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Cloning and expression analysis of lavender alcohol acyltransferase gene (AAT)
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(1. College of Agronomy, Xinjiang Agricultural University, Urumgi 830052, China; 2.Lavender Research Institute of Xinjiang Agricultural University/ Xin-
jiang Key Laboratory of Crop Improvement & Germplasm Enhancement, Urumgi 830052, China)

Abstract:  Alcohol acyltransferase (AAT) can catalyze the combination of acetyl coenzyme A and terpene alcohols to pro-
duce various types of acetate compounds. In order to explore the regulatory role of lavender AAT gene in the synthesis of ester
compounds, the cDNA sequence of lavender AAT gene was cloned by reverse transcription PCR using the leaves of lavender strain
Zahua as the test material. The length of the cDNA sequence was 1 344 bp, and the encoded protein was composed of 447 amino
acids, which was a non-transmembrane hydrophilic protein and belonged to the PLN02481 superfamily. The AAT in lavender was
closely related to the EgAAT in yellow monkey-faced flower, with a similarity of 60. 87%. The expression level of AAT gene was

lowest in bracts and highest in petals. At different developmental stages of corolla, the expression of this gene reached the peak

WS L8 . 2023-04-27 at the full-bloom stage. Prokaryotic expression vector pET-

ESTE . F 4 TR (7 X T AR % T (2022B02036-1) ; [11 5 28a-AAT was constructed. The optimal expression conditions
[ SRRl B4 i X B2 3 4 30 H (31760429 ) ; 3 iE 4k 5 of the recombinant protein in Escherichia coli Transetta
IR AR KRR AT KIFEHHR” IR T ERH A A (DE3) were screened. The relative molecular weight of the
FEFRIE (2020Q016) 5 [ K R %A QB I &l 35 recombinant protein was about 5.026x10*. The recombinant
(201810758003 ; VEP~# T i “F P} Kk J 3k 4: 5 H ( XNCD-
KY2021015)

EEF T8 H#(2000-) , 2, IR B L ATTE AL, T8N S REAC
R FE AR ., (E-mail) 1642101080@ qq.com

BIEE . 55 718, (F-mail) smm1980@ yeah. net; T % I, ( E-mail) ther verifying the function of lavender AAT gene in the syn-

wangaifantop@ 163.com thesis of ester compounds.

protein existed in the form of inclusion bodies and had the bi-
ological activity of catalyzing the synthesis of linalyl acetate

from linalool. The results of this study provide a basis for fur-



600 H K&k 2% W]

2024 4E 5 40 & B4 )

Key words: lavender; alcohol acyltransferase gene (AAT); cloning; expression pattern; enzyme activity identification

HARFARIE AR S B — R SR KRR
RHED  RUELA B A 5% (8, G AE Tl o 412 B
AT 2 T 38 A AR Tk AR B2 2
DRAEESTIR > BEACRORS I R SRR | D R
SERESSMIRALIN Y | LRI R  — R R M T
AR A S W, HAT BT 07 B A L Rt
B DA, 2 22 T 44 SRR Il ) 2 oy 2
— O AR IR A S TR R T S
IR (Isopentenyl pyrophosphate , IPP ) F1 — H Py & —
W2 ( Dimethylallyl pyrophosphate, DMAPP ) B4~ Rij {A&
Yo, eAT] 32 5 2k 4 53 45 ( Mevalonic pathway
MVA) Fl 5t /& i 4% ( 2-C-Methylerythritol-4-phosphate
pathway ,MEP) & 5", IPP 1 DMAPP A L) 7 I ot
SEREREME (AAT) BIMEAGAE T 5 Bas R 2 Y Al 2
Y, BRIHRERE R BEAS O] DUEAL S I 0 A S
PUIGBERT AL b L BEA T A 5 i A I S A 245
18 T DM 2RI G 1 P AR B R BE 55 T RE M
R A, AT A RS S 0 0 T T R 2% 26 S IR iR AL 5
Yy AT AL SO S R E s

ARk, [ N AP XA AAT JE BT T ) 1z F
FE, BN T A ZEE LR R RS e
SR PARAS T AAT B JFX HORE DI RETH R 1R
T, Shalit % A H ZEHORAR A — A~ AAT
, s H 2 A i A S0 B AE AN A B R R i
B L BRSRAL B W) 1A RITE ] 2088 B STt
A SRk IR B e i W, 5 e T H
% RAAT SN FHS 5 T CRAFM BRI S L, Cris-
tian 25 HARE T IR VpAATI 3RS 5 T ARHE
ST, FEHEE R RORE FuAATW2 I 1Y
MR A RS I, D g R s
PR R R, Li ORI MAAAT2 S
WEH TSERBERY G . NI, AAT B A
P S B URAT — 2 AR

IR G T A R I B A% Tl B PR AR R DL
B, AHETE LA i I A R A AE M RO AR
SERETF I 1 T A B I L A AL WAL DY AAT R I
S % BE ¥ 12 ( Complementary deoxyribonucleic acid,
cDNA) FFA, 434 1 1%k e A B AL s B AN )
AL R ACTEA ) K I b g Rk R 00, 0 8 1
FAYBE R 0 A% R 260, JR HEAT T SR BT R AR S

B PRGN, LUSHI O i — 2 BIF T AAT 5 (R AR A e
Be2EW o5 P AR FH B T A

1Rk

1.1 EYH#

DUBSEA M 22 A 2 B 3 A B a0 b 1) A A48
FI R R SRR A RL, LB R 4 B R A R XA AL
W S BTG MIO T BB R AL N R IA S
AR, A6 R TR R HARRE T T -80 CHB A
TR KFR IR A28
1.2 RXIgiF

pET-28a #AA iy 4 52 50 3 & 1t | S I 5 't o 1
PCR {7 &, TransZol Up,pEASY ® -T5 #4k  KIFT
DHS5a JEEZ A, AT GV3101 Bz 2540, 1
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Table 1 AAT gene primers used in the experiment

EIE7 A7 BAFRRIFF(5'—3")

AAT-F ATGGCATCCACCAAAACCCTGAC

AAT-R TCACAATGCTGAAAGATTGAGAGTCC
qAAT-F CCTCCCCCGATATCTCCAA

qAAT-R CGCAGGCTGCCACGAT

B-actin-F GCGAAATGCGATACTTGGTG

B-actin-R CAACTTGCGTTCAAAGACTCG

PAAT-F CGGAATTCATGGCATCCACCAAAACCCTGAC
PAAT-R CCAAGCTTCAATGCTGAAAGATTGAGAGTCC

2GR

21 EXREEBGEHEBHBEREAAT WREMFET
S

DAHEAC HE 5 R 22 AR 10 e cDNA S ASAR, 37 44
A AAT FEH (181 1) . FIH NCBI B ORF Finder 73
Mt AAT FEH 751 | 123 DR A 3 PP 51 B2 oA 1 344 bp,
L5 B 2 T 447 AR IER 4L, A X4 TR
HON5.026x10%, S5 5N 8. 61,

M 1

1500 bp
1000 bp

1344 bp

M : Marker VI ;1:PCR ;=4
E1 BEREAATEESKFIINGTEER
Fig.1 Amplification results of the full-length sequence of AAT

gene in lavender

FELERE P T & B0, AAT 25 (5 5 ket Ftek, 2
JREENS, T RS b, ol REEE AR, J& T PLN02481
BRI, 410 17 H %R ( Glycine, Gly ) /- H /D,
F-2.989, /K MfRc ;309 ViR ( Proline , Pro) ZME.
IR, R 2. 111, SRR RS , TR R 5k 2Rk R
B, AAT BRI R ES 12 4 o180 16 1
B-HrE AN 29 A TCHLIN i 5 2 BT = A I
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WG %, H451 5 PLN02481-2super Z 58 F BT
ZEERIABAL, A% ER BT PLN02481-2super 1%
E A IREALL,
22 EREAATEASEBRFIMNSEILRME
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WE R EAmmAL ., LT SR i e R
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Fb X 25 5 3 B 33 26 3 51) 359 5L A A W) T S 5 RS Tl
( BAHD) ZR A 1 18 BE AR ~F 45 0 38 HXXXD ( 165-
169 Z8 FER 5% 3L ) 16 PR AL S B N i DFGWG (378-
382 R AR IR ) ARk, A WA BAHD K%
TR SFLE I LXXYYPLAGR (74-83 LM 5% L) (&
2), KL, FEARE AAT JEHE T BAHD 3 K%,

CcAATSEQ IRNBNET SCTCCO 9%
CsAATSEQ A )
DhAATSEQ NMASKKSIT. . 98
EGAATSEQ ...MPAIT.. RNTESVCA. %
MBAATSEQ VAST F.SST RYDESMOGR 99
MdAAATSEQ VMAST F.SST RYDESMOGR 9
MrAATSEQ VMAST STSST KYDESVRGR 100
NnAATSEQ . .VATSSST RYDESVEGRI 9%
NAATSEQ NMESKCSSKT 100
SIAATSEQ VMASTNATT. . o8
HACEAAT SEQ MASTKILT. . o8
CcAATSEQ TRRGT RAETVP
CsAAT.SEQ YT IARGT RAETVP
DhAAT.SEQ TIWRGCRSISTP
EGAATSEQ RGAKSESTP
MBAATSEQ REGATFETVO
MdAAAT.SEQ REGATFETVO
MrAAT.SEQ ARGARAESVL
NnAATSEQ RGAHAESVP
NtAATSEQ CGASAESVT,
SIAAT.SEQ RAAFMESVT,
HCEAAT SEQ al MRCATAESIO
CcAATSEQ KNTTTE
CsAATSEQ KNTTTE
DhAATSEQ KGTTTET
EGAATSEQ KGTTTET
MBAATSEQ KGTITE
MdAAAT.SEQ [KGTTTE ]
MrAAT.SEQ [KGTITE 295
NnAATSEQ RGTTTE 293
NAATSEQ KGTTTE 295
SIAAT.SEQ RGTLTE I8 298
HAHAAT SEQ 3 290
CcAATSEQ 39
CsAATSEQ /R 390
DhAAT.SEQ SEVTEEYMKE 393
EGAATSEQ SCVTEEYMR 388
MBAATSEQ \[AYFVA (ACVTFEHVRS 393
MdAAAT.SEQ [@Q(eNAT AYFVAVT 393
MrAATSEQ (CNE 3%
NnAATSEQ 392
NtAATSEQ 3%
397
39
457
..... 457
........... 456
455
456
456
...NCKAE..... SGTK. .STFTASN 458
...RCFIC..... CPHICTSTFITSA 458
...KCTAF..... TUNTNYATTREAT, 460
IKRCLCCTIR. ... . AVRKCSTFTASAT, 466
\KCERMVITAARTINISAL . oo v veeeennn 47

Ce. 5831 T /IR (XP_006437408.1) ; Cs. HiTHE ( XP_006484694.1) ; Dh. HEH 1 & (KZVS53802.1) ; EG. # (04 i 4 ( EYU41389.1) ; MB. 1113
F(TQE08000.1) ; Md.3EH (RXH81406.1) ; Mr. 44 ( KAB1205273.1) ; Nn.faf £ ( XP_010275172.1) ; Nt. HH % ( XP_016451575.1) ; Si. 2R ( XP_

011085895.2) ,
B2 EREAAT EAMSEERF LY

Fig.2 Amino acid sequence alignment of AAT protein in lavender
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Liéﬁ(Ma/us domestica MbAAT, RXH81406.1)
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[ ke (Morella rubra MrAAT, KAB1205273.1)
1001 4 %5 (Nicotiana tabacum NtAAT, XP 016451575.1)
PR (Sesamum indicum SiAAT, XP 011085895.2)
i H 36 A (Lavandulax intermedia AAT, ATW81431.1)
faf{E(Nelumbo nucifera NnAAT, XP 010275172.1)

HAONE AL (Erythranthe guttat EgAAT, EYU41389.1)
[ SR 1R/ (Citrus clementina CcAAT, XP 006437408.1)

100 V58 (Citrus sinensis CsAAT, XP 006484694.1)

100
65
99 e
94
82
02

3 EREAAT EAMN RS
Fig.3 Phylogenetic tree of lavender AAT proteins
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Hl EcoR T Fl Hind T X Y] pET-28a #K {4 il
AAT JEDR B DI AAT IR A BE S5 38504K DNA A B
PR T A 3K pET-28a-AAT,, XU L Ik 45
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Fig.4 Spatial and temporal expression of lavender AAT gene

25 EBEREAATEAZEANREZGERERTES
B Y R IR AR pET-28a-AAT HEATiH S F£IA,
FHEHTE 0.2 mmol/L.0. 4 mmol/L 0. 6 mmol/L,
0.8 mmol/L. 1.0 mmol/L5 /> IPTG ¥ & T ¥ fig
iK, 24 IPTG M BE M 0. 6~ 0. 8 mmol/ LI 5 4H 75 [
Fih A (K 6A) ;7E2 h 4 h .6 h .8 h 10 h Ay

ST FHRERES, I H AAT M ER R S5iES
A S B A O (15 i T K, ek i IR | 415
A A 2 h IR R B (B 6B) 3 7E 25 C
28 °C 37 CANFIRE FHRIAE S HirE A RIE, Y
URLEE N 37 °C,7E0. 6~0. 8 mmol/LiY IPTG H12 h 4
PF N EAE A RIK GRS (8 6C) ; H L, E#E IPTG
WFEHM 0. 6~0. 8 mmol/L iF5F 0] 4 2 h 35 TR
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Mo 12 37 CHENIZEAE AR RERFRE R, R

13008 § 35 BB FHLL b 25 F378 S35 () T4 26 115 AT R R 43
2500bp TR RN —3(5.026% 10°, [/ 7) , 1% 4R 1 5 LA
1000 bp e WRRIE X APETE

2.6 ERE AAT EEMEEE M

Fatifb s 19 AAT & F FDF R BEIR A 5 17 i
TR, Y B S 0 R T AR 25, 583 min B A U 2|
T L5 RERR (K 8) , RWIFEACE AAT 4 H 2 A i

M: Marker 15000; 1; 5 4 i i pET-28a ( +)-AAT; 2 T 2 5T kL A TIFAERE A N 2 TR T RS S B A Wi e
pET-28a( +) -AAT,

B 5 EARH pET-28a( +) -AAT BINEEYIEE
Fig.5 Identification of recombination plasmid pET-28a ( +)-

500 bp

AAT by double enzyme digestion

M1 2 3 456 M 1 2 3 45 M 1 2 3
100 000— @

. 120 000
80 000 100 000

80 000
60 000
50 000
40 000

60 000
50 000

40 000

AAT

30 000
20 000
A B C

30 000

A " M ProteinRuler ® TI;1~6 4354 IPTG ¥ 0 mmol/L 0.2 mmol/L 0.4 mmol/L 0.6 mmol/L 0.8 mmol/L 1.0 mmol/L, B ', M:Protein-
Ruler® II;1~5 4331 A A 0h 2 h4h.6 h.8 h, CH' ,M:ProteinRuler® II;1~3 4351417 SLEE 25 °C 28 °C 37 C.,
6 EARILRI pET28a-AAT FEEMMIELER

Fig.6 Screening results of induction conditions of recombinant expression plasmid pET28a-AAT

M1 2345 L2 2 4 S5 6 M
— -
-
60000 — =i - B = A
= E___ — AAT 40 000
40 000 — e “gE- 000
_EET 20000
FEES
000 =BEBES 12000
Hi—=sB&s
N B

A 1, M ProteinRuler ® T;1~5 4358 pET-28a 25 # 2 1 \pET-28a 25 8 IF )5 B [ AAT AR E A AAT TAVEFE M AAT EL4LE A
%5, B, M:ProteinRuler ® I;1~6 /354 pET-28a 25 # 4 E 1 pET-28a 25 i FF B 1 AAT HHLE I AAT FHIFEFE N AAT FH
BB SIS B AAT EHE SIS,

7 BREAMTEAZARZRIERARELE

Fig.7 Prokaryotic expression and solubility characterization of lavender AAT recombinant protein

3 i i G4y AEHEACE S B P R 2, % 3 B
e SO 5 R L A A 2 Ml 0 e LA T
VBRI S I TR A S T T X AWFSCR A RT-PCR AR B K 5ol T #E A
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Fig.8 Validation of lavender AAT enzyme activity
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AAT FEPTE AL v G 23k B AR, FE A 1) 363k
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