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Abstract:In this paper,the chemical constituents of Maca ethyl acetate extraction were studied, and its target proteins and
possible pharmacological effects were predicted. In the experiment, silica gel column, Sephadex LH-20 column chromatogra-
phy , HPLC semi-preparation were used to separate and purify the ethyl portion of Maca,and the structure was identified based
on physical and chemical properties and spectral data. Then, PharmMapper database, AutoDock Tools, Pymol software and
RCSB protein crystal database were used to perform target prediction and docking research on the isolated macaamide com-
pounds. Four compounds were isolated and identified as 2-(3-hydroxyphenyl ) acetonitrile (1), hexadecanamide (2), N-
benzylpalmitamide (3) ,and 3-methoxy-4-hydroxybenzaldehyde (4). Compounds 1 and 4 were obtained from this plant for the
first time. Results of molecular docking show that hexadecanamide binds well to lactyl glutathione lyase,S-methyl-5-thioade-
nosine phosphorylase , kinesin-like protein KIF11,and 3-oxoacyl-synthase 1,and compound 3 binds tightly to SEC14-like pro-
tein 2 and kinesin-like protein KIF11. Hence, compounds 2 and 3 are predicted to have potential pharmacological effects in
treating rheumatoid arthritis, cataracts,and alleviating muscle spasms,and are worthy of further study.

Key words : Maca ; chemical composition ;mecamide ;isolation and identification ;molecular docking

0 ( Lepidium meyenii Walp. ), X £ ¥ BREFI5 1 HUINAER 00 57 AN FEAAR Sy S chag Y
(Maca) ,J {2 04 TR RINZ L PR E =58 Ak WF5E A B, Bhobn v i 3= 36 P i o0 72 It e 26 A=
B N PR, B B B W EAT, IS 4 B A5 B A R AL A

1A 22 B A5 A B OERAT (4 B P A L
Wk H :2020-03-17 15 H 19120200401 FRNZG BTG PEHGE R . DR b, 24 S 6 o 35 i i e
WA R TR R 2 =5 T ES TR R MR ) 28 2SS T T AL A 4

At B (i (2018 )43 5) . 3 T
# MAGEH Tel:86-23-61969195 ; E-mail : 15310292980@ 163. com BSAETE  JF HLAEA R IO B oy 0 A o o




48 KIRF=YIB R 5T K

Vol. 32

1 SEIg#r#y
1.1 kiR

HLUNSR H o R 2, 2R R 2 K 2 2 2 e
R IR Y E N T FAEFL Brassicaceae T TR)E Le-
pidium W Lepidium meyenii Walp. [T ARZE
1.2 UFE5iKH

Bruker 4% ff e W A% ; gAY . MicroTOF-Q 1T iz
TG HEE AT L2 2T I GF254 (75 BTk
T.J ) ; Sephadex LH-20 ( i # Amersham Pharmacia
AT B, G G35 9, o iGn 24 23 #r 4l
(HGERR AL TR ) 5 GF254 Tt Jie il 4 1 2 A (A
VLRI KA RATD) .
1.3 HXRGRBEERER

PharmMapper %% #& & ( http ;//www. lilab-ecust.
cn/pharmmapper/ ) ; RCSB & [ A $ 48 2 (https . //
www. resbh. org/) ; ChemBioDraw 14. 0; ChemBio3D
14.0; AutoDock Tools-1.5.6;Pymol 2.3.3
2 ZEHHE
2.1 RRENSH

kR 9 kg, FH 60% L BERIGRAEI 5 WK, A
2 h, G IR BRI 11 g £, ¥ 4 W NN 7K 3
SIE 6.25 LV, BT o0 S, U A
fik (60 ~90 C) LM L1 IE T BEAEHL, 4315 AN [A] 2
RN o IR CRFRALIRE (75 g) , LARE B T FF
FE HEATREAE (35 202, 1 P - TR BE (1 00
L) VR B, R IOV 252 R A I O, 15 18
MUEEERLZ (EA ~ER) . #F EB (EC &4 5 I (EBC
1.95 g) ,EF \EG #B{& 3: (EFG 3.55g) , ¥ EBC ¥
AL EE- 28 £ 153 (100 1-0: 1) 46 EE SR , 1531
PRI AR CEBCT ~ 1) 5 EFG SRALT 1 AL
LR (30: 100 1) BB FEVEML, 155 9 AR
HL(EFG1 ~9) ¥ EBCT7 FRALid i #E e LH-20 A3 A0
TR WAHIS 24 59 3 Fi 45, EFGL Fl EFG6 P8
A3 5038 5 ] 4 AR 2> B R AR B S 2 AL,
2.2 UEMENETE

ARG W 53 I E K (D, 0) il , #1 ] Mic-
roTOF-Q IT 11 Waters Synapt G2 Tof-HDMS Jiii ji%{¥ ,
FEAT 3 ANE DU 5 AP Bruker B 3LHRAX,
W5z H'H NMR " C NMR F1 DEPT [, i e # i
4y
2.3 EDE ST

i# 1L ChemBioDraw 14.0 FiI ChemBio3D 14.0 %k
HSEIT LR b &9 2 A1 3 19 3D 4549, IR ORAE N

mol2 A%, KHALEW 2 A1 3 1Y mol2 A% X LA
PharmMapper %415 J72 i 17 #8 5 0000, 25 PR 5808
“Generate Conforners” £ #§“ Yes” ; “ Max Generated
Conform ations” 3E £& “300” ; U #i I £ £ “ All Tar-
gets” ; “ Number of Reserved Matched Targets” & ££
“3007 , HEARTHIN S5 RARYE “ Fit Score” #1269 77 X
e Ao m AL G ) S A VE R R . AT
FEH T T HEAHET 20 H 5Pt S
2.4 EWMEHEXBEIREASFXE

AR E R TARE “2. 37 i g R AT ik
7€, JF N RCSB 25 1 df Aotk e b R #E S F Y
3D @R S5 #, PR A7 pbd By 44 X, 8 & ChemBio-
Draw ,ChemBio3D # {5 5] T iR fb-&4 2 13 1Y
3D 4544, IFORAF N pbd #62, SRH] Pymol 2. 3.3 &%
(R TS S B R L5 v RV N i ) O i - B 5
A AutoDock Tools-1.5.6 MR K 4 FIFEINE
J5 5, IR A7 pdbat SCE, KN TG YA
AutoDock Tools-1. 5. 6 Ak, FHN 5 5 H8 a7 L 40 BL 5L
TR, A RN AT eSS, ORAF N pdbat SC
. Gridbox AetR Ko K/NE 58 42 4R 1 70 1 Wb
i, % AutoDock #4743 F %f 4%, “ Search parame-
ters” YB3 Genetic Algorithm” |, X 42245 5 vl # 4k % H
Pymol 2.3.3 BCMHEFF4b3,
3 #R
3.1 LEMEMEEER

EW 1 EEMARWAK; 5 T #5; HR-
ESI-MS: m/z 134 [M + H]*; m/z 156 [ M +
Na]*;"H NMR (600 MHz, CDCL ) 8:7.19 ~ 7.16
(1H,t,J =7.8 Hz),6.82 (1H,dd,J = 7.8,1.8
Hz),6.81 (1H,s),6.79 (1H,d,J =7.8 Hz),3.62
(2H,s) ;C NMR (150 MHz,CDCl,)8:155.2,131.0,
130.3,119.8,118.2,115.2,114.9,23.0, L |44 53¢
R IR Y 2- (3-8 2R —3L

WwEW2 R AR 5w T A0 H
NMR (600 MHz,CDCl,)é8:2.34(2H,t,J =6.6 Hz),
1.63(2H,m),1.25(24 H,m) ,0.88 (3H,1,] =7.2
Hz) ;" C NMR (150 MHz, CDCL,) §: 180. 4, 34.3,
32.1,29.9,29.9,29.9,29.9, 29.8, 29.8, 29.7,
29.6,29.5,29.3,24.9,22.9,14.3, Ll 5 X
[NRRE eIV e g

a3 AEEk; 5% TE ) HR-ESI-MS
m/z368 [M+Na]*;'"H NMR (600 MHz, CDCL,)s:
7.31~7.34(2H, m),7.28 ~7.26 (3H, m),5.75



Vol. 32

FULHGEE BN 202 BRI 43 B 4 B B B 43 T XA

49

(1H,br s) ,4.44(2H,d,J =5.4 Hz),2.21 (2H,t,J
=8.4 Hz),1.64 ~1.66(2H,m) ,1.25 ~1. 31 (24H,
m),0.88 (3H,t,J/ =7.8 Hz) ;" C NMR (150 MHz,
CDCl,)5:173.1,138.5,128.8,127.9,127.6,43.7,
36.9,32.0,29.8,29.8,29.7, 29.7, 29.6, 29. 4,
29.4,25.9,22.8,14.2, UL 5 Scik™ RE ny
o U e 5t — B

&4 P EA;'H NMR (600 MHz,
CDCL,)5:9.80(1H,brs),7.41 ~7.39(2H,m) ,7. 02
(1H,d,J=8.4 Hz) ,6.26(1H,s),3.94(3H,s), Lk
B Sk R A s R RE— S

(2) Bt (3) i 8 L AR, I LLE Fit Score” 15
O IR I RO e 2 R b HE R I 20 5 NRBG
FRE APPSR 1 322 o sl X
M AR BT 0, FRATRT LIS 3 AL 58 2 A 0
(ELAR AR AL 155 L IBE A e H 0K SR A g L - 26-5-B AR
HRHFBERR ALl IR 1 KIFLL 3-8 AUt S5 1
1S5, GEIAL &) 2 al e SE VE R AR .2k H
MRS A K a3, EUIMKMERAH
SEC14 FEER 1 2 FIUIRAE 1 KIFLL, 3o Rz
AR 5 BT R 25 38R L P9 B W IR L 22 T
LREIE EMRNLIAAIZE R S ASCBN . X LerE

3.2 LEYWIERBRTNER PSR G 2 TN 3 25 B RORRTIN A 24 B
armMapper % iss =i 7 Gl EAS TR %,
R4 PharmM Bodn AT B 7 RE AR BE R TR PERY S (AR TRANTSY
x1 UEY2HWEBERER
Table 1  Protein-target of compound 2
J¥ 5 EHEG S HEH ERER i ARES S PR
No. PDB ID Target name Fit score Possible diseas
FLIEA Ve H R 2L A it — .
6 1bhs Lactoylglutathione lyase 4121 T A
-5 O L e Ty
L Leg6 S-methyl-5-thioadenosine phosphorylase 4.096 T RIR TR R RAR
PR ZRT AR R LR 5 S U s SLIRATRT 5
0 - WOKFESE T KIFLL s os SRS AT OB
' Kinesin-like protein KIFTL HEAURBRL S A A5 L A
SR A AR/ M 5 B AN AR 5 45 L e R
X hEZR AV =) N
15 Hj4 3-Oxoacyl-[ acyl-carrier-protein ] synthase 13' o0t AL S
®2 LEM3IHNERERER
Table 2 Protein-target of compound 3
¥ 5 SR R RN WA EL ARES S PR
No. PDB ID Targets name Fit score Possible disease
, - SECI4-FEE 12 g TN RS X e B B
SEC14-like protein 2 ’ W ERISEEIE BN A A4
T FRAOTR R AT B R R 5 Rk I 5 BRI R 5 Sk SR A
18 2y BUKHEA 1 KIFLL 4,096 < FANNAE s AUNRT s OO s SR J T 2 4 i

Kinesin-like protein KIF11

TR 3 JAAE 5 /N AR 5 W A 5 245 M R

3.3 SFEER

HRAE 2. 4 T X4 077, AT AR BN 31 A
BT K34 50 ot HaA X, MR F AR 45 & fig (lowest
binding energy , LBE) fif % #2455 X i 17 AT ¥4k 53 7 -
gh G e/ NI N TR S S E A TR Z ]
(RSEFIRE ) B AT . W H2 25 R AR B I 3% 3 ik
4, ZHEXTHERIULIE 1 R 2, 323 FE T A At mE
JHi 5 4 Fh AR B 24 250 i DT A DL, B e e 5

e Pt

FLIBE AT e H PR 228 ik it 11 245 255 A1 114 LA 8
ABHREFIEA 2 S SZ A5 5 S-F JE-5-Hf LR
TR AL ) 2528 AT ) 25 5 2T vp AT T A B K AR
12 AU SZ 15 5 BOIRAE 3 1 KIFLL 25235 9 45
BRI A S DHUKRHIEA 2 DS A 5 35
fUBEEE-Er il 1 2550 AE 5 260 A 3 UK AR

fEF ] ANk, 324 fE 2 Bon, it 5
SEC14 FEEE 1 2 B R85 3% Leu 160(C) \Leu 320



50

KIRF=YIBE R 5T K

Vol. 32
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Table 3  Target protein docking results for compound 2

KIF11 34845 28 Phe 28 (A) Pro 45(A) .Pro 45
(A) Met 70 (A) .Phe 72(A) .Phe 72 (A) . Ala 74
(A) KAEGKIER , B S Z A,

a2
No.

EEER S
PDB ID

HARS A hE
LBE (kcal/mol)

ZEETRHE(A/B §E)
Binding residues ( A/B chain)

St

Combination type

11

15

1bh5

21ky

14

2. 66

-3.59

2. 65

-1.92

Phe 67(A) i 7K 8 Hydrophobic interaction

Leu 69(A)
Phe 71(A)
Lys 150(B)
Leu 160(B)
Phe 162(B)
Phe 162(B)
Trp 170(B)
Lys 156(B)
Met 157(B)

A4t Hydrogen bonds

Pro 175(A) i 7K £ Hydrophobic interaction

Phe 177(A)
Phe 177(A)
Phe 177(A)
Ile 194(A)
Val 233(A)
Val 236 (A)
His 65(A)
Ile 67(A)

S Hydrogen bonds

Ala 267(A) i 7K Hydrophobic interaction

Asn 271(A)
Asn 289 (A)
Leu 292(A)
Tyr 352(A)
Ser 348 (A)
Arg 355(A)

8 Hydrogen bonds

Arg 279(A) i 7K Hydrophobic interaction

Lys 282(A)
Met 285( A)
Ile 292(A)

S5 Hydrogen bonds
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Table 4  Target protein docking results for compound 3

5
No.
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PDB ID
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LBE (kcal/mol)

L5k (A/B )
Binding residues ( A/B chain)
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Combination type
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LEU 160(C)
LEU 320(C)
VAL 336(C)
VAL 336(C)
LEU 337(C)
LEU 353(C)
ASP 357(C)
TYR 361(C)
TRP 305(C)

PHE 28(A)
PRO 45(A)
PRO 45(A)
MET 70(A)
PHE 72(A)
PHE 72(A)
ALA 74(A)

i 7K 8 Hydrophobic interaction

w-HEFL m-stacking

/K Hydrophobic interaction
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Fig. 1 The molecular docking of compound 2 with target proteins

H:AB.C.D35IFRIEY 2 55 1bh5 [ 1egb 164 Fil 2fky 2 H#Y 3

D #5445, Note:A,B,C,D represent the 3D binding patterns of compound

2 with 1bh5,1cg6,1{j4 and 2tky proteins,respectively.
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Fig. 2 The molecular docking of compound 3 with target proteins
VE A 1B 23R R BN 5 106u F1 2fky 2K 1Y 3D 45454455, Note: A and B represent the 3D binding patterns of compound 3 with 106u and

2fky proteins, respectively.
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