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52K SpMTP10 TSR RAHE

PRES 1, R, BHG, FHA, REBL, HEL, B2 BX
12, WA 2
BRI RHE A BRI 411201,
2 VA B 5 PTG 4 1 52005 0 e R S AR 15 % MY
R B 9%, R 411201

WE AMn)EHEYLFET FosR, HEtzsid EMswmEmmEKLkRE. SEdyhn
F Mn BRI SR DR R4 7~ HAE AL, T A SV Eagt A% i R BLK Min i35 LA i 52 4
B EEE L AW MNER RHEYED 5 K (Sedum plumbizincicola)F 5. f% 7 —/NBH &+
¥ B2 3t ¥ (CDF, cation diffusion facilitator) %% i i 52 3 Xl SpMTP10 (metal tolerance
protein 10). HAEREREHRIA J5 RRfE B U s A7 X & Mn PR E i s2 v, [FB 4k
T Mn AR 300, (HRENH4R(C). £%(Cd). 4(Cu). k(Fe) S HAh 4@ m i EMhian
i 52 P4 DA S AR B2 (A FHAS B, o S48 B 5 5 20 A 2 BH e 6 1 P4 IR o ZE 4D P 7 e
15 SpMTP10 EAEPIAR EE Mn 1 Sk, Hb 3 Mn AL R 38 2, B i & Mn s 58 U,
Zx LR, SpMTP10 A feifid (212 Mn [a] P4 J5T 199 11 X R& 14 % BExt i &8 Mn #3555 1 52 1
MR RIA G, SPMTP10 A-F 8 Mn ] P95 X %32 D) o] B34 00 7 A J5 9 R A KD Min
I T [ 3% 22 AT AE A0 B R] PRI RS, AT AE SR ERR R 1) Min ) 24887 20 2R 1) e 0 A . b i
B R R

KEIR B, WEMN, SEmZEN, R

BRBB, Eadk, 0, FME, KB, R, B, BRFE, BT (2026). 5%
K SpMTP10 /- SR RIGHLH]. Y=k 61, 1-1

EL(Mn)2 2 P iR E . BERAE S . RNA RA TSN R4+, FRELEER. A
AL JF P AT T S AR T R R R, R KR IR TR (Peiter et al., 2007).
HEEN-MRESECR, TP ERN Mn SXHEYEREE. e Tt
(PH<5.0)8HEK A 78 43 HAE AR SR ARG 358, 1T Min 598 28038 n, Mn 85 L8
BRI K E B &K 2 —(Takemoto et al., 2017). AW R LM, i Mn £ id 2505
S FEATE A (A0 OHF O ) kfil i S b i, SEREHEA W, KEARLEF KRS+
1% (Millaleo et al., 2010; 5k £7545¢, 2010). PRI, Mn 5 F 240l BeEE, g 2R m 4
VG ARG EAER, s HARS i c RIS IZ (Li et al., 2019). b4k, —2& Mn #™
X T RS HS, FECRIE Mn SRl s, B E 2 AR A g
WML & 7 5k Mn & &ERFIE RIS 7990.21 mg-kg™, 2R E 5 E
(459 mg-kg ™)L 18 £i5(J7 %%, 2006).

97 R Mn SkZ g E R E, A R Mn BRI SRS S, RS R RN
Mn %245 (Alejandro et al., 2020; #4EIi%%, 2024), b, Bz & AE4EFFEYAN Mn
PFASMANT Mn BEREERE 2 CHEZNIEN, % NRAMP (natural resistance
associated macrophage protein)F i ZIP (zrt/irt-like protein)Z i 71« YSL (Yellow
stripe-like) Z % 1% 7 L J% CDF (cation diffusion facilitator)Z % ik 7145 . CDF 7EREY 78R
N4 @i 32 25 H (metal tolerance protein, MTP), 1N T RIakiEE A, 68k N HE T
M5 5% 7% B o7 A A7 [ B A0 s o, FE B B TR s R 32 R HE B A . AR F22 I
), HY) CDF KRR A4 N =AW E, 435l& Zn-CDFs, Fe/Zn-CDFs #1 Mn-CDF
(Montanini et al., 2007). —f MTP8/9/10/11 J& - Mn-CDF W5k 51, 7E R MR 2 akiiid
Z Mn [t fE R ¥/EF (Zhao et al., 2024) . fERNFETFH, &0 TRIEET AIMTP8 &S
5%t Mn A€ Fe (IR0 N, At AIMTP8 1825 Mn 767 A1 N R4 f0 4 S AR R DA &
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Mn/Fe 7EF0 T H K E BT E, AR K 2F(Chen et al., 2013; Eroglu et al., 2017; Takemoto
etal., 2017); &L T /R /R AR BRI AT AR AMTP A1 7EREKE Mn X[ 21 0 B 5 /R J
At 4T 5% (Delhaize et al., 2007; Peiter et al., 2007). fE/K#E$, OsMTP8.1 Al
OsMTP8.2 #45E if TRV, Wil Mn X ERRARAH b3y L RS Mn (52 7,
XFEARAA mtp8. 1mtp8.2 Hi A= KR Al Mn Ui 5 (Chen et al., 2013; Takemoto et al.,
2017; Tsunemitsu et al., 2018); OsMTP9 #/ Ti%ﬁﬂ:ﬂi;”ﬁ[%ﬁ):*ﬂlj\]&): i, 5
157 Mn WU OsNramp5 & (A %, 7824 Mn AN IZ2 2 F, 6008 Mn #5328 2RI
¥E(Ueno et al., 2015); OsMTP11 J2& & {7 T B AR A7 S 1] /X 2% 45 ffﬁlEl’J Mn ¥z 8H, Mushem
Mn fpi8 2 B3 ik OsMTP11 755 I L Bop e A7, iRIE OsMTP11 A 5R/KFEXS Mn
i 22 14 (Zhang and Liu, 2017; Ma et al., 2018). It4h, MAH(Camellia sinensis). 3¢
(Brassica napus). 3%(Nelumbo nucifera). KE.(Glycine max)=5 47 - % & 3] Mn-CDF
WA KRS 5 Mn ({5 icid 2 (Pedas et al., 2014; Gu et al., 2022; Zhao et al., 2024;
Hu et al., 2025),

P SR AR E RIS KRB E Cd/Zn B 2Ry, L a SRS M 3 Mn 11
st 10000 mg-kg™, HARNHEHESRER Mn (Peng et al., 2017a), BREH 5
RATBEEA 2 Mn Rl K g sgae ). R, ABFFE DAED SR RN R, EES
5 Mn R/ 52 2K SoMTP10, FEF 5T T HAYI# D E

1 BREREE
1.1 EOHRRIESR
PR 5K (Sedum plumbizincicola X. H. Guo & S. B. Zhou ex L. H. Wu)R4E B L& M
MR & — K01 35 (R (N29°14'29", E118°50°32"), 520 5 261 F 1) - 347 SR,
PLACE FRIBRE TR N 71532 7% (2 A4, 2014, 2020). Zliﬁ}?nlﬁfxﬂﬁn (Arabidopsis
thaliana L.) Col-0 A= ZAE J Xl E ﬁ?llﬁk?’ﬂ Ayap1 5%4K(MATa ura3 lys2 ade?2 trp1
leu2 YAP1::LEU2) s FBF A7 Y252 (MATa ura3 lys2 ade2 trp1 leu2). Azrc1 AR (MATa
can1-100(oc) his3 leu2 trp1 ura3-52 ZRC1::HIS3) J HEF 47 CM100 (MATa can1-100oc
his3 leu2 trp1 ura3-52). Accc1 2K (MATa ura3-52 leu2-3 112trp1-1 his3-11 15ade2-1
can1-100(oc) CCC1::HIS3) JxHEfEM DT150 (MATa ura3-52 leu2-3 112trp1-1 his3-11
15ade2-1 can1-100(oc))~ Acup2 1R (MATa his3 leu2 met15 ura YGL166w::kan MX4)
N H B A= R kR BY4741(MATa his3 leu2 met15 ura3DO) (#7245, 2024),
1.2 FIER
SpMTP101# CDS 741 L& %% %] GeneBank, ﬁU?(Accession Number) Ay MZ781327.
KT K i LR I MK RS ) MTPs 28 A 19 7 %1 b uniprot #% 5 B R %
(https://lwww.uniprot.org/) . J¥ %Il 5 Wl '~ : AtMTP1(Q9ZT63) . AtMTP2(Q9M271) .
AtMTP3(QILXS1) . AtMTP4(Q6DBMS) . AIMTP5(Q6ICY4) .  AtMTP8(Q8L725) .
AtMTP7(Q8H1G3) . AtMTP8(QIM2P2) . AtMTP9(QISAJ7) . AtMTP10(QOWU02) .
AtMTP11(080632) . AtMTP12(Q9SI03) . OsMTP1(Q688R1) . OsMTP2(Q10LJ2) .
OsMTP3(Q6Z7K5) . OsMTP4(Q10PP8) . OsMTP5(Q5NA18) . OsMTP6(QODHJ5)
OsMTP8(Q8H329). OsMTP9(QILDUO).
1.3 ZEENRESHIRBLRE
SpMTP10 ] CDS F#41 LA L 5e b 51 Be it 225 fi e AL I e i B EE (Peng et al.,
2017b). DAER™SORMAAH E3 cDNA WR& 5 /E 94T PCR 41 SpMTP10 £:K .
g% F A A 5'-cgagatccATGGAACCGACGCCAACC-3'  #i 5'-
cggaattcTCAAGCCTTGTGCTCTGG-3'(BR il 14 N VIEg HI B U146z s R RilZehn i, T R). H
BamHI 1 EcoRI & N BE R 1A 8tk pYES2, J#51LE%RE(Elble, 1992). HhHLBH M EERE HL 3T
Ve FH BT B PRV 5 T 2 s R o B KOs, B OB R, R CKE R, IR BRIk Ik
Mi¥E 2 ODeoo=1,0.1,0.01,0.001. Zr5IH 10 pL Bk 29800 25 A A R FE E 4R 1 77
FoPtR b, 28 oCff| ERE IR 5-7 K, MBI (RIGA5E, 2022).
1.4 qRT-PCR #MEFHRE
IR TR 6 A I =K A 50 pmol-L-' Cd 8% 500 pmol- L1 Mn 4 3 K5, 2 BHREL
. ZERIFH 2R S RNA, s cDNA, I S 58t € & PCR il SpMTP10 Jk A


https://www.uniprot.org/)。序列号

M RN RIEE. FIWFH W T 5-TAGACACCGTGCGAGCTTAC-3'fil 5'-
CACCGATGTTGTGTGCTTGG-3'. LL SpActin2 R HFA{E NN S X, 5/ % N 5-
ATGTTCCCTGGTATTGCTGACCGT-3'#1 5'-TCCACATCTGCTGGAAGGTGCTTA-3' (L
&5 2022).

1.5 TF4MBRE I ER

) F [E) YR 4L )73, PL B'-ttectgcageccgggagatccATGGAACCGACGCCAACCGG-3' Al
5'-gcccttgctcaccatactagt AGCCTTGTGCTCTGGCCTAT-3" A 54 1 SpMTP10 1) CDS J
BL, B H%E N pA7-eYFP #Hifk. # SpMTP10-eYFP 5 AtWAK2-mCherry-HDEL (Nelson et
al., 2007 )M i) 314 % i 3 3 A 00w 7 )5 A AR (Chen et al., 2021), A 3L AR B
(Leica-SP8) M £ WV 4 i e Az 15 0L, 152 B 3 Uk Ik K =514nm, K4 % K =525-575nm;
210 R 6 TR K =543nm, & 5K =583-697nm; 48 (I kO I K =488nm, Kk 5K
=650-750nm.

1.6 EREBNE

MEAE KRR 4 mmol-L' Mn 4b3E 6 /M5, B OCEELNIIM RL B IR TR 3 I
7T, H 250 umol-L' Mn 42 3 KRG, WCEEEDIM BE. R IricR A RHR AT 4lK
5mmol-L" ] EDTA. BZE/K & ¥t 2 Ik, &K 5 b BRI EHT, FRTE, H 65%ikiH
FRTE A, Fke, FHUEHE &4 5 1 FI%(ICP-MS)IE Mn &1 & B (i K 5245, 2020).

1.7 BT ERHZANERRREE

) F [E) R 410 77125, A 5'-acgggggactctagaggatccATGGAACCGACGCCAACC-3' Al 5'-
gcccttgctcaccatactagtTCAAGCCTTGTGCTCTGG-3' A 5] #1, # & 35S:SpMTP10-
pCambia1300 i ik Wyt A « B A KR B 4F 1 L 35 0055 I+ 46 77 = AE L D e 4k
358::SpMTP10-pCambial1300 M4 FF & GV3101 My, FEBif% %4724 60-90 B, Ui
EEREI TN J5 15 5 A W B R (M R 7R 5 0 ade 2 ik IR BE 1 1 (K &5 95 5%, 2023), Bl e 4075
A5 R SpMTP10-1, SpMTP10-2. T HRF R KA —H1 4 HIRS i E Mn b2
Fedk b, EERGFE 5 KagiHRE %5 (Peng et al., 2007a).

2 BRS04

2.1 SpMTP10 MIFF5)53t 5 REHEN

BATHTIAXS P SR I e S 20T 7 I P AR (Peng et al., 2017b). %T MTP Sk it
TEVAEREY) Mn FR R B 52 0 A2 HR DG E ], FRATER SR A R R R MTP 55 % R
FR L R P 5 5 B — N RE IS A SRR B Mn i 32 P SRR . 1% R gmAg X K 1191bp, %
i3 396 MR . /KR IF I MTP S5 B R Ee s o #r K 8, )2+ Mn-CDF
WK, SHEEI AMTP10. AMTP9 FUKFEN OsMTP9 b iE & i (B 1A), Hh 5
AtMTP10 )75 — 8ttt femr, 183 72%, Kk, ¥ Ha 48 SpMTP10. #HT MTP ZKEAL
woA o o B B R O o & oBa , Bk AT R H TMHMM
(http://www.cbs.dtu.dk/services/TMHMM-2.0/)7E 2% 43 A7 S I 45 # 4k . SpMTP10 ) N i
ST RN, T C s TEAMN, B 5 ML, onlfi T3 111-133 fiz. 137-159
. 180-199 fir, 219-241 fir. 254-276 frZILE(E 1B).

i SR 52 B qRT-PCR %} SpMTP10 3 RE AR S R i ik kAT T 0 o
SRR SpMTP10 FEAEM I FRIE, HR A2 (B 2), HHFIEAFFAZ Mn bEE
s (B 2). ST 2R EKIAK T E S Cd MERAS, HARNHERR Cd, KA
[ T Cd ARFESE1E N SpMTP10 3Rk . 45 R E M, SOMTP10 Rk 7RA % Cd A5
M (& 2).

2.2 SpMTP10 HFRIZEFF IR =B Mn R 5214

AT SpMTP10 1A T-BERFE (C)BUR R AE Ayap1, FAbFIBERESS Mn JilE fdi e )
WARHIR S . 7F 30 mmol-L' Mn JiHE T, Ayap? f HBFA BIRERE Ak Y252 B4 K L7
fir, T SpMTP10 # A4k R BEAE K 5 IR % AF TR FR B EE— 3, JLPAZZIKEE Mn i
BRI (B 3A). BT Mn-CDF FKHE H nl REtHAF/E RIS B Mn DAY AL — A FHES 11 1)
RE, FALRIMIRE T SpMTP10 /2 755412 Cd.Cu.Zn fl Fe & A o & . 45 % B, SOMTP10
1t Cd BUR R AR Ayap1 (K1 3B). Zn BUR AR Azre1 (K] 3C). Fe BURR A Accet (H
3D). Cu BURRAA Acup2 (K BE) T RiL G, WEREFHAL X AH R 42 & B 1 I 52 M K A2 1k,
HABHE, Wi~ SpMTP10 AT Ag/2 Mn F ks EH .
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Figure 1 Sequence analysis of MTPs family protein.

(A) The phylogenetic tree of MTPs family protein. Basing on maximum likelihood method, the phylogenetic
tree was analyzed using MEGA software. At, Arabidopsis thaliana; Os, Oryza sativa; Sp, Sedum
plumbizincicola. The MTPs sequences are described in the method. (B) The transmembrane domain of
SpMTP10 was analyzed online at TMHMM.
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Figure 2 The expression of SOpMTP10 in S. plumbizincicola

Plants were treated with 50 umol-L* Cd or 500 umol-L-' Mn for 3 days to detect gene expression, with
SpActin2 as the internal reference. Values are the mean + SD, n = 3.

YT SpMTP10 ks 38 B BE ) Mn i 52048, FATTR FH eRL B 5 25 58 1A R i (ICP-
MS)idk— B T B B AL T Mn IR Z B L. 75 4 mmol-L" Mn 42261, SpMTP10
FEALTERE 5 2 B AR AL B BEA L, Mn B R B 5 10 3F). AN SpMTP10 w] G it
I Mn XBE T A AN RS, AT 22 AR i 5T P i Min 38 R B3
2.3 SpMTP10 B FHEMNSERA Mn i3
N T BAE FIRAE AR, M T SpMTP10-eYFP #5445 i 26 34 T 400 RG 7 - AT 4 i Fr) JiR A I A
AR P AR 5 A1 L . 28R LB 0 AR i 2 IR0 A1, B 5 S S T,
WIS 58 A T PR X L o DR R RAT A PR 5 DX A7 A 22 PR il 75 20 €258 6 B 1 (R B P 3R
#HiAS SpMTP10-eYFP My LI - IR AE iR . SR EL, — 3 e 2 ) 43 A (K
AA) 558 £k i (B 4B) AR RBIMI B E S, KIH SpMTP10 @i TR M. EH1FE
B2, SpMTP10-eYFP 76 =ik Mn 4B N 2B 32 1 4C), £ SpMTP10 fli4 7%
FEE A L IhRE R IEH R A% .
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Figure 3 Tolerance analysis of yeast transformants expressing SpMTP10.
(A-E) Yeast strains sensitive to Cd (Ayap1), Zn (Azrc1), Cu (Acup1), Fe (Accc) were transformed with
EV (empty vector) or SpMTP10, then grown on SD plates containing 30 mmol-L-' Mn (A), 30 ymol-L-' Cd
(B), 10 mmol-L-* Zn (C), 3 mmol-L-' Fe (D), 30 ymol-L" Cu (E).
(F) Mn accumulation in yeast. Values are the mean + SD, n = 3. Asterisks indicate difference at *P < 0.05,
**P < 0.01 by t-test.

A SpMTP10-eYFP ER marker Chloroplast Bright Merge

B c
o SpPMTP10
[%] N
9:3 40 ——ER marker Q
= >
o 30
Q
8 20 =
2 g
5 10 S5
=
s 0 1 L 1 1
0 10 20 30 40 50 OoD600  10° 10" 102 103 10° 10" 102 103
Distance (um)

4 SpMTP10 7E 10 FE IR A 5 A H 14D S0 40 i 5 7

(A) SpMTP10-eYFP 5 Py J5i W 58 AR e 7E 40 i I i 28 o A 3L 3R 08 J5 1 728 e AR - 38 B, 98 6 3o SpMTP10
() eYFP i3, 2L a& s A B E A28 mCherry iBil, S EUOCE R GKEE . FRR=10 um.

(B) SpMTP10 A1 ER 4512 2 Yenm FE S o

(C) eYFP HIfl& A 50 SpMTP10 /S BRI 325 B Mn A I shi .



Figure 4 Subcellular location of SpMTP10 in Arabidopsis protoplasts.

(A) Fluorescence distribution after co-expression of SpMTP10-eYFP and ER marker in Arabidopsis
protoplasts. The yellow fluorescence represents the eYFP channel of SpMTP10, the red fluorescence
represents the endoplasmic reticulum localization mCherry channel, and the purple fluorescence
represents the chloroplast channel. Bar = 10 ym.

(B) Fluorescence intensity trace of SpMTP10 and ER marker.

(C) Mn tolerance of SpMTP10-e YFP yeast transformants.

2.4 SpMTP10 ZEM TR FFEFRIXFEE T E Mn BHERITHZ 14

N EEAE N RE— B RIE SpMTP10 (IAEH T AE, RAITFI A CaMV35S J& 511 3R 5)
SpMTP10 e AEYI FE TF i ik, FRAFLE AWk R JGHEAT Mn AHE DI SR 7Y, 45 SRR B,
TEIE IR 4N, dis iRk R SOMTP10-1. SpMTP10-2 5 B4 7 M 4 A 1 i ¢
52K 5A). MAERWRE Mn B 3 K5, Fra MR A K 0 B2 203, HEE
% Mn iR EETHR, IR 2GR E L, H SoMTP10-1. SpMTP10-2 IR GE K /&
BEKT AR (K 5B-D). iXLsrihst R, SoMTP10 A% Mn i & s 8
I
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cms,

(D) & Mn B R AR E MK E G B R RBELbRHEZ, n=3. *P<0.05, **P<0.01(t-test).
Figure 5 Heterologous expression of SpoMTP10 in Arabidopsis.

(A-C) Growth phenotypes of wild type (Col-0) and transgenic Arabidopsis (SpMTP10-1, SpMTP10-2)
under different Mn treatments. Bar=1 cm.

(D) Statistics of root elongation length of Arabidopsis under high Mn stress. Values are the mean + SD, n
= 3. Asterisks indicate difference at *P < 0.05, **P < 0.01 by t-test.
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" Mn HE R, SpMTP10-1. SpMTP10-2 fRH Mn & & B E K TR AR, #h B3 Mn &R
Zhe, AR Mn (R ;’éﬁzﬂ%i*%(l 6). ik, FAEN SpMTP10 (1R 1A
R T Mn KIgHE, SEMn 7EHh -k e m, 34 mBE 5w 400 g 715 Min i 2 Uk
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Figure 6 Mn content in Arabidopsis transformants expressing SpMTP10.

Arabidopsis were grown hydroponically for 3 weeks and treated with 250 ymol-L* Mn, then samples were
collected 3 days later for ICP-MS detection. Values are the mean + SD, n = 6. Asterisks indicate difference
at *P < 0.05, *** P < 0.001 by t-test.

3 ¥ig
PR B R — R AR B, HEREE I Zn/Pb 7K, 3 Mn vk EEIL G, #E
st A PRt - 38 A B BRAELK 10 £%(Peng etal., 2007a). FEH 5K BRI 2 Mn, (H2HK
WIAEK T IR M H33rh Ry T REHEAL B2k Min REAS R HLA, 3o 3 Mn Af 563
DR W R 248 DA B LB (AT L B M7 L. AT S Kb sl T SpMTP10 K
R, BRI R Rk, A2 Mn HIl Cd % (B 2). I B TN AT S R,
SPMTP10 FJ 42 e BE % Mn (i 324 (B 3A), FEH0 Mn (AL 2 (K 3F). 7ERidh Rl
KSR, HAEHET Mn AR b3z (&) 6), JRsCE 7 s s & Mn e i 2
(K 5). XUt KB SpMTP10 & Mn (2R, 257 Mn s it .
ABFFCF, WANMGE R 4745 B0 SpMTP10 & AT P KA (F 4A), B R ILTT et
FOK Mn M IBRESIZZ R M. BERTROBF RIS, K5 GmMTPS8.1 2 5 Mn il )53
SRR, VA B R A S ML EE R, W MTP11 il ECA3, 4 id & Mn i@t 38z
T SR AMA, TR S A SR Mn (RS2 2 (L et al., 2021). AT, SPMTP10
TER BFrh 0I5 S5, TE4R % B 5t i i Mn TP 32 HE R T840 7 Min (AR 22 () 3), MR
SPMTP10 A~ 515 Mn [i] P55 I (126 32 9 5048 86 0 Min S B8z i s i, 7EILRE ik
J5, BRI IRTE SR EE Mn AbFE R A= K2 BRI SE N B, B Mn [l b s 5
(B 5). AL P 3R X A8 I 15 H AT AT 00 P FF) A 3R DX A0 s R 10, O 02 PR J5R I A 708
S TAEANNRITIES), B4 5t ()55 5 i) 2% =i (Barton et al., 2011), #LEI ¢ AtMTP2 4/
S Zn B EE YR, T R ) 22 R N SRR AT A L S 1 PR I, XA T Zn AR
AR B AR EGE, MK RIS 5% -3 2 (Sinclair et al., 2018). [k, Al
HEN SPMTP10 AT BE R AR KA TIRE . SPMTP10 B 25K F o Mn #5528 R b, FEAI%
FLFE Mn KT, BRI RE RS AL T Min 2754 0 (78] 3F),  ELF 2 ME3 & () 3A). TR
it Fik SPMTP10, {246 Mn 75 AR A4 ML IR1ZESE 1 P B 9 5 1 vh s 08, 188 3o A 4
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Figure 7 A working model of SpMTP10 involved in Mn transport in Arabidopsis transformants.
Expression of SpMTP10 increases Mn transport into the ER and consequently facilitate the cell-to-cell
movement of Mn in the ER-luminal continuum through plasmodesmata. This promotes the passage of
Mn toward the xylem in the root, and thereby enhances the long-distance transport of Mn to the shoot in
Arabidopsis transformants. Ep, Epidermis. Co, cortex. En, Endodermis. Ph, Phloem. Xy, Xylem. CS,
Casparian strip. CW, Cell wall. ER, Endoplasmic reticulum. The red arrow represents the Mn transport
path.

PRI B R Cd/Zn B EHEY) (Peng et al., 2017a), {H/& Cd/Zn [ b #BLH LR 21
BARG T A 2E SRR A 76 A0 5 o SR L DR P 4H R 1 04 A2 B AR BB L R P 4
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SENLT SRR, B S HE SRR T ) Cd TR G G R %i(Zhao et al.,2019), XF /M
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HE T S0 71 & (Eroglu et al., 2016; Ju et al., 2021); AtMTP10 .76 3%k 4% Ca2* il Mg2*
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INTRODUCTION: Manganese (Mn) is an essential micronutrient for plant growth and
primarily act as enzyme cofactors and participate in the redox processes. However,
excessive absorption of Mn by plant can also induce toxicity damages. Therefore, plants
need to tightly regulate the uptake, homeostasis, and distribution of Mn to cope with
stresses caused by its deficiency or excess. In these processes, the cation diffusion
facilitator (CDF) family transporters, which in plants are also known as metal tolerance
proteins (MTP), had been shown to be crucial for Mn homeostasis. Therefore, identifying
MTP family genes and elucidating their underlying mechanisms for Mn accumulation
would not only provide the novel insights about basic scientific issues of plant Mn
accumulation, but also gene resources for crops improvement and Mn pollution
bioremediation.

RATIONALE: Sedum plumbizincicola is a recently discovered Cd/Zn hyperaccumulator
that grows in mining areas. The soil in its natural habitat contains more than 10 000 mg-kg-
' of Mn, suggesting that S. plumbizincicola may have efficient Mn transport and
detoxification capabilities. Based on the transcriptome sequencing results of S.
plumbizincicola obtained previously, a member of the MTP family gene named SpMTP10
was cloned and its role in mediating Mn accumulation was investigated in this study.

RESULTS: Phylogenetic analysis with orthologs from Arabidopsis and rice revealed that
SpMTP10 belongs to the Mn-CDF subfamily and is most closely related to AtMTP10,
AtMTP9 and OsMTP9, with the highest sequence identity of 72% to AtMTP10. SpMTP10
is mainly expressed in the roots of S. plumbizincicola and its expression level is not affected
by Mn treatment. Expression of SpMTP10 in yeast can greatly enhance the tolerance of
transformants to excessive Mn stress, and increase the Mn accumulation in transformants.
However, under conditions of excessive cadmium (Cd), zinc (Zn), copper (Cu), and iron
(Fe) stress, the yeast transformants exhibited no significant changes in tolerance.
Subsequent subcellular localization analysis revealed that SpMTP10 was localized to the
endoplasmic reticulum (ER) membrane. Compared with wild-type plants, transgenic
Arabidopsis overexpressing SpMTP10 demonstrated reduced Mn accumulation in roots
but increased Mn accumulation in shoots, rendering the plants more sensitive to excessive
Mn stress.

CONCLUSION: In conclusion, SpMTP10 likely enhances yeast tolerance to excessive
Mn toxicity by promoting Mn sequestration in the ER. In plants, Mn transport mediated by
SpMTP10 into the ER may facilitate intercellular migration of Mn in the ER lumen via
plasmodesmata, thereby promoting Mn movement toward vascular tissues in roots and
subsequent long-distance transport to shoots.



® Mn [l SpMTP10 — Transport path

A working model of SpMTP10 involved in Mn transport in Arabidopsis transformants. Expression
of SpMTP10 increases Mn transport into the ER and consequently facilitate the cell-to-cell movement of
Mn in the ER-luminal continuum through plasmodesmata. This promotes the passage of Mn toward the
xylem in the root, and thereby enhances the long-distance transport of Mn to the shoot in Arabidopsis
transformants. Ep, Epidermis. Co, cortex. En, Endodermis. Ph, Phloem. Xy, Xylem. CS, Casparian strip.
CW, Cell wall. ER, Endoplasmic reticulum. The red arrow represents the Mn transport path.
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