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Mo RABEMEE (MTT) . MaR4iMAR . Western blotting 557730, LLMliJE NCI-H1299 40 FL s i 24k MCF-
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Taxanes in Taxus cuspidata cv. Nana and its anti-tumor activities

LU Xuan, SUN Ye-qing, CHENG Zi-qi, FENG Bao-min
College of Life Science and Biotechnology, Dalian University, Dalian 116622, China

Abstract: Objective To study the anti-tumor activity of taxanes isolated from Taxus cuspidata var and its anti-tumor activities, with a view
to discovering alternative varieties of 7axus. Methods High-throughput sequencing technology is used for transcriptome sequencing, and
molecular docking was used to preliminarily predict that the Taxus cuspidata var has the ability to produce taxanes. The chemical constituents
were isolated from the total alkaloids of the twigs and leaves of G. multiflora by using silica gel, Sephadex LH-20, and HPLC chromatographic
methods Furthermore, the cytotoxicity of some compounds against NCI-H1299 (human lung cancer cell line), MCF-7/ADR (human breast
cancer drug-resistant cell line), AGS (human gastric cancer cell line), and HepG2 (human liver cancer cell line) were tested by MTT, Flow
Cytometry and Western blot methods. Results At the molecular level, it was verified that the Taxus cuspidata var has the ability to metabolize
and produce taxanes, and on this basis. Six taxanes were isolated from the Taxus cuspidata var, and they were identified as taxol (1),
cephalomannine (2), baccatin I1I (3), 2-deacetoxytaxinine J (4), 2-deacetyloxy-13-deacetyldecinnamyl-taxinine J  (5) , and 2-deacetoxy-50-
hydroxytaxinine J (6). Conclusion The cultivar Taxus cuspidata has the ability to metabolize and produce taxanes, which can be used as an
alternative resource for 7axus to a certain extent.
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BRGREY R, mRL AR
NFIRIRPUMIE 254, Feia TIPS MR
g AR/ e BB SRR I E B2,
BRI AR R ml R T2 2, BUREE
Z 1 B S8R, SR amn—
WRWEY), FHEZEA] R 9 KK, BFETLITH.
VAV 72 NN whveZ NS AN v N pve 2 7 11y iy =1
HEFHEYERIENAEAS, HErtS E3A KR A
CLEAZEMEY) 11 B, KER AR IR X DA
BT HLIX, A DE B AR ARSI . RIRLLE
AR, ERFHEOREZ], ERERS
ARG TR, B A HATAEDR & EIS
ToiEi R IR TR REL RSB R BTE — N
TS . LK Taxus cuspidata cv. Nana NARILLLE
RS, BAWEE. %, BRI RN,
AR, TR T T H AT,
MR AL 2 B o3 b [T ER S, HEDRREAZ nT e AL
TABREEH .

B G AN B R G MY & S
AN, B DR AR LR )L
FAERIR (GGPP) IMUAE S A M [ taxa-4(5),11(12)-
diene], AP ST H A2 A BCEAZSBEAL S (P MR
ARG, PICEAZ Ia-E iy B an T RIS
EWIRET B AR OGRS, fERYAN, Wi
TN IR G 48k v LR B B A
B A=) 6 g B DR ) R AE IR, X — AN 77
FEPIIFARC, PRI ARSI B e R R A R &
BRI TIE AT, TR EA TR0, W)
WHIWIEREN 2 T BA R A BRI &)
AEJ). HEMR A I ETETTIE IR 95% LEEHEL
Yih o 153 6 MR EY), e NER
i (taxol, 1) =427, (cephalomannine, 2). E
5 I (baccatin I, 3). 2-XAMEELEETT (2-
deacetoxytaxinine J, 4). 2-% LA RE-13-5 ABE kR
FEE-2A27 ] (2-deacetyloxy-13- deacetyldecinnamyl-
taxinine J, 5). 2-%K LB -Sa-FREE LT T (2-
deacetoxy-5a- hydroxytaxinine J, 6). HHT =242 7W,
MERS I 5REERAARREHZER, HRA
P G ) SR A 2 — (DY TE3R, Rl =247
THAIE R 11X 2 MEEY S A2 BT AT
PUMBEER T DU NCI-H1299 408, FLE
24k MCF-7/ADR., & % AGS 21 /il LA & 41 i HepG2
JH e AR Y, It MTT 20 000 A [) N 5 1A e 8

1 B 358 G PR 4 L R P K e A A 0 X A
[ N8 28 240 e ) O A A2 3R D, 380 Western
blotting A5 Wl 7 T AH ¢ A & 47 14 328 38 7K S WL %of
Ji 983 21 il Cleaved-caspase 3 FKIA IR .
1 {E5HH

LC-20AR B =il AH A CHAR BEEATF]D;
Bruker 500 HMz #ZREHARIX (FE[E Bruker AF]D; KA
RV8/BH 10 Jie#% 25 KA (5 [E IKA 541 ; VARIOSKAN
FLASH 2 Diie 4 K Eghr X (32 [E Thermo Fisher 2
A]; FEIERER (200~300 H, F S TAT);
GF254/H 2 (OIS (F Bk T2 F]D; Sephadex
LH-20 %% (GE Healthcare AF)).

FERCR A RIERAAG N, & (PEEYE) ot
W NIREKS T cuspidata cv. Nanao. I8 i SSAZEEIE
H Solarbio 22 7], Jii & 73K T 98%, 546 F i NCI-
H1299 4. FLIWEMZjHk MCF-7/ADR. B¥# AGS
YRR HepG2 2L, T ERNERE i
MfE, MTT R7& WUNBRAEDIHE AR B A R
"D, pAAG A Al Al
2 ERENFS 5 FiE

FIF 8 I SRS 4L S SR I 28 P )
REEIRICA TAS . KIE R T N IR KA AT
B WHWF, /3 HPEE %S [taxe-
4(5),11(12)-diene synthease, TS)ER A [RIYEIEA . [
JERIRE 2 41 TS @5 DNAman B NE LR,
I E—2HSCRRIRIE P AL 3 4, SP IR IR
5 MARFEEIER - 7EIEIERE AT FIYRB R AN]D 7
TXHE, @ EAREEN A By CHBREET
gERe, ARPEER B RIS S E T EE AL B,
C BRSSO i, MR ORI AT 5 & Grid Box Ak
WA K& TR/, 3K Autodock vina.1.1.2 #4745
FXH%. ¥ exhaustiveness ZHOFE N 20, HHEHAI N
SIS R e . TCRE A RO, HAbSHOY K
BAMNE. &5, ENEERIT o RENHSH
Free Meastro 11.9 AT Z5/EE /04T, &5 R ILER 1 FIE]
1o &REWH, BELTEL _HAHTFS5 R

#1 EHA~C5 GGPP £AkE
Table1 ligand A—C scores

AR IR LS 24 fig/(kJ-mol )
FHA  GGPP_config_outl.pdbqt -33.46
#FHB  GGPP_config_outl.pdbqt -35.16
FEHC  GGPP_config_outl.pdbqt -32.23
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Fig. 1  Superimposition of protein A, B, C and small
molecule binding
G MEE ZER, HEAYIHESKY) GGPP 44
(RIRE ST, HE AR A2 A AR AR A2 e Ak
HYIMRE
3 ERSENE

BB T e (1.8 kg), 95% B
PEEL 3 IR, BHX 30 min, 15 BRI (150.8 2.
WRAE AR . S e R, &Pk
AR R IR E (452 ).

THRFREIRE (4529 SRERA G (200~
300 H) 43, S kE-HEE (100 @ 0—100 © 100)
BEEEVEL, 133 203 M. MR EE AR,
B &GN 1T DTS (Fr.G1~GL1T), 454
B B BT A5 R, Hob Fr. Ge. G7 B2k
FEWHRZ

HE—25 K Sephadex LH-20 %[5z 43 ( F )
X G6.G7 AT 73 #5453 146 M/ (Fr.N1~N146),
HAr N7, N12. N15S LR RZ .
K FH il 2% B v RURAE B 6 N7 N12. N15 34T
SyEaith, KK 227, 274 nm, BFEFEEN 200
uL, AR E 4.0 mL/min, ] LC-20AR #: il
2%, Ultimate XB-C s 11 A+, N7 £ ZH5-/K (45 ¢
55) MM TR BEANBHE 1 (15mg). 2
(26 mg)+ 3 (21 mg), NI2 fELME-/K (45 :55)
MM T & B\ a3 b 549 4 (8 mg), NI5TE
LMK (45 0 55) M T & S At/ b &)
5 (18 mg). 6 (14 mg).
4 HMEE

& 1. s REE (FED, %51 254 nm
LA B IS BT . "TH-NMR (500 MHz, CDCl3)
1.15 (3H, s), 1.24 (3H, s), 1.69 (3H,s), 1.79 (3H, s) /&
4 NHIEES AEE BN EWRFIENE; 2.24 (s,
3H),2.39 3H,s) A& 2 NS5 1.88 (1H, m, 6-
H), 2.36 (2H, m, Hx-14), 2.55 (1H, m, H-6a), 3.80 (1H,

d, J = 6.5 Hz, H-3), 4.20 (1H, d, J = 8.2 Hz, H-20a),
431 (1H, d, J = 8.3 Hz, H-20b), 4.40 (1H, dd, J=8.7,
7.8 Hz, H-7), 4.79 (1H, s, H-2'), 495 (1H, d, /= 9.0 Hz,
H-5),5.67 (1H, d, J= 6.6 Hz, H-2), 5.79 (1H, d, J= 8.6
Hz, H-3'), 6.23 (1H, t, J = 8.7 Hz, H-13), 6.27 (1H, s,
H-10), 6.99 (1H, d, J = 8.6 Hz, NH), 7.61 (2H, d, J =
6.9 Hz, Ar-H-23), 7.74 (2H, d, J = 7.2 Hz, Ar-H-24),
8.13 (2H, d,J=7.4 Hz, Ar-H-25); 3C-NMR (125 MHz,
CDCl3) 6: 172.7 (C-1"), 73.2 (C-2'), 55.0 (C-3"), 167.0
(C-5"), 79.0 (C-1), 74.9 (C-2), 45.6 (C-3), 81.2 (C-4),
84.4(C-5),35.7 (C-6),72.2 (C-7), 58.6 (C-8), 203.6 (C-
9), 75.60 (C-10), 133.2 (C-11), 142.0 (C-12), 72.4 (C-
13), 35.6 (C-14), 43.2 (C-15), 21.8 (C-16), 26.9 (C-17),
14.8 (C-18), 9.6 (C-19), 76.5 (C-20), 167.1 (C-21),
129.1 (C-22), 130.2 (C-23, 27), 128.7 (C-24, 26), 133.6
(C-25), 170.4 (C-28), 22.6 (C-29), 171.3 (C-30), 20.9
(C-31), 133.6 (C-32), 127.1 (C-33, 37), 128.8 (C-34,
36), 128.4 (C-35), 138.0 (C-38). 203.64 #& C-9 i)
BRILNHFILE S, 5170.4 F1 0171.3 2 ZEEFE %
55, 022.6 1 § 20.9 5& 2 4 LBESEE F A H RS
5, 021.8 F1626.9 & 2 MAH G, H5 Sk
T [ AZ BE I R, PR A A R, Wi e A&
/B WSk YA TR

WEY 2. AEERREE (FED, %4 254nm
AbA W RSB A . TH-NMR (500 MHz, CDCls) 6:
1.15 (3H, s), 1.26 (3H, s), 1.68 (3H, s), 1.80 (3H, s) /&
BRI A VIEEYE ) 4 DNPIE(S S, 2.25 (3H,
s), 2.36 (3H, s) X 2 ME TR RN CEBEFH THAE
Y1 LN R RIS T —ANEUE S, R Y
b2 AN RS S 1.73 BH, d,J=6.1 Hz, CH;-
4", 1.76 (3H, m, CHs-2"), 1.88 (1H, m, H-6p), 2.24
(1H, m, H-14p), 2.34 (1H, m, H-14a), 2.55 (1H, m, H-
6), 3.79 (1H, d, J = 6.5 Hz, H-3), 4.19, 4.30 (each 1H,
d, J = 8.4/8.2 Hz, 20-H2), 4.40 (1H, dd, J = 13.2, 7.8
Hz, H-7), 4.71 (1H, d, J= 2.0 Hz, H-2"), 4.94 (1H, d,
J =9.2 Hz, H-5), 5.62 (1H, d, J = 8.6 Hz, H-3"), 5.67
(1H, d, J=6.2 Hz, H-2), 6.21 (1H, t, J = 8.7 Hz, H-13),
6.28 (1H, s, H-10), 6.44 (1H, d, J= 6.9 Hz, H-3"), 6.50
(1H, d, J= 8.8 Hz, NH), 7.34 (1H, m, Ar-H), 7.41 (4H,
d,J=2.9Hz Ar-H),7.51 (2H, t,J= 7.4 Hz, Ar-H), 7.62
(1H, t, J = 6.6 Hz, Ar-H), 8.13 (2H, d, J = 7.0 Hz, Ar-
H); 1BC-NMR (125 MHz, CDCl3) d: 79.1 (C-1), 74.9
(C-2), 45.6 (C-3), 81.1 (C-4), 84.4 (C-5), 35.6 (C-6),
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72.2 (C-7), 58.6 (C-8), 203.6 (C-9), 75.5 (C-10), 133.1
(C-11), 142.1 (C-12), 72.3 (C-13), 35.6 (C-14), 43.2 (C-
15), 21.8 (C-16), 26.9 (C-17), 14.8 (C-18), 9.6 (C-19),
76.5 (C-20), 171.2 (C-21), 170.3 (C-22), 22.6 (C-23),
20.9 (C-24), 167.0 (C-25), 172.8 (C-1"), 73.4 (C-2"),
54.9 (C-3"), 12.5 (6'-CH3), 169.0 (C-5"), 138.1 (C-6"),
131.9 (C-7"), 14.0 (C-8'). ¥LA FHHE 5 SCHRARIEL
M, AL MRS 2 =02 TR
&) 3. FEERE R (FRD, %4 254 nm
Wb RIS BE, S%RIR £ B R 5 6 'TH-NMR
(500 MHz, CDCls) 6: 8.16 (2H, d, J = 7.5 Hz, Ph-H),
7.61 (1H, t, J = 7.4 Hz, Ph-H), 7.51 (2H, t, J= 7.3 Hz,
Ph-H), 6.14 (1H, d,J=10.3 Hz, H-10), 5.56~5.48 (1H,
m, H-7), 5.40 (1H, s, H-2), 5.36 (1H, s, H-5), 5.31 (1H,
s, H-13), 5.13 (1H, d, J = 12.4 Hz, H-7), 4.68 (1H, s),
3.70 (1H, d, J = 11.1 Hz, H-20a), 3.63 (1H, d, J=7.5
Hz, H-20b), 2.99 (1H, dd, J=18.5, 13.0 Hz, H-3), 2.74
(1H, d, J=19.5 Hz, H-6a), 2.48 (1H, d, J= 12.6 Hz, H-
6b), 2.14 (3H, s, CH3CO), 2.11 (3H, s, CH3CO), 2.02
(6H, s), 1.29 (3H, s, CH3), 1.26 (3H, s, CH3); '3C-NMR
(400 MHz, CDCl3) d: 204.76 (C-9), 170.98 (10-OAc
C=0), 170.13 (4-OAc C=0), 84.20 (C-5), 80.13 (C-4),
79.65 (C-1), 76.89 (C-20), 75.92 (C-10), 74.85 (C- 2),
71.93 (C-7), 68.12 (C-13), 58.82 (C-8), 45.09 (C-3),
42.02 (C-15), 38.13 (C-14), 35.10 (C-6), 26.14 (C-17),
22.23 (4-OAc Me), 20.45 (10-OAc Me), 19.08 (C-16),
15.89 (C-18),9.23 (C-19). 4 LA & 5 SCRI k47
YRR, R ERA B, MU e G 3 R L
&Y 4: BEmAREAR (FED. 'TH-NMR
(500 MHz, CDCl3) BEAFRHEES 60.88 (3H, s, 19-
CH3), 61.10 (3H, s, 16-CH3), 61.63 (3H, s, 17-CH3),
52.34 (3H, s, 18-CHs) NEEAZ L AL S W FFAE FH 2k
55, 61.7,1.98,2.03,2.08 3H, s) N 4 ML Lk
A TES . H 'TH-NMR (500 MHz, CDCL) 155
V)& N 6:1.00 (1H, m, H-140), 1.80 (1H, m, H-2), 1.89
(1H, m, H-1), 0.88 (3H, s, H-18), 2.72 (1H, m, H-15p),
3.03 (1H, d, J=3.2 Hz, H-4), 5.04 (1H, brs, H-20), 5.41
(1H, brs, H-20), 5.59 (1H, m, H-6), 5.68 (1H, dd, J =
11.4,2.1 Hz, H-8), 5.84 (1H, dd, J= 8.4, 7.0 Hz, H-12),
5.96 (1H, d, J=11.4 Hz, H-10), 6.28 (1H, d,J=11.5 Hz,
H-11), 6.56 (1H, d, J = 16.4 Hz, H-2"), 7.37 (1H, m, H-
7", 7.42 (1H, m, H-6"), 7.47 (1H, m, H-5"), 7.79 (1H, d,
J=16.1 Hz, H-3"), 1.10 (3H, s, H-16), 1.63 (3H, s, H-

17),1.72 (3H, s, 13-OAc), 1.94 (2H, m, H-7), 1.99 (3H,
s, 10-OAc), 2.05 (3H, s, 8-OAc), 2.08 (3H, s, 7-OAc),
2.34 (3H, s, H-18); *C-NMR (125 MHz, CDCls) §:
50.7 (C-1),31.9 (C-2),40.2 (C-3),39.4 (C-4), 135.0 (C-
5), 137.2 (C-6), 70.7 (C-7), 15.3 (C-8), 74.9 (C-9), 71.7
(C-10), 20.9 (C-11), 37.5 (C-12), 21.4 (C-13), 31.2 (C-
14), 146.2 (C-15), 34.6 (C-17), 70.1 (C-18), 13.2 (C-
19), 116.1 (C-21), 116.25 (C-22), 118.3 (C-24), 145.9
(C-25), 138.1 (C-26, 28), 134.1 (C-27), 129.0 (C-29,
31), 130.7 (C-30), 170.4 (C-34), 21.0 (C-35), 170.9
(C-38), 20.0 (C-39), 27.2 (C-40), 170.0 (C-42), 27.2
(C-43), 169.4 (C-46), 27.2 (C-47). LA &5 Tk
RiE—, BUEENEY) 4 8 2-L OHEIREE
27 7.

WA 5: BB AR E & CREE . H 'TH-NMR
(CDCls, 500 MHz) F§iE{5*5 5 0.81 (3H, s, 19-CHs),
1.51 (3H, s, 16-CH3), 1.63 (3H, s, 17-CH3), 2.28 (3H,
s, 18-CH3), 0: 1.97, 2.01, 2.05 (Each 3H, s) N4 A24E
EUEMIFIEES . H 'H-NMR (CDCls, 500 MHz)
=538 N 6: 0.81 (3H, s, H-19) 0.90 (3H, s, H-17)
1.51 (3H, s H-16) 1.97, 2.01, 2.05 (Each 3H, s, OAc),
2.28 (3H, s, H-18) 2.93 (1H, m, J = 15.3, 11.5, 8.6 Hz,
H-14B) 3.23 (1H, d, J = 5.4 Hz, H-2) 4.34 (2H m, H-5,
et H-13)4.80 (1H, s, H-20) 5.13 (1H, s, H-20) 5.62 (1H,
dd, J=12.0, 5.0 Hz, H-7) 5.77 (1H, d, J = 11.0 Hz, H-
9)6.18 (1H, d,J=11.0 Hz, H-10) *C-NMR (125 MHz,
CDCl3) d: 68.51 (C-1), 35.8 (C-2), 38.8 (C-3), 37.20
(C-4), 134.8 (C-5), 150.1 (C-6), 12.53 (C-7), 70.0 (C-
9), 73.5 (C-10), 46.7 (C-11), 26.9 (C-12), 39.6 (C-13),
26.1 (C-14), 16.8 (C-15), 72.7 (C-16), 35.7 (C-17),
142.2 (C-18), 112.5 (C-19), 165.4 (C-20), 32.51 (C-23),
170.0 (C-26), 21.51 (C-27), 170.4 (C-30), 21.16 (C-31),
170.0 (C-34), 21.0 (C-35) . PAL_EXdi 5 sCikiagt
—3, MUEEWEY 5N 2-k CBREE-13-5 O
FRE B2 T T,

a6 AMEH&EAE (HED. 'H-NMR
(500 MHz, CDCl3) 6: 1.76 (1H, m, H-1), 1.74 (1H, m,
H-2a), 1.92 (1H, m, H-2p), 3.22 (1H, d, J = 5.2 Hz,
H-3),4.33 (1H, d, J=3.5 Hz, H-5), 1.68 (1H, m, H-6p),
5.70 (1H, dd, J = 11.5, 5.7 Hz, H-7), 5.84 (1H, d, J =
11.3 Hz, H-9), 6.31 (1H, d, J = 11.4 Hz, H-10), 5.76
(1H, dd, J = 10.6, 5.5 Hz, H-13), 1.14 (1H, dd, J = 15.5
Hz, H-140), 2.80 (1H, ddd, J = 15.4, 11.3, 8.6 Hz, H-
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14p), 1.60 (3H, s, H-16), 1.00 (3H, s, H-17), 2.23 (3H,
s, H-18), 0.81 (3H, s, H-19), 2.06 (3H, s, CH3CO), 2.07
(3H, s, CH;CO), 2.08 (3H, s, CH;CO), 4.87 (1H, d, J =
1.5 Hz, H-20p), 5.21 (1H, d, J = 1.3 Hz, H-20a), 13C-
NMR (125 MHz, CDCl3) {55 HJ&4 6: 39.6 (C-1),
26.9 (C-2),35.50 (C-3), 151.4 (C-4), 73.3 (C-5), 36.2
(C-6), 69.7 (C-7), 46.7 (C-8), 76.7 (C-9), 72.3 (C-
10), 136.0 (C-11), 137.7 (C-12), 70.0 (C-13), 32.3
(C-14), 38.9 (C-15), 26.2 (C-16), 32.2 (C-17), 15.9
(C-18), 12.5(C-19), 112.6 (C-20). PA_-Hdli 5 ClifeiiE—
B, B EY) 6 N 2-2: LA -So- RIS T T
5 RIMRBRETEMIEN

B HAAWRIRATUME 2, AR
ERPREEN. BT =TS RS I 558
R HAT AR RIZZ50, LR s M) ek (]
Z—VUTeER. DRI, ASHIF T E =42 T AN
I IX 2 MEEY S EASEAON AT PRI 1
5L, A s A AL RN RRYEZ . B RTEEA
AR, BRZGERN G BA B m UM R St 2
o e T2 4 L G X A B4 P R N A e 4 B A L
RS, FEA TN AR AUBREAETT, TR
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Fig.2 Compounds 1—3 induce apoptosis of NCI-H1299 cells
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Fig.3 Compounds 1—3 induce apoptosis of MCF-7/ADR cells
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Fig. 4 Compounds 1—3 induce apoptosis of HepG2 cells
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