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BRFLEE R ALRIE, LR, 2R, B, 4itk, B SDS-PAGE I E A FIELF. FR  wHEREMN AIMYC4b
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Al &8 A, SDS-PAGE 455 B R & AARNT 4 T B4 80 000, ST, &5t MBIER b w25 5] bHLH F kiR 7
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Abstract: Objective The transcription factor AvMY C4b selected from transcriptome databases, which might be closely related to the
terpene biosynthesis, was cloned from Amomum villosum for sequence analysis and prokaryotic expression. Methods Based on the
transcriptome data of A. villosum, specific primers were designed to obtain the AvMYC4b core sequence. In this study, the whole
cDNA sequence of AvMYC4b was obtained by RACE method, then the GATEWAY TOPO cloning vector, and the express vector
pDEST17 were constructed by ligation and LR method, respectively, and prokaryotic protein expression was performed. Induced by
IPTG and arabinose, the recombinant protein AvMY C4b was successful expressed at the temperature of 16 °C. Collected bacteria were
processed through lysis, ultrasound and purification, and were used to determine the protein expression by SDS-PAGE. Results
AVMY C4b cDNA gene had 2 579 bp, including 165 bp 5’UTR, 1 995 bp ORF, and 389 bp 3°’UTR, which encoded a deduce protein of
644 amino acid with a calculated molecular weight of 72 211. Bioinformatics analysis indicated that AvMYC4b had the conserved
domain of transcription factor MYC family and predicted that AvMYC4b could be located in nucleus. The SDS-PAGE result showed
that the AvMYC4b protein was expressed in Escherichia coil with a molecular mass of about 80 000, which was consistent with the

predicted molecular weight. Conclusion AvMYC4b gene of the bHLH family was cloned from A. villosum and had the whole ORF.

Weis HEA: 2017-09-15

ELTH: EXARRFEETELETA (81303163); | AA w5 FAMAEFELITRE IR (Yq2013042)

EFREN: T 9T (1992—), o, EREHA. Tel: 13724082624  E-mail: 519775094@qq.com

«BIEMEE  WHZF (1978—), 2, BRIT I, B 5C 77 a2 IRt -4 S AW & i 5 R . Tel: (020)39358331  E-mail: yangif@gzucm.edu.cn



T84

Chinese Traditional and Herbal Drugs 35 49 % %5 6 201843 A

* 1391 -

The recombinant AvMYC4b protein also was successful expressed in Escherichia coil Rosetta (DE3). Therefore, this study could

provide fundamental information for the function characterization of AvMY C4b in terpene biosynthesis pathway of 4. villosum.

Key words: Amomum villosum Lour.; AvMY C4b; transcription factor; sequence analysis; prokaryotic expression
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JoM I 5 5 A 5 SRR T A P I IR AR AR, M AR IR
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PRI, AT 25 15 A AR I 2T
bHLH (basic helix-loop-helix) ¥ 5% K F & 4+
[ — AN K S R KR, SHEBEXE (basic
region) FIEFE-FPA-157E Chelix-loop-helix, HLH)
SERPIR AL R, Horp MY C 288 3% K 72 bHLH
B —AIEKHR, AR EEE S BARE 31
E-Box (CANNTG) i G-Box (CACGTG) Z&uf:
ghA SN H bR R R I8 TR 01,
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1E JA {5518 8 B R/E AWM. 5 4MER R IF 0k
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B DR AT R YA 4, T R Y A R 1) Rk ]
B 5 RE MK, WEES bHLH KEFHE T
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ANZ TA F S SmMYC2a A1 SmMYC2b 257
FH SR R AW 6 & A28, a1 MYC 285
KR FAERYIRAE G . AEZEYa . RAEA
S MESITREZEN. BET, CaMREIT.
HE, HE. PISMEESED T 555 MYC
KRR T, REHRESE T HEYN S P E S
31, AEREZERET FAEEED R A1,

2y FHEME AL b ZiAE I8 T NS5 A

KA FTT R IEE BEAEH, Hhra &8ss 2N
AR . ZRHEYIBHER Amomum villosum
Lour. HJTFJeA RS, & 25b = 3 BRI,
HAWHFF, FEAGRWFRE KM E SR E
Yh, WOBRIEIATE . ARG, R4, AR R ZH Hi
WX BB RD HEAT T SR FTIR R 5 5 S RS AR K
B I 1 5 2H fe R R 1 U sl &g A Hh
blast. ¥R FIR~F A5 A, BLAORESRATER FH
e 75 e e SR s 245 il DR SRR A ORI ) 40 A, 9
AT RE 2 5w R A O I R A S
unigene, FLHEHE Unigene0074125, SH LG
FHALJE R iy % 8 AVMYC4bUT . B S 4 A
AVMYC4b ] cDNA FHIAEEE, AR B
Wbt cDNA s B R %0 P 51, Ffaid
RACE BiAR3k43 5’RACE # 3°’RACE J751], ik
3 AVMYCab K7, BEATAEMIE B, JOF
oyl HL B 2 e B AR R A ARk B4, I A K
FFTE Rosetta (DE3) 4lffiirhifs 3:Ri1L, RIGALIY
HAAEH, NP A YT RE 5w £
1 #E5RFT
11wl

FHERD R T MR R 2L, &M
R 2K FE P 20 IR S TRERE 700 B 35 ST 5T
R ENAEFER Amomum villosum Lour., A5 7T EL
FLOH IHARAF 2280 CHBAR IR IKAR %% H -
1.2 EFERF

RNA $2 B PR BOR 7R &9 T Magen
/7], Gateway TOPO Cloning i{7]#& . Clonase 11
Enzyme Mix. R 1% %1584 pDEST17 #14 [ marker
JE)F Invitrogen A7, NI-NTA #:7J4F QIAGEN
NH]. DHSa 24000, = {RHEES PrimerSTAR
enzyme. DNA VI [EIWRF &% T Takara A&,
pLB £ st v £ &, E. coil Rosetta (DE3)
SN T RIRAEMA R A . 5196 BRI
DRI P ER AR B PR PR A ) 58 e
2 73k
2.1 RNA HY$EEUR 3% 3%

ZIEHEY) RNA $2 0G0 & 7 VAR I BH B b
S RNA, 1% HE B BRI HL PRI i 45 b
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I3 TR LS RNA 588 DL R B S Al
2.2 AVMYC4b EFEMZLREREESKFIIN
FREX

FIH BT84 Primer premier 5.0 X} fH#E
Wi 4H AvMYC4b %8751 (Unigene007412)
Wt B 5190 MY C4b-F AR 51 %) MY C4b-R(FR
1). FJf] Takara PrimerSTAR & {f B BT PCR
T % OF 5], PCR 4. 98 C, Tt S
min; 98 C. 484 10s, 62 C. Bk 30s, 72 C.

JEAH T min, 35 MEH: BJEH 72 CEAMH S5 min.
FTF PCR ¥ H3K15 1) cDNA J BORU S 4L k% 88
), #%it 1 3’RACE 5% AvMYC4b GSP
forward. 5’RACE 5|%) AYMYC4b GSP reverse (3
1). #4& Takara SMARTer RACE 71 & #E 4744 .
PLE#ZO F BE. 5°RACE 1 3’'RACE ¥ 7 [ %] pLB
WAR BT, % SRACE. #.0 F BAAl 3’RACE 3k
BT AT I, 23RS AVMYC4b 4K
cDNA 751,

#z1 3HMF5
Table 1 Primer sequence
g 73 (5°—>3) Hi&
MYC4b-F CCCCCCTCTTCTGCCTTATTCTTCA 1ol Jr B 38
MYC4b-R GCTTCGATCTGTGTTTGCAATTCCT
AVMY C4b GSP forward TGGAGTCCTCAACGACCCCGA 3"-RACE
AVMYC4b GSP reverse GGCGACCCAATATGGAGCGCCTGTA 5’-RACE

MYC4b-FA
MYC4b-RA2

CACCATGAACCTTTGGGCCGACGACA
TTGAGTAACCGATGCCTCGACAGC

pENTR/D-TOPO 7%

23 EMERFESH

i#id NCBI ORF Finder #1 Translator ¥4k
AVMYC4b [ FFJ B 1 HE (Open reading frame,
ORF) M H 4= FEMR T 5. ¥ AvMYC4b fE
NCBI I+, i#id blast T B 5B & A 75137
X, AT PRSTS84 F ExPASy (Chttp://us.
expasy.org/tools/protparam.html ) 33 47 H 4k 4 5 43
1, A MAGA 5.1 # @ #E A% £ F] Clustal Omega
(http://www.ebi.ac.uk/Tools/msa/clustalo/ ) DNAMAN
HEAT A XS . i PSORT Chttp://psort.hge.jp) i3t
WA ER . f#H] SWISS-MODEL (http:// swiss
model.expasy.org/) HEATH H = 4ELE ML
2.4 AVMYC4b £ [EFFIH 5 b R FEHFJIXH K
R

RIEIRTE AVMYC4b 14K cDNA 751 K&
Gateway pENTR/D-TOPO W% 5| #) % i+ JZ U, %
TP 8 AVMYC4b 4w B9 X 1 b ik 5l
MY C4b-FA FlI R 7519 MYC4b-RA2 (£ 1), X
f] Takara Primer STAR & & E 17 PCR ¥ 1,
PCR ¥ 146 1: 98 C, FiAEE 5 min; 98 C.
AP 10s, 62 C. Bk 15s, 72 C. %M 10,
35 MEH; BJG 72 CIEM 5 min. KR H
MR BOEEBINT]E AR pENTR/D-TOPO, #4L%E
E. coil DH50, 37 B i PCR NP IR B, 2
17 BE I B A 4% 8 Megan 3877 B3R BUTURL o K5

IE R B 20 N 1] %4k pENTR-AVMYC4b & i
Gateway LR Jx B, 4 @& & 4 £ & & &
pDEST17-AYMYC4b . LR J& M f& & : 1 uL
pENTR-AVMYC4b (35 ng), 1 pL pDEST17 (75
ng/uL), TE buffer 2 uL, LR Clonasell Enzyme Mix 1
ul, 7E25 ‘C 24 h, RV 459 0.5 pL Proteinase
K solution 7E 37 ‘C F#4T 10 min Z1E N, #—0
AL E. coli DHS0, BT PCR FIIFIGIE, f#
A7 B B P 4% B8 Megan 1877 & 52 HUTURL .
2.5 AVMYC4b B#FTEFMELAEN

A e G 1 B A% 2R 8 BAR FURLHE N Rosetta
(DE3) /B4, fE5H 25 ngmL BFEEFR
117 pg/mL SR FEE M 7 mL LB AR F: 3, 37 °C
AR RE SR, IR 10 100 FRE, 7E 300 mL A
H 25 pg/mL RFEHFHRM 17 pg/mL AFE R LB
WA FRIET 37 'C RFGE Aeo HY 04, MIA
0.2% B Fiz A1 4 A1 57 PR 25 -B-D-Bt A FLBE T (IPTG)
FEIKE 0.1 mmol/L, 16 C iFESR;F20h, 4 C
TR O . AR (0.02 mol/L PBS. pH
7.4, 10 mmol/L PKME) HE R BaIA, 68 I R4t A
(TAESSs, (A& 5s, JE 450 W, 3min) 4 %, 4 C
B (8 000 r/min, 15 min) Y& EiEAEEH,
FIH NI-NTA 747 & A gt e R R
(0.02 mol/L PBS. pH 7.4. 10 mmol/L BKM:) P-4
Ni-NTA #5, FHBEREBZME (0.02 mol/L
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PBS. pH 7.4. 20 mmol/L B&ME) Pk, o H¥emt
HARE A2 (0.02 mol/L PBS. pH 7.4. 250
mmol/L BKME) Fefli HbriE 1, Aifb/E B A 10%
A5 1 34T SDS-PAGE il
3 ER554
3.1 AVMYC4b EEH = E

RGBS AL F AVMY C4b (155151145
S 5190, MEHFRDH - cDNA #4748 i 7 AvYMYC4b

b

a

M 1
[ |

2000 bp.

1 000 bp
750 bp.

(AR IE 3’RACE

M 2
. |

$231 1 500 bp 1) cDNA #0751 (B 1-a), WF )5
RIKABHIZ OFA 1525 bp. LY 153 (4%
OB, Wt R 15 i AT 3’ RACE (& 1-b)
A 5’RACE (K 1-0), 73345 T #1500 bp Al
750 bp [ B, AT AT 2 300 A 5735 R P 41,
LEGN 0 P HBHEIRS AVMYC4b [ cDNA K7
H, FEXFHGAS X T AT 3G, 31549 2 000 bp
FIA B (B 1-dDs

c M 3
[

5’RACE

GRTG X A9

M-Marker 1-AvMYC4b #%:00J7 Bt PCR 74 2-AvMYC4b 3’RACE /¥  3-AvMYC4b 5’RACE /¥ 4-AvMYC4b #ifIX 7514347~
M-Marker 1-PCR product of AVYMYC4b core sequences 2-3’RACE product of AV MYC4b  3-5’RACE product of AvMYC4b  4-PCR product of

MYC4b coding region

1 AVMYC4b EF Y TEE
Fig. 1 Cloning of AVYMYC4b

32 EYEEELSH

FIFl NCBI ORF Finder 73#7, AvMYC4b [f]
cDNA 2K 2579 bp, B7& 14~ 195bp 1) 5° UTR.
1/~ 1995 bp ¥] ORF F1 1 /> 389 bp [£] 3’ UTR. F|
Jl ExPASy Tl AVMYC4b %ifh 664 N IE/R,
X}y 7 JF B (Molecular weight) #1272 211, #
MRS S (pD N 5.12, AVYMYC4b & A A
e R EUN 51.39%, M4 Guruprased 77 7% il i%
T AARFaE . [FHE T PSORT P25 1l AVMY C4b
EALT MM, SEREFRIIRMHAN. FH
SWISS-MODEL Chttp://swissmodel.expasy.org/) X
FEE AT =4 RS IR, (B 2), 7EM
iy M R L = 4R A 5 T MY C2 AHBLEE
N 73.69%.

i 5EAE MaMYC2. 58 AcMYC2. AUl
B PAMYC2 HIE IR T 54T b AR 57 45 1 35k
5387, BHERY AVMYC4b %4 bHLH_MYC N.HLH
TRFEERIBA & E-box G5B i s, X2k H+

B2 AVMYC4b EERTM =45
Fig. 2 3D structure of AvMYC4b protein

MYC FiEEIERF I (E 3).

PL AVMYC4b [ZFEIR 7 51I7E NCBI %d i
1T blastp, KI5 AVMYC4b ML & = HI¥ N
MYC FKGER R H T, HA 5 EE MaMYC2 FH{2L
FEfer, HARBUEE N 66%. FEM NCBI $5#E & ik
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AcMYC2 GGARRISARE, . TEPARAE, . . BRSEBURY T FROS ST 'I? 89
AVMYC4 TARTEOFEES . ..ot TERPSSAL Ina\:-m:r AT 84
MaMYC2 ATETESTERLPTALURGREL IGFETRARBRTAY 11'1\\'JEE¥ b% 94
PAMYC2 AFPRASARGGGIVLGSOSRVT, | . SVABBFEY SIIWQSS 5 95
AcMYC2 TAREARD M 189
AVvMYC4 :E%:FRR MLRELMSLIS 171
MaMYC2 gV ESERRKRLRELNSLIS 187
PAMYC2 ' b!llLFJ'!-‘ LEELNSLIS 189
AcMYC2 Gt LOVESAA , AN IGATEAARGAAFFIVARR 286
AVMYC4 M CGEEVETTT PASHLARESECRN . . . PRR 265
MaMYC2 Gl . . FDEESTACASEIAPOSRAAT ... ... B 277
PAMYC2 T8, . LEIRSS, ,  CHLETAARTE. .o v 0 o AV 275
AcMYC2 IQIE‘THQNNNHPTI.HQZ—ZQZ—ZQH QUQHQERHQS. . BETE g 383
AVMYC4 IQIE;IU"'U"'I-‘}‘. I LI 338
MaMYC2 RhBMET KN L YCEQUOTRRAPQEQ . (. S8GEKPQSQF . EF SR 369
PAMYC2 = .IBBERHHNQEﬂWRQQEENQNSNSNSNZ.QTQSI.FM?& 368
AcMYC2 GONAGAGACAS ateteiolel A PRMG. . DH 478
AVMYC4 I + oo AAEN ADSL, . 425
MaMYC2 [P e VTES ARAY | 456
PAMYC2 G0........ g ... .088 IATVEA 454
AcMYC2 ......TARGRACNHES i_ﬂ.r- s ASVREVESS] FEHBRRFRERGREFANGRE EFLNHVEAERGRREKLNQRE Y ALRAVVENVY SEMOKASLLGDA 572
AVMYC4 LEZEEARTARGOVINDEEECnisk it SR KR FRERGREPANGRE EFLNHVEAERQRREKLNQRE Y ALRAVVENV SEMDEASLLGDA 524
MaMY(C2 LE....S5CHGEEVE DGR uhn..,JJLF sV | . - 551
PAMYC2 .G....AHSGGGILCGH DEEJE-IID!AE‘.-‘T\'E‘.I‘EE KMRFRERGREPANGRE EFLNHVEAERQRREKLNQREY ALRAVVENV SEMDEASLLGDANS 548

AcMYC2 LREKLQ: HENLTPASAPEPPRRRENCYADAHG CEAMIR fad 672
AVMYC4 L JFPGKODEK IMNACESRS! 618
MaMYC2 EERRYDVEMMIE, | 643
PAMYC2 GLOLBOODARMNES 642
AcMYC2 : ( B..C 716
AVMYC4 5.'.'5'-.r'-.ricnm1|:|" VMoK \ YBLAVEAS VT 663
MaMYC2 'ﬁE-“S‘a“a'KDIMI':'ﬁ- ] QLEAAT RN g 689
PdMYC2 5V : G5 VYROEQUEART (IR 686

TRIZF R BHLH-MYC-N, J7HER7N HLH, "#7R E-box 5460 : AcMYC2. MaMYC2. PAMYC2 43Ik A T % (0AY65075.1). B
(XP_009401251.1). KUALIFE (XP_008796257.1)

The horizontal line marks bHLH-MYC-N, HLH was marked with frame and E-box binding site was marked with *; AcMYC2, MaMYC2, PAMYC2
were from Ananas comosus (OAY65075.1), Musa acuminate (XP_009401251.1), and Phoenix dactylifera (XP_008796257.1) respectively

3 AVMYC4b & FFILLER
Fig. 3 Alignment of deduce amino acid sequence of AvMYC4b

PANUE R R 5 AVMYC4b # g sEfbi, £ pENTR/D W, # & 70 B 3 & & 41 i Hi
oG AR DU B R PR B RO — 3, S5 E . pENTR/D-AVMYC4b, 23t PCR fiiik (& 5-A), 3k
AR AT EOE B, P PHERD . B, FHENF BOR/NIER HORIE M\ I E LR, P

AR JERESE TR (4D, KB E TR pENTR/D-AVMY C4b (1] AVMYC4b %
3.3 pDEST17-AvMYC4b ZHRIASIKRIHE HF41 5 H 3R AVYMYC4b | ORF 415645,

# AVMYC4b ORF EH:F| Gateway N[ 1k 4 pENTR/D-AVMYC4b 55112314 pDEST17
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El4 AVMYC4b HIRGHE LR
Fig. 4 Phylogenetic tree analysis of AvMYC4b

2000 bp
1,000 bp

H#4T Gateway LR ., 4% pDEST17-AvMYC4b,
25 PCR BAE (B 5-B), RGN A BOK/NEH
HOWIE N RS TR, IR 45 5 55 S 40 Tk
pDEST17-AvMY C4b ] AVMYC4b 3£ [H 551 5 H i)
LK AVMYC4b 1] ORF 741 56 4 — 5, WE B RIA %K
A& pDEST17—AVMYC4b m@ﬁym
3.4 AVMYC4b [F#FE
BEH pDEST17—AVMYC4b E@%E’Ji%ﬂ
# Rosetta (DE3) n%ﬁlﬂ%ﬂﬂ%/‘ﬁ PUAERM LB $5
FrEE T KIE TR, FEBBIREE deoo N 0.4 BF, A
IPTG FIBTHiAF#E f 16 C FiESH:F: 20 h, Uit
FiA. MH NINTA #7820, 200
1 H SDS-PAGE HLJKAIIIEE S n) WL, B 45K
/NZT 80 000, FFETRINIR/N (B 6). HTFREH
HSEEAME T EE R g2 BN A AT His x

E.

5 6 78 9 10 11M2

.2 OOObp

MI-Marker 1~3-pENTR/D-AVMYC4b Bif PCR #8374 M2-DL10 000 DNA marker 4~11-pDEST17-AvMYC4b i PCR #8347
M1-Marker 1—3-The PCR product from pENTR/D-AvMY C4b bacteria solution M2-DL10 000 DNA marker 4—11-The PCR product from

pDEST17-AvMYC4b bacteria solution

5 SEFH K pENTR/D-AYMYC4b (A) K FRiEFH K pDEST17-AvMYC4b (B) RIHiE
Fig. 5 Construction of cloning vector pENTR/D-AvMYC4b (A) and expression vector pDEST17-AvMYC4b (B)

M 1 2 3 4 5

100 000
70 000

M-Marker 1-IPTG 55 /#&7E pDESTI17-AYMYC4b ] Rosetta
(DE3) WHkIREH 2- LiFER 3-598EA 4-20bEAk
JBEs 1 SRR AR 2

M-Marker 1-total protein after IPTG inducting 2-soluble protein
3-no-binding protein  4-purified AVTPSI recombinant protein in the
Ist collected tube 5-purified AvIPS] recombinant protein in the
2rd collected tube

Bl 6 AvMYC4b 4i{LZTHH SDS-PAGE 4R
Fig. 6 Purification protein of AvMYC4b by SDS-PAGE

electrophoresis

2, Rl H bk 45 . AVMY C4b TR 2 [ 31K/
(72 211) W& K. g5 F0F ik Ri&E & AWMYC4b J5
W EE E B FRIA A4k .
4 g

WA ARG it 2 —, D ChEZG) 1k
B2y, R ERIGPR 2, |z TR TR AR
JEEANL. R B gE. MRMARYS . fRsh Azeds, Hep
ZRMAYIBHBR R ) EESRYE 2 — 181, HHER
(1) 32 B2 FH oy R e Ve R A &4, @%mﬁﬁa
A e EEDOT,  H HIA BB B 2K A A A
%Eﬁﬁhﬁ@lﬁﬁnh”\

AR UR R ZH DA BH A b B s 2H B8 45 6 AR 2H 2
P97 30 1 A R 5 6 2 A BSORH O 1 e s A
¥ unigene, H U HE AVMYC4b(Unigene0074125).
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AR 5 i & 25 R B9 A X R A B RPKM 43 #,
AVMYC4b 1ESAERA RIAART R =0 B T5 e
SIS HRAE AT AT P, ASHE T BH R (B EL
RNA, i@t RACE £ R3S AVMYC4b 2K 741
I E IR 5 M, AYMYC4b J& T bHLH #43%
I MYC ZK, BT MYC B R R fr
SFEERIER, 35 bHLH MYC-N 3. $2Uie-2R-12 i
(HLH) fR5F&5M38 LK B-Box 45&474, fHH
PSORT M3 T AVMY C4b A7 T-4Hfut%, iX Lu )
Fr& MYC BE 3. MYC Kk 5 T4
KRB PSS F R, 1S5 T JA.
KRGS ST, A5 7T IERBHREN
PR, EEAME RS, KIHED S EE
AL I B 5T, H AVMYC4b 5T MYC2 ¢
AL, Hert MY C2 A& bHLH F T 78 2 i
2 —, Y T MYC2 (I B &+ 43i%
#, AXEIRERSET JA BENESES, H
iF 5 DELLA & FUAH EAE T 1A% e i B2 K]
AtTPS21 I AtTPSI11 [F3RIE, K T MYC2 /£ F
FFht Gk mRiRES. BRTIETT. 5
Artemisia annua L. BT REFZ A5 NEEH &R,
Wi Z F TI8ITIESR, Shen ZEROEFHFE R T
AaMYC2 FERTE JA 15 58k H IR H & R AE
WG e DRI PR RS 28 38 4Dl AVMY C4b g
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