ANTINNZIAtNEAE A LA YT NUIUIRIENNARAAANUNANDN AR LANITTNLET

AULINENINYINS
AAINTUUMIININY

IngniivisiiiudounilaresnisfnemunangnaSoy oy ndranansumninege
A1 TUNETIN  ANPRTUNFTINUALINETNE N BAART
AMSINETAERT  rINaINIRiNYNINENAT
tnnsAnmn 2551

s

A1ENEVDIAIAINTUNMINENRE



MICROPROPAGATION AND HAIRY ROOT CULTURE
OF OPHIORRHIZA ALATA FOR CAMPTOTHECIN PRODUCTION

AUYININTNYINT

A Theg"s Submitted in Partial Fulfillment (&he Reqwreme
ST PR T
Department of Pharmacognosy and Pharmaceutical Botany
Faculty of Pharmaceutical Sciences
Chulalongkorn University
Academic Year 2008

Copyright of Chulalongkorn University



Thesis Title

By

Field of Study
Thesis Advisor
Thesis Co-Advisor

MICROPROPAGATION AND HAIRY ROOT CULTURE

OF OPHIORRHIZA ALATA FOR CAMPTOTHECIN PRODUCTION
Miss Pornwilai Ya-ut

Pharmacognosy

Assistant Professor Suchada Sukrong, Ph.D.

Piyarat Chareonsap, Ph.D.

’?ﬂ‘%‘lﬂ”ﬁﬁ“‘?ﬂ"ﬁ”

External Examiner

q W'lﬁﬂeﬁﬁ%ﬂﬁ% A &



wila vegml: mavnzdsaiadauszmnausesinuaensentadenisudnuaniinsiu
(MICROPROPAGATION AND HAIRY ROOT CULTURE OF OPHIORRHIZA ALATA FOR
CAMPTOTHECIN PRODUCTION) &, ffinmaneniiwusudn : ua. 5.5.8.mds AT.417A"
qawieq, 0. MBnwAneniinugion : as Tedw] Wiqming, 78 win,

- : il - - : -
mAdeidunisAnmtednonmnisuaauandinsiusInnsmnsideasnTureadnuaannen
- i - - ol &
119 m.mnmwﬂuei':u'luua:’iawiﬁmrrns;m:m&:mﬁm'l.uﬂmﬂﬂaﬂnﬁﬂmﬁmuummmﬂu

# yfpmiuoadfluy Kinetin (Kn) uas o -
: - i ® al e &
, iurnneslassde YrnesNiiaTuN

vonmulaeldFeezinsuuaiiGoylsls

- -
TEIWD LB I.'Lri‘ﬂ‘LI MELBamATINIITan

.iﬂﬂ:Tﬂi‘ﬂUﬂﬁﬁﬂu WuIEAFING

7S n?ﬂnmmuunuﬁq anduluildann

-
pipdwinuie Weilinsdhedgnidu
n’ro&ﬂnﬁqnﬁﬂﬂuu IBA unz Bescing
wuanFexlslstuaiBuua Lﬁiumﬂq 3 annmﬁﬂﬂhmuunuﬁqmwu uanaliiuds

ﬁﬁﬂﬂﬂﬂﬁﬂ?ﬂﬂﬂuﬂﬂﬂ %A&jﬂgi%:ﬁh%@ﬂ%i&j{}ﬁiﬁﬂﬂﬂﬂniﬂﬂ nawidnsnause

nﬂnunu{l‘iﬁmiu’Lﬁua&aqﬂnﬂnﬂﬂqnmplumu wiigausandmdugannuazdasannimitas

wﬁwnﬁm-nﬂq,ﬂﬂ'] aﬂﬂim g,]vr]’] Vl El’] a E]

srzann 4 Al 'luuﬂ:ﬂj‘iﬁﬁ"-““ N



##5076581233: MAJOR PHARMACOGNOSY

KEYWORDS: OPHIORRHIZA ALATA / HAIRY ROOT / CAMPTOTHECIN / MICROPROPAGATION
PORNWILAI YA-UT: MICROPROPAGATION AND HAIRY ROOT CULTURE OF OPHIORRHIZA
ALATA FOR CAMPTOTHECIN PRODUCTION. THESIS ADVISOR: ASSIST. PROF. SUCHADA
SUKRONG, Ph.D., THESIS COADVISOR: PIYARAT CHAREONSAP, Ph.D. 78 pp.

In this study, micropropagation and hairy root culture of Ophiorrhiza afata for camptothecin

from germinated seed of O. alala were
cultured on half strength Murashigg & Skoe riously supplemented with Kinetin (Kn)

and o- naphthaleneacetic acig UNAA for 3 5 yplication. Multiple shoot explants were

induced roots and hairy roots_ iy 04 i \!*, and Agrobacterium rhizogenes TISTR
1450, respectively. Abundant adin, pere developed at the wound sites. Survival rates between

root plantlet induced by plant g ilator and ropl plaptiebinduced by A. rhizogenes were 100

Various O. alata plant typls fram arowingsi , I vitro culture, hairy root culture, and
transplanting to greenhouse were & séf 5nd Gompared the amount of camptothecin content by
High Performance Liquid Chmmamgr yrmed root of soil-grown plants had the highest

amount of CPT 39.98 pg/g-d ackthe level of CPT closely to in vitro

culture including root and iry root induction wi ] ir /] 0 ualg dry wt. while leaf from in

vitro culture had CPT cnnlem}nh{ ik our wea after transplanting to greenhouse,

both root and leaf from inducgd,for rooting by IBA plant and composite plant had CPT content

spproxnatey 3 ol 1) TV BTN B AT anc ey oot cuure ot

alata had potential furﬂampnthecun produgtrun Even th&gh the Camplqﬂﬁ‘c'" content in hairy root

v o o RN IAIF s ron

itis not destruc‘ian for nature plant.

Department;.Pharmacognosy and Pharmaceutical Botany..Student's signature.. ot

Field of study:...............coco... Ph@rmacognosy........... ...Advisor's signature.~ rvﬂ/{“ J“j'f“;/
Academic Year.........cccvreerenrieenn 2008....cciiieinesanpisserssasssns 1




Vi

ACKNOWLEDGEMENTS

| would like to express my deepest gratitude to my thesis advisor, Assistant
Professor Dr. Suchada Sukrong of the Department of Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalogkorn University,
for her valuable advice, useful guidance, endless support, concern, patience and
encouragement throughout the course of this study.

| wish to express my sincere thanks to Dr. Piyarat Chareonsap of the Genetics
Conservation Project Under The Royal Initiation of Her Royal Highness Mahachakri
Sirindhon (RSPG) my thesis co-advisor, fer~heishelpful advice, constant help and
kindness. .4

| would like to thank«the Fhailand Research Fund (TRF) and the 90" Anniversary
of Chulalongkorn Univessity sFund (Raibhadaphiseksomphot Endowment Fund) for
granting partial financial suppert to Cdnduét’fhis investigation.

| wish to thank Plant Genetigs Congemation Project Under The Royal Initiation of
Her Royal Highness Mahachakii S__irindhon'igRISI?_G) for supplying instruments, laboratory
facilities and helpful staff consisting_;of Dr, Nﬁt}hapom Ruchikachorn, Sirikul Kesa, Intira
Jarupeng, Panee Maneekart, Kamniai Reanhﬁﬁ&am and all who willing by help in this
investigation. 7 o FE

| wish to expfess-my-thanks-to-the-members-of-thesis committee for their critical

perusal and useful adi/ice.

| would also like to thank all staff members of the Department of Pharmacognosy
and Pharmacgutical! Botany, & Facultyl /of*=Pharmaceutical’} Sciences, Chulalongkorn
University, for supplying chemicals and facilities.

Iy amy grateful to«allestudents ofy they Department #of sPharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn University,
for unforgettable friendship and kindness.

Finally, the author wishes to express her infinite gratitude to her family for their

love, understanding and encouragements.



CONTENTS

Page
ABTRACT (TR0t et iv
ABTRACT (ENGHSN) .ot v
ACKNOWLEDGEMENTS. ...ttt e, vi
CONTENTS. ..ottt vii
LIST OF TABLES.......cvcoveveen.. NNMEL g i
LIST OF FIGURES............. toeetinsat ool Xii
LIST OF ABBREVIATIONSmwe ... S T ererrerere ANNNITUIRIUTONRINN xiil
CHAPTER :

| /I NN N 1

I RN N 4
N

.................................... 9

. 9

.............................. 11

; ‘;é;--.m...-.....-..--.-—.--....--_..._... Qofites............... 13

3.4 o il 15

.5 Camptothecin production by p@nt in vitro cultures.. 16
‘a
a

AurIngIne T
’Qq WA ?@Qﬂmﬁng{mﬂ ....... 7

RiT-DNAQenes......ccoooviiiiiiiiiiiiiiien, 18

4.1.3 Mechanism of A. rhizogenes
plant cell interaction........................... 20

4.2 Secondary metabolite production from hairy root 21



viii

Page
Il IN VITRO AND HAIRY ROOT CULTURE OF OPHIORRHIZA
ALATA 26
1. Materials. ..o 26
1.1 Plant materials for in vitro culture........................ 26
1.2 A. rhizogenes strain TISTR 1450............cccoeinits 26
2. Methods. ... 27
2.1 Preparation nd culture condition for
' ' N 27
Nut n& ........................... 27
\eral preparation of media................. 27
\ ............... 27
and surface
............................ 28
strain TISTR 1450....... 28
rhizogenes from freeze-
..................................... 28
5 of A. rhizogenes ......... 28

D,
ﬂuﬂQﬁlﬁ%ﬂﬁﬂ;ﬂaﬂﬂ‘i;f.'f.'f.'fﬁff.' .... .
AR TIRAMABLINEINY -

3.2 A. rhizogenes strain TISTR 1450............ccccveveee. 31
3.2.1 Revival of A. rhizogenes .................... 31
3.2.2 Growth of A. rhizogenes........................ 31

3.3 Effect of plant growth regulators on in vitro

multiple ShOOtS. ..o 32



3.4 Hairy root induction.............ccoooeiiiiiinnn.

3.5 PCR analysis of hairy root........................

A DS CUSSION. et

v ROOT AND HAIRY ROOT INDUCTION FOR TRANSPLANTING

2.1.2 Extraction.. ...

Aunmensemy

2.1.3 HPLC analysis......ccooviiiiii

2.2 The quantitative analysis of CPT production

©S on in vitro rooting

nt and normal plant after

44
44
44
44
45
45
45
45
46
46

o o,
(@)

5
55
56
56



3. RESURS. o

3.1 HPLC analysis of methanol crude extracts .........

3.2 Camptothecin content in different parts of

PIANt tYPES ..,
VI CONCLUSION. ...ttt
REFERENCES. ... .. oo oee oo
APPENDICES............... . Bl

AULINENINYINS
AR TN TN

61
66
68
75
76
7
78



Xi

LIST OF TABLES

Table Page
2.1 Chemical constituents and structures found in Ophiorrhiza spp......... 7

2.2 Sites of accumulation of CTP and its derivatives in several natural

SOUICES ettt ettt et et 14
2.3 Some secondary metabolite production from hairy root cultures ....... 23

3.1 Effect of different concentratio n.and NAA on

in vitro multiplication of lea clexplant of O. alata................ 34
3.2 Effect of different con
in vitro multiplicati ; of T i - < - 35

3.3 Effect of differe

in vitro multiplicati ) " - oo 36
3.4 Growth of hairy [@0i ier injection 4 eKS ..ol 37
4.1 Growth comparison ofi # FOC ' 3A and A. rhizogenes....... 46
4.2 Survival of rooting plantlets i o BA and A. rhizogenes after

transplanting to greer ! ' : B 49
5.1 Comparison of the camp ntent in different parts

of plant typesu, . . N o ................... 62

AULINENINYINS
RINNTNUNINYAY



LIST OF FIGURES

Figure

2.1
2.2
23
2.4
2.5
3.1

3.2
3.3

3.4

3.5
3.6
3.7
4.1
4.2

4.3
4.4
4.5

O. alata collected from Chanthaburi province,Thailand....................
Chemical structure of CPT and its analogues.............cooovvviiiiiiininn,
The predicted biosynthetic pathway of camptothecin.....................
A. rhizogenes TISTR 1450 gram strain.........c.ooveviiiiiiiiiiiiieeee,

Structure of the Ri-plasmid ofl— ZOGENES. ...t

and various cogentrations ..................... m .......................

Plantlets height ofiplantlets after transplanting to greenhouse...........

catnlfbddebbrtol el WAoo Fhede......

Leaf Iength of plantlets after transplanting to-greenhouse....q.s........

o R B 3T I B 8.

5.2
5.3
54

H%LC/DAD Chromatograms ......vuie i
UV-visible spectra of the HPLC peak eluting at 38.7 minutes............

Standard curve of CPT, peakarea at 254 nm..............cocoeviiiiinen.

Xii

Page

10
12
18
19

26
31

32

33
38
39
41
47

48
49

(o)

0
51

(@)

8
59
60
61



LIST OF ABBREVIATIONS

% = percent (part per 100); percentage
Ve] = microgram(s)
ul = microliter(s)
/ = per
ACPT = O-acetyl-camptothecin
ATCC = American Type
BA =
B5 = Gambrr
cm = centim
CPT =
C-18 =
DAD =
dCPT =
DNA = Deoxyrib
et. al = et alii
g = gram(s)
HCPT =
HPLC =
hr =
H,O
= k||
am iﬁmmnwmaa
= liter(s)
m = meter(s)
MACPT = 9-methoxy-20-O-acetyl-camptothecin
MgCl, = magnesium chloride

MCPT = 9-methoxy camptothecin

Xiii



Xiv

mg = milligram

MeOH = methanol

min = minute(s)

mi = milliliter

mm = millimeter

MS = Murashige and Skoog
NA = nutrient agar

NB = nutrient broth

NAA = Ol-naphthalen

nm = nanometer

°C = degree

oD = optical

PCR =

pH = of hydrogen ions
r.p.m =

Ri = root indueing

RT = retention time /-

SD = standard deviation - 4

Top = ..‘; --------- ase .f.'d

TISTR = Thailc --"'i . gical Research
uv = ultravio et I|ght -

iﬁi ﬁtm:mmmmm
W’lﬁﬁmmmwawmaa

w/w = weight/weight (concentration)



CHAPTER |

INTRODUCTION

Cancer has been a public problem whose estimated worldwide new incidence is
about 10.9 million cases per year. There are 6.7 million deaths from the disease. It is
estimated that there are 24.6 million people alive who have received a diagnosis of
cancer in the last five years (IARC, 2008), In Thailand, new cancer cases for all sites are
expected to reach approximately 125,000 py+2008, compared with 81,000 in 1999
(Sriplung et al., 2006; Vatanasapt et al., 2008): Canecer has been a leading cause of
death in Thai population for. deeades. InJ addition;.mortality rates for cancer have
substantially increased.when Comparedi with heart disease, infectious disease, and
accidents, of with mortality raies have de(;l]ine (Wibulpolprasert, 2005).

Cancer is a disease charéctei;;d Py unregulated proliferation of cells.
However, cancer treatment traditibnally ll,'@n&blves three model of therapy: surgery,
radiotherapy and chemotherapy (Srivastavé:éf al., 2005).

At present, various Compouhds aréfi')_:_s.e!d as chemotherapeutic agents. These
drugs are antifolates, 5—f|our05yrifnidines,igygi}dine analogues, purine metabolism,

o

hydroxy! urea, antimicrotubule:é'g’jént, alkayléfiﬁ-gj;ééents, platinum analogue, antibiotics,

anthracyclines, and 'p_t;aﬁf alkaloids (Encyclomedia Britanhiqgé, 2009). Drug lead finding,
pharmaceutical agentsr_ are usually obtained from prepare chemicals and natural
products. Some chemically synthetics compgunds are difficult to synthesize because of
their structural 'complexity (Wink et-al., 2005). Therefore, inatural products have been
interesting continually in investigation. Secondary metabolites can be applied as starting
compounds, for | further /chemical ‘modification.” Sustainable| biopreduction of the
compounds of interest may be achieved by plant in vitro cultures.

In recent years, there has been an increasing interest to produce high value
natural plant products by tissue culture that can solve many problems associated with
industrial production of these natural products by extraction from intact plants
(Mulabagal and Tsay, 2004). Among plant tissue culture for secondary metabolite
production techniques, researchers reported that undifferentiated callus and suspension

cultures very often fail to accumulate the compounds of interest (Lorence et al., 2004).



In contrast, shoot and root cultures as well as hairy roots normally produce the same
compounds as in the appropriate organs (saito, 2001; Lorence et al., 2004).

Several secondary metabolites of pharmaceutical interest are accumulated in
plant roots (Flores et al., 1999). However, harvesting roots is destructive for the plants
and hence there has been a growing interest to generate hairy roots from medicinal
plant species. Hairy roots develop as the consequence of the interaction between
Agrobacterium rhizogenes, a gram-negative soil bacterium, and the host plant (Tzfira et
al., 2004). Hairy roots are characterized by high growth rate independent of any source
of exogenous plant growth regulators, absence of geotropism and high branching;
furthermore, they often preduee secondary metabolites for a long period of time, unlike
natural roots (Shanks et al.,.1999). For these reasons, switching from culturing natural
plant organs to hairy roots.ds considéred as an attractive alternative for the production of
many valuable natural secehdarymetabolites (Sevon et al., 2002)

The productions offanticancern co_,r;wp@unds, such as the alkaloids vinblastine,
vincristine, paclitaxel, camptothecin (CPT;,‘.or _the lignan podophyllotoxin, by plant in
vitro cultures have been reporteql_ (I\/Iula-:bé_gél and Tsay, 2004). Taxanes can be
produced in bioreactors using:cell suspené‘r"oﬁé of various Taxus species with good

yields. Presently paclitaxel belonging to taigé_n'e_ﬁgroup is produced on a commercial

scale by Phyton Biotech (Germany) (Mulabagal and Tsay.2004). CPT has low yields in

suspension cultures of-Camptotheca acuminata or Nothapodytes foetida, but shows a
good production in root and hairy root cultures of Ophiofrhiza pumila, O. mungos and
C. acuminata. Pedephyllotoxinicangbe produced inccell*suspension and root as well as
hairy root cultures of Podophyllum and various Linum species. The in vitro production of
dimeric-indole alkaleids«in.Catharanthus roseus-has.failed so far beth in undifferentiated
and differentiated in"vitro"cultures."In cases '‘where*in" vifro“cultures show good yields,
they can be employed in biotechnology for the sustainable production of valuable
products (Wink et al., 2005).

CPT, a tryptophan derived-quinoline alkaloid, is regarded as one of the most
promising anticancer drugs of the twenty first century (Wall et al., 1966; Nalawade et al.,
2003). Irinotecan and topotecan, two water soluble derivatives of camptothecin, have

been approved by the Food and Drug Administration (FDA) of the United States of



America for treating colorectal and ovarian cancer (Vladu, 2000). They are known for
their inhibitory activity on topoisomerase | in eukaryotic cells (Carbonero and Supko,
2002). CPT was first isolated from a Chinese deciduous tree Camptotheca acuminata
(Wall and Wani, 1968). Later it was isolated from a variety of plant species including
N. foetida (Govindachari et al., 1972), O. mungos (Tafur et al., 1976) and O. pumila
(Saito et al., 2001). The worldwide market size of irinotecan and topotecan in 2002 was
estimated at about $750 million and at $1 billion by 2003 (Lorence and Nessler, 2004).
In spite of the rapid growth of the market, CPT is still harvested by extraction from bark
and seeds of C. acuminata and N. foetida, respectively (Lorence and Nessler, 2004).
Tafur et al. (1976) iselated and identified CPTfrom the entire plant of O. mungos
in 1976. Later, a lot of researeh on' isolation of the constituents from the other Ophirrhiza
spp. has been reported ineluding O. pur%pi/a, O. liukiuensis, O. kuroiwai, O. prostrata
and O. rogusa (Kitajima et'al ; 1997 Yamazaki ef al., 2003; Asano, et al., 2004; Aravind
et al., 2007). In addition, high” CPT p‘)rodﬁbtjpns in O. pumila, O. liukiuensis, and O.
korowai hairy root culturés were reported éSa}itg, 2001; Sudo et al. 2002; Asano, et al.,

o

2004).

i ;: '3
ald v ol

O. alata or known as "HnuaaAananAIa” in Thai is distributed in the southeastern

part of Thailand (Smitinand, 1999). There is h‘éj--@y_report involved in this species yet. In

this study, we aim to'gstablish an in vitro culture of O. aléta. We also want to see the

possibility inducing --Sf-hairy root culture by infection with A. rhizogenes for CPT

production. Survival raté for transplanting to greenhouse Will be also included.



CHAPTER I
LITERATURE REVIEW

1. Botanical aspects of Ophiorrhiza spp. and Ophiorrhiza alata

Ophiorrhiza L. (Rubiaceae) is a predominantly herbaceous genus distributed
from eastern India to the western Pacific and from the south of China to the north of
Australia (Puff et al., 2005).

More than 400 species have been described, though many of them probably
superfluously (Schanzer, 2005). However systérhatic knowledge of this genus is still
inadequate. Recent regionalrevisions are availablesenly for marginal parts of its area:
the Pacific, China, and the Indtan subeontinent (Darwin, 1976). About 30 species have
been recorded from Trfyaﬁd and adjazirent areas of Peninsular Malaysia (Schanzer,
2005). 7 e ¥

Ophiorrhiza L.4is prostrate or elect Eecennlal (and sometimes also annual) herbs,

uncommonly subshrubb;f stems someUmeS‘succuIent

lli’l #

Leaves: opposite, *rarely sIJghtly ar}.tsophyllous blades mostly membranous;

stipules entire or firmbriate. Inflorescence ,terj_{}mal, often consisting of helicoids or

scorpioid cymes, sometimes congested and}}i‘e_aé"qiéljke; bracts well developed or absent.

Flowers: 5-me*{ous, hermaphrodite, heterostylou‘s or isostylous, sometimes

cleistogamous; caI;XJ{'-Iobes often very small; corollé‘J narrowly infundibular to
hypocrateriform, tube “ihside glabrous or hairy, base of tube occasionally distinctly
bulbous, lobessvalyate inibud, @scending, te=reflexed jin-epen flowers; stamens inserted
at different levels;in corolla tube (ustally high up in"Short-styled, but in the lower part in
long-styled-morphs),. filaments.long, or short, anthers included.or exserted; style filiform,
with 2-lobed stigma, included or exserted; ‘style filiform, with' 2-lobe"stigma, included or
exserted (above the level of the anthers in long-styled morphs but not necessarily
exserted); ovary 2-celled, each locule with numerous ovuleson placenta attached to
lower half of septum; roof of ovary with conspicuous 2-lobed disk.

Fruits: laterally compressed, capsular, loculicidally dehiscent; seeds numerous,

small, rhomboild.



An asiatic genus of possibly 150 species. The roughly 30-35 species recorded
from Thailand are found in all parts of the country and normally grow in shady, moist to
wet areas (often along streams and waterfalls) in both lowland and montane evergreen
forest type but also in mixed deciduous and bamboo forests (Puff et al., 2005).

Ophiorrhiza alata (Figure 2.1a-e) is distributed in southeast of Thailand

(Smitinand, 1999).
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Figure 2.1 O. alata CoIEe?!te,erom 'EHJanthabun provmchfa]lland a) habltat b) hlne-
MY Ny 8



2. Chemical constituents of Ophiorrhiza spp.

In 1976, Tafur et al. (1976) isolated and identified CPT from the entire plant of O.
mungos. Later, publications on isolation of the constituents from the other Ophirrhiza
spp. have been reported including O. pumila, O. liukiuensis, O. kuroiwai, O. prostrate
and O. rogusa (Kitajima et al., 1997; Yamazaki et al., 2003; Asano, et al., 2004; Aravind

et al., 2007). The chemical substances isolated from these plants are summerized in

Table 2.1.
Table 2.1 Chemical consti ;n_.i; structi ;‘p d in Ophiorrhiza spp.
Chemical substance — Chemical'structure Reference

Camptothecin Kitajima et al., 1997
Yamazaki et al., 2003
Asano, et al., 2004

Aravind et al., 2007

Deoxypumiloside Kitajima et al., 1997

Lyalosidic acid Yamazaki et al., 2003

, |
Mappicine ﬂ u EI ’J ‘h \%nazaki et al., 2003
ARIAINTU U 188

5
9-Methoxycamptothecin Kitajima et al., 2002

Yamazaki et al., 2003




Table 2.1 (continued)

Chemical substance Chemical structure

Reference

10-Hydroxycamptothecin

Yamazaki et al., 2003

Pumiloside

Kitajima et al., 1997
Kitajima et al., 2002
Yamazaki et al., 2003

Strictosidine

Kitajima et al., 1997
Yamazaki et al., 2003

Lorence et al., 2004
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3. Camptothecin (CPT)

Camptothecin is a cytotoxic tryptophan derived-quinoline alkaloid which inhibits
the DNA topoisomerase | (top |) (Nalawade et al., 2003). It was discovered in 1966 by
Wall and Wani in systematic screening of natural products for anticancer drugs (Wall
and Wani, 1966). It was isolated from the bark and stem of C. acuminata , a tree native
in China and Tibet. CPT showed remarkable anticancer activity in preliminary clinical
trials but also low solubility and adverse drug reaction. Because of these disadvantages
researchers have made numbers of derivatives.o increase the benefits of the chemical,
with good results. Two CPE.analogues have-becn.approved and are used in cancer
chemotherapy today, topoteean and iriJnotecan (Figure 2.2) (Carbonero and Supko,

2002).

3.1 Structure and Chemistry 1

The characteristic struetural featufesd_of the camptothecins include a five-ring
backbone comprised of a qumollne subuﬂlnlt fused through two interposed rings to a
terminal-hydroxy-lactone fing W|th a ohlral penter at position C-20 (Figure 2.2). The

% ol

naturally occurring 20S-isomer ,0f CPT mhlets',purlfled topoisomerase | 10-100 times
more potently than the 20R-isomer (\Wani ej_e—__aj:q,_1_987). Potency can be enhanced by
appropriate substitutions at positions C-9 and C-10"of Jthe aromatic A ring of the
quinoline moiety (Kingsbury ef al., 1991).

CPT is a weak*acid and therefore the lactone ring highly is susceptible to ring
opening by hydrolysis, forming.carboxylate~The, open ring-form. is inactive and it must
therefore by closedto inhibittop I! The closed form is*favored in“acidic condition, as it is
in many, cancer. cells microenvironment, CPT is “transported _into_the cell by passive
diffusiony Cellular “uptake s “favoredi by " lipophilicity, ! which ! enhanees intracellular
accumulation. Lipophilicity makes compounds more stable because of improved
lactone partitioning into red blood cells and consequently less hydrolysis of the lactone.
CPT has affinity for human serum albumin (HSA), especially the carboxylate form of
CPT. Because of that, the equilibrium between the lactone ring and the carboxylate form

is driven toward the carboxylate. Reduced drug-HSA interactions could result in

improved activity (Zunino et al., 2002; Adams et al., 2005).



10

Compound

Camptothecin

Topotecan

Irinoteca i > \ H

Figure 2.2 Chemical struct Ire o?;d—;%.a.‘ 1 ogues (Carbonero and Supko, 2005)

\ vl n
n
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3.2 Biosynthesis pathway of CPT

Camptothecin is found in a number of plant species belonging to the families
Apocynaceae, Icacinaceae, Nyssaceae and Rubiaceae (Watase et al., 2004). The initial
step of CPT biosynthesis involves the strictosidine synthase mediated condensation of
tryptamine with secologanin to yield strictosidine (Figure 2.3) (Kutchan, 1995).
Strictosidine is then converted to strictosamide via intermolecular cyclization and this
compound is a precursor of CPT. The remaining details and precise intermediates
Wtely defined. It has been postulated that
e trans-formations: (1) oxidation-

(2) @ ida@D -ring and removal of the C-21

glucose moiety, and (K n et al., 1979). A presumed
precursor of CPT was iso \\\\l a large-scale extraction of C.

acuminata (Carte et al. § ¥ i ( -and 3(R)-deoxypumiloside,

between strictosamide and CPT ar
CPT could be formed fro

recyclization of the B- a

plausible CPT precur four ] L . Aimi et al., 1989; Kitajima et
al., 1997; Yamazaki et

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
QW']ENﬂ‘iELJ UAIINYAY
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Geraniol 10-Hydraxygeraniol Loganln Semlogamn

Camptothecin

Figure 2.3 The predicted ptothecin. The enzymes are:

TDC, tryptophan decarboxyla 0- hydroxylate; CPR, NADPH:

cytochrome P450 rec ;;;;;;::-—Tf'ff"f'f;;;;;;:;'::::rf-**—':_.j strictosidine synthase.
. X
Dashed arrows indica esiny csteps.
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3.3 Distribution of CPT and its metabolites
CPT has been isolated from samples of the following unrelated orders and
families of angiosperms: Order Celastrales (Icacinaceae): N. foetida (Aiyama et al.,
1988), Pyrenacantha klaineana (Zhou et al., 2000), and Merrilliodendron megacarpum
(Arisawa et al., 1981); Order Cornales (Nyssaceae): C. acuminata (Wall et al., 1966), C.
lowreyana, and C. yunnanensis (Li et al., 2002); Order Gentianales (Rubiaceae): O.
mungos (Tafur et al., 1976), O. pumila, O. filistipula (Saito et al., 2001), Family

Apocynaceae: Ervatamia heyn asekera et al., 1979), and Family

accumulation of CPT an ration in multip ural sources are summarized

in Table 2.2.

X
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Table 2.2 Sites of accumulation of CTP and its derivatives in several natural sources

Reference

Species Tissue Sample origin  Camptothecinoids
analyzed Content (ug/g dry wt)
Camptotheca acuminata Young leaves Texas, USA CPT 4000-5000
Decaisne HCPT 20-30
Seeds CPT 3000
HCPT 25
Bark CPT 1800-2000
HCPT 2-90
Roots CPT 400
HCPT 13-20
Young leaves Texas, USA CPT 2421-3022

Old leaves CPT 482

Young frU|t / CPT 842

Old leaves CPT 2362

Hairy§ CPT 1000 HCPT 150
B

Cell CPT 80-100

Camptotheca lowreyana Li

Camptotheca yunnanensis
Dode

Ervatamia heyneana (Wall) T.
Cooke

Nothapodytes foetida (Wight)
Sleumer

ACPT 0.24

CPT 750 MCPT 130

,.-f..*ﬁ LA

Plantlet culture e (__w f o=

Callus
I' Qi

-rotem

M traces

CPT 1.1

MCPT 0.81

Meml/oo/endron me

e o ‘?‘PT&J TINIANT

Mostuea brunonis D/d Entire plant Lope, Gabon CPT-20-0-B-glucoside
100 Deoxypumiloside’

- AAINAT N WA AT

Ophiorrhiza Wm//a Champ. Leaves Japan CPT 300-400
Young roots CPT 1000
Hairy roots CPT 1000
Entire plant Kagoshima, CPT 300-510 MCPT 70-140
Japan Chaboside 300-690
Hairy roots CPT 240
Cell cultures Japan None

Pyrenacantha klaineana Pierre ~ Stem Ankasa Game CPT 4.8 MCPT 1.6

ex Exell & Mendoca Reserve ,Ghana

Lopez-Meyer et al.,
1994

Li et al., 2002

Lorence et al., 2004
Wiedenfeld et al.,
1997

Sakato et al., 1974 ;
Hengel et al. 1992
Li et al., 2002

Li et al., 2002

Gunasekera et

al., 1979

Aiyama et al.,1988
Wu et al., 1995;

Roja and Heble,
1994

Srinivas and Das,

2003; Ciddi and

Shuler, 2000

Fulzele et al., 2001

Arisawa et al.,1981

Dai et al., 1999

Tafur et al., 1976

Saito et al., 2001

Yamazaki et al., 2003

Kitajima et al., 1998

Zhou et al., 2000

CPT = camptothecin; ACPT= 0-acetyl-CPT; dCPT = (20S)-18,19-dehydro CPT; HCPT = 10-hydroxy

CPT; MACPT = 9-methoxy-20-0-acetyl- CPT; MCPT =9-methoxy CPT
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3.4 Mechanism of action of CPT

Chemotherapy drugs interfere with cancer cells’ ability to grow (multiply) or to
survive. There are several types of drugs; each type interferes with the cell’s ability to
grow or survive in a different way. Many drugs act against cancer cells by interacting
with the DNA or RNA of the cancer cell. This interaction damages the DNA, causing the
cancer cell to be destroyed or preventing it from growing and reproducing. Four
chemotherapy drug types that act directly to impair the DNA in cancer cells are: the
DNA-damaging agents (also . called | antineoplastics); antitumor antibiotics;
antimetabolites; and DNA-repair enzyme inhipiiers. DNA-repair enzyme inhibitors, such
as etoposide or CPT, attack-the-cancer eell proteins-that normally repair any damage to
the cell DNA. DNA repairing_iava_stpercoiled state is maintained by combined action of
two enzymes. These enzymes are called DNA topoisomerases (Top) (Pommier, 2006).

On the basis of thefundamental differences in their reaction mechanisms, DNA
Top are classified in two types,type | and’{yQ@ Il (Uluka et al., 2002). Top | changes the
topological state of DNA via transient enz‘;%me—linked single-strand breaks. In contrast,
Top Il catalyse the strand passi-.ng; reaoti%a_ by transiently breaking both strands of
duplex DNA to generate & gap -fér the p‘_é;gage of second duplex DNA prior to
relegation reaction (Hofland et al., 2000). Tq@i& the cellular target of several clinically

important drugs suefl“as the epipodophyliotoxin etop_oéi_de and the anthracycline

doxorubicin, whereas the camptothecins and derivatives are substrates of Top |
(Chrencik, 2004).

CPT class of compounds has been demonstrated, to-be effective against a broad
spectrum of tumors.“Their molecular target*has been firmly' established to be human
DNA Top | CPI inhibits top |.by.blocking.the rejoining, step of the“cleavage/religation
reaction "of ' Top 1, “resulting' in-aecctimulation' of! a‘covalent' reaction “intermediate, the
cleavable complex. The primary mechanism of cell killing by CPT is S-phase-specific
killing through potentially lethal collisions between advancing replication forks and Top-|
cleavable complexes. Collisions with the transcription machinery have also been shown
to trigger the formation of long-lived covalent Top-I DNA complexes, which contribute to

CPT cytotoxicity (Srivastava et al, 2005).
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3.5 Camptothecin production by plant in vitro cultures

As mentioned above, CPT is produced by plants from several unrelated families.
Some of them have been established in vitro culture for CPT production, espectially C.
acuminata, N. foetida, O. mungos, O. pumila and O. rugosa (Lorence and Nessler,
2004).

The first tissue culture study of C. acuminata was reported by Sakato et al. (1974).
Those cultures produced 0.002 mg CPT/g dry wt whereas the whole plant contained
from 0.2 to almost 5 mg/g dry wt depending on the tissue analyzed (Lopez-Meyer et al.,
1994). Later reports showed. in vitro CPT produetionby C. acuminata range from 0.004
mg/g dry wt in cell suspensions (van Hengel et-ak,+1992) to 2 mg/g dry wt in callus
cultures (Wiedenfeld et al., 1997): Also lin cell suspension cultures of N. foetida, CPT
levels were 100-1000-fold lewer than in tf'l]e intact plant (Ciddi and Shuler, 2000; Fulzele
et al., 2001; Thengane etgal.42003): These data indicate that callus and suspension
cultures usually fail on€PT produgtion. \ &

Good results have been obtained fri;_m root and hairy root cultures (Saito et al.,
2001; Lorence et al., 2004). First-.er:-wcourag;iﬁgl:result was that hairy root cultures of O.
pumila showed approximately 1mg/£; dry wit @;GPT production (Saito et al., 2001).

CPT production from O. pumila hairy::;?ir_oggyltures has been scaled up to 3-litre

bioreactors and a final concentration of 0.0085% CPT (fr_esh weight) was obtained;

approximately 17% of'CPT was released into the culture medium. It was harvested from
medium by binding the alkaloid to a polysterene resin“(Diaion HP- 20) (Sudo et al.,
2002).

CPT production of*O. "mungos on callus,” cell*suspension, normal root and hairy
root cultures have established by Wink et al (2005).

The above mentioned findings' indicate that ‘callus and cell suspension cultures

have very low yields whereas CPT formation is substantially higher in hairy root cultures.
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4. Hairy root and secondary metabolite production
4.1 Hairy root induction

4.1.1 Hairy root

Hairy roots are characterized by a high degree of lateral branching, profusion of
root hairs and absence of geotropism (Guillon, 2008). They often grow as fast as or
faster than normal (untransformed) roots due to their extensive branching, resulting in

the presence of many meristem y. do not require phytohormones in the

medium. The increase in th approximately logarithmic during

the early stages of growt d-thus the o@rn of growth is similar to cell

suspension cultures (

The name h ne literature by Steward et al.

) QU 7-.\h
and

microorganism as Phytomonas 1 us;.. vhich w er renamed Agrobacterium

ac "" and give de recognition by many other
PREe Sl ! A. th

ransformation of higher plants using A. rhizogenes was
éﬁﬁ’_’n ;

made by Ackermann in 19737A large numbe

(1900). Riker et al. amed the hairy-root-causing

rhizogenes. This concl

researchers. The first dire

small, fine, hairy roots covered with root

hairs originate directly from the €x ponse to A. rhizogenes infection and

hence the term hai -

Q0
T e e e — .

Y X

] §
AU INENINYINS
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4.1.2 Agrobacterium rhizogenes and Ri T-DNA genes

A. rhizogenes (formerly Phytomonas rhizogenes) was first identified more than
70 year ago as the causative agent of the plant disease known as hairy root disease or
root mat disease (Veena and Taylor, 2007). A. rhizogenes is a gram-negative, rod-
shaped soil bacterium (Figure 2.4) belong to the genus Agrobacterium. A. rhizogenes is
a close relative of the better known A. tumefaciens, which is the causative agent for

crown gall disease and the best characterized species among the genus Agrobacterium

s wounded plant cells because of the
production of phenolic co 7‘ rh/zogenes Bacteria move to the
wound site by chemotaxis d site followed by integration of
Agrobacterium derived ' [ o the plant genome results in development of
hairy root disease (Giri t'\‘f\“v’*s{\ disease is characterized by
plagiotropic root grow € : lat \no‘ profusion of root hairs, and

N

enhanced growth rate

Z

g

A Lk} JAlip!
RS PRI V188 ¢
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All A. rhizogenes strains are characterized by the presence of a large root
inducing (Ri) plasmid. Major groups of genes located on Ri include: the T-DNA (the DNA
transferred to the host cell), vir (virulence) genes, Ri plasmid conjugation, and opine
metabolism (Figure 2.5) (Hansen et al. 1997; Veena and Taylor, 2007).

T-DNA is the DNA fragment transferred to the host cell whose expression results
in root formation. Ri plasmid has two segments of T-DNA (called TR and TL) with four

border sequences. The segments bounded by the border sequences may be

Figure 2.5 Structure om\e Ri-plasmid of A. rhizogenes. (aapted from Veena and

AUEINENINGINS
AN TUNN NN Y

Taylor, 2007



20

4.1.3 Mechanism of A. rhizogenes-plant cell interaction.

To date, our basic understanding of the molecular mechanisms of genetic
transformation of plants by members of the Agrobacterium genus relies on extensive
studies using A. fumefaciens. The overall process of infection is considered similar in
both A. tumefaciens and A. rhizogenese (Flores et al., 1999: Veena and Taylor, 2007).

One of the earliest stages in the interaction between Agrobacterium and a plant
is the attachment of the bacterium to the surface of the plant cell. A plant cell becomes
susceptible to Agrobacterium when it is wounded. The wounded cells release phenolic
compounds, such as acetosyringone, thai activate the vir-region of the bacterial
plasmid. It has been shewn-that the “Agrobacterium plasmid carries three genetic
components that are requiredsfor.plant cell transformation (Giri and Narusu, 2000).

The first compone___nt,’the T<DINA t&at is integrated into the plant cells, is a mobile
DNA element. The seo(;gg one js the virulence area (vir), which contains several vir
genes. These genes défnot enter ._the_plairt cell but, cause the transfer of T-DNA. The
third component, the so=called bqrdet;.seqﬂénces (25 bp), resides in the Agrobacterium

FAA 4
o "

chromosome (Veena and Taylor, 2007). '.:'j_

o -

The least understood aspeet-of hairy-reot disease is the mechanism of prolific

root induction and growth. As a‘QQ\_/e_'mentio_ﬁ";:’:;aﬂ';A. rhizogenes strains contain a T-DNA

region located on thé Ri plasmid that carries genes in‘ifo-lved in root initiation and

development (ro/—gé'ﬁés), genes concerned with opine'."’bdfosynthesis, and genes of
unknown function. T-DNA may be present that contdins genes involved in auxin
biosynthesis alengawitfurtherrgenes of runknawn functions\Whereas both TL-DNA and
TR-DNA are knewn to e transferred and integrated independently into the host plant
genome,, thetransfer, of TL-DNA.is.essentialfor induction.of.the.hair/-root syndrome

(Sevon and Oksman-Caldentey2002).
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4.2 Secondary metabolite production from hairy roots

Various advantages of hairy root culture over cell suspension culture include
genotypic and biochemical stability, cytodifferentiation and growth in hormone free
medium. These factors play a vital role during secondary metabolite production. Fast
growth, low doubling time, ease of maintenance of hairy roots and their ability to
synthesize a large range of chemical compounds offer an additional advantage as a
continuous source for the production of valuable secondary metabolites (Bourgaud et
al., 2001).

Hairy roots have also been observed io.synthesize novel secondary metabolites,
which are not present in the-untransformed (control)-tissue (Banerjee et al., 1995). Even
in cases where secondary metabolites accumulate only in the aerial part of an intact
plant, hairy root cultures have been shown to accumulate the metabolites. For example,
lawsone normally accumulates only.in thetaerial part of the plant, but hairy roots of
Lawsonia inermis grown in"half-for full sﬁeggth MS medium (Murashige and Skoog,
1962) can produce lawsone under dark-ﬂlconditions (Bakkali et al., 1997). Similarly,
artemisinin was thought to accurﬁuiate onhﬁ,m the aerial part of the Artemisia annua
plant (Wallaart et al., 1999) but se}x;eral rep};"drt;s;;have shown that hairy roots can also
produce artemisinin (Weathers _e_;_,a/., 1994; J;rrlet al., 1995; Liu et al., 1999; Giri et al.,

2000).

Hairy root culiure follows a definite growth pattern; however, secondary
metabolite production may or may not be growth related: Variables examined for their
influence on grewth,and secendary; metabolite ;production from hairy roots include
different basal' /media "(Christen ‘et~al!, 1992); sucrose' level“(Uozumi et al., 1993),
exogenous, supply of growth hormonge (Bais et al.;-2001), nature of the nitrogen source
and their relative amounts (Norton“and“Towers, 1986), and phosphate concentration
(Taya et al., 1994).

Physical factors including light (Hirata et al., 1991; Yu et al., 2005), temperature
(Hilton and Rhodes, 1994; Yu et al., 2005), presence of chemicals inducing physical
stress (Sim et al., 1994) have also been reported to affect secondary metabolite
production from hairy roots. Betacyanin release from hairy roots of Beta vulgaris was

achieved by oxygen starvation (Giri and Narasu, 2000).
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Permeabilization treatment using Tween-80 (Polyoxy ethylene sorbilane
monolaurate) released a high yield of hyoscyamine from roots of Datura innoxia without
any detrimental effects (Boitel et al., 1995). Treatment with 5 mM hydrogen peroxide
induced a transient release of tropane alkaloids from transformed roots without affecting
viability (Lee et al., 1998). The fact that individual hairy roots may have different
requirements for nutrient conditions suggests that the culture conditions should be

optimized separately for each species and for individual clones. Despite such attempts

X
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Table 2.3 Some secondary metabolite production from hairy root cultures (Giri et al.,

2000).

Plant Secondary metabolite
Aconitum heterophyllum Aconites
Ajuga replans var. atropurpurea Phytoecdysteroids
Ambrosia spp. Polyacetylenes, thiophenes
Amsonia elliptica Indole alkaloids
Anisodus luridus . Tropane alkaloids

Armoracia laphthifolia Peroxidase, Isoperoxidase, Fusicoccin
Artemisia absinthum
Artemisia annua
Astragalus mongholicus . 7 p " ne saponin
Atropa belladonna
Azadirachta indicaA. Ju
Beta vulgaris .
Bidens sps. % 4 4 lenes, thiophenes
Brugmansia candida
Calystegia sepium
Campanula medium

Carthamus

Cassia obtusifolia

{‘«‘3‘“; Ajmalicine

dole al_goids

Valepotriates

Catharanthus roseus /

Catharanthus tricophy//usm

Centranthus ruber

L

B U NN THENS

Cinchona /edger/aﬂa

Coleus fors i ¢ Fﬁ li 7 7”
Coreopg%,] aq ﬂ ﬁm u w,]P MIH’] a E]
Datura caﬂd/da Scopolamine, Hyoscyamine
Datura stramonium Hyoscyamine, Sesquiterpene
Daucus carota Flavonoids, Anthocyanin
Digitalis purpurea Cardioactive glycosides
Duboisia myoporoides Scopolamine

Duboisia leichhardltii Scopolamine




Table 2.3 (continued)
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Plant

Secondary metabolite

Echinacea purpurea

Fagra zanthoxyloids Lam.
Fagopyrum

Fragaria

Geranium thubergee
Glycyrrhiza glabra
Gynostermma pentaphyllum
Hyoscyamus albus

Hyoscyamus muticus

Hyoscyamus niger
Lactuca virosa
Leontopodium alpinum
Linum flavum

Lippia dulcis
Lithospermum erythrorhizon
Lobelia cardinalis
Lobelia inflata

Lotus corniculatus

Alkamides
Benzophenanthridine
Flavanol

Polyphenol

Tannins

Flavonoids

’,/ Saponin
// ane alkaloids, Phytoalexins

alkaloids

ine, Proline

ine

ne lactones

ins & Essential oil

-methoxy podophyllotoxins)

enes, (hernandulcin)

Nicotiana hesperis
Nicotiana tabacum

Panax ginseng

atabine

Saponins

e wﬁwﬂw THYTNS

Perezia cuernavcana

Sesquiterpene quinong’

AN IO UNRHE T8

Platycodog grandiflorum
Rauwolfia serpentina
Rubia peregrina

Rubia tinctorum
Rudbeckia sps.

Salvia miltiorhiza

Polyacetylene glucosides
Reserpine

Anthraquinones

Anthraquinone

Polyacetylenes and thiophenes

Diterpenoid Hyoscyamine
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Table 2.3 (continued)

Plant Secondary metabolite
Serratula tinctoria Ecdysteroid
Sesamum indicum Naphthoquinone
Solanum aculeatissi Steroidal saponins
Solanum lacinialum Steroidal alkaloids
Solanum aviculare Steroidal alkaloids
Swainsona galegifolia Swainsonine

Xanthons

Tagetus patula - ()Jhenes
Tanacetum parthenium ' @ pene coumarin ether

iter,
Tricosanthes kirilowii maxi Defe elated proteins

Swertia japonica

Trigonella foenum graecu
Valeriana officinalis L.
Vinca minor S , loids (vincamine)

Withania somnifera

9
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CHAPTER IlI

IN VITRO AND HAIRY ROOT CULTURE OF OPHIORRHIZA ALATA

O. alata is a rare plant species of Thailand. This plant material has a very low
multiplication rate and show very poor natural regeneration percentage. The harvest of
plants on a mass scale from their natural habitats for natural compounds extraction is
leading to a depletion of plant resources.

The aim of this chapter was to esta"kr)l-'r_s_p in vitro multiple shoot regeneration

.

through leaf and node explanis. Leaf an_(_:llJ node=oi Fegenerate shoots were induced hairy

root.
1

\

| Lo

1.1 Plant materialfor jn vitro culture,

\‘

Materials

f r- -
Seeds of O. alata was gollected froé), Chantaburi Province, Thailand. They were
I i id

oymultiplicationd

" “
TR 145040

used as initial explant for s

NN

1.2 A. rhizogenes strain TIS
F 4 #

Wild type A. rhizogenes straifi TISTR 14211.1% equivalent to American Type Culture
TESTT ol
Collection (ATCC) 15834 (Figure- 3.1) were obtained from the Thailand Institute of

- i -
Scientific and Techri't)LEf |

Figure 3.1 Freeze dried of A. rhizogenes strain TISTR 1450 in a vacuum sealed ampule
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2 Methods
2.2 Preparation of media and cultures condition for plant tissue culture
2.1.1  Nutritional media

Murashige and Skoog media (MS), 1/2 MS and Gambrog’s medium (B5) were
used as media through out this experiment. The compositions of this culture media were
described in Appendix A.

Auxins and cytokinins were used as plant growth regulators at various
concentrations. Type of auxins and cytakinins are as follows:

Auxin: O.- Napthalenecetic acid (NAA) and Indole-3-butyric acid (IBA)

Cytokinins: 6-benzylaminopugine or N Benzyladenine (BA) and Kinetin-6-

furflrylamifepurine (Kinetin, Kn)

For solid media, Geliite (Sigma, USA) were added 10 0.5% (w/v).

i

21.2 General preparatlondof media

Approximately 8004ml of dlst|lled Wdter was measured and poured into a glass
beaker. The basal media were then: slovvly added and gently continuously stirred using

magnetic stirrer. The composmons of -this Cu]'ture media were described in part A of
42k

Appendix. After the media were completely?i’*ssolved the required sucrose and plant

growth regulator was added to the solutlon The pH was adjusted to 5.7-5.8 with a few

drops of 1M sod|um hydrOX|de and 1M hydrochloric acid. The solution was made up to
1L with distilled water. In order to geta semi-solid medlum, the gelling agent was added
at this time. The solutioneswas then heated and stirred to dissolve gelling agent
completely. The! media | were poured inte a 'suitable caontainer. They were then

autoclaved at 120 °C for 20 minutes. hey were stored at room temperature prior to use.

2.1.3 Plant tissue cultures condition
The in vitro cultures of O. alata were maintained in a culture room with 16-hour
photoperiod at illumination of 1,500 lux and 8-hour dark. The incubation temperature
was maintained at 25 + 2 °C. The pH valve of all media under the study was set to 5.7

before autoclaving.
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2.2 Preparation of aseptic explants and surface sterilization
Seeds of O. alata were surface sterilized with 70% ethanol for 1 min, 1% sodium
hypochlorite containing three drops of Tween 80 for 15 min and then rinsed three times

with sterilized water. Seeds were germinated on 1/2 MS medium pH 5.7 supplemented

with 1% sucrose and 0.5% Gelrite. Cultures were kept at 25 + 2 °C with a 16 h light/8 h
dark. Germination started within 2 weeks. Plantlets were subcultured on the same
medium every 4 weeks. After 8 weeks shoots with 2 to 4 true leaves were selected to

use as explants in the shoots multiplication experiment.

2.3 Preparation of A. rhizogenes.sstrain TISTR 1450
2.3.1 Revival _A:rhizogenes from freeze - dried cultures

Freeze dried AT rhizegenes TISTlR 1450 (ATCC 15834) (Figure 3.1) obtained

from the Thailand Institute of'Scientific and Technological Research (TISTR) was revived

using the protocol from' TISTR. [t'was-maintained on nutrient agar (NA) medium. The

o

petri dishes were kept on 25,°C. After'48 H‘r cultivation, the colonies appeared. A single

colony was transfered fromithe plate to 3 15 i Sterile tbe containing 5 ml nutrient broth
#

(NB) medium. The cultures were, mbubated on a shaker at 150 rpm at 25 °C for 24 hr.

For maintenance Agrobacz‘er/um 100 5] baCTerJa culture was put in a sterile eppendorf

- _‘| g

tube which contammg 1OO ul sterlle 80% (v/v) glycerol solutlon Then they were stored at

—70°C. The bacteria m-—’glycerol were used as bacterial stoo-ks for hairy root induction.

2.3.4 Growth analysis of A.irhizogenes
The bacteria were regovered by streaking A." rthizogenhes in a glycerol stocks on
NA medium. A single bacterial colony was inoculated in 5 ml of nutrient broth medium
and thexculture wasplaced on rotary shaker (150 rom) @t 25 C. The optical density (OD)
was measured on spectrophotometer at 600 nm during 0 - 72 hr cultivation period.
Growth curve of A. rhizogenes was plotted overtime. From the growth curve, the
appropriate cultivation time of A. rhizogenes for using in plant induction was in log

phase period.
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2.3.5 Preparation of A. rhizogenes for plant induction
A. rhizogenes from a glycerol stock was streaked on NA medium. A single
bacterial colony was inoculated in 5 ml of nutrient broth medium and the culture was
placed on rotary shaker (150 rpm) at 25°C for 24 hr or untill the OD,,, was about 0.5.

The bacterial suspension was used for co-cultivation of explants.

2.7 Plant growth regulators on in vitro multiple shoots

. After germination, plantlets \were: subcultured on the 1/2 MS medium pH 5.7
supplemented with 1% sucrose and 0.5% Gelriterevery 4 weeks. After 8 weeks shoots
with 2 to 4 true leaves were selected te use-as explants in the shoots multiplication
experiment.

After 8 weeks of germination, seetljlings were selected for using in multiplication
of shoots induction. Leaves and nodes :qve.re cut into appropriate size, 1 cm’ of leaf
explant and 1 cm of node, using sterile forijl:ep_s and a knife. Both explants were cultured

on 1/2 MS medium supplement with the C(ﬁ_mbinations of Kn (0, 4.65 and 9.30 uM) and

NAA (0, 0.54, and 1.08 V) Cdltures were kept at 26 +2 °C with a 16 h light/8 h dark.
il % il

-'lj'!,l
il

2.8 Hairy root induction 1 _ o

o el

Hairy root was induced-’according ’Eo the previously reported procedure with

minor modification (Sa;i‘[o—et al., 2001; Wata_é'e' et él.,2004)—. ’Leaf and node explants from
8 week-fully grown in j_//'tro plantlets were used as expﬁlrants for hairy root induction.
Leaves and nodes were €utsinto appropriateisizes, 1 cm” and 1 cm, respectively. They
were wounded withsa|sterile scalpel and immersed in| conical flasks containing the
bacteria suspension for 30 min. After dippings. they were c@-cultivated with A.
rhizogenese'on 1/2.MSymedium’ pH 5.7 supplemented with 1% sucrose™and 0.5% Gelrite
in the dark condition for 2 days. After co-cultivation, the explants were subcultured on
MS medium with 200 mg/I cefotaxime at one week interval in order to eliminate the A.
rhizogenese. After 4 weeks, they were subcultured on cefotaxime-free B5 medium
solidified with 0.5% Gelrite. All the cultures were maintained in complete darkness at 25
+ 2 °C. After 4 weeks of incubation, root number, root length, fresh weight, and dry

weight were measured. Subsequently, they were harvested for CPT analysis.
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2.9 Detection of rol B transformation by PCR

DNA from transformed and non-transformed roots were isolated with a Dneasy
Plant Mini Kit (Quigen, Germany) using the procedure specified by the manufacturer.
Polymerase chain reaction (PCR) primers specific for the amplification of the ro/ B gene
were used (Watase,2004.). A 20 uyl PCR mix contained 100 ng of genomic DNA, 200 nM
of each primer, 200 uM dNTPs, 1 unit of Tag DNA polymerase and 1.5 mM MgCl,. The

PCR reaction mixture was incubated in a DNA thermal cycle under the following

condition; 94°C for 3 min, 40 cycl ' r 1 min, 55°C for 2 min and 72°C for 3
, imers used in the PCR are rol B (F)
CAAQ C@AG%’ and rol B (R) primer: 5'-

TTGAATTCGTG GCTG TCATTTEC-3" (Minlong et al., 2000). Amplified

min, and a final extension at

primer: 5-CCTCTAGAGT.

DNA bands were analyze rose ¢ a\-.n ophoresis at 100 V for 30 min follow

\

Ny
by staining with SYB \t‘\o t to determine quality and

.
a
- N
L)

quantity. A Lambda lard molecular marker. DNA

extract was kept at -20 ° PCR ampilification.
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3 Results

3.1 Surface sterilization conditions

The optimum condition for sterilization of O. alata seed was surface sterilized
with 70% ethanol for 1 min, 1% sodium hypochlorite containing three drops of Tween 80

for 15 min and then rinsed three times with sterilized water.

3.2 A. rhizogenes strain TISTR 1450

3.2.1  Revival of A. rhi <' es
A. rhizogenes was\n\q % nutrient agar (NA) medium. Petri
S é
dishes were kept onﬁ&"‘-?\ﬁe‘r’4 ivation, the colonies were noticed
(Figure 3.2). 7 ——

| il
3.2.2 ‘gr;r)wth of A. rhizogenes u

The opti Iﬁrﬁj/ (ol ‘%{W er]oﬂzs?neter at 600 nm during
0-72hr culﬁtion perig.lﬂqegjm Curve,g[) against cultivation time, of A.
rhizog lotted(Figur Brt h lm‘t C qT’ rowth including
lag phﬁﬁﬁaﬁitﬁaﬁﬂeﬁiﬁiﬁﬁﬂlﬁﬁ presented a 12
— 48 hr interval of cultivation time. This interval was selected for bacterial suspension

preparation.
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Figure 3.3 The growt 1450. Cultivation time was

plotted against OD,.

3.4). _
For the inducti(E of mu aves %j nodes of O. alata, explants
were cultured on 1/2 MS¢medium supplemented with various concentrations of auxins

ot oo S D LIBIYLT R A St s 80 % on e

medium supplement with combinatign of 9.30 p%Kn and 0.54 w NAA (Table 3.1)
foIIoweQbWO’%a\ﬂeﬂeﬁumo%%q Q}qur‘aog MM NAA from
leaves egplants. On the contrary, the medium supplémented with 4.65 uM Kn alone and
free plants growth regulators were not effective on multiple shoots induction. The
maximum number of shoots was 1.7 per explants obtained on the medium containing
9.30 uM Kn and 0.54 uM NAA (Table 3.1 and 3.2) followed by 1.3 shoots per explants in

the medium having 4.65 uM Kn and 0.54 uM NAA from leaves explants.
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In case of node explants, all of treatments could induce 100 % of multiple
shoots. The highest number of shoots from node explants was 9.6 per explants which
obtained from medium containing 4.65 uM Kn alone (Table 3.1 and 3.3) followed by 7.7
per explants in medium having 9.30 uM Kn. On the other hand, the lowest number of
forming shoot from node explants was 1.4 per explant on the medium supplemented
with 0.54 uyM NAA. Individual obtained shoots were elongated on the same medium

without plants growth regulators.

2

|

Figure 3.4 Seedling og. alata obtained
AUEINENINEYINS
AMIAINTAUUMINGIAY

o0 ermﬂation on 1/2 MS medium for 8

weeks
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Table 3.1 Effect of different concentration of Kn and NAA on in vitro multiplication of

leaf and node explant of O. alata .

Plant growth regulator | Percentage of leaf and Number of shoots per
(uM) node explants forming explants + S.D.

shoots (%)

Kn NAA Leaf node Leaf node

0 0 0 100 0.0 + 0.00° 1.7+0.67"

0 0.54 11+0.39" | 1.4+051°

0 1.08 0.6+0.84™ | 1.5+0.53°

4.65 0" //‘ 1007 10.0+0.00° | 9.6 +4.99°
4.65 0.54 7/ \k ﬁ 3+1.42%° | 32+239°

77/ B}

4.65 1.08 m\: 41052° | 2.3+150°

9.30 0 "l/ﬁ ‘\ &\ +0.95" | 7.7+ 4.45°
9.30 054 "Izg \m\. 11417 | 37+211°
9.30 ’ﬁ “s& 03 +048° | 3.7+1.41°
ProEl
Fal s =
=59 alues followed by a cf?.:-* ent lette e significantly different at p <0.05

ST

T —

B 2
ﬂ‘lJEl’J‘VIEWﬁWEJ’]ﬂi

Q’maﬂﬂ‘im UAIINYAY
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Table 3.2 Effect of different concentrations of Kn and NAA on in vitro multiplication of

leaf explant of O. alata.

NAA
(uM)
Kn
(uM)

0 0.54 1.08

4.65

9.30
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Table 3.3 Effect of different concentrations of Kn and NAA on in vitro multiplication of

node explant of O. alata.

NAA

(uM)
Kn 0 0.54 1.08

4.65

9.30




3.6 Hairy root induction
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Leaf and node of O. alata explants were infected with A. rhizogenes strain TISTR

1450. After 10 days, hairy roots immerged at wound sites. Percentage of hairy root

formation was 100 % and 96.35 % for node and leaf explants, respectively (Table 3.4

and Figure 3.5 — 3.6). The induced hairy roots were grown on fresh 1/2 MS medium

containing 200 mg/l cefotaxime to eliminate A. rhizogenes. After three passages onto

fresh antibiotic containing medium at one week intervals, hairy roots were transferred to

B5 free antibiotic medium. Four weeks afterfinoculation, root number, root length, fresh

weight and dry weight of hairy roots were meastred. Hairy roots had characteristics of

transformed roots such as-high-lateral branching-and-lack of geotropism. Root number

was 17.65 and 6.32 for node and leaf explants. Root length from leaf and node

inductions were 2.10 and 2:87 emy respeﬁ_:tively. Node explants showed higher biomass

accumulation of hairy root thandeaf explants.

_—

)
Table 3.4 Growth of hairy root cultures-after infection 4 weeks

Type of | Percentage numbeiof JL?ngth of Fresh wt of Hairy root dry wt
explants of hairyroot .+ hajry;root + | hairy root per per explant +
hairy root S:D__(_Qm) ?D_. (cm) explant + S.D S.D (mg)
formatioh; (mg)
Leaf 96.35 = 6.32 +4.52 210+ 1.04 | 9.90 + 0.36 1.44 +0.33
Node 100 1765+ 6.43 | 2837 +1.13_| 22.45+0.62 3.22+0.20
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Figure 3.6 Hammroot induction of gode explants a) and d) 10 and 30 days after

o HAPAPTE 2 Tt

rh/zogengs c) and f) closer views showing hairy root development at day 10 and 30,

respectively
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3.7 PCR analysis of hairy root
Hairy root induced from A. rhizogenes were confirmed by PCR. The PCR

products showed clear bands for ro/ B (approximate 1.3 kb) in transformed root and A.
rhizogenes strain TISTR 1450 itself. There were no bands in untransformed roots (Figure
3.7). This result indicates that the ro/ B from Ri plasmid of A. rhizogenes strain TISTR

1450 were successfully integrated into O. alata hairy root.

AULINENINYINS
AR TN TN



41

bp

2000

1500
1.3 kb

1000

750

Figure 3.7 Agarose gel.eleetropharetogram of PCR products amplified with ro/ B (F)
and ro/ B (R) primers; kane M¢Lambda 1. Kb DNA marker, Lane 1: non-transformed root
obtained from leaf explants, dLane 2: hairy.root obtained from leaf explants, Lane 3: non-
transformed root obtained from: node-explants, Lane 4: hairy root obtained from node

explants, Lane 5: A. rhizogenes
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4. Discussion

Shoot multiplication from leaf explants cultured on 1/2 MS medium containing
9.30 uM Kn and 0.54 uM NAA way found to be the best treatment for maximum multiple
shoot induction as well as gave the maximum number of shoots per explants. Similar
results were also reported in the other Ophiorrhiza spp. such as O. prostrata (Beegum
et al., 2007). In addition, combinations of auxin and cytokinin have been used to induce
shoot formation in numerous species (Al-Bahrany, 2002, Adeniyi et al., 2008)

Node explants were found to be superior for maximum multiple shoot induction
and gave the maximum number of shoots per explants when cultured on 9.30 and 4.65
MM Kn alone. It has also-been repeorted.that-eytokinin alone gave successfully
multiplication in shoot of Cisst/s«Sicyoides (Abreu ef al., 2003), Salix humboldtiana
(Pereira et al., 2000) and Fiets garea L. (Fraguas et al., 2004).

Therefore, micropropagation .of-O: alata in our study was successfully obtained
from node explants culturedon'1/2 MS me'g'ium containing 4.65 uM Kn alone.

The main advaniage of usmg hanry‘jroot cultures is their ability to grow in defined
basal media without supplementatlon of4 phytohormones Due to their differentiated
nature, they show genetic stability .and te_ngj—_;}o produce high levels of secondary

metabolites characteristic of the species (G}E@.._'gf__a/., 2000). The variation in hairy root

induction could possjk&/ be attributed tc_)_vthervariatior_l 'in virulence of different A.

rhizogenes strains uséd (Giri et al., 2001). It has been reported that hairy root induction
by A. rhizogenes strains ATCC 15834 was success in various plant. This strain effected
on hairy root formation.of Selanumpglaciniatum and Gmelinasarborea reaching 100 and
32 % (Okrslar, 'et'al2002: Satdive"; et'al., 2007).

In the,present study, induction, of O. alata_hairy roots by A. rhizogenes strain
TISTR 1450, whichtisiequivalent to' ATCC15884, loceurred at'a fregueney of about 96.35
% in leaf explants and 100 % in node explants. In Echinacea purpurea, a high
frequency of root induction has also been reported (Wang et al., 2006). Its hairy roots
were initiated from leaf discs with a success rate of approximately 80% using A.
rhizogenes strain A4. There has been reported that A. rhizogenes strains ATCC 15834
was successful in providing the most consistant hairy root response (saito et al, 2001;

Bolivar et al., 2007). In Eustoma grandiflorum, hairy roots were initiated from
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microshoots with a success rate reaching 100 % using A. rhizogenes strains LBA 9402.
In contrast, very low root induction rate was obtained with strains NCPPB 2659 (Popa et
al., 2006).

Besides strain virulence, susceptibility of the explants may also play an
important role in determining the frequency of hairy root induction (Satdive et al., 2007).
Wang et al. (2006) found that leaves were comparatively easier to produce hairy root

than leavestalks of E. purpurea. Transformed percentage of leaves was 80 %, while the

9
U
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CHAPTER IV

ROOT AND HAIRY ROOT INDUCTION
FOR TRANSPLANTING TO GREENHOUSE

Hairy root is a plant disease caused by A. rhizogenes. It shows a numerous and
fast growing of roots. The alteration in root growth and development could be important

for improvement of root system for pr

tion. A composite plant was generated by

inducing hairy roots by A. rhizic ormed shoots. A normal plant were

a&d shoots.

nd survival of composite and

generated a numerous roo
—

The goal of this.chapter wes 1

normal plant after tran

1 Materials

After multiple shoot 5t HART EF dividual shoot was elongated on

1/2 MS medium without plan ' gulators weeks. These plantlets were used

Wild type A. rlﬁi Strai W ICEIS equivalent to ATCC 15834

was obtained from the Jhalland Institute of Scientific and Technological Research

(TISTR). Theyﬁwﬂqwﬁ%ﬁ Wﬂﬁrﬂﬁ bacterial colony was

inoculated in 5 ml of nutrient broth medlum and the culture was placed on rotary shaker

R RTRINT ﬂfﬁ?ﬁfﬂ“ﬁ g 1) e

used for €o-cultivation of explants.
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2 Jethods

2.1 in vitro rooting by auxin and A. rhizogenes

Shoots were induced into rooting by cultured on 1/2 MS medium supplemented
with IBA at 0.49, 0.98 and 1.96 yM and by Agrobacterium infection.

For A. rhizogenes infection, shoots were wounded with a sterile scalpel and
immersed in A. rhizogenes suspension for 30 min. Then, the shoots were co-cultivated
with A. rhizogenes on 1/2 MS medium pH 5.7 supplemented with 1% sucrose and 0.5%

co-cultivation, shoots were subcultured on
%mtewal in order to eliminate the A.

rhizogenese for 4 weeks, ubqlltu taxime-free B5 medium. Growth

Gelrite in the dark condition for 2

1/2 MS medium with 200 mg/I
factors such as leaf nu nt height were measured after
incubation for 4 weeks.

For control ex 3 We S medium.

Four—week-ol and A. rhizogenes were

transplanted to green@sé. ' was@d under tap water for 2 to 3
min to remove traces of elrite medium before, transplanting to autoclaved soil (coconut

st rice 2sn81 2 D YR FHTANRLE) TG were coverea win

lastic ba forillNo weeks. Four weeks after transplanting, growth factors such as
P g e ansplanting, growth

P RTRIRIRENTHY R Y
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3 Results

3.1 Effect of auxin and A. rhizogenes on in vitro rooting

The formation of roots after A. rhizogenes infection and IBA treatment was
recorded for 4 weeks. In comparison with in vitro root induction by A. rhizogenes and
IBA treatment, it was shown that no difference in percentage of shoots forming roots. All
treatments were 100 % of shoots forming roots (Table 4.1).

The highest number of roots per shoots was 26.1 from the medium
supplemented with 0.49 uM IBA. On the contrary, the lowest number of roots per shoot
was 8.3 in medium-free plant growth regulatoss™ (control). In addition, A. rhizogenes
treatment plantlets had the number of roots In_ culture media lower than all IBA
treatments but higher than free.plant growth regulators.

The highest length oifroots.per sh‘e‘pots was 3.67 cm from medium with free plants
growth regulators. The lowest oot ‘length per shoot"was 0.81 cm on medium
supplemented with 1.96 uM IBA. HoWeveTr, A. rhizogenes treatment plantlets had the
length of roots longer ,han 0.98 and 1.',.;1_6?pl\/l IBA treatments but no significantly
difference when were compared Wlth 0.49 pMF IBA treatment.

add v ol

a2 lj'r,l
-

Table 4.1 Growth comparison of i vilro roqtfh_g by IBA and A. rhizogenes

o el

Type of trea_thjent Percentage of shoots | Root number | Root length
/ forming roots (%) i-ber shoot +S.D (cm)
+S.D.
IBA (UM) 0 (control) 100 83 +£0.67° | 3.67+0.48
0.49 100 26.1% 538" | 1.62 +0.23"
0.98 100 22.9.+ 846" | 1.17 +0.43°
196 100 25.0 + 8.46°~| 0.81 +0.48°
A. rhizogenes 100 17.8 +2.09° | 1.76 + 0.48°
ab

' values followed by a different letter were significantly different at p <0.05
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3.2 PCR analysis of hairy root

The presence of the rol B gene in the hairy roots was tested by PCR
amplification of the DNA using rol B forward and reverse primers. A. rhizogenes
themselves served as positive control and DNA from the non-transformed roots served
as negative control. DNA from hairy root and A. rhizogenes showed the presence of the
1.3 kb rol B amplified product, while DNA from the non-transformed did not show any
amplification at expected sites (Figure 4.1). Thus, These results confirmed the

successful transformation.

bp M 1 2 3 M
3000

2500
2000

1500
1300 bp

1000

750

Figure 4.1 Detectioniof ro/ Brgene. Lane M 1-kb DNA Marker; Lane 1: non-transformed

root, Lane 2 transformed root, and Lanhe 3 A. rhizogenes
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3.3 Comparison composite plant and normal plant after transplanting to
greenhouse
Four weeks after transplanting, survival, plant height, leaf number, and leaf
length were measured. The result showed that the highest percentage of survival was
100 % obtained from all IBA treatments. A. rhizogenes treatment plantlet showed 80%

survival (Figure 4.2a and Table 4.2).

iz,

T*;Jdl' - e
'f F

Figure 42 Four weeks after root-induction by A. rhizogenes and various concentrations
of IBA (1-5): 1) A. rhizogenes, 2) 0 uM IBA (control), 3) 0.49 uM IBA, 4) 0.98 uM IBA,
and 5) 1.96 uM IBA; a) and b) Day 0 of transplanting to greenhouse, and c) four weeks

after transplanting to greenhouse
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Table 4.2 Survival of rooting plantlets induced by IBA and A. rhizogenes after

transplanting to greenhouse.

Type of treatment Percentage of survival (%)
IBA (UM) 0 (control) 100
0.49 100
0.98 100
1.96 100

rhizogenes.

@0 week
B 1 week
02 weeks
0O 3 weeks

W 4 weeks

w ~ 01O N
I

Plant height (cm)

Q) W’] aﬂmm IAIINYTRY

Figure 43 Plantlets height of plantlets after transplanting to greenhouse
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The increasing in the number of leaf exhibited similar pattern to the increase in
height of plants among treatments. They showed rapid increase in the number of leaf in
all of IBA concentration and slow increase in A. rhizogenes treatment (Figure 4.4). In
addition, A. rhizogenes treatment also showed the lowest number of leaf with 7.00 per

plantlets. The highest number of leaf was 12.4 per plantlets obtained from 0.98 uM IBA

treatment.
~ O o week
14 B 1 week
12 4 0 2 weeks
O 3 weeks
. 10 : i= B 4 weeks
2 , L ]
5 ° i i
2ol R L
4 ' ’ / !\ -
ol 1!y N
0 uMIBA 49 | 96 1B A rhizogenes
, Pl
Figure 4.4 Leaf numbers of plantlets'af ler transplanting to greenhouse

X
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The increase of the length of leaf was similar in both parameters, height of plant
and number of leaf (Figure 4.5). The highest length of leaf was 5.45 cm obtained from
medium consisting of 0.98 uM IBA. In the other hand, the lowest length of leaf was 2.37

cm obtained from A. rhizogenes treatment. And it also showed slow increase in left

length.
6 - @ o week
m 1 week
5 02 week
0O 3 weeks
4 1 | 4 weeks

Leaf length (cm)
w

0 uM IBA 0.4}

< o i"
Figure 4.5 Leaf length ofiplantlets afte tr
PG&
alls .
Control and IBA trea en healthy and well developed when

transferred to soil. On the contra COMp e“"r-_ lants with transformed roots exhibited a

‘JJ .r‘
dwarf and smaller =_j;- ,

W, : J

B 2
ﬂumwﬂmwmni
QW']éWﬂ‘iﬂJ UAIINYAY
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4. Discussion

We planned to test a hypothesis that a plant with numerous roots have high
survival rate and more healthy when transplanted to greenhouse.

In vitro rooting, all of treatments, 0.49, 0.98, and 1.96 uM IBA, and A.
rhizogenes, were effective for root induction from micropropagated plantlets of O. alata.
A good result was obtained in IBA treatment with 100 % of explant producing roots.
Similar results were also reported in the other plant such as Tabernaemontana
fuchsiaefolia (Oliveira et al., 2003)..n this study, root induction with A. rhizogenes strain
TISTR 1450 gave 100 % rooting efficiency. ThiS.high.efficiency were also found by using
A. rhizogenes strain LBA.9402 10 induce hairy-feot of pink and blue genotype of
Eustoma grandiforum (Popa eial.+2006).

In comparison of the'roet paumber of O. alata; IBA treatment showed higher root
number per shoot than Ai rhizegenes treatment plantiets. Similar results were also

reported for E. grandiferumAPaopa et al., 2@;0@). Moreover, there was a report that in vitro

4
rooting of Datura arborea by A./rhizogenes, compositing plants showed number of root

higher than untransformed plants. In additié,n,-some of D. arborea compositing plant

i

showed shorter length of root thqn untransform;—::_q}plants (Giovannini et al., 1997).

After transplanting of O. alata plam;il_:(_aig;.,_gll IBA treatments exhibited 100 %

survival rate better than_A. rhizogenes treatment which _showed only 80 %. The high

survival rate was also'found in T. fuchsiaefolia rooting induction by IBA (Oliveira et al.,
2003). In this experiment, plants with A. rhizogenes treatment showed slower growth
than all IBA treatment planis. Insaddition, IBAstreatment plants.were healthy and well
developed when'transferred*to “‘soil.“Composite’ plants with transformed roots exhibited
dwarf and _smaller leaves.. These phenotype, characteristics had been reported for A.
rhizogenes*mediated transformied plant”(Koike.! 2003; Crane, '2006)~These alternate
morphological characters are generally regarded as undesirable, but some of the
altered features can have potential applications for the genetic improvement of
ornamental plants (Koiki, 2003).

The choice of in vitro rooting of O. alata was obtained from 1/2 MS medium
without plants growth regulators because no different survival rate was shown when

compared to IBA treatment but higher than A. rhizogenes treatment. Moreover, this
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method is easy and has low cost. The results also showed the possibility of applying A.
rhizogenes infection to O. alata shoots for genetic improvement, especially for the

development of abundant roots for using as an alternative source for CPT production.

AULINENINYINS
AR TN TN



CHAPTER V

CAMPTOTHECIN PRODUCTION

CPT is a cytotoxic tryptophan derived-quinoline alkaloid which inhibits the DNA
topoisomerase |. CPT and its derivatives are at present obtained by extraction from
intact plants. Transformed plant tissue cultures may be alternative source of production.

O. mungos and O. pumila were repc e the source of CPT. O. alata, the same

genus or known as "HNVARAAR] ' /E’stributed in the southeastern part of

Thailand (Smitinand, 1999): alysis. Hairy root, in vitro culture

plantlet, and transplanti nalyzed the amount of CPT

content by HPLC. The plant

1. Materials

As above mentione CPT analysis including leaf, root
and hairy root. Leaf and ro nth old of soil - grown plant, 4
weeks in vitro culture, and 4 w Sek planting to greenhouse (CHAPTER V).
Hairy roots were obta shoot were induced with A.
rhizogenes (CHAP ~HE="1v)."In-addition ,ﬂ; tained from 4 week after
transplanting to greemﬁ.is :

AULINENTNEINS
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2. Methods
2.1 Phytochemical techniques
2.1.1  Preparation of O. alata powder from leaf, root, and hairy root

Leaf and root from soil - grown plants: 5 month old plant, leaves and roots were
collected and cleaned with tap water to remove soil. They were dried with freeze drying.
Both samples were ground into powder.

Leaf and root from plant induced root by IBA: 4 weeks after cultivation was
harvested and cleaned with distilled water for media removal. It was dried by freeze
drying. The dried samples were ground into powder.

Leaf and root from plant after transplanting to greenhouse: 4 week old plant,
leaves and roots were harvested and dried by freeze drying. The dried samples were

ground into powder. '|

Leaf and root-from compgosite plant.. after transplanting to greenhouse: 4 week

old plant, leaves and hairy goots were harVest_ed and dried by freeze drying. The dried
v

samples were ground int@ powder.

i F
sl % il
2.1.2 Extraction :

“de il A
el

The extraction and detéctic_m of camptothecin were performed according to

previously reported proecedure vxfith minor mddification (Saito et al. 2001; Yamazaki et al.

2003). A 100 g dried_ﬁ\ATof sample was then bfoken by—ihortar and pestle .The dried
powdered material Wasghomogenized with™1"ml of methanbl by using ultrasonic bath for
30 min at the room temperature. After sonication, the samples were transferred to
polypropylene imicroscentrifuge tubes and eentrifuged at{10,000 xg for 10 min. After
centrifugation, the supernatant was €ollected and-filtered throughsa 0.45 um filter for
high-pérformance liquid ¢hromatography (HPLC) analysis: 'The methanol extract was

transferred to clean glass vials and applied directly into a HPLC column.
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2.1.3 HPLC analysis
Separation was performed with a ZORBAX Eclipse XDB-C18 column (25 cm x

4.6 mm, Agilent) at a flow rate of 0.8 mi/min. Elution gradient program was as follows: 0
—-35 min linear gradient from solvent A [H,O0-HOAc-MeOH (79.8:0.2:20)] to solvent B
[H,0-HOAc-MeOH (9.975:0.025:90)], 35-40 min isocratic at 100% of solvent B. CPT
were detected at 254 nm by diode array detector (DAD). The identifications were carried

out through relative retention time and standard addition. These results were also

confirmed after a comparison betwee absorption spectra of the peak and that

of the standard.

The methanol =af, al iry root of O. alata were analyzed
by HPLC method. Th

standard was dissolve i : is stock solution was diluted with methanol

AULINENTNEINS
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3. Results
3.1 HPLC analysis of methanol crude extracts

A characteristic HPLC-DAD chromatogram of CPT standard and methanol crude
extracts of O. alata monitored at 254 nm and their associated UV-Vis spectra were
shown in Figure 5.1-5.3. Retention time of peak obtained with standard CPT was used to
identify the corresponding peaks in methanol crude extracts of O. alata plant (Figure

5.1). The retention time of CPT standard was 38.7 min.

Beside relative retention fi ntification was confirmed by carried out

through standard addition. C -elution after spiking of crude extract
with standard CPT (Figur : '
CPT detection { comparis -o UV-Vis absorption spectra of

the peak and that of ~\.}i -v\\\ gnatures produced by each

chemical in the detec \. the 38.7 minute peak in

HPLC/DAD chromato ndard ¢ \ e of hanol crude extract sample.
Notice that the spectru 7 rbance wavelengths along the x axis. This 38.7
minute peak of methanol pectr \‘ similar to CPT spectrum.

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
QW']ENﬂ‘iELJ UAIINYAY
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Figure 5.1 HPLC/DAD chromatograms detected at 254 nm of: a) standard CPT, b)
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untranformed root from soil - grown plant, c) leaf from soil - grown plant, and d) hairy
roots of O. alata. Mobile phase: 0-35 min linear gradient from solvent A [H,O-HOAc-
MeOH (79.8:0.2:20)] to solvent B [H,0-HOAc-MeOH (9.975:0.025:90)], 35-40 min

isocratic at 100% of solvent B.
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3.2 Camptothecin content in different parts of plant types

The calibration curve showed good linearity, with a regression coefficient of
0.997. The regression equations for CPT was Y = 8693457X + 4225572 (Figure 5.4).
The content of CPT in methanol extracts were calculated with the regression equations
obtained from the calibration curves. The results were shown in Table 5.1.
Untransformed root of soil-grown plants had the highest amount of CPT 39.98 ug/g dry

wt. Leaf from soil-grown plant had the level of CPT closely to in vitro culture including

root and hairy root induction with 0 pg/g dry wt. except leaf from in vitro

culture had CPT content onl transplanting to greenhouse, CPT

content of plant induced ite plant were lower than in vitro

culture. Both transplante S hac conte proximately 3 pg/g dry wt.
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Table 5.1 Comparison of the camptothecin content in different parts of plant types

Source

Plant type

Total CPT contents

+ S.D. (ug/g dry wt)

Growing in soil

13.13 +£0.95

39.98 + 1.10

In vitro culture

6.29 + 0.83

13.35+1.32

Wi

1]
ot d

Transplanting to gree

house

’: from leaf

10.11 +1.49

",/ ode
J

14.18 + 0.97

13.76 + 0.31

10.82 + 0.78

3.62+0.42

3.92 +0.52

3.71+1.19
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3.63+1.30
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4. Discussion

CPT was detected in 12 samples of O. alata plant type from growing in soil, in
vitro culture, hairy root culture, and transplanting to greenhouse by HPLC. Root of soil-
grown plants had the highest amount of CPT which was 39.98 pg/g dry wt. The level of
CPT of leaf from soil-grown plant was closely to in vitro culture including root and hairy
root induction with approximately 10 ug/g dry wt. After transplanting to greenhouse, CPT
content of plant induced for rooting by IBA and composite plant were lower than in vitro
culture. Both transplanted plants had CPT content with approximately 3 ug/g dry wt. The
present study indicated that CPT accumulaiedsmore in growing in soil, followed by in
vitro culture, hairy root culture-and transplanied-plant. This result also suggested that
root of soil - grown plant showed highest potential CPT production.

The production of GPT thiough callus or transformed and untransformed roots
by several CPT-producingplants/has beendocumented (Wiedenfeld et al., 1997; Saito
et al., 2001; Fulzele et#al. 2002). Some of’fhe approaches were inefficient and recovery
of CPT was lower than that of the intact plant (Wledenfeld et al. 1997; Ciddi and Shuler
2000). The yield of CPT iselated from cell SU§pen5|on cultures of C. acuminate was 2.5

v ol
ug/g dry wt (Sakato et al. 1974). Uniransformed;root cultures of N. foetida incubated on

MS medium with 71.36 uM NAA and 8.87_;9_!\4_BA produced CPT 100 pg/g dry wt

(Fulzele et al., 2002): tn other Ophiorrhiza spp. hairy root Cultures exhibited better CPT

production than O. alafa. O. pumila, O. korowai, and O. fiukieuensis hairy root cultures
produced CPT reaching 1000, 219, and 83 ug/g dry wt, réspectively (saito et al., 2001;
Asano et al., 2004);

High-level production of CPT production through' hairy roots at equal or higher
amounts. than the roots in planta has_been_ reported'in. O. pumila (Saito et al. 2001) and
C. acuminata (Lorence et al., 2004). CGPT was also obtained from'transformed roots of
O. pumila and plants regenerated from them (Watase et al., 2004). Hairy root culture
yielded more than 1000 pg/g dry wt and the excretion of relatively large quantities and
scaled-up production of it in a bioreactor has been accomplished (Saito et al. 2001;
Sudo et al. 2002).

Our result showed that CPT accumulated in growing in soil plant more than

transplanted plant. Possibly, development stage of plant may play an important role in
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metabolite accumulation. This experiment, plants were harvested for HPLC analysis with
age of growing in soil plant more than transplanting to greenhouse plant. Roja (2006)
studied on comparison of CPT content in the juvenile plant and mature tree of N. foetida
intact plant. The juvenile plant had total CPT content lower than in mature tree. An
increase in the level of CPT in the mature plant suggests that the accumulation of the
CPT may probably be associated with age and maturation of plant. (Roja, 2006)

In the present work, CPT accumulated in in vitro culture and hairy root culture
more than in transplanting to greenhouse: plant. This result suggested that in vitro
culture optimized to produce.contents of CRT.within the same time of cultivation in O.
alata. It has also been found-for nicotine alkaloid-synthesis in Nicotiana africana (Para
and Hamill, 1987)

Our result showedthathairy roots of O. alafa could produce trace CPT content
level. Possibly, variation strain of bacteria’ used may also play an important role in
metabolite accumulation. Example .fon th:;i, Giri et al (2001) reported that transgenic
hairy root cultures of A.fannua with variatic‘;:n rof_A. rhizogenes strain showed significant
difference in arteminisinin/€ontent. Aﬁ_hairy r:{')j;é_tdl-ine induced by strain 9365 was found to
contain highest amount of artemirisinin (0.23'%.1{Giri et al., 2001).

One possibility that hairyzroet of QT_—-.'a]ata produced trace amount of CPT.

because substantialQPlcontent was excreted into the euliire medium instead. Saito et

al. (2001) reported that-the amount of CPT excreted into the culture medium increased
five fold of O. pumila hairy root.

Besidetherabove -mentionedifactorsithe typevofsmedium may have possible
influence on CPI; production of hairy root cultures. Azadiaracta indica hairy roots were
cultureghon, three different-media:~Ohyama, ang.Nitsch (ON), B5 and.MS. It was found
that haity "roots’ grown "on "'ON "medium "accumulated=the’ maximum amount of
azadiarachtin content followed by B5 and MS, respectively (Satdive et al., 2007).

Accumulation of secondary metabolites could be improved by chemical and
physical means in hairy root cultures. Chemical techniques refer to changing nutritious
ingredients of culture, adding hormones or precursors. Physical techniques involve
changing culture condition, such as light and temperature (Wang et al, 2006). As

mentioned above, A. indica hairy roots grown on ON medium accumulated the
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maximum amount of azadiarachtin, followed by B5 and MS. It suggested that ON
medium contains higher ionic concentrations of inorganic salts, ascompared to MS and
B5 (Satdive et al., 2007). Physical techniques have been reported in hairy root cultures
of Panax ginseng of which biomass accumulation and ginsenoside production was
optimal under 20 "C/13 “C day (12 /8 hr) cycle. Biomass of hairy roots was highest in the
cultures grown under dark or red light while ginsenoside accumulation was optimum in
the cultures grown under fluorescent light (Yu et al., 2005).

Furthermore, biological reactor technglogies for hairy root cultures have also
been studied; bio-technique; such as transgenic teehnologies, anti-sense technologies,
two-step culture technologies:Addition of preeurser compounds or elicitors is also
effective in increasing the content'of secondary metabolites in hairy roots. For example,
sodium acetate (abiotic elieitor) clearly é'jicited the production and secretion of valued
resveratrol and resveratrolderivatives from peanut hairy. root cultures (Medina-Bolivar et
al., 2003). In addition, hairy rootr_.cdlturé?s of Panax ginseng enhance the biomass
accumulation and ginsenoside production ;f_n ItW(_) stages. First, they were cultured under
dark, which favors biomass acbg_rbulatiotf.‘;&__lp- the second stage, the cultures were

irradiated with fluorescent light to'enbance ginsénoside production (Yu et al., 2005).

In this study, we have.suceessfully '@fétablished a hairy root culture of O. alata

transformed by A. rhizogenes strain TISTS 1450 _This hai{y ¥oot culture produces trace

amount of CPT combéred with intact roots, however, it is n’o't”destruotive for the plants in
nature. Hairy root biomass accumulation could be as an alternative source for CPT
production.

Further work is in progress to investigate methods to enhance CPT production in
O. alata, in,wvitre, culture such=as«using elicitors .and.adding=biosynthetic precursors,
secologanin and'tryptamine, and“even developing“genetic*engineered” CPT-producing

plants.



CHAPTER VI

CONCLUSIONS

Camptothecin (CPT) belongs to a class of anticancer agents which has been
rapidly growing in the pharmaceutical market. Despite the increase of its demand, CPT
is still supplied exclusively from the intact plants, mainly C. acuminata and N. foefida.
CPT is produced also in some speciesiof the genus Ophiorrhiza. Feasible production of
CPT by hairy root cultures of O. pumile, dapanese species, was also reported. In
Thailand, O. alata is foundrin-the southgrn part.eisthe country. We, then, would like to
investigate micropropagatien and-hairy root cultures+ior CPT production of O. alata. In
addition, we would likesto seé the' survival rate of rootrand hairy root-induced plants
when transplanting to gréenhouse and inc{lugje theirs CPT production.

In this study, werfsuccessiully estajbl.ished shoot multiplication of O. alata using
seed as initial explants. Leaf explaﬁts cult?{réd on 1/2 MS medium containing 9.30 yM
Kn and 0.54 uM NAA showed "maximum"-‘rintjltiple shoot induction. The best shoot
multiplication from node explants can be establlshed by culturing on 1/2 MS medium

sLhd
containing 4.65 and 9.30 M Kn alone tn cemparlson node explants showed higher

-

shoot number than leaf explants Henoe the optimum for micropropagation of O. alata

in this study was obtalned from node explants cultured on 1/2 MS medium containing
only 4.65 uM Kn which is minimum concentration.

We have successfully. established a hairy root culture of O. alata transformed by
A. rhizogenes strain d1STS 1450. Moreaver, we have successfully transformed the ro/ B
from Ri plasmid of A. rhizogenes into O. alata. We found that abundant roots were
developed at the, wound sites. . Hairy root formation/was| initiated ffrom™node better than
leaf with a success rate of 100 % and 80 %, respectively.

We successfully established in vitro rooting and transplanting to soil. O. alata
can be induced for in vitro rooting from all of treatments. There are 0.49, 0.98, and 1.96
MM of IBA and A. rhizogenes. Plantlets were cultured on 1/2 MS medium supplement
with 1% glucose and 0.5 % Gelrite for 4 weeks. After transplanting to greenhouse,

composite plants with transformed roots showed considerable differences in their
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morphology when compared to the corresponding untransformed plants. Survival rate of
non-transformed showed no difference when compared to IBA treatment but was higher
than A. rhizogenes treatment. Therefore, the choice of in vitro rooting of O. alata for
transplanting to greenhouse was obtained from 1/2 MS medium without plants growth
regulators.

In HPLC analysis, CPT was detected in 12 samples of O. alata plant type from

growing in soil, in vitro culture, hairy root culture, and transplanting to greenhouse.

Untransformed root of soil-grown e _highest amount of CPT 39.98 ug/g dry

wt. Leaf from soil-grown pla

root and hairy root induw

culture had CPT content o

closely to in vitro culture including
y dry wt. except leaf from in vitro

transplanting to greenhouse, CPT
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APPENDIX A

Composition of plant culture media

Concentration in culture medium (mg/liter)

Constituent

MS 1/2 MS B5
KNO, 1900 950 2500
NH,NO, -
NH,H,PO, -
(NH,),SO, 134
MgSO, - 7H,0 250
CaCl,2H,0 150
Y./ =5\ -
lla,%u\\\\
MnSO, H,0 l IOy ¥ 10.0

rile! L, il

MnSO,-4H,0 - -
Kl 0.75
H,BO, 3.0
ZnSO,-7H,0 2.0
CuS0O,-5H,0 0.025
Na,MoO,-2H,0 q T%1§E|1q uqﬂlgt)ﬁfq 0.25

o ‘ .
CoCl,6H,0 Iﬁ:] Wk ¢ 0.0 .OZ!SI v 0.025

¢ == '
FeSO,- 7. Y q_é’gl 27.8
. [ =

Na,EDTA q 7. 37. 37.3
Nicotinic acid 0.5 0.5 1.0
Pyridoxine-HCI 0.5 0.5 1.0
Thiamine-HCI 0.1 0.1 10.0
myo-Inositol 100 100 100
Glycine 2.0 2.0 -




APPENDIX B

A. rhizogenes media

Nutrient broth formular
Formula per liter
Beef extract ......oooviiiiii 309

Peptone ... 509

Nutrient agar formular

Formula per liter
Beef extract ........... ' B — .. 3.0g9
Peptone ........... bl 50¢g
Agar........ecoe... 7 7/ BRN\N . . 1509

Media preparation

Nutrient broth

5. Sterilize at-121°

Nutrient agar plates: 7 ,}.j

1. Weigh out S@ra

2.Add to 1.0 Iiteref distilled water in a} .0 liter flask

: Ste“ﬁ%m@ wmw g1N3

4, Coolt 50°C

AR 1A 1121 8

6! Pour 25-35 ml per plate

vder a ij"» grams of agar
d

7. Yields about 35 plates

7
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