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Abstract: The full-length cDNA sequence of metallothionein gene (BcMT2) was cloned from the leaves of
non-heading Chinese cabbage disease resistant cultivar ¢ Suzhouqing’ by race technique. qRT-PCR was
used to analyze the expression pattern of this gene in different tissues under biotic stress (P. parasitica)
and abiotic stress (salt, drought, ABA) treatment conditions. SDS-PAGE technology was used for analy-
sis of prokaryotic expression characteristics for this gene. Sequence analysis showed that the full-length
cDNA of BcMT2 gene was 528 bp. The length of the open reading frame was 243 bp and encoded a total of

80 amino acids. The relative molecular mass was 8. 02X 10° Da, and the theoretical isoelectric point was
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4,61. The phylogenetic analysis of amino acid homology showed that the non-heading Chinese cabbage Bc-
MT?2 gene was belonged to the MT2 gene family of class [[ plants and had similar evolutionary relationship
with other plants of the same family. Among of them, the gene had the highest homology (100%), com-
paring with the gene (Bra029765) on A05 in Chinese cabbage. Quantitative real-time analysis showed that
the expression of BeMT2 gene was the strongest in leaves of non-heading Chinese cabbage. The expression
of BcMT2 gene was peaked at 48 h after infection by Pseudoperonospora cubensis in the disease-resistant
variety ‘Suzhouqing’, while the expression level was peaked at 72 h in the susceptible variety °Aijiao-
huang’. Under salt treatment condition, the expression level of BceMT?2 gene was peaked at 12 h in the re-
sistant variety ‘Suzhouqing’, while the expression level was peaked at 24 h in the susceptible variety ©Ai-
jiaohuang’. Under ABA treatment, the expression level was peaked at 24 h in ‘Suzhouqing’, and the ex-
pression tendency of BcMT?2 gene in ‘ Aijiaohuang’ was similar to that of ‘Suzhouqing’. The expression of
BcMT2 gene was inhibited in both materials under drought treatment conditions. Analysis of BceMT2 pro-
karyotic expression revealed that a specific molecular band of about 8 X10° Da was detected at 2, 4, and 6
h after induction at 37 'C and 1.0 mmol « L™' IPTG, which is related to the expected fusion protein. Re-
sults showed that non-heading cabbage BcMT?2 gene plays an important role in the stress environment such
as biotic stress and abiotic stress. In this study, BcMT?2 has successfully achieved fused expression in Ba-
cillus coli. The results established the foundation for the next step in the study of protein levels and the

study of transgenic functions. Moreover, it will also provide important theoretical basis for breeding new

non-heading cabbage varieties with high yield and good quality.

Key words: non heading Chinese cabbage; metallothionein gene; qRT-PCR; prokaryotic expression
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02 I, ARBFSE L cDNA-AFLP J7 3 AR 45
BR3P ARAT Y 52 R R S Y 22 R A T B R
Bt R H RACE £ AR IR S5 8R (SR B0 & 5
ME e T BeMT2 e, IF 47 1T 2 1R T 5
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5 MT FERAEARGE R 30 b Rk =, i o ik
7 UG BT R R A B AR R

L MREFITT ik

1.1 SSIe##

PR RE S g B R A Bl 252 e 1 S R 4
24t 1Y A &85 B3R [ 32 (Brassica campestris  ssp.
chinensis) PUIR Eh R < In M B A0 ER S FP R,
PR A BT 5E1E 1.0 g « L' HgCl, LR 20 min,
FEFHZE K e 10 . Ja ¥ 2 A 5 Rl i B 1 43 Sl
FERDT 24 72 fLOCRE R KA B B b R CE TN
S SR B H 22 COGMRKE SR 16 h,16 CHEH:
7% 8 h MHXR B (8500 £5%0) . FfiEZF 28 d(5~6
JECHD JE o B 2 A iR R e 63 BRIK R 4
PR AR IR ] T 5 S A0 B
1.2 LWHE
1.2.1 £ dkEWBAERIE MK
IRAR LB FHEEWRE (P, parasitica) , Bt i 1
X107 el 5~ 48 I WA R A e DT R R
il £ 2 PRIV (9 )7 1% . & Fh 28 d J5 . 43 I 46
FEIRBEH W 200 g « L7'PEG6000,400 mmol « L'
NaCl,50 pmol « L™ ABA J& 4li Kk X} 3E i #4 A5 k it
FrAab B, ORE I 8] 5 AT 5 A A AN I ] gl 3 DA,
R AN P R A 38 AR B 15 AR R A SlK A BT 3

NEE, BITEN WA 63 A, M EEANT
A 20 CIBE T RIE 24 ho SR B8 BB . FE
7 22 COGHRREFR 16 h,16 CWEE 8 8 h, A XHE
(850 L5V M T Hi 9% HERMEL R, L8R
PR IR 53 B 8 TR R 3 5 HCH 2 0 oK 28 W 6 Ak 38
A AN 25 35K 1 S AR R B 3 GRS 28 D R L 25 i
Jip 30 b B IR S3 B, Ay N AE AL B S 12,24 ,48.72
96 h JEATHORE . b 3R A RHIBORE JE S B TE WAL UK
AT IRAFAE — 70 CokAErh .

1.2.2 RNA 2EU#0 cDNA &5 f# H RNA Sim-
ple Total RNA Kit it #] & ( TaKaRa) # BUEE [
RNA, BARTy 2 UL A5 . IR R A% 42 B A 5
RNA ¥ B 4 B o 17 & . cDNA i ] Prime-
Script™ ][ 1st Strand ¢DNA Synthesis Kit if 5 &
(TaKaRa) 2% 55 G i Vb JE TR 5 B BT 75 A A5 Al

1.2.3 BcMT2 £ cDNAEPE VUEEWRHEIBS
J5 24 h RSB E 3 9N E T it v il p il
3'/5'RACE System i #] & (Invitrogen) 7t K 4
K cDNA P41, HAREAE 72 S % PR b 0 (1 )y
%o ZERE BAMT2 BRI 510 %E 1, 51980+ H7E
2L 8 M Primer 3 Chttp://bioinfo. ut. ee/primer3-
0.4.0/) 51 ¥ i1 7 5 ERHA H 5 .

1.2.4 F3&SH A Bioxm 2. 7 #45#r BeMT2
3t K e 31 B4 ik ) 324 (open reading frame, ORF),

F1 AARAIHEMSIYES

Table 1 List of information of primers in this study

D GIE7 )] fEH
51#) % # Primer name Primer sequence(5'—3") Function
AP GGCCACGCGTCGACTAGTAC(T) 7
s 3
AAP GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG %5l %
Adaptor primers
AUAP GGCCACGCGTCGACTAGTAC

BeMT2_3'-RACE_F1

BeMT2_3"-RACE_F2

TCTGCTATTTCTTCGGTCTTTC

CGGCGATGAAGAACCAGTAC'

3'-RACE 5|4
3'-RACE primers

BeMT2_5'-RACE_R1

BeMT2_5'-RACE_R2

TACAAACTGACTCATCCGACA'

CACCGTAAAACAAAACCTA'

5'-RACE 5|¥y
5-RACE primers

BeMT2_RT_F ATGTCTTGCTGTGGTGGAAAC —
BeMT2_RT_R TTACAGGTGCAAGGGTCACA aRT-PCR
g-actin _F ATCAACTACCAGCCTCCAAC -
B-actin -_R CTGCTGTGTTGTTGCTGATC Reference gene
BeMT2_Up GACGGATCCATGTCTTGCTGT

BeMT2_Down

CGCGAGCTCTCATTTACAGGTG'

Prokaryotic expressive

L FOAEM S 95RO 5195 UP. 35140 Down, FiE5 145 FRIZA Sac TN BamH TEEVIA 253 51 5 BEUI A7 55 2 TT0RCHE Ay P47 5k

Note: F. Forward; R. Reverse; UP. Upstream primer; Down. Downstream primer; Underlined. Sequence of Sac | and BamH | . The

{ront of the restriction site is protective bases
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ANFEY A BeMT2 B2 & B /2 )y 51 N NCBI Cht-
tps://www. ncbi. nlm. nih. gov/) £ ¥% & 1 # R 3k
o5 R PR TR NCBI M 3 Blast #2 )7 5 & 3 iR
2 0% 1 2 1 SRR 231 i R A L R AR E 9
B&E W 03 AE 28 ¥} Protparam Chttps://web. ex-
pasy. org/Protparam/) 58 i; & 7K P il 9 ok H
protscale Chttps: //web. expasy. org/protscale/) ;
=5 Ik 0 % B SignalP4. 1 Chttp://www. cbs.
dtu. dk/services/SignalP/); #& & X 48 ¥ ] %
TMHMM 2. 0 C(http:// www. cbs. dtu. dk/serv-
ices/ TMHMM/) s 8 1 J5t 45 ¥4 38 70 #r & J] NCBI-
Conserved Domain Searchlnterpro; 25 [ i — 2% 4%
¥ ¥ % A PrabiChttps://npsa-prabi. ibep. fr/cgi-
bin/npsa _ automat. pl? page =/ NPSA/npsa _
phd/)SEAELE T H 5 2 5 7 41 Lo X K it A A 4 5
it DNAMAN 5. 2 #4732,

1.2.5 EHREEHH BAMT2 ERREKE  D-
NA & ¥ f# [ PrimeScript™ RT &7 & (TaKaRa)
LB A 58 . I E f PCR ffE i SYBR Prime-
Script RT-PCR Kit [[ i 7 & (TaKaRa, Japan) 5%
i, PCR & AR & 2R H 20 pL & & . MgClL, (25
mmol/1.)2 L, dNTP(2. 5 mmol/L)2 uL.,10 X PCR
Buffer 2 pL,rTaq i 0. 2 uL,51#) BeSGT1_RT_F
M BeSGTT_RT_R 4 1 pl, cDNA £tz 1 pL,
ddH, O #h 5% & 20 pl.. PCR BFRHM A .95 C
30 5;94 C 55,60 C 155,72 C 10 5,40 MEH ;1%
B 60 CH| 95 CHyMMrMhZ. 3 WHEKE ., HaliKIE
Joxt MR K B BOHE SR AACy 7 P I Excel
2010 BRAFHEAT 5 By o 22 55 10 & PR 4 B >R SPSS19. 0
A AT

1.2.6 [FE#Fix e BeMT2 BN EE R
pMD19-T # 44, 4% 4k DH5a 852 25 40 M . 4K 15 &
4 ik pMD19-T-BeMT2, ] Sac 1 #1 BamH 1
XURGE) e B PCR % 5E i & FH A4 30 20 J5R: 1Y) T TR
K AZ T mUEERL A IR . A b R I T A Y R
BAE AR, L B 51 ¥ BeMT2_Up #R 519
BeMT2_Down § 3 BeMT2 JER 451X (£ D, §
B8 7=y 22 B N W R e F K R Il Wi D BRI
VI Sac 1 1l BamH 1 XU Y] . 44 H 6 21 23K kL
pET29a-BcMT2 , Ak K I##F # BL21(DE3), kit
ARG 7% FP 2 5 mL LB ARRE SR 50 (5% 200 pg
smL 'HWEHFHFEXK).37 CRY I FHSR LI AE
BT BURD T RO D 0.6 A 1. 0 mmol
< Ly R N -A-D-a AR FLOBE 1 (TIPTG) 35 7

Escherichia coli BL21 (DE3) Eikfl& &M, % &
BUREIER] 435304 2.4 .6 h, BB 3 mL,12 000 r
min ' Z.0 30 s, F EIE W, A 100 pL ) 1 X SDS-
PAGE Jin ¥ 22 vh W & 2 W K. % 11§ W = M
Tashakkori 25525 ) 97 v 3647 SDS-PAGE 4341 .

2 RS0

2.1 BcMT5 £ [F cDNA €K 55 R F 5 4 47

LI cDNA-AFLP J5 ik MRS58k A 3R P 3R 18 1
FEREI A S 22 73858 7 B (397 bp) R il R
RACE iR KB H 2K 54 BeMT2 (853528
AB439836), Z#[H cDNA F3 4K K 528 bp, &
A 243 bp BY5EEETF R EAE , b 80 > 2= HL R (&
1) o F000 H: g B 2 11 52 4k 2% 20 Gy Higy Noy O117 Sz
S PN 8. 02X 10° Da, BG4 5 K 4. 61, J&
TRRYEE A ATREREN 43. 29, )8 T AR E &
F . i 48 50h 22. 00, ProtScale 3% /5 /K M 15 I 2
A E R TR KEE A, B R K IR
(GRAVY)h—0. 245; % HE H L fF 5 K. IF AT
TE 25 I XI5 B LR 56 23 ~239 NN LR AL A —
A~ Metallothio-2 Z5# 1, J& FHY MT2 FK k. X
5w o b i) 2 4 8 B B 8 BEAT L X, Be-
MT2 Wd THY MT2(F 2)., HE %4 mm
45 5 0« H A 0B A B RN JC B0 00 i L 0 0 17, 506
M 82.5% ., AN RGEMN T ATG ZHiH A,
754 Kozak FLHE 76 3" 564 poly(A) B, X S EIF &

TCTGCTATITCTICGGTCTTICTCGAGAA{ATGTCTIGCTGTGGTGGAAACTGTGGTTGT 60

MS CC G G NC G¢C (10
GGATCTGGCTGCAAGTGCGGCAACGGTTGCGGAGGTIGCAAAATGTACCCGGACTIGGGC 120
G S GC K C GN G CG 6GC K MY PD L G (30
TTTTCCGGCGAGTCGACCACGACCGAGACTTICGTCTICGGCGTTGCACCGGCGATGAAG 180

F S G E S T T T E T FV F G VA PA MK (50)
AACCAGTACGAGGCTTCTGGAGAGGGTGTCGCTGAGAACGATGCATGCAAGTGTGGATCT 240

N QY E A 8§ G EG V AE N D ACK C G s (70
GACTGCAAGTGTGACCCTTGCACCTGTAAATGAATAATGAAACCTTTCTAAGGAGGCAGA 300

DCK C D P C T CK* (80}
GATAATCAGAGTTTAATTATATTAAGTAACCCTAATGATGTTCTAGGTTTTGTITTACGG 360

TGTAATAATGGCTGCAGGCTITIGTCTITTAGCCGATAATGGTTTTCGTTTGTGTTIGACG 420
TCATATCTAGATGTCTCTGCCATGCATGTGTGTCGGATGAGTCAGTTTGTACTTICTATCT 480
TTTCTATGGAATGAAAGTGAATGATICTCTGAAAAAAAAAAAAAAAAA 328

I HE FRR B R B RS -, T R 2k R Metallothio-2
SRR, « FORL L E T
1 BeMT2 % H®RITH) D) R H
MR ERER T )

Square frame indicates the translation initiation codon,
underline indicates the amino acid sequence of the
Metallothio-2, an asterisk ( %) indicates the stop codon
Fig. 1 The nucleotide (upper row) and amino acid

sequence (lower row) of BeMT?2
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AR IR B ] 4 K cDNA A FRAE
2.2 BeMI2 ZEASREBRFIEREMRZEWL
T

¥ BeMT2 4t (1) 2 2L 82 )7 9 S . NCBI h
BLAST FRICH H A AT ) MT2 & 5 1R )y 51 (4 i
POFEATRGEM 3 Hr. 45F (- 3) BR , AE5Ek A
BeMT2 5 R34 5 5§ iR i) 5 (Bra029765)
AR BLIE R 100 %6 5 5 85 IS (0 mg J R 84 AR AL 4y
SR 97 % .96 Yo R 95 %0 5 5 v Ll ST R H W R SR
FRARMERE 85 %0 LA 1. 3¢ B[R B 4 1 & 5L W2 )7 51
PR . B R BT FAE R Y 1 BeMT2 2K
5 1) Ja A 1 32 Ak DG R Al L 2 IR Rk
2.3 BcMT2 EEMALRBERERESH

45 (& 4)F W, BeMT2 5 H 78 9 143 41k i i
AR, AR B T & TARMZE, 55, Be-
MT2 FEHAEP MR ZE R i RIA R AER EES

100% 90% 80% 70% 60% 50% 40%

MTJR:’%%
MT2 AT3G093 89%

At5G023 —— 72%

MT1 { AT1G076 97% 56%
ATlGO76:|

MT3 — AT3G153 49%
AT2G232 0

MT4 { 89%
AT2G420

B2 BeMT2 R R 57 4 )8 i 2 11
AR )T 5 (1 3 A
Fig. 2 Phylogenetic tree of amino acid sequences
of BeMT2 and metallothioneins of

Arabidopsis thaliana

l()f)% 9?% 9([)% XSI% 89% 7?%

ANG5ER 3 Brassica rapa ssp. chinensis (Ab439836) | 100%
K 3 Brassica rapa ssp. pekinensis (Bra029765)

4 N Raphanus sativus (XP_018486150.1)

LG ¥ Arabidopsis thaliana (NP_187550.1)

H ¥ Brassica oleracea (AAF70556.1)

w1 T Arabis alpina (KFK24746.1)

H W A 32 Brassica napus (XP_013720235.1)

SE5L Phaselous vulgaris (XP_007140314.1)

EA6E Arachis duranensis (XP_015960771.1)

1% N Daucus carota subsp. sativus (XP_017242148.1)
H % Ipomoea batatas (ACJ05910.1)

Z it Solanum lycopersicum (CAA92243.1)

&3 A BeMT2 2 H B RGM 5H
Fig. 3 Phylogenetic tree analysis of BeMT2 proteins

from different plants

(P <<0.05), HAE“HRMFEF ZhmRik#E4 N1E
I Y 593 £F T AEAR R R AR 22 FOAN
ITE
2.4 EYRIFEYEET BeMT2 KIRIE S

i &5 A] D, 7 R PR AR e AL FER L BeM T2 BE
PIAE BT it B 050 7 i i R G i T 48 h ik g
B ChXS BRI 6. 01 A% o 100 75 88 il it “ S 0 27 vh (1
FRE T 72 h ik BEAE CHXTRRIY 5. 6 fi5) s 7E R ik
IR BeM T2 FERIAEGU bt Bh 9500 557 h i) Rk i
F 12 h KB E(E ChH X B 2. 51 %) o 1 A6 B8R
Fofr SRS #5 7 P i ek T 24 h gk B AR Cly it B 1Y
2.22 %) s 76 ABA bPER , HRNE R A T 24 h
SKEN WA Gl Xt BEEY 17, 25 £%) . BL7E BB %
BeMT2 FH BRIk EH S TN E AL mTE 2 4
MRk, T RALER I T BeMT2 BB FRIE, ¢
56 22 B AE 4 A4 383 A8 b FE 40 B ) 8 b B
N 5 EYRE R RN Z B R AR B
%5, RKU BeMT2 BENTEANGE K A2 £ Y MR
A IER TG S5 T B LN 1 HAESUR &R
FEAK b LIRS R A AR LR AA L RIS R,
2.5 BcMT2 BEERBEZRESH

Xf BeMT2 47 A% R IR 53 B K BLAE 37 C 4%
£ ,0.6 mmol « L 'IPTG 5% 2.4.6 h 5. Y%
HR&HEEZEE, 1.0 mmol « L'IPTG %S 2,
4.6 h J o 7E JES 0 B A 3 R R S A (B 6)
BcMT2 75 E. coli BL21(DE3) 13k 18 T 21k . 33k
BB 5 F B2 8X10° Da,

20 owmme Suzhougqing

10 - @& Aijiachuang ‘I‘
8 -

AR Ik
Relative expression level
(=)}

R Root Z£ Stem I Leaf

ZH 23 Tissue

ARG FBEFR IR 0. 05 KF-25 57 3
K4 REAGEER A BeMT2 5 24
R SR IA T
Different normal letters mean significant
differeace at 0. 05 level
Fig. 4 Tissue specificity expression profiles of

BcMT2 gene in different non-heading cabbages
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Fig. 5 Expression of BeMT2 in ‘Suzhouqing”’and ¢ Aijiaohuang’ under stress

%5 5 I

Induction time/h

M 0 2 4 6

116.0X10° Da

66.2X10° Da

45.0X 10’ Da

35.0X 10’ Da

25.0X 10’ Da

18.4X10° Da

14.4X10° Da
8X10" Da

M. Marker
Kl 6 BeMT2 3P 5% %15 SDS-PAGE Hiik
Fig. 6 SDS-PAGE electrophoresis of the prokaryotic

expression of BeMT?2 gene
ST 2 I 7

P4 A MT 3 PR G805 03 1 22 IR BE

i His 58 3% & s AR . A0 58 76 3 i cDNA-
AFLP ARG BI Y — 4> 22 5 3R 38l Bo ik aib B, R
RACE #i R 7EFe T BeMT2 W &K FH . @it
W TR A LR Y 91 3 M s R BeM T2 KA 4 i
80 MNEIEMR . Horh & A 14 4> Cys BRIk (5 B& AR
B 17.5% , X5 E A E A7 B S b o
HAR -3, MY MT2 Z K N w5 A & R
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