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Cloning and Bioinformatic Analysis of Metallothionein-like Protein
Gene (MdFjMT2) from Apple ( Malus domestica)
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Abstract; An apple EST local database of apple fruit ( Malus domestica cv Red Fuji) was constructed by dif-
ferential screening and a large number of sequencing against the suppression subtractive hybridization ¢cDNA library
from M. domestica cultivar Red Fuji coloring type sports and its wild type. A metallothionein (MT) gene. named
MAFjMT2 ( Accession No. HQ730757) was cloned by RT-PCR and splicing of 42 ¢cDNA sequences that were ob-
tained by Blastn searching against the EST local database. The full length ¢cDNA encoding metallothionein gene Md-
FjMT2 was 684bp. including 97bp of 5' untranslated region and 347bp of 3’ untranslated region. It had a coding se-
quence ( CDS) of 240bp. encoding 79 amino acid residues. The protein molecular weight was 7.7938 kD and the
theoretical pl was 4. 75. Gene MdFjMT2 contained the conserved domains of all known MT. with 14 Cys (C) resi-
dues. ranking in the feature of CC,CXC,and CXXC,and locating at protein N terminus and C terminus. The phylo-
genetic tree analysis revealed that the amino acids sequence of MdFjMT2 shared higher similarity with Pyrus Pyrifo-

lia M. domestica ,and M. xiaojinensis ,but lower similarity with Prunus dulcis,Salix matsudana ,and Actinidia delicio-
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sa. Bioinformatio analysis showed that MdFjJMT2 was mainly located in chloroplasts. It had no signal peptide and be-

longed to the hydrophilic non-transmembrane protein. MAFjMT2 had no functional domains and random coil was the

major components of its secondary structure. These results provided information for further structure and functional

study of MAFjMT2. The results would be useful to study the functions of gene,and clarify molecular mechanisms of

apple coloring.
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£ B E H (Metallothioneins , MTs) &2 - XK B &
2 Bt A M ( Cystine, Cys) {53 F & (6000 ~7000Da),
FHRAMHHWERRINEEERSLEHNE K,
MTs [-Z 504 Tah ¥ P MBEDIEN, kN
) MTs F 1957 FER FERBODF B EA",
Y MTs B 2T 1977 EMNKERFRAY , Y
MTs AR ELREFRNEE AV SRE FRELR
WEHEABRERMY . ERER, XHEY MTs #
REEENAR BERFE REHE ERLY

Rk E N ST ERBREN KR BRE -

ERPEACEHYNEREET RELAB FLFE
HBAX", BEEYS FEYEHRANLR, B
BE2NBEF KB HFE AR BN NEEESES
Fy " b B S MTs B BX RN
HRENLETFEERE, MTs 25 THYMNEEZE
BAMIEWA> A +50T 2, BIx Y MTs §
HREEA— T EENTE.

ABr5E FI i SSH-cDNA 3 J 2 57 0 3% i) Md-
FjMT2 Fr BBt 871 RT-PCR 38, AT B +3E R K
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1.1.1 #EPHE AELFERRARLREALR
EEST—FEREBRAVAAROBFETHER
o BIBREE, SBRALHEFET -70C K F
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1.1.2 W&MBE& KB HE (E. coli) 5 # DH
Sa ALK E R, pMDIS-T # (k¥ B TaKaRa
NG

1.1.3 FEEARH REREREHEATRE,

tTaq 8§ \Hs-Taq B§ .RNase H §§ .dNTP ,DNA Marker,
DNA B Wi & R R E A2 XA &, 510 H
LB ERE YA R A F] (invitrogen) & . PCR-Se-
lect cDNA Subtraction Kit i£77 & # H Clontech 22 5]
PolyTtract ® mRNA Isolation Systems III X7 & B
Promega A H], HM AN B E =& #F O K5
prat,

1.2 A&k

1.2.1 RNA ##H 5 mRNA 5Bt FERE
3 & RNA i #2 BUR I3 R CTAB 3%, mRNA
f 43 B8 4l 4L 3% PolyTiract @ mRNA Isolation Systems
A &R B#ET, 2K mRNA F -70C R
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1.2.2 SSHXEMHUERMAYZENRF KiIE
Clontech PCR-Select ¢cDNA Subtraction Kit 8] , i 5%
5 cDNA % —4%§ ,PCR B4 B W% cDNA fi FIER
R B SSH-cDNA CFEMIE . M RIBE R 5T #4L
FHEATHE I, BEOLEBCE TR, i L RRBRAE
ME ARG R F L M13 R31s70 .
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NA CEEB SN ERMEDZEE cDNA K BIFFIH
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oIt . RIEFII N 2K TR R A5
Y.V 8 eRMEA RN MT | cDNA £ ,PCR /=
W% B RE B ok R W 2B AL S, 7 # B pMDI8-T
Bk, RIS L E. coli DHSa, PRERFAYE L% 18
RREYHEARERAG#HTHF,

1.2.4 4YERESH KUFBIANBERFF
MESHEERFI A EXEE L AYERGER
#.0» NCBI ( http://www. ncbi. nlm. nih. gov) F
BLASTn #1 BLASTp # 47 F¢ 5| A8 fl #4: 4> #7 . BLAST
W3t 2 J5, | ORF Finder ( http ;//www. ncbi. nlm,
nih. gov/gorf/gorf. html ) # B HE R WP T ¥ K CDS
X, i NCBI # Conserved Domains 2 ¥ ( http://
www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb. cgi) i
BB A8 R X IR, 3 5T MAFMT2 %5 4 58, 38 47 4
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Pt AR B, Treecon 1.3b i R 5K &
MIE, I ExPASy Proteomics Server f{ Protparam
FEFF (http://au. expasy. org/tools/protparam. html)
SRR R RR T SR AR A F R A
S AL M B L R 55 4% WoLF PSORT (http://
wolfpsort. org/ ) #4748 H V. 48 it 5 o B ; A T™-
HMM Server v.2.0( http://genome. cbs. dtu. dk/serv-
ices/TMHMM/ ) #1 TMpred Server ( http://www. ch.
embnet. org/software /TMPRED_form. html) & f i 17
5 R X B #U 5 #1) F SignalP 3.0 Server (ht-
tp://genome. cbs. dtu. dk /services/SignalP/ ) & ¥ 43
Frd i & B N-K i 8915 5 BKF 515 B ExPASy
Proteomics Server [{] ProtScale 7 /¥ ( http ://expasy.
org/tools/protscale. html) LI 2R 1A % ¥ ( Hphob. /
Kyte& Doolittle) 347 8 7Kk ¥ A 3 K 4 404 5 A1) Al
SOPMA ( http : //npsa-pbil. ibep. fr/cgi-bin/npsa_auto-
mat. pl? page = npsa_sspred. html) i Jlj MdFjMT2 £
FIi — 45 4" ) Bl SAM-TO8 72 F¥ BLil Md-
FjMT2 2 1 #) = 20 45 ¥4 (http : //compbio. soe. ucsc.
edu/SAM_TO08/T08-query. html) ,

2 HREHW

2.1 & RNA 71 mRNA gy# il

2% B 1A & ( Bio-rad ) SmartSpec plus fif & % 4b
] WA 6 6 BE B % 4 RNA 7E 260nm F1 280nm f)
W Y BEAB , OD,0/ 0D, Y L 1.8 ~2.0, KB B
RNA S8 o BRERE B8 6 rin Uk v A T 5. RNA Y
SERYE .mRNA SERPERIK /)N, 285 RNA 245 5% B
%)% 18S RNA &7 i 2 %, R ¥ RNA 52 8 ¥ 4f ,
AL F 22 K B 9T . mRNA B3k 2 3R 4%
W, RIVAACBOREF , 7T A T cDNA &,
2.2 ZRIFEHR cDNA LE

I FHBE 23 2% 3 % g 2 1) SSH-cDNA U #E 47 2%
S o H 19 B B 5E e (EST) BE47 30 i, H 9 )y
15309 EST B BT 5) F#f 3 i) & 2R ¥ 5 43 7 4E
NCBI( http : //www. ncbi. nlm. nih. gov) | f§ BLASTn
1 BLASTp 47 /3 5 AL 734 o 3t Ui 6 4 B 42
Y REBHE L MAFIMT2 ) cDNA J B, i BEK
/NEEFE 200 ~ 500bp 2 [A] , #53X 42 4 cDNA F Bt
2 A 3 380
2.3 SRMEBEE MIFMT2 2K F 5|00 H#

5%
AP ER 42 Z¥EREBHEH cD-

NA F Bt Bf 82 % 1F ContigExpress 3 17 J5 51| 9f £ .
Fepidh ] f) B X 4, 19 B 684bp (K] MAFjMT2 ¥
Fl . RIGRIEZIT Bt Es Y, LA E ¥
R AR ZEAS cDNA g #F B k4T PCR §7 3%, ¥ 19 7~
W% TA 5ol )5 v BURH P 2% #E 00 i o B 00 ) 45 2R A
PHEEFFFIEATIER, —HHER—B(E 1),

B 1 Md4FjMT2 % E PCR i # i) 57 BE ¥ 5% Bk o ok L i
Fig.1 Agrose gel electrophoresis of MdFjMT2 gene
amplified by PCR
1.2:MdFjMT2 3 [H PCR ¥ # Hy 45 R
M . bR 4> F it Marker(100bp DNA Ladder)
1,2:Gene amplication of MdFjMT2 gene
M ;Marker( 100bp DNA Ladder)

2.4 LA ELTHF MIFMT2 R K F 5547

418 R R 41 B 2578 MdFMT2 7E NCBI [y #
MR BHE FE  #E 1T Blastn X, B 53R M.
domestica AMT2 3% A ( GenBank % %5 :U61973) ¥
F)RILE AR B WA R 0.0, A 96% . 41
BSER T MdMT2 3R 5 H A R 4R B E A
MRS K R L BGR, 5 AR L B AR B
x1PimR.

UGB ¥ G REN, ZEHAR T MT2
R, % 2R MAFMT2 , % )7 5 % 75 X
(CDS) 24 240bp, 4if% 79 N &R, H o 5" E#F
X 97bp,3"JE B X 347bp(B 2) ., WA FRIKH
FF 3k 45 X, ATG R i %5 F , TGA R4 L%
BF.

2.5 MAFMT2 ZEEEBLERGTR

i Protparam i ] 21 & - 3% £ MdFiMT2 & 5 #
AV IR, #E W 2% 2 1 43 F 3R Cogy Higy Ny 0,1, , H
Xt 4y F A 7.7938kDa, L G 4. 75 B HES
AW KL R 30h, RERESHH 43.25, AT E
EO(BREEARNOLUT). zEAPHMEEK
BEMRAIERZ Tyr(6 1~,1.6% ) fl Cys(14 1+,
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Table 1 Genetic similarity of MT nucleotide sequence between red Fuji red bud sport and other fruit trees
SERREHER g3y BEEHLE(% )
MTs gene Ac. No. Genetic similarity
Malus d metallothionein-like protein( AMT1 ) mRNA , complete cds U61973 96
Pyrus pyrifolia PPFRU8 mRNA for metallothionein-like protein, plete cds AB021785 87
Pyrus pyrifoliametallothionein-like protein ( mlp) mRNA , complete cds FJ393460 90
Malus xiaoji tallothionein-like protein (Metl) mRNA , complete cds GQ906589 87
Pyrus pyrifolia strain Whangkeumb tallothionein-like protein (MT1) mRNA, partial cds AF195206 86
Prunus persica mRNA for metallothionein-like protein AJ243532 80

1 acgcgggggticasaacagagcttgegtitatetgettetgtgtcatcaattcaatcaaa
61 ctttccgetgtgaaatttitcaatctccaattccaaanatgtegtegtgetgegatggtaa
M S SCCGGK
atgtggttgeggptecggetgeagetgeggeagtggct gcaacgggtgtgggatggctee
C6CGSG6GCSCGSGCNGCGMATP
tgatctgagctacatggaggggtccaccactgagaccctegtcatgggagttgeteccea
DLSYMEGSTTETLVYVMGYV APAQ
gaagtctcacatggaggcatctgagat&ggagttgctgccgagaacggatgcaagtgcgg
K S HMEASEWMGYAAENGTCTKT CG®G
agacaactgcacctgcaaccectgecaactgcaagtgagagggatcgagatgtcaccttet
D NCTCNUPCNCIK =*
gatgaagcaagagaatcgcggggcttgtatgtitagcagtaatatatgtatgegtgtgty

121

181

241

301

361
421
481
541

601
661

tcgtaatcatgcatcatgatccaaatttacganggtcgtgtttttagaataaagtggeca
tggcttcttetgagetgeacgtectactaggctaggatctggtectaggttatggeteet
tgttgtetgtttgetttgtacctgeccgggegreegetegatttgtgtttttatgtigty
ttaacttggtggatggtattatgtgttictgattaaattaatgaaaaacttgecteccaaaa

B2 MAFMT2 %@ 5 R 550 X 8 e 8 2 8 F5
Fig.2 Nucleotide sequence and deduced amino acid
sequence of the complete cDNA of MdFjMT2
BEA THENETERFHNIABE,

ATC HEREH T, TCA W& I #HBT

The underlined nucleotide seq are

ATG is the initiation codon,and TGA is the stop codon

1
g sequence,

17.7% ) Gly (14 4,17.7% ) . Ser (9 4~,11.4% ) ;
Met(6 4~,7.6% ) . Ala(5 4~,6.3% ). Asn (5 4,
6.3% ) .Glu(5 4,6.3% ) .Lys(4 4~,5.1% ) .Thr(4
N,5.1% ) ; ZEAFIREECHEERE Gln(1
A,1.3%) His(1 4,1.3% ) .Tyr(1 4,1.3% ) ; &%
EBEHYAEH Arg.lle Phe fl Trp, # 17 8 75 89 5
HE(Asp+GClu) BBH 7, W EB AR E (Arg +
Lys) B8 h 4. EXKEFEHHENI -0.132, 3 HH
BB Bk 27. 22, WM ZEANEABEEA,

2.6 MAFiMT2 S EMEEFTLEx LS4

2.6.1 HERZEFILYN WHaFLFER M-

FiMT2 XA # M R E M F 54 GenBank (http.//
www. ncbi. nlm. nih. gov) #£ 7 BLASTp, F 4 X FF 5
3 F) F Vector NTI Suite 20 4 AlignX, # MdFjMT2
REMYHHSRREQHTEERELERS Lt
S, A3 LS, 4 E ¥R MIFIMT2 A H
HoAth Yy # 0 /N & 48 3 (M. xiaojinensis) (B B4 ( Pyrus
pyrifolia) E|MABR BN FFI ALY, BEBHEEAR
BAESKNEERFINTRAETHRE ATE
Cys,fH Cys(C) R EM B H MO B & A B 4R
3t H 14 4 Cys %, & C-C,C-X-C Al C-X-X-C
FEAHH, I HEPTEREER N 5if0 C 5%, HPC-X-C
ZBREAFFI B S Ko

Ji NCBI #y Conserved Domains 2 ff# ( http://
www. nchi. nlm. nih. gov/Structure/cdd/wrpsb. cgi) i
WZEORRFER, AMEREN, £ 26 ~
78 HEM 2 [A] & Metallothio_2 {£5F K%, B %
CRARAERBAUEHMFE, AmizxEHE
AN KE&BHEBL XK (Class I metallothio-
neins) ([ 4),
2.6.2 #iaH HNEAEMRFEFILXHH
HERELWHTABLERSEAREAQ MIFIMT2 5
Kty eRREARRZEANRE X ERRE
(B 5). FHEERFEY MAFIMT2 583 ( Pyrus pyri-
Solia) JESR (M. domestica) F1 /)N 4x ¥ % ( M. xiaojinen-
sis) SHHYI & B E OB 1L A IVE SR , B 54 L1
SHIR 99% 99% F193% R THEMEEZEXR,
5 &tk ( Prunus dulcis) 240 ( Salix matsudana) £ %%
¥ 4% Bk (Actinidia deliciosa ) . = M 4 ¢ ( Hevea bra-
siliensis) 4% ¥ /K Al ( Narcissus pseudonarcissus) | F+ 5
( Salvia miltiorrhiza) .84 B ( Pisum sativum) S Y5
ERAEOBEMLIEEAR, 7 60% ~78% Z |,
GRABIE(ES,R2),



786

mow @ ff W W O i

12 %

B Cys HIX 15

MAFiNT2 41
AdMT2 40
MdMT2 41
PpHMT 42
MxMT2 41
PdMT 40
SuMTZa 41
HbMT 38
SuMT2E a0
NpMT2 40
PsMT2 40
Consensus

MdFjMT2 79
AdNT2 78
MdMTZ 79
PpMT 79
MxMT2 80
PAMT 79
SuMTZa 80
HbMT 78
SuMTZ2B I 78
NpMT2 I 78
PsHT2 KTOR I ] {Cy8C M 77
Consensus gv e m ckcg cc pcc

_ B Cys By IX I,
3 ¥RE4BEHMEAMIFMI2 SEMEYNSEREASRERSEFTILLY

T AR S () 203 PR 3R Y SR G UK € ) 227, BN Cys ISR R 1) E IR ST R & %R
Identical amino acid residues and conservation amino acid residues are indicated in black and grey, respectively. The two

Cys-rich domains is also indicated with black above or under line

1 10 20 30 40 50 60 70 79
Q““‘};s‘“*l
superfamilies Y Ry AR
iR i i RN wp
SIMRER 2 BRI

B4 ¥RE&BWEA MAFMT2 ERRTFEHSH
Fig.4 Analysis of conserved domain of MdFjMT2

Iﬂ{ 89| MxMT2 (ACX49138)

1000| ' PpMT (ACJ12936)

MdFjMT2 (HQ730757)
MdMT2 (024058)

301 PAMT (ACH58424)
SmMT2B (ABM21762)

AdMT?2 (P43390)

HbMT (AC142984)

NpMT2 (AAL16908)

445 SmMT2a (ABR92329)
PsMT2 (BAD18383)

5 ¥REEWMEAQ MAFIMT2 REREHH
Fig.5 Phylogenetic tree based on metallothionein protein MdFjMT2

Bl 5 433 b 0 R AT (5 BE 75 5 HLK ) GenBank J¥ 5% 35, W R &5 100 MEAMEM A 2 M

Annotation ; Significant bootstrap probability values are indicated at the branch points. The numbers in the parenthesis

are the GenBank accession numbers, Bar,2 substitution per 100 amino acid positions

Fig.3 Multiple alignment of the amino acid sequence of metallothionein MdFjMT2 with MTs from other plants
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22 ¥RECAMEAMIFIMT2 FAISHMBEDSRMHBES B0
Table 2 Similarity of MdFjMT2 sequence with other plant metallothionein

& It Reference B #%5 Ac. No. B A& L (% ) Genetic similarity
MxMT2 ( Malus xiaojinensis) ACX49138 93

PpMT( Pyrus pyrifolia) ACJ12936 99

MdAMT2 ( Malus domestica) 024058 99

PAMT( Prunus dulcis) ACH58424 78

SmMT2B( Salix matsudana) ABM21762 56

AdMT2 (Actinidia deliciosa) P43390 73

HbMT( Hevea brasiliensis) ACI42984 65

NpMT2 ( Narcissus pseudonarcissus) AAL16908 62

SmMT2a( Salvia miltiorrhiza) ABR92329 71 . .
PsMT2( Pisum sativum) BADI18383 60

2.7 SRMEATAMEN
FiBR % #% WoLF PSORT 5t 41 & + ¥ & Md-
FiMT2 3478 A Y 40 M € S Bl , MAFiMT2 ¥ & 4
A5 7E 3 SR 40 0 () - Sk (LTI 10.0) P, K
AR (CEMBIR N 2.0) Lb& (E LTI H
20)HENTHAPEE —EDT.
2.8 MAFMT2 BHE &8 E SRR o
REAT B BB 45 g 38 R 15 5 0K 00 43 47 BB 2 T A
RHEBREARMN A MK E M, #H TMHMM

FP RS B2 S B SR I TMHMMAR 1 FiW)
TMHMM posterior probability for sequence

Server v.2.0 #1 TMpred Server #k {4 %} MdFjMT2 #f
TEORBEAHEEN, SR RHZXEGR
FEACBE L5 My 4, %k BK B AR 0L T 40 M AR 4 (I
6A1,A2), F)FH SignalP 3.0 Server B F I 2 W
2% ( Neural networks, NN) F & I /R #l 5k # # ( Hid-
den Markov Models, HMM ) Fil ] MdF;MT2 E Q¥ &
REBRAFLERSKFS (E 6B1.B2), U E
HERFALE LR MAFMT2 ZE A B TIES W
B EBBRERXE.

FFHVFC RS IRES ) A TMpred - i
TMpred output for unknown

12 T v
£ 10f
2 08} o
:E 0.6
% 0.4}
0.2} Al
0 10 20 30 40 50 60 70
BEX_ M _ s ¥
Transmennt Inside Outside 0 10 20 30 40 50 60 70 80
FEFlfeE S A 2R N TN FFYHE S kR DR R RN
SignalP-NN prediction(euk networks):Sequence SignalP-HMM prediction(euk networks):Sequence
10} ' ' ' jc soore' —_— 1.0} Clea{lage prol;. —_—
’ e — n-region prob, ——
osl Y 300fe 08l h-region prob. —
: ® c—region prob, —
g
8 I i
s 06 é 0.6
g 04} - g 0.4}
LY 02}
0.2 J,\ Bl B2
00— sy o ¥ & 0.0 | St
(5 BSTILLL 5 HIMEEST! "
0 10 20 30 4 5 6 70 0 10 20 30 40 50 6 70
ABRAR Position B IR Position
6 MERSKBXHN

Fig.6 Prediction ofsignal peptides and trans-membrane regions

Al 1 A2 . BERRIX U, B1 7 B2 {5 SRR M

Al and A2 :Prediction of trans-membrane regions,B1 and B2:Prediction of signal peptides
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y B K ¥ #

12 %

2.9 MAFjMT2 FikiE/ FkERR NS H

#] B§ ExPASy Proteomics Server f ProtScale #
FE, # 4 1 % Hphob. /Kyte & Doolittle X} 41 B + 3
R MAFMT2 % 8 R HiK R K H #4708,
FE B A0 I R /K 5 0 43 (B R R i K A R

TR HLE , B KR S AT 5 R AT LA (P 7) , Md-
FMT2 & RREE M F A RBHKK, TIHAS
HEBEKK, BREEE 52 i Met BA B KM A
1 - 1.481 RIBBEE KB 42 £ Val BHRH
B4 1.305 FBGR BB K

TR F)iProt ScaleFR Rl 4L R
ProtScalc output for user sequence

l g

7 P I
b ; IS 77\ fiphob) Kyte & Doolittie ——
- S VAN A% == TV W O\ /A N\A
% \ 7 7 7V

-15 N/ V
2 Y
10 20 30 40 50 60 70
FEMNIE Position

M7 MAFJMT2 @k P RAES RN
Fig.7 Predication of hydrophobicity/hydrophilicity for MdFjMT2

2.10 MAFiMT2 BARN_— &M=L &HmH

F SOPMA Z5#3 i 72 FF Bl 40 & + ¥ R Md-
FIMT2 EAM K 4HW, &S, MIFMT2 &G
BW_REHPETE 13.92% 1 o 1R HE ( Alpha he-
lix) \7.59% i B-17 & H (Beta sheet) 6. 33% ) B-¥
#§ ( Beta turn) . 72.15% B9 JC #L W % g ( Random

coil) , 7E 50 ~54 S5 (TLVMG) i B i & 7 fE
PE HBEK , MAFIMT2 28 5 A0 — R 45 1 o JC 30 )00 %5 i
R EH, B R o-BIER B-17 BB EKRRD
(I 8A,B), 5 Hid 8 MAFIMT2 BRERFFIRR
% SAM-TO8 BF MM ZEAN=ZREH  EREBR
BABRMBH=ZREH.

10 20 30 40 0 . 60 70
A
f f f | | [ |

MSSCCGGKCGCGSGCSCGSGCNGCGMAPDLSYMEGST TETL VMGVAPQKSHMEASEMGVAAENGCKCGDN
ecccttcceecceececeeccecceececcececececee heeeeecccecece hhhhhhhhbh ttteecece
CTCNPCNCK
ccceeecee

FEFHEEE: 79 ha-$iE p-ITRA 1pEHA o TR b

Sequence length: 79  h: Alpha helix e:Beta sheet tBeta tum ¢:Random coil

B
||||||||||||||||||||||||||||||||||||||||||||||||||H“||||| T
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