Botany Department
Faculty of Science
Cairo University

Egypt

Influence of Some Biotic and Abiotic Elicitors on
Production of Indole Alkaloids in Callus and Cell
Cultures of Catharanthus roseus

Thesis
Submitted to the Faculty of Science
Cairo University

For The M. Sc. Degree

In
Microbiology

By
EMAN ABDALLAH MOHAMED ALI

B. Sc. 2004

Supervisors
Prof. Dr. TAHANY MOHAMED ALI ABDEL-RAHMAN

Dr. TAREK SOLIMAN KAPIEL
Dr. DALIA MOHAMED IBRAHIEM

2009



APPROVAL SHEET

Title of the M. Sc. Thesis

Influence of Some Biotic and Abiotic Elicitors on
Production of Indole Alkaloids in Callus and Cell
Cultures of Catharanthus roseus

By

EMAN ABDALLAH MOHAMED ALI

Submitted to the
Botany Department, Faculty of Science, Cairo University

Supervision Committee

Prof. Dr TAHANY MOHAMED ABDEL-RAHMAN
Professor of Microbiology, Faculty of science, Cairo University

Dr. TAREK SOLIMAN KAPIEL
Lecturer of Plant Cytology and Genetics, Faculty of Science, Cairo University

Dr. DALIA MOHAMED IBRAHIEM
Lecturer of microbiology, Faculty of Science, Cairo University

Prof. Dr. EFFAT FAHMY SHABANA
Head of botany Department,
Faculty of science, Cairo University



Dedication

To my parents
And my brothers
For their deep concern,

Support, endless patience

And love.



DECLARATION

This thesis has not been previously submitted
for a degree at this or at any other university

and is the original work of the writer

Eman Abdallah Mohamed Ali



ACKNOWLEDGEMENT

First of all, I do thank Allah for the kind and continuous support to me.

| wish to express my profound gratitude and special thanks to Prof.
Dr. TAHANY MOHAMED ABDEL-RAHMAN Professor of
Microbiology, Botany Department, Faculty of science, Cairo University
for suggesting the topic, direct supervision, continuous encouragement,
generous and continuous help and for her advisements throughout the

present work.

Great thanks to Dr. TAREK SOLIMAN KAPIEL Lecturer of Plant
Cytology and Genetics, Faculty of Science, Cairo University for his

valuable support in the practical part, valuable discussion and help.

Also | wish to express my deep gratitude and thanks to Dr. DALIA
MOHAMED IBRAHIEM Lecturer of microbiology, Faculty of Science,
Cairo University for her continuous encouragement, valuable support in

the practical part, continuous help and valuable discussion.

Special gratitude to the head of the Botany Department Prof. Dr.
EFFAT FAHMY SHABANA and all my colleagues for their help and

cooperation.



CONTENTS

1. ADStraCt —rmmmmmm e 1
2. INtroduCtion === mmm e e e e e 2
3. Literature REVIBW =-==mmmmm e oo oo e 5
4. Materials and Methods --==-======== = s 21
4.1, TeSt plant  mmmmm o e 21
4.2. Isolation of fungi from phylloplane and stemplane of C. roseus ---------------------- 21
4.2.1. Media USE === = m oo e e 21
4.2.2. Method of iS0lation =============m = 21
4.2.3. Identification of funQi —-=-=-========mmm e 22
4.2.4. Development of fungal CUltures —---==========mmmm s 23
4.3. Elicitors (Stress Factors) ==-=-=========mmm e 23
4.3.1. Preparation of fungal eliCitor ------=-=-=mmmm oo 23
4.4. Establishment of aseptic cultures of Catharantus roseus plants ------------------------ 24
4.5. Establishment of C. roseus callus CUlture -------=-==-mmmmmmm oo 26

4.5.1. Effect of different types and levels of plant growth regulators on proliferation

of callus from different explants -------========m - o mm - 26

4.5.2. Measurement of cell growth parameters -----------=-==mmmmmmmmm oo 27
4.5.3. CallusS reSPONSE =====n==mmmmm oo oo e oo 27
4.6. Establishment of C. roseus suspension CUltures -----------=-=-=--mmmmmmmmmmmmmemmmmo- 27
4.7. The effect of stress factors =-==-===-mmm e 28

4.8. Extraction and determination of alkaloids -------============mmmmmmmm oo 30



4.9. High performance liquid chromatography (HPLC) and quantification of vincristine

and ViNDIaStiNg —-=-=-mmmmmm e oo 30
4.9.1. Standard CUIVe =---======s=momm e e e e e oo e 30
4.10. Statistical analysis----------=-==-mmmmm oo 31
5. Experimental reSults -----------mmmmmmm oo 32
Experiment 1: Mycofloral Surveys from Catharanthus roseus phylloplane and
SEEMPIANE === mmm oo 32
Experiment 2: Establishment of C. roseus callus culture------------=--=--=emcueuu- 40
Experiment 3: Effect of plant growth regulators on the growth parameters of
C. roseus Calli---------=-==mmmmm oo 52
Experiment 4: Optimization of media for indole alkaloid production by C. roseus
cell suspension CUltures ------=-=-==mmmmmm e 58
Experiment 5: Effect of biotic and abiotic elicitors on indole alkaloid production
by C. roseus cell suspension cultures------------=====mmmmmmmmmmmmeev 64

Experiment 6: High performance liquid chromatography (HPLC) and
quantification of vincristine, vinblastine and indole alkaloids--- 76
B. DISCUSSION === m e e e o e e o e e e e 78
7. Summary and CONCIUSION =-=-=-mnmmmm oo oo oo 92

8. ReferenCes =----s-mmemmmom oo e e e e 96



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

10.

11.

LIST OF TABLES

MS medium COMPOSITION -=--=-=mmmmm e m oo 25
Different modified solid MS culture media -----------=-==-=-==-=-mmmmmm oo 26
Different modified liquid MS culture media --------------=-==-=-=-mmmsm oo 27
Concentration of stress factors used in Box-Wilson experimental design -------- 29

Total fungal count, relative density and number of species isolated from
phylloplane and stemplane of C. roseus through the three surveys --------------- 32
The species count (cfu cm™) and relative density (%) of fungi isolated from
C. roseus phylloplane allover three monthly surveys -------------=--=-mcemcmmumeu- 35
The species count (cfu cm™) and relative density (%) of fungi isolated from
C. roseus stemplane allover three monthly surveys ------------=----emcomommmeem- 36
The relative density range of fungal species isolated from phylloplane and
stemplane of C. rOSEUS —-----=-=-m == oo 39
Callus induction from hypocotyl explants of C. roseus inoculated on MS media
supplemented with different concentrations and combinations of plant growth
regulators. ----------mmm oo 41
Calli sizes and morphologies after induction from hypocotyl explants of
C. roseus inoculated on MS media supplemented with different concentrations
and combinations of plant growth regulators. ---------------=------m-mmem e 42
Callus induction from cotyledon explants of C. roseus inoculated on MS media
supplemented with different concentrations and combinations of plant growth

regulators. ----------mmm oo 43



Table

Table

Table

Table

Table

Table

Table

Table

Table

12.

13.

14.

15.

16.

17.

18.

19.

20.

Calli sizes and morphologies after induction from cotyledon explants of
C. roseus inoculated on MS media supplemented with different concentrations
and combinations of plant growth regulators. --------------=-=-msmmsmm - 44
Callus induction from leaf explants of C. roseus inoculated on MS media
supplemented with different concentrations and combinations of plant growth
FEQUIALONS, == mmmmm e oo e e e 45
Calli sizes and morphologies after induction from leaf explants of
C. roseus inoculated on MS media supplemented with different concentrations
and combinations of plant growth regulators. ---------=-===-msmmsmmm oo 46
Fresh, dry biomasses and water content of hypocotyls derived calli of C. roseus
grown on MS media amended with different concentrations and combinations of
plant growth regulators ---------=-mmm e e 52
Fresh, dry biomasses and water content of cotyledons derived calli of C. roseus
grown on MS media amended with different concentrations and combinations of
plant growth regulators =-----==-=mmmmm e e 54
Fresh, dry biomasses and water content of leaves derived calli of C. roseus
grown on MS media amended with different concentrations and combinations of
plant growth regulators -------=-mmmm o e 55
Indole alkaloid production by C. roseus cell suspension cultures obtained from
hypocotyls derived calli grown in modified production MS media. ---------------- 61
Indole alkaloid production by C. roseus cell suspension cultures obtained from
cotyledons derived calli grown in modified production MS media. -------------- 62
Indole alkaloid production by C. roseus cell suspension cultures obtained from

leaves derived calli grown in modified production MS media. -------------------- 63



Table

Table

Table

Table

Table

Table

Table

21.

22.

23.

24,

25.

26.

217.

Effect of biotic and abiotic stress factors (fungal elicitor, VaSO4 and KCl) tested
individually and in combination mixtures on extracellular, intracellular and total
indole alkaloid production by hypocotyls derived suspension cultures of C. roseus
at each experiment of Box-Wilson design-------==-===-==mmmmm oo 65
Functional Interaction Concentration Index (FICI) and type of interaction
between the stress factor combinations on indole alkaloid production by C. roseus
hypocotyls derived SUSPeNSIioN CUtUreS -----=-=----mnmmmmmmm oo 67
Effect of biotic and abiotic stress factors (fungal elicitor,VaSO, and KCI) tested
individually and in combination mixtures on extracellular, intracellular and total
indole alkaloid production by cotyledons derived suspension cultures of C. roseus
at each experiment of Box-Wilson design-------====-==mmmmmm oo 68
Functional Interaction Concentration Index (FICI) and type of interaction
between the stress factor combinations on indole alkaloid production by C. roseus
cotyledons derived sUSPensioN CUltUreS-----=-====mnmmmmmm oo 70
Effect of biotic and abiotic stress factors (fungal elicitor,VaSO, and KCI) tested
individually and in combination mixtures on extracellular, intracellular and total
indole alkaloid production by leaves derived suspension cultures of C. roseus at
each experiment of Box-Wilson design-------=====mmmmm oo oo 73
Functional Interaction Concentration Index (FICI) and type of interaction
between the stress factor combinations on indole alkaloid production by C. roseus
leaves derived SUSPENSION CUITUIES---=-==n=mmmmmmm oo oo o oo e 74

Quantification of vincristine, vinblastine and indole alkaloids by HPLC. -------- 76



List of Figures and Photos

A. Figures

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fresh, dry biomasses and % of water content of calli of C.roseus grown on MS
media amended with different concentrations and combinations of plant growth
=T U] - L0
FICI variation among the synergistic combination mixtures regarding total indole
alkaloid production by hypocotyls, cotyledons and leaves derived suspension
CUItUrES after 3 dayS. .. v et e e e
FICI variation among the synergistic combination mixtures regarding total indole
alkaloid production by hypocotyls, cotyledons and leaves derived suspension
CUltUres after 10 daYS. ... .. ove i e e e e e e e e e e

HPLC chromatogram for vincristine, vinblastine and indole alkaloid quantification

B. Photos

Photo (1):
Photo (2):
Photo (3):
Photo (4):
Photo (5):
Photo (6):
Photo (7):

Photo (8):

Shoot regeneration from hypocotls derived calli grown on MSg medium.........
Root regeneration from hypocotls derived calli grown on MS; medium..........
Callus induction from hypocotyl explants grown on MSz medium..................
Hypocotyls derived calli after subculture on MSz medium..........................
Callus induction from cotyledon explants grown on MSy..........c.coooeiiiinns
Cotyledons derived calli after subculture on MS; medium..........................
Callus induction from leaf explants grown on MS; medium.........................

Leaves derived calli after subculture on MS; medium..........coovevviiiiin....

57

75

75

77

48

48

49

49

50

50

51

51



AOstract




Abstract

Influence of Some Biotic and Abiotic Elicitors on Production of Indole
Alkaloids in Callus and Cell Cultures of Catharanthus roseus

1. Abstract

Catharanthus roseus L. (G) Don. (Apocynaceae) is an important medicinal plant as it is the
sole source of vincristine and vinblastine that are used against a variety of cancers. The objective
of the present thesis was to maximize the indole alkaloid production from C. roseus suspension
cultures by optimizing the cultural conditions. Mycofloral surveys of phylloplane and stemplane
of C. roseus allover three months revealed 116 fungal species (33 from phylloplane and 83 from
stemplane) were isolated / 3 months. Alternaria alternata (the cause of leaf spots in C. roseus)
was the most dominant in both localities and selected for elicitation in suspension culture. The
optimum growth media for hypocotyls derived calli was MS; [containing 2,4-D and BA (0.5:1
mg I™")] while MS, [containing 2,4-D and BA (0.5:0.5 mg I™")] was the optimum of cotyledons
and leaves derived calli. The optimum production medium for indole alkaloid induction from
hypocotyls and cotyledons suspension culturres was MS,q (containing 25 % of the original 2,4-D
concentration and 4 % instead of 3 % sucrose, while the unmodified MSg, was optimum for
indole alkaloid production by C. roseus leaves suspension cultures. The three stress factors (A.
alternata elicitor, VaSO, and KCI) enhanced alkaloid production by C. roseus suspension
cultures either tested individually or in combinations. Among the 19 experimental combinations
MS4q + mixture (1) of stress factors (100 mg / g dry cells A. alternata elicitor, 2.75 mg / g dry
cells VaSO, and 275 mg / g dry cells KCI) was the optimum production media and resulted in
promising production of indole alkaloids from hypocotyls suspension cultures of C. roseus.
HPLC analysis indicated the presence of both extracellular and intracellular vincristine and
vinblastine in the suspension cultures of C. roseus. Vincristine quantity was much higher than
vinblastine either in extracellular or intracellular samples.

Key words: C. roseus, Indole alkaloids, biotic elicitors, abiotic elicitors, A. alternata, vincristine,

vinblastine.



Introduction




Introduction

2. Introduction

The tropical plant Madagascar Periwinkle (Catharanthus roseus), which is a member of
Apocynaceae family, is a rich source of the indole alkaloids of high medicinal and economic
value such as anticancer indole alkaloids vincristine and vinblastine (Moreno et al., 1995), which
complexity makes it impossible to synthesize in laboratory (Costa et al., 2008). It is also a source
of other medicinally important indole alkaloids such as ajmalicine used as antihypertensive
compound, serpentine with sedative activity (Sottomayor and Ros Barcelo, 2005 and Van der
Heijden et al., 2004), catharanthine, and vindoline. Moreover, the ethanolic extract of leaf has
significant hypoglycemic activities, rendering it as a good antidiabetic drug (Kar et al., 2003).
However, alkaloids occur in the plant in salt form. Boiling water was used to extract alkaloids
from leaves and stems and these aqueous extracts inhibit acethylcolinestherase, So C. roseus
opens another perspective for the medicinal use of this plant (Pereira et al., 2009).

The leaves of this species being still today, the only source of vinblastine and vincristine
(Costa et al., 2008), while the roots of the plant accumulate ajmalicine and serpentine (Shukla et
al., 2006).

Vincristine suffers from the disadvantage of very low yield from the source material and so
is prohibitively expensive. Vinblastine and vincristine accumulate in trace amounts in leaves and
are formed from the oxidative coupling of catharanthine and vindoline (Van der Heijden et al.,
2004). Vindoline is abundant in C. roseus (0.2% as a dry weight basis) and less expensive
compared to vinblastine and catharanthine.

The extraction of chemical plant products from intact plants has several inherent problems,
including seasonal variations, pests, diseases and inconsistent product quality and yield (Kargi
and Potts 1991). Attempts to produce these alkaloids industrially by cell suspension cultures are
unsuccessful due to many biological and technological limitations (Kargi, 1988; Verpoorte et al.,
1997). One of these limitations is the low yield of these compounds in the cell cultures due to

lack of some enzymes in the pathway leading to the formation of the necessary intermediates
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