ol OLLE aelles ooee——

SIP S g gy 4 JeSE U5 6o

"o, Lo e Y gdome dazma

Ol ez Ol 3 e g oK (53, LES 0 uSLiils (6550 555 5 05,5 SLslzad )

Ol 55 el 3T ke gt 5313 (5555158 aSCESls (535 55 03,5 il <Y

055 (53 el Obmll e dgd oI aklpe =55 w3l YO e kS il sl ¥
OYVOIVATVA & s dS (654 555 50

RV TEFYVOYY & ulad (4 F)) FEFYVOY . @ als

mmajidi82@yahoo.com : 5 S oy

owsS>

gy ool b kel Caws 4 (TAXUS SPP.) LIas o olE 51 L opdsl (sl 45 ol oo Ll S jw A 55,05 J St

o2l A3l 13L S 5 oKy K15 s 5 ol (6ot S gdoms (sl b s 31 gl Al G b 31 5 4
ool laay F 51 K s sl b 5 JeSU S e B s il S b, Sl eslatl
Tl Ao S g 5 e M s o 5 Ul Ll A 5 00 Jaee b 51 bl 110 5 el ealitad 5 4
dlis ol las J ST S5 )5 g M 5 55 03l 3500 Glabas (n Ftes S 93100 2 3,05 g 2l i al
3 IgmSE g g S s aly 5 LS () OF 4 bgp e $a05 5 IS s (V) 1o guadd s iy 5
(F) (ST Mg shin 4 s olS (S5 (G5o0mes e L H il (F) Glas pu alE Joho sacis 5 b
5350 03 cmomad 01 & by e Slidod 5 J ST Wge acad skl (O) 5 LOLSE wlg ;5 S50 S\ 51 03Ul

Sl 0k &) Floend 5 JguSG A 5 s OF eyl ‘5‘.&}\.\51(...;“.':_9 ) s, 3,8 S

‘_;'vwd‘.). ‘5‘.&‘5)_9‘.'3 ‘é‘,ﬁj S5 gd,.wSU n)lu\.‘;-}w ZOLSJ“’JS

1TAY 50l (il 9 Cuad Jubao 0 3lod (P oler 0590 edddd JLo




Sb s Slagbas Obys 53 JsuSU izmen 5,5 s
5 el sl oo 5T (Psoriasis) b oo
5 55 (FTDP-17) W g0 8 b i o 05t
DIt -

2 S e Ol (SS slacdge 352 L
Gl aols 31 B slie el (JpnSE 1 eslizad ol e
Do 4 JeeSU g S AS jasle 3y A s Ol
)L;.v 6}<.~b>- .L-bJL;w ‘)‘.15-]«: al.:§ S g2 )‘ (:\f;:.w\
S gl 4)\-\5-]«: dL’ oL_fjA)‘ IY & V] .LJ:L )bb ij'."ib'))
)L&'ﬁjk GL;L’. L ‘)jn:dﬂ JaﬁL?' JJMSU (S;Q;L:AY‘"
sl a5 Loayls 5L gl Df\" G YO 4 Olys sl
Ol olS b e 3 5eS pizmen 5 Slite Olsley
)Dula._omcman) S LA cQTﬂa)W ‘:}ﬁ:g}w))b
B) va\?}ﬁ) Ls:L.a.ﬁl_; (CA:.:.\L 23 S e OLAL; u:.e)u,:;
[0 A AT sl e aa>de LB 55 5, ol (Y ay s

e S5 559

4ndRe

51 {Paclitaxel) .St st < 55 b L Jsust
A L b Sl ds SLS 5 B e sl s
S PG 3 JPUN VRS VIRUC B A T
GGl e (LSSt L LOLsSt 4 G )
Gluaik LSy jes oboa S 4l sl sl
M iz $a S JeSU b e Y] A5
Sipd s Ay AS Wbl SWlS & el (Taxus spp.)
e slas,e 55 Bhes 5 (0 ojlad JK2) anil
(05 5 o Ol Lol (Jled G640 Jld o S
I of 0] asl e eS|,

Al a5 Sl Cnilen 5 s 555,50 o b St
ol 0sShen P asd e S gladsle S sl
FSU G s e e ST slen 4 S5
Jed S5l ol 5 aewy ik Olys (sl (Taxotere)
D3 esliad 3y Sl 5 abe Ol WOless

Needle Female Organ izl

Sl alzs/j S5 s -0 g ,las al:S/JlJf‘gexA ok g»fﬁ}tuj Sl CJE_J‘_\ GJMJS.:‘



S I RT-R )

o5 sl B e (S5 g s S LS ps 5 XS e
S5 5 s el ppal Sl e opl o
e A OF OV] Wil JseSE S e
e Sl e g3 S e Olslp gla 2
O 31 b 5 s SalS jy poad o 55t (J3mST (6 5o g
5SS OlS 5 ooby Sl g8 AL el e tes 3
5 bl LS el il (S Ll cals
oy 53 s Bl e Bl Ol SIsbe e
b Olie 355 (pl bobies Gt gm o (nl LS
Gy S5 s elendisn b Sy Sl S5 esland
S8 L S e Ol O ey Bl gl e
A AT s

R oPA IS o S S e 0 0
303 3 gmy (V oslads JK5) eupl alm e V4 &S il
S 5 Odd gl 3l cl Oole e (ST sl [A]
Folst eyl Mg 5 olides L3S0 i
bS5l s STy ) S s —(0Y) 1) (0)
myl S 4 (TXS L TS Taxadiene synthase) sl
DAL 558 0 561 (ol szt

S g G SaehnS s dea gla (LSy caalsl s
C13 C10 €5 laollr L3) Lpdon plnil LSt
3 Olsl 3§55 sleml Ol a5 s (C9 ,C7 L2 L1 L4
S Sl odd Lamie omoopl 53 JA] 3l e LOLSE
sofs Bl 5 Cl4 Sl s alSssts slaolost
e 4bn ol Sled A il e o sllasl
Taxoid 14f- ) MSode -l VF A5,sSt
$l Sl Core Alg e (T14BH :hydroxylase
DT 555 o slas LOLSE 55 Coo 4 LS

S Sy (G aadlenS g odea sla STy el S
23 Ol 4 Ol o0 & Ldisg 0 £33 4 550 5,503
Ve T L Janls Ve 5Tl s C10 oKL
10- deacetyl- Baccatin III- 10- O-) ;i el foal
ol Jol> &S 3500 o Lil (DBAT :acetyl transferase
DY ] ity po T IS oy oS 5 ol

ieolez 095 (edda Jlu (29,18 OLS dollad
1FRY 3wl (i 9 Coads Juuduo 0 5lod

o plnd e o 5l g Kl Gla s, o
Vs S sla s a8 s DL 0p S A5 5 R
5osthe slaay 3 Gite a5 s ol Ol Vb w8 0
e yr s gl b il el JpeSE )5 ]y SOl L5
ol el Gl mlin 4y (S35 S
Ll Gb ol 3 s D0 A& v V] Al e S
s 0o Jis o 5l 20150 4 Ol o 68 201 (ol
Lol p g e Sl 5 g d 1S aad 5 LS Ll 2
5 bsles Sl eslind il adsbe ad) SV s e g
Sl bS5 okl (ile el 5 el GlaS e
L) s o 55 pde 5 Osemle gl SB 5 alde
LYV AOY O] 5 g oL

(SN s 2 e SIS S s NS sk«
Smi o sbgiosces 5 Jile gbels aolp s
baopaly pl slad 5o 5 LS o Wl Gosme b8
250 Sl M5 e 4 e ple &S Sl Gl e
Bl anal b OS5 a5 Jlde 53 058 Colda i
SA S s S F il 0pSE 0 N Y] A S
Llazp 3515 eslizal 3550 J5uSE A5 SR sl (6ol
w lesg oen (St Glacgiige ULl 5l s p
ol seSE ol 8 sdes A ehs el &S b
AR IAREA R AT 34 0 (:L>u‘ di;l’

3 St A5 4 ol e pab e Coeal b ax s L
33 pien S S slatss 4 O edlplren DS 5
U5t i S ) e e g > e S
sbeds gk 5l et Adg =Y wbye 0] s
g A ol (S) gioscees Y Gl e sk
Sbapines Sl eslial —F Jpst s B sk
Wgo glacaisll —0 5 LOLSE Wy gl Ssze
Kla S 3 o 3 90 (J ST

by L0535 JpmSU g S5
SIS s S Slapteen dlladips b
;ﬁuuw}ﬁ)‘“‘ﬁa&}yaﬁjld.ﬁ&ggjaujb



9
o |
arp o
Z 7L
farnesyl diphosphate L™ = —_—
opp TS

%

e S5 559

"

" | "on
|

R " 0Ac

r\rf GGPPS 20 TSAOH TAT

iscpentc::\.rldiphcsphale geranylgeranyl diphosphate  taxa-4(5),11(12)-diene
T T1BOH % HO T10BOH
. -
T200H ’
Ho® “'0Ac WBOH un“ ‘DA T14B0H Unwanted
2 : e ] Taxanes
OH OH TIOOH % “0Ac
-
TBT]
E id HO OH gy HO ©  om A0 O oy
Ho OH gy poxidase % ; =
: €9 oxidase DBAT
Oxomutasex
oY \ hy A o HO OBz OAC = HO EJR: Oac ) HO OBz Oac
OH 0Bz
10-Deacetylbaccatin Il Baccatin Ill
¥H; o B- phenylalanoyl-CoAligase NH, ©
- :

Taxol

OH

B-phenylalanine

@»/\)L 0-CoA BAPT

AcO O oH

HO OBz OAc

TSl Slindgs J51,506055 GGPP 131 a5 ,ke Sl jlassl asl o e lish slad5 sme & 05l Cudlo . 3uSE (555 g s =Y o,led K5
T10BH ¢53S 5,00 —WT Y p3LST T1300H 31 st 5 ol 1~ ~WT 0 - p3LST TAT 538 5,08 W10 3LSG T50H 3l op5lSG
TBT ¢35 5500 —WT & JLSG TIOOH ¢ 55nS 5 5bp —1 V 3LST TIPOH M 55008 — 6 VF 135S T TI4BH ¢35 5,00~ V¢ 25 5uS5
St T AV I 5150 BAPT 56 50 gal ¥ Jut (PAM 31 ,auil 5 Jtsl 1 Vo IIL o510 Jzls =V o DBAT 50 il 5 J g5 -1 W ¥ oLst
(St (o St L e 5148 8 ] 1Al 5 Jss5 -N J S Jis5es DBTNBT 338 5,00 ~WT Y OLSG T2'aOH ¢51 4515 J55ks 5

iy (GLSE wer 4 il ey JLal Sl e
5> Sl AT Calgss oS K el 8 Sos STy
Pl o Dseddse N JpeSE e e
Sl Josse N J5eSU Joszes msl 55 e plos
.debenzoyl Taxol N-
IVY] 505 sdge 5 1y 5 S de [2STs 5JGls (DBTNBT
o3l3 QLA (5SSt g o OS5 O s
Jed 3 e L) Glagiie 4 b g5 S ol
53 e diSsgde slse I dbtnbt 5 pam bapt dbat

el &St 4 soopl Sl kil J ST st g0

benzoyl transferase)

dul;— o s il 4 o dII u."JlSLy W 3l e
Gria VT L — W1 51 J5uSE il o, a0 J5uST
sl GV 3l B S5l aelsl > & el o
-tu 4 (PAM :Phenylalanine aminomutase) ;G
a1 w3l dlail sy G815 ITV] 355 0 s VT
SIS sV b -y w3l law s a8 ol (0T s -y
S"Uj JA«.»}: JII J“JlSL LY kfdt} °J;"‘-’) JLA-T‘ [QJ J}J:J rl}u\
Baccatin IT1 13- ) 51l 5 Ligbs, Jes 1V II o500
535 » 368 (BAPT :O- phenylpropanoyltrasferase
[YY]



S I RT-R )

Loolas 5o Jale 5ol 51 SGm Gl S50 ange Ll 5
S St Jod 5l LS ave My s el K05
L e
Ly p esbasl Sl s i aS Jb s a8 e Iy il53l
glab= e 55 2SO Sde e = sl Al Lad s
Jol = 3 &S 543 s slgiy (Two-stage system)
S s Rl bde wd) a4 S b Ll
S apbige SET pss gl S ey Jpa
LY O AT Aol o 50 Sl slie W5 o 4 Lyl 5

Sl g S Glagtens 534S il S5 0L
S aSere L b ssd e ealinad sanldl Lolse 51 oS 5
© os Job S W Al et e S
g Ll 55 el (s3] aal K3l G eslinal Sos ojle
ooled Jodor [Y O o] ssd W p aiy polis 4 olaos
b 31 dSU s F5e Jelse (p e Sl (7 )
el 03 303 0L las ol gk slacis

IV OF ¥

M S SlaciS G b 51 J S A5
S Slee (Invitro) glains 05,0 b Joho oS
Ak LS ) 5 3l Jole glacis ls a5 el
G Ay S JolS ol S L anslis 3 ol glacis
J oS Sl xe W edol Bl glasles 4 ppiaeen 5 Al
Al e S Oles o i A5 O 4t o lns e ey
el g8 Caols sy s oa Y AT V]
S b Ll ols e oblE s (Totipotency)
sy OS5 eled W5 w36 0 T Sk slacss
D] desly JelS olS o
Sl Je sbacis G b 5l )5 gt s
& A5 Ol el 53 b o g W5 oS sse g
Dlye ST s il Jske 038 o3l 5 Jshe o Gl

S5 oS Ik iS55 ST a5 Rl s Fge Jelss o ege 3 gl =Y ojled gl

Mg A Jelss

DT dsbe iy s ol Sy sllae 31 ITATBS e joal Kb il U sladaes 55 adjle g 3,
B Y] ST i Jin s Kok lge 5 500 sl gad 3l oalinl L iS5y gla S54)T J 8
Sl eSS lasee gla g3 g38l 5l eslanal ¥y FV] aciS O gloggd 51 Cailes s J’U,,,,Sld:ﬂ Jelse o sllae

ad ko sy J2al53l 53 YT aal sladead 5 [YAT Sl3dssden 058 L

(Y] 5 ladshe 358 53 Gy b 5 edoliin (slaggal & 5l eslinad
Y15 5 5555 ot 20

0] IS a5 e oo lSy e S

VI LOLS W55 5 55 e b P58 5l s Y4 10 58U a5 age slos

[YAT Slosie Olpe 4 VT b 5 eslinal &y 3 M5 21531

S [VFT eslinal 3) 50 st p Sslae Ol 4 Sbgenlr fe 4] W5 0kl B g5 ul (5 S5
Ly Olegan il (Y] bagp Sl b s CoiS Jams 3 Wil 55 51 (655 5 OLSE 35
[¥+] W p23bl5 L OLSE A5 5 bad she

L Jsbe glacis el

Wiy Ce

S by ol

A5 5
Jll,'\'; 3l 50

JALS Ay 6&5&5@1&

S e (S5 Ll S

sl i b 44

b sl 5 eslazal

ieolez 095 (edda Jlu (29,18 OLS dollad
1FRY 3wl (i 9 Coads Juuduo 0 5lod



e S5 559

-\ °JL°‘:’ J}b aals)

Oloend 5

W5 R pae Jolss

slse 5l eslanal) o3bes S

SINCIRRERHIHIPRY | 43 JORERY KNPNDY | I8 IHNC ¥ P KPR 5 APPSR - po

(3l

G sSToam b oamglie 5o (ANt V0 1on o, ST5 5 Sl b 05t slaysSThsm 650

0581 5 CO2 ke (2l 33l 5 (il 05 5 wal 3 5o b 51 ST 5 G2l 331 Y] LOLST W55 55 Sla0 e

W) LS s Sl

(Lo, 55T 5 5
[¥7] J s

ol 3 5 e o S1s =Y =51 20 oS alzes onle 5 eslinal L lus e glad sl O sedlze Sl halS

[FO] by 3T aandS L 5l s (Slad gl s oy 0 ST W5 (5 200 4w 20531
htd| :}"j'gf'“ “ij‘uy"”ﬁj}"t"’ «J},.a k_;.bu.l.ﬁés‘;\;- )éé}.ﬁu.c Lhd}l.w Al A_éj.p @}.Jﬁ‘g}m M;’Uu“ 3

S gl Ol s J
[FF] JpmSL A 57 il 30 Sl P I

sl S3LaS i

5 ) S L ke

O pelindl b llis 4 555 00 oS a3 b G pme s 5 Oles s pe & e 53 Lay il B imeas

el b el L;l;j).lb._? > 0w g5k ijl..q slaelis haal aglp s g daes asls pls I3 ad s o)

(ke O ol
[Yv]bbﬁdolﬁg}w '

i o S s 5l eslixad

[YAT 555 00 odalin S iS¢ 55 nl 53 5 slasolubl S

55 M oS S et e sl

.@\QMG\J‘Y a)l.a...:dj.\?

LOLSE Wy ¢l p S Py S\ s 5 030!
(Heterologous ~systems) S J; s S s
L5 B s S5 b ok 4 S dea Sl e
(iS bld 5l S e Sl s Sl s 4 S s
Sl Sns sbls So) slagiscms 5 Ldy o
ol el 4 LS ool S il 5o sl
3 s My Rl Glpten Ui 4 Sl
O s oo Sl L3 & J5uSG 3550 53 ) VY]
Llodids atlid Sl 8 Wb ol ol Jul
SLOlSt Ol sy slodl 53 cls SUasl Ol el
Shasdy o503 A5 Do s g cnl 53 1y JseSE O 4l
S F Pl SaS Gl s 4 Ol5 e 6

L) & O] 5500 sl s adsl laOLSE
W5 sl p eslinal 3550 Sy Glagions S 5b «
S5 Slaptagm hites Lol 558 5 Joli LoLSU

Mg gl ke 4 e oS SE5 5oscms
JguSG
lige 4 S (SIpbe Glajs (S35 (st
Sl el G yme 55 (Metabolic engineering) < gl
5 il B, glacd ol g 1B 6l s,
Ol (K5 slagiyscms leslaal b cils lasl Ol
a8 g (Rl gelae jsb o4 Jile gacis gl s
=)l sy Sple ks 53 edas Gl 4w IS b
o) Ol fals =Y e lle lald Ok Sl
050 & hdr a0 2505 Y 5 sl L 3y s s
oasia [V7 X)L sle 5 sl s pe e
os, Agrobaterium tumefaciens 3 oslisl S ol ol
05 Ly kil St o oS (S35 (550 Sl mibis
0335055 53 Ml g 4 g Sl ST doy ol Jiza
4 Jsl o T e KL SRR Syhe T Ol 5o
S Sl odd astie zmes Ll o Gl O g0
b 05 0l pUls B a4 36 Jool el 5 lad s
e sl [0r OV] il e Vs ode



S I RT-R )

JsSt Wge slacad sl
Loied g en Sls g 5o (Endophytes) lacs sl
Ly slagdes s 5 LS vf.x.'.)' daLf slacdl Jols &
Wy oa 3B Ll 5 F Lol s Ohye lp
350 sl ol Bl 1 &S LAL o 58 ps)ls SLS S
BUPPRGPRY G)\B Yoo agd 08U [PO] XL o a5
Llods [o)l58 (e i o5l G @ Glase) J5eSE
S J5SU Wy B el oy S coale [FF]

DY OV s S Sls e gt 5 A
C)\bﬁf BLIECC SVIN Lg)laﬂbr.wj K aS u'.il’UT
Gl sl by b o n8s 5 05,5
05 JseSU ity e OS Ghae Ol L e
9 QJ...«: ij\.o )\ salarol 9 LAQ)JS LS)L..«:A...:@J “ Ql}]t;d
[OQ ‘5"] 3}«4 a)u‘ L;!)JSM LSLAV:"'":*“ WL.A sl
Soe Slaptans (piage Sl Fn T ooled Jsdx

ol o Lal OLSE a5 s eslanad 5 50

IS a5 Sl 5 ghie 4 Hlas ol (S5 Glaisisocms 2 (Fon L F| Al (p fage 5 slaoME - ojlad J g

Sloend

S F! Al

T SRIBl e sl slaSsas 56 cos [OF] dbmbt 5 [0Y] dbat lads Ol il

s 51803 Oy il

L2 S A 5 iamen 5 db g e a5,
Cob (hoss 0 B ¥0) Soim 2alS Comse e ST 3055 Gk ) H4BR 0 Ok el

el glals Oly 2alS

[OF] L o shasls slaolSt

Loy Sy ppomesd g tie @Ml lade Uoalis 55 85 4y lacis s olst wl g

m:yuwdug,:.s

[O0] 552 i syl 5 e Gladsha b aclin 5 55 b 50 o) glacis

Ot GIP O] it JpeSB A5 SR o pn S sl el (S5 et 4 Gl 03 0Ly 5
L J5eSE A5 5 o pe 5 [OA] TCERF1S 5 [0V TEWRKY T Jie (6505 s e (sla, 55U

LS s Gosscaws

LOLSE W5 gl osliiul 5,90 S g 0 L;Lar:...,awj.o.g,aﬂ Y oled Jgd

Sl 5 5575 S50 s 5
sl Ol b aglia 53 0LST Sl slie W5 comgn sodls Soysw 4 15 05 Ol
ol 45 s Slae s S, S 5 A B e JUEE 05 S 05 .
Arabidopsis thaliana o8

Wy G 4 Gldg S Sl sl 51 SIsle 0L o Ol a5 4l
[PV] sl e opalSt

JUast b 51 olS G s (smedsl 5 oaleSE) e 3ol sl esle 55 Olosen S5

Artemisia annua

(Y] sk sl 03

Oy iletingy Goob Sl S soben OLSE (3 3 ¢S Jue OVY) 0I5l 5 a5

B l.ap)s}:.,.« O eSes s abg e clasls s, 5 P450 L;Lar};}:.,.«

Escherichia coli T

[PY] b 5TN (lesil 5o Sl i sl 5 a5,
03 S92, Jewily 035 AU Js 4 dlnS g e ladllSt W g s Sl Coddge

[FF] joses slad sl

Saccharomyces cerevisiae

ieolez 095 (edda Jlu (29,18 OLS dollad
1FRY 3wl (i 9 Coads Juuduo 0 5lod



AT gladass 53 ) s S e VY slac bl
ladlas 55 V0] 2 53 p S e drr S [VF1YA0 5 (VY]
Aok 5,18 o

b e ISt SIS Mg ol Jl
Gl3 ag ras e O oS ke glacis
Jio J5uSU eSS eS8 5 ik e S
Samyang 5 (sd>xe <NUI) Bristol-Myers-Squibb
ook 1 JseSE a8 Wlessad pMel ((pyr o S) Genex
Aol S oy S sk 4w [V O MV wS s M5k
5 S SoiiS 3 b S JeSE S5 A5
Dok S Sl e eyl sbaskes §151 51 S 5
5 asliss oS bl Lty b e s
O led JK8) 35d e eslinl ooiS lde [l
Slp QYO e 1) (S5 o, 58T 50 5l O 5Slea
OBl sl b osd e eslital JseSE ol A
D V]Sl e o mws s el 3l ol 31 S

Bd 35 6 S b e JseSt A5
by g e end 5 Skl Coenl Pl ol
T s S G syt s S
splr el OVWL Ceny ke 5l bl
JJs « |, Presidential Green Chemistry Challenge
b bscws Sy K el 5 ann S (el
Sl Sl I S8 00 4 JseSU TS 50 S
IVYT 5 505 ellac]

W5 a3 Jobs pSein slcidise ool
sy e e il 03 5 el WSt S5 SS
il Dbl 550 L3 51 el 4 Ol e &S Al
Oemed 5 JseSU s shse 0 B8 (S
ol boased il J gbels g gt
(Omics) Sosl baods p JooSS b ey oo o5 40 2525
2 Bl Gl (S sl insims Sl eslisd b xS
Sl sSTsm oS rmen 5 (SS50) Sk 3550

e S5 559

oed 3 S s 1 T as lde 3 WS
LolSE W5 gl S Lien oUlse el O3 &g Sy
[50] deil o i sl

JSE A5 e L3 48 S &g Sl Slalllas 3925 L
3ol 5 St S s sl Gk
A5 aber 5 Bl Sl S sl sl Lol
ST Jal s s lacud sl ol L) e 5 ki 5 S
by JpSE M5 e (p e S Ol sk
s sl s b 5 [P5] ail e Laogsul
U s oS85 mdign Gimmen 5 LSl 5 Ol
[PV] 3503 ade [ Sde e 5 slosll

Jis W5 QU5 3550 5o el 5 Ao g IS
S Sosb 4 el sl 1)) skl e J ST
Liys 53 M5 oSaa &S ASE Sl
a sy Qi dlue ol a5 ol ollis cdalie Ty o 8
S o s L (Co-culture) S er St Caa
535S a5 6l s YA il [55 FAT Sl o3l (5 s
S s S e - il S
Slptows Sl elis Cu e [PA] el el
Olgs a4 ol 0dd Joole 35 Cod sl — Sl 23S
Paraconiothyrium strain s 5| gob s S e
My 20 Y Jull 4 s Alternaria s SSM001
S A S e 3 8 Je 53 St
Olsee (ol (Phomopsis o un 4 3 gob 52) byl

LPAT s g 1oy ul 58l ol s A

R RPIPS RN P RPK PE N
e iy ol St SIS
Al s SLS S el ao e 53 s slags sl
Lo Olaes 5l (ol sl addy o sla SO0 amd s
s JeSU S e las Bl 5l sl 6 SO
Glacis 53 JpSt s S sl ply dod
S IS o V]l ey (R 55 0 S e V) sk



S I RT-R )

CuliS baana taalgh g La glow acliy (5 5lo dlags
bilpd ALS ady LIS S sty
e Ly ghnaall uukS

uibaasd i Sl /5 aal g3

|
| slauld gy slasulia Sladidas |

: M,
L..rﬂs-‘s-."-“ B el

Uﬁ,ﬂ’w, <
- o T T
N et : : Rt
|___.__'2-‘. __ i | H
1= ':# r'\% : _ i slag) et '
\ o (S35 5 gaibs  ghanil 3 €= === === ===~ R~ B

S5 sla pigag S Dad

iS5 el ey A 31 L ol ol e IS e olE ke slaciS 5 b 5 J ST 58 S 0 A5 golgit P Tkl Jss
b|ﬁqﬂ|jd‘_§:ﬁjdh‘5})‘5¢wa;‘_¢ﬂﬁw s&h,ﬁ—i'} QN%W(E A sy Q);ﬂi}ﬁ)é@féﬁl@)é;é}bwgwﬁ‘s
[ Dk Jlesl LV i 51 a8 B 5] 6,87 515 ealistenl 3,90 5 Sl Bl g (KaS Jul e

Iy eals dal g aalsl 595 (63900 Mgy 4 Olomen J4uSU
J\o)wﬁqldbm;C,..»‘a.,\,&&yd}f))\jdjjjfgﬁ
Syl b s 45,588 ST 5 w2 Gt el
S Sl 03,8 Iy Gl S 6o Sh ol s Gl o e
G5 bl obkly 5 e Gl Ol ol
S Sl (6yskd sy oS G ylaadle pls S usle J5SU
2l g legols Glp el gleal, Ll .

sy ogledol 3 las ol S glaciS s
el olal NS 1 ooy i oS il sl Ol g s
Sl 5 G5 laapa 1alS O e &S gt by
Wy gemen [N @ O W] Wb e sl 4 oz
(B LS 3 5l st e oS 5l e Sl ge 55 LOLLST
s Slleda AP Glptas 5 Loyl

IVE VO] ol 03558 J5ueST S35 50 50 W 5 50012

el S s
S S Mg S b Ll OIS e JS sk«

&l

1. Liu WC, Gong T and Zhu P. Advances in
exploring alternative Taxol sources. Royal Society
of Chemistry Advances 2016; 6: 48800-48809.

ieolez 095 (edda Jlu (29,18 OLS dollad
1FRY 3wl (i 9 Coads Juuduo 0 5lod

.

2. Zhong JJ. Plant cell culture for production of
paclitaxel and other taxanes. Journal of Bioscience
and Bioengineering 2002; 94 (6): 591-599.



3. Cope EA. Taxaceae: the genera and cultivated
species. Botanical Rev. 1998; 64: 291-322.

4. Hadjiakhoondi A, Pirali-Hamedani M, Verdian-
Rizi M and Rezazadeh Sh. Taxane diterpenoids
from Taxus baccata L. growing in Iran. Journal of
Medicinal Plants 2009; 8: 39-44.

5. Malik S, Cusido R, Mirjalili M, Moyano E,
Palazon J and Bonfil M. Production of the
anticancer drug taxol in Taxus baccata suspension
cultures: A review. Process Biochem. 2011; 46:
23-34.

6. Schiff PB, Fant J and Horwitz SB. Promotion
of microtubule assembly in vitro by taxol. Nature
Biotechnol. 1979; 277: 665-7.

7. Jaziri M, Zhiri A, Gue Y and Dupont J. Taxus
sp. cell, tissue and organ culture as alternative
sources for taxoids production: a literature survey.
Plant Cell, Tissue and Organ Culture 1996; 46:
59-75.

8. Croteau R, Ketchum REB, Long RM, Kaspera
R and Wildung M. Taxol biosynthesis and
molecular genetics. Phytochemistry Reviews 2006;
5:75-97.

9. Onrubia M, Cusido RM, Ramirez K,
Hernandez-Vazquez L, Moyano E, Bonfill M and
Palazon J. Bioprocessing of plant in vitro systems
for the mass production of pharmaceutically
important metabolites:  Paclitaxel and its
derivatives. Current Medicinal Chem. 2013; 20:
880-891.

10. Sabater-Jara AB, Tudela LR and Lopez-Perez
Al. In vitro culture of Taxus sp.: strategies to
increase cell growth and taxoid production.
Phytochemistry Rev. 2010; 9: 343-356.

11. Cusido RM, Onrubia M, Sabater-Jara AB,
Moyano E, Bonfill M, Gossens A, Pedreno MA
and Palazon J. A rational approach to improving
the biotechnological production of taxanes in plant
cell cultures of Taxus spp. Biotechnology Advances
2014; 32 (6): 1157-1167.

12. Rao SR and Ravishankar GA. Plant cell
Chemical factories of

cultures: secondary

e S5 559

metabolites. Biotechnology Advances 2002; 20:
101-153.

13. Fett-Neto AG, Aoyagi H, Tanaka H and
Dicosmo F. Antitumor agents: Taxol and taxane
production by yew cell culture. In RA Myers.
Encyclopedia of Molecular Cell Biology and
Molecular Medicine. Wiley-VCH, Weinheim.
2004, pp: 415-438.

14. Tabata H. Paclitaxel production by plant cell
culture technology. Advances in Biochemical
Engineering/Biotechnol. 2004; 7: 1-23.

15. Bringi V, Kadkade PG, Prince CL and Roach
BL. Enhanced production of Taxol and Taxanes by
cell cultures of Taxus species. 2007; US patent:
7264951.

16. Frense D.
biotechnological production. Applied Microbiology
and Biotechnol. 2007; 73: 1233-1240.

17. Roberts SC. Production and engineering of

Taxanes:  perspectives  for

terpenoids in plant cell culture. Nature Chemical
Biol. 2007; 3: 387-395.

18. Hezari M, Lewis NG and Croteau R.
Purification and characterization of taxa-
4(5),11(12)-diene synthase from pacific yew
brevifolia) that
committed step of taxol biosynthesis. Archives of
Biochemistry and Biophysics 1995; 322: 437-444,
19. Jennewein S, Rithner CD, Williams RM and

Croteau R. Taxol metabolism: taxoid 14b-

(Taxus catalyzes the first

hydroxylase is a cytochrome P450-dependent
monooxygenase. Archives of Biochemistry and
Biophysics 2003; 413: 262-70.

20. Walker K and Croteau R. Molecular cloning of
a 10-deacetylbaccatin III-10-O-acetyl transferase
cDNA from Taxus and functional expression in
Escherichia coli. Proceedings of the National
Academy of Sciences USA. 2000; 97 (2): 583-587.
21. Walker K, Klettke K, Akiyama T and Croteau
RB. Cloning,
characterization of a phenylalanine aminomutase

heterologous  expression, and

involved in taxol biosynthesis. Journal of

Biological Chem. 2004; 279: 53947-54.



S I RT-R )

22. Walker K; Fujisaki S; Long R and Croteau R.
Molecular cloning and heterologous expression of
chain-CoA
acyltransferase that functions in taxol biosynthesis.

the C-13 phenylpropanoid side

Proceedings of the National Academy of Sciences
US4 2002; 99 (20): 12715-12720.

23. Walker K, Long R and Croteau R. The final
acylation step in Taxol biosynthesis: cloning of the
taxoid C13-side-chain N-benzoyltransferase from
Taxus. Proceedings of the National Academy of
Sciences USA 2002; 99: 9166-71.

24. Nims E, Dubois CP, Roberts SC and Walker
EL. Expression profiling of genes involved in
paclitaxel biosynthesis for targeted metabolic
engineering. Metabolic Engineering 2006; 8: 385-
394.

25. Majidi M, Farsi M, Bahrami AR, Behravan J
and Marashi SH. Cloning, gene expression
analysis, and phylogenic relationship of dbat gene
from Iranian endemic yew (7axus baccata L.).
Journal of Medicinal Plants (in Persian). 2013; 12
(48): 91-103.

26. Majidi M, Farsi M, Bahrami AR, Behravan J
and Marashi SH. Cloning of dbat gene and gene
expression profiling of Taxol pathway in response
to methyl jasmonate in Taxus baccata L. Ph.D.
of Plant
Biotechnology and Breeding. Ferdowsi University
of Mashhad. 2013.

27. Gandhi SG, Mahajan V and Bedi YS.
Changing trends in biotechnology of secondary

thesis (in Persian). Depeartment

metabolism in medicinal and aromatic plants.
Planta 2015; 241: 303-317.

28. Ketchum REB, Gibson D and Greenspan L.
Media
production in cell cultures of pacific yew. Plant
Cell, Tissue and Organ Culture 1995; 42: 185-193.
29. Majidi M, Farsi M, Bagheri A and Marashi
SH. Study on callus cultures and micropropagation

optimization for maximum biomass

of western yew (Taxus brevifolia) for Taxol
production. M.Sc. thesis (in Persian). Depeartment

ieolez 095 (edda Jlu (29,18 OLS dollad
ITAY 0l ild 9 Cual b 0lods

of Plant Biotechnology and Breeding. Ferdowsi
University of Mashhad. 2005.

30. Enaksha RM, Wickremesinhe ERM and Arteca
RN. Taxus callus cultures: initiation, growth
optimization, characterization and taxol
production. Plant Cell, Tissue and Organ Culture
1993; 35: 181-93.

31. Donga YS, Fua CH, Sua P, Xua XP,b, Yuana
J, Wanga S, Zhanga M, Zhao CF and Yua LIJ.
Mechanisms and effective control of physiological
browning phenomena in plant cell cultures.
Physiologia Plantarum 2016; 156: 13-28.

32. Alizadeh N, Farsi M, Majidi M and Rasooli Y.
Optimization of different compounds of culture
media to improving callus growth in common yew
(Taxus baccata). Iranian Journal of Field Crops
Research (in Persian). 2012; 9 (4): 573-583.

33. Kawamura M, Shigeoka T, Tahara M, Takami
M, Ohashi H, Akita M, Kobayashi Y and
Sakamoto T. Efficient selection of cells with high
taxol content from heterogeneous Taxus cell
suspensions by magnetic or fluorescent antibodies.
Seibutsu-kogaku Kaishi. 1998; 76: 3-7.

34. Khosroushahi AY, Valizadeh M, Ghasempour
A, Khosrowshahli M, Naghdibadi H, Dadpour MR
and Omidi Y. Improved Taxol production by
combination of inducing factors in suspension cell
culture of Taxus baccata. Cell
International. 2006; 30: 262-9.

35. Hirasuna TJ, Pestchanker LJ, Srinivasan V and
Shuler ML. Taxol production in suspension

Biology

cultures of Taxus baccata. Plant Cell, Tissue and
Organ Culture 1996; 44: 95-102.

36. Choi HK, Kim SI, Son JS, Hong SS, Lee HS
and Lee HJ. Enhancement of paclitaxel production
by temperature shift in suspension culture of Taxus
chinensis. Enzyme and Microbial Technol. 2000;
27: 593-598.

37. Fett-Neto AG, Pennington JJ and DiCosmo F.
Effect of white light on taxol and baccatin III
accumulation in cell cultures of Taxus cuspidata



Sieb and Zucc. Journal of Plant Physiol. 1995;
146: 584-590.

38. Fett-Neto AG, Melanson SJ, Nicholson SA,
Pennington JJ and DiCosmo E. Improved taxol
yield by aromatic carboxylic acid and amino acid
feeding to cell cultures of Taxus cuspidata.
Biotechnology and Bioengineering 1994; 44: 967-
971.

39. Sabater-Jara AB, Onrubia M, Moyano E,
Bonfill M, Palazon J, Pedreno MA and Cusido M.
Synergistic effect of cyclodextrins and methyl
jasmonate on taxane production in Taxus X media
cell cultures. Plant Biotechnology J. 2014; 12
(8):1075-84.

40. Cusido RM, Palazon J, Navia-Osorio A, Mallol
A, Bonfill M, Morales C and Pinol MT. Production
of Taxol® and baccatin IIl by a selected Taxus
baccata callus line and its derived cell suspension
culture. Plant Science 1999; 146: 101 - 7.

41. Abbasi Kajani A, Moghim S and Mofid MR.
Enhanced taxane production and secretion from
Taxus  baccata cell culture by adding
dimethylsulfoxide. Biotechnology and Applied
Biochem. 2012; 59 (3): 223-227.

42. Wang C, Wu J and Mei X. Enhanced taxol
production and release in Taxus chinensis cell
suspension cultures with selected organic solvents
and sucrose feeding. Biotechnology Progress 2001;
17: 89-94.

43. Luo J, Mei XG, Liu L and Hu DW. Improved
paclitaxel production by fed-batch suspension
cultures of Taxus chinensis in bioreactors.
Biotechnology Letters 2002; 24: 561-565.

44.1L1 LQ, Li XL, Fu CH, Zhao CF and Yu LJ.
Sustainable use of Taxus media cell cultures
through minimal growth conservation and
manipulation of genome methylation. Process
Biochem. 2013; 48: 525-31.

45. Bentebibel S, Moyano E, Palazon J, Cusido
RM, Bonfill M and Eibl R. Effects of
immobilization by entrapment in alginate and

scale-up on paclitaxel and baccatin III production

e S5 559

in cell suspension cultures of Taxus baccata.
Biotechnology and Bioengineering 2005; 89: 647-
655.

46. Wang C, Wu J and Mei X. Enhancement of
taxol production and excretion in Taxus chinensis
cell culture by fungal elicitation and medium
renewal. Applied Microbiology and Biotechnol.
2001; 55: 404-410.

47. Wang ZY and Zhong JJ. Repeated elicitation
enhances taxane production in suspension cultures
of Taxus chinensis in Dbioreactors. Biotechnol.
Letters 2002; 24: 445-448.

48. Lee EK, Jin YW, Park JH, YM, Hong SM,
Amir R, Yan Z, Kwon E, Elfick A, Tomlinson S,
Halbritter F, Waibel T, Yun BW and Loake GJ.
Cultured cambial meristematic cells as a source of
plant natural products. Nature Biotechnol. 2010;
28:1213-1217.

49. Lu X, Tang K and Li P. Plant metabolic
engineering strategies for the production of
pharmaceutical terpenoids. Frontiers in Plant
Science 2016; 7: 1647.

50. Han KH, Fleming P, Walker K, Loper M,
Chilton WS, Mocek U, Gordon MP and Floss HG.
Genetic transformation of mature Taxus: an
approach to genetically control the In-vitro
production of the anticancer drug, Taxol. Plant Sci.
1994; 95: 187-196.

51. Ketchum REB, Wherland L and Croteau RB.
Stable transformation and long-term maintenance
of transgenic Taxus cell suspension cultures. Plant
Cell Reports 2007; 26: 1025-1033.

52. Zhang P, Li ST, Liu TT, Fu CH, Zhou PP,
Zhao CF and Yu LJ. Overexpression of a 10-
deacetylbaccatin III-10 B-O-acetyltransferase gene
leads to increased taxol yield in cells of Taxus
chinensis. Plant Cell, Tissue and Organ Culture
2011; 106: 63-70.

53. Zhang P, Li ST, Fu CH, Zhou PP, Song FJ and
Yu LJ. Overexpression of a 3'-N-Debenzoyltaxol-
N-benzoyltransferase gene promotes Taxol yield in

Taxus chinensis cells. Chinese Journal of

3



S I RT-R )

Biochemistry and Molecular Biol. 2014; 30 (4):
377-382.

54. Li FL., Ma XJ, Hu XL., Hoffman A., Da JG.,
and Qiu DY. Antisense-induced suppression of
taxoid 14B- hydroxylase gene expression in
transgenic Taxus x media cells. African Journal of
Biotechnol. 2011; 10 (44): 8720-8728.

55. Furmanowa M and Syklowska-Baranek K.
Hairy root cultures of Taxus % media var. Hicksii
Rehd. as a new source of paclitaxel and 10-
deacetylbaccatin IIl. Biotechnology Letters 2000;
22: 683-686.

56. Li ST. Fu CH; Zhang M; Ahang Y; Xie S and
Yu LIJ.
overexpressing a

Enhancing taxol biosynthesis by
9-cis-epoxycarotenoid
dioxygenase gene in transgenic cell lines of Taxus
chinensis. Plant Molecular Biology Reporter 2012;
30: 1125-1130.

57. Zhang LS, Zhang P, Fu C and Yu L.
Functional analysis of a WRKY transcription
factor involved in transcriptional activation of the
dbat gene in Taxus chinensis. Plant Biol. 2013; 15
(1): 19-26.

58. Zhang M, Li S, Nie L, Chen Q, Xu X. Yu L
and Fu C. Two jasmonate-responsive factors,
TcERF12 and TcERF1S5, respectively act as
repressor and activator of fasy gene of taxol
biosynthesis in Taxus chinensis. Plant Molecular
Biol. 2015; 89 (4-5): 463-73.

59. Marienhagen J and Bott M. Metabolic
engineering of microorganisms for the synthesis of
plant natural products. Journal of Biotechnol.
2013; 163: 166-178.

60. Dziggel C, Holger Schafer and Michael Wink.
Tools of pathway reconstruction and production of
economically relevant plant secondary metabolites
in recombinant microorganisms. Biotechnol. J.
2017; 12: 1600145.

61. Besumbes O, Sauret-Gueto S, Phillips MA,
Imperial S, Rodriguez-Concepcion M and Boronat A.
Metabolic engineering of isoprenoid biosynthesis in
Arabidopsis for the production of taxadiene, the first

ieolez 095 (edda Jlu (29,18 OLS dollad
ITAY 0l ild 9 Cual b 0lods

committed precursor of Taxol. Biotechnol. and
Bioengineering 2004; 88: 168-175.

62. Li M, Jiang F, Yu X and Miao Z. Engineering
Isoprenoid Biosynthesis in Artemisia annua L. for
the production of Taxadiene: A key intermediate of
Taxol. BioMed. Research International 2015;
Article ID: 504932.

63. Biggs BW, Lim CG, Sagliani K, Shankar S,
Stephanopoulos G, De Mey M and Ajikumar PK.
Overcoming heterologous protein interdependency
to optimize P450-mediated Taxol precursor
synthesis in Escherichia coli. Proceedings of the
National Academy of Sciences USA 2016; 113
(12): 3209-14.

64. Dejong JH, Liu Y, Bollon AP, Long RM,
Jennewein S, Williams D and Croteau RB. Genetic
engineering of Taxol biosynthetic genes in
Saccharomyces  cerevisiae.  Biotechnol.  and
Bioengineering 2006; 93: 212-224.

65. Venugopalan A and Srivastava S. Endophytes
as in vitro production platforms of high value plant
secondary metabolites. Biotechnology Advances
2015; 33 (6): 873-887.

66. Kusari S, Singh S and Jayabaskaran C.
Rethinking production of Taxol (paclitaxel) using
endophyte biotechnology. Trends in Biotechnol.
2014; 32 (6): 304-311.

67. Zhang P, Liu TT, Zhou PP, Li ST and Yu LJ.
Agrobacterium tumefaciens-mediated
transformation of a Taxol-producing endophytic
fungus, Cladosporium cladosporioides MD?2.
Current Microbiol. 2011; 62: 1315-1320.

68. Soliman SSM and Raizada MN. Interactions
between co-habitating fungi elicit synthesis of
Taxol from an endophytic fungus in host Taxus
plants. Frontiers in Microbiol. 2013; 4: 1-14.

69. Li YC, Tao W and Chen L. Paclitaxel
production using co-culture of Taxus suspension
cells and Paclitaxel-producing endophytic fungi in
a co-bioreactor. Applied Microbiology and
Biotechnology. 2009; 83(2): 233-239.



70. Christen AA, Gibson DM and Bland J.
Production of taxol-like compounds in cell culture.
1991; US Patent: 5019504.

71. Yukimune Y, Tabata H, Higashi Y and Hara
Y. Methyl jasmonate-induced overproduction of
paclitaxel and baccatin III in Taxus cell suspension
cultures. Nature Biotechnol. 1996; 14: 1129-1132.
72. Tabata H. Production of paclitaxel and the related
taxanes by cell suspension cultures of Taxus species.
Current Drug Targets 2006; 7: 453-461.

73. Wilson SA and Roberts SC. Recent advances
towards development and commercialization of
plant cell culture processes for synthesis of
biomolecules. Plant Biotechnol. J. 2012; 10 (3):
249-268.

e S5 559

74. Isah T. Natural sources of Taxol. British
Journal of Pharmaceutical Res. 2015; 6 (4): 214-
227.

75. Gallego A, Malik S, Yousefzadi M,
Makhzoum A, Tremouillaux-Guiller J and Bonfill
M. Taxol from Corylus avellana: paving the way
for a new source of this anti-cancer drug. Plant
Cell, Tissue and Organ Culture 2017; 129 (1): 1-
16.

76. Li Y, Zhang G and Pfeifer BA. Current and
emerging options for Taxol production. Advances
in Biochemical Engineering/Biotechnol. 2015;
148: 405-25.



M5l 5 (shoms oee—

A Review on Taxol Production through Biotechnological Approaches
Majidi M (Ph.D.)'*, Tarinejad AR (Ph.D.)!

1- Department of Biotechnology, Faculty of Agriculture, Azarbaijan Shahid Madani
University, Tabriz, Iran

*Corresponding author: Department of Biotechnology, Faculty of Agriculture, Azarbaijan
Shahid Madani University, Zip Code: 5375171379, Tabriz, Iran

Tel: +98-41-34327520, Fax: +98-41-34327522

E-mail: mmajidi82@yahoo.com

Abstract

Taxol is a very important anticancer drug which was first isolated from Yew plant (Taxus
spp.).- However, Taxol supply by extraction from natural sources, has several limitations, and
cannot meet current market's demands. Therefore, it seems necessary to use alternative
production methods. Producing Taxol through biotechnological approaches is among the main
options which have some advantages such as independency of production from geographical and
environmental conditions, higher production rate, and ease of extraction. This paper contains a
review on some of the most important approaches used in Taxol biotechnological production. The
main body of the paper is divided into five main parts: (1) Taxol biosynthesis and related genes,
(2) Factors and strategies influencing the production of Taxol by plant cell cultures of Taxus spp.,
(3) Strategies based on genetic manipulation of Taxus spp. for the production of Taxol, (4) Using
heterologous systems in taxane production, and (5) Taxol-producing endophytes and related
studies. The current status of utilizing biotechnology in producing Taxol and its future outlooks
have been also described.
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