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Structure, Function and Regulatory Mechanism of COPT in Plants
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Abstract Mineral ion absorption and transport depends on transporters in plants. To maintain ion avail-
ability and avoid excessive ion accumulation, the abundance and activity of ion transporters are tightly regulated.
COPT (copper transporter) contains distinct structural characteristics and unique subcellular localization, and plays
a key role in copper uptake, endogenous immunity and symbiotic nitrogen fixation in plants. In this review, the
structural characteristics, biological function and regulatory mechanism of COPT protein were reviewed, providing

a reference for revealing the mechanism of copper homeostasis and improving varieties in plants.
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FRTHE H AL R e 3 R 1 P R SE ), Ak
R izt A OV Y E &R ATPRE 5% P1B-
ATPase(heavy metal ATPase, HMA)RL 7t , 40 FE I+
AtHMAS, ZE HEN TR, 24 &1
T, TEREYDNT R B T IR R R R R . TRl
HYHR 12 B [ 2 B #5128 (copper transporter,
COPT). ki iz (zinc-regulated transporters and
iron-regulated transporter-like protein, ZIP)F1 85 {42 80U
1 (yellow stripe-like protein, YSL)Z & 1. COPT
F G A TR B T AT 5 s A LN
Y5, — L COPTHE & A T BB 17 53— L8 7
WRENIR RS b BEHEY L IT (Arabidopsis
thaliana)f5 6> COPTH i, FeHAtCOPT1. AtCOPT2
HAtCOPTOE ALAE B, 3= B FAE YN Hb 54 25
TR, fii AtCOPT3 1 AtCOPTS & (T P I R 4,
FER AR N B T Rs B M e U, Ak,
Fifi 2 o¢ T HABAEY) COPTE AR 4N e fir . 41
ZAIRIERGE D RE AR TE , A S ZE UG T AM
Y COPTHEE H WA Fiidk R AT 4518

| COPTERIRH A
1.1 COPTZHEHI &I
FLAZ ARV R A YEH7 (1) 53 1 AR W) 5 B 9 o
U0 A BRI % BE(Saccharomyces cerevisiae)
[ 4 B it 2 1 2L IR CUP MY R i 5 H R A 1) e 5
Rl (R 3L K ACE T () S g U2 o 58—/ ol ot o (1) 4 A
12 # H Ctr(copper transporter) 2 i F B¥, 02 A2 iR V2 i
BRR Cer 11, FEFRE R B A 3L 58 5E 21 34> Cr K R B
AScCrrl~3""1, 19974, i I RED) g HAME A 5L
B 7 NCorl FERIN . 5 IR IE B AE ) Crr [R5 JE P8 2
I COPTI . %R 2 KAMPFENKELZ (1995
AR B RESE AR K ctridctr2Actr3ATR %G 7F cDNA
SR ITEAF R o KA IKARIE ) COPT ik
(A2 RE 8 55 7KORE 1 A 2 SR DR Xa 1 31 9 A 2
1 XA 134 HAE F ) OsCOPT1H1 OsCOPTS!", i j5
JK G COPT SR Mk HoAth i 51 (OsCOPT2-6 41 OsCOPT?7)
() T RE A IR U0 J8 I P 41 B R B RE Iy e B A
SEES, B FUN DUCE HA JUARRE A %5 08 FICOPT A
WER 51, T K(Zea mays) 34>, ZmCOPT1~32"; &
Hii(Solanum lycopersicum)f 6>, SICOPT1~6"; % %]
(Vitis vinifera)f 81>, VvCTr1~81; B 15 (Medi-
cago truncatula)tBF 84>, MtCOPT1~8%); AL H 1H

(Medicago sativa)fi 124>, MsCOPT1~12124; RAK}
1 A Y — FEAE A L (Brachypodium diachyon) 4 57,
BdCOPT1~5",

1.2 RE4IFHCOPTE B LS H4HE

ANE R COPT S5 R 7 7E &5 48 b AR H R 5T,
AN 3 B C A il MR R M /b 2 A 4, I B 5 A
FH P S5 A3 (BT 1) o MO Ah 25 0 3808 8 5 Metdt
¥ (Met motif), AN[A] COPT# (0 & iZ3E 5 H A
[ ansKFE 74 COPTH L A H , OsCOPT14 44
MetJE >, OsCOPT2. OsCOPT3 1 0sCOPT444 3
A, OsCOPT54 24>, OsCOPT6H1 OsCOPT7 N &AL H
I, KK COPTHE H & 8D Metd: 7, ZmCOPT1
H 14, ZmCOPT2H ZmCOPT3 ¥4 2420, — e
WHEECOPT & H IIN-3iii &5 76 24~ BA_EMetB: 7, el 2
BACOPTI, A 114, MiBACOPT2~5%) 75 2~44~2,
75t COPT4AN%8] % CTr2F1 CTr6o H NA i Wl = Met
Feppe,

KZH COPTH 3415 I 45 ¥ 4 (transmem-
brane domain, TMD). H ' TMD2M & 57 37
MXXXM(X AR E LR ), TMD3H & & 757
GXXXG(XNAEE AR ). TMD2AI TMD3 H (11X
PR AN 25 7 3 () T2 iz oK i i 1 AR s FE DR ST (>90%)
B MXXXM-X,-GXXXGhr &R P, Kfg. &
Ko AR & AT COPTHR A 34 3N I X
Je MXXXM-X 1p-GXXXGHE 7 1022, i — A3UE A 5L
BACOPT3 R A 2/ TMD(TMD 1 1 TMD2), e H:
NOR Ui AT C R 3 33 7 T B Ba i« 534h, BACOPT3,
BACOPT4F1 BACOPT5 /) TMD2H #5 MX XXM
J¥, BACOPT1AIBACOPT2 ) TMDH #Jt Z MXXXM
FFP, M AEH TMD2AI TMD3 2 8] (BACOPT1) B}
TMD3 2 J& B CR ¥ (BACOPT2) 7 1) v w1 46 il
B MXXXMEEFF 1, L0 H fE MsCOPTS I 6k =
MXXXMHE 7R,

CAR i 45 M IBE B 576 Cys(LA CxCEl CCHE 71
FERAELE), W/KFE COPTL. COPT2HI COPTSH
CCH: 7, 1 COPT6M COPT7#)45 CxCHEfF . SR
H—LECOPTHICR ¥ A F Cys, U1FEKCOPT3, &
COPT3HMICOPT4, #i%jCTr2. CTr3MICTr5LL b —F#
FIRIECOPT1. COPT2FICOPTS.

2 A EYIFHCOPTHITNAE
fERE A YL 7 F , COPT R 145 41 %t 4
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BT AE BT, P A B 0 i A A T T A I AR
A RE: FANCOPTHE H B2 5/ 7+ B 1 1 A
72 ABAME 5 Sk FE DL R HoA & 7 (B 1)
ISR YERFI, DUT #3812 AR A+ COPT &1
SRRV
2.1 fEEFREFNEREEF S E

JEH 2 AL COPT 2R (A 8 22 471 50K i A1
BT ER RN . KKK COPTE GFPl&
Ja TEERFM R MPY 17+ 3R IA J5 &I, OsCOPT1-GFP
H1OsCOPTS-GFPEWS & A T-J5i I |, 1] OsCOPT2-
GFP. OsCOPT3-GFP#1OsCOPT4-GFPEIASGEEL K
AR E AL T R L, H 2 EA14) 515 OsCOPT6
HREfG, X=MEAYEBEFAET L, R

OsCOPT6 A {4 X -7 #5 B OsCOPT2. OsCOPT3
1 OsCOPT4E i T i 19, FE4) COPT ()8 W Wi 1)
REIE 1z IR Dh RE AP SERR 4 72, By COPTS:
VRIS TR RAZAR (ctridctr2Actr3A. ctridctr2.
ctridctr3As% ctriA) o XL TEARA B T Bk 2 AL T
J5E RN /B R PR Cee il 1, HL 4 B 5T Ak T4 ik =
KA, AR RGBS B T8 = MM 2R, 334
L TGV AT A SR, AT I 3 6 SR AR AR FF R IR ik
PRREFRFE W YPEG(yeast extract, peptone, ethanol and
glycerol) P EykA K B, 12 FHFEREIhRE B AME R &
WL, fEIE YPEGE: #R4E I, /KFGH) 71~ COPTH, R
£ OsCOPTTHEMs 58 4 AN BFRAZAK ctrldctr3AK)
A KRB R AL, LI OsCOPT7 M sk F 4418 5

NCBI protein MXXXMX, GXXXG
accession \ /

NP_200711 AtCOPTI l 170 aa
weootoassrs  oscortt  —l—{—iDEE— R 161 aa
NP_001055594 0sCOPT2 _[H] IL} — R M_D 151 aa
NP 001044380 OsCOPT3 —i—aE— m— 183 aa
Np_001173438  0sCOPT4 il —— G — m-im— 184 aa
NP_GQ387495 0sCOPTS i i mm_{] 151 aa
NP_001173929 0sCOPT6 _ﬂ w M_D 176 aa

HQS33657  ocoprrr  —]) m__ﬂ 149 aa
XP_020396846.1 ZmCOPT! E m m_[] 157 aa
NP_001152680.2 ZmCOPT2 —‘ﬂ'[ll . TMDI | ﬁm_u 159 aa
XP_008679629.1 ZmCOPT3 —ﬂﬁ | TMD g m— 170 aa

NotAmnotated  BACOPTI  JLIL Al TMDI T™D2 M T3 183 aa
Not Annotated BACOPT2 ‘{HH} {} m RaadiE 214 aa
XP_003569917.1 BACOPT3 W v m———ﬂ 162 aa
XP 003578182.1 BACOPT4 —ﬂﬂ* W—D 151 aa
Not annotated BACOPT5 _.H.Dﬂ W_ 159 aa

HQI108185 werl —F— 148 aa

HQ108186 VyvCTR2 152 aa

HQ108187 VVCTE3 —-D—D 139 aa

HQ108188 VvCTr4 177 aa

HQ108189 VVCTrs 151 aa

HQ108190 VvCTr6 164 aa

HQ108191 VVCTr7 173 aa

HQ108192 VWOTHS 144 aa
XP_004244480.1 SICOPTI TMD2 155 aa
XP_004240384.1  SICOPT2 7 TR 0 172 aa
XP_O0M2468573  gieoprs  —|Hff— % 133 aa
XP_004252993.1 SICOPT4 TMI).Z- 148 aa
XP_004232609.1 SICOPT5 | TMD}‘ 149 aa
XP_019071080.1 SICOPT6 2 141 aa

JRHE: Met 227 SAE: BEJEX (TM1. TM2. TM3); FIHE: CCEICXC HF; *%%: MXXXMZEF; +++ GXXXGEF o
gray bars: Met-motifs; black bars: transmembrane domains (TM1, TM2, and TM3); white bars: CC or CXC; ***: MXXXM; +++: GXXXG.
Ell FREMIFHICOPTE BRILHHE

Fig.1 Structural characteristics of COPT proteins in different species
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o {£ YPEGHE; 77 I I AR IR B 18 (5 pmol/L
CuSO.)if, OsCOPT6f/EW 58 4% H4b ctridctr3ARI 3R
AL Tl OsCOPT3 A1 OsCOPT4 ] &40 & ctrlActr3A
RAL, P EA T RACE iz E A . £YPEGH;
FEIEHYNIN S pmol/L CuSO,, OsCOPT1. OsCOPT2
1 OsCOPTSAIANGE HAR ctridctr3AI R A, il
B, 24 0sCOPT2. OsCOPT3 A1 OsCOPT4%) ] 5
OsCOPTO6L K IANS, 78 1EH YPEGH: 774 LB ] %
Zetrldctr3AZRA, R COPT1. COPT5SHIXAL3
=ANEE F R RIEA B WK E ctrldctr3AW A
K, REIKAE COPTH IR I K 2 B it R A 5 HoAth
COPTH AT R — AR B 2 AR fe 2 5 fi i fiod
FR U819 ZmCOPT 1A ZmCOPT2BEMS A &4k & 9%
RERAAK ctrIActr2AW A KRR, N EsERS s
HH, ZmCOPT3 NIk & 24 R 555 . SICOPT1HI
SICOPT26EM8 58 2K 5 ctrlActr3AWI G R, N
AN S ia B 1 o 7 9 B AT AR B8 R R AR B R
2 JfifA g, BACOPT3-EGFPAI BACOPT4-EGFP)5E
KT, fEIEH &M, A BACOPTH A
thctriActr2Actr3AfZFRAL ) FEUR N 10 pmol/L CuSO,
iif, BACOPT3. BACOPT4. BACOPTSHENS 73
MWE ctriActr2Actr3ATAEK ), BT BACOPTI.
BdCOPT3. BdCOPT4#1 BACOPT5 ¥ AW Al K A
H S A AR, 1 AR RES & AE 1% BRI AR HAEH,
I IX P BACOPTAR b 1] (1) AH F A H Bt 2 AT
1o U IS A B P 7R

M 8 AL TR I S5 P T & 40 b () COPT I 3=
O S A R A8 v A B T R s Bl R s b . OE
WM, VCTrl REET K E corActr3AR K
FA . VvCTrl 5 @ 7 T 0 5 1) 40 7 7+ AtCOPTS
F = IE TR 7 B AR AL M 108 53%. 8 VvCTr1-GFPT
M 200 i 208 S R I E AL T R AR L
PR RO AR | 22, PR S Z i, R TF coprs 3877
PR AR SZ BN 2E 401, 1 vCTrl (FR 0 RIS fe
g 52 WK E coptSIRIAEK P, 2L, SICOPT3FI
SICOPTSYK & ctrlActr3 AT (1) RE J15L5s ,
A]REE AL T K A 40 s, AN 2 U R
2.2 EYRIERER N

FEAO A P R rh, A T P B A A
7= AR &, AR A =i R B RGPk .
it AY 5 25 ) B 8 1 R P PO IR B AR A I RE T
RV 2 R A R E R 2 — o SR

) Th R8N 9 5 0 xR P iR R ) 7 AR A OGS
U B T AT AL R A . R T BIE M AR
T A )95 o T ST AN AR i R B2 SR T A AT 9
71N, T B AR Ak P KRS FDL R 5T 40 B 8 1550 PR A
JE RN Ca> WAL, 0% 22 28 7 15 40 55 1 08 (mitogen-
activated protein kinase, MAPK){5 S8, S U2
#HK (pathogenesis-related) & K 41 PRI, PR2. PRSI
PDF1.23%35 Eif, UL & w] DUE SO 715 %
TEA) ) e 2 SR B30, KRR 1 P kg b B S A 7
IKFEAZ A (Xanthomonas oryzae pv. Oryzae, Xoo)5| iz,
F2 R E KRG A 7 B R B . A B A K
T K ALE RN, SR 3E AR B, FEAR i
BTN K E I T I B . YUANZEU8(20104F ) &
B, R A TR AR G KRR L AR AR AR R
B2, AR AR ST B R R R 7K BB, IR
A5 P A 05 TR 7 DA AR A J5i 318 v 3 18 B 17 {3 AEL )
R o B FEIE KB E R AR Gk R e, Heor il
(R 280 R T AN AT 5 2 S R TR Xa 1 3 BRIk, (]
AT 55 OsCOPTI. OsCOPTS3i5 il WiFE
N 5%t OsCOPTIFI OsCOPTS [ 3k 32 15 % B IR /K el
TEPREAT B 7 2 A S R, ok B AR HE 8y
AR A, T A BT RV T BN AR S D4 1Y [
I 3K L 3 R AR MO Ak T SE AR, T 1 Os-
COPTIAN Os COPTS 335 W 14 5 7K ARG X 11 Ak
RO ™0 L9315 01 HAN R 4 13 JL T IE SEBRIE
W], Xal3%if i) XA138 FA1OsCOPT1. OsCOPTS5
REfE T O A4, FE A4 B - MR o 357 4 i 1) v
BEAR M b, AT FEEARA BT BV B A AP U1 3
st RINEW], OsCOPT1M OsCOPT5Z2 5 | XA13-
A3 B KRG B A9 T PR S0 S R AR . 2 A
K &5 #4385 H UBAC2[ubiquitin-associated(UBA)
domain-containing protein 2]7E 4 0% v H B
FHHEIEEH. IR ubac2a ubac2b
X K % W (Botrytis cinerea){R U, UBAC2afll
UBAC2b¥BE 5 55 1€ A2 ) AtCOPT1. AtCOPT2
A AtCOPTOA LLAE M, T AN BE -5 400 R I 0 oA 34>
COPTHULIAM AR o S EIZE SRR SR, 1% R AR
HCOPT1. COPT2HICOPT6HE (4 -F & ) i 1% T 2F
AR, BT & E 0N E K ubac2aubac2b 1 [¥]
] B AR ZE A T B AR AL P IR COPT1. COPT2
MCOPT6IE L 5UBAC2IE IR 4, s N AL E I,
BEMAR AR B, 3G R % 9% 77 -
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23 ERMEYIHEER

98 B 5 S RHEY) (rhizobia-legume) 2 A 1 3t
A T A FR A H AR T R e B R R OR
FIAEVIE R ARG . AR (symbiosome) 2 I (nod-
ule) F FIRFIR AN 2, H 2R 1A (bacteroid) Fl— 2 1E
YRS YR B A AR R A R . El T SRR R T BV R
KERe &, HIEZEEX O, 5 BERUZK, DA I 8 2 78
KB R IR i T — B SRR 2R 1 R AP L
i, DA [ 2505 B 1) e e B R R, TN PR ] 2
BEASSZ A B Rt 3 R E T & sl 3=/
i (heme/Cu®") AR 3t S AL B, A2 ME—REEHF 0L I N
HOME EW. cbb3RL AN th 3 cSAMEE (ccb3-type
cytochrome ¢ oxidase, cch3-Cox){XAF1E T4, i
e RILT ILAE A o 12 MERLRI B (Bradyrhizobium
Japonicum)i] ccb3-Coxif PE k2 FEIL 5 KT K
LA [E B J13E 2K, 16 8H ceb3-Coxi P4 K AR IR
PRAK O 25 A 1R He AR [ 260 s IV 0 75 1R 14041 ]
FIT A 2 A 6 3% A R R, AR A R R ST 5%
HH P1b-ATPEG A1 AR 8 2 878, 4 (3 clfk
g ANRER AT RO, P BOL B B G 1 R I
AR FRY, I EMIE RS, Y4021 COPT
HEERIEIL ARG 2wt B EEEH . 4
FRAERR IR 1 (Sinorhizobium meliloti)'5 ¥ 18 JLA4E
i, MtCOPTI{EMUE W PERiL . MtCOPTIH
Tntl(transposable element of Nicotiana tabacum)fi
RRAK copt1-11 A1) & B35 8D, FENL IR R TR 4
ceb3-Coxifi Pk T [ 60%, [ B P4 N B 50%, JR10
IR R B (AN 4598 22 AR T RO AR 32 82 mn =), M-
COPTI R IEGERs copt]-1 14 A4 & AN B IS K &
FIHF A AR I K . HARIAB B BoR Me-
COPTI mRNA{X P -9 B 12 44 [X A i (late infec-
tion). HH[H][X (inter zone) A1 [ % X Hif ¥fi(early fixation
zone), 1t AR BSR4 B 1 1T Re 2 4L A 2L ik
FERE BRI o MtCOPT 145 MR 983 Ji3 4144 A 1 4
B s BIARHG , FL A A B AN SIS T A A 1
¥z K A B s B 2 AR R o T ) e A
TBEE I, Ja 31 25 1A% 38 B S TR A P S B 1) e 3-
Cox b, 2 e im0,

3 AEYIFHCOPTHIRIAFEIEHH
TEH KT B, KFEHIE 1TRR AT o Os-
COPTIF OsCOPTSZRIR I s FEASF ] (B H

2V TR AR K R 7K R 40 e e 3 R I TR] PR RE G
OsCOPTIH OsCOPT5 IR IKRE T8 Wi e ot 5 i
FI1EH R IR W02 pmol/L CuSO,)H1 51 h, OsCOPTIAI
OsCOPTS 321K 5.3 T B4, F53724 hinb ik 2 1E 5 7K P
50 pmol/L CuSOAbFE/KFE4 T 4 hEH 2 AH| OsCOPTI
MOsCOPTSHIZRIEM, IEH 244K, OsCOPT6{AEHL
ERRIE, HAEB = FiARE, fid s H N
FIk 5 RUMEAEAR G = 2600, AR oA 2 OsCOPT6
[Pk o i ik 5 4k B0 ) AR AT B OsCOPT 2
OsCOPT3H OsCOPT4HZRIL , SR A ik = 4 30}
EATRIRIETIHEEm M, S 8T, £
ZmCOPTIF ZmCOPT24E b3 ik am 2 _Fif it
NS vl N NS R DA R S N N ] i
FR AN (645 4 i A1 2 1) i) BACOPT3 1 BACOPT4
FIELE T T A S SR KB T e, AR
- [ SICOPT 1A SICOPT23 1554 R i, SICOPTI
FEHA I B (100 pmol/L CuSO.) M 7EHR 1 () ik 5 18
INEIEL S, (HAE T ™ EE4HT (100 pmol/L BCS)%&
R R FRIEKFEPYFE D). UE COPTER B3 T
[X 65,55 4 1 3. 7644 (Cu responsive element, CuRE),
HEOFHIN GTACHFF . JHlE = i, KT
SPL7(SQUAMOSA promoter-binding protein-like7)
SRS G B GTACE Y b, dEfii#eE i COPT
BN HIRIE . 278 A, SPL7@E T 45 A4 557k
BERS T NEEFR S B ok, A H S GTACHK:
FHIZE S, T2 b Hx COPTHE N s A F 441,
FE AW B T ] 82 A0 T4 7K A2 AR R B R IE 2 SPL7
Wt FR 5 S0 AtCOPTL. AtCOPT2H AtCOPT6
(R IE AT RS B 42 40 B 55 N G % & i COPT
FE[A i 1.5 Kb R 30+ 5 10047 70 5 K30, B
H COPTERNM H )T 5 2> GTACEf?, W
SICOPT2. SICOPTSH1SICOPT61 S5 T304 16
A, SICOPT4H1435 84, SICOPTIFISICOPT3 AU
B Ay RN 2R 44N B, SRR S5t SPLTX COPT
FEIE BV LA R = SEES IR -

V2 BT 15 5 1 13 AU B oK P
(IR, 352 B BB B R . B K T I
2 30 5 R T 2 1 80 9F 5 12 1M (posttranslational
modification). VFZ 7T Wox B 7 ia HEH M2
R Y IE R B e K EEEH. 3
TH ) T8 2 88 T i i, BT E B A iz R AR
WA, 12N AR 53 ik %% 38 2 5 1 (endosomal sorting
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complex required for transport, ESCRT)I{EH ¥
12 ZAI A 43 1k B RT AR (prevacuolar compart-
ment, PVC)H , 5 248 i i B0 9 34T B fige 190
XIS T dz R I AR I R h 9 YL e 400 1 5
BFA (brefeldin A)FI LI H' - ATPase il 7] Conc
A(concanamycin AU, a4l EE SRl FL s B
BORI (borate exporter 1) AL THR 1) P9 5 2 Al A
WO B A E AN A B IR L, LD RE R AR (B) 2% 4
T, BN ES T RIS BB T i b b Bl
B 5 3REY 78 S LA AL EE I, BOR1A] % Hml —32
FA, @I i A% 85 [ (clathrin-mediated en-
docytosis, CME) /- I i £ 1 FH 32 4 B09006 Hh A,
AN G A A 1, B3R R BT 2 B Y B

FrE T R, A EEE AT 5K RS BOR 1 PRI
B AR, AEIX Ah PR AR AR 5 CMEN S I R FE 0 5%,
M5 8 E R B AR A2 A R ). HE4) COPTAEEE A
AP BRI AL AE L FE I S T — e ik R .
F50 pmol/L CuSO. 4B\ g 5+ 4 J5 , AtCOPT1-
GFPAH AtCOPT2-GFP4) ) Ak B B F# /% . BFAFI Conc
AKRCEEXT COPT1-GFPAELI L P (1) 40 A % A 52, 3R
BN AR . BRGSO RE [ i FR A 2 5 4
7% 510 AtCOPT L H AtCOPT2 R B fift o A4S 71T AS Py 512
56 35 R AL P A U0 1) 71 MG 132 4 B 410 i 4 A
S HIAtCOPT1MIAtCOPT2 /) [ fif, AR T8 & IE W
A AR, SRA 2 AtCOPT 1 A AtCOPT2
Mz wZ W S X Ry ARz RIKB & A

1 COPTE[EMFRILK INEE
Table 1 Expression and function of COPT

) A FRIEFHIE ZREBER FEHM P TIRE 2% R
Plant Gene Expression characteristics Polymer Functions in plants References
R ES i type
Root Stem Leaf
-Cu®* +Cu**  -Cu** +Cu* -Cu* +Cu*

Arabidopsis ~ AtCOPTI / / / / i l He Copper absorption [10,27-29,45,47]
thaliana AtCOPT2 / / / / 1 l / Copper absorption

AtCOPT3 / / / / 1 = / Circadian rhythm

AtCOPT4 / / / / = = / /

AtCOPTS / / / / = = / Copper mobilization

AtCOPT6 1 = 1 ! 1 ! Ho; He Copper absorption, distribution
Oryza sativa  OsCOPTI 1 | 1 ! 1 | Ho; He Endogenous immunity [18-19]

OsCOPT2 = ! = ! = ! Ho; He /

OsCOPT3 = | = l = | Ho; He /

OsCOPT4 = | = | = | Ho; He /

OsCOPTS5 1 | 1 | 1 | Ho; He Endogenous immunity

OsCOPT6 — — 1 ! 1 ! Ho; He /

0sCOPT7 1 1 1 1 1 1 Ho /
Zea mays ZmCOPT1 = = 1 ! i ! / / [20]

ZmCOPT2 1 1 1 1 1 1 / /

ZmCOPT3 1 1 1 1 1 1 / /
Solanum lyco- SICOPTI 1 1 ! 1 i | / / [21]
persicum SICOPT?2 1 1 1 1 1 1 / /
Brachypodium BdCOPT3 1 | / / i ! Ho; He / [25]
diachyon BACOPT4 1 ! / / 1 ! Ho; He /
Vitis vinifera  VvCTrl / / / / / / Ho Copper distribution [22]
Medicago MtCOPTI / / / / / / / Symbiotic nitrogen fixation [23.,48]
Truncatula MtCOPT2 / / / / / / / Symbiotic nitrogen fixation

tRKIE LA | RIE TR, — ARE; = BWEER; /K WIRIE; Ho: FIVEZ K, He: IR Z B,

t : up-regulated; |: down-regulated; —: not express; =: no significant differences; /: none reported; Ho: homomultimer; He: heteromultimer.
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U0 R T PRV W AT A AR T R IS 52 7 [ AtCOPT 1 AtCOPT2HIAtCOPT6. FEZINE A, AtCOPTS 7 o T M8 (vacuole) 5 AR 1L HiT (4 (PVC) i,
AtCOPT3 ] §E5E A7 T il MI(ER) A . AtCOPTSFIAtCOPT3 A 43 Sl Ke St/ v AT A4 s P9 o 0 v I Cu Bk g B4R S b o 7R IR 264 1, AL
A IIAICOPTL. AtCOPT2HAtCOPT6 5 UBAC2AH HAE MK S G4, Heka e tEsgm, FT-H06a i 25, 405 Cu S iy, Cu'nl i
BACE GPH (IHUBAC2, L AtCOPT1. AtCOPT2HIAtCOPT6H T2k 2 UBAC2 I {47 1M # iz 1% £ 5% 1 W 14 (proteasome) HH [ fift, FiA5 i) Ji it

HIZ [ AtCOPTL. AtCOPT2HIAtCOPT6E />

Copper uptake mainly depends on plasma membrane-localized AtCOPT1, AtCOPT2 and AtCOPT6 in Arabidopsis thaliana. AtCOPTS5 is located in
the vacuole membrane and the prevacuolar compartment membrane (PVC), and AtCOPT3 may be localizeded in the endoplasmic reticulum (ER). At-
COPT5 and AtCOPT3 transport Cu” from vacuoles/PVCs or ER into the cytoplasm, respectively. Under normal conditions, synthesized AtCOPT1, At-
COPT2 and AtCOPT6 in ER forms a complex with UBAC2 and its stability is enhanced, which facilitates its transport to the plasma membrane. When
cytoplasmic Cu" increases, Cu' may replace UBAC2 of the complex, leading to AtCOPT1, AtCOPT2 and AtCOPT®6 to the degradation in the protea-
some due to loss of UBAC2 protection and subsequent reduction in COPT1 of the plasma membrane.

E2 COPTH SHYETRSLUERFHE
Fig.2 Mechanism of COPT-mediated copper homeostasis

Mk fRis 25 T 815 5 1) AtCOPT1/1 AtCOPT2
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PYJR I B e E I B RIS R B AR, HZ 2R AH
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8¢ AtCOPTOAH FLAE F 71 58 AtCOPTs e e . A
VFZ IR , AtUBAC2/272 RIEF E3E &K1
T3, F BT Kk # UBA (ubiquitin-associate) 45 4 35 1]
77 AL A2 R AR 1 31 26S 5 [ B (A BEAR 5581, SR
AtUBAC25 AtCOPTI1 I HEA EAEH MUK A FH S
AtCOPTI1[&f# , [ ififd AtCOPT1HE infase , HLIXFhig
SR T UBAZE M), Bz 2105 AtCOPTI
I FEARTE % o 575 AP 2021 FELIZE PR K 81, AtCOPT1FIN-

Ui {i 20 ZE BRI AL IR AR A e 3 B 5 AtUBAC2
PIAH EAEH 78432k . 1T AtCOPT1. AtCOPT2H!
AtCOPTO6 1) N-3ifi F13X B 41 A5 Be % 5 4 B 15
PEGE G EE —> Metdk /77, PRI 24 4 i P4 41l 25 135
i, 5 AtCOPT1. AtCOPT2AI AtCOPT64% 4 1) AtU-

BAC2 1] REML 4 25 7B, AtCOPTsHi T2k 25 UBAC2
(R R4 T 2 8 380 B A AR A A (PE12)
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BBt H AT AR I LR R S Y I COPT
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Y ICOPTR L WML M FAT IR AR T &5
COPTYE & /K (1 PR F2 WL A A A4S XA A 40 e J
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