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Tissue culture and analysis on taxane diterpenoids in callus of 7axus chinensis
var. mairei
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Abstract: Objective To investigate some factors which could influence the tissue culture of callus from 7axus chinensis var.
mairei such as the culturing callus time, callus induction rate, callus development rate, growth rate, and browning degree. Then, the
five taxane diterpenoids including paclitaxel in callus were studied and compared. Methods The factors which influence the 7.
chinensis var. mairei callus induction and growth rate were studied by single factor analysis and orthogonal test design. The five
taxane diterpenoids including paclitaxel in callus from different sources were determined by HPLC analysis. The weighted score for
each of the above factors mentioned would be taken account to optimise the tissue culture conditions. Results Among the explants,
the stems intacted leaves would exhibit the best ability of dedifferentiation to form callus. The enrichment dark culture was
conducive to paclitaxel and other five kinds of terpene constituents. The most optimum culture medium of the callus induction was
B5 + 2, 4-D 3.0 mg/L + 6-BA 1.0 mg/L + NAA 1.0 mg/L + KT 0.5 mg/L. Conclusion The callus culture conditions for 7.
chinensis var. mairei have indicated greater association with different types of the explantation, nutrient medium, and light
illumination. The five kinds of enrichment taxane paclitaxel diterpenoids would be significantly affected by the type and
concentration of the plant growth regulators. This study has shown some references value for T. chinensis var. mairei tissue culture
and for the screening of high-yielding cell lines.
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Ab, K BRI R R
T PRI . ATAIIYE . BEE . EIUESE 10
LR SR PRI —E (97 2L, FDA T 2007
SEHEE SR AZ I AT F Ty R DG 98, IR nTfE
N AR R BRI AL W R T
BB HRATT RO, R AL B 24 A A T3
SR LB i R, T EREE
KBTS, W Z, RIEDIEP R R
ARG, B LI R N FH 75 2 K B AR SAZ R,
& S AR AV, W il 41 G A R TR K 46 11 16 6
HAT, — A 2 Re A p s 4b & 4 (1 K i JsUkl
WU RARGFRE, DRI AR AR P 40 O A %
FRAEFFRIEBE L& TWATIER . WT4.542 Taxus
chinensis var. mairei (Lemee et Lévl) Cheng et L. K.
Fu JEZL G — AR, 45T 6. ) RALE
TN (o= = 7 s I e B2 &P S
A6k, AT EP Ak AR — B
Y. LLOREM TR SRR, BT 10-8
LEEE R T (10-DAB). B2 111 26010, JiA
G B PG E, i IR ] LA R A A
WUFIT 3T FREU 2 PE A2 BT (docetaxel); —
IAZ T REARACLL S A AR T i i s,
IEIEPRIX AL LTI ik S VPA 245 H R
PR LA T2 o ARSI 5 40 A2 14
MM AEKIAT THISHNT, IR ZHahrgR
B BT A3 46} B 7 40 AL e AT . ml
VSRR (WS B e e VA A A 9 S
A PR AR SO AR
1 MRS5S

ATRMERF 2011 4F 11 A, ICB 4 G AP
R, RFh TR AU BRI A, At
PN X S FANC R A <L | AN
Taxus chinensis var. mairei (Lemee et Levl) Cheng et L.
K. Fu. 10-DAB XML CFiE /0 £ >98%, b5
12602/2011), L5 TIL 6 B S OB 40 20>98%
fL5 12199/2011) W [ _E363 [R] FH AP0 HE A 7 5
RN (R 50>99%, #itS 100382-
2011020, =JAZTHI L R 73 50>98%, it
5 100926-201102) W [ 1] it 24 ik e i A e
RACLL AL E A ARSI 5 R 7 4L GAZ A I 43 B
3%, 4 UV. IR. MS. 'H-NMR. “C-NMR %
SELEH RESE>98%). L. Wk (T
afl, PR FA R A D FEE (i, £

RHATD; 2K Ak, FR S S sk K
JEABR AT A A 5 Hral

Agilent1100 WAHEIEAL, HhdtFEdS, HT—
230A FEiRAH (HENGAOT & D), Agilent-C g £ (150
mmX4.6 mm, 5um); HH—S fE#E/K#HH TLIRE
WESZIGAL S8 ), FA—1004 HL 73R (iR
AL T ), LIBRORAEL—40SM  HL ¥ 73 #1 K
(SHIMADZU), YXQ—SG41—280 s K4,
SW—CJ—1B it TAES, PHS—29A %% pH 1t
GZP—300B M fie 4> A DG RG T, WSB—E2 1Y
IR RER .
2 HiE
2.1 HmALE

VR I LG AN R ZE B R R 5 min A
F kK e 15~30 min, 7EHEE TAESH, H 70%
LBEHTE 30~60s, ARSI ECN 0.1% HgCL %
W KB 6~10 min, HIJCEZKMYE 3~5 X, BEK
1~2 min, JEAWELHEIEAKMCHE IR,
Je G K I AMEARBT G 1 em 22457 IR/NBE, e 315
FRHEET,
2.2 ALAEFE KGR

HHAZERKENGE FE, FHTEEES,
S SCHR T AN TR TR s AV = 100X 2/3
0SXFEFH/ T IR 04X EKE/HmdK
FA03X ARSI ERIRE —0.2 X AT
SRR E — 0.1 X H @i 1) /5 K st ) +
100 X 1/3 (0.5 X AL W &/ A2 WE f i 1+ 0.4 X
10-DAB #£/10-DAB fx m . +0.3 X R R/ R
2 i +0.2 X RS TH R/ = IAZ T =
01X RICL G FE R/ RIS FE i) .

PR T B = B T — SRR

WO T it = WK R TT i — WK T i

U e I A2

7 PR = R MR /R AL
23 EFESEFEZY

WML TR FRIE DL BS GEASE IR b
A8 AFEAREEFEIHE, AT AR SERKCEED K
W5 FLTC L R AL SR s, AME AR
e EEER, 2 2, 4-D (A). 6-BA (B). NAA
(O« KT (D) 4 W 3 /KFIEAHT Lo(3Y), W& 1.
R SRS R EEAS RS T/ 2, 4-D 3.0 mg/L+
6-BA 1.0 mg/L+NAA 1.0 mg/L+KT 0.5 mg/L j#z
ZAt, AN 2%BERE. 0.8%3E, pH 1140 5.80~
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Table 1 Factors and levels
KT 5 3
A/(mgL™") B/(mgL") C/(mgL") D/(mgL™"

1 0.5 0 0 0

2 1.5 0.1 1.0 0.5

3 3.0 1.0 3.0 1.0

6.20, FE¥IH (25+2) C, BHIR OBRIRIGKR
A8, AMEA I R B (OMEARRIR RSN, 2
FiEh (1.00£0.25) go DA EAEANAEEE 10 1, A9
5~T7 MR, 30 d JE Mgl sk B A5 T
iR PN EFEAFIMES Geggrt i, iy B
Lo R, KB, MS. B5 2 MOLARRESRAL,
JEH OEREFRELEDEAT i, RSSO 12 h,
JEiEA 1000 1x) SIS AL LS IR0 .
24 SRR ZIERLEYH HPLC 247

24.1 (434 F Agilent TC-Cig £ (150 mm X
4.6 mm, 5 pm); FAAHAHEE (A /K (B), #
FEVEML: 0~22 min, 46% A; 22~26 min, 46%~
64% A; 26~44 min, 64% A; 44~56 min, 64%~
80% A; 56~62 min, 80% A; 62~70 min, 80%~
100% A; ABUAE 1.0 mL; A3 30 C, KK
227 nm, BEFEE 10 uL. ik WLIE 1.

IR

L _}/\_WH_NMM
10 20 30 40 50 _]
: A I
T T T ~ = T
0 10 20 30 40 50 60
t/ min

1-10-DAB  2-IL RS2 I 3-=RE T 4-5K20F 5-ARILLAER
1-10-DAB  2-baccatin Il 3-cephalomannine 4-paclitaxel 5-taxacin
B1 BENRBRAR ) SEALELEGELAER (b)
#7 HPLC
Fig. 1 HPLC of reference standard solution (a) and sample (b)

CISm S T I E S A AW EANGE A Y T
AUR TR e e G 40 HIFD, K3 FREL
0.5g, MNA 85%ZH# 30 mL, 50 ‘C[H[¥iiR# 1h,

L3 e SIHRBUR, 50 CIRIW4E &Ik,
45 mL ZEMRK-AUHE (1.25 0 1) 2K, JLASHL 3
W, HIFEREZE, T 40 ClUERMETIZE T,
1 mL FEEESR, 0.45 um JEAEE, HUALUEW,
RIS A L

2.4.3  0FHESFITR A0 TR I R
FRECH 5D 10-DAB. RS 1L, = RE T, &
IBEFARACLL AL B a1, 43 0 R A o o 45
RIS IR 4> A 1.04. 0.58. 0.94. 1.74. 1.37
mg/mL [0 IR HOW I 10-DAB. 5
I, B, ZRETRMAIL G2 EGRE, K
ERE, BTHE— S mL BT, FEER. Hk
10-DAB. E-R5 M. BE2E. —“RETH. &t
LGN ZRIRIE N 0.522. 0.464. 0.490. 0.510.
0.262 mg/mL [1J7E £ % FEL il R o

244 FRAEMZIZE] S RREBI “2.437 TUR
FAHAROE R (R 2), BT 10 mL &,
HRSERSZIE. 1% “24.17 TR ROIEEAE, 200
HEFE 10 L, Al DASIACA AR R (),

SRR BN REARFR (X0, T2 M])H, 7531 10-DAB.
Bk L R =R TSR G R A
[BIHITRE R R R (R 3D,

245 RS BURAST RSB, fE42.4.17
TifO 3% S F R IESEIERE 6 X, 10-DAB. LR 101,
SR T EAZRERURACLL OAZ R AR AR 1)
RSD 730514 0.46%. 1.22%. 1.23%. 1.17%. 0.79%
TR % R

2.4.6 FREMERE BRSNS, IR K
B, 8T 0.0 20 4. 6. 8. 10 h HEFENE, idsk
WA . 10-DAB. R 1. =RAZ T, 542
M F1 AR b 20 A2 3 A W i AL RSD 43 il oA
1.75% 1.70%- 1.30%- 1.83%. 1.05%.

FT2 SHMBRIGANAE
Table 2 Amount of five reference standard stock solutions

o HEL R /mL

10-DAB 0.15 0.50 1.50 3.00 4.50 6.00 7.50
| 0.15 0.50 1.50 3.00 4.50 6.00 7.50
R TR 0.10 0.20 0.50 1.00 2.00 4.00 8.00
BN 0.15 0.50 1.50 3.00 4.50 6.00 7.50
VR RANGR 25 0.01 0.03 0.10 0.30 1.00 3.00 9.00
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Table 3 Regression equations and linear ranges of five components in 7. chinensis var. mairei
Xof EIVS iy r VM / (mgrmL ™)
10-DAB Y=3068.8 X+5.58 0.999 8 0.015 6~0.780
i =1 | Y=6297.0 X—12.48 0.999 3 0.008 7~0.435
ZRAZ TR Y=2835.9 X+62.93 0.999 7 0.017 4~1.392
ey Y=3447.8 X—8.69 0.999 3 0.014 1~0.705
VS| RANTY 5 Y=11297.0 X+58.03 0.999 2 0.001 4~1.233

247 BmEMEAE  WEAMSLNEE 6 1, fE
“2.4.17 WUEATERSAT N IELIEFEN E 10-DAB. LR
T ZIRAZ TR BB AR AL AL 2 il
THIAR I RSD 4350 0 2.17%- 1.78%- 2.23%- 2.75%-
1.54%, KUGEEEERL.
248 AR BRI AR S 6
10-DAB. ELR5 M. =RETH. KEEMAI
ARS8 0.133, 0.138. 0.576.
0.260.0.219 mg/mL, &4 5 mL, 2> 5/ 10-DAB.
BRI =R T BRI G 2N
I 0.67. 0.69. 2.88. 1.30. 1.10mg, 1% “2.4.17
TS e, 4558 10-DAB. AR5 I, =4
IZER Ny ALV SR ANSR S S| &R
99.8%. 99.7%. 100.5%. 100.3%. 99.3%, RSD %}
M 2.34% 2.50%- 2.85%-. 2.79%-. 1.62%.
249 FEMIGE 4 DR B RCHE SR 10
ul, fE BRI NUERE, IR, IR
ANBRI R bR 2T BT R B
3 ER59H
31 EYAEKEATHIMEGEHALERREES
TEEEYERIF N

K IEASRIG VIR @A AL 205 T 1 4 AT
o UANFIRNR IS LU /E N BRI EK, ¥ 30
d WAL, TR AR, EKR
A AR & 5 MR A VE TR 4R
B BT Lo(3h) IEASHR AR . FZKER
x 1, EARRGE RN 4, FTESERIE S,
X[ 4 FATHEARALEE, R = XIT ) A>B>
C. Hr1, AL B, CIHESL N ZEHRMEx @4l
LU S WM. AR AR A K
WAIEC LR TR, S N ] B, AEK
By AERRE . AT J 5 M SR By S 2
5 (E 2. @SS 2,4-D 3.0 mg/L+6-BA
1.0 mg/L-+NAA 1.0 mg/L (85750 L SR, 4K

WA, WARRE ., KRR M, 25k
94.59%. 3. 0 F110.537 3 mg/g, Jf H LI #EEn
55 BRAAMRDIR (AL ER, (HEL 5 Fli 28k s)
HAE; BHALRERESA 2, 4D 1.5 mg/L+
6-BA 1.0 mg/L+KT 0.5 mg/L {35753 E 3 Fhifh 2k
oy IR B d KA B KA, 432 10-DAB 4
1.397 7 mg/g. —RAZ T 0.932 9 mg/g FIEEAZHE
4 0.333 3 mg/g, HILTEFEANEML (56.67%),
H BB E, AL R afa ek
Wbk, A RYOR, W2 E RS A LA T
BT AT 80 it e Lo, e A iR R
%M AsBsCoD,, B B54-2, 4-D 3.0 mg/L+6-BA 1.0
mg/L+NAA 1.0 mg/L+KT 0.5 mg/L.
32 BREEFEWNAMGHEHAEKRESEZEESR
A0l
AMEASKIEAR, A2 H A 2R
EB AU R (13.00 ) Hi% S %R 8m (96.77%);
MBS PR —E M, et . 2R SE
Bk 100.00%0 96.77%;  AMEAARE KR A
BN, ZEBURE (4317 5+0.178 0) %, A E
Bk (2.467 5+£0.504 0) %; AMEAKRT KR
B WRFREEWARE: SMEAKT B WA
B, WA B 10-DAB 5 2 mish, HA
W N e FEARREIREEANE], 52 @], MS
B OBS Ry FEARRRFRIENIAFIN G 3 R AR,
B5 4 88.89%, 1M1 MS A 76.83%; JEAR:FRALX
AR, AERKARAS . W AR AT L
o) & B HREARRE T AAT O RER, BS &1 54
i MS )2 %o WFFCRIL, RO H R R ARG
s JEIIE SR ERKEEIRE, BRI
NEATAMA, AHAERKRERZ, AR,
HalH b, WRFRART 5 Mo s
B, BRSO ORI 2 B S5 %5 (GRe Ml
Kl 2),
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x4 EYVECRATHHINEGERESHZIE (n=23)
Table 4 Effects of different plant growth regulators on callus induction (n = 3)

%% A B C D @ /d HIE /% ERE % ERSINS WAFE  10-DAB/
11 1 1 1 21.00 33.33 3.4425+0.1052 1 6 1.3302+0.092 8
2 1 2 2 2 19.67 82.05 2.260910.3459 2 6 0.147310.020 1
31 3 3 17.75 70.83 5461310373 1 2 7 —

4 2 1 2 3 22.25 83.33 3.4223+0.2037 3 5 0.278 8£0.059 0
5 2 2 3 1 18.00 62.07 2.6377%0.3369 1 7 0.109 5+0.060 6
6 2 3 1 2 21.50 56.67 5.281910.654 0 2 7 1.3977£0.093 2
7 3 1 3 2 21.67 66.67 4.9925+0.894 0 3 7 0.5273+0.083 9
&8 3 2 1 3 22.00 50.00 5.488710.1333 3 5 0.3623+0.0592
9 3 3 2 1 23.33 94.59 4.093910.610 8 3 4 0.374 610.083 1

%% A B C D EEEII/(mgg)=RETW /(ngg') B /(ngg") KILAELE /(mgg ") HEES
11 1 1 1 0.023740.0098 0.2866+0.0883  0.1892+0.060 5 0.6814+0.069 8 44.65
2 1 2 2 2 0.0471£0.0159 0.0890+0.0599 0.303 1+0.087 9 1.786 8+0.370 1 58.51
31 3 3 3 — 0.7710+0.0289  0.1840+0.078 6 0.513440.0355 58.60
4 2 1 2 3 — 0.1225%+0.0919  0.004 8+0.004 8 0.323210.004 8 59.48
5 2 2 3 1 0.0575+0.0458 0.4719%0.0180 0.2267%0.0225 0.441 0+0.040 1 4572
6 2 3 1 2 — 0.9329+0.0774  0.333320.060 9 0.1577+0.041 3 70.12
7 3 1 3 2 0.060440.0266 0.1359+0.0464  0.203 5+0.097 0 0.689 7+0.061 7 68.26
g8 3 2 1 3 0.046440.0357 — 0.207940.022 6 0.3529%0.060 5 69.06
9 3 3 2 1 0.0939+0.0314 0.1363£0.0667 0.5373+0.178 9 1.750 0+£0.352 5 101.04

K, 53.9257.4661.28 61.80
K, 58.4457.7673.01 65.63
K; 79.4576.5957.53 62.38
K 25.5319.1215.48 3.25

“=7 KA ]

4T SIRHRAE oA 7R

“—" not detected

L E, K35, bR, FOhEcE 2-kE0, KPBEMR, PEE, FolBmn

3-Hgkh, KIS, w2, Fihmm

1-yellow-whit, grew weak, yield was low, with dense callus 2-light yellow, growing strong, yield was medium, with more loose callus

3-yellow green, vigorous growth, yield was high, with loose callus  4-no browning 5-part of browning 6-mild browning 7-serious browning

x5 RESH
Table 5 Analysis of variance
Ti ZERE P 215 F B k= F1H P{H
A 1113.94 2 556.97 69.95 <0.05
B 720.11 2 360.06 45.22 <0.05
C 391.47 2 195.74 24.58 <0.05
W 15.93 2 7.97

Fo1 (2,2)=9.00, Fos(2,2) = 19.00, Fo1 (2, 2) =99.00

4 ifig

AT AL G5 T 2 it e v 24 B 3R 5 T 2L )
Higtez —, IRZ MW B LHERE ERYA
SRS A Y, kR ANSAE, A

1R Z KA 0 L2 IR AE AR P AR A v TR
2 G 3 IR s it S0 g 5 40 EAS RO i
KA AT T 40, O 10-DAB. [R5 1. =2
K270 AT ZRARLL G A R IR R 0.204 6.
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A-SEREM 4+ B5HIEEE B-mH T EEE 4B+ ESE C-ZEB HBSHIEEFE  D-MHT R B REEESE B-M R 2R+ B+ g
B AT MSHE SR 1~9- Lo(3*) IEACIRK: 9 AR FISHEE 40 T (41

A-whole leaves + BS + dark culture B-upper half leaves + B5 + dark culture C-stem fragments + B5 + dark culture D-lower half leaves + BS +

dark culture  E-lower half leaves + B5 + light culture  F-lower half leafs + MS + dark culture 1—9- Lo(3*) nine different hormone conditions

B2 BEALSHZRBARESR

Fig. 2 Callus induction of 7. chinensis var. mairei

®6 FRSMEKMEREFERABZFGMEGBELFSRIERLEMERIFIE (n=3)

Table 6 Effects of different explantation, nutrient media, and illumination on callus induction (n = 3)

SMEFCKE. SRR hEN RS

K& 1%
Binie i H/d /%

kKWL 10DABE /| IEEE
’E BE  (mgg)

AU AR KWaE
mer)  e) ) Jeed) W

SHMFBSTRAS 1975 10000 3.1990£01613 3 2
WA EEABS IR 2200 8750 24675405043 31
ZBABSHEH R 300 9677 43175201780 3 1
WHATFEEHB IS 2225 8889 34154403305 2 |
WAFEBS LI 2225 8333 32585102312 1 0
IRTEEMAMSFRES 1575 7683 38850404606 2 |

0.04180.0128 0029400090 0.0520x0.0159 0.038 600119 0.086710.0266 6148
0.182620.0106 02106200714 03918201397 0299001096 07717203164 100.18
0.196920.0067 00711200341 00726200201 00855100524 01581201524 9L76
0.068 12:0.0063 0.062620.0110 01151200207 0.087320.0159 02189100426  66.08
0.0279£0.0219 00154200097 00273200137 0020300084 00455100125 5232
0.035920.0296 00335200231 00616200154 00277200114 01165100384 58.67

0.1212. 0.8055. 0.394 7. 0.270 3 mg/g, 10-DAB.
B RACA G2 RN RIS BT @id14,
RS T B Y. Rk, FIF4EE 8RR,
FINWIEARSR A XA sl VA Y S B 7 e N
UAAR = i A RN R 4 LA TR B F L s b
ISR

ARSI T HPLC P B 7 41 G AZ i 41 4R
FEFEh 10-DAB. RS L. =RAZ 70, 42
RERARICA AL ZE 5 BB B ik o 52,

P 227 nm AHICHRMPAS . ARSI
B CREE-IK ZME-KS HRE-2Z0E-7K) LLL &t s)
AR L e, 5 50 s R ki 5
PRSP 93 B LIRS, 45 R DL H - 7K A S sl A
BRIEDEME, 5 ks rIaRA 2] AP 2, HLARAE
fif . AL RV, W TRTAEEA
GURE IR EACE D) E BRI IE . ARSI )
FORIPRETORY A E, SRATEAZ ot — il 22 T b AR
RN AT EARSR A kAN 1 S LS L oW EARSR
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PEUSUR BRI T S gt

AL LN], RN KA N S H
. PO RRAT - ERRR. BRREE, B
R RIS TP /A 5 L e R 40 AR T
TR LR ERRE R, Kam. B
TkaREsE, PULFIA AR, 5 Rl AR
i, AH S Bl RERUE AL TR RIKF . gl
KR e Je R AT e S AN R A AR AN ) R AT 2
AT TE, BRI g AR A I
LIEACTAR I, oy TS A5 S e v 1 40
AR K ARG, BE4ERE. S AR (Kb 285
TR R AT R SE AN IR P
BRSO RAR AR, AT
FEVN NG S T i A R (s S i
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