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Abstract; A limonene-6-hydroxylase gene involved in essential oil biosynthesis was cloned from ¢cDNA of
leaf of Mentha haplocalyx Briq. , which was named as MhL60OH , and its encoded protein was MhLO6OH.
The sequence analysis result shows that the whole length of coding sequence region (CDS) of this gene is
1 479 bp, which encodes 492 amino acid residues. Theoretical relative molecular mass of MhL6OH
protein is 55 855.69, and its theoretical isoelectric point is pl 8.71. In its secondary structure,
percentages of a-helix, random coil, extended strand, and B-turn are 51. 02% , 30.49%, 12. 40%, and
6. 10% , respectively, and this protein contains conserved cytochrome P450 domain, indicating that
MhL60OH protein of M. haplocalyx belongs to D subfamily of CYP71 family. The multiple sequence
alignment result shows that amino acid sequences of MhLLOOH protein of M. haplocalyx, MpL60H protein
of M. piperita Linn. , and MsL60OH protein of M. spicata Linn. are highly similar, and all of them
contain heme binding region of cytochrome P450; moreover, the sequence similarity of substrate
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recognition site ( SRS) between MhLO60OH protein and MpLO60OH protein is higher, and their SRS2,
SRS3, SRS5, and SRS6 sequences are completely identical, while there is only one amino acid
difference in SRS1 and SRS4 sequences, respectively, indicating that MhL60OH protein and MpL60OH
protein may have similar substrate recognition specificity. The phylogenetic tree analysis result shows that
the genetic relationship between M. haplocalyx and M. piperita is the closest. Tissue expression
characteristics analysis result shows that the relative expression level of MAL6OH gene in leaf of M.
haplocalyx is the highest and much higher than that in stem and root. The prokaryotic expression analysis
result shows that MhLO60OH protein can highly express in Escherichia coli ( Migula) Castellani et
Chalmers, and its expression level gradually increases with the elongation of induction time. It is
suggested that the tissue expression pattern of MhLOOH gene of M. haplocalyx is consistent with its
essential oil distribution, and the specificity of substrate recognition site of MhLL6OH protein may be the
important reason for menthol as main component of essential oil of M. haplocalyx.
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W 45 S v W 8 L60H 3 A Ff %1, A A Primer
Premier 5 #4511 X RS540, L5149 L6OH-F
(731K 5~ ATGGAGCTCAACCTTTTGTCG-3", F
#5319 LoOH-R )55l 5'~TTATTTATGGAGTGT
GGGAACC-3', ¥ # 1A & G KM 50.0 pL, 45
10xbuffer 5.0 wL, 25 mmol - L' Mg™ 4.0 uL, 20
mmol - L' dNTPs 4.0 pL, " ¢DNA it 2.0 pL, 10
pmol « L™ FUEM FUF5 445 2.0 pL, Ex Tag DNA
BAHF0.4 wl,ddH,0 30.6 pL, W FEFE H:94 C
A 4 min ;94 °C7ZEPE 40 s 55 CiE k40 s 72 °C 4E
190 s, 3t 30 MFER; I )7 72 CHEMH 10 min, FIJTT
IR 1. 0% IFHEHHBE RO 55 7 Wy R AT L vk
YI'F B 2515, Agarose Gel DNA Extraction 7] &
(Y TR (CRE) A BRA W) I B Y R B, 44 18]
W r=¥) 4% 3] pMD19-T Simple Vector [ A2 4) T. 72
(KIE) AR B IFFEAL BRI B ( Escherichia
coli (Migula) Castellani et Chalmers ) DH5a J8%57 2% 2
L (A ERE AE AR R AR & T 37 C
ZAF RS PRI T VR | O L ) BH P vE B O SE 4
FE TR AE Y HOARA FRA /AT
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120. 0 wL, €255 SYBR®  Premix Ex Tag™ 11 10.0
pL,10 pmol « L' EWFGIM A T US4 4 0.5 uL,
2R ¢DNA #i4 2. 0 L, ddH,0 7.0 pL,
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BAWEE 1 mmol + L', BT 37 CAMFREREIR, 5
T L6OH AR L, /4 ilBUER 0B ST (1.2.3
A4 h P, FE 4 CHRAF T 6000 r + min™ B0 10
min, WHEVTIE , i H] SDS—PAGE 31 #:1 B i) & 4
SESSTN IRV

2 HERFAM
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(& 1) AT cDNA Fonpe sl 1 £ KEY
1500 bp ISR 4547, 2P, %554 R L60OH %
, A4 MhL60OH , GenBank % 55 MK285052,
VG B2 W a5 R 22 . MRL6OH 3 H & (1 i
A1 (CDS) 4K 1 479 bp, gt 492 A~ F R vk
FE (K 2) 5% 5 X 4 b 1) £ 1 B fiy 44 0 MhL6OH , i%
BT LS A X 2T T A 55 855. 69, LA
JR pl 8. 71 ZE A A 5, a—BRTE R L)
R 51, 02% , ToHLIE i 9 LL A R 30. 49% , SiE fifi 6 1Y)
He R 12. 40% ,B-"5 FA B LG 6. 10% (& 3) . ik
Ab IR TS S A RSP R G R P450 S5 ( 1A
4) MRYEA I EE P4SO KIS FhrdE ", MhL60OH

5000 bp
3000 bp
2 000 bp
1 500 bp

1 000 bp
750 bp

500 bp

M: DNA marker; L: MhL6OH FE[H MhL60OH gene.

1 Hf MhL6OH EE Y 5 R
Fig. 1 Amplification result of MhL60H gene of Mentha haplocalyx
Briq.

1 ATGGAGCTCAACCTTTTGTCGGTACTTATAATCCTCGTGGCAACCTATACCGTATCCCTCCTAAATAAGCAATGGCGAAAACCGAAATCC
MELNLILSVYLTTITITTLVATYTVSILLNTE KA QWRZEKPIKS

91 CAACAAAACCAGCCTCCGAAGCTGCCGGTGATCGGCCACCTCCACCTCCTCTGGGGAGGGCTGCCGCCCCAGCACCTACTTAGGAGCATC
Q Q NQPPKLPVIGHLHLTLWGSGL®PPQHTLTILTZ RSTI

181 GCCCGAGAGTACGGGCCGGTATCGCACGTGCAGCTAGGAGAAGTGTACTCGGTGGTGCTGTCGTCGGCGGAGGCCGCGAAGCAAGCGATG
A REYGPVSHVQLGEVYSVVLSSAEAAIKTI QAWM

271 AAGGTGCTGGACCCAAACTTCGCTGACCGGTTCGACAGCGTCGGGTCCCGGATCATGTGGTACGACAACGATGACATCATCTTCAGCCCT
KvLDPNFADRFDSVGSRTIMWYDNDDTITITFSTP

361 TACAACGATCACTGGCGCCAGATGCGGAAGATCTGCGTGACAGAGCTGCTGAGCCCGAAGAACGTCAGGTCCTTCGGGTTCATAAGGCAG
Y NDHWRAQMRIKTICVTELILS SPIKNVRSTFGFTIRAQ

451 GAGGAGATCGAGCGCCTCATCCGGCTGCTGAAGCAGTCGGTGGGCGCGCCGGTCGACGTGACGGAGGAGGTGTCGAAGATGTCGTGCGTC
EEIERLTIRLTLI KA QSVGAPVDVTETEVSI KMST CV

541 GTCGTGTGCAGGGCTGCGTTCGGGAGCGTGCTCAAGGACCAGGGTTCGTTGGCAGAGTTGGTGAAGGAGGCGCTGGCAATGGCGTCCGGG
VV CRAAFGSVLEXDAQGSLAETLVZ XKEALAMASG

631 TTTGAGGTGAAGGATCTATACCCTTCCTCTTGGCTCTTAAACCTGCTTAGCTTCAACAATTACAGGTTGAAGAGGATACGCCGCCGCCTC
FEVKDLY?PSSWILLNILILSTFNNYRILI KTZ RTIZRT RTR RITL

721 GACCACATCCTTGACGGGTTCCTGGAGGAGCATAGGGTGAAGAAGAGCGGCGAGTTTGGAGGCGAGGACATCGTCGACGTTCTTTTCAGG
DHIULDSGEFTLEEHRVYVIKI KSSGETFSGGETDTIUVDVLTFR

811 ATGCAGAAGGGCAGCGACATCAAAATTCCCATTACTTCCAATGGCATCAAGGGTTTCATCTTTAACACCTTCTCCGCGGGAGCTGAGGCA

MQ K GSDTIZKTI®PTITSNGEG

I KGFIFNTTFSAGAEA

901 TCTTCGACGGCCATCTCATGGGCGCTGTCGGAACTGATGAGGAATCCGGCGGAGATGGCCAAGGTGCAGGCGGAGGTAAGAGAGGCGCTC
S STATISWALG SETLMRNPAEMAIKVYQAEVREATL

991 AAGGGAAAGACAAGCGTGGATTTGAGCGAGGTGCAAGAGCTAAAATACATGAGATCGGTGGTGAAGGAGACCCTGAGGCTGCATCCTCCC
K 6GKTSVDLSEVQELI KYMRSVVKETILI RILUHPP

1 081 TTCCCATTAATCCCAAGACAATCCAGAGAAGAATGCGAGATTAACGGGTTCTATATTCCAGCCAGAACTAGAATCTTGATCAACGCCTGG

FPLTIPIRA QST RETETCE

NGFYTIPARTRTILTINAW

1 171 TCTATCGTAAGGGATCCCCTCTACTGGGAAGATCCTGACACCTTCCGCCCCGAGAGATTCGATGAGGTTTCCAGGGATTTCATGGGAAAC
s I VRDPLYWETDPDTTFRPEIRTFDEVSRDTFMGN
1261 GATTTCGAGTTCATCCCATTCGGGGCGGGTCAAAGAATCTGCCCCGGTTTACATTTCGGGCTGGCAAATATTGAGATCCCATTGGCGCAA

D FEFTIPTFGAGA QR RTI

C PGLHFGLANTIETITPTLANR

1 351 CTGCTCTACCACTTCGATTGGAAATTGCCTCAAGGAATGACTGATGCCGACTTGTACATGGCGGGGACCCCAGGTCTTTCTGGGCCAAGA
LLYHFDWKLUPAQGMTDADLYMAGTU®PGLSGPR

1 441 AAGAAAAATGTTTGCTTGGTTCCCACACTCCATAAATAA
K KNV CLVPTILHK *

% LR Stop codon.

2 T MhL6OH EEZHRHBX (CDS) RESERF T
Fig. 2 Coding sequence region ( CDS) of MhL60H gene of Mentha haplocalyx Briq. and its amino acid sequence
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l: «-"25E a-helix; [lllll: ZE#4%% Extended strand; [l B—Z@ﬁ] B-turn; (I . TCH 02 i Random coil.

3 #7 MhL60OH &AM R &M
Fig. 3 Prediction of secondary structure of MhL60H protein of Mentha haplocalyx Briq.
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BILFROIE  Amino acid position

B4 #fr MhL6OH & 5 Ay g5 #isi Fiiml
Fig. 4  Prediction of domain of MhL60H protein of Mentha
haplocalyx Briq.

EAJET CYPT1 WG D WA,
2.2 ZEEXIFFHNLDH

FARAS ) T MhLO6OH 2 455 NCBI [ 3t v i
1oy J AL MU ABURE AT MpLOOH £ 1 (8 5r5 AIS36970)
IR = 4% MsL6OH &5 1 (5 5% %5 Q6WKZIL. 1) Y2
SERIFINHATZ LA, X2 R (8 5) e .

MhL60H % 15 MpL60H % [ Fil MsL60H Z& [ ) 4
SERR T A e AR, Y BT e 3 P450 (1M 21 &R
254 X (heme binding region) ; iX 3 F 7 fuf J& 4 4
L60OH £ H B U 7 5 (substrate recognition site
SRS) * SRS3 #l SRS5 1Y J¥ %1 5¢ 4= M [F], H. SRS,
SRS2 . SRS4 F1 SRS6 1 JF SN A3 A 51l 22 B R A7 7 22
5. JFH ,MhL60OH & H 5 MpL60OH £ H 19 SRS J¥
B AR PE B, & A9 SRS2  SRS3 . SRS5 Fll SRS6
FEHN5E 4T, A4 576 SRST Al SRS4 741 EA77E
1 MEILFR 2453, 38 MhL60H & 5 MpL60OH &
1 AT e ELA AR A RO e 51
RGN B e R (# 6) KB . MhL60H 4 1
5 MpL60OH 4 [ & 4o RAE — 2, I 5 950 4% =2 i 1o
( Mentha gracilis Sole) CYP71D94 & H #1 MsL60OH &

RLDHILDGE LEEHRMKKSGE
LDHILDGELEEH

Mh ; #ifif Mentha haplocalyx Briq.; Mp: HUREHEMT M. piperita Linn.; Ms; B8 >27F M. spicata Linn. SRSI,SRS2,SRS3,SRS4,SRS5,SRS6; F/RAHHY

TP 5 Indicating different substrate recognition sites.

B 5 T MhL60OH EH SMEHENE =% L6OH ERMNRERF NS ELL
Fig. 5 Multiple alignment of amino acid sequences of MhL60H protein of Mentha haplocalyx Briq. with
L60OH proteins of M. piperita Linn. and M. spicata Linn.
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&R —4, SHABAEY CYDT1 K1 D WK 1 E 11
Wi o3 U T S ARRE AT R X X R i, 5
TV 22 AT R RA 22 B SR 4 6 R AL B 5 oMl Al
VIR 6 R ARG .
2.3 ALREHEST

SERF 2¢O E i PCR &5 B (B 7) R,
MhL6OH FE PR 8 RH X 238 12 70 v fo i v e ey, 7E 22

100% McLL30H
1% MpCYP71D15
MpCYP71D13
100% 99% MalLH
100% MsCYP71D95
—[MgCYP71D95

100% TvL30H
TvL60H

1006t MsL60H
L MgCYP71D94

100%
0.05 MpL60OH
L 87% L— MhL60H

Genetic distance

McL30H. fin& ki fif L30H & L30H protein of Mentha canadensis
Linn.; MpCYP71D15. #UHE#if CYP71D15 #5111 CYP71DI15 protein of
M. piperita Linn.; MpCYP71D13. # # ¥ fif CYP71DI3 %K 1
CYP71D13 protein of M. piperita; MalLH . PN LH 251 LH protein
of M. arvensis Linn.; MsCYP71D95: B *27 CYP71D95 #H CYP71D95
protein of M. spicata Linn.; MgCYP71D95 . IAE 2E R R CYP71D95 &
CYP71D95 protein of M. gracilis Sole; TvL30H: H H 7 L30H #H H
L3OH protein of Thymus vulgaris Linn.; TvL60H: H B % L60OH & H
L60H protein of T. wulgaris; MsL60H: B %% L60H % H L60OH
protein of M. spicata; MgCYP71D94. i i 223 faf CYP71D94 & H
CYP71D94 protein of M. gracilis; MpLO60OH : HRURE W far L6OH 28 11
L60H protein of M. piperita; MhL60H : i L6OH & H L60OH protein
of M. haplocalyx Briq. 43 3AbH 43 8RR B ALK 1 000 UK A HL (8
Percentages at the branches indicate bootstrap values for checking 1 000
replications.

6 #ET MhL6OH ZERSH &Y CYPTI RIE D EREEAK
SEBF N RGBS

Fig. 6  Phylogenetic tree analysis on amino acid sequences of
MhL60OH protein of Mentha haplocalyx Briq. and proteins of D
subfamily of CYP71 family of other species
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0 1 1 J
#H2Root Z£Stem H-Leaf
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7 HEAREBEER MhL6OH ERE KA RiEE
Fig. 7 Relative expression level of MhL60OH gene in different organs
of Mentha haplocalyx Briq.

K2, FERR AR 5 3T L I8 PR o (4R X 38 56
I8 1R T A SRR h A R s
2.4 BEZFRESH

SDS-PAGE HLyk #a i 25 5% (1l 8) KW . & IPTG
W), EHIR AR 43 F i 60 000 Bt A 1 45
WA ZE A BUR/NS B 98 1 MhL60OH iy 3
WARX 2 F B A AT 7615 S 1 h Bl KRk, B
Bifi 5 75 N ) R 328 1 B ) TR T IR TG K

31000 s

M: & FFRIC Protein marker; 1-5; 43R /RESF 0.1.2.3 f14 h
Indicating induced for 0, 1, 2, 3, and 4 h, respectively. i3k~
MhL60H #4457 Arrow indicates MhL60OH protein band.

8 ARE%SHE# % MhL60OH & H#J SDS-PAGE ik Bl i
Fig. 8 SDS-PAGE electrophoresis pattern of MhL60H protein of
Mentha haplocalyx Briq. at different induction times

3 WAL

L60OH & R A AT 15 0 & A B 3 b R0, 2
i R AR A BRI — A E R, BT, B
ZETEFR A3y 8 A ) rh e B 2N gw % L6OH R 1 Ay 2
[RIUS9T H CDS KR 1 485~1 491 bp, H 4wt &
H T4 & T 40 i (5 R P450 BRI CYPT1 Kk D
WKW AW e RS 0w MRL6OH FE[H CDS 4
£ 1479 bp, A RSFRIAIML A ZR P450 451950, 18
T CYPT1 IR D KR

AN [ 07 B ML A2 PR Tl 4L 1l 25 S+ AR K, L6OH 2R
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