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Abstract: Hyperaccumulators can hyper-accumulate and -tolerate heavy metals, thus are not only an ideal model to explore
the mechanisms of ion transport and toxicity tolerance, but also play an irreplaceable role in the development and application
of phytoremediation. Sedum plumbizincicola is a recently identified cadmium (Cd)/zinc (Zn) hyperaccumulator in the
Crassulaceae family in China. Here we report the construction and screening of its yeast-expressing cDNA library. We identified
a metallothionein protein encoding gene SHMT2. SpMT2 is localized in yeast cytoplasm and expression of it in yeast specifically
enhanced resistance to Cd. Further analysis showed that SpMT2 did not affect Cd absorption in yeast, but greatly inhibited Cd
transport into vacuoles, indicating that SpMT2 may reduce Cd toxicity via chelation in cytoplasm. qRT-PCR analyses indicated
that SOMT2 was highly expressed both in roots and shoots, and did not respond to Cd treatment. Taking together the results that
SpMT2 was also cytoplasm-localized in plants, we proposed that SpMT2 may chelate/detoxify Cd and retain the complex in

cytosol, which renders higher mobility of Cd thus promoting long-distance Cd transport in S. plumbizincicola.

Keywords. heavy metal, cadmium, phytoremediation, hyperaccumulators, metallothionein
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H.Jt Arabidopsis halleri #il K i 18 i 52 Thlaspi
caerulescens FBFSE K[, BR 7 OB
ZIP (ZRT and IRT-like protein) Z%&E . HMA4
(Heavy metal ATPases 4) Fil MTP (Metal Transport
Protein) 54 A m KBS, —HERBESY
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RHEEIE , FATE T LI 5 R cDNA %
133 —E % CysH & it I AL SMT2,
I BRI R IR RGN T HA 5 Cd i A2k
PIBLH , IF45 G FLAERE Y b i 48 A A7 F 58
B, HEM SpMT2 AT GBI o 76 £1 87 5% K 4 i i
NE AL Cd LIESRXT Cd AT 322k, IR s fhsk
HU T Cd o i X R AR AT AR R T Cd
TEM PR N RS PE, fE#FE T Cd mym sk
iz,
1 HBRE57#%
11 BB RIEREH

PR 5 R AR HWTTLAS N T — Kb P SR A
T (N29°14'29", E118°50'32"), LB 4 MF T,
WA BT ZEAOH A A — S A AR
T TZERY 3-5 em Kafy ik 2%, FFfifE A T 145
B, BUMTE RS R SRR E RS
75 1L EFRW 4 2000 pmol Ca(NOs),. 100 pmol
KH,PO,. 500 pmol MgSO,. 100 pmol KCI ., 700 umol
K2SO;4. 10 pmol H3BO3, 0.50 umol MnSO,. 1 pmol
ZnS0Oy. 0.20 pmol CuSOy,. 0.01 pmol (NH4)M 07024
100 umol Fe-EDTA, pH 5.5-5.8, K FR¥5 4y A%t
IR 60%-70%, fHIR 22-24 °C, YeIEJEWIN 16 h
JERR/8 h B

1.2 cDNA XFE#E K Cd EHiFiE

FHAS [R) e B A6 B DA B Bk i) Aefs 85 Ak B4 %) £ 40 5%
RAPHL A FEREUM 5 R CTAB i (2% CTAB,
25 mmol/L EDTA-Na,, 0.1 mol/L Tris, pH 8.0,
1.4 mol/L NaCl) #EHUEEa™ 5K s RNAM 2218
R A A5 (Invitrogen 23 Wl ) A B it B B 6 1k
4K cDNA SCPE, BEREFR R EAMON P 2UE 5%
IK# A pY ES-DEST52, 4 3C 56 AV KA T T i1 7
P10, SRR L $ IR Gietz & Schiestl iy 7 i:11
BeAb 3 Cd MU EELE yefl 28748 IR, WA 200 4~
A (BRI, OO (150 mmx15 mm)
WRATZ 5 000 NEEREEE AL . AR PR AL
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¥, RAEFRABIEAMNEE Cd MR
M b (IR FAE), BP-PARIRATY 10 4
YR, WRATZY 200 PR . 30 CHiFR 7d A4,
XoF B Ak - 104 7 0 B 25 0

13 BERILTE

¥ B 0 SER % ABELE A K pYES2, FHe
Te B RE . PRHOR ST 95 2 ODgoo N 1.0 247 .
FH 2 mL B fef 0 080 1A 8 3% 0K 3 TR TR B
ODgoo M 0.2 £ 47, 1iF%# % ODgoo M 0.6, HL 1 mL
BH, 12 000xg & DI E A, HIEE/KERE
. KRR KRB S ODggo=1. 0.1, 0.01. 4%
FIEC 10 pb PE AR 2 S A A FREE SR
BB b, 28-30 CHESE 4-7d. FHAAMR,
14 BEELEBIRE

B RRROEAR IS Li S0 E®, A oL
Bl fREALTRATT « AP b ) IBGE 8 ) P BE 42 Al
) 20 mL AR SR, 559 % ODego A 1-1.5 72
o BIEEFRWAEIA 400 mL Wk sk, 535
% ODgoo A 1 B I AAHN e BE RO 4 Jm AL R, FF
YL 5% 6 h, 1.800xg 5.0 5 min, WAEAMME. H
30 mL &4 100 mmol/L Tris-SO,; (pH 9.3) Fil
10 mmol/L DTT B E A4 2 ODeoo 4 10,30 C
FFE 10 ming B0, FF W, WIRTIE S iR
(1.2 mol/L 1LZLEE, 20 mmol/L #FRA , pH 7.4) ¥
—IKo M 20 mg/mL %21 ffd BE 4 f filg (Sigma
2N, 30 CHEHE 30 min Lk |, 1000xg. 4 CE
L5 min, A 35 mL Fd 1) 15% FERTZZ iR (15%
JEn], 0.2 mol/L 11174/, 10 mmol/L PIPES-KOH
pH 6.8) K JCREAM M B (2 ODeoo=70). JMA—
Wi O B R 50 mg/mL, vK | 3min, 30 C
5min, fiIlA MgCl, 224k 1.5 mmol/L. Z4f#
W EEOE Y, FHRKIKAES 3 mL 8%IEHT
4 mL 4%FER] A1 1 mL 0%IE T ZZ vhi (10 mmol/L
PIPES-KOH, pH 6.8, 1.5 mmol/L MgCl,, 0.2 mol/L
IHLEE), 110 000xg, 4 CE.C> 90 min, Y& 0%
1 A%dFE T [ A S T 1) P R o B EUAS 3] 1 e
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Oy WGy, —0y FH BSA 3 H SR A &
— o T A A
15 WAEAMEWERILHMEE N

Lk eGFP-L F1 eGFP-R 75 |4 14 eGFP (5% 1),
FAA Kpn I F1 Sac T B &% A BBk Rk 84K
PYES2 5% pY ES2-eGFP #{4& ., Lk SpMT2-L1 #il
SpMT2-R2 N 51 ¥ 91 SMT2 (% 1), #E it
Hind III#1 Kpn T % A B¢ EEFR A Z K pY ES2-eGFP
143 3 W BRIV 40 5 AL B A pY ES2-SpM T 2-eGFP,
I ARy, IR B HEE (Olympus-FV1000)
WS A 7, WG 488 nm, #2520t K
500-550 nm.

DL SpMT2-L1 il SpMT2-R2 41 SoMT2 (% 1),
Wik Xho I A1 Sal T i A K9 Bk i 4 3k 48 1K
PA7-Y FP 15 21| FH T-40L R I I 4 6 it A= S5 A 1 et
£k PAT-SpMT2-YFP, &% He %19y
PG AL IR O R A AR A, AL R A R
(Olympus-FV1000) MEE W 24 Jifd 5 o7, P & B K
514 nm, #3256 K 530-600 nm.

., 7

16 |EFENE

TN B BE 40 AR R FHAB 4G /K . 5 mmol/L K
EDTA . H4li/K&PE 2k, IR 5min, BTG
W, FRTE, JH 70%HhsERm e, Fiks, JHHLK
A S TS (1ICP-MS) MEH s o m,
1.7 gRT-PCR #&MEERIE

LI RNA Ji, 2B 4 RNA FR gL 4] DNA.
FatfEE 1 pg B RNA $E7 Rkt A E g
JE¥) SOMT2/pGEM  T-easy BRI 52K cDNA

x1 AMRGFAARBS4Y
Tablel Primersused in thisstudy

FERl—HER A TSR E R PCR. ¥ SpMT2/pGEM
T-easy ) S W G A ECRA AR F5 DB VE bR HE IR 26,
HEE- 5 R St b MT2 ek £l 5]
P 1.

18 FIER
SpMT2 () cDNA ¥ 51 B 4438 & GenBank,
415 (Accession Number) 4 MK893990,

2 HER5AW

21 {5 =X cDNA XEFFER SoMT2 £ E
Tt A B A YRR RRIERSE . &
A5 e A Tk R T R R ) T R AR R
i vE B B AME IR Y R R G A IR Z 4T Cd
JE DA S 1 FH B AN R G X cDNA SCPEEA T
T TR 4, WNALRE I %) AtPCSL Al AtPCRL .
/NAZ Triticum aestivum ) TaPCS1., TaTM20 Fi
TaHsfAda, E[JJEJ73¢ Brassica juncea f)) BjOXS3
SEU9] e SR i T SR, RN F S
R, R R R 8 AL B R G I
CDNA SCJE 47 i 1% LAAS BT Cd 1) 56 5 Ik U2 F
S 5 R & A 32 Cd LA RO .
FIHI 4 A 1 200 bp Y EEE# ik cDNA SO
LB RELE Yofl ZRAE{K DTY168, 153 KF
400 000 /M BE B g B . AR X 2L B v B TR 5T
BG4 T34 400 pmol/L Cd [ A |, 2%
i Ef53 %) 6 000 Mt Cd sal ., FEHLPREL 200 4
FLREAT T HARA R B, ABLAAWARR,
4% KG7 Fl KG8., KG8 U\ k%M, 1 ¥

Primer use Primer name Primer sequences (5'-3')

SpMT2 coloning SpMT2-L1 AAGCTTAGATCTATGTCTTGCTGTGGCGGAA
SpMT2-R1 TCTAGATCATTTGCAATTGCAGGGGT
SpMT2-R2 GTCGACGGTACCTTTGCAATTGCAGGGGTCA

eGFP coloning eGFP-L GGTACCATGGTGAGCAAGGGCGAG
eGFP-R GAGCTCTTACTTGTACAGCTCGTCC

gRT-PCR SpMT2-RT-L1 ATGTCTTGCTGTGGCGGAA
SpMT2-RT-R1 TCATTTGCAATTGCAGGGGT

Restriction endonucleases sites were underlined.

http://journals.im.ac.cn/cjbcn
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KG7 fE M54 . T KGT fF &Y & B i &
AR, a4 SpMT2,

SpMT2 ) CDS 4= 240 bp, Fih 79 />4

i, P Cys#R3E 14 4, AR Zimeri 2Pt

HHAR CysMEE"JIEﬂEEXﬁE% 4 FP2E T MTs i FRAE
(% 2), SpMT2 (Cys HEFIII T : 1424243...24232)
BT MT2 5

KT B IE SpMT2 FERE B h i Be , ¥
HAETEEE Cd UG BK Ayapl K H B AR Y 252
Wik, R ILREML K bR i 2 AR 1A L i A R
BEXF Cd Ptk (K 1A). {Ef8—#A0 2, SpMT2
()¢ 35 A R B LR X Zn AT s2 ¢ (1 1B).

*2 EYEERMEANEMEBRHB RS HAR

Table 2 Total numbers and spacing patterns of

cysteineresiduesin different types of plant MTs
Cysteine spacing pattern Total cysteine number

MT1 24242...324242 13
MT2 1424243...24232 14
MT3 326...24232 10
MT4 42462...24232...2423 17
SpMT2 1424243...24232 14
A
Control 100 pmol/L Cd
Y252 O 3
NO® & |
Avapl =
j0e o
B
Control 10 mmol/L. Zn
CM100

Azrel

Bl 1 SpMT2RIRIAIGIE T EEEIXT Cd AU E

Fig. 1 Expression of SpMT2 enhanced Cd tolerance in
yeast. The cadmium-sensitive yeast mutant Ayapl and its
wild type Y252 (A), zinc-sensitive yeast mutant Azrcl
and its wild type CM100 (B) were transformed with EV
(pY ES2 empty vector), SpMT2, and grown on SD plates
with indicated concentrations of metals for 7 days.

&: 010-64807509

2.2 SpMT2 e T B 40 A aY 2B R
BT SpMT2 M4 Fmim/NFat i A
eGFP, 2 T | eGFP [l & K W5 SpMT2 13l
e, FATICHs SpMT2-eGFP 1 il 2 A TE
BEith ik, kI HPT Cd ShEEFF K2 5 eGFP il
Hsgm (B 2A), IRz B, FRATR T
H AN E D, SpMT2 3258 5 o7 78 BB 40 i i v
(& 2B), mE/R AT AR 32 278 240 i ox b R R A
MR T Cd a5 .
23 SpMT2@E L TEEE AR Cd miRAF T E
B TIELE dyapl 878K AR IE Cd [X I:WJGIJJ
A2 B 52ma 2, 3 H SpMT2 4 e 1k RE R v B A 74
Fetk Y252 % Cd itk (1 1A), lﬁtﬁﬁ 50 pmol/L
Cd 4b 3 Y 252 F Ak W BRI T F2 B T e, m Ak
FE L Cd Ear LB, SPMT2 (1) k% A H ik
TG Cd 1 E e (B 3A), SR A AR
fERE R Cd B (1 3B).

A Control 100 pmol/L Cd

o 0% = |
B & >

& &
%
C§‘Q & q,**% “z‘&

pYES2-
SpMT2-GFP

2 SpMT2 EfT B & a4 A B+

Fig. 2 SpMTL localized to the cytosol of yeast. (A) The
SpMT2-eGFP fusion protein is functional. Y252
transformed with empty vector pYES2 (EV), pY ES2-GFP
or pYES2-SpMT2-eGFP were grown on SD plates with
100 pmol/L CdCl, for 7 days. (B) Subcellular location of
SpMT2 in yeast. Left: eGFP fluorescence; middle: bright
field; right: merged images. Bars=2 um.
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180 a a
160 1
140 | b T
120 |
100 |

Total Cd (ug/g DW)
[N I S e )
[T T e N ]

f=]

EV SpMT2 EV
Y252 Ayapl

SPMT2

1400 a

ol ]

1000
800
600 |
400 - b

200} ﬁ
0

EV SpMT2

Vacuolar Cd (pg/g protein)

B3 SpMT2sRiERE L TEEE Cd [EiRIEHEEIE
Fig. 3 Expression of SOMT2 reduced Cd transport into
vacuole. Total Cd accumulation (A) and vacuolar Cd
accumulation (B) in yeast containing EV (pYES2 empty
vector) or SpMT2. Yeast was treated with 50 pmol/L
CdCl, for 5 hours. Data are X+ts, n=3. Statistical
significance was indicated by lowercase | etters above the
bars (ANOVA test, P<0.05).

PA7-YFP

PA7-SpMT2-YFP

4 SpMT2 ENLTFHEYIMMEE

2.4 SpMT2 ZE L T1& 4 40 Bt i 28 B J5R

N THIE SpMT2 FEAL Y o 75t HA 50l
FITNEE, FRATRLIN T HAEAR Y b A 040 B 5E A6 o
¥ SpMT2-YFP & #4) S 7E 0 ma I 1) Ji 2 i {4
A FERIG, KIH SR YFP e hi—3, +
BT (B 4).

25 SpMT2 EH#F =EXPHIFIEENX
I IR Ay 2 R AR X RE A8 A 35 TR ) B A e ) 2 146
2R TN TS Hr AL B RNA H SOMT2 1) mRNA
FHERRIEFR A, R R, PMT2 7Eft:
Eﬂﬁﬁmﬂﬁiiﬁ%ﬁmﬂ“ Fik, HRXFETL
BFEZES, 1 ug & RNA 561 SHMT2 mRNA
(A ibul 108/\ (&l 5). T 248 H 2, pMT2

HyF kI A2 Cd b HAES 2L (F 5).

Wik
AR5 RT3l 5T RERY CDNA SCHE
B, SORESE T &R M SoM T2, 3

FIFHREEE R GEUES: SPMT2 32 AE A0 L T R HEAE:
FHMTTREAR T Cd RYREE , [REwA 1 Cd it

HFXBEL . BT R KRR E R, AR
Kt AR E I L AR B, (HERRATARYE SpMT2
TEFE 0 A0 55 5 67 DA B A S R AR R 35
RN R, LT RRAE R R K
it 5% Cd

R R T AR

Fig. 4 SpMT2 localized to the cytosol in plants. Subcellular location of SpMT2 in Arabidopsis mesophyll protoplasts.

Bars=10 pm.
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OO0um [OJ10um M 100 um

=
==

Molecules of mRNA per pg of
totle RNA (LOG10)
S = N W B L& - e O

Root Shoot

5 SpMT2 EHH RXRFPHRIXIER

Fig. 5 Expression levels of SOMT2 in S plumbizincicola.
Plants were grown in hydroponics for 6 weeks, and were
transferred to solution supplemented with 10 pmol/L
CdCl, and allowed growth for another 3 d. Data are
X+s, n=3.

RN AETE Z RPN & 8 oL R &
Yy, BORBZ VR R, XS SYE T S48
BRI EME G, T EEITRNIRK
0 X PF %5 & (Vacuolar sequestration capacity ,
VSC) MMiiA T EAITFEAR N % ia i 78 b A 45
R P, F R B, XS
WAE 4 M o v 5 EE 4 R B T I S NIRRT
BESE S E R EEE, mER TR 4
Ja& B F Il i X R AR, ORIE T AR B TR
Sk AR SEILZER N KR EEi2 . a0 NA 72
FUEAEY T 2F FROE T A i & iz i T SRR
HEMEY, £ NA S 1 AhNAS2-RNAI
Zrh, M FEE Zn A Cd AR Bt bl 2 P
R, FRATHED SpM T2 ] g8 1o 75 £L ™ 5 K 40 i
R rp A4 Cd DIgsR T Cd fi 2 vk, R, o
T Cd [ i i X B AL I A2 i2E T Cd ZEAR 1
R IR TGS

FATHIPIAF T B 2UESE, AR 5L AR RN
Hh Cd ) VSC B3/ FHIE AR 2™, i
o EIEALRM Cd A B TR o
LUK AE e M BE O PR, PRET SR T REAE
TERER VAT HLE] > T Cd /9 VSC, SpMT2 7
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AR AN b AT e AR ik, T REAE M AR &
FEVETT o SpMT2 e AR T 4H I 7% 200 5 v s 1o 25
Cd et 7 Cd [yt FABEHe Iz, e Bk i
Jiih 5 Cd BZE & T RELE Cd [n] [ M i BE R 75
oy P A P AR o 3 — I R A R R
HEM B A5 KA SpMT2 ZRAE (R alid ik
PR 2Ok i — P BE
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