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[ Abstract ] Objective; To obtain the key enzyme genes involved in cardiac glycosides biosynthesis
pathway, acetyl-CoA C-acetyltransferase ( AACT) gene, from leaves of Lepidium apetalum seedlings, and conduct
sequence analysis and prokaryotic expression analysis. Method; Based on the transcriptome data of L. apetalum
specific primers were designed to obtain ¢DNA sequence of LaAACT gene, construct prokaryotic expression vector
pET-32a-LaAACT and induce the expression of recombinant LaAACT protein. Result: LaAACT gene had ORF full
length of 1 212 bp, which encoded a protein of 403 amino acid residues. Sequence analysis indicated that LaAACT
protein located in cytoplasm had no transmembrane domain and signal peptide, and the conserved domains of
thiolase super family were detected. Phylogenetic analysis indicated that LaAACT protein had the closest

relationship with AACT protein from cruciferous plant. The recombinant LaAACT protein was successfully expressed
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in E. coli BL21 (DE3) cells and finally, the recombinant LaAACT protein was purified through Ni** affinity

chromatography. Conclusion: LaAACT gene was isolated from leaves of L. apetalum seedlings for the first time,

and the stable prokaryotic expression system of pET-32a-LaAACT was constructed. This study could provide

fundamental information for antibody preparation of LaAACT protein and provide basis for functional researches of

LaAACT gene in cardiac glycosides biosynthesis pathway.
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AACT FE[H ) ¢DNA JF 31, 4y 24 25 LaAACT, Jf- 317
JF 8 40 M AR e 3kl g Ni* TS (3% A A Al 4k
) LaAACT HE 2 H, X ¥ 4 J5 WF9E LaAACT JE
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AT FE AR, H AR X R [ oy A sk, 51
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Wy, B kA LS B AT L T %) cDNA
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FRAT B AT S % sk AR h AACT BE X 1Y 7 9045
B, HH Oligo7 8 F% 31 1 X 4738 AACT JE 4 1 4%
Sk 5] ¥, LaAACT: b %% (19 bp) 5'-CGTGTT
GCTCTTCATCGTT-3", & ¥ (21 bp) 5'-CTAACA
TTCAACTTCATGTGC-3", LA iz 5 55 45 2| i 3 47 2% 4h
Bt R cDNA Ry #84, i#f 17 PCR J hf, J2 b 72 %
95 °C ,2 min;95 °C,10 5;55.5 °C,15 5;72 °C,1 min
35 5,30 MEH ;72 C ZE A 8 min, PCR P= 4 FH 35 J5
WEEEE DNA 5] g 32855 & U0 e el iie 5 1 199 K/ — 3%
)25, 5 pMD19-T gk 1T T-A %4, R 5 ik
KW 354 i Trans5a B3 S 41 M , 28 1 7% PCR A il
J& P PH PR SO RE HEAT I Y o
2.3 lfT3K LaAACT JE N AE W {5 Bt
WF15 2B LaAACT 75145 B #2238 8] NCBI,
i BLAST 55 4% R VR (1 B3 £kl P ifE A7 Lb XT 48 &,
FIJ] NCBI ORF Finder # $% JF jik 1 332 #E ( open
reading frame, ORF) , ffi i DNAMAN 4% {4 % L B0 %
WA KLBR 4 . i FH ExPASy Proteomics Server $i{i
M AE £k 1. H ProtParam tool Tl LaAACT 3 [X] 4 5
5 1Y BEAE 1 BT, PredictProtein Tl 25 (5t A9 — 2%
254, ffi F§ InterPro Scan (http://www. ebi. ac. uk/
interpro/ ) T 4 <7 45 #4) 18 , 2% A SWISS-MODEL i
T BT =4k 8] U5 2 452, ffi FH] SignalP 4.1 Server
(http://www. cbs. dtu. dk/services/SignalP/ ) #1715
SR T, FFH Target P 1.1 Server Tl £ V. 41
M 5 37, il 52 TMHMM Server v. 2.0 Fil il £ 4 5 i
X ffi ] DNAMAN #4455 AN R A 4 AACT 2 11
QIR Iy 5N AT Z 17 5t X, 5 F MEGAS #5441
48 % 4 1 (neighbor-joining ) 14 H & 4t # 16 &,
bootstrap £ 4% 1) 51 &8 YR 0y 1 000K
2.4 JhAT3E pET-32a-LaAACT J5 A% 3 3K 21K (19 14
AR LaAACT FEH )7 25 S AE W15 B 22
Brad e, it 1 % LaAACT 3 PR g A5 IX () J5 A% 35 3k
3] ¥, LaAACT-Exp (23 bp) 5’ -CGGGATCC
ATGGCTCATACAGCA-3" ( FRIZH 4> A BamH 1 [fif§
PIBL ), K16 51 4 : LaAACT-Exp (24 bp)5°-CCG
CTCGAGTCAAAGGAGTTCAAG-3" ( F &l £ 3% 4>
Xho 1 EGYIAL &) , LW P 1E 4 () pMD19-T-LaAACT
R RIAR , ] PrimeSTAR HS Taq 373 LaAACT 3
K ORF /&% ,PCR )% 95 °C 2 min,95 °C 10 s,
57 °C 15 5,72 C 1 min 20 5,30 ME ;72 C LM 8
min, PCR =4 2 3 i W E B fiL UK 4% DU 5, FH DNA
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FER Al R & kst fk B 3k N SR 5 ) BamH
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Bt T, DNA Ligase ¥ H (3% 5 i B Fn gk 4k B Bo e
16 °C (1) 3% $2 08 0, SR I 0 3 35 7 W 5 A K W 3R A T
BL21 ( DE3 ) J&& 27 24 40 M , Bk 2. v P 42 B ki, H
BamH | F1 Xho 1 #F47 XS V) 48 2 , B U %6 2 IE
) v [ % b mt = 12 R
2.5 AT LaAACT A EHMIE ST RIL S4ife
A4 7 1E B i BL21 ( DE3 ) Hi 53 B (% pET-32a-
LaAACT Ji ki ) # Ff 31 LB ¥ & K5 3% %6, 37 C,
220 remin " SRR SRR, 2 RIEHE 1:100 L
il £z ®h B LB WK K; 5% &L b, 4k 2k 7 37 C,
220 remin 'R B 9R B W B KW (WORE Ay B
0.6 ~0.8),4k/51E 0.4 mmol-L™" IPTG,28 °C,150
remin T AR RESE 8 h, S LaAACT ALK AR
ik AT 5E R , ] SDS-PAGE Kl 82 41 25 i R 1k .
WG A T &0, KB IR KB4 E BL21
(DE3) I #% (% pET-32a-LaAACT Jii ki) , 5 5 5¢
JG7E 4 °C,8 000 x g 5.0 5 min WK, 7E vk i
MWK 5 A R AR, B RN TE . Rk
A T AL IRAE 4 °C,12 000 x g B0 20 min, J | i
260.45 pm JERE IR S, A N®T SR RN (o i
Ni-Agarose His #5252 4tk G aifk HMEH,
FH AR | e 2 (50,100 ,200,300,500 mmol - L") b mk
HEATVEI , 25 SDS-PAGE K5 I 5 A 52 H5c 1 0K sk 28
WP WRCAR B — 215 1 H I 2R A RE A 2 B A A
UL R4 LaAACT A H A
3 #£%
3.1 AT LaAACT JER e % 3 2 X A 5L 56 ==
AT AR AR I I A7 S 5 S A B R R AT 0 b, R 1 4%
RN AACT JEH 5 A, K B 1521 bp, f#i
NCBI ORF Finder {0 & Bz 3 H B FF 5405 1 A
SEHEE) ORF R4 1% = B P35 B & 1 xR
P2y, #5147 PCR § 34 PCR =414 1 500 bp, 3
AT LaAACT SR 5241 ORF J¥ 41, ok &5
mE 1 pros, W F 545 2 847 3% LaAACT JE P iy
ORF J#4) K/NA 1212 bp, i T 213 ~ 1 424 bp [X
B, 9 A% 403 DE LR, 1 ~ 212 bp i 57 UTR,
1425 ~1 521 bp 34 3’ UTR, LaAACT A (% ¢cDNA
A (5 B B 4 £ 32 3| NCBI GenBank, % % 5 &
KU739418, UL 1,
3.2 AT LaAACT EH S E A AW 1E B %
3T
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423 B 114
2017 4£ 6 A

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 23 ,No. 11
Jun. ,2017

M 1

2000 bp_—,

1000 bp—,.

M. DL 2 000 DNA marker;1. LaAACT %X Y PCR ;=49
B 1 PCR ¥ 1% LaAACT E A
Fig.1 PCR amplification of LaAACT gene

Server $2 411 ProtParam tool M Ji473% LaAACT &
IR XS 737 BT it 41. 38 kDa, 2511, giJ2 7. 00, 43
N C oo Hoog Ny, Oy 10 A 1 FEL 47 80 5% 3 ( Asp +
Glu) : 36,77 1E ML fif (Y 5%k (Arg + Lys) : 36, A3 E
FHOE 28. 68, UMl EHE TRESEN.

3.2.2 R LM E BTN A InterPro Scan il I
LaAACT 2 [ 09 R 51 45 1 S8 : B A Tl 25 10 465 4 B
(thiolase-like) ( IPRO16039 ) , f7 fif B N i £ 5F 45 4
15%, ( thiolase N-terminal) (IPR020616) , B f# fitf C ¥ {4
ST 4% ¥4 48, ( thiolase C-terminal ) ( IPR0O20617) , Il 4
LaAACT I8 A7 3 N5 P A7 0, 20 Wi 7E 22 IR BE N i Y
o - il e (AR S PR A5 (93 ~ 111 o7 S BE R ik AR )
(IPRO20615) , C i (¥) it fiff g O <7 12 45 (349 ~ 365
f LR AR L) (TPRO20613) , C Sy ) 4 i il 3% 4 o2
(7384 ~ 397 AW Gk L) (TPR020610) , i H]
LaAACT £ & T B i I 5 19 i 3

3.2.3  fFT IR A0 M R A K i R IX I AR AR
SignalP Fil LaAACT & 1A & 15 5 Ik, TargetP T il
SRV E B v] BEAL T A0 b, AR 4 TMHMM
I LaAACT 2 A & 5 R IX, AR o

3.2 g H MR =g wmow M
PredictProtein i Jll LaAACT & [ — 2% 45 ¥ , -2 fiE
ATC ) A e B A5 T R, o IR S
43.18% , Jo ML W & Ml 5 41.44% , B4 & 5
15.38% , F§ SWISS-MODEL i ll] LaAACT % H K9
ARSI (8 2) o LUK 3 A T8 B A B (PDB ID
dwys) AR = HE LS A B, 7R 55 11 ~ 403 [
BEMR AR BL @B, = AE BT 3508 97% , )P A i1 —
Btk 48. 84% , AR 4f TIN5 R LaAACT 25 11 7l fig
LA ] 5 0 S AR 1) 98 R AR o

3.2.5 ZJpHl et KRG AT ¥ LaAACT
W E LR T 4 ik NCBI blastp X nr JETT4
B 8 P blastp FEXT 45 S 2 7R LaAACT 5
K3 ( Camelina sativa , CsAACT , XP_010482068) , i
F ( Brassica napus, BnAACT, XP_013644279) , #l 5
IF (Arabidopsis thaliana , AtAACT ,NP_568694 ) , J} %=

B2 LaAACT EHR=%%&MHN

Fig.2 Prediction of three-dimensional structure of LaAACT protein

(Salvia miltiorrhiza ,SmAACT , XP_010942603) , =k
( Panax notoginseng ,PnAACT , ATK21787) , £ K ( Zea
mays, ZmAACT, NP _001148667 ) , 4l ¥ ( Nicotiana
tabacum ,NtAACT , AAU9S618 ) % 4 M1 1ty AACT 78 14
J¥ 51 KH BLBE 35 s L 43 i R 96% ,96% ,96% ,85%
84% ,81% ,78% . Il DNAMAN # {}: %} 3% 8 Fli i 9y
AACT 25 B 19 2 B 1R )y 91 i 47 2 7 90 e X, AR 4R
InterPro Scan il 45 4t LaAACT 25 A 3 A% P07
FE, O3 0 S A A TR 114 T e -l v ) A 9 PR A R (93 ~
111 {37, VNKVCASGMKAVMFAAQSI) , B fife fiti {3 <F {7
(349 ~ 365 {3, NVNGGAVSLGHPLGCSG ) , i fit ity
VEPERE 4 (384 ~ 397 fi ,GVGGVCNGGG-GASA) | 3
HHABM Y AACT 3 A R 2 5L R 7 51— 2

M NCBI BLAST iy [t X 45 e v, % B 12 F Al
.3 R R 4 B EH M AACT EEAF A5
LaAACT,{fi F§ MEGAS5 % {4 #H 4P i $ ¥ ( neighbor-
joining ) #4) Jt Z2 G AL (& 3) , AL 7T DL
AR Rk IR B9 AACT 8 H e 2Rk FIH 8 A [
(95332, o0 R D R RN L = RS P
KPR R — KR, EERA— 3 AEMY) 533
XL A ) R B I R ) 43 00 SR Ol T S, LaAACT
FEESHY IR AACT A FEES T EL, R
THEW 3 3P R A, 5 AR T L RR S R
AT F AR R G R .
3.3 A7 3¢ pET-32a-LaAACT Ji #% 3R 3k 214 19 14
#  F BamH 1 #1 Xho 1 X745 45 M Y 7 45 ¥) PCR 7=
VAT ), 15 5] LaAACT JE K A B, SR 5 K% A
Bedli A BN WAL L BamH T Hl Xho T BURG I 1) 5 A% %
KR pET-32a |-, i £ 7 4% 3 ik #f& pET-32a-
LaAACT , ¥ 46 K i %4 i BL21 (DE3) 832 25 41 i
PR TR S USRS ] BamH 1 F1 Xho T AT KU
PIAE (B 4) , N Ik &5 2R bl L& 1A 6 000 bp
A AT B R BEAIT 1 200 bp 24 B9 H B3R R B,
A4 it 17D T 1) B B R K ) 1 8 ) D 0 O 4 R R
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L # 7+ Arabidopsis thaliana (NP_568694)
I Bk 5% Camelina sativa(XP_010482068)
Vi 3% Brassica napus(XP_013644279)
AT 3¢ Lepidium apetalum LaAACT

% Salvia miltiorrhiza(ABV08820)

i Nicotiana tabacum(AAU95618)
=-+tPanax notoginseng(AIK21787) THY)
& A Bk Tripterygium wilfordii(AKF41522)
1§ *£Phoenix dactylifera(XP_008811276)
11 Elaeis guineensis(XP_010942603)
7K % Oryza sativa (BAD22334) BFrAEY)
K Zea mays (NP_001148667)

/N K Setaria italica(XP_004977186)

/NERFEChlorella variabilis(XP_005844265)

3€ 1 4% ¥ Chlamydomonas reinhardtii(XP_001694888) | ik
[#3 Volvox carteri(XP_002959306)

fi % B% £} Saccharomyces cerevisiae(AJW10118)
% H 4 113 F Mortierella verticillata(KFH73378)
<=1k % B WiLichtheimia corymbifera(CDH58208)
# /K R B Rhizopus delemar (EIE90233)

BT A

HiF

Fig.3 Phylogenetic tree analysis of AACT protein amino acid sequences

~— 1200bp

M. DL 10 000 DNA marker; 1. BamH T Fl Xho T XA+
4 EERAHE pET-32a-LaAACT BB LT

Fig. 4  Identification of prokaryotic expression vector pET-32a-

LaAACT with double digestion method

B & 21 [k pET-32a-LaAACT 1 1) LaAACT 3% [ )5
H15 H K LaAACT () ORF 41 5¢ & — 3, %A
R B i 2R B A SR AR U ] R A% 3R IR AR pET-
32a-LaAACT ¥ HE 1)

3.4 LaAACT SEHEAMEZRIL itk Kl
J7 IEW0 B K W 3% A T BL21 ( DE3) B 50 f (% pET-
32a-LaAACT JikL) , ik ¥ 35 3%, 4 KW e AR K
ZEXE (Ao 0.6 ~ 0.8) ,7F 28 °C,0. 4 mmol -
L™"IPTG,150 r-min "' £ F 5537 8 h,i% S LaAACT
A MR IK 15T 58 UG $2 BRI 5 A T8 BV
Fif 47 SDS-PAGE 43 #7. 4 & 4 it &7 pET-32a-
LaAACT 7R % 4 i BL21 (DE3) i #k b 3R A 1,
FIEM LaAACT LB RS T pET-32a 24K 1945
27 5 (Trx-Tag , His-Tag # S-Tag ) , i ZAH XS 73
% & B A 61.38 kDa, SDS-PAGE %5 % & 7%, 1
60 kDafff iz 8 H /9 4545, 5 W 9 LaAACT FE 4]

- 38 -

A F B AT A S A 25 #k (pET-32a)
(g X HEBE &, 6 A RE 2% 1 (28 °C, 0.4 mmol - L™
IPTG,150 r-min ') F13: 8 h J§,K7E 60 kDa &b
AT, MAE 20 kDa 2b i 304547, IO pET-32a %%
1K) bR 25 17 5 ( Trx-Tag , His-Tag 1 S-Tag) £ PTG
BRI WaRBEN, K/NLH 20 kDa(E 5) ,SDS-
PAGE Z5 R % W] LaAACT 5 21 5 1 WL 78 K 7 % A
B BL21( DE3) Ttk th ik . M5 LaAACT 2 &
F 55 335 &1, 8% LaAACT H 4  HAE Kk
Ay BL21(DE3) B Ak o oK & 3R 35 IR WK, &
REY Y R 1 D R 1 )
%, R FH Ni-Agarose His #1258 1 2li4k il 7] & 41k H
A, AT R4 LaAACT A E A (EIS)
4 itig

AT SRAE Ry BRI R R R 24, OC T H R S 4k
2 A RN 2 32 T TR A 5 AT R4 A T AR
hAT SR 2GR R L 2 — SR TR A, A
AW IR AR KR DG T e R X 5 T IR D . AR
W E R IAT S &)y i i R R4S 31 T LaAACT
FEDH 5 A W E B2 A b R R TR g A Y
IR 7 5 & A B G O ST 25 R 380R TR M A
AT B LaAACT 2 15 AR 4 MVA i 42
AACT 25 A 24 5L 18 05 91 v 2 [R) R, J8 T 0 1 B K
R 5L, U B LaAACT 23473850 Rk &9 4
Y& MVA SRR RS 14 CHERG 2 5 CoA it 5L 7%
FoBE LN, HAT T 3 A E S 4 8. JIN 5% % B
M 2 A AtAACT ] 35 B, AtAACT2 28 78 ) 4
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