YGRS B2, 2026, 35(4) : 32-40

Journal of Plant Resources and Environment

Wi AR MR B iz S H McLTPIT .9 5
ARG W B SR T 50 A

EEE, 2 HC TAR, BER, T O, A4t 0 #, 2ERC

(VLA E R Bem e B (R s P el ) TR A SR O S R A S50 %, YLO5 At 210014)

BWE . NEITWHAT (Mentha canadensis Linn. ) PARS: 4 IR Bi%% 12 25 H McLTP 11.9 J& 15 ELA PARE 21 & W) 26 Fl e
71, % KBRS KA McLTP IT.9( McLTP I1.9-ASP ) #E4 72 FI TS5 F8 43 B7 5 AR 41 DAL 90 45 SR 35 IO £ 7t R0 £ )
FFRRRE HHERT R PR o TR 6 FhEATE IS AL & R AT Ay R WO, AT RSN A U MR RE, S5 R R
McLTP 11 .9-ASP 455 0 ) nsLTP 1T 2544038k, =2 2540 E B o BEHES loop XA AL, H. McLTP 11 .9-ASP 7K 14544
A AT TR, S TFRHETISE R EP  McLTP 11 .9-ASP 5 6 Rk & W B A 2 E61EH , Hh 5%
REREFN - PRI SR A SR 28 Y, H Leu8  Leud5 Phe48 1149 T 68 R T EL R ILIRLS A0 . RIS GG S0 50
SERRW] McLTP I1.9-ASP 5 LR i AL S W3RSS5 &, O HL45G Be 1 B R BN/ INBYIRUT 5 43 X 42 2% F g F0
R B ARUON I IREE WA B o IR AT AR Fr s AT . 255 /BT 2R B McLTP 1.9 RHE 45 &
RS Y, BAT AR 132 DIRE

KR Wi EREFEIR SR A RS A Y TR SR RANGIE

FEES: 074; $567.23°5 XHERARARED: A NXEHS: 1674-7895(2026)04-0032-09
DOI: 10.3969/].issn.1674-7895.2026.04.04

Affinity analysis of McLTP II.9 ( the non-specific lipid transfer protein from Mentha canadensis )
with monoterpenoids WANG Jingting, LI Li® , QI Xiwu, FANG Hailing, YU Xu, LIU Dongmei, LIU
Qun, LIANG Chengyuan™ [ Jiangsu Key Laboratory for Conservation and Utilization of Plant Resources,
Institute of Botany, Jiangsu Province and Chinese Academy of Sciences ( Nanjing Botanical Garden Mem.

Sun Yat-Sen) , Nanjing 210014, China], J. Plant Resour. & Environ., 2026, 35(4) . 32-40

Abstract; To investigate whether McLTP I[.9 (the non-specific lipid transfer protein from Mentha
canadensis Linn.) possesses affinity for monoterpenoids, protein structural analysis was performed on
signal peptide-truncated McLTP I1.9 ( McLTP I1.9-ASP ), and six monoterpenoids, namely menthol,
menthone, linalool, pulegone, limonene, and a-pinene were selected based on previous research findings
for molecular docking prediction, followed by in witro binding activity validation. The results show that
McLTP II .9-ASP harbors a core nsLTP Il domain, its tertiary structure is mainly composed of a-helices
and loop regions, moreover, the protein structure of McLTP II.9-ASP is reasonable for further analysis.
The molecular docking prediction results indicate that McLTP II .9-ASP exhibits binding interactions with
all six monoterpenoids, among which the affinity with linalool and a-pinene is particularly prominent, and
Leu8, Leud45, Phe48, and 1le49 may serve as important amino acid binding sites. The in vitro binding
activity experiment results show that McLTP Il .9-ASP  could bind to all the aforementioned
monoterpenoids, and the binding capacity ranking (from high to low) is generally consistent with the
molecular docking affinity prediction result, in the following order: linalool, menthol, a-pinene,
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menthone, limonene, pulegone. The comprehensive analysis indicates that McLTP I1.9 is capable of

binding monoterpenoids and possesses potential transport functions.

Key words: Mentha canadensis Linn.; non-specific lipid transfer protein; monoterpenoids; molecular

docking; affinity; in vitro validation
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P8 LBR N smfs 5 I, #F 2% BR 15 5 KB McLTP I1.9
Gt—455 ;) McLTP I .9-ASP. ) NCBI Conserved
Domain Search 7£ £k T. 2 ( htips: / www. ncbi. nlm. nih.
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ZRACEAVE R 1A fne] AL, 5 3D EIE B E
YEHTEE AL
1.23 AR EHE  FIH Eastep® Super i RNA 425
TR G (TR0 22 A 2R W ™ it A R ] ) 48 B Ay
A& RNA, Jf F HiScript I Q RT SuperMix for
qPCR X7 G (P B i MERE A DR e AT BR A W] )
[ 55 h cDNA

DA cDNA NAEHR , McLTP I1.9-ASP-F ( J# 5
9 5" = GTGACGTGCGACCCGGTG - 3') Fll McLTPIL9 -
ASP-R(JF31°H 5'-~GCACTTAGGGTATGGAATGTGAC
A-3") 5] %, F) ] Phanta Max Super - Fidelity DNA
Polymerase ( g 5 i MERE A= RS e AT BR AW L 37
BEAR B McLTP IT.9-ASP F Bt , ¥ 3 & 2 EAAR T 50
pl: FIERIR 519145 2 pL dNTP Mix 1 pL.cDNA
FEAZ 1 WL Phanta Max Super—Fidelity DNA Polymerase
1 pL.ddH,0 18 pL.2xPhanta Max Buffer 25 pL, ¥~
HAFEF .95 C TR ME 30 5595 C AR 15 5,58 C ik
30 5,72 CHEMH 90 5,35 MEFF, R B AFUM L
1% JEHHEE I FL UK T PCR 9 34 =W b 1740 5 S5 46
WA SanPrep FE20 DNA B [mISRH) & (4= TAE W)
AR ) By A RS 7] )6 H By 2% 47 U0 [ml
W j4lifk, i 5 min TA/Blunt—Zero Cloning Kit ( 74
SUMERR A R e A R A K alifb s B H
FES pCE2 TA/Blunt-ZeroTA/Blunt AR TR s
Wil I B Ak 28 R AT RS2 S 20 i DHS e (It 38R
YRR AR AR JFAES 50 mg - L RIREGR
1Y LB [ 4 5% 73 56 v (8] B 55 52 %, A 2 x Hieff
PCR Master Max ( 2 & 4= W RL 47 ( 2 ifg ) By A BR
A JHFATHT PCR $0IE, 938K R SR 20 L. |
BRI F #5144 1 pL.2xHieff PCR Master Max 10
pl .ddH,0 8 pL, P HFF .95 C AP 30 5595 C
AP 15 s 58 CiB 2k 30 5,72 °CHE{H 90 s,35 PMEHR,
VEHPH PR BA TE A% 2 A T AR TR (i) I A5 FR
N HE S 19 M13-F (JF 514 5 ~CAGGGTTTT
CCCAGTCACG-3") Hl M13-R (F%1 4 5 -GAGCGG
ATAACAATTTCACAC-3") & BT
1.2.4  McLTP Il .9-ASP % & ¢ 5¢ % &k FI| H PR il
PEN I EcoR 1 % pCold 1 AR HEATL M4k, FI
PG M McLTPIL9 - ASP - pCold 1-F (JF 51 Ny 5' -
ACCCTCGAGGGATCCGAATTCGTGACGTGCGACCCGG
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TG-3") MIMcLTP I[.9-ASP-pCold 1 -R(JF41 K 5'-
CTATCTAGACTGCAGGTCGACGCACTTAGGGTATGGA
ATGTGACA-3") 5[ McLTP I1.9-ASP J¥ 51, ¥ 4 )7
L B SRR H Y R B S Y pCold T
AR B AL IE 5 A McLTP I .9-ASP-pCold |
YL TR AL 2 KA AT R R A2 S A0 BL21 (bt
FHEVIBHR AR AR o PR ERETE S 100
mg « L'E N EHEEMN LB KK 323 37 CHR
KiFR % 0Dy [ 0.4~0.5,F 15 CAAF F A4 30 min,
WIS RN -B-D - AL AT (PTG, &9 B 0.1
mmol - Lfl) ,15 CHeVZHEEF: 24 h J&5,T 4 °CT 8000
remin B0 5 min, WEFEMK, XH High Affinity
Ni—Charged Resin FF 841300} (43 A= YRk 4 iy
FRRARD)  Fe i B 45 v A0 3R E AT 2R 4l Ak, B e i
7 H B A UFC9003 # 3% & (% [ Merck 2
Hl)  B5 8 IxERERZE WA W (1xPBS ¥, pH 7.4)
PEAT I8 2 55 W 47, 3454 His FR2ZE 8 McLTP 1.9 -
ASP [, B T-80 C AR IKFRAE

B 40 pL gifb /5 B AR, 5 10 pl 5XOmni-
Easy ™ #iA BB (1 _EARZE Wil (L0 ARG A P s 25 R
AT FE4MR AT, 100 °C 4 @B 5 min, fd
BEFAE, SR ERBE15% T i 3L iR
Y-SR TN A TR g B e (L v il 2B P s 2 BB A PR
H])FE 100 V {5 R Z&F T LK 85 min, 5 T rkig
80 V fHRFL [ R — 9 LM (PVDF) i )45 min; %
JESEEE 5 K PVDF BB T 4 C 44 F B i,
AF# B 2 000 £ () THE™ His Tag Antibody [ HRP ]
(mAb,Mouse) ( & Wi =R A RAF) %
WEIFE 2~3 h, 2 J5 ] TBST 28w il ( & 1R B 43 %
0.1%MM:3 20 1) 1xPBS ) Ye¥& 5 K, BEK S min;
e, ECL Ak &Rk & ( il = RAEY
ABeAn A R 47 8, 3 3 Tanon 5200 Multi
AL KRR R G (LR e Rl A A R
INE]) REF LSRR LE R,
1.2.5 McLTP 1 .9-ASP ¥40%& & ) 23 ¥ R & -
6-A 5B (TNS) 25 A& TNS 2 —Fhii KDk
TRET  FEK I DR S 055 , 5 88 1 T /K ks 245
B JEUOCIRE B, @A McLTP I1.9-ASP
HAF AT TNS 456 )5 2005 5 1 55 2 A2 1k,
P HE TS HA TNS Z5 406 M, 4% 18 Liao 251 1)
T s 4 N, BT 3 wmol + L7'TNS 22 o
W, 1 pmol + L' McLTP I1.9-ASP H 4 & (H Fl

3 pmol + L™ TNS B ZZ 0¥, 7% 1 pmol - L™ E Wk 1Y
McLTP Il .9-ASP S 415 1 F1 3 pmol - L™'TNS Y%
MR, & 1 pmol « L7 & BB 1%) McLTP 11.9-ASP Sl
I .200 mmol - Lflilﬁffﬁbtg@?(DTT) HI 3 pwmol -« L!
TNS W28 ik, 22 P IRIE o 175 mmol - L' H &
fE2.0.5 mmol - L7'K,S0,.0.5 mmol + L' CaCl, FI
5 mmol « L™ 2-NBk £ R (MES) ,pH 6.5, 7E&
96 fLEGEFRHR A 200 WL £ 4b BEVE W, 75 25 C T
¥E 5 min 5 ,ﬁﬁﬁ Tecan Spark Multimode Microplate
Reader FFRIL (Hii =t Tecan A F]) (#4320 nm,
R FHK 437 nm) BEEHSOGIE

1.2.6 McLTP I1.9-ASP £41% & TNS B # 5% 1E
Be AR 3 4 B HLSEG | 1) TNS -3 B R & o A f%
DUTCAR ST A B RE T 4P o 418 B 1 BT /K 45 667 o,
JEHE TNS B4 0ok, W58 A5 5 i e 44 ok B v i
BETRAG, L A s R, e B O A 5 2 1 B 1 285
eI, A E bR A far B AT TR | AR 5
WA AP A a— YR M 6 FRECMR B i T —
FEPAR(DMSO) H, Bl SO R T AR MR 100 15 Y Bk
W, MR Liao 451 (5200 9R 58 i BB (L% TNS,
£ TNS Fl McLTP 11 .9-ASP % [, & BRI TNS, &
A TNS H1 McLTP Il .9-ASP #5 [ A4 52 v &, fd JF) Bt s
IGHATH I RE | B HE B SR T DO K E o %
KK T 2 ( Michaelis-Menten equation ) % %¢ Y6 4%
KA 5T G RO LR B A TAR LM I 405, 75 2 AH
N IR BU(K,) K (E N 55 R e

2 HERAM

2.1 McLTP I.9-ASP & H & #44r

XFEBRAE5HR (26 A2 2R ) (1) McLTP 1.9 (68
NREEIR ) AT 5 545 A S8 DG B 2 TR 3 A 7
M, 455 (K 1-A) 78 : McLTP 11 .9-ASP 415 #%.00 1
nsLTP I Z5 4 58, SCHE 2 B PR AT Leu8 | Leu36 , Lys41
Phed3  Leud5 ., Phed8  1le49 | Asp50 . Tyr65 | Lys67, —
AELER TS5 2R (8] 1-B) 7R McLTP I1.9-ASP 4
F ) B R o BRHES loop X, 3 57 G 56 IE
B BAE A PE 25 R (B 1-C) Wos . HaE SR ik
FIAG G F IR X, KRR R LG
B s (R BHIE B S AR B L R, O] AN G B
Pre 523 wh g, nl i G 8031 % KR SCH LI A

ik,
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Fig. 1 Protein structural analysis of signal peptide-truncated McLTP II .9

2.2 McLTPI.9-ASP 5 &5 R S WM& FxT1E
T & 4

McLTP IT.9-ASP 5 i faf [, 797 fa Ji] |, % 4% 1 | 57
VAT TSI | oo— VR Y 3 X T 45 A (B 2
M 1) s .6 FERRE LA P A McLTP 11.9-
ASP o BT B B K Js v, 5 s P B A S R AR Sk 2
] 3 B AE A B K AR, B ke Jk R — or R
McLTP IT.9-ASP 53X 6 Fi b A4 i ek 4h & 6E 34 /)N
F-20.92 kJ + mol™ , U] McLTP I .9-ASP 5 ik
WAL A B 45 4 s tE, Hod, McLTP 1.9 -
ASP 5585 BE 1) S IR 45 5 BB -25.44 k] - mol ™', 3%
A w5 a- R MM K45 & B h-24.89
k)« mol ™" SERN ST LAE S 28 H 5 5 A L 114) 25 45 A
XL RS A e -21.80 k) - mol™', FEZE AL
SUEAEFRIE R R I 4 S5 H R 2 i A
% : Leud5 Phe48 1le49 Leu8, Hi1, Leud5 5 6 Fiifk
VAL, B5 AR 57 FR i a— IR M T REATF
1 2 1% 3 A7 25 45 4 Phed8 5 5 FL S WA 454,
ESEAWEATI - YR AT BEAT 3 Tk 4 Ab 7 sS A5G ed9
5 4 b EWss G, S a- IR i REF71E 2 Ab
MEEA s Leu8 5 S LG WA 454, B0 w4y I nJ
REAFAE 2 P A,

I F ARSI o . WA EE S LeudS M HEZ B

Bk 0.342 nm , AT S Leud5 B MEE R 254 0.360
H10.395 nm, FFHEEL S Leud5 HIHEZ IR BN 0.363 il
0.336 nm, B MEFT 5 LeudS 19 MES I B0 0.365

A T Menthol ; B: i1 Bl Menthone; C: F5FE[% Linalool; D #7
oy il Pulegone; E: lag e Limonene; F. a—-JEM a-pinene.

B OGS N BLIRrT, BEE% CURBIRESH O 2 A AR AT T A9 2 R
FRILMGEE | IR 2 i 26 7 i K A AR T (BE S A m—Be SEVE ) Orange
sticks represent the ligand molecule, blue-green sticks represent the side
chains of amino acid residues interacting with the ligand, and gray dashed
lines indicate hydrophobic interactions (alkyl and m-alkyl interactions).

B2 ERESKE MLTPI.Y 56 MATEXUSWHNS FIE=
#E

Fig. 2 Three-dimensional diagram of molecular docking of signal
peptide-truncated McLTP I .9 with six monoterpenoids
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R1 ERFESHKE MLTPI.Y 5 6 FBATFR L SNMNRELESENES LR EERE

Table 1 Minimum binding energy and binding site interacting residues of signal peptide-truncated McLTP II .9 with six monoterpenoids

&Y FAREE A RE/ (KT - mol ™) (N NCNER (5 2

Compound Minimum binding energy Interacting residues at the binding site!

J#4nf i Menthol -24.35 Pro5(1),Tyr39(1) ,Leud45(1) ,Phe48(1),11e49( 1)

THfr B Menthone -23.89 Pro5(1) ,Leu8(1) ,llel5(1),Tyr39(1) ,Leud5(2) ,Phed48(1)

515 Linalool -25.44 Pro5(1) ,Leu8(1),lel5(1),Tyr39(1),Leud5(2) ,Phe48(1),1le49(1)
HAMEAT Pulegone -21.80 Pro5(1),Leu8(2),Alal2(1),llel5(1),Leud5(1) ,Phed8(4) ,1le49(1)
M Limonene -23.77 Pro5(1) ,Leu8(1),Leud5(1)

a-JEHM a-pinene -24.89 Pro5(1) ,Leu8(1) ,lle15(1),Tyr39(1) ,Leud5(3) ,Phe48(3),1e49(2)

D355 INBUCT M EAEFRIEEL The numbers in parentheses indicate the number of interacting residues.

nm AP 5 Leud5 M HERFE B4 0.366 1 0.391
nm . o—JR M5 Leud5 HUHESIE I H 0.363.0.373 Fl
0.392 nm, # 7E 43 R b 7K HE Z 5 BN (/N F0.400
nm) . HA IR Leud5 A% S HESIE B 1L 6 Fib
a4 G ot ORI,
2.3 McLTPI.9-ASP EHZEHK TNS £4iF 4
oS

McLTP I .9-ASP 5 His b2 6l A )5 19 B4 5 M
FHERRERE N 95, HHM 4y F L 29 10 450, HAER
FIY TNS (RSN G52 s 25 L (1 3) SR AR TS
TNS AYALFE A McLTP I1.9-ASP 4 & 115 2¢Ot
H 5% (P<0.05) 34, i m A & Wk (% McLTP 11.9-
ASP H 4H & 1 LA 2 7 200 mmol - L7 DTT £ 2%
McLTP 1 .9-ASP HAL )5 , 28 A3 in e B4/

40000 -
2
<
>
2 30000 - a
5
2 b c
(0]
220000 4
E
=
4z 10000 1
R
"‘\
0 1 1 1 J
TI T2 T3 T4

AbFR Treatment

NP EHARNEG FRHEREREFH (P<0.05) Different lowercases

above columns indicate the significant differences (P<0.05).

T1: f4% 3 wmol - L™'INS Only containing 3 wmol - L™' TNS; T2: &
McLTP I1 .9-ASP H4H & f1 3 pmol - L~'TNS Containing recombinant
protein McLTP I[. 9-ASP and 3 pmol - L7' TNS; T3. & & Wk 1
McLTP I1 .9-ASP & ¢H & 1 Al 3 pmol - L™" TNS Containing boiled
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