 O T 2R B
HB*), El-Samad % BF5E % B, S0 I MG b0 AR B
RERE R B T AME SN R Em
B TE, Sk, e, TEEEEHS
T HREION , 3F ELBR %I Na ™ BWR U, 3800 K * ik f0
% K*/Na*'"'; Cuin 1 Shabala FBF55 1115 T4
RS , R TR , 2 A4 BIVR B B o
BB T B S e B AP A B EE X, EX
FbL R T E— SRR,

FLETE(C, Zn, Cu %) BB HES LM
YEHNBERARRE MIREANIXEHTES
BLAREETHERS RN A" - g -5 -
BIRA RS TR E SRR 105 s R
T ISR B8, BTSSR YRS R RS
BEEWEEH ™, F, BEREE RSB
WEIDIRE, LB 5 R ST B S Y A

Rk, A TREYZE T R A TRERER,
B4h, BIBER, BEMS SHYANEEE A H
F(ROS) HyfBEEHLH| , B MR T T B A5 2, 080
AR PR S T 4 , 76 A R o B BR AR VT B
EAREEHE I Y 158 R 20 48 B HRK ( GSH) K B0
T YA ik (phytochelatin ) 4 B & K 48 1 ) 4 &
LA ERIE . B BB R, MYt
KESRNOM G, BYRHNKHERSBLEE
FHE SRR X B S BRI AT A, B4
FAROETRSEYERESBHOE —EKX
BT MR A BERE B4 Cd, Pb f Zn KAE
0 TR T X BEL B LRI, E0a
MREFRER. 2 H KA WA K4 BT
i, F kP AR S BB E TS
YA E S BEEN N, FIRIEE
ZESE MBI MR A GmOASTIA 5
ERPERE R A SR BB A, T I T 4
YT Cd MHaEK s h ™", Mok, RFPIS
F 0 B R R E B S B R TR R
SNRRREBARE AR RAEEEE N,
3.3 SEEMNEWEKRBHNEER
FEBMIEY K B B, AT, 28
BT EFRY R R S AE K R E S, B
THET LMK . R T EERAM G AERK
MBS RS EHRE, NEL L, KBS EAR
FEBRIEYE R RBBEER BN, B
I, R R HET S 5SEYNE T AR
THOEEHEENAE TR, EEYESYE. &
B AR SRR P R IEERIRIER, BR, &2
BRI S5l 1L 0 A K B TR 20 T AR LR B R R
B
REMPIRER, E20 MEAERTRT L-4
FBRELASN, HA 19 R A RRE AR BRI 55
S = EE A SBON, SEA F B AR R TR
RS, HRA S AR ERL , IR
FEALTFAE R BV A B ULAR By , P 2 0 M 9 0 5k s
RS MR T A XY, REMR
16 VR Oy A I SR B IE L BRAS R TAR R
B, USRS TF AR 28 T LA w B (A SIS T AR 4
i L - 2 SRR, T B AR 45 T 4 B AR 22 19 T
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FRBRAREA—FUFAERAMEHEEAER
MEARA RN EZERY, T B wEmsiaT EM
YHhREEEEN S FAERESR., B, BRHEY
ARSI L - 5 Z BRI TE 5 10 B L B A 1
%, BERREMAAXBTRE XBEY S ERZ
% 3 ( Glutamate Receptors, GluRs) )4 T 3 BE,
Hoh #E— R R A E BRI IR A KR A PO
FA 2 S AR AL, G0 B2 R AU B A SR A P R AR A%
1k, FIRsh Y& AR Z R HEHLA] AP25 REHP X
ek, A AR ZANESRE L -84
gz R e U APV 4 AR (=Y = N:T1p% S =
EHENSERIEIRR GluRs 51 &AXI A ARKIEE
FRMEKRER, Hb BB T EREAER
(MERRNIR, AEAR., BER) BRI EIT R
FHAMBERERLEARK, RN ARASFURRE
K pigl MARE T X4 3 FI5EREERIDINE, F
R RERGERN IR EERSERZ TEHAR
MR T 1.4 ~2.3 5, BB SHEHSEIER
B, X RPN T e AR B S BB A
TEE LR, B2 B 8558 X B A
HwE™,

MAE, R R EF KA TR ERRER
THSE(NO; | NH, ) AIEERRSRA (Gly) XK
YIBAERKEEN , 45 R BRI ARRSEL Y
BEMFIFNSER AN ERAER™, S5
ol KR T EERA A FEAEE , HAR
RABHRMEYN SRR D Z KT X R, BARN %
SEFMIST A R WA TR, S ERER
B A YA K AR PR, A\ T B ER
MR R LT AR /N B EL A K P AR
B RABIMRI PSR, 3 B AR X Y14 K By
HAEFAAR L B, i RRHE D Rk, B
A D BIFRBRAR TEN RH EERNIAERIES,
{E 38k D B & EH2 (40 D-Ala, D-Glu, D-Asp, D-Ser
H)MEELEN 10% UL B, B2 D BIg R
RO R B R R . AT, D ME R
A RESOEYE A ERREA A, BRI T D &#E
HEBRIMBEYE KR ERIHEAERE, B
BAFEANANTRREE THYENFERNXLE D
B R R R AR GBS TS, B oA
A RRIEREEBRER AT L D BZERNK
Vi (40 D-Ser REBE . D-AEMR AL ) FREBHE

ROt A D-Ser A1 D-Ala it B 5 A= 1<, T X oz 9 BF
A BIRRR SR BR R R B, B E
WAESHE AL B IT o & B, D-Ser BEABE MBI A
RHAERZAS 5N Ca' BRBENRLR, A
WM S TR AR Ca® B, BRI E
AR EHESER. R, ZHRAERE, LR
PR T e R R 9 1D B O R AR MK o7l o, B A
B Y IR ETE sr] BER P IR R A BRIE I
WE45 &M 3% 4k (AtGLR1. 2 A1 AtGLR3. 7) 5 1945
B TOEIETE T R, BT R R R D-Ser AR
ER—FEYME STEEYIERE RS | R THS
WA AR R A LR B AR R IR R

Ao B RE N SNREER I8 Y H R
REFUEEL B AE N, E AR X R4
AT SR, HREAEREA KEHWHR T,
T 24 20 B PO R R R W T e S R B g
TR S SC SRR A BB R o AT MBI R,
BHMRIERRERR , i RERBHEL T YEERNEE
SATREE, B2 5ZIAERNEAE X RN
K AR AL T RRES , i R & Z 2R
BT AR AR, X AR 7] BB R R TR R AR A K
r— BB

4 GESREE

FEBANEFEEYEA R SGWAD, T
HEMYI NG RA R EBEKEYEIIRR. Fi
N, RERRBEG A VE YR SRR, X R
TREE . 255 FFEEYE L HERA
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