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INE NeMT2 EFRHTEREEMRIZEEEE
BRG, $IE B4, HEK

( HERERIRIR I A R SRR LR W2 S 2, IR e Rl b, B ARSE 830054 )

¥  E. ZEsTHH RACE (Rapid amplification of ¢DNA ends ) A /N A 343 55 2 5 45 J8 i 25 F ( Meetal-
lothionein, MT) f) cDNA J¥3] , 744 A NeMT2 , {E GenBank H & 55 KT835290, %4 41 590 bp, JF ik 4
BEAE A 237 bp, it 78 N ILMR , Al W Z LR T 9 & A 14 B ER SR (Cys, C) , 2 C-C,C-X-C,C-X-
X-C HEF S P A AE IREE 1 N i Fl C o, JE D i 28 1) 20 F 40 7.603 6 kD, S5 HL SN 471, REKRE 47
W], /NES BB NeMT2 5 R F (AEF01492) FIEEFE AR ( AHI62953 ) Rl EE &, F v R F SR
(XP_010667708.1) , "E¥{5 B2E W], & BB E H NeMT2 Kf5 S kS5 1, B TIRB I E K E A Bk
P TR, NeMT2 B8 1 35 ~45 DSR2 (B A R B KM b 3g 41 47 Asp HARSRIBIK M (1.444) 5
SER T A3 A i AR T A5 ) EZ T R O S i, 38T RT-PCR X NeMT2 JE[FI (% 35534 K BR,
NeMT2 SERAEART X AEHEAR T X )/ N I B ih 340 R38R S RAE AT X /N v 7 2R 5 5 WA i o TR 4R
WX, HBF/NE NeMT2 FE[HE 7] 52 B B F 15 2 1K pCAMBIA1300 14 35S J53 81 F i, W e % 35 R B9 A
FIR AR pCAMBIA1300+NeM T2, TZBIF5T 25 S Ry itk — 25812 5 DR 9 T BE RN /N3 i) 17 5 4 e 19 431~ BIL il
PR T — Atk

KR /NE, NeMT2, RACE, 50T, MM AH A
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of NeMT?2 gene in Nanophyton erinaceum
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Abstract: Nanophyton erinaceum has a long living history at Aletai Copper Mine in Xinjiang. In order to analyze the re-
lation between metallothionein gene and heavy metal response stress, a new heavy metal-responsive gene ¢cDNA sequence
was successfully cloned by RACE (Rapid amplification of ¢cDNA ends) from N. erinaceum. The gene was named as
NeMT2, and its accession number in GenBank was KT835290. The metallothionein gene NeMT2 was 590 bp in full
length, and it had 237 bp ORF (open reading frame) which encoded 78 amino acid residues. There were 14 Cys resi-
dues, arranged in the form of C-C, C-X-C and C-X-X-C, in the 78 amino acid residues, and these Cys residues distrib-
uted in N terminal and C terminal of peptides. The protein encoding by gene NeMT2 molecular weight was 7.603 6 kD

and its isoelectric point was 4.71. Phylogenetic analysis results demonstrated that the deduced amino acid sequence of
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gene NeMT2 was the highest homology as the Salicornia brachiata ( AEF01492) and the Halostachys caspica
(AHI62953) , secondly the Beta vulgaris ( XP_010667708.1), but the lowest similarity with the Nelumbo nucifera
(XP_010253171) . Bioinformation analysis showed that metallothionein NeMT2 had no signal peptide and belonged to the
hydrophilic non-transmembrane protein. Hydrophobicity analysis was carried out and the results showed that there was a
strong hydrophobicity region between 35 to 45 amino acids, and the 41 Asp had the strongest hydrophobic property
(1.444). Predication of structure indicated that random coil was the major components of its secondary structure. Expres-
sion analysis of NeMT2 gene was carried out by RT-PCR. The results showed that expression of NeMT2 gene was detected
both in Copper Mine and nor Copper Mine in Nanophyton erinaceum leaves, but the former was more stronger than the
latter, which indicated that NeMT2 gene was responsive to the heavy metal stress. Then NeMT2 gene in Nanophyton eri-
naceum was cloned into 35S promoter downstream of plant over-expression vector pPCAMBIA1300 in orientation. The plant
overexpression vector pCAMBIA1300+NeMT2 was successfully constructed. These findings will provide information for
the functional study of NeMT2 and its molecular mechanism in repnse to the heavy metal stress.

Key words : Nanophyion erinaceum, NeMT2, rapid amplification of ¢cDNA ends, sequence analysis, plant expression vector
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4 J&@ i 2 4 ( Metallothionein, MT) /& —28) {2
FAET YR AYAR 3 T4 (6 000 ~7 000 Da) &
1, B o2 28R ( Cystine, Cys) X 2704 @ A7 1o
RN, MW S AR 1 1 T R B T SR
BT AR (8 1A 45 R R AT, 2002a) | 3 1R AT BR
(Akashi et al,2004) \%@ﬁfﬁﬁé)%%?( Belghith
et al, 2016)  Z4E+7 4 & 2 F 12 & (Hegelund et al,
2012) FJ7 MR B EZAE M, T5h, mENE S
THPRAERERE IRIRAE T RS T
3SR A AR ) A B AR (O P45 AR BT, 20024, b
Charbonnel-Campaa et al, 2000) , K, X4 J& 8 8
FIEED MT BRIETERE SO A P 58 b i — A
FEJ7 1) (BEZEMESE 2011) , HHT, © A NCBI £t
W R B R T 45 22 P W 0 48 Jm i A 1 R AL (H
XFHINRERT TS IE M Z b B B E YA oA 1)
HOB A S R0 30 5 DR A O 2 R B B IHL 5
T3 RIBIESE , AR 35 58 73 1 A )27 i R R
A Ml AT U ) E R (B 5, 2006)

IINE ( Nanophyton erinaceum ) +2& 22 B} /N % J& Fi
Yy, R EAPUERY) , WAE T IOBE Bl
0PN SR, 7 3 AL A TR B OB AR A G
Ze23,1994) Bl 2 v 2 B S8 N (L B T K
A 3 AT R A5 5% e IR/ IN T R B A 2 e 2 LA
W IR T Z —, HED /N ERITE 2P
PR B27 7 T, 5T HATL i 23 7 BIL R JE 2/
A R AR B MT B9 BF R Wl PR, A
WFFELL/INERM R bE 8} il i RACE FAR I /N3E h
SeETT B R AL 1SR NeMT2 (1 cDNA 2 K7
G R A5 D53 BT I7 X NeMT2 KPR Gifith (1) 24
SRR YA 5 AR B BB M B R R AR O

Br BEREIX 555 K K M 3B L8R A A5
HEATHN , d#ad RT-PCR F AR 87 T NeMT2 [
23k, LA pCAMBIA1300 244 Jy FEA 2 (A fy 1
LR R IR A, Lk TR /N E SR
FEIH NeMT2 THRERIBTFFE S BEES K I

1 M5 F*

1.1 #

111 X3 MA R KRR R A K AE
B BT 5 2% B 2 B X (46°45.477" N, 89°41.
430" E) FIEEHT X (BEES A A X 3.5 km BYEHE ) (1)
/INEE AR , 355 RO 0 R 7R — 50 /N 3 TR o ol A5 A i
RAERM R, FE/NE A IR B B X E 3 4> 5
m X 5 m PREXMETT, 0 TR 4 DT
1458 1 AN, B I 5 AR IE 60 HR/NEIEATE
mncR AR, [FIRTE R A X 3.5 km AL ERT X R
R/NEMN R IR R X —E, WSCE B AR 2
WAL G M2 BT -70 CUKAR PR AT, 2
I E RNA HF RT-PCR 40#T .,

1.1.2 %A kK E. coli DH5ou FH 5250 %8 (17, BORE
# /&M pMD18-T Vector( Invitrogen) ., MMLV 2 —4#
cDNA S % sl ) & 55 W H 5 A4 9 2 W], TRIzol |
DNA BE A1 5] £ ( AxyGEN ) \PCR #3435 &
Bi A bt RARA A

1.2 ik

1.2.1 % RNA #9425 % — 4k cDNA & KH
TRIzol FIREUNE LM B RNA, #EEUAYE RNA -
FET 1% B A e, Kl RNA f9 588k B 11
wL R RNA AR , K5 Reverse Transcriptase M-
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MLV ( RNaseH ™) ( TaKaRa ) 52 5% 551857 & 64T cDNA
SB—BEM A, ALY cDNA SRR 5 ~ 10 fiF,
BT =20 CokAE, T a2 n SE D pe B S, i
M EmEN LN T W (£ 1), R EERIEN
FHEA R R 5
1.2.2 NeMT2 B 89 T e 55 5 50 ml 2 KRR AS PG
AN R e PR Rl e e el & B e i R g
(KT821088,221 bp) , 11 3'RACE [ ii#5|4) GSP3’
1 I GSP3" 2( 3£ 1) 4T NeMT2 FEIH 3715 51 1 Tk
DL IR 5 5 ) e DNA 55— 8 A, 32 1 AR I
A5 T PCR 9744, GSP3" 1 E{iF514), AP1
UG, HEATES 1 RS, GSP3Y 2 BT
Yo, AP2 R UESI Y, EATES 2 Y ag . AR AR S
NeMT2 JE A #8 43 J5 51 B¢ i1 5" RACE ) F i 51 #)
GSP5'1 I GSP5'2( 3 1) k4T NeMT2 3P 5'F 51y
velE, PLAP3 O LFS14, GSPS' 1 S T i 14, it
FI55 VR RN, Lh AP4 g 1514 ,GSP5'2 Hy
RS AT 2 R RO

A SEREARA T NeMT2 1 31 5" B FEH 7 BL,
FEAF B NeMT2 FEIN 41K <DNA F31], I NCBI Y
ORF )7 & NeMT2 (%) FF i %] 3 HE (open reading
frame, ORF ) , & 11 4 K F¢ 53 £ 51 ¥ NeMT2-F Al
NeMT2-R(F 1) ,PCR ¥ 3% NeMT2 5 9 4 A5 X,
PIG7 ) ERET 1.2% M BRIRBEBE AL 7 Be /)N,
R AR B 5 e 6 Ut B B AT e B Il 5 2
B 4.5 wL 44k =45 1wl pMDI8-T #5444 | i
Fe = AL KT TR RS2 S A, DR Ry i e b
ICAE LB FERRE I3 b 37 Cad b 9%, 2 e AT 5
FIBER e 20 7, PRIBCEA S B T v 8 T B o, EA T
PCR %85E , B0 A IR BRA R
1.2.3 NeMT2 A B £ 413 8554 F NCBI(http://
www.ncbi.nlm. nih. gov/) ) BLAST B4 47 [R] 5 14
#92% , H| ORF Finder £ (http ://www.ncbi.nlm.nih.
gov/ gorf/ gorf. html ) FHUI <55 o A £ 11 35 AT #8352
HE ; F Conserved Domains ( http ://www.ncbi. nlm. nih.
gov/ Structure/ cdd/wrpsb.cgi ) AT A RS X 5
B Z IR ClustalX B 9EAT Z LR 7 51 /Y 2 B
HEXS 3 #T 5 SR HT MEGA 5.0 #8 T ZRGE AR ; F1H]
ExPASy [ ProtParam ( http://web. expasy. org/prot-
param/ ) 73 M bt £ 11 5T A AR X 43 o AL AL R
IR A4 BT 45 BRAL A 5 ( Walker, 2005) ; H ExPASy A9
ProtScale ( hitp://web. expasy. org/cgi-bin/protscale/
protscale.pl) LAERINF 7 (Hphob./Kyte & Doolittle )

K1 IINE NeMT2 EE=ES| 4

Table 1  List of primers used for cloning NeMT2 gene

gl

Nucleotide sequence

EIEZE2

Primer name

GSP3' 1 ATTTCGCAGAGACCGCTTCAAACCCT

GSP3’ 2 CATCATCGTAGACGGTGTTGCTCCCA

GSP5' 1 TCTTGGGAGCAACACCGT

GSP5’ 2 ACGATGATGGTAGGGTTTGA

AP1 CTAATACGACTCACTATAGGGC

AP2 CTAATACGACTCACTATAGGGC

AP3 GGCCACGCGTCGACTAGTACGGGIIGGGIIGGG
AP4 GGCCACGCGTCGACTAGTAC

NeMT2-F ATGTCTTGCTGTGGTGGT

NeMT2-R TCACTTGCAGGTGCAAGGG

AT B KM 53 BT (Kyte et al, 1982) ; Fl f§ TMHMM
Server v. 2.0 (http://www. cbs. dtu. dk/services/TM-
HMM/ ) 1 TMpred Server (http ://ch.embnet.org/ soft-
ware/ TMPRED_ form. html ) #7474 J& B & 1 15 i X
T 5 % H SignalP4.1 (http ://www. cbs. dtu. dk/serv-
ices/SignalP ) X 4 ith 8 1115 5 BRI AT 100 73 7 ( Pe-
tersen et al, 2011) ; | SOPMA #2 ¥ ( https://npsa-
prabi. ibep. fr/cgi-bin/npsa_automat. pl? page = npsa_
sopm.html) A NeMT2 & FH ) — 2 45 #4 ( Geourjon
& Deleage, 1995) .,

1.2.4 NeMT2 A B RT-PCR £k 547 IR &R
FEVE S )R B A A AT SBE A6 2% 5 26 L A X
A X /) 32 R Pk, SR /0N T THU OGS B e
TRIzol IEAZIUE RNA, 7% ( Bio-tek ELx 800)
D7E RNA BV, 43 0 ™ X AR A XY /) 32 i
Fr AR RNA, AR M-MLV 5% S £ ( TaKa-
Ra) #17 ¢DNA i —45 15 i, MAEFREY) Actin
B ¥ 50 B it — % 519 Actin-F : 5'-GTGGTCGTA-
CAACGGTATTGTG-3', Actin-R ;: 5'-GACCCTCCAATC-
CAGACACTG-3", DA S 5 1Y 5 — 4 cDNA by i
e, SR B Actin 51 F NeMT2 3 R 5
S LR E1T RT-PCR JEH 2355007

1.2.5 NeMT2 4 B Az A ARG & ] BamH 1
FI Pst 1 XU V)% A NeMT2 s A 11 52 B 2% 14
pMDI18-T,pCAMBIA1300 Ji7 ki [F] 4 i#F 47 AU 1, 22
TR B Pl ARG DU J AT e Kot K H Y
S5 pCAMBIA1300 #8 44 #E 17 1R 4 i 42, #
NeMT2 % [H 19 18 ¥ 3 i5 # /& pCAMBIA1300 +
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NeMT2, Bl 5640 2 R AT il sz S i v, e
Kan [ LB [BAREFREE PGSR | e Al ok ) BT
VEIB ST RETA W 285 TRV PCR %858 1 BA M TR HEA T
FOREl e K4 4 FALBOR 2 B BamH 1A
Pst T AT XURED) AR H F BOKR/INSERE OB R £

2 HERH4M

2.1 RNA FRE#

A& 1 AT L, 288 18S il 5S 4%ty 88 551 b , %
BT 2 5. RNA S8BT A A 5 5200 ok
FEKI 0D260/0D280 K 1.8 ~2.0 Z [a], HEHLH &
RNA W2l K se Btk , vl T — 20 0 S i
KO

<—28S

<—18S

<— 5§

Kl 1 RNA BEBHLK K
Fig. 1 RNA agarose gel electrophoresis

22 INEEEWER NeMT2 EEHITEE

H P 2 BT %0, 8 it NCBI % 4% 4 oF 47 He X,
Blastn FLXT45 8 B . H SZER Y% F MT R A
(GenBank % 5% 5. KF876178. 1) J¥ 51 14 [6] 5 14 Hy
83%, 5 h B K MT2 A ( GenBank % 5% 5.
JF780913.1) J7 81 (1 [R] U 144 80% ., /INi& 4 i 2
F 3 R 5 e M ) 4 T A B A SR PR SR 2ok Rl
B A IR 534 OLER 2, w4 L MT K5
BB B FERER Ry 24 NeMT2 , JF 42285 Gen-
Bank I+, %55k KT835290,

TEREARAF Y NeMT2 FHeH 41 590 bp, i@t 449
7 5% (ORF Finder) 73 M1 H: 58 % 1 I 75 ) 132 4E
(ORF) , KIZEEH AL E—A> 237 bp FF Il W SEHE
it 78 N FEMR , Horp 5'ARSRAS X 211 bp, 3 AE 4
51X 412 bp (Kl 3) .
2.3 /MNEEEFREH NeMT2 B BN 5 #

ExPASy ProtParam TiNFH , /N%E NeMT2 FEH

& 2 NCBI Blastn FliEF 51 %
Fig. 2 Homology sequence search by NCBI Blastn

SRR B S

MT Access N Similarity
gene ccess No. (%)

Halostachys caspica metallothionein KF876178.1 83

mRNA, complete cds

Salicornia brachiata metallothionein JF780913.1 80

(MT-2) mRNA, complete cds

Beta vulgaris vulgaris metallothionein- XM_010669406.1 80
like protein type 2

Mesembryanthemum crystallinum met- AF000935.1 78
allothionein

Amaranthus cruentus metallothionein AF268027.1 78
mRNA

Limonium bicolor metallothionein type 2 EF103575.1 71

BN T RN CiHypy N 0,05 S 7, FLIE 7 T
o4 7.6036 kD, FRISSEHL £y 4.71; BN AR Y
I 30 h  AFESECH 30.72 , WU H AR E
HH(< 40 MEREEHA) , HMNEFREZWEAIER
A Gly (154,19.2%) ,Cys (14 4>, 17.9%) ,Ala(8
,10.3%) ,Asn (6 1~,7.7%) ,Lys(51~,6.4%) ,Pro
(44,5.1%) ,Ser (4 1~,5.1%) , Thr (4 1~,5.1%) ,
Glu (4 1~,5.1%), Asp (3 1, 3.8%), Tle (3 1,
3.8%) ,Met(3 1~,3.8%) ,Phe (2 1~,2.6%) Fl Val (2
,2.6%) s X & B DA TERA Tyr (11,
1.3%) ;NeMT2 5 A A4 Pyl, Sec, Arg, Trp, Leu,
Gln F His, /K PV %808 -0.027, Hl| NeMT2
A RFEARMEEN,
24 INEEBEWHER NeMT2 S EBRF L&
SR DT
2.4.1 &2FHE G NeMT2 AR A7) b3t ot AR
i Blast 1 2 , ifi & i 5 /N % NeMT2 & 11 41 AH B
JERGE Y 7 AW 4 s B 2 R R 91 ok
Clustal W #{F#47 2 8 P50 XA (B 4)
RIL/INE NeMT2 5 I 2 5 R T 9] [F) 22 R} g
¥% ¥ ( Salicornia brachiata ) F1 8 FEAK ( Halostachys
caspica) FILFF N B . NeMT2 Jik [K] 4 it 1 2 HE TR
JPHNIEAT 14 A Cys FRIE %583 T BL4E TP e IR BE 1Y
N %Ml C ¥, Cys #&FLL C-C #, C-X-C FIAI C-X-
X-C RIHER  Ho C-X-C RIYE i 3R P 5 B T
5, ZRAER T IHAETAH Cys, IREFHERML, AT
UL, Cys R IE M) E B RN A B 7E AN [R) 49) F (8] #4545 1R &5
FIPRSFE, AR Conserved Domains 2 J¥ 1l /N 3%
NeMT2 & A IRSFIT I, B 26 ~77 NREIEFRZ
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FIREEE . /N NeMT2 JE IR 1 Se e b HAR WA IR 3R iy

901

1 TTCTGTTCGAGATATTTTTTCGTCATCAATTATTAAACCTTTCTTCTTTATTCCAACTTT
61 GAATTATCATGTCTTGCTGTGGTGGTAACTGTGGTTGCGGCGCTGGCTGCAAGTGCGGCA
M s ¢ ¢ 6 G NC G C G A G C K C G
121 ACGGCTGCGGAGGATGCAAGATGTTCCCTGATTTCGCAGAGACCGCTTCAAACCCTACCA
41 N G cC G G C K M F P D F A E T A S N P T
181 TCATCGTAGACGGTGTTGCTCCCAAGATCTCGTACGCTGAAGGATCTGAGATGGGTGCAG
61 ITI v D G vV A P K I S Y A E G S EM G A
241 CAGCTGAGAACGGTGGTTGCAAGTGCGGTGACAACTGCACCTGCAACCCTTGCACCTGCA
81 A A E N G G ¢C K C G D N C T C N P c T C
301 AGTGATCTGAGAACCTTCCATTGCTGTGCTTTCAATGGCAGTAGCGTATTATTAATATAA
101 K *
361 CTAAAATGTGTTTAAGAAGTGTTCTATGTTTTAAAGGACTGCTTATTGTGTTAAAAAGTC
421 AAGTCTTTAATTAATTAATTAGGGTTCTTTCATTGTAATAATCGTATCATAGCTATGTGA
481 GACTATGTGAATGTGATATGTATGTCATTGGGTTTCTTTTCGTTTATATTAATGATAATT
541 GTGTTGTGATGTAGAACACCAAAAAAAAAAAAAAAAAAAAAAAAAAAARA

Bl 2 /N NeMT2 FE[H 41K cDNA K HA M 1 & FE R 7 51)

Fig. 2 Total ¢cDNA sequence of NeMT2 gene from Nanophyton erinaceum and deduced amino acid sequence

Coding sequence is underlined (initiation codon is ATG, and stop codon is TGA).

s X R RIZeAR i GRIBETS T ATG, & LT F TGA)

2000bp €—

750bp €—

100bp €&—

K13 NeMT2 PCR ¥ M. 4 FHHiic (DL 2 000)
1. 3' RACE =#); 2. 5" RACE /=#¥J; 3. CDS /¥,
Fig. 3 PCR amplification result of NeMT2
M. Marker (DL 2 000) ; 1. 3" RACE product;
2. 5" RACE product; 3. CDS product.

[8] 1) ) %1 52 Metallothionein 2 FAARSFIX s ZX I EE
4 ) W B AR DR R (Y 25 AL SRR AR AT A
NeMT2 KPR I 4: Ja i 5L ( Classll) (&1 5)

2.42 ZHGBAK AT N NCBI BAER TlET
R W -5 ( Silene niceensis) | #H =% ( Beta vulgar-
is) \ZLM} ( Bruguiera gymnorhiza ) Y ( Nelumbo nucif-
era) U3 (Amaranthus cruentus) ¥4 ( Gossypium ar-
boreum) 3% 3% ( Spinacia oleracea) 5B (Ilex para-
guariensis ) . 1) B I% ( Arabidopsis thaliana ) . 5% W
( Camelina sativa ) F1 5 B 5L ( Puccinellia tenuiflora )
13 FAE Y Y 4 SR A AR BRI ) BRI P T &
GERBEWMIME(E 6) , FELI TR, ZERY i
% T (AEF01492) F1#hFEAK ( AHI62953) 2K A [F]—14~

HEAR AL, T ASHIF S T 5w fE NeM T2 i PR 4000 1) 42
FER 7 91 X 2 B TR DR e s, ORISR (XP_
010667708.1) ; 1fi 5 3% ( XP _010253171 ) H1 b B 4%
(AFP93964) [ 7E 24 K R ikt .
2.5 INESEWEHE NeMT2 BELEH (5 S I
BHKEDH

P 0 5 PR R SR U % B, NeMT2 25 1 174 JiK
BEOL T AL A1, 0 B2 08 A B TR 45 A ek, )
JH SignalP 4.1 %} NeMT2 & FH 15 5 Ikt AT 5000 70 A,
RWZE A ARG S KT I, 7l W, /NE
NeMT2 & 1) THRE R AR/ 1A

181 Protscale F2 5 X 85 11 5T A% B A4 S (&
7) G AT /NE G R AL 1 NeMT2 Hff s /K R4
SR T i U SR K X, FR BT 2R 64 i Cys 1Y
SEKPERR MBS - 1.178 (5 AR ) 55 41 32 Asp 1Y
B KPR B, B R 1.444 (B o
2.6 NEEEWTEA NeMT2 B — 52517 4 47

FIFH SOPMA 25 15 /)N 3% 43 J& 6 25 11 NeMT2
)" ReEF (I 8) . HiEl 8 nI %, 4 R A& 11 NeMT2
) S5 AB AL 5 65.38% 1) TG B I 45 1 | 16.67% 1Y
o-B2E \11.54% M IEfiEE 6.41% 1 BT &, AL,
TR AR 1236 11 i — gty v 5 Kk &%k, Tl
IR o-SRE | B-H7 B R IEIRIR D,
2.7 NeMT2 E& RT-PCR RiEHH

PI/NENLEHE A Actin ZER R NS5/ it i
i RT-PCR X NeMT2 FERFEW X FIEW X /N i 1
A FRE I T 0T, B9 5L, NeMT2 3EH



MSCCGGNCGCGSACKCGNGCGGCKSFPDLSFSETTATIET-FVVGFAPQKMSYE--VAEM
MSCCGGSCGCGSDCKCGSGCGGCKMYADLSYTEAAASTTVSLISGVAPQ-RSYH-DGSEM
MSCCGGNCGCGSACKCGNGCGGCKMYPDMAE--NGASSTATLVTGVAPK-ISYFDNGSEM
MSCCGGNCGCGSNCGCGNGCGGCKMFPDFDE--KVQN-ATVLVSGVAPK-ISYV-EGSEM
MSCCGGNCGCGSSCQCGNGCGGCKMFPDFGE--NASK-PTIQIYGVAPK-ISYE-EGSEM
MSCCGGNCGCGAGCKCGNGCGGCKMFPDFAE--TASN-PTIIVDGVAPK-ISYA-EGSEM
MSCCGGNCGCGSACKCGNGCGGCKMFPDFGE--NTSN-PTVLIAGVAPK-MAYA-EGSEM
MSCCGGNCGCGAGCKCGSGCGGCKMFPDFGE--NTSN-PTVLISGVAPK-ISYA-EGSEM

36 &

s Kk _Kkk. * s kK

902 R 7]
= &CysXig
Cucumis
Limonium
Mesembryanthemum
Amaranthus
Beta
NeMT2
Salicornia
Halostachys
******_****: e **.****** : *:

Cucumis ———GAENGCKCGDNCTCDPCTCK
Limonium GVAAENGGCKCGDNCTCNPCTCK
Mesembryanthemum GVGAENDGCKCGSDCKCDPCTCK
Amaranthus GVAAEDDGCPCGPNCKCDPCTCK
Beta GVLAENDGCKCGSNCQCDPCTCK
NeMT2 GAAAENGGCKCGDNCTCNPCTCK
Salicornia GVAAENDGCKCGPNCQCNPCTCK
Halostachys GVAVENDGCKCGPNCQCNPCTCK

s kK kK

sk Kk akkkkk

E&CysXig

K4 /NESBHEN NeMT2 5 7 MY MT 8 11751 89 Hox

Fig. 4 Multiple sequence alignment of metallothionein NeMT2 from Nanophyton erinaceum with MT protein from seven plants

15 30
| '

= -

Query seq,
Specific hits
Superfanilies

1|5 60 78
!

' ' ' ' ' ' ' ' ' ' ' ' [ ' | ' ' ' ' l
SCCGGNCGCGAGCKCGNGCGGCKMFPDOFAETASNPTIIVDGYAPK ISYAREGSEMGAARAENGGCKCGONCTCNPCTCK

Metallothio_2

Metallothio_2 superfamily

K5 NeMT2 GRERR RSP IIREX
Fig. 5 Conserved domain of NeMT2

FERA X AR AT X 1) /g i 38 2Rk HiZ
SRR X/ NE R Fr 255 1 0 5 TR X
2.8 NeMT2 EEEZFRIEHEMHENEE

FH BamH 1 F1 Pst T XU 5 B 2k A& pMD18-T+
NeMT2 F1 pCAMBIA1300, ¥4 NeMT2 J Bt Fl pCAM-
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Fig. 6 Phylogenetic tree analysis of metallothionein NeMT2
from Nanophyton erinaceum  The scale was at the bottom-left,

and the bootstrap values based on 1 000 replicates were indicated.
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MARAL S 7R iZ B A AT RES H/NEM 4R Cu
Wi BRI R . M T IR A A R B U
GIRFGIEPIEY I R LN, SR ZIE A S 5/
T < U0 N AE 1 20T HILEILA A 1 T IR ARIAT
G /NER R K NeMT2 (Y 58 B 5 R 1k 3
TRBIRIEE R Dt — 2 BE ST R A 1 D RE B 5E i

S

AKASHI K, NISHIMURA N, ISHIDA Y, et al, 2004. Potent hy-
droxyl radical-scavenging activity of drought-induced type-2 met-
allothionein in wild watermelon [ J]. Biochem Biophy Res
Comm, 323,72-78.

BELGHITH T, ATHMOUNI K, BELLASSOUED K, et al, 2016.

Physiological and biochemical response of Dunaliella salina to

750bp

250bp
100bp

K 10  Escherichia coli DH5a F1i%# {4 pCAMBIA 1300+
NeMT2 HIBEVIMHIE M. DNA 4- FiA5id; 1. pCAMBIA1300+
NeMT2 T 40 JFokr; 2. pCAMBIA1300+NeMT2 H41 ik
BamH 1 V=47 ; 3. pCAMBIA1300+NeMT2
L FORL BamH 1A Pst 1 XUEEYI ™)

Fig. 10 Identification by restriction of vector pPCAMBIA 1300+
NeMT?2 in Escherichia coli DH5a M. DNA Marker; 1. Plasmid of
pCAMBIA1300+NeMT2; 2. Plasmid of pCAMBIA1300+NeMT?2 digestion
with BamH 1; 3. Plasmid of pCAMBIA1300+NeMT2
digestion with both BamH T and Pst 1.

cadmium pollution [ J]. J Appl Phycol, 28(2) :991-999.

BRKLJACIC JM, SAMARDZIC JT, TIMOTIEVIC GS, et al,
2004. Expression analysis of buckwheat ( Fagopyrum esculen-
tum Moench) metallothionein-like gene (MT3) under different
stress and physiological conditions [ J]. J Plant Physiol, 161
(6) :741-746.

CHANG TJ,ZHU Z, 2002a. Study advances of plant metallothio-
nein-classification, characteristics and gene structure [ J]. Bio-
technol Inform, (3) :5-10. [ #1145, K, 2002a. H Y4 JE
AR D oT E R — A MT 194 25 R B H L R 254
(1], EsiAREHR, (3):5-10.]

CHANG TJ, ZHU Z, 2002b. Study advances of plant metallothio-
nein expression characteristics and functions of plant MT gene

[J]. Biotechnol Inform, 18(5):1-6. [ % H14%, A& #1,2002b.



8 B RAEAE  /INEE NeMT2 3R ) o [ e FLATL ) 3¢ 38 2 1A 1) Ay 905

T 6 R AR BT FE L — . AEY) MT JER ) FIA R S
e [J]. AYHoRER ,18(5) :1-6.]

CHARBONNEL-CAMPAA L, LAUGA B, COMBES D, 2000. Iso-
lation of a type 2 metallothionein-like gene preferentially ex-
pressed in the tapetum in Zea mays [ J]. Gene, 254.199-208.

CHU C, ZHOU QX. 2009. Researching advance in metallothionein
and its biomarker of heavy metal contamination [ J]. J Agro-En-
viron Sci, 28(3) :425-432. [ BFR, JAJA 2 ,2009. GJ@HE H
VENE GBI R A bR S AT R (1] . Al IRt
AR, 28(3) :425-432.]

COBBETT C, GOLDSBROUGH P, 2002. Phytochelatins and met-
allothioneins: roles in heavy metal detoxification and homeostasis
[J]. Ann Rev Plant Biol, 53:159-182.

FAN LM, LIU GS, LIU CL, et al, 2011. Cloning and bioinformatic
analysis of metallothionein-like protein gene ( MAFjMT2) from
apple (Malus domestica) [J]. J Plant Genet Resour, 12(5):
782-789. [ MM, XU R, XM, 45, 2011, 34 fii 2
FIEED MdFMT2 S AW Bt (1], MW s A% ¢
TR 12(5) . 782-789. ]

FIDALGO F, AZENHA M, SILVA AF, et al, 2013. Copper-in-
duced stress in Solanum nigrum L. and antioxidant defense sys-
tem responses [ J]. Food Energy Sec, 2:70-80.

GEOURJON C, DELEAGE G, 1995. SOPMA ; significant improve-
ments in protein secondary structure prediction by consensus
prediction from multiple alignments [ J]. Bioinformatics, 11
(6) :681-684.

HAMER DL, 1986. Metallothionein [ J]. Ann Rev Biochem, 55:
913-951.

HEGELUND JN, SCHILLER M, KICHEY T, et al, 2012. Barley
metallothioneins; MT3 and MT4 are localized in the grain aleu-
rone layer and show differential zinc binding [ J]. Plant Physiol,
159.1 125-1 137.

JORDI D, GISELA M, GEMMA H, et al, 2006. Plant metallothio-
nein domains: functional insight into physiological metal binding
and protein folding [ J]. Biochimie, 88.:583-593.

KUMAR CHATURVEDI A, MISHRA A, TIWARI V, et al, 2012.
Cloning and transcript analysis of type 2 metallothionein gene
(SbMT-2) from extreme halophyte Salicornia brachiata and its
heterologous expression in E. coli [ J]. Gene, 499(2) ;280-287.

KYTE J, DOOLITTLE RF, 1982. A simple method for displaying the
hydropathic character of a protein [J]. J Mol Biol, 157.105-132.

LI W, ZHANG J, ZHANG XY, et al, 2001. Research of resistance
and accumulation to lead in mutant oo Petunia of transgenic
metallothionein gene [ J]. Prog Biochem Biophys, 28(3) :405—
407. [ 246, 5K50, SRR 2001, 554 R BRI ao AR
B FRAE A XU R B RTSE (0], A9 528
YIPRHEE 28(3) :405-407. ]

LIU X, CHEN J, WANG GH, et al, 2016. Hydrogen sulfide allevi-
ates zinc toxicity by reducing zinc uptake and regulating genes
expression of antioxidative enzymes and metallothioneins in roots
of the cadmium/zinc hyperaccumulator Solanum nigrum L. [J].
Plant Soil, 400:177-192.

LIU Y, CHEN SH, YIN HB, et al, 2011. The cloning and expres-
sion analysis of metallothionein of Limonium sinense Kunize un-
der high salt stress [ J]. J Yantai Univ; Nat Sci Engin Ed, 24
(2) :121-125. [ X0, PRl THEEEE, 2011, HARAh I % 4
JER B AR 1 B TR S B i A B T i FRR oA (D], M
AR - AARRMEE TR, 24(2) :121-125. ]

MENG HE, LIU ZY, 2014. Research advance of plant metallothio-
neins [ J]. Guangdong Agric Sci, 15:133-138. [ #4L B, X1 &

WM, 2014, Y BIRREADITEER (1] TRKVERA, 15,
133-138. ]

NATHALIE ALM, HASSINEN VH, HAKVOORT HWJ, 2001. En-
hanced copper tolerance in Silene vulgaris ( Moench) garcke
populations from coppermines is associated with increased tran-
script levels of a 2b_type metallothione in gene [ J]. Plant Phys-
iol, 126(10) ;1 519-1 526.

PETERSEN TN, BRUNAK S, von HEIJNE G, et al, 2011. Sig-
nalP 4.0 discriminating signal peptides from transmembrane re-
gions [ J]. Nat Meth, 8(10) ;785-786.

RODRIGUEZ-LLORENTE ID, PEREZ-PALACIOS P, DOUKKALIL
B, et al. 2010. Expression of the seed-specific metallothionein
mt4a in plant vegetative tissues increases Cu and Zn tolerance
[J]. Plant Sci, 178(3) :327-332.

SEKHAR K, PRIYANKA B, REDDY VD, 2011. Metallothionein 1
(CcMT1) of pigeonpea ( Cajanus cajan 1.) confers enhanced
tolerance to coppe and cadmium in Escherichia coli and Arabi-
dopsis thaliana [ J]. Environ Exp Bot, 72(2) ;131-139.

SU J, ZHONG C, DING W, et al, 2013. Expression of auxin-re-
pressed protein gene in ‘ Dangshansuli’ pear leaves with differ-
ent degrees of iron-deficiency [ J]. Acta Bot Boreal-Occident
Sin, 33(2):240-246. [ 7%, B0/, T15, 48,2013, 1L ERAL
AR R SR R AR R MR S SRR Sk 0[], phdE
TR, 33(2) :240-246.]

TEIXEIRA J, FERRAZ P, ALMEIDA A, et al, 2013. Metallothio-
nein multigene family expression is differentially affected by
chromium (IIT) and ( VI) in Solanum nigrum L. plants [ J].
Food Energy Sec, 2:130-140.

TURCHI A, TAMANTINIB I, CAMUSSIA AM, et al, 2012. Ex-
pression of a metallothionein A1 gene of Pisum sativum in white
poplar enhances tolerance and accumulation of zinc and copper
[J]. Plant Sci, 183:50-56.

WALKER JM, 2005. The proteomics protocols handbook [ M]. New
York: Humana Press:571-607.

WANG XQ, ZHANG HT, SHAN L, et al, 2006. Advance in plant
metallothionein and its heavy metal detoxification mechanisms
[J]. Hereditas, 28(3):375-382. [/ hk, fkilk %, 7%,
2006. HE) 4 JRARAE 11 K H R 4 R i s LI BT S ke [,
915 ,28(3) :375-382.]

XINJIANG FLORA EDITORIAL, 1994. Xinjiang Flora: Il [ M].
Urumgqi: Xinjiang Science and Technology Publishing:107-109.
UHrs ) S 2 2, 1994, MY : 528 (M]. 5&
K55, Hrampl AR 107-109. ]

YAN H, ZHAO W, QIN FM, et al, 2006. The effect of salt stress
on seed germination and seedling growth in Kochia siever siana
and Kochia scoparia [ J]. J NE Normal Univ: Nat Sci Ed, 38
(4): 117-123. [ Bi% B4, 205 H, 2006. FR 0830 X B
PR MR ol 1 A R 4l B A R BRI (0] ARAE R 2
- ASRBIENR,38( 4) :117-123.]

ZHANG Y, YANG CP, 2006. Study advances of metallothionein
[J]. Mol Plant Breed, 4(3) :73-78. [ 5k¥t , #14F-,2006. 4>
JRBLE FBTSTIERE [1]. 2 THEWE R, 4(3) . 73-78. ]

ZHANG Y, YANG CP, WANG YC, 2007. Cloning and analysis of
metallothioneins gene from Tamarix androssowii [ J]. Bull Bot
Res, 27(3) :293-296. [ i3, #1% 7, T, 2007. A2HI4EEHL
HASER B e FAN T [J]. APITSE, 27(3) :293-296.]

ZHAO ZW, CAO GH, LI T, 2013. Researching advance in metallo-
thionein [J]. J Yunnan Univ: Nat Sci Ed, 35(3) :390-398. [
A, Wt 228, 2013, SIRETEFRIVITTRERE [J]. sk
SEEEAN - AAABIARRT,35(3) :390-398. ]



