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Cyanogenic Glucosides

cyanogenic
L-amino acid aldoxime a- glucoside
R, (? R, hydro’(‘DVJ,“"'Ieglucosyltransferase o %t
R,)\H\OH Ry ] o : 2l
- HO’N R; "CN B-glucosidase R, "CN
2

a-hydroxynitrilases

Insect defense
compounds

Lotus

Cassava
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linalool o-pinene perilla  alcohol artemisinin (E,E)-o-farnesene
Strawberries Anti-malarial drug
monoterpene synthases +/— orP sesquiterpene synthases +/—
difvine enzvmes = ) . e
Mocilying enzymes geranyl diphosphate farnesyl diphosphate modifying enzymes
(GDP) (FDP)

Pro
GDP synthase \ A’svmhusc \squmcnc synthase
)\/—()I’I’ ) > Jv orp '
l squalene epoxidase
GGDP synthase / isopentenyl diphosphate dimethylallyl diphosphate
(IDP) (DMAPP)
Orp
geranylgeranyl diphosphate squalene -2,3-epoxide-

. , (GGDP)
diterpene synthases +/—

triterpene synthases +/—
\mudi fying enzymes

0]

modifying enzymes /
O

% OH
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Myzus persicae Leaf of cucumber
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Medicinal Products from Secondary Metabolite Pathways
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Genistein Morphine Vincristine Paclitaxel
Phytoestrogens Analgesics Antineoplastic Antineoplastic

Quercetin Berberine Ajmalicine Artemisinin
Anticancer Antibacterial Antihypertensive Antimalarial
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UV Light £
anthocyanidins
flavonols/flavones
psoralens

Wounding
chlorogenic acid
coumarins
lignin

Pathogen Attack
1soflavones
coumarins

Low Nitrogen
flavonoids,
isoflavonoids

stilbenesf T ow Iron Low Phosphate
Phenolic acids anthocyanidins

R.A., Dixon and N. L. Paiva, Stress-Induced Phenvipropanoid Metabolism.
The Plant Cell, 1995, 7; 1085-97




Function UV-protection

/ N-storage
/Defe§ \ Attraction

Herbivores/Predators Microbes/Viruses Competing = pollinating insects
"insects =bacteria organisms = seed dispersing animals
=mollusks =fungi = root nodule bacteria
mvertebrates = adapted organisms

=repellence =toxicity Inhibition of

"deterrence =growth inhibition | | ®germination and

=toxicity =growth of seedlings

=growth inhibition
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Alkaloids
Morphine
Codeine
Vincristine
Vinblastine
Galantamine

Camptothecine

13

Flavonoids

Phenolic acid
derivatives

Rosmarinic acid

Anthocyanins

Thymol
Carvacrol
Citral
Ursolic acid
Betulinic acid
Taxol



Cost

Compound Use Plant species US $/Kg
Quinine Antimalarial Cinchona ledgeriana 500
Berberine Intestinal ailment Coptis japonica 3,250
Shikonin Antibacterial Lithospermum erythrorhizon 4,500
Sangunarine Antiplaque Sanguinaria candensis 4,800
Codeine Sedative Papaver somniferum 17,000
Ajmalicine Antihypertensive Catharanthus roseus 37,000
Ellipticine Antitumour Orchrosia elliptica 240,000
Morphine Sedative Papaver somniferum 340,000
Camptothecine Antitumour Camptotheca acuminata 432,000
Taxol Anticancer Taxus brevifolia 2000,000
Vinblastine Antileukemic Catharanthus roseus 2,000,000
Vincristine Antileukemic Catharanthus roseus 4,000,000
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Serious negative impacts

On balanos, the negative impacts of
changing precipitation patterns outweigh
the benefits. For example, the increases
in annual rainfall and runoff in some
regions are offset by the negative impacts
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SOUTHERN EUROPE AND THE MEDITERRANEAN MORE FREQUENT EXTREME DROUGHT EVENTS

Mazy and and semt-and mgions, such as e
Macwarmanean and pasts of southem Burope,
southeen Africs, and much of Austisiia, am kaly
0 sutior from increasod deougiit. Eloctucny
procection potantial a4 hydropowsr stations
may decreaso by maso than 26% by 200

of increased precipitation variability,
including diminished water supply,
decreased water quality, and greater flood
risks. There is hope, however, that in some
cases adaptations (a.g., the expansion

of reservoirs) may offset some of the
negative impacts of shifting patterns of
water availability (see p.160).

Lea e, Mo

SMULAED RETURN PIROO Fxmm -mawmlm
(munnms)m %ﬂ«mm
DE GQURL TD WRT 15 CLRREATLY © 1 e riAg
monmm 14T CLRTURY (208-2004).
Camate modal smuktions pradict that the spacing
" between conmeoutive extzame drought events
S (detmed as once-n-a-bhundred- years events) will
mmwwmummd

FUTURE CLIMATE CHANGE IMPACTS ON WATER

2000 that the 2007 kwval of
water demand will not be able
10 be met, and saimon habitat
will Do kst (800 pAS).

. inmany coustal
A eyctwwa e R
ﬂ ¢ i he vog ik g % Water
mm':';,“ Y 4 resources will
The specad of disceas will InCToase doe 10 MOKG U Shlﬁ:«, bu;t nOt m
protLops bbbt L in i o o e, e / society’s favor.

1 https://www.e-education.psu.edu/meteo469/node/167
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20" Ramachandra Rao and Ravishankar (2002); Palazon et al. (2008)
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Micropropagation of medicinal plants
Endangered plants

High-yielding varieties

Plant cell tissue and organ culture
Cell culture

Haliry root culture

Transgenic plant/organism
Metabolic engineering

Molecular farming /

22
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Micropropagation of medicinal plants
Endangered plants

Micropropagation of Thymus persicus - an endangered and potent natural
source of anticancer pentacyclic triterpenoids from Iran



Micropropagation of medicinal plants
High-yielding varieties

30 slgimo L oWl 30 )0 o jl o b 2o UwugT &)%
J9,S19) 30,5 10 9 Jgeus 3u0)>

In vitro cloning of Thymus daenensis Celak subsp. daenensis — an important and
endemic medicinal plant from Iran
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(Plant cell culture) L5 Jow cuis
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NUTRIENTS

weeepr GLUCOSE

PENTOSE
PHOSPHATE

TRIOSE

/ SUGARS

GLYCEROL

PYRuvic fCTRIC OXYGEN
ACID ACID PHOSPHATE
CYCLE NITROGEN

!
- Pigmented and
alkaloid-containing plant cell cultures




27

)

e S)gS L 9 o Ldl sk ( lad Ol juass I Jitamss . 1

LSy, 3 )Sac 9 CapisS U pole Suls (5152 oo 3als3 lamp 3979 2
332 sledsilio 3es 43 $9T9 9 i <l OlSl 3

2329 Cedgalio 3adgi (S0 (ALS U piSS OISl 4

Uasine Jokw sle jl ookl b 4956 (sleasS 5 Ik i il 315
b3 J S (o2 beowds Jausmo ) lgsdgalio 8L L 5 (509108 Jagenss 6

shoS 45 9 Vb Cue s b lgo (2155b 9 Sudgs .7

0956 sletdgrlio O gamlo) gl )5 g aalllae OISl .8

o j )l 5103l 40 Gl oS 4l slge Jlamul o j cusls 3925 .9

v




L35 SIT Jgaial 0,8 51 -

033 O pw (Sloys (gouid -

(3425 0/0005) jiilg y LS (sld 4y 9 2192 plal )> -
L2 1 9 PYsb Sl (& 9hut0 jiiam —

Carew et al. (1966) buwgs O gumilow g CaiS (2155 sl -
(Smart et al. 1986)  a&iglojT byl b 4> 2/8 Mo/l sgs -
253,58 1) aan 5 230 mg/l sJe5 Fugita et al. (1990) -
o2l Matsui s -

9292 O9alae 3/5 6 1 p,S5kS o )




29

OH

Tax

e
Oi\

HO 5]

ol&

- H

aanH

a{cm :
© N\

TAXOL' 6 mg 'l

\

:

-

\. : J '4.\‘\01‘('

62
W16 o4 Vor 19 4430

TAXOL' 6 mg/m|

At ntars ohtrnam s

———

It
Ay

Emacl 3£2
Cremoohac (L 527 mg

VAT i 400 mg packtonet
CYTOSTATIC UM

|

]

Wani et al. (1969) - )

(1983) 1S5 roT (5915 9132 Olojluw Jauw g5 (Siadb 51 36 —

(EW-I%) O/OOl))bo)w 3o s Sl Cuwgy ) -

Sl U 0 20 o900 it —

Christen et al. (1989) buwgi O gamilow g S (138 ulsl -

(Srinivasan et al. 1995) Taxus baccata 443 ji1/5 mg/l sJg5 -

23,5 S5 1, 14/3 mg/l sdgs Ketchum and Gibson (1996) -

ok S jl aaa 6 b 200 mg/l sJdes Mulabaghal et al. (2004) -

253905 G135 T. maieri 448

U5 158 600 oS oS 1 Cand)




Badat vy W2 A0 - S 30 tabletek m\rﬂ{e"ﬂ

Yok

K Digoxin T:e . F,i
— L%

—
Digoxinem ¥

zrsaomerg HD {[[+] = =1
! Digoxin A
Digi
G )
(W 393 )15) (oS 335955 -
(340,30/4) oS 219 plasl y> -
Y5 O9alao 50 il 4 5 6 3935 Gl B uao -
Hildebrant et al. (1959) kuwsi O gamilow g cuitS 5,135 algl -
(Hagimori et al. 1990) Digitalis lanata 443 ;1 2/5 mg/l sJgs -
353,85 )38 Ogamwlo ygimil yigw G20k I 1) 0/3 g/l sJgs Reinhard et al. (1996) -
y




(PAra(1-6)GleO =
HO

HO

OH

Ginsenoside

9 Panax ginseng

Shibata et al. (1965) -
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Phenylpropanoids Alkaloids Terpenoids Quinones
Anthocyanins Acridines Carotenes Antraquinones
Cumarins Betalaines Monoterpenes Benzoquinones
Flavonoids Quinolizidines Sesquiterpenes Naphtaguinones
Lignans Isogunolines Diterpenes

Phenolenones Tropan alkaloids  Triterpenes

Stilbenes Purines

Tanins Indoles

32
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I Industrial production in plant cell cultures
Company Product Plant source
Japan tobaco and Ubiquinone 10 Nicotiana tabacum
Salt Pu. Co.
Svoda Co., Moscu Ginsenoside Panax ginseng
Mitsui Petrochemical Ind. Shikonine Lithospermum erythorrizon
Ltd.
Yamaguchi Co. Berberine Coptis japonica
Nattermann, RFA Rosmarinic acid Coleus blumei
Nitto Denko Corp. Ginsenoside Panax ginseng
Mitsui Petrochemical Ind. Purpurine Rubia akanae
Ltd.
Mitsui Petrochemical Ind. Taxol® Taxus media
Ltd. ® o
Phyton Inc. Taxol Taxus brevifolia
Nitto Electric Ind. Co. Ltd.  |Anthocyanins Ipomea batata |
Nippon Paint Co. Ltd. Anthocyanins Euphorbia mili
Shiseido Co. Ltd. Pigment Corydalis ambiqua
Mitsui Chemicals Ind. Berberine Coptis Japonica
Mitsui Chemicals Ind Arbutine Datura inoxia




P r  BLS Gges oLl
(490 Culglio CutsS 9 CueS wlwl o Calizes slgiroes (5,50 12)

— =

352 Sy 2V e 35
(L9l Cudglio pulul o Cilide (Johw o (S9IS S )2 9 (2l posllS)

— L=

Sl Laad 095 CuiS bl b (5l dugo
(CuiS SloalS 9 3y sl 2345 @bl Lgioling (2132 S1a 2L Gy S )5 (LS Laumo £99)

— L

1955150 =k 3dss o) a9l




Optimization of the culture system:

»Selection of cell lines with high production

»Optimization of growth and production media

»Addition of biosynthetic precursors

»Induction of secondary plant metabolic pathways using elicitors.
»Increasing the release of secondary compounds from cells

Two examples comparing the metabolite content and productivity between the plant and the
cell suspension culture

Species Compound Culture  Age Content Content  Productivity Improved
(Weeks) % improved mg/g/week productivity

Coptis Serbering 1ML 260 3 X 4.4 0,083 530

Japonica CS 2 13,2 44

Lithospermum Plant 312 1,53 X 0,048

: Shikonin
erythrorhizon CS 2 12 60

CS: Cell Suspension




Suspension Large —i
Culture Cell
Clumps oW
Surface P quunld
KN Sterilize Culting Medium
o) from
v Plant '

Whole tén " N 7N -

Plant et
Solidified Callus Propagation
Medium Formation as Callus
for
% Plantlet Rapid
T Growth
—— Defined X T
Medium
t with Agar Organ Cultures

(Root or Shoot)

Sterile
Seed



P r  BLS Ui oLl

!
L€

SHL,E 9 2l gulls
Solw slesigls




RS Ggodju) 4
(035 Sgie b Slgo glgil jl ookl b goebus (Sghe b 9 gitiiund)

—_— =

oIS Gl byl it (5 i tings
(390 poliwl 3l sl paS [o.o.b.u 9 LS sy buso &I,JI »UL L;an,S 43,3 L L)

—

I 9w 2395 S13e55 9 2y b (g ilw Ly

(S SlonlS 9 ) (5l 23S i clginolisg ¢ 2132 (51 83Lo iy S )5 kS Jauzmo £93)

— L

Lol Cudglio 3dgi (595l 9 ywlogw e LI
(S sloadS 9 2 ) sl 23S |o.J:v.aa Leinolis 9 c._,g.l.&.'c sl aobe - S i S o &9.')

— L

L9l Culglio sdgi byl ps (o jig L1 9 4l

(oS oo Gl 91 9 Silgalio gawdigro ¢ Ol giunsil 13 a3 o( il S pete pu 5 3u551)




39

A6 Ol | (a2d5) jles Ol e | (1) 5L 5,90 e | oS bl esle | s,
s 5-30 9-10 orelS S a1
O 5-30 0/5-5 e o S sa| 2
e 5-15 3-12 D590 Sl | O
e 5-30 1 o ol zs| 4
Sl 2-10 0/1-1 oy LIS D
Oy e 2-10 1-2 o I 6
o aids k> b il s 70-95 Ssl 7




>

40

() 5 5,590 lali (aids) e Olo) Soe AL sl 4 s,
1 30 g sl 1
1 20 Lile gla wla| 2
I 15 FIERPIE N B
1 10 eS| 4
1 15 A 5L S gla wlse| B
2 20 A 5L S ols dlse| 6
1 15 soke 5 s 5l| 7
1 30 k| 8




(CiS buzmo dugs 21 ) Ga,lj Jokw 9 Bl CuisS

1 Pour 250 ml distilled water into a 2 | beaker

¥

¢) Add all heat-stable components (use stock solutions for efficiency, accuracy, and

convenience)
3 Bring total volume to 900 ml
4 Measure and adjust pH

-

5 Add sugar

4



_ombine heat-sensitive
components (all of which
should be dissolved in
70% ethanol) in a small
vial, cap tightly and
shake well

'

Add to sterile medium

/

Mix by swirling

'

Dispense into preautoclaved
culture vessels

'

!

Add SUZAr ~eff— Make Up volume to

tor solid
medium
Liquid
medium
Autoclave

Cool =

\.l,

Ise

*

. Autoclave =—

1000 ml and mark level

*
*
*

Heat until solution
starts to boil gently

v

Add agar slowly

with Sﬁll’l’lng Liquid

\ medium
Stir until agar is dissolved
completely and becomes
amber-colored

v

Bring level of solution
to mark

v »°

Dispense into culture
vessels

]
L 3
L ]
.
L]
L1
L ]
L]
L
L ]
L]
.
]
‘1

*



Callus " No

Plant
tissue

Nutrient U

agar
Auxin [mg- . 3 3 0003 —
Kinetin [mg-1]: 0.2 002 1 0.2
0.003 150 15 Ratio:
High auxin:cytokinin ratio: root Low auxin/cytokinin ratio: shoot

3 Intermediate levels: callus
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Hairy root cultures producing pharmaceutical products of interest

Plant species

Product

Reference

Bidens spp.

Cinchon. ledgeriana
Cichorium intybus
Datura spp.

Cassia spp.
Duboisia leichhardtii
Echinacea purpurea
Glyeyrrhiza uralensis
Hy. albus

Panax ginseng
Salvia miltorrhiza
Artemi. absynthium
L. ervthrorhizon

Ra. serpentina
Rubia cordifolia

Gl. glabra

Panax ginseng

Hy. muticus

Polyacetylenes
Quinolene alkaloids
Esculetin

Tropane
Anthroquinones
Tropane alkaloids
Alkaloids
Glycyrrhizin
Alkaloids

Saponin

Diterpenes

Volatile oil
Shikonin

Ajmaline, serpentine
Anthroquinones
Isoprenylated flavonoids
Ginsenoside
Hyoscyamine

McKinely et al. (1993)
Hamill et al. (1987)

Bais et al. (1999)

Rhodes (1989)

Ko et al. (1988)

Mano et al. (1989)
Trypsteen et al. (1991)
Ko et al. (1989)
Shimomura et al. (1991)
Yoshikawa and Furuya (1987)
Hu and Alfermann (1993)
Kennedy et al. (1993)
Shimomura et al. (1986)
Benjamin et al. (1994)
Shin and Kim (1996)
Asada et al. (1998)
Kunshi et al. (1998)
Sevon et al. (1998)

Adapted from Ravishankar and Ramachandra Rao (2000).



Biotransformations using hairy root cultures for production of pharmaceuticals

Plant species Substrate Product Reference
Hy. niger Hyoscyamine Scopolamine Hashimoto and Yamada
(1983)
Cinchon. ledgeriana Tryptophan Quinine Hay et al. (1986)
Nicotiana spp. Lysine, cadaverine Nicotine Walton and Belshaw
(1988)
Putrescine, agmatine Anabasine Walton et al. (1988)
Duboisia myoporoides Putrescine Scopolamine Yoshioka et al. (1989)
Spermidine Hyoscyamine
Cadaverine
Panax ginseng 2-phenylpropanoic acid Sugar esters Furuya et al. (1989)
Panax ginseng Digitoxigenin Digitoxin Kawaguchi et al. (1990)
Atro. belladona Hyoscyamine Scopolamine Subroto et al. (1996)
Dubo. leichhardtii Hyoscyamine Scopolamine Subroto et al. (1996)
Panax ginseng 183-glycyrrhetinic acid Glucosides Asada et al. (1993)

Bidens sulphureus
Panax ginseng

Butylated hydroxytoluene
Phenolic acid

Stilbene quinones
Glycosylated phenolic
compounds

Flores et al. (1994)
Ushiyama and Furuya

(1989)
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Hindlll Pstl Xbal Notl EcoRl

—- npt1l (neomycin phosphotransferase 1) 5gs 1 (squalene synthase)
/ 800 bp 1.5 Kbp /

vir
Tx-DNA D
pRi A4
T,-DNA
rol A rol B rolC aux 1 aux 2 ags
Ay S s Loy sy Ly
] |
Agrobacterium tumefaciens T, -DNA | Tw-DNA
strain C58C1 (pRiA4) (pBls SQS 1) Agrobacterium tumefaciens
Kribi et al. (1997) strain C58C1 (pRiA4)

78 Van Larebek et al. (1974)
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Plant-Associated Microorganisms (Endophytes) as a
New Source of Bioactive Natural Products

Endophytic microorganisms are to be found in virtually

every higher plant.
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These organisms reside in the living tissues of the
host plant, and do so in a variety of relationships ranging

from symbiotic to pathogenic.

“Microbes that colonize living, internal tissues of
plants without causing any immediate, overt
negative effects”.
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Endophytes may contribute to their host plant by producing
a plethora of substances that provide protection and
survival value to the plant.

These compounds, once isolated and characterized, may also
have potential for use in modern medicine.

Novel antibiotics, antimycotics, immunosuppressants, and
anticancer compounds.
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The potential for the discovery of new drugs that may be
effective candidates for treating newly developing diseases in
humans is vast.

Among the approximately 300 00O higher plant species
that exist on the Earth, each individual plant of the billions

that exist is most likely a host to one or more
endophytes .

Novel natural products, and the organisms that create them,
offer major opportunities for innovation in drug discovery.
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Fig. 4.1 Oocydin A, a chlorinated macrocyclic lactone isolated and
characterized from a strain of Serratia marcescens, obtained from
Rhyncholacis penicillata (stereochemistry unknown).



y Cudgail jload gilwlaz b Olus 5 jl (Jls

H
HO 3 ,4-Dihydroxy-homotryosine
Glutamine
O B 4-Hydroxyproline
N
H,N
OH 0]
N
0
OH
HO NI
3-Hydroxy-4-hydroxy HN Threonine
methyl-proline
OH NH
4,5-Dihydroxy
ornithine 0

Fig. 4.2 Cryptocandin A, an antifungal lipopeptide obtained from the
endophytic fungus, Cryptosporiopsis cf. quercina. (No stereochemistry
is intended.)
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Fig. 4.3 Cryptocin, a tetramic
acid antifungal compound found

in Cryptosporiopsis cf. quercina
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Fig. 4.4 Ambuic acid, a highly functionalized cyclohexenone produced
by a number of isolates of Pestalotiopsis microspora found in rainforests
around the world. This compound possesses antifungal activity and has
been used as a model compound for the development of solid-state
NMR methods for the structural determination of natural products.
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Fig. 4.7 Taxol, the world’s first billion-dollar anticancer drug is produced
by many endophytic fungi. It too, possesses outstanding antioomycete

activity.
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"Mother Nature does not work with single compounds.
It's the family that gets the job done,*



b byl gode disles

TR R

. US005322779A
United States Patent [ (111 Patent Number: 5,322,779
Strobel et al. [45] Date of Patent:  Jun. 21, 1994
[54] TAXOL PRODUCTION BY TAXOMYCES [58] Field of Search ............... 435/123, 117, 132, 147,
ANDREANAE 435/155, 171, 254.1, 911; 549/510, 511
[75] Inventors: Gary A. Strobel, Bozeman; Andrea A. (54 References Cited

Stierle; Donald B. Stierle, both of

Butte, all of Mont. U.S. PATENT DOCUMENTS

[73] ASSignee: The ResearCh and Development :,222,32; G/iggg gﬁﬂer etlal ........................ :g‘;/}!;s
Institute. Inc. at Montana State 468,458 8/ atq et al. s /134
. D y 5,019,504 5/1991 Christen et al. ... 435/123
University, Bozeman, Mont.
211 Appl. No.: 971,508 Primary Examiner—Douglas W. Robinson
(21} -pp Assistant Examiner—L. Blaine Lankford
[22] Filed: Nov. 4, 1992 Attorney, Agent, or Firm—Lowe, Price, LeBlanc &

Becker



s byl gode il

Applied Microbiology

Journal of Applied Microbiology ISSN 1364-5072

ORIGINAL ARTICLE

Aspergillus niger var. taxi, a new species variant of
taxol-producing fungus isolated from Taxus cuspidata
in China

K. Zhao, W. Ping, Q. Li, 5. Hao, L. Zhao, T. Gao and D. Zhou

Key Laboratory of Microbiology, College of Life Science, Heilongjiang University, Harbin, China



s byl gode il

438

R. Senthil Kumaran'
J. Muthumary®
B. K. Hur'

1 Department of Biological
Engineering, Inha University,
Incheon, South Korea.

? Centre for Advanced Studies in
Botany, University of Madras,
Guindy Campus, Chennai,
India.

Eng. Life Sci. 2008, 8, No. 4, 438-446

Communication

Production of Taxol from Phyllosticta
spinarum, an Endophytic Fungus of
Cupressus sp.

Taxol production during the cultivation on a moditfied liquid and potato dextrose
broth medium was indicated for the first time to occur in Phyllosticta spinarum,
an endophytic fungus isolated from the needles of Cupressus sp. The presence of
taxol in the fungal culture filtrate was confirmed by chromatographic and spec-
troscopic methods of analysis. The amount of taxol produced by this fungus was
quantified by high performance liquid chromatography. The maximum amount
of taxol production was obtained in this fungus when grown on M1D medium
(235 pg/L) followed by PDB medium (125 ng/L). The results indicate that P. spi-
narum 1s an excellent candidate for taxol production. The production rate was
4.7 x 10°-fold higher than that found in the culture broth of an earlier reported
tungus, Taxomyces andreanae. The fungal taxol extracted also showed a strong
cytotoxic activity in the in vitro culture of human cancer cells tested in an apop-
totic assay.
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Taxol from Tubercularia sp. strain TFS, an endophytic fungus of
Taxus mairei
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A New Endophytic Taxane Production Fungus
from Taxus Chinensis'
Z. Miao*, Y. Wang, X. Yu, B. Guo, and K. Tang

Plant Biotechnology Research Center, School of Agriculture and Biology,
Shanghai Jiao Tong University, Shanghai, 200240, F.R. China

*e-mail: zm46@cornell.edu
Received June 24, 2007

Abstract—More than 50 kinds of endophytic fungi associated with Taxus chinensis were isolated and exam-
ined as a potential source of the imposing anticancer drug taxol. Of these, four isolates show ability to produce
taxane when measured with the competitive inhibition enzyme immunoassay method. The most promising
clone, DAT1O, identified as Mucor rouxianus sp., is the first rouxianus reported as taxol production fungus. The
presence of taxol and its important precursors, such as 10-diacetyl baccatinlll (10-DAB) and baccatinlIl, in the
culture of this fungus was confirmed by reactivity with a taxane-specific monoclonal antibody, comparative
chromatographic and mass spectrometric behavior, cytotoxity to liver carcinoma 7402, and molecular cloning
of kernel fragment of taxadiene synthase gene.
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Isolation and characterization of Stemphylium sedicola
SBU-16 as a new endophytic taxol-producing fungus from
Taxus baccata grown in Iran

Mirjalili, Mohammad Hossein; Medicinal Plants and Drugs Research
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Farzaneh, Mohsen; Medicinal Plants and Drugs Research Institute,

Agriculture
Bonfill, Mercedes; Faculty of Pharmacy, Plant physiology and Edaphology
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Phytochemistry
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It is important to understand that the methods and
rationale used seem to provide the best opportunities to
isolate novel endophytic microorganisms at the genus,
species, or biotype levels.

v Plants from unique environmental settings, especially
those with an unusual biology, and possessing novel
strategies for survival, are seriously considered for study.
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v'Plants that have an ethnobotanical history (used by
indigenous peoples) and are related to the specific uses or
applications of interest are selected for study.

(A These plants are chosen either by direct contact with local
peoples, or via local literature.

DUltimately, it may be learned that the healing powers of
the botanical source may in fact not be related to the natural
products of the plant, but rather to the endophyte

inhabiting the plant.
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v Plants that are endemic, having an unusual longevity, or
have occupied a certain ancient land mass are also more
likely to lodge endophytes with active natural products than
other plants.

v Plants growing in areas of great biodiversity, it follows,
also have the prospect of housing endophytes with great
biodiversity.
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K. Zhao et al. A new taxol-producing endophytic fungus

5/15/2008 09:50

Figure 3 Momhology of taxol-producing
endophytic fungus HD86-9. (a) Colony grow-
ing on PDA medium at 28°C for 3 days, (b, ¢)
conidia viewed under a scanning electron
microscope at the magnitudes of 2000 (b)
and 5000 (c); (d, e) conidiophores viewed
under a light microscope at the magnitudes
of 1000 (d) and 370 (e)_ 150kV SE 5/15/2008 09:50
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2000 bp —»

2000 bp +—1755 bp 1000bp__,

1000 bp __, 750 bp —»

750 bp —» 500 bp—™*

500 bp —» 250 bp—>

250 bp —» 100 bp—*
100 bp —»

Figure 4 Agarose gel electrophesis for PCR products of the 185
rDNA and ITS region including the 5-85 rDNA amplified from strain
HD86-9. (a) The 185 rDNA; (b) The ITS region. Lane M: DNA molecu-
lar weight marker DL2000.
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(a) (b)

A. niger DQ915808.1

A niger AY213633-1
— A. awamori DE3695-1
L ) ——— A niger EF136365.1
A. niger D63697-1
A. mger EFO68267-1 ——— HDB&&-9
A. niger EU1848611 —— A miger AB369896-1
A clavafus ABOOZ070-1
] A awamori EF1514361
A. fumigatus M55626-1
— _E A. sp. FE8 AB179824.1 Gliocladium cibotii AF021284-1
— A. proliferans AB00D206 A. cf. tubingensis AB298712.1
A. oryzae APO0OT1731 )
L, —E — A fostidus AJ2B0009.1
A. tamani AB106338-1

—— A niger EF175904-1

A. flavipes ABOO2062:1

A. wenii ABO020631 — A niger EF151435.1

A. ochraceus ABD02068.1 ——— A niger MW001594105.-1

A. miger NW001594105.1

—— Az Wi, 2800101
HD86-9 pemillus spad

Figure 5 Phylogenetic trees showing relationship of strain HD86-9 with other related fungal species retrieved from GenBank based on their
sequence homologies of 185 rDNA (a) and ITS region including the 5-85 rDNA (b).
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