CHARPTER V

DISCUSSION

In this study, we
A. salviifolium in order to s heir ability to produce emetine alkaloids. Although it
seemes that all these three #ypes o8 CO u be established, their stable cultures
could not be maintained aif Jsy sta nt al ‘biomass. urthermore, our preliminary
M ultures showed that absolutely
cultures (Figures 10 and 11).
Therefore, it was unlikely to fusc both- A. salviifolium for studying the

of A. salviifolium cultures produci lkaloids do not mean complete cell cultures

et

of this plant can no.,t)e obtained. ure init and plant regeneration are still

(Henshaw, O'Hara, and Webb,1982). t Known olﬂously how critical factors such
as, hormone alter the determined state, or why different tissue types and comparable tissue

from different sﬂewin%gqcﬂwﬁrw@.’}ﬂ‘tjalviifolium, it is possible

that positive resulﬂ will come out ifgwe have more time for theé}periments on tissue

e VAN I NN TINETIRE

Considering about the initiation of plant tissue culture, the induction of
differentiation and the regeneration of complete plants from cultured cells are governed by

an integrated system of internal and external factors (Kurz and Constable, 1979). Internal
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factors are usually of less interest due to the concept that the individual cells of an
organism are totipotent (cell theory) and should be capable of independent development if
provide with the proper external condition (White, 1954). In fact, there are also some
reports about genetic instability resulting phenotypic variations arising during culter
(Binns, 1981), effects of various using regions of the leaves (Wernicke and Brettel, 1980),

side-depending callus initiation (Rechinger 1893), effect of pattern of cells (Bonner,

1963), plant age depending (Robb 1 sp on. For A. salviifolium there has been no
information on cell cultures be ent internal factors were not deep
involved. Only a recomme m e.)pe g leaves should be used.

External factors /

factors (such as light a

‘Nnal medium factors and other

edia are reasonably complex.

qu and Constable, 1979 ; Dodds

Their components have

1976). Beginning from standard MHm .m..o expedlent rather than made new one.
F A T

Therefore, the key pom_t)of progress in ceﬂ cu. tur‘a_m !\ZIlfollum is mod1fy1ng in plant

growth regulators which@ay a domin rcell&]a: regulation of morphogenetic

processes (Street, 1966), sgn&exception (Wl&}e 1934). Auxin-cytokinin supplements are

instrumental in ﬁ Pﬁgp%juﬁg Aﬂ%ﬁq @Wﬁl’qgﬂ "3" cell differentiation, and

organ formation Gﬂerel and Muller, 61964) So callus cultures of A. salviifolium were

initiated m k%@t??l m ﬁﬂ media (MS, BS5,
WPM). WPM supplemented wit! 0.3 mg/l BA was found to be the

best for callus induction and maintainance. The obtained callus on semisolid media had
problems, not only slow growth rate but also non-homogenous characteristic of callus.

These may be resulted from (a) necrotic tissue be transferred along with healthy tissue, (b)
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metabolites secreted by the growing callus accumulate to toxic level in the medium
(Dodds and Roberts, 1985). To solve the problem (a), surface clean callus were
subcultured, be separated from whole amorphous mass. It was found that callus grown

very slow in this way. To solve the problem (b), it became necessary to subculture before

the medium turned pink.

About other external factors.s , ight and temperature, there have been little

work studying their effects. )e generally grown under fluorescent

tubes at intensities of 10 . foxf!l6 , temperature around 25° C but
number of reports have show Wtons can be important in some
species (Murashige, 1977, i 980.
1980). Cell cultures of A.

25 +20C.

suspension cultures.

slow growth of the cult

Attempt ﬂulzll % mlﬂe‘mﬁ W & fl@ainade using two methods.

One was from 1solated rootlets of theswhole as explants and the other was initiated from
the cell s@) ﬁ f]cau\g ﬂhﬁf@“’nﬁd%’q ’}%’}‘aﬂﬁ contamination in
soil. Proloﬁged surface sterilization was tried by immersion in 15 % Clorox more than 15
min but this caused more damage to root. Alternatively, the root culture could be
established from root tips of young seedlings which are produced during the axenic

germination of seeds and those apical tips are then transferred to an aqueous culture
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medium. We did not try this method because A. salviifolium seeds were not available by
the time these experiments were carried out.. For the second method, the cell suspension
of A. salviifolium were subcultured into a new medium containing various kinds of plant
hormone. We found that root induction could be observed in the RM added with 2 mg/l
GA;, 1 mg/l BA, and 0.1 mg/1 Ki. However, the rate of root induction was very slow, the

resulted root cultures turned brown and died eventually.

From these results of \&‘1!& suggestions can be made. It is

generally accepted that in admthe @sen@ls, the excised root also needs the

addition of certain organi ium because in the whole plant

the roots were provided wi ds, which Wwere synthesized elsewhere and

transported into the ro is the type of organogenesis

most frequently found i Ssues byt te ti"a]jo form roots may decline after

formation, whereas shoot uutlatm@sj rd A relative high auxin:cytokinin ratio
" _-_,...r" g b

induced root formatlo.hm tobacco calllfs, Mymﬂo of the same hormones

effects on organogenesis.| Gibberell been used in apical cultures(Morel and
_ P

Muller, 1964). Several investigators have ﬁg'dences of phenolic compounds acting in

combination Wiﬂ\% fol prgnidte o hrlogendéis fikirdpe.| f980). The combination of

phloroglucinol anﬂjmdolebutyrlc acid 6for example was much more effect1ve in stimulating

- ‘@“W‘?ﬂ@\?ﬂﬁfﬁ“ﬁmﬂ MR

Plant cell culture of A. salviifolium should be continually developed because tissue
culture have been used as an invaluable research tool in areas of phytochemistry,

noticeably in biogenetic and enzymic studies. Our interest is focus on the formation of
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such plant products by cell and tissue culture systems in order to understand the
biosynthesis of emetine alkaloids, to isolate the involved enzymes as biocatalysts and
finally to manipulate and to improve the product syntheses. Moreover, comparative
studies between A. salviifolium with Cephaelis ipecacuaha in biosynthesis of isoquinoline

alkaloid, emetine group, from plant cell culture is very interesting.

2. Alkaloid Detection in A. salviifoli and in vitro Cultures
8 f/
Many alkaloids in th&am‘f A@um have been reported (Table 1).

However, plant material on in the content of secondary

metabolites(Evans, W.C: aloids from the plant that we

brought to use as enzy ble information in predicting

biosynthetic pathway of ¢

alangimarckine in which its blosm involves the first condensation step as
A e 4=-
emetine alkaloid. Becaﬂe the leaves are Iﬁu ch ogg‘ct than the roots. Therefore,

the condensing enzyme. D -

For cell u% étﬁ?u%(ﬁ W‘%:%Bcf}ﬂ ‘j a plant suspension are

generally totipotefit, ie they possess t}le complete genetlc make- u&of the whole plant,
wony ) PRHEQF YA B AT AABD, Fefforsed it
consequencg that the yields of desired compounds in such cultures are disappointing low
or none (Evans, W.C. 1989). These, absolutely, involved inhibition of enzyme expression.

So cell cultures which lacking in alkaloids were neglected to use for preparing enzyme.
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Lacking of alkaloid production is the problem in all types of plant tissue cultures
from A. salviifolium. The solutions for this problem involve many topics. Normally,
nutrition and changes in the level of hormones as well as temperature and photoperiod
may modify, induce biosynthetic activity but the effect of various component has been
assessed in only a few cases (Matsumoto et al., 1971). Lower nitrogen levels tend to
enhance secondary product synthesis, but not a universal pattern (Yeoman, 1986). One
approach used to regulate metabol | / flavoring the production of secondary
metabolites has been to add N &ﬁfe medium (Aitchison et al., 1977).
Elicitor-induced accumulati@’nda? m@ recieving increasing attention in

recent years (Eilert, 1987)7 7

3. Detection of the Fi Pathway in
A. salviifolium
The first enzyme inyol sis in A. salviifolium has been
primarily detected by follow atic activity was strictly observed

dependent on the presence of the Sduct andsihe
~FE AN = NS

and secologanin. The, Egzymatic product’{wamgf LC densitometer using the

wavelength of 290 for scanning. Althoug Juct showed Ama at both 240 nm

sbstra@), the A 740 could not be used

and 290 nm (combinativé Mwavelengtt

because the enzymatic produet, migrated veryyelosely to secologanin which has it Ay at

240 nm on e ESbE) BYESIIES PN AEN S oxisences ar (o e

enzymatic productqdvas not found in the control (b(ﬂed enzyme) aIEIJ(b) the formation of
o enzyrﬂi“lﬂﬁﬁ"ﬁ'ﬂ FREWAINE 1AL

Unexpectedly, a couple of reaction products were formed. This propably resulted
from the occurrence of two enzymes involved in the first step of dopamine and

secologanin condensation. Comparing between the two enzymatic activities,
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deacetylipecoside synthase seemed to be more active than deacetylisoipecoside synthase.
The different levels of enzymatic products could be noticed in the early incubation time
(Figurel7). Both competitive enzymes probably act as rate limiting step of two separate
biosynthetic pathways. While deacetylipecoside synthase leads to the pathway of lactam
and alangiside formation, deacetylisoipecoside synthase push the reaction on another

pathway to form emetine as the final product. More experiments should be carried out

further to purify both importan es, deacetylipecoside synthase and

deacetylisoipecoside synthase, E : tracts.

—

Tdentification of t

mixture (100 fold).
HPLC method. From g it could be deduced that both epimers,

out with large scale reaction
t was isolated and purified by
deacetylipecoside(R) andgdea formed. Deacetylipecoside (less

isoipecoside. However, during

Uhieir UV spectra, detected by
ed to UV spectrum of
oundD: have very similar patterns.

demethylalangiside and @ne
Furthermore, the producty was unequjvocﬂly identified as demethylalangiside and

e B B e e

(Figures 20 and 219!

QW’]Mﬂ‘iﬂJ UANINYAY
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4. Proposed Biosynthetic Pathway of Emetine in A. salviifolium Plant

Although the biosynthesis of monoterpenoid isoquinoline alkaloid has essentially
been clarified at the precursor feeding stage (Nagakura et al., 1978), little is known about
their biosynthesis at the cell-free level. Despite the fact that the ultimate proof that a

biosynthetic pathway is correct can only be obtained from studies with enzymes which
catalyze various steps of secondary%‘

founded in this biosynthetic @%

indisputably demonstrate the presence O?twczﬂstereospeciﬁc biocatalysts in crude

biosynthesis, there is still not any enzyme

from our experiments these results

se __OﬁMngs the biosynthetic pathway of
fo

enzymatic extracts of A.

s (Figure 19)

from primary metabolism via the

18 formed from two isoprene unit.

At the interface of primary or;aagjhf me geranyl diphosphate is converted
Tt
into the monoterpene geranigl by _i‘éiaos ibly specific phosphatase that has no yet been

i

-

characterised. Geraniol 10—hydri : se (i ;monoterpene hydroxylase), the enzyme
B e ,:f . v-:f'_.‘ ey el
catalysing the conversi.c_;? of geraniol into their ¢ g_g 10-hydroxy derivatives, was

these, hypothetical path\@ys for biosynthesis of se ologén have been postulated on the
basis of in vivo tracer stgd'gs., but most o&}he enzymes involved have not yet been

identified (Meijeﬁ}’ %o&je%n%qog M w&xﬂeﬂeither precursor, is derived

from tyrosine (Phillipson e al., 1985). ¢ - UE]

CSqiEation of sec?:)]ogamgryand dopamine in A. salviifolium is a competitive
reaction between two enzyme with stereochemical control, deacetylipecoside synthase and
deacetylisoipecoside synthase. More studies on both purified enzyme characteristics

should be carried out. The following step that have been proven by tracer experiments,
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deacetylipecoside with B-configuration is metabolically inactived by lactam formation
(alangiside) whereas deacetylisoipecoside with oi-configuration is further transformed to
several monoterpenoid isoquinoline alkaloids including cephaeline and emetine, all

possessing o-configuration.

Undoubtedly, the biosynthetic pathway of emetine is still open for studies. Many
enzymes of the pathway have not yet cen i overed, especially the further the next step

,/

issipecacuanha , deacetylipecoside is

after deacetylipecoside. In A ipecoside is converted to alangside

and deposit in roots, leaves.aiid-fii

' “'result the presence of more than

turned to ipecoside and déposit.e : 1\'~.

‘ e to investigate in other simple
process between biosynt! | ' degradation which impact on each
other work. These proceSsesfare governe: ' genes and, therefore, it will be necessary

ultimately to understand ag nodu ate the expression of these genes.

AULINENINYINg
PAATUAMINYAE
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Figure 23 Proposed biosynthetic pathway of monoterpenoid
isoquinoline alkaloids
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CHARPTER VI

CONCLUSION

onclusions can be drawn:

alviifoliuniWete initiated and maintained in WPM
: could be induced by inoculate

\\ g/ BA and 0.1 mg/l Ki. However,

NN

Y '_‘ aloid: 1

From our experiments, th:

1. The cell cul
added 0.3 mg/l BA, 0.
cell culture into RM ¢

the in vitro cultures a

2. ined alangimarckine as a major
monoterpenoid isoquinoli M&? ~The " osynthesis of this alkaloid is likely to
occur in the leaves and, t > use this plant part for studying the
enzymes involved in the biosyn‘ w*: _including the first step of dopamine and

== -

-y

o L
2 J f 4

secologanin condensatiorn ‘
7 —= )

3. Deacetyﬁeco de guratio %1 deacetylisoipecoside (S-
configuration) could be Qetigted as the emﬂpatic condensation products of dopamine

and secologaniy bf] T dehsifdnfelel/) Fowiéyef, Jsothprouct were rearranged to

demethylalangiside and demethylis?alangiside, respectively, after purification and

detectequ g?(:m?ﬂjﬂ ETI?:S”IE! ﬂgﬁ‘:ﬁg the presence of

two enzymes responsib ormation of both deacetylipecoside and

deacetylisoipecoside in the leaves of A. salviifolium.
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